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WD 2008/ 080213 PCT/ CA2007/ 000503 HI GH SPEED OTP
SENSI NG SCHEME FI ELD OF THE | NVENTI ON The present
WO pwengi2zon rel ates generally to non-vol atil e nREDCK2007/000503
More specifically, the invention is directed a
sensing schene for one-tinme progranmbl e (OTP)
menories. 5 WF Over the past
30 years, anti Mt ed
significant attention of many inventors, |1C designers

FIELINOF MHELINMEBNTIONS. An anti-fuse is a structure
alterable to a conductive state, or in other words,

an.glectronic st.at n o

conit BfRE bt B s e BT RS A RoRYE ridiBOy Ry secitcany
the isveatiors iscdirectee aeednlsmg schemeforlinghimkOprogmimsthatie O BP)dMéemwries.

resistance in response to electric stress, such as a

programm ng voltage or current. There have been many
BACKGROUND Ob THEMNVENTION apply anti-fuses in

m croel ectronic industry, but the nost successf ul

Sabhe E2aarRl eab, 1552 AORENeL A SREUMERT Aenion o
many goreniden ¢§ designers iaod mamutagmem Ag ant-8beiin aBRAMUtealiecae to a
conog:\ré&i\ll'\é gtrapen or]ﬁ_\’ ésrmgyarqfelécﬂgmer@e% % L gh%&;esi sst%tﬁefaom not

use deve opnent T ol I'ows
conduatitige db $ba¢lmm|ng)aEqu|t/3IentAntthefbmamrytseailaacﬂaogye either one of high

resisqen?{: Lé)rpog!so Lgrtc d|{1hre p?n%em fo étﬁ str%%s 3!0%‘%50%' pgrbgrla{nmmg

voltage arcuaentyl hefe ha)rel et adanwatiemptst hoccﬁvelopoardijammy anti-fuses in
a.thin

miorfihiicoPalst SR T Moet Sl B P BRI gy JRaten e
seerpindtE RAnedceéhmangiacioerd oy Atnebamd)Qutchlegm elhcn‘eoetdundamdy or option

f bl e di od I d
oA RO 5, o Y o
T B2 4 PR e iR FIGRR s o

issuédyriteceStatdsipatents.me devi ce woul d act as a tunnelling
diode. U S. Patent No. 3,634,929 disclosed an
[ nAeﬂ-%uwettethr&m@yamvdlupment statted fvits @).8r Patent N353 4B8,646, which

. Stryct.ure.of anti - nsi sti ng of thin .
dISC|8F%ZiJ lenlfgm fggg%fl? (Si|10d(9 @NP %H SoqN rgmyf1 homcmtfillzqr\qgvertlcal
conduetorg Alith aqhduglbkégﬁlcl (@uﬂrﬁlﬁldnﬁbmdel aé'ﬁ«eelﬁnﬂhecéceduttors‘, he their

r ode ro e dielec
cros i S L MU TP BS YR PR Ed Sae P PoTalap G Bg delectric i
somiw'; gr;dwgggsiﬁgl\)sgr;eiairmms Cﬁql_dr?YWOthﬁllalbf & aﬁ’&?p@ﬁtcwgkﬁt until a voltage of
4, , rsan) .. is ce was fornmed as .a .
S“ff'g?rgn@é%ﬂ“&ét %1435?@89%\}%@98'&%’3{% Hiee Cro5798 i 1P FRURRVPIYNG of the
alun@fing o%ied Mesrhdiatdlaler & WHidh tinfieBsVics Would abids atudrelitgldiode.
contact. In order to | ower the oxide breakdown

voUtSaratentiioc B, 632 @de diidciosbé as vabil-@etal Qémicbﬁdtﬁitﬁrianﬁu&éé array,
the s%rg%@?%tﬁgitgnﬁeb F%&ﬁ%ggyg%ég@ éiedtrlc capaC|tor %?)2 SiO2 or Si3N4)

utilizing two (Al) conductors located above and connected to the semiconductor diode.

A programmable dielectric ROM memory structure using a MOS capacitor and a
MOS switching element was shown in U.S. Patent No. 4,322,822 (McPherson). This cell
was formed as a standard gate-oxide-over-substrate capacitor having a gate connected
to a MOS transistor using a buried contact. In order to lower the oxide breakdown

voltage, which needed to be smaller for the anti-fuse capacitor then for the MOS switch, a
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V-shaped grove in the capacitor area was proposed.

Since the capacitor was forned between the poly gate
war@sir1gyr ounded p-type substrate, the ruptureCoAL@EL00503

had to be applied to the capacitor through an access

transistor. The Gate/Drain and Gate/ Source edges of

t he access transi sfors were | ocated at the s

V-shapgq groigi ethe fPACTH AR MaSHERPES&h &' 'bcﬁttgeo%pacé'pqr Vg, fprmed
betmﬁébﬁmhﬂsbolargeaa aNthHéf‘grglur&wdl ;ytypanuasrtmie Gaé ediufe voltage had to be

appIRHBI 0 oo SEien.a atson "PORSIbuEi R grd Gete/Source

edgdy & akelavdesy tlahagerd Wereuadatey al the cbeorditd bﬂge much thicker then
nal ME I deas

the G5 PYLE TPs GHEPTEL ARG BEieBa SR doRSper ﬁaleémbr@ﬂ‘laq?a@ voltage.
! t
DS RGNS P Wkeion pibaetdha maRerbo e mRegatS oxide

breaa@wal/éuagwhnoogm aklgfstheqQindtioh @edakdowih &tthoags tmémﬁm McElroy
ortant el erre ts to a

f hnol
deaousived BB LB BOAeS FRLes 1o pelysndios aanshe SYakdbwh, which

in tueK ilsleerbdididigdtrid RgAudNditagé %?eerﬁiaﬁl:@d?brdcﬁon N@rﬁéﬂﬁb $e actually
ate OXI de prorcgr?i steps are: jnitial

gt o SosicchicisT BRSETAR (T RnEPogaTle BRI dAgantifuse

techﬁMbQﬁQ&ﬁDhal@&@ ofiyé Aatiif@e: addust tRINSBRA Wak bﬁd@%k{&s @¢bn anti-
in standard CMOS technol ogies for "I1/O" and "1

fuse pRjeqlEs MC(EHPYAd“éb@%HX'Sﬁtpé@Ce(sﬁﬁféﬁéla”%t@'mmq w%e)t'on etching

area8nér mfnﬁélegé»‘t@'b&@@tdr@nsdﬁg @nﬂ@@t@&ﬁ(ldahérﬁlsﬂ'ﬁé Foc@@uﬁ@@ﬂ@w used
to anti-fuse diffus Draln node an

i g (OUSS JaNBSI081e b REANad Togettns 1b)fhcrirdon-gate” (planar

DRAMPRIRS dr-flige cdRBRdrS RReR! 4RBSE BNistBNEbrrReid! tbsaritlﬁuﬁJ Biffusion
denser cell since the buried contact is elimnmnated

(Drajng)nodentd Al thegntifuse salesesn copneried dpgatherydiisgist @pposite to
McPﬁ@r@oﬁ)gr%rnﬁérlneﬂtr g desultd)in Ty H@r‘ié@r Rl s?fﬂ:,te' th &ﬁ%ntact is
devi ce transi stor): MElIroy concl ude
elimigateg. Mém@nq EsiftaTAetvegneCaaBgi @niifHsgrizate Apd external ground. (d)
Twoqgrﬂﬁl%lta‘% fu@ RIS Gevidd B %Pfrﬁﬁslétﬁr n%Efr@@l:%chl&Pe%dtﬂgt only two
anti-fuse progranmm ng operation and can be
termfr@lq greinsafied Bantirfosa eanacket D\ﬁéldaﬁ cthe §pigce [sundg really needed for
anti- %g'}g\&/@arh@mﬁdg Epgéa’rrag@{mﬁbfd %Qb( b%ofbﬁ‘ysghfragbgf frrgr?ﬁﬁgtacfl\% area. The
bulk icppfeciien deecantiptaytanygoleaitherexseptfonhelayalaveiiabrenlkdown. So the
sourP& R QiR %I%c“ébegérﬂ&%l n?‘%sé\/aﬁawéh?we%ﬂ&é\% should the local
I ncrease to orwar 14 the emtrer a para
substrae poteletial terefage e torwarg tigs e emitiercof S, parasm(aem) n dema;e formed
by Dlg% when U S. Patent No. 4,543,594 (Mhsen) proposed
an ant| fuse design suitable for redundancy repair.

ASR(‘]W&“ 1 %Hﬁ’ll 1‘9%@%% U%qlfﬂa'fe%l‘? WQ%AB%‘Qﬁr hﬂoﬂﬁ&@ (ﬂt %[pgstégrbn anti-

was easier to supply exterhal
fuse reasigns ayitabteofar updlano@ncheepacuxmeswrt hmjlcam geluirgs much lower
dens"a/g%%n%(t)m i V\)é% ?@?tot él{p?ld/%ltérhﬁ é h& Q{yQB Yupture the
hsen's anti use structure co Slst of a thin
oxide yittieut @Bl ORSBIDMD)S (RitAgS mrolagththeaaga@sqtcansms. IMohsen’s anti-
fuse %ﬂﬁagre AR of 'é'%lhedx d%vgﬁl 1%5‘@%1@8' do@%ﬂlc% gé%atcggr over a doped

trate or silicon romt
reglqﬁbl'-gesbqhemﬂ@l siicqrotiemitee gulesirate: b sili¢am worpithe letsictrsdé where a

polysthllih%n' &t 'xg%sﬁéufﬁé teli toofnﬂvﬁoqgs ﬁwhﬁ“le |ﬁgu gt Igg?r tfég;sjrovide the

t est atas where t he oxi eIa
condgipier,oxidhis dest GmaDAhowN that aiéren e axidetayar tseawmemmmmly 100A

thickté?1d5r9£ Mreafﬁé?\ivgéh 26 %4566 %mat fu@io%oclctcﬁ‘rggd gI a voltegge ot'12 to 16

volts. The current required to cause this fusion is less than 0.1 uA/um2 of capacitor area,
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| ess than 0.1 uA/unR of capacitor area, -2 WO
wQee8/RrdP213 PCT/ CA2007/ 000503 and t he resul tP@CA®/A00503

l'ink has a resistance of approximtely 0.5 to 2K ohns.

A link, once fused, can handle currents of up to 100

11 liapps . .at roomtenperature XI e ne ,
and B trBa el i Wsmf evietve B aprPRRIeH G Ik . A lin,
oncead@gdNtcadl Ridi@RuUrrBhgr oft upntoweas - rﬁiui‘amptshat po&di ehpdrature for

ut lifeti of alin once fused, .is.
apprgﬁrg‘g{eg pp%|se§pndg%eeé9rgdﬁ Qeale lﬁdaﬂn Spgn I%Sl?r gliemrm dnto account electron
m|gr§mﬁﬁwbaﬂ-d>dtyth©fpréd1t:tled fwme-oaelifbtirne af angkUosker fusad,rieRlUbstantially
€ eared to be the min roadbl ock for
greagemg H¥f t hi s technol ogy in such areas |ike
nst ant fuse stress wa

r eﬁﬁr rpeaS'E‘?%eo?m' 1053, S REHInG 3BT BT J128s 3pa&iRy i6 be the

mair ﬁiggblo?ké fldVbdAp@?éhtra?be Qrﬁhrbetééﬂr)ra{o%%@ri ebch Bre@s$ke FERt@ME, MNoDs and
, , . Ac eaches e

FPGAS! PBicCNSURE dHifabI e B9 erpladindbe i {105e, Be5 BoastaRem was

resoR¥d Uemney MaRsdaNAdSGthers tat Retel MSY Sadatht bl 4 9931 1 91 .xdtél@eaches
Actel's nethod required an ohm c contact af

the vgYelod®plement apeliable. Progiiag Rle luhmageancs %mrefrlseyleugqnh By using

an dm\/étﬂulétuﬁé)ﬁﬁdaa@l df dilon MHioxie. MetelBUNEthBE réduifdiGin ohmlc contact
di el ectric between two netal electrodes (or silicid

after| Ggfeeids rupfye: THE URSRTEVSR RSP LFING haspciapseitsion. or by

puttr fdnusIOND edigettriodsotwesn Ryl et | ddlodbs (bF Silicl3Rt RYkrs). The
No. 4,899, 205, where it was allo dfor ei t her

necetSérr A AGENIG SOBHPRIATT GLiUBAN SlSCHRIR WGRITGVIsaRfgked in UySs Patent
No. P2b82bs5 NRhere, iPh8s BiSvéAHE NHithEN@h-ddiy Br'"'Sothn@—Uﬁ‘fubi%n to be highly
silicided, the application of a programmng voltage
dopgdy t he range of ten to fifteen volts fromthe drain to
t he source a nmelt filament across the

e e i 5.0 1R 8781 BB et JenpraiBaS ABHPPGdhg Sopsation of a

prog?é?ﬁ%fn@' vditi8e ¢ 3@% tdrfget 6aai 15t iRedn WIS BIdm tHBMhain to the source
vered simlar effect by proposing a channel

relraglmfcprms@s@eit flamest apgssethe cRaNnel region. dodate ypigge may be applied to
contf| Sﬁ@\éﬁé&ﬁ’c thadisiotd By %&U”BMt&%H\‘/@rébg%mrlhh%ﬁ@MDﬁs pfr<§Hosrng a

the nnos transistor is not only in the order

chanpgt apiidese imd).8- BairmcNot ﬁﬁ@@é’ﬁ%&@@)’sd'ﬁqovéfe@aﬂ@é Wlth 0.5um
techﬁaas@gpwrav@@evfeﬁtrreerﬁ% rr .éé& i St éhrb% grmde &aé(ﬁgeout once

bet Wween the source an ral n. Pat ent
the &-Drpunchotbramgl ascarsQt vmtqsopemn@n@ﬁ dafmagel reselting irdDRmvkilo ohms
leak &6 betwBaTHE UFde dafn!d?tﬁe Fﬁafr?”Ch and stack). In 1996

cron intro UCG to-gate capaC|tor as

anU'S flb'ét@nt' NonJ §24P§§§r§nd'\91 1@(?&3@ %éronud§clo€@t1tj ‘%{'bRAM cell

propose an cou ant | use
baseai WSIU% t@npfhancés@d@n tre‘r%%s Nhré@remtr@da%eﬁo% wet éugwetcnpacﬂor as

|
o P91 G 295 i A e lad o e

couplad geti-thse, apat way e eiiminatgyiupdsrcrdefests assosiatast withrpolysilicon
etchR8Y B! P&t (ApHI‘ibl%%@nlqu 2b0§}’b§§‘7 8 é’lﬁrargﬁee?f‘réggﬁmlar anti-fuse

transi stor using the rain
structure, but with n+ regions removed to create an asymmetrical (“unbalanced”) high

voltage access transistor using the N-well as a drain electrode.

U.S. Patent No. 6,515,344 proposed a range of P+/N+ anti-fuse configurations,

implemented using a minimum size gate between two opposite type diffusion regions.
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U S. Patent No. 6,515, 344 proposed a range of P+/ Nt
anti-fuse configurations, inplenmented using a m nimum
W@ e/ 0grtE bet ween two opposite type diffusi onPCEGARINZ/000503

-3 WD 2008/ 080213 PCT/ CA2007/ 000503 U.S. Patent No.
proposed an nnmos anti-fuse built in an isol ated P-vveII

u3| n dard Deep N-Vel | proce Anot her v
£ VB BhtROe 1 promasse aiimop B RS Bl 8 B gSaare el using
stanﬂ’@ﬁeﬂ)ée “We|6drdc 40 .Andiher VBabemnbf BRBp i IV éIDBadks anti-fuses is
nd 2004 0023, 440 di scl ose other 5 Deep

4. 616
d'SC'Rﬁ‘?é'InI én'[b?tef‘ %§ 60 anti-fuses consisted of a

orf at uring, direct 1 t her
BRS P ARRICRNRT NPe g0 Boanch it B g 8i5e otner
Deeﬁqm-fWélmathsesa%bsé UH-foSds| @bmemie® dfSa gedpRtitdrl iéaturlng direct
rrEgoved for thinner gate oxj de ca amtorspﬁ %&
tunnelfig cyrertather iR foyier Yprdnpign syrserdsy Shese applisgiipns confirm that
anti-Ris@GR¥ImandeSis HHePAly iMprovedSRBP thidierdii6 | xmRdcababRd¥s (approx

version of a traditional anti-fuse 10 structure
20Ayhigh @,ty@ca&%ﬂtra@g@@r%ylodggjm WiOPﬁSSt)he thi cker gate
oxi de bhei ng used f nnos é nDS) access

t r dn3i 5RIEPS Nends qqge”ﬁhﬁ'ﬁﬁ'@ e &t gev&x\{e(g%om & & fr@ditional anti-fuse
stru&@’@aﬁi‘hil% dudingatdloliel, Wi tH- thiéRks @atbsoxﬁtﬁee%lﬁ u§e@ﬂ§rtrﬁ%s (or

late of the anti-fuse capacitor. The idea o P
pmoa ARPT HaARRISPIS AKohe ”ﬂ'ﬂ'ﬂ‘%ﬂ@t\e Ph'@e é%(ttée WP%%tﬁérTéleeNW ell"(or P-
Weu?rs%baagaso!ﬂsm n&te BN thelrirrdiEtfakhidrC T egi ons of the

ransi stor is sclosed in U S. Patent No.

6, R ided%bf ckéating BadoBiRde (ﬁ@lﬂ'éh@ﬁtthr@[]g N%?Qﬁy@@&é‘ra?e@gbreakmg

di scl osed an anii-fuse bu froma transi st or
the R{ziang Bt dlidlentnie cediens of fheetrg@w%fs diselapedtiin &+S. Patent No.
6,506eggnerated by a thinner gate oxide and heavy doping
under the channel through additional inplantation (a
di 9@) PatérHtGAf)MBE%r? N\60|2b@99004§26’§’ﬂ|sb%ge(§ %naarh%gé’rﬁunt from a
| a of the capacitor. S. Pat ent .
MO£ tf@B?'StQ()@a(”P@rﬂf)te mén@ecmci éQnﬂle g@‘@ pfnpr@@éoléprc da@«meeated by a
thmrFé'rr Bl oxi Ada d@;ﬁfﬁ% uhd&&n&Lh emﬁrétgbthréﬂaﬂfbhﬁlg (?(M%tlon

i %r am | i nes' onnect to acitors a
diodelufhe syriyneetltags isiaepiastia alhaties: platfe Oéémdcﬂqrhe r ow
programlines can mnimze exposure of access

t r EhYiSs tRatenttNp. £, 867690 Rege b fana gttedptsalgemprdvech classit dlanar
DRARM- n@; Whe FiusBC iy rmusahcﬂ%%@by RigRgh qmégd m@%g E%ane%P 9 the

and Fong further |38rovet elr 5 arra
capaqﬁorseamnuron@raw ta emgord lingpi Hirlesoged, ttagerom/ompgtarm ilings can

mlnquggé@%gl‘#r@gof %@5??}%& o goglHi&g?ﬂﬁ\?rﬁn@ﬂ%?&%g&hﬁhich would

degre gat e oxI
otherwise ptaw droagh alreddypregrematssl catipl Permgt arshBong\lugther improve their

array, EC@'% lP\QhenpNg 6, 6% %QB b@%h,ngaat vé?ﬁb’é!ovdtggg %érq)tEOQI%§7[9'o9rammlng

array usin
CU"@”t'f,r wtchr allegedlyt mtrpboﬁtesédgneen@fr 9aT@eb*lde F!Hﬂ@}(down allowing for

multﬁ‘é\)emr%tago?stﬁggé Qépdc%rgl ffusion froma regular NMOS

transi st s-poirnt array structure is forned
Most recently, U.S. Patent Application No. 2003/0202376 (Peng) shows a memory

array using a single transistor structure. In the proposed memory cell, Peng eliminates
the LDD diffusion from a regular NMOS transistor. A cross-point array structure is formed
of horizontal active area (S/D) stripes crossing vertical poly gate stripes. Drain contacts
are shared between neighbouring cells and connected to horizontal wordlines. Source

regions are also shared and left floating. Peng assumes that if the LDD diffusion is
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of horizontal active area (S/D) stripes crossing

vertical poly gate stripes. Drain contacts are shared
whedsegn1hei ghbouring cells and connected to hpeT/ganioanooso3

wordl i nes. Source regions are also shared and |eft

fI oat i ng Peng assunes that if the LDD diffusion is

[ / / OO h
omitsg 1 e Q0B RAEAREENE 1T 1 B0 £POBIL UG P o ALee and 2

localdlklalraglam edll bandreated @tiadr thiin De@i(omrainagate) bleortriieadohda region was
at her than D- a_.reqion

creai, W platpRmett ee1h ol B b i BB gubEdh et and

sending mesgalte wedrginbduaien dgn bhder gatezluas the Gedisr BeD (swurgatiein) short

rd
prove iy BelPEirryos i e onn aBicP Dk asent] (B el 5D edges
thromgmme@ﬁctamgn @ab@awsudematlhmdemeﬁ @r@:tesf f%r@a@nmdre&u@s that both
ate Sl de

th dif t
sourg ack 81} HORSCBS PRiSeg! i The e 1ot GElS L P apIdiags coupled to

tranSIQUF BRird AEdighsabid nr@b@nmntmmmﬁmbd iffdont fransreePhites. Such an
s, row word]ines coupled to  transistor drain

“”“ﬁ“@LFWCt'%H‘“ﬁh © YBIVUSRTCHIF (P iRF8Y StRIPAREETIPY ANd feading method,

requtrfn@l’asd&foﬁé? g@h%nag%@v iAN .8WPoSEE) a@plmgiet@tdllgi_ﬁalmuﬁés bfcept for
very specific to 'S ogr anm ng readi ng
the GRa R ProgramERRs PR SoRE-B e ARG EY bl 2Rpleg Vinepates of the
coluﬂc\nsyb@m@e@ﬁmeammueaﬁe bﬂheabr ted Al Kept kNggvexcept for

the one to be programred he decoded hi gh vol t age

(SthL@hapéﬂg a6hib st Q%réb%t;ﬁﬁnt%eﬁwbﬁj aﬁ:ﬂhé’dmret (hlsbﬁrray requires
ile the ot her gates are

CMC% P?Rfﬁa?‘ rrpéimﬁaml (&t Dseluninaty St%eﬁgayeequqeyat the edge ) and has

the falldiing @Kéh@kfaﬁtag*é’s%ﬂjﬁwlm H@@édeﬁ@%olu%déﬁ@@% sense amplifiers
nod; fi catl ons % nati on %\é{gate oxi de at

must RGO ¥jdesiaoR £ volagesh Vol %Vmoh &V@l Ya a{%}é@g. g giogram

operéﬁhén RIGN3 BOCHRAS drivids HEefRE éﬁore@dosﬁnm @Rld & @V Srrivers
switch a wi.de range of vo ta% 8V/ 3. 3V/ OV or

thro‘&?/ FIOQ"@FWd qaYs- Dris PH§ Ay iYieamt %ﬁé’?&ﬁizérﬁfchﬁed@e%'ze and

mpéé@e] WaMAbMEy \éﬁﬁse@é&v&fefsgcbﬂ Yedgrarmiiet e@) tvedY d’r@d\‘am operatlon

drivers or OV drivers throug roramTed cells:
requsat ahathipelariayastivhatens (@@pavog,ﬁl@@roerﬁm@aﬁdsrom axﬁetwased at 8V.
ThisJéaR t8tlge NIR cﬁoﬁ Rlakadd bdrtont M éif‘afrﬁlﬁﬁl'tsva?r%ssﬁzé)f d) The gate
programmin Every program operation 20 requir
oxide thagaking sqc%és @,esgye@é@ peéogetg@éar( ensptfrararthe Kgeain area so the
pundpf tﬁ%@ﬂ@ﬁ’otf P%erﬂﬁ&a%\?%%g A‘ltthg\éame-ﬂ?'r'\é tﬂ\@ﬁgﬁsét& mB&perate
N++ jUnction [eakage current, and again limts arra
corregtly @t 1(8Y)bigsieg yapBnecyng detheraharnel @rep Jiis is nes sefiievablewithout
S|gnm€aAtﬁJ?@Je§g i flcsp&wuQg)hf’éméé"u?néytﬁétnth@rg%?e éﬂdé Wﬂl not break on
unch through 1's not peni ng a
the &qurﬁ-;e ortqﬂ@mtadgﬂshtb@ bDDnﬁeapt presenit kis werveckmqwratn tme ev that the
S/D @H%e‘é 4K the RRRPAG I%Qat?o‘ﬁstf PE iR realdofn bEehSsd &t Acts and
I evabl e w t hout I cant process
electiip dipidicoaserdiation éDOUPéﬁ@afﬂsﬁ@'Qﬁ%s that the gate oxide
W || not break on the source or drain edge if the LDD
i sPARA afip@sisnio selve jsomeoplether highovaiape switehigg tprelpigens in U.S.
Patehf'&p I@ét@rﬂd&%OQFG@Oém R high! diding \Bﬁé’éé Qrﬁ‘ﬁlofdﬁﬁeé Qﬁd bitines

oXi br eakdown because of defects  and [ectric fiel

is n%ﬁe@ﬁw #ith dieatip@ ridiieaspd ditlines, a%rﬁ@tr@ﬂ@@ﬁm thetcbstance from
the §i%ln\h%l $OMRe Youtddahd HaikOldgRAe KW bEB) NHaREAP! REFRUGA floating

wordllnes and bitlines may ease problems with high voltage switching, they do not solve
any of the above mentioned fundamental problems. Additionally they introduce severe

coupling problems between the switched and the floating lines.
-5-



10

15

20

25

30

30 Patent Application No. 2003/ 0206467. The high
bl ocki ng voltage on wordlines and bitlines is now

wo epBaged With "fl oating” wordlines and bitli nBGT/Cand7/000503
restrictions on the distance from the channel to the
source and drain regions has been changed. Although

fl rdl d bitl .
i §5084, GRS BB NS ripmoPREYS AoHBY SgIriRnoarRy i fim
strudtlires adeV epdtailt in@neshtalumdamant alll peeb! asfusddeiHinoyadsl ¥equire

they introduce severe bl ens bet
adoif e Bl e S At aa I S A EMES B chErs Get o gp A use
appli&ITdreARD Ay OBAS) aﬂ'@dﬁﬂlc aBsigns, UWﬁer@ePfﬂgB@ﬁRﬁbﬂity could help
concentrate around 3-di nensiqgnal_ thin structures
overgorge JeRIpRE With @P’e'né'ﬂ%ﬂk'%afj%\f'?eal"&e Cyglgs ta‘ﬂfg1 nsiapty frigig chip

devékﬁﬁﬁﬁ?ﬁ'c@ﬁb eﬂwerréﬁ‘ﬁké th@re ig@fliappareat ndddif €66 indgdstht RPE réiRdble anti-
l e in standard CI\/DS process, prohibiting

ila
f“*éﬁﬁ@“ﬁ?é’é‘“”%ﬁ?ﬂ%ﬁl%@ iPRPYYHi cal VLSI and ASIC
desi where programmbil ity could help 5 overcone
pr BBEr&%aw -fuge @9'&3@ﬁ'ﬁ}¥ﬁ|e&'\taefd§9wﬁ%sﬂqcfaé PE]FEPHRI gigRs or suffer

fromqqg}st/@fatgbxéxbb@r@ gf MOPswiltBiR QBRERE, ©aghs 1o MAURLRIFbility and
here i s an arent need in the |ndustr for a

rehapxgqy, FHB‘I"Sménirhey ﬁi?sé'sgt"méf‘ de é@"’ lSi*@W'Wzrl“ﬁ@w@t aprligatPremngh the
excePliOf €86 - PERg' 9T s@{;l@ QFHHsl'sfdr's%eFFeWrﬁc@nﬁ A FrRYBas! \tlé}?r doubtful
requi re special processing steps or suffer from high
manyigetuggplitexposure of MOS switching el enents, | eadi ng to
manuf acturability and 10 reliability probl ens. The
ar 8 sgnficant jgstie dvithocyresat d’@ﬁé’PW'en@ﬁﬁ\Oye%p?HCh&ﬁ F'@ﬁ% and oTP
merﬁ’MnEQ |E hife §3&RPA HIcPHal esrﬂ&e§ o?kﬂégh@n{ofﬁéﬁl's%aﬂrbé:@é%ed which
in turn has very doubtful manufacturabil
dlre@lygmpﬁmémprallsw@rwmqe efutheenemaon Regparance Wearmqr@cyy either
embéa@a # aFbptdmand 1019 d.mrﬂngﬁno (g e%@@ SHERR e p@h&%ance
data states of the menory cel an be sense
bottigmecyiferebe systemyitde part ol eelative tpettias PrRnseeesoTxeckied inw i gystem.
Performance of a nmenory, either enbedded in a system
or Nag-valaiiegaempiesysuet 9s Hlosh eemeriag and @R nprspgrmsnusr eurrent
senéﬁ%ééh%ﬂ%@'%s i@ el RRowH $ Fh@ér{ ﬁh%sé’@éﬁenﬁ’és arrerﬂEéll‘{/esﬁq‘Pe ended,
er processes executed by the system
meapBguhates sessrc Amalifiericirshit rempariee sheusdrrantrdrivendhioggh aneebitline
nsi ng [ a
whicl SRS, QRIS AomBRBRTEaN Rinh el onaie Risteifebhnent. The
referehes carreeinsan dxepperdaratedcinr g warietyoabavags, trisidingr symine&s by a
r
refelgm:é/ %Htathlgl é@%&ﬁ@?{ gr'g%p%ﬁ‘% reYé?érfc{% @gﬁ'e )};?eelﬁgiehgcﬁﬂﬁ enbtlt digital
outpUFhfeom raeCfueneehwse wnpdifier represbets gles statet efdheé bitinevaurieat yelative to
, I S b f erence
the Perr\éﬁcy(% cu}rQr‘i‘t Fnagsh %%%‘?%f%ree%uégenh@?mr 'b?l r/v\flocil%;?&% on the
progﬁrmgb@tmqeshodﬁ ‘gillﬂ&ibf the utgoudry Eelbin an enmr-fLesatOE%n&mory the current

of a ?ig{ﬁa V\;I“ S&%é’n‘ag)gQﬁﬁ 55 u%: ty ‘meefo%eé Frﬁl {ﬂsg pe current

dnce carren ash menory,

t h@nﬁ)‘r‘tﬁﬁgtgﬁlt gL} eéghglarggnb/d;?cuh\grﬂgfs %‘?ﬁ p&&%ﬂg}gl&p RAM sensmg on the

pr ogranmme ry ce
othenhand fsugeciofasteretivan \currehtesangingesvhemes, since a voltage or charge is

sensed on the bitlines. DRAM memories are organized in a folded bitline architecture,
where pairs of bitlines are connected to their own bitline sense amplifier. Both bitlines
(complementary) are precharged to some mid-point voltage level prior to a read

operation, then a memory cell will either add to or remove charge from, one of the
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of a bitline will depend on the conductivity of the

formed anti-fuse link. Unfortunately, current sensing
wa@eleneR1are rel atively sl ow. DRAM sensi ng on PEECA2007/000503

ot her hand is nmuch faster than current sensing

schenes since a voltage or charge is 30 sensed on

btllnes M ri.e re orga i.n a fo

oiingEy EFarL 2 Pl vogd Benrooaeed 88 hRE, tillads, p8h B auicky
detectet g elicebitihe sehei amphfiar.bi t | i ne sense anplifier. Both

bitlines (conplenmentary) are precharged to sone

m ORAM plovides bagetimeMedlaneeibetwden ragh dersity @apd patfommnce, which
. hen. a nory cel] . will either,k add t,p or renove charge
s why S eeRel: it 19 dRpSitra B 4 B TSR s for
capdaity |einﬂef5erfoEVi&n1bea Isrmh{rasatpbnnge ahtitflies OMA alenh@iesems relatively

i ne

S|OWLFltlet| r]faﬁg usel HE%onaYﬂSqt?q leell |ca M%F%b Fsgﬁ\tsglgqqﬁ)%grlt irrnepractical to
manlRcRRE. eApsticais inclable debdhidy FARASHPespiaeement; ebooMureh processor

codd it B EKERET e lecs R GA 5 AL Totcement

and ReTer GppRi2Gens Wﬁelféoc_ﬂﬁté asdst beuddcardly pddihed lursme@'tféence of power.
sl ow, b t hav? usef

ne es are rel t|v ,
UntQREsl B ST emPieE oiler BN Ta eedpatgecoloft-fuse
OTP fBMmafbs eah nk nvar@«nﬁfpa@tt He GerfbARAceAdf tAB SystBA teErelies on the

onboard FLAS %ﬁacenent boot and processor code

anti- B{SS TdDemeﬁRd\/lWhE R 27 1EPREMV b2 celeiine: MaSK ROM
ﬁlacenent and ot her applications where data nust

dedhprelarer dasipiedo iprovdrea SieriR ABdgel gh depsity, anti-fuse

arramfdhnéém@t SlitableCfoe inplemeBtatibn #PBlahgati OMBS tddBnology, with high
rel atjvely slow performance of anti-fuse OIP nenories

SpeQQﬁ?”ﬁ@g&FﬁQ%W%PCPnpact the performance of the system
that relies on the anti-fuse OIP nenory, whether it

suiaRuidh HERERRIAN | o hr ovi de’a S mpl e and el abl e

hi gh density, anti-fuse array architecture suitable

for isngh eippitt adfi 9B pr@s@dtandamdmcfmbnmhaolrﬁxggatevmt [east one
RY OF T

eed, sensi n rf or manc
cisa ORGP PrEVOUS OB TePREcpP@Etn PRUEWEI. g9 obiect
of thelpregdrit ilentidri togsroeidatcirt@rSdndomethots Serhigmspgsl Sdnsirdeof non-
revi ous non-vol ati | senFin .schenes In Earticular,
volafle Fremaries GEIcHRETe Shect ﬂ%’préég%f“SP RENTEBITED provi de
cui,ts and net hods for h| eed sensi ng of non- 20
vo[”af’l firel 3RRREY s Presa ’Hﬁ?’& EY'%’%SW?/“O ofrray including one-

timePhbdramkE@ieO[B TP MRk R8y deiﬂsanhler ﬁen&lﬁ?e(ﬁjhay iREIUBEL S Nair of
udi ng one-

i nvention &rOV|des a menory array inc
complpentay b iRRfreR PEC( (BRI BES PennertRs Redate ferainaky of the
OTPI NRSHEIYS callsPakhd Of bifiREPLETERN A YifidH tltédheeoltln@e of the pair of
comglr echar?e circuit, wordlines connected to

Ritliges fsr]g)nn@q{pdﬁgﬁgfp§loe éqarpgnal%lﬂfdthg Ft’ meﬁpry cells. The

precﬁ@r@é&nr@ﬂp'pké‘ch@fg&Eﬁ@lbabldf|doﬁfb|é?ﬁer{té“r? Hifhds &f a2’r§st voltage level.
™ qﬂpenentarx bitlines is connected to diffusio
e tNQ S pE Nhesigd @]—gatﬁé%}ng,al%@ the O, @emory celis, and at least one

wordline is capable of driving one bitline of the pair of complementary bitlines to a second
voltage level through a programmable conductive link of a corresponding OTP memory
cell. The bitline sense amplifier senses a voltage differential on the pair of complementary

bitlines.
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precharge circuit precharges the pair of conplenentary
bitlines to a first voltage level. The wordlines are
weemsegexl to gate termnals of the OTP nenor yPCBEILCA007/000503

and at | east one wordline is capable of driving one

bitline of the pair of conplenentary bitlines to a

second voltage |evel through a progrannable

conductlv link spondi n

TRACHING g as?eﬁg‘g’oﬂ'FPp%” Ch £e%s§e§a%p n{?‘ "\éc*%rgg Skt can
include fof @rent ipedcharyet devigeaifor sa‘leommemlpearmﬁtgmg/bltllmes ladjaesnt to each
blthn&%% ﬁ%ﬁ?) O(?Srqu %‘%erﬂ?&écﬁﬁggg({ %8&??00\?% 8?&)’eﬂh$greetn?thaalh the first
voltagierlewal t Incfalrthemerinbddamantsoleac‘m optfec@ZPgeemew cals daprbe a single

vengFbf SHENGP rRESRLEE 1% bl LB HAERRE hBusBE R e wo
trandistor antiviaké a:mnd»rgz\cell hds ahetceeds trérasistérhepnhiectet to W wagiine and

In f di t h of the OTP

an anffiRe’ qeyibe rnetien gF 3RS aPtean drasS Bt ahes opfiue® el hed a gate
conrzetdd tora @edomﬁaryrmdlhfe% @iheanthie- Wcuslﬂhenam)t‘n)é sebhdanf@rdline are

t t us menor S an access
conneb s adhe Sesicall bisoote B BT RR arelon an aoerstuse

devi t t t Th

anl i anaibe: eaonathdyt 01065 i aantt dhe, idfonoargy furne
incluges al nefeeenoMlﬂrrcelt fdresanstickkly peovidinh bhefesammﬂmarge to one bitline of

ne are Bn“ ect eght ether electrica

the P8, Pk &P THISERIaRG DA dS EPIE AToTboh HFACE A GG Storage

capa%nbroatdmarahdcb‘tedrhg dreeisLiol C@@Fﬂlﬂgtthe bh@rga@tmage aapSélMor circuit to
cludes ar ference for selecti

the i b ene 06 RATer erREEORRAREE PONBvalty CIRPHED Grouilnn molude

dump# me@\f)lryCQéll@' feneBleativelPidlpling She Therge edteage Gap&ditos U!d) tthe one
I NCl. U

a har f orag acltor IrCUIt and
ORISR R € PRBIem Ty DUBTesI § et Fa e i &t aigal can include

a pIG@D@Cd)ft 8ddifdriaf Wapaditor cirb@itsOBehriicteldi fd)ethéf chdige PAbrag@®fcapacitor
errentag% bitlines. The steering circuits can

C"W”n@ﬁ%f&eeaf@ 0 Wd%%@p%%ﬁor E”%P Issleatively @F?/b'e‘i') lpfespse to
acoh@@dﬁhﬁ,@gﬁnﬁ&(ﬁg’ﬁgﬁ capacitor to the one bitline of
the pair of conplenentary bitlines. Furthernore, the

r efres QiHHRr embedident 8NthFédefe aspch thié Aldnioty @fray further includes
addi tional capacitor circuits connected to the cha

ar e@(%ﬁg“é’%'&ﬁﬁcﬁeﬁe&?‘ve% CPURling a Gnaciiveead meapshie one bitine of the

pair ¥ dbinbRARINtAFR RBRfHdsOdurfig £ Vit sehsi@! Ssdratedl Yl’h@ﬁ@h&'r@r@e circuit
in response tqo a corresponding control signal.

can !i‘CfUQPt%\‘é?e@%‘B@PthOHP“%@erﬁaﬁé‘%‘{e Iggg,@},qansttchg\e(@rpﬁ)plyme of

the pHir &Y ofmBlehit®ary Bmlnlég Q@rindta bﬁﬁr@r&@%@é bséthior. OF
sel ectively coupling a capacitive |oad means to one

bi {r] 4 B6cod dsPect, PhRiprestint FRERIARABRBNiIBEY a Ridihd1@® sEhHidd'éhe time
a bitline _sensing operation. The reference circuit

progeagamable] () an@?@érqeﬂi@ conpeRaied 1 6PMeGaIANIany bitires. The method

mclu@l@@aﬁbr‘ébN&gin?%dpdiﬁﬁ%n{p%rﬁé?ﬁ’ar? 'Bﬂllr@sttb 'arﬂ?st%ltaéé”'l%vélaih% pair of
| enen bitlines urlng bitline prechar

comglﬁg}eaﬁr)bhmmgg inddingsa dateclitispapt a rlefpéerpﬁee@@ﬁ@ b) dnwgng at least

one WaYRIAE it63 ﬁc@Mdi dsnsag% |€eé|héydcrfa@@n§wuaa t@tnﬁe tdwHRds the second
progranmmabl e (OTP) nenory cells connected

volta(gsﬁwr‘e%ﬁﬂgr Spemqry pﬁlbgonnpﬁ@dntgtth%dvordhne if the OTP memory cell is

programmed; and, d) sensing a voltage difference between the reference bitline and the

data bitline.

According to an embodiment of the present embodiment, the step of driving at

least one wordline includes driving a first wordline corresponding to a first OTP memory
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i ncludes a) precharging a pair of conplenentary

bitlines to a first voltage |evel, the pair of
waeeovplogizent ary bitlines including a data bitl i Per/anzhoa000503

reference bitline; b) driving at | east one wordline

to a second voltage level; c) charging the data

cell Barincol [PV B3 A o8 SR R, SoLRE W@ B onaing 10 &
secdmelrﬁDTB/ rrteahdr)é csll cmegreatoeics dataditlie. Adtenmitely the tapt gigiiving at
ce

h b d_th
castitd PRI EEEF Rl 8 SaSLfBl et sbRing \p 0 TP mory
cell eomadteetdt thet Hatashitipe afndddiiwmagn @ séconh%&tlhmeompﬂ:lnidtmg to a

seocr QTP i) oSl o8l (o1 BFRCASGHIboBastep o

drivimylai leastromect@ diintetintib@esddvivingoa titst nerdind cdl‘res/pdfngmg to a first OTP

di
meriely pol-eyiectends 16 BE 1hNe o SeooRia ey Tespasig to a
seco$1tieCDT@f n‘iﬁnho/ry neptiaconiezastt t®nbeWgdtd! bifi@e] rmlvmges thlrd wordllne

drivi n r rdline corres to a
conRoRBY ‘e i SR EaY 5T R AR LN IR g5 eGP griving
a fodtrswente v&febpbnding &5 & eSPBNGTREndriorg cll $eaatteddbRhe reference
menory cell connected to the reference bitline.
bItI'”ﬁdternately -the step of driV|ng at | east one

e incl udes d  first wordl,
ool S e gt e redfedisohiseh o e dtking i extereos gharge
to oridﬁef ltﬁl@tcﬁt@b'tlinbmhd tdélréfflefa]cé bREEQ RAJWEE eldpnst precharging includes

prechgomaET IR ATl feeach B Jiee] e BRI PLecspame e biines to a tir
volta@@ﬂé\ﬁé'f’ Poedirgtdoft@geleldliig OnéXbfa mﬁﬁhwplgﬁbhag@ﬁlﬁ&bﬁﬁmﬂ Qoltage,

he reference bitline, and drivin a fourth

and It 4PETS RIPORSBER dF PGP MiSge | agbceiHisEyve, &gr) switching a

progfc‘éii'\ﬁ\riﬁéét’Jﬂ’(}iD tembRecdlahterLesRiuctiet dtatBEThd Qecfdrhﬁt\)&ﬁége Ievel and the
diments, the nethod includes a step of

di
th'rdr \éﬁ“@s% IRe! @?&eg@th greatidnasy ortleRs thaw éhedif?tl woﬁeg%lwaelt he
reference bitline, and the step of precharg@é&
i nEVithes embodisenis §f g Riesent ﬁé@e%hﬁr%\@emdqsen Hhe at least one

worddhé s dveRfanbiNe RAblensd cﬁé} ||seé"&ibfdadt3éu9étbhﬂld"l§$hé Qarfle time. The
third 15 vol tage | evel. e first voltage | evel is one

Stepdﬁ agdivgi 3 redergsprs chiyoe g8 Iweaa@wemwa qriagedevicgrigr coupling

the Fekh@er%cé’ﬁhq?é/% bRE &f ltl’?evﬁéta' tilife RhE 4K %f@eﬂ@g bﬁﬁﬂ,{”tﬁé‘%erence
effective Tor switching a programmed OIP nenory c

charge bging REBYIERA PY RechareR étormemg@aﬁoH@emaf%sora@@emewdcan be
prech@r@ed Phbrr 16 tNé’Etteﬁ%? abtﬁ/‘éﬁﬁg ﬁ'\%rbté@m?‘?feblcgrﬁrﬂ)ﬁ b sﬁé@lﬂ Qfewce can

| eSs than the first voltage |eve Fur t enbod |
incluge arsieeripgdwepistoasiiiectiegling deyire ¢as dndlusiec damey 41TH m@mory cell,

and wch%@ew&%é Needns G M@%r@éﬁgrééaepﬁcﬁft%rtﬂgcﬁe;?%@ gﬁva]tlﬁg the

ded at substantially the sane
stee@wdﬁy% %“é'f@'eﬁw@éed@ltﬁiff@tedcaﬁlqdn@i uen@ amn V‘&t stﬁgrlraag device is

actlvﬁfe%eﬂ'hé‘gtéé‘ﬁ% ‘Ei%wfzé’rcaﬁ %Rﬁléé’ﬂﬁed BQSrer §fs@ﬁ§élﬁﬁ1pﬁf |Q§cﬁ\}éted for

one of he data bitline and the reference bit
sensingrtae éﬁ'&a@e difaerse- Bae Agrsf @dﬁila@a rpiprepcelshpge mlwﬁ%‘ege@lecnvely

couﬂﬁ@@ﬁlea&%e@@?@%@ié? CASGeBRFe FRANOH a&H'lt%ht@reg&Qault charge
prror to of activating the steering device,

storagedmeaes, Smger,efqﬁ@nqyeghqjge dging provided by the default charge storage
means.

In a third aspect, the present invention provides a method for sensing one time

programmable (OTP) memory cells connected to a pair of complementary bitlines, the
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25 include a steering transistor. The steering device
can include a dummy OTP nenory cell, and the charge
W@ e@sage1heans can be precharged prior to the BCEOA07/000503
activating the steering device and for a
predeterrri ned period of tinme after the steering device

pait BRo e e SR B RGP & bl earad e ehing g aaethod
mclu‘vlﬁd; teagudiidd eagtaancel Mbads ap thé catlibiihed gaef expdtience means
char

cl.udes sel e couplin | east, one
bR BHETLP as GEVLlE oEreFeXa e da PHR 6 (e reference
bitlindetb aufirkt @tage &ves tpuagry ﬁﬁ/aﬁdlmettbﬁa s&joRt &OREyCRASINE) charging

i ng. ded by the def t r ora
the qiie R el dng becaliie/cinas e Rl B 5h Mty BEbeainected to
the watiidf fherO B Afhitgy 6¢18s brdmamﬁkag&mbétwa{n@ A JEREPEMplifier

to dqt%rgllr?e %?/3{%%? gqrtrg@gi va\} eﬁ%%gyhgggg%%{g rﬁgqrgenq;afbltlme
I erreatar bi tLénes including a data bitline and a

PEIRCEMIN ohdNe FHESTREARRECH ithie ItRRe OF BYSUBHPNG rFgn include

precﬁ@r@ﬁ“@l dineLadjBens td Bieldad Slaha ahb thd rPereScd Kltiine to a third voltage
aci tance neans defining an offset of a sense

'e"e' flithg &tep CB)COHP'é@h%?Pg'Pﬁ'tjd? REINPAPS apFieelingedeiice toRgoupling the
capdcﬁér&feaﬁ%s tBithd #t8 bitkhea first voltage level; c)
driving a wordline to a second vol tage | eveI d)

chay gidugth aspé, Hathredaht ||n{/é1ﬁ|oh PY&VidEs o é@nﬁ@ﬁ@ﬂl@r)ﬂ&{hh@%mory
|l evel with an OTP nenory cell connected

array,oihgl GanePlementay kiffipe maminry agay |'nq'tsde|§r%wgrtm@aagr%m@ablé)(om

men®f} ic¥Rd ththech® ®epiaRed i Wodlinest & i@t PrdBhaRyeAciMRAtt B9 cond
di fference between the data bitline and the Teference

prechargpichedit, BRA 8fsBeR ABRlfierofhe fiat Reeaser cnacéﬁ@@{ectl‘(qhéprecharges
a se@bl%@ cOmpRInSSHa Bl &ﬁﬂo I iURa dg@Fe@&h?ﬁegbék%nB' trédh%?g% circuit
Jacent to the data bitline and the reference bitlinh
selegtiyely Rraghaiosmobitings adipgenteipethe sgingtacheonsplementary biine; wgr to a
seco‘ﬁ@nvdlt%é YelRy. afid %%é@gn?II@Q§ rdoU?Iegq}S' the ée@éct&?%%waé%entary
he capacitance neans to the a bitline.
bmmﬁo@#lt hradge cplummeelgete deYiees iy eeRPonse (10 cﬂﬁCQ@%d asolumn address
t Al Y
son 8T TSR B 08, SUERGl o (1S, SOLETHRLP o
secondyprgchargeneirayit @se Itujn@fé)ﬁﬁé@t”@@it the s@ieptadmmementary bitlines and
the mﬁé’igg‘jﬁgenéﬁ?gﬁué' §%Iec§%§%gﬁ1 %ﬁwseg'tdgi‘gltﬁr}esaoe?&% %}/J’r@n of at least
one wp@tbh%npglenr@ei:dﬁialiytafteeacéwamqrmfyh@afdemrogesvor@lmse| ect ed
conplenentary bitline pair to a first voltage | evel.
Thin gelifndspacacthar gr@semtr hmderttionsreﬂowdeas \ee Imetimrce édraprgelsarging a
com@bﬁwlehﬁgfblﬁ‘iﬂb ?ﬁ‘e‘?ﬁgry Eﬂai Svi rﬁ{ﬁrﬁg pf%mﬁé |)1 memory cells.

alr se
The apgihod urm*udeg aﬁompp@aigmg sqi@t@bbélaweuamtmlaehehwedt@ge level; b)

precﬁérblng QI blredtbl'}ﬁr%é P@Sé@e@%{elddrﬁt‘ﬁbgﬁglré tb n%%%@&%s\foltage

col um address an e
levelpf) tdﬁémgraésle@ﬂt crepwend|ing ﬁenmeqt@t tq thec R Pgmepiary gells, ahel OTP

meroffcelld %%@?;da(?ﬁ%{:ﬁ)%% Corfel t5|l‘ﬁH% c‘Fl &fﬁ‘ﬁ@%ﬁ (?%é b%lfﬁefdaﬂgttowards

the sele nP ntary i nes an
the \a@rjdm,eamltag@ leyed | @Ee@f%dﬂ@ﬁﬁfwl@ﬂem@mg@ammedewhtb@ﬂm driving

abilitf S HBLOPP REMBY Lhi8Sdonnected to the bitlines precharged to the second

voltage level is suppressed.

According to embodiments of the presently described aspects, each of the OTP

memory cells can include a polysilicon gate, a diffusion region and a variable thickness
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one wordline or immedi ately after activation of the at
| east one wordline. In a fifth aspect, the present
w0 poogsi2zen provi des a nmethod for prechargi ng aPCREA2007/000503
conpl enentary bitline nmenory array having one tine
progr arrmabl e (OTP) nenory cells. The nethod |ncI udes
bitline pairs to a. fir

I {
gatel Gy, S R R et s RSP ot A ARBE LEeTi 1 hsubstrate, the
chari@j amﬁg atp?eieheeﬁgi‘lh eletigsl by ta|flr§teernﬁaﬂi<£ atsecané ead@nthe diffusion

.vol tage | evel v st.on wor dJ
reg D RHIBRBRNS 1 {rive B Dbt Ty, StanrEL oo TaPRaraBRgipkness gate
oxidé & dispd¥etngteddretht poBilt@Egaeainbithé baisstate. G?héhlaﬂﬁblb hisickness
sel, cLed bltllne pajrs towards $O the wordline v? é ‘ﬁ
gate, A% a; fhickcsate (i RerieY) pxendiag ;S%F%ﬂ@a englft| te thannel
regldrh(b arpMUél@rmlﬁbd |d|§té/nc@f oftfh@ $IEEatneAgthy aﬁ@'thm Q&t@ﬁﬁ@de‘egomon
he bjtlines Igjrec arged to the second

ol t
eXteF‘év%ffo'inéh%Bi%’Pl‘% Kgd dtagede Hig ﬁ%OQ%B‘EiPh@ﬁtCEa’H?e' fGH?éO”
sent | escri bed aspects, each of menor
P el Ehegts of T4 aess caea et Sacahtae OF Pampmes gHje can further
.ncluﬁ@gaonreambvan ragistant %cééﬁsc&a@e%and éﬂ Mﬁb@%&émﬂ%ne The
PCT/ CA2007/ 000503 gate oxide. The ysilicon gate is
breajduyy &sipt %U@tcc%ssc?%ﬂ?n'él ProXgREnio; the ;5"% L%‘thf 3 Ch@fh’l@' region for

condtiBfyi LirrERVbét@edn Hﬁ@%ﬂ slnscs}gtgatéﬂaﬁa neE dXusior§ tgidn. €MHE oxide
and a second end. The diffusion region is proximte

breakgoweonq isgrodmgteoto thﬁée@%?m of tegichanneregioaranghis dusible to
formtzbb&lliﬁu%ﬁ’\ﬁa S Setwo B ﬂ@sﬂi‘cérﬁ’%ﬁf‘edar%e%\é%ﬁnﬁa%?lon An isolation
polysilicon gate and the substrate. The vari ab
regiqmhedlk Re P50EMatgt e thRisgeonthend of Mie Rhajuek regiord evhsse tthe psolation
reglﬁ?(tcﬁﬁ‘dihagdé R bhey fflbfdsbxﬁ?dreﬁfont he fISQ\"ﬂ'F;n‘:c‘ih‘fusfoﬁg|'<-%‘Abnt Qnd a
0 engt

predet erm ned di stance reset
complnatpprg%&t@e bl @éldg@'ﬂﬂbﬁfb@m@fmﬁ@ regions praximate to the thin gate

oxudé’rﬁ%elthﬁf gétg%q il I Garf e §d¥ tléﬁqgﬁgle‘é@fioﬁg Iow"\gplt age transistor

hanne egion. 1n aspects o resent empo
gateeqxisie fofmedhen @uaaserremm cmmajemnwhlmhaéhlck igatsl @ide gortion can

be RERRISHANN of GBhA! AL REHCTGHBEIFa AP e I BAKEPEh the
Zone reakdo resrstant acc ge 1s
semigpaokicinit eateyial-hdlteinataly, et dhick hgatehandel por@gn ogarf anclude a

comtﬁiﬂ%ﬁcéf}aﬁgntg%éofmé gQ%t%cge”% td ﬁ o Rk §§t‘e'd 'Fo\%ﬂ; Zone ."J‘”d

S1 on regl e

ipr R el hg Qfotﬁ%cz%'aggtﬁg%cﬁa\yéaﬁlfﬁ.{%%“nr% ohﬁg'n'teg&'coﬂ@%nd of

the geinpel rlegt@crargla@ @atnddgehef theapnisilicoe giaten car\have al eanroon edge
deflr{eﬁgdﬁ/oﬁ I&Qé? t\% I|Hé wég%h?h e%gtg} f&rﬁgﬁ%gg&gg%ﬁﬁ Evgnr(]ere the angle
can |bac13!|5ddegmes m‘r % flegreds. oimej@hfm@nonegloa ééroaaven@n LDD implant
ldenfljcl #S’(hgq.[!fﬁ%ﬂﬁﬂan?n?fone gpnrpel 06\1/\; Ivgparé)%)t(rgﬂgﬁfgr el e ﬁlghd\?oltage

he™ f usi on reglons
tran&l&iom agdiae:ombmaden offbeth ttng imwgmdethmhnglhequtage transistars. Ba edge of

ine 88l B S R85 0 ol o 95 0 A g
t hbprﬁzlr | eect odi%aFJ?%stn gfqus?? g@genﬂﬁvénﬁgﬁb\hl?@ércr%n% %ﬁaﬁ‘g% those

_one age rgate oxIde
Ordlr@OWSéhﬂl@d)nduﬂ’t%rartnwpem welviewAl of etheafalowjng iescriptiok  ghitspecific

emb@&ﬁringﬁts%? Hé iRertiBA iA Mj%ﬁoﬁwith the accompanying figures.
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conbi nation of an internedi ate gate oxide and the thin
gate oxide portion. According to yet another aspect,

wao b@soswat i ng di ffusion region, the second endP@f/CARINZ/000503

channel region and a gate edge of the polysilicon gate
can have a common edge defined by at least two line

s S BB Bndis o, 20" e, e e

di ffusion region can have an LDD inplant identical to
t hEnibrrinem]tﬂ afnthe gireseme inventidmewill nawind tlegmibed answay of example

h vol d nbi nat i on of
only ol etE o0 Bp el R e RIS T, cneistors. an cdge

of theFu. ffisis bmwtroe@ram cdadRAMayde am fuée téle

pol ysi |

Depoct s T 1 BbRar ey of 8 TiFhudfke fitlhe RonolioRe 1
become &ppareatrose-stitameal vidl obthdi DRANMItypesiti-luee celhoftFrigure 2
art ug?n review of the follow ng description of

sp@'@f‘ '8® *&nbodi nents of the invention in conjunction

W t h t heigagtoapaayiseeticnapuee sf an adtifus¥bansiedr a8&2didg to an
PCT/ 007/ 000503 BRI EF DESCRI PTI ON OF THE DRAW NGS
Bﬁ@ﬁ”EOfégepf?éeBtr'B%eéWf) invention will now be

descrl be@ Sba/amy&aﬂréy@)t@ﬂme%ntlﬂﬂ%a/tranﬂlétdﬂ JgiEigrence to
rein

the att Fi

i o T o B8 appiere Hanal ouls eEratiefatg gy fisb Sngistor
pl aaafrdih@y@aﬁ embodir@enDRAM bnela@ntamenubmrse cel | of

Fi gure SS sectlo

: FEig. IS C Vi e
DRAME £y b & e Pl Bafar Biou e zmale aiiop ensster
Fi gccatding tak embedifRat bfaRépregbvihintian anti - f use
transi stor accord| ngyto an enbodi nent of the present

i nvent i 619: 8192 plagar IByew ohan plerarte|agjidyte Ensisier according to an

ankmbbdipfent 6RAS bAdseht iRerfibgure 4; Fig. 6a and 6b are
pl anar layouts of an alternate anti-fuse transistor

accor di htg- P& afowrbadPhemethod ferarping Serriablg kipkness gate

Fi gxidd foranélartPiuge &aRsigBAss thé‘)zSFéébﬁt iRferdiBnal t er nat e
anti-fuse transi stor accordi an enbodi

ng ment
the pre§&ni03-AQeiustene th_pgo;rpeglong)f F"@ ‘@”EP'&H%‘PKW%§ @g{e @fde in

anaé‘édré’érl%%tvﬁthaé?éﬂs cfflt'ﬁeeflév&@ﬁhﬂ&t%uré‘écor ding to an
enbodi nent of the present invention; Fig. 9 is a flow

chart ofiga!heisrerosspoinbiarfiaed apifyseriansisiar anareary array
gatEnfigdhddter §|%Ie%@e@@érﬂsﬁg‘&%ﬁd’r@‘%'aﬁ%ﬁbdg mérh%f the present

present 1 nvention; Fi [Tustrate
f of¥abialh of the vari abI e thickness gate oxi de |n 20

accord ap%e 1 Y‘ﬂ) Fsrb SbeRoiRt cc;nlﬂﬁur@%i QWi ?Jl%rﬁangfstop 'n?éﬂﬁ@ry Array

Fi g. cross-point configu anti-f
tr g@@ggfqgirfoh@ﬁgr,eytl%{,ssgyng according to an embodiment of the present

invention;

Fig. 12 is a layout of the anti-fuse transistors of the memory array shown in
Figure 11;

Fig. 13 is a folded bitline configured anti-fuse transistor memory array
according to an embodiment of the present invention;

Fig. 14 is a layout of anti-fuse transistors employing wordline segments
according to an embodiment of the present invention;

Fig. 15 is a circuit diagram of a combined sense and programming circuit
according to an embodiment of the present invention;
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configured for single-ended sensing according to an
enbodi nent of the present invention; Fig. 11 bis a

wee@s®sEos nt configured anti-fuse transi stor nREOMCK2007/000503

array 25 configured for differential sensing
according to an embodi ment of the present invention

Fig. | ayout t he nt tra st ors
the menbld 1Bi% Afraamerate & e PN Hiegndy are.
f oladestding td knembodifrieptiviette @rdslenfmemnbnansu stor nenory

ia:nr/‘;%u %}9 qgcord W éara Pﬁ%g%ﬁeﬁf?%ﬁf% artgﬁgmg the folded

tr @nﬁarieSémmfesen‘iéh@yy a@aw\@frmd;weessagﬂmntgsto acenbatimgntial the
an enbodlne t of the present invention; Fig. 15 is a

ci PERe @Y%8P5n1of a conbi ned sense and programi ng

Ci rcuit Fiaagpligh tigirgai@gramrepodingesignadfradditongliresegrdance with

| nvent| 08/ 080213 PCT/ CA2007/ 000503 Fi g.
%msgvPP@a‘f’tbvgd%gWHf‘% %f a fol ded bitline

ant | - f usey. meN®A ir@uit s’@:ﬁeméﬂ@@ﬂ ﬂioﬁ@dtmllﬁlamm@dln@mﬁy afray
the resent i nveré%l on i flow c

G 56 AreAiAT Sl e ceater da e a caaicing 1 EeIeRst of the

blﬁ*éﬁﬁt@ﬂ&ﬁmﬁuse menory array of Figure 16, accordlng

to an enbodi ment of the 5 present inventjon 7b

is ati rﬁ'gwdgau'%@ﬂ%%cﬁ%ﬁh‘%”% P@ﬁﬁ‘?m?‘rea[ﬂ%m?‘i’ 8%ﬁ§eic‘]ﬂ”9 data using
aC G BRIdEDithd dnti-fuBe mEridipdrrefe sCriired 6 ot 181 Sstordidg & an

Fig. 18 is a circuit schematic of a folded bitline
anﬁmmewm@%@wrwwvemm ng an alternate reference

charge g, Q'thisaﬁﬁ\ﬁ'grdiégﬂfgmtéhoﬂ/ﬂ% ArfERfthngtfons i acctPdance with
present invention 19a is a flow chart show ng an

aI tﬂaff-wetf@dr?@ﬁwwdf'@Flgeé%b‘?%g data using the fol ded

bi t1i ne FNbi-i§ HeRcUTRIMENafE Btaé’foﬂfed"ﬁltgh’é Entilfis@mekory array
according to an enbodi nent of the present invention;

Fi Javingig selectablq fefergnes @@f@ﬁﬁ'@%m%@fdﬁ]ggtﬁﬁmmd'mem of the
t r 3psdeht A0éntioR; accordance with 15 the nethod
described in Figure 19a; Fig. 20 is a circuit
schemat iFé9-@f ina CoeuiesshBMelic flea tplted bitlieeantsivse ynamaryprray

ha\h‘aOlg 3 ?Eﬁﬁ\;éﬂle!ﬁn@ Pt EIRRE B BRERRIIC hEDrihg to embodiment of
accord |ng mbodi ment of the ~present |nvent|on

Fi ghe presery iveplieui t schematic of a fol ded bitline
anti - f usge, BBORLY 18K LAYt showing an alternate method for sensing data using

the folded bitline anti-fuse memory array of Figure 21, according to an
embodiment of the present invention;

Fig. 22b is a timing diagram showing signal transitions in accordance with
the method described in Figure 223;

Fig. 23 is a timing diagram showing signal transitions in accordance with
an alternate sensing method, according to an embodiment of the present
invention;

Fig. 24 is a timing diagram showing signal transitions in accordance with
an alternate sensing method, according to an embodiment of the present
invention;

Fig. 25 is a circuit illustration of four metal bitlines connected to respective

memory cells;
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20 having a capacitive |oading reference charge
circuit, according to enbodi nent of the present

w0 poogsi2en; Fig. 22a is a flow chart show ng aPCT/CA2007/000503
alternate nethod for sensing data using the folded
bitline anti-fuse nenory array of Figure 21, according
to an %@Qg'lgg Eﬁcmﬁfschgrﬂaﬁg gf.saemdebrﬁ‘ﬁm %rﬁnmsg?ne'r:ﬁ&y array
22b is aimng diagram show ng signal transitions
ac tevidgaoelumrt prechdrge piegditoacadediog tdmfdethdﬁh"Iguir@ tm@aresent
Fi r{s a timng diagram show ng signal transitions
in accordance wth an alternate sensing nethod,
accor di friig. 23 iaa flewicbalit seewing métboq)ofqzrechargmgmmloeﬁ of the
30, Fi [ ti i.agr 0
or SR e =i B B R oA 28, e gBi830 an empogiment o
netiropresertdmedtiorg ahd an enbodi ment of the present

i nvent i (,}n 4? g, %éﬁ%%ts?&l&%atlgudf a olée%séql%%eéml 0L i nory array

nmet al 0 respec cel

- 1$1aW&3 Z@%t/eﬂ&@éZd:@uﬁﬁ'b’rmﬁ)@?qﬁlﬁﬂﬁﬁ)&ord?mggto %embodlment of the

circuit, schematic of a folded bitline anti-fuse nenory

ar lpfﬁf RRDVHE'Y col um precharge circuit, according to

an enbodi nent of the present invention; Fig. 27 is a
DETAIDED OESGRIPAON Ng a net hod of prechargi ng the

bitlines of the 5 folded bitline anti-fuse nenory

ar r(féﬁe?aflly F{hgﬁérgsgrﬁ m\?e%ﬁ%q g'r({]v%tsoanagrrgm?w F%gfgﬂlgarg{e%n?ﬁ/ cells

presen rcul
arraogedalrf ol ocdevbldmndritarmy doithme cerﬁﬂgs:eatnerfolu‘qwnag mafpldet ariargoen bitline

arch@l@r%tg Eﬁn ?r@%t f%g(#vHBﬁ e(f%rscgr?dgigé %s?:e?ihéeg IR " r%fer?‘f egiggki?rt%b?orl]ded bitline
arra@&éﬁﬁ?&ltPﬁUOﬂ depady aipb&es td1mepahaaealﬁve| nwnbitldme prangeti@snt or to

til | d i .
corBgBbibn e R e iseRGRt Aay AL Pl REh ez dayts for
prec(b\largirﬁg teebitlipiet pdinseto anohadee cdfereace, Theefbmncewiragit for injecting a
refe{RaRHS Pr e BYPE ettt PTb: PRt RELEITS e ameifgre for
sensihg@ aalbieigeatitferentgiepethicbh isakl aitiir@ngaire Mheokoltayelbifferential will
dep ST o e fotamrting 85 Pite POTBRIE plerBhf b1 GOl to the bitines
throbgt am Balvﬂwdﬂﬁortjﬁhea vol tage reference, a reference

cirgcui r ef renc charge on o

Tl
b1 ¢Phe> BroEHon ot e bt ing Rtisd MheCeAgay embociments,
folloiry isf bedéecf'lptfon of the preferred anti-fuse memory cell to be used in the

embodiments of the present invention. The preferred anti-fuse memory cell is used here
as an example only, as many other non-volatile memory (NVM) cells can be utilized with
the embodiments of the present invention. Other NVM cells can include two-transistor or
1.5-transistor anti-fuse memory cells. In the following description the term MOS is used to
denote any FET or MIS transistor, half-transistor or capacitor structure.

As previously discussed, a DRAM-type memory array using a planar capacitors as
an anti-fuse instead of as a storage capacitor is already known, as demonstrated in U.S.
Patent No. 6,667,902. Figure 1 is a circuit diagram of such a memory cell, while Figures 2
and 3 show the planar and cross-sectional views respectively, of the known anti-fuse
memory cell of Figure 1. The memory cell of Figure 1 includes a pass, or access

transistor 10 for coupling a bitline BL to a bottom plate of anti-fuse device 12. A wordline
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sensing a voltage differential between said bitline

pairs. The voltage differential will depend on the
w@e@gnscmd ng state of the non-volatile nmenory BE/C82007/000503

coupled to the bitlines 20 through an activated

wordline. Prior to a discussion of the folded bitline

o Bk RS S GRS 00 Bl Fgoo ver

is cdupledsethd top e ofeafbefdsemame o for bmgmmsmgtantuﬁuemdeme 12.

TG BLELLLE 42 TR o5 R R B 0 an
anti-fUdéMevivel 12sis cry htealghﬂfbnwaedi amd simplé THeegatetddif meodéss tednsistor

t he, present inv L ude
10 SpBER e dB Greniose PRS2 EP BheTudaL et dng Fame aver of
ponGi&d:ddrS, whidhdé)h@(f atﬂo@y\/[a:gtgr/eomsa ﬁgptn e ddiee taesaml $M0Bdérsieath each
use 0 an r ransi st or, . .
polyi et SeBIedon (e OSEe A (ATLKEOWES i aleoleagtic. for
elecﬁlcﬁﬂ?w&‘é%ﬂng ahBOWkilisPE rBRNBE YachVd ayealGhdignéath) BRadither side of
nti-f us ead of as sto

et T & IBIare egiona 2 it et e i 241, Gropjeg o a bitine.

AlthS@HPabe RBhoWe, tHos860f, SKIR.in Fthg Wre will ledarscanUcmat sﬂarﬁtﬁfcaIGMOS
of such a rrermré cell, while Fi QU{QB and 5 show @
ProcgsiAGr St a8 Yeewalb sPRGHalompRiRLs | EJ,\béiﬂPrege 'ifus'afrs t('h D) and

dlffugfcbﬁVtha@Hté -dhlieRBtioATEIHRN e ﬁS;BIiedOfNHﬁbgHé @labsicdNgndgEe tRnYistor and
ure 1 includes pass, Or access

Cap%qtshsqeﬂt%n?’%a?m i aigaly ﬁ’@eg Bi transiztorEpnly @ng-fuse clinis further

desifdid Qufio AW iseiitdBIGRN &@a glareapséMHg@'théhecan bé dﬁ@lned for high-
2008/ 080213 PCT/ CA2007/ 000503 WL i's coupled t

dengjlyt apRiicatigise Syich rtaNsisiarnlyr eny- B‘Sﬁﬁlrrﬂuﬁttb%ﬁel'agf?d WQ"% &mple to

mari@;'fa%‘i@emhtaag\ﬁ c¥§tFCMOS ﬁ@é&lsed to the top plate of
anti-fuse device 12 for Ero gramm ng anti-fuse device

12 Acperdingniopan seeadimeshPFihgurpresent '%Yﬁﬂ‘tlsntﬁa't" ety shows a cross-
sect‘o"f‘MPWewof)f 8¢ @@83udd aasdistbOthal Carnsh r’r?a"r‘lhfacﬁh'é(? VA VA standard
Is very straight-forward and sinp ate 14 of
CM@@CI@,@@G&SF dnsthet rresemly 18hoaviy eﬁqﬁf@plﬁo@?ﬂa@i'éu% ghsistor is almost
|den§3$I'toféJ§?np¢x[9YHu9@ gt Mk, C&WJM%@@ MHS RrahBi8to? 38 one floating

| ayer o ySI I con, MhIC exte across active area
diffus@h tenaleT hAE pelesash A Tase RnAStoroalSh IRIESN & st-ghannieteapacitor

or d ﬂXI?frgnél of, YafiBisk ?elfamy ;FrggFa?nrﬁé%f dBcr?bh ﬁhé‘?ug@‘ﬂﬁ‘(‘ bBvedn the
ectric, for tric Isolating t
polyp'dwcyhgate a0 ther sbstrate caathe\mecaetéaly mézwetatawar@ulaﬂ regien of the
d 4 i, O
dovh e P8 G Pimetuct RIS of Flghie® 408 EEHL 3o “Renfdlengy of the
devipg,twiieiyin th©pre§howeach@@;berobo@mehu is iarp- cmnatdemel [Those of skill
t ' gl}{@]
in thlérbg'?wﬁl L{%ﬁgrs‘gg@rth rr%t%l%ﬂ t}? |°%3’§51LT@’ %#%Q?%%g n-channel
deVl(DQDD) and di ffu3| on and gat e silici datl on, can be
apan'n%ise % hﬁ% Hc%@é% %avarébrégtl.hgz ||L| s%niététo‘?(rde% formed on
capaci tor ce confrguration 1s wde
the §lﬂt1§ﬁ§tes¢fmnﬂ@|rﬂegloan1&4 aupolysiiedr! gate 10y sudewall geadera b0 first and
seccg%edl &id ke e :%jrﬁnc é&boe@f QIE’R 350 r‘%g%ng hgﬁ it @4ch of the

t al ne Slty ap I cati
diffusioarrsgisndA 16 ANy 1aatThef W@@Ierm%nms gade icxided Ozmqnelsts of a thick

oxid®! 4Rl £ tHir? gatZBMIAEE A hat'h tHrtidn! Fh& CRANIEMERGI RC&REred by the

thick gate oxide and the remaining portion of the channel length is covered by the thin
gate oxide. Generally, the thin gate oxide edge meeting diffusion region 112 defines a
fusible edge where oxide breakdown can occur. The thick gate oxide edge meeting
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According to an enbodi nent of the present invention,
Figure 4 shows a cross- sectional view of an anti-fuse
wo easssRidr that can be manufactured wth any BCEOA2008/000503
CMOS process. In the presently shown exanple, the
anti-fuse transistor is alnost 20 identical to a
sinpl e thi ate oxid r i nput/out
afUBior SR of it BnGUPT SBpfnge e 40 GFGHFS:, BGR Aiere ggte oxde
breeﬁ(tjlﬁ\ﬁh %ﬁr@véﬁll&ed aﬁ@%@rrérﬁtﬁbé&lfédrﬂhe galeﬁmﬁ gidraitfugion region 110 is to
i t-channel capacitor -transj s can he
flowp1Bh # RESATTGR AEes terisier i e Faacy ek e spiER ds portion
extehB€ int® @hey/ S}hédrﬁoﬂami @eptids toREths Whsdkr grhe, Ctﬂ@ thiek oxide portion is

redictably localized to a particul ar r
prefBiabc@meste b et eriong A Y TR s B0be Ngh valatp ransistor
fom@ld%ghéagmglaaﬁnel | ength of the 25 deV| ce V\,hl ch in
descri bed enbodi nent is_a p-cha

t he presen
0T Bobrefitssempodient, the AR rgGD 170 fhgenSttie o a bitine

throb@ata bmmepe&ﬂ&at (Nof\sBBIh P breaRePEiné T8I BBRILEE B6rréft from the
n- channel device. Anti-fuse transistor 100 i ncludes a

poly§ifiperaspie 1086, cR’i‘Fé§§”gtéﬁ &lopgd de apgommedated PEgrariming voltages o

curréMQSTﬁ@tdﬁfu%BﬁW@@lbn 8919 Porifd, proxite/ & IheGhidk @RI Pdifion of the
dewal | spacers 108, first and 30 second diffusion

varla@@ﬁmegslgatglﬁldﬂ@% é’§ﬂ)%€&’tiqy‘§| giffugiery ragisn Egeashke efifloating.

To fuﬁhéﬁgfbt&ft thd@agb fdf Usitiqlsd %hQQt%r 180 Ae rﬂélf?voli%% damage, or
vari a hi cknéss gate oxide 102 consists of athick

currgidj lepkagnd @Stsmfrﬁ”@a@t@nc%@e(’?? Q)ha|{5Ch kitow aHa f;@l&lgq)@ro{qq:éomde
can ‘B@%Fb%‘ucé(? BEHY the raRNeet, c?ndpr%}feésng fuﬁffﬂr%ba@@ﬁw@ta@ﬁhﬁi@le@@ m the

remal ni ng ortion of hanne | engt IS covere
edgwf silewalhsnaceigtlge This ffO I@rﬁéefatplv yseq ﬁléf'rlghthﬂ sgligidiation process

for usﬁp@%ﬁ@gﬁf;ﬁ%b@ g giﬁ{l%b'ﬁ ?ﬂi ol &i)%rt%ﬁfdf 'E)%@sﬂcé#gate 106

_ N ere oxi rea domn can occur
from beinksajigidedoxi de edge neeting -15 WO 2008/ 080213

IE) ﬂ%i%%do%qgfgtssahgﬂd% Lﬂr%t]g’igto Vﬁgr'e%o%oto%v%gﬁgﬁgr hgékage and

, f1 nes an access e ere gate oxl : _ '
thergfioeesn kelwain bieakgowwv eveltage. aiih,ua: thevieat thbeopmm tdiftusipat eegion 112

sahck%% \ﬁmdenﬂéﬁéeu?%@%]bregg r ans% rob%anfulnav‘%étq{gvﬂlg a non -salicided

r amre use
dlfflxslmat reglos 110 okl oeduge pakageoiffusiare netsori 116 ar‘rmbont[mnheiiffusmn

regnBr?qlﬁncaqleB@ orI %ﬁ/ UERSe 9 tor rb? ﬁ&lll %It d% grg S|stors or a
B % rme fso e at el

er abl y [ eas
corrhmatldneofrthmtwm mshkhngirhsamﬁe ar differantaiffusigeprofilassi st or

FoTE ok i RIS By b6 1B SR Blre 5. Btine

Si'on regi on i Chnnect
contabtr b16ykam blel mdeldnas aonﬂmttref(erembe Sloinirtd , orient dtehplan|viewe with the

for rrent mth ol ysi li 106
correiHpriTH el S oBishat JrB sl Al €51 i flon of e
devioe wi@re the enarmel Tédgien dDA fandli difiusiegregiorkl 010 anfl on@eare formed,

Q t hi ck .oxi,de portion of the ar i, abl .
i 8 eflBac of B O1F et B8 o BRLs g arSca Y oS outine
120 rdefjnem thel@eaarn bmmheime thick afatengxide T@ td betg’rewn p/na)bacﬂ)Dz mask
f.anti-fuse ansistor 1 m hi .
dun{\lg?ne %%ﬁufgctunrcﬁ PLOCESS. e(g asg’g?ly ée{eés S?r())lpxgle o(ieg Ektlogﬁna that» is
usecdmurm‘@ tHhREMOS graae sk fowdefining dahes edgianishe the gtiesttat®whde, the oxide
is to be formed, and OD2 refers to a second oxide definition mask different than the first.

Details of the CMOS process steps for fabricating anti-fuse transistor 100 will be

discussed later. It should be noted that floating diffusion region 112 is an optional
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can be introduced during the fabrication process to

further space netal particles fromthe 15 edge of
w@r@emsi2i3 spacer 108. This RPO is preferably uRedCA2007/000503

during the salicidiation process for preventing only

a portlon of diffusion region 110 and a portlon of

ol n gate. on1be|n i ci.ded '

st ehifRedr el o BRI e Bef ' firisive ¢3¢ ichabily of tin
gatehdxgiectirebieinmg es adiicbe diserseédlater] ower breakdown vol t age.

Thus havi ng the tional diffusjion r

salTesramg sengis B8 M5t oos bRl TRod g brédidown o form

a pgpmagemtmink rb@tweéﬁtthb@‘atm@ncﬂtmommﬁéll WHddatbath. fdais ioride breakdown

10 Diff
condifidisotant. et araime) SEpar pEpal b cRELUGReGE thickness
andlwmpdsltbage) Tdé%ﬁﬁldéhﬁfys ad i) @b’;e\/@Pdaag}até/dlﬁ%ibﬁtwnﬁ\e@ér The
resultin

comginefl ik Ans 1P B8l e SrandGee rensros The BEviis @ lppaly lowered

gateObrebkdovanioltags B pdrBelBArSAr0bxidd BrédkdoWa ank) nlnFﬂhEUthlﬂ date oxide
Bitline 25 contact 116 can bhe used as a visu

portioar @y Bigc eV b tBedordhtine rlisqrser Uty Qsﬁ‘“ﬁ?ethat the oxide

breakBbWE EIPAEANS tHe BimPebgab bridalpotioaw of Figure 4. The
active area 118 is the region of the device where the

ch&dAdPN3lygithenanthivsg riangisfar PRAsIPRYE G dha Poeserl inveption take
advari&gd Of e dhpicaipFdhibifedd EMAEE tndNuaturfdg BBSidn FUiki 138 dabie oxide

manuf act uri ng process. The dashed outline ~ 120 defines
des'ﬂﬁéawuééé‘d fﬁr%ﬁlo@htot Panpe @@tegawee dreaksows ﬁ%f%f@a@‘i%vﬁ‘il gate

oxid¥] oé‘é‘ssgaz sgé‘?§ kin 38a8\E | MOBhBroRBaskagd il an® ré?@ e@p?lmlzed for

ers to an oxide definition mask that
Un'ergéQa@u@X'% ”!'ﬁ@emhm theegeliveogatg éredi ﬁxg Imtrcéiupl@gu tbasvanab!e

thlclé?fésé rb%tét&ﬁfer éé\ﬁcé@ﬁﬁ@ th)& %ggcf chiBst fowea é& wde%@s and

refers to a second OXI initron mas _ erent
eleCtrwahfletlch gisturpayices apecigiates ajfthe heurmmbpw@@estbe $hiekpand thin gate

omd%@beo%@tdgrﬁ'ﬁ@tsafrﬁEi/ r{ MR8, bites indt AhitdPR: ﬁ% Ikﬂﬁnln%; rPlasma etching

I'scussed later t should be noted t Ioa
of siicent asitlm bperfasyy resiRues frem eleaniog girocesscangDsilicon recess due to

diffe?&@%&rﬁ%?%%fgﬁ %;P%&BZ(\AB%R%% %éj Uk aﬁiafllﬂr%égsr%&'rgbﬁgﬁs. Al

transi stor can be Used to enhance
thesgr eftegts Incteaseftraphamd dgtect demdityeatbthe akitovxide dounddry, Iading to
r s i st
mcr%%ngg’lgagse%QOgLocaP gcgnéeilgﬁglb'?%ark%gwﬁr\}olta{léj fhére%pg g8 voltage,
compectrmnnélnﬁe dtiuciurd eambe nrepted wjtiioet amoprobesschadificattion.

L b

S ASES B B RO AR e T SIS g
applg:atlmajdlﬂé ecits Domphmt(:dmaewdandalGnmhtu:atlbn@nan ibie) maldd ex ainti-fuse
vand37 A P kil P e GRS BB AR TR above
gatet araalsgese/dlrfuéjﬁrﬁ) pemmelﬂet & d fac@r thm: aarn ylcfaa\se mmjprogaﬂ)mety of thin gate

omdgrt?r%lélgo%w \Lloo r%%ﬁd %{ael%?sr Brdag ar r?In%c a8||sm[,hé d%rsyl tésly shown

€, 1 n the OXlI
floatlng; d:tflhmwn/\mglm 11meard|bscaddeddo smer aoti-fuse tesswsist@rsstiubate, and the

float 2; 8lﬂf§§ gr%gat%éopgrﬁdeglérd v, éﬁ'f?srgblywﬁgéregﬁt%qo b&ﬁggcgr??rgﬁrgé gﬁ@{]pﬁe line
segreﬁrhiecbnnlemwsofo mwbe:ilfmmégﬁte ibouedery.ORurttedk doreakdown enhancement
can be achieved by heavily doping floating diffusion region 112 to a concentration similar
to diffusion regions of the high voltage transistors.

In a typical CMOS process, the diffusion regions, LDD and channel implantation
are different for thin gate oxide transistors and thick gate oxide transistors. According to
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advantage of a typically prohibited CMOS manuf acturing
design rule for gate oxide design |ayout and

wo eosmsi2on t o enhance gate oxi de breakdown perPCr/aRR®Z000503
Al'l gate oxide processing steps in today's CMOS
processes assune and are optim zed for 15 uniformgate

on S5 RE R PRI 5 S5 Shr e o

oxidé Bhanrich endartatar of thd/a6t fdsewranarétbm cambaé eitbéragpe tha tbw voltage

pegSTRRE e PuiBR I 1B PTGk CLEe PP olBE BB el §8ponding to the
thickTdens exide f(EFOtaxidaiyori both, melwuddmhaanhe resultldg thirt gate togide threshold

vo't%@su%ﬁ%tﬁq?'eé‘?r B i Bl vl oo o R i e e,

r e€amddiientd of 20k dnfifuseettndihier mblocybnlgdlabneaeed dibating diffusion
ar téaal |y masked regions. All

.betvveeeg unrraﬁked.ar_nd R
regiqrRRIINGLerale SHOWR IV FIGWES 68, and defect density at the
t thguﬁ@(Baieshb@suadaerry fusee frdndigiot 200 havdnganet” bleageaogate/aiffusion

oG S 2 ERRASAE XOL LAY o TS S RLEn Al oovos

Anti‘hidehRaitisiaoy 200 o< @sserimanly thec damenas Whii-fisset thgnsisiéd 1601Bown in

Figuifs Aans boha GEeE00 208 8 & 1SHe Ediapath wifpe contact 204, and
a poB@mtdn Qfﬁt@bOUthddQﬂfbf 8 Narige tHxsknBBgIgatk @xidtlA e‘rlarscﬁ shown). The
transistor, 100 to ur her i ncrease thin ox

|
ODZymast eRHeles 15T ey 'Ch&aFFeWE' ﬁefarra%wem%aa*e golypilicon gate
206981 edliptddent @mu@armémt e FlSatgf amhgbntrlagbncanammrr@g@a and
the probability of thin gate —oxide_breakd

polvBiliSE BUPLRETS 1 SOBORK ko ahaRest AHF SATE (SHe gragsist el Jwo edge

segri@¥brichle@adti dh0amklé futhi RBpé b @ach lthsraviie tﬂg‘iﬁéisénﬂy shown
the anti-fuse transistor structure, and the 30

embPP'Hlﬂ”F §GOUS e gnelfs 9abe abeyt 42 degraes. Hieefiﬁglﬁkﬂa{/‘ be set to 135
degreB§ fr@asied. by incorporating multiple Iine segments and

angl es to the diffusion/gate boundar Furt her o

br ElRERVRR ERPMH At fU%?aHaB%StﬁbervéGV'B@ hedigighy “S” shaped

gatefHRisH 6érﬂ?étérnglsg'r£ffeH§H ¥ as @ RBibikledde? afithe floatln%dlffusmn end
concentration simlar to diffusion regions of

of thgi ¢avicgo ﬁﬂ"é‘&@ettfaé‘ﬁﬁ%t?d Pds epsenialiy/he cAMecaorN thiuse dwgsistor 200

showh® BglifeUsd. h 4896 Pélfion bEBNASE dHRAMMEegiofRLit bifthe @Bntact 204,
35 are different for thin gate oxide transistors and

and grobiligert gate 208 dormesrryies a yrEablatidngshgate @xideldgyapgnot shown).
The &880 248 dgmés%'?&@“& gﬁ)crkog?hte Ricedadineg rifnd@fne'éf?wepolysulcon

present |nvent|on f usi on regl ons,
gatet 2{16n l@ﬁteepreéﬁntd%ﬂt@,qvaﬁﬁrél therﬁﬁqaémg aﬂffugt@ndﬁglonecfaannﬁt re@m and

polyglﬁé%i?lsga% %Qérecél@orbl R §t%¢q1ht by p@riag%ﬁ %dg@V\’TNQ leﬁ@ﬁ %ORélé’tQ &f three

t t
edgesgéc;r%és Psvflpjggct@t?%%qg@wam@e; wsh FRsPeetiip erciyather. oxi de
(I Ffgured 6ifdnd 65 |II@QFak‘e e%n%ééjﬁﬂer%hﬁé pélpﬁll r eggté ER9bd Bhdbed to

gate oxide threshold 5 voltage is ho er In
increpggrihe digatinchdifusipe regipe lpeg@eter okigdeest fa é@ﬁ olbdillygiratey ggamples

whelTBRAGNBALS r@éloﬁ Qﬁd/%mthe bHRSIiIdIrP G SER b&MLEY M increase the

i ncreased floating diffusion region perinmeter are
floatipgsiiifyision regignpedmetes. Fi gure 6a shows an anti-fuse

LT fNBigSHeOF a, 200-1 3\t PRIt 306 haSRPRREGH LRI HirE St b&imeter at the

floating diffusion end of the device. A shaped active region 302 has a diffusion region with
bitline contact 304, and a polysilicon gate 306 formed in a “U” shape over the shaped
active region 302. The OD2 mask 308 defines where the thick gate oxide is formed
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perineter, also referred to as the fusible edge, at
the floating diffusion end of the device. 10
WO\R0BAO82sE transi stor 200 is essentially the sSBOECA007/000503
anti-fuse transistor 100 shown in Figures 4 and 5. An
active reg| on 202 has a diffusion region with bitline
contact 2 caon a 206 fornme ver a.
unagPadiorafipn At 305 280 3hihE PRudRhe ekt Ltth JoZvg gofton of

polyﬂih’brﬂgaie 308 e f forme sarwae cesst begé f310kthgatie substdatially smaller in

peritsBel Hiar USiE R A1E %eliEed DEAT S i rslyBikgT aste s06. In this
partchlanregzhmplegtmnpolgimld:oﬂ]Egawha/effécnwly c@\;idiai gi@meo poatwmeTihat are
e consu ts o

00“@%% F%ﬁ?‘g‘e%h% Hred "%t P W(jmé Pl ;5'%% ?Ctﬂ‘% Ygapetween the

diffusioh QéglOlWMth eutnﬁeecqmm em |whils hitawsecoptipotionas positionas ddipent to

e about rees, n be set. to
tne Ja8In5 v, Mpony iy g p%maﬁr'%%raﬂegh%% thigk gats Sxidgand the
secdridaitsici 6 foratad ok)@rvnhmggaaesmal ght "S" shaped 20
[ i on .perineter so referred. t

ateldi ffus
00T ERr s e 4iSe w s R frah emeiiSen Poseter at the
ﬂoatd@vmm.orﬁéﬁd offthes Beidea Msdhaped adh@ regioR 362 hts aldnwstdh&eg.on with
-fuse transistor 200 in Fi qure

bntllrﬁnc%m%qt\pz r @aqj GnStaaightpplystican oafRs p@% ?qr doPVenithey shaped active

regl@d Bd)2 nIEheQDDQ Afdsk 206 defifediwiRerB ahy Hidk §R8 ogiak 6 #Ped underneath
over a varijabl e thickness gate oxide |layer (not

polyglhgmngate IhDepp hadaronsd aetyeegion eath‘Pét'Ot”rﬁfcﬂQ'yéﬂiP@ gate

306 il €8m &n E@éég%dge(mmﬁaﬁ i sl@@ét\éﬁmduycs%hnaﬁwggérﬁné&[@ﬁthahr}us.me
the present enb

i ment oating diffusion region,
edg%H%H@frneﬁi@gua@ﬁtheaﬁam%s %Y%”Icé’aﬂa@ag@ share a conmon

st raAb@idre, &8 sNAPRFiQHES 62, A 78‘3391@ 7%0% Seritnddér fhE‘lb%eedge can
edge segments oriented at 90 ree angles wth

be ipcagest Withha saekingtier pt p@vsglmoe:@ apghactpls arpp g8apiag é enhance
thin %%I@%L&%d%@ﬁ@flﬂdﬁoeﬁhﬁhé bpomtgRt e can be shaped to
increase the floating diffusion region perineter. _
Fi Giguee 8BhowRa PAY ¢f|antisusetransistersppiashictoniwesp avil he described
as b@tﬁére%ueaaﬁmy QPmATRHCA tolddeh REHeY. SAd- ﬁ@@trg%lﬁopﬁb R&s an active

to increase the floating diffusion region

reg'%ﬂgwte:a diffysicr tgias With bitineicontasbAed. Agelxaionamte KA formed
overs §§rfa@|e&hkkr9@§s§4a@é E)fl&'@la%lr 6t él’ﬂﬁﬁzrﬂ%t 0bYPnask!498deNfes where

fusi on end devr ce. active region
the 30'2'( hgate aoxidg figstopmed egndsmaath HJOlstﬂ'“PPn ngateoA@&cin 304, present

emb%Hi%ef?\t ptﬂlagﬁg ind QffuSeh e‘re%@rﬁS érggg‘é\@%g@ntﬁy RHQ/E ﬁtgcgwggé(tgrshare a

he shape active reglon ' _
comtrm si@sghhh@r ghaped adgiecR pedisdicon icdetarisd thisnwsgd to rgakarelectrical

contggtsgﬁg% gr.?e%v@q ng‘A%Q(Q 3(ff998§ Q%loﬁmélﬂﬁgttﬁ% ﬁl‘ﬂ%?’oh{aa%%mm are

) he narrowe lve r
oriemyed ap show to @J@Myfgr pifteentgaeeng 06RROI 41 z‘fmrmtrmwreap@@iys contacts

4o4e¢98 ?}:’p i kY df%hégéh;&ge%ﬁt é ¥ sk & ddwnP rhﬁ%@% will be

I'e” edge by anot her por
desqmﬁgiéateﬁ thihregalldé tadded mtllnemsgnamrt:mmnmes exanpl e, the

poWlﬁI'e'Ho?QﬁbvgﬁEQ—'lélﬁeggé {7y ehy 79' g) éa'?\t é@? to epsure that

portlons that are COUp éd to eac
the @tﬁl%l%negmwltfathﬂw@wﬁ@lcomacit fred amrtw@ @trtba pbtys\he@hgahes free

from salicidation.
A method of creating a variable thick gate oxide from a standard CMOS process
according to an embodiment of the present invention, is to utilize a well known two-step

oxidation process. A flow chart outlining this process is shown in Figure 9, while Figures
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diffusion region with bitline contact 304, while the

second portion is positioned adjacent to the floating
walpdoBosizon regi on. The first portion is formedPCGUeA2007/000503

thick gate oxide and the second portion is forned

over thin gate oxide. In Figure 7b, anti-fuse

transi stor 314 hasastr ht gate/ di.ffusion peri
103027 Hiow Fhe Ya5abs e sl B Rt eofEHES G Booge formation
corré&@}neﬁga@tspe(ﬂdst@slﬁ tI&Oé’rob@és a diffusion region with

S0 PO ARITEG RIS Hete SRR TN 08! aplih JRes SR Byghe 0D
masmits kteB%Odlefmgws 10hethi i$ Bieovirhasthegatneatio iof intérmetianergate oxide

o0 3354 S5, B bR 547 A B S b B i

gatenbide 600 8 AM@EedERsn allge Bééi)grtdt’@i' thirs gatelsdidenarieas luging an OoD2

ller in peripeter than f Slb 12
mashy Pighia 1 SHS1S TG BT Butih ob e ARg Rk Gaie e ptf 8hd the
futuRSthivhoide drba Eoguheﬁe Bat g1 oxida ferhthtidh stebtw4p§rmuﬁrekueé is grown
fusible edge can _be nat

| nc eased W
agajndn ga petve e@'saft‘%o%ﬂﬂ'ba”é{é*? iRRd by 1Bg %‘ﬂﬁ]ﬁshdnt %ﬁﬂ%é@e thin gate
omdbhioa nsogmodna dveem@q#ﬂwméuﬁte Q6te XA GUDENIChE Beh 8%ite Bfsa 604.

air fuse transisto
%éha BryHy ﬁ@'% ‘P"eb%fjo Eég@ré%d“asi‘cﬁ%@g%%ﬁ? éﬁ' have a gate
oxid8 UkiBkrvak lbélnbyal SOHBTRAIONCAL Ithd mteﬁﬁt@hlafg @mé oxrﬂ@teoofddﬁi&he final thin
ansi st has an active re

r
gatequqquq,ro{ pé@mrprwqqqrq)pqq be,exteny daf@f m@dﬁlthaﬂ twé oxidation steps,

or dRéyehlivaen prRIcBANES ééN BRdusRV @ Roditel 8 @rt MbFKRAES oxide
gate oxide |l ayer (not shown). The OD2 nask 408 defines

th'cm?é?%s oR H‘@ sﬁ’i“‘?:ﬁ'eg‘é(t“éh M%Fermlgefﬁ 8Y Rk (Paghens hicktdpte oxide mask
opXol ysilicon gate 406. In the present enbodinent, the
floating diffusion regi on, channel region, and
poITy)’g'PP'g’c dhegabe g13gk &s 2Cowiderathdn ”§F1°H'l"‘gﬂ'1tma%“”% [$igree low

resdRABA- mfskp@,los‘éulan@qne%@rgaweélr@qu.ﬁe als&getrﬁargmk@r the OD2 mask
electrical contact with a netal wordline

oveiRqtive gRtsnareay ras PadiRtahnidegat have pravisitnsdentha P2 amsk ending
wﬂhﬁlrtﬁe a@l"\}eegéht@ Hre@S ASEHIMRAG tPtha! drXint RRestidnf | lrfé' o2 n%%ﬁ%'nﬂsg within
fromthe reSpective contacts 404

the aﬁ‘dwr’-|9@éﬁ)aneatcyeasmgtqq@o“ﬁah¢rml antt-iuse gyectyreatihat @@tw%s thicker gate

oxid® AWHe HFhth%%i@fu&oH‘"cbrlﬂa@t? sidd @RahiRet dn afd B%id¥h fhe gpposite side
regards to folded bitlinée sensing architectures. f(f)

(eithgn channeber @qumnfeﬁtemsgum@@é |rBB”nCYQie dhig tgghinolpgy Rerires that

the ?é‘t‘é lQrﬁtH%ﬁ&iyéllﬁoﬁnﬁHr\ﬁd%?%ouI& he Igllgeﬁ %'Fénot'Pne OFFSéé%@SmlerM?n and

l'i'ne” contact and” a portion o I'i con
depeptseon actpalL2D2 magknieleranessd ot @thervwsmé@erﬁor@ptdeqtmee%ny | prgeess or
masR gfadd 8RArgel IT'h@ l?mgf?ﬁlﬁn g)éiéjfén Otk %éggﬁ%éﬁnmmse structure
rocess according di ment the present

can gﬁ@@ﬁwwted ase @umtqf |m"zlmua1 orip |leﬂeﬁbﬂmthe\/tbtcgtaé@ thirggate oxide.
oxirdgéd QRiIey Q\Cﬁ%sart 'inf \%E;We&g%r fhaP%E&drgfen&léd"ét%ngrc%ﬁeées made
is shown In Figure 9 ures -

baset) 0B/ &P ETES CARO U1 GO5889th1CR tn@dmgmjwct he tightening OD2

maskIbRHSesSt ages of the variable thickness gate oxide

formation corresponding to specific steps in the
pr §¥egsthe variable thickness gate oxide has been formed, additional standard

CMQOS processing steps can be employed at step 506 to complete the anti-fuse transistor
structure as shown in Figure 4. This can include formation of the polysilicon gate, LDD
regions, sidewall spacers, RPO, and diffusion regions, and salicidation, for example.

According to a preferred embodiment of the presently discussed process, a salicidiation
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First, an internedi ate gate oxide is grown in all
active areas determned by the OD nmask in step 500.
WO pooBiogeie 10a, this is shown as the fornmati onP@F/CA2007/000503
intermedi ate gate oxide 5 600 on the substrate, over
the channel region 602. In follow ng step 502, the

sten R oL ER SRR B Pave on ot End FRTAILGREE! fegidlfor the ant:
fuseRtagisiseor LA RADIsotnieed @\mm‘nmmﬁg&m rdgiambefbre Merelrtogdotattdt from

e TRl Piare o tre-Porrt et dpF s8R Fieflo diflgiregion

will demhagé@wdde bBa@kdowminahé rextdri.ve areas as originally

d b the OD . In Fi
ottt el o ey opr oFrarer it ghra ipgts wi
be oﬁ&Qséﬁdid Ak Geritibhéd @aﬂi&etf@rm\;ﬁﬁﬁlesé\sf therpespdsied anhdéuser tesmsistor
M8 G BRoHPER AR e BPHg =i o BB S FoRP Y icB G 0P memory
arral Bpglicatshsat e gate oxi de 600 and the final thin gate

oxi_de 606. The ro cegure can be extended f?
n&I S0 bUHEER PO AUTRIE O aBFUSE aPSistgl PRk eels amanged in a

basip S8 (i @ rrafradeerdiied eIrDerﬁb@tﬂM@ﬁt dfvle presarmr |ﬂv@ﬂbﬁ Sensing is
oxi de 15 thicknesses on the

singifePRYGH Hetheppresent embedigicat tﬁ] Rntgﬁws@ tEBUS%orn@%‘OWCBan 700

mcIuHé@'aﬁﬂlfuéé trérts%t@@%oa&@bpnea t6 NFdIines SdLAWLSNar bitihé&BLO, BLA1,
low resolution nask is used a

BL2 G B ATIU5e S0 FErsT Pape CRATGIEMEBIoc KO 60p i, previously

desébRE astl-juse {Bﬁ{s‘?st@*se@acﬁnglthﬁér Fs' eohriicted téma r‘rpbhd?ﬂ\éﬁ isolation
provisions for the OD2 mask end |$§ 20 within

"a”%iétpf VR4, yeich intwa is pRIGFg0 g PrababhR PRPRgRiRe 7pﬁv7é1$t fHhand 712.
It is tdfedIHE g@lﬁhor?ﬂgﬁsl%ttsh?dl a&hﬁlc@@b{ev&l(%hﬁns%@% where this thick
creatla@g) lit-channel anti-fuse structure that
gater @dde @ qiﬁp@ﬁ@]e qeabinatigh ofledptetrprdiate gixide@nddhe thin gate oxide
usedtdr fiits bS8 MaRSibtbr BhiBdiRTtAtd &Y tRE BFesdAt BvahtioHeTRE ghfdGerminal
opposi te side ei t her channel or non-connected source
of ajigpigtion|transistaie 7@ deceivg isolatien yeltags VBe yilile dke gate terminals of

pas§ '@ﬁte@ai(% |7989H’0 GRAI M3 lekeiod cbiurm %Igéthélgr%h@bﬂod Y3 v2 and Y3
| drger then t process m ni num and 25 depends on

respgetivei. T@@@dﬁi@k selpttesignadseBertasmn a one &f jeus ittRreselaeiion to couple
[

one R B IINGS RARIRRT Shre FRQIIcRT APTERIDORL 8 aMelief e can

be aceutreptsensgraoxdlifiern that mﬂrmrewﬁe@ﬂrrﬁmtmf henbitiae ¢o peefgtamce current
o) C e

IRER ind Jindr il dorRiE 404D SABLE RT3 g eord Bescrpton.

whetrearm&@e v«dmgobrcnurneatsls caphp@rechte s reference raignphcarried ragt énother

can be mnimzed by tightening OD2 30 mask

tol erances. Once the variable thickness gate oxide has

beé&igurel Aéltistratediat Inymd icosficurtiond! famEBtiguss sanrdisigrs 702 shown

. e ls t 0

in F@%ﬁ?? g%.;alga{hr %rﬁtEIRJS?XFa%s@torrabté UZQS g Ii%\}ge V\%ﬁ’%}féﬁﬁsm%r to ant| fuse

trangigtos 1@Gishawitinddgure or exepbihabthetenie npdlogting sausee glﬁwon region to

recleg he REALERe I ENTLL ASRBRFIGD. 1T tamE Rl e HaGhis are used

to dempta the edree eletheatiodiigwat! 2oFot the rperesyrartay apinfguraiedshown in

Figu% A%C€¥3ch abitﬁﬁé ic%l%l:f"‘tlilé’rbnd' gcgive area 118 is shared by two anti-fuse

transistors, and the OD2 mask 120 is extended along the wordline direction for all the

line

anti-fuse transistors aligned along the same row.
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WD 2008/ 080213 PCT/ CA2007/ 000503 step is included to

salicide the polysilicon gate and the floating
waledoBosizon regi on of the anti- fuse transi st orPCEOARBO000503

is formed over the diffusion region before hand to

protect it from the salicidation process.

As
R A N
at orh@w taa trapplickegite oxide botifuarnbed thedbia gatdheddasdured diffasion edge.
t.ransi st

TrisS AevesaneLy ra Ay diosel NelloRGH e Ra Pasgndne gate anc

the étEinnelf afsige t&lBNS bstpbrgrarmedeelsanidta emsta:lntaqu lbeer vattage wifferential, if
arr a and nore s

any g & o BB B T BRRre P G PET T Uk POEdlsa fored. & curren

appliddutoahé tph&ly@ﬂtccaﬂgatefvuﬂs Slol ItARSYIS tieY linkeamy heCeHanael tg the diffusion
.arrange a basi c Cr S oi nt rra accor |ng

regiglh, WA BERES BY Comeriv L sea aMREt Surderel ng os
Si ngtrereptast tolFigure 1p4, etﬁermgu GB&NfH giaNLo ahbeBLaN$ prdgisdmed by
tranS|stor Menory ay I ncl ydes ant i

apol PR v ee L e G Pagedastive Vol 08 er vOD) to BLO,

whnblkteémngsmeab@ar \Bérblmesaita/mdn@hﬁ’e otﬁ@i bitlinds @t bVQiﬂ?alnSth@F Soltage

can he inp W .t h an t he previous
S'Q”H'éé@tyu Herlen e \?P[gg ﬁt'%%'i %’tPBPé the&‘éeé'ﬁotﬂet FPVPQI@"T’%gd to a voltage
diffefsHiaE6t YdvPOSa: PH) aHIE! alll el kérodhld il rber@dp@tséu t<7 %nmcantly
which in turn is connected to p- channel pass

lower (ygltagey dote it ArRPstive programming, wpliagetYi? |h§6lt%tbP@rﬁ’p“ed to the

cell td §@§to‘fgfré?rﬁ|$1ea Ot dnBe bmgigmﬁébﬁth@)éem‘ﬁ/owd%éd 26 Q& Bw state. Either
where this thick ate oxi de can be the sane

indndehabi ‘Pﬂﬂt Pbﬁ“‘éﬂt‘p'? heflisnelaringding samei werdidiget s e Rrogrammed

sm@t%h@o@t’y d@tho@?ﬁo@ﬁ&mﬁnﬁ@ ABlitry IU8& §h6ﬂ/ﬂsth%5@6f skill in the art will
mbodi rents o resént invention. The

Und?rétaﬁ'ﬂrfﬁﬁt syph qicpits §@fl‘ &ei euprleddadhe tilinesy ga r"é‘i?éﬁ)‘véted into the
wordigel Rkl . t age VB, while the gate termnals of 20
pass gates /06, 708, 710 and 712 receive colum sel ect
si ginges ¥gl inva fowﬁaameﬂf@mgfé@ﬁ@@t eveivtimer e eegaliMe voltage is
appﬁe%‘ t%CthlsSerté‘J éro%r%ﬁrﬁuh@“ﬁo@m@?c&f af okt BthbEN&iS RbRCHECAhd the

to coup one [ines to cross-p0|nt sense
bit lngpati the érogrammedy epliswil sicaur Bdlirgthigrie bit dire Jawardaihe pegative
ol Wb ing 6 W pRBY i icfioh 13 HEATBAL RRie EolibiT Rillsictrs 704
are yeefbicaisplatedibn ditdines ifiegl thegrsteef tbeﬁblpngtcwherteg sensa pmplifiers.

TheB& 886&s c%?\so(erdrpééc%ged %5nge@§§eoa KBbbi h%; naiFQILaﬁ@rg&e es at ground

current 1s conpared to a reference s carrie
or ahtiet Vi tevel aliws the pilrised Lo flodt dewards @gt@ati\geywtage thus havmg no

oGS5/ A he (LR B0 L Py Ei g oo
opelgdors @relsayrmanzgdm Table i pelomt.i - f use transi stor 100
shqtggle i Figure 5, except that there is no floating

fusion region to 30 reduce the overall area
ingly, the same MEerence nuneral s

. engHRS T gU'FOFV HF Vip
LiF onh_Shown in i gure
a\t[thort/POSe conP@M 116 and I‘ac#\icw@sar ea 1SL<BAKS

h d Wo—at} tanstsit arne—th sk
iZgLi sFé%{"é%afe'?t"*’H on GM]%I dl i n'go Bf’?%*ét i on Wﬁﬁ??ss

the | Precharge to VDD Soft PGM No Access READ
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anti-fuse transistors aligned along the same row. -21
WD 2008/ 080213 PCT/ CA2007/ 000503 The anti-fuse

W0 e@Rs8RIDrs are progranmed by rupturing the getBCA2007/000503
oxi de, preferably at one of the thin/thick gate oxide
boundary and the thin gate oxide/source diffusion

This is acconplished by ap a._hi gh enough
voﬁ‘hag@ oregrasieed icalls Bebawselike ﬁ\é“t&?f’ torp PalyKIgnKery low

leak@8e E¥eerft&hlthe i nmdéggs%@mﬁt@@d tide %hﬁﬁrﬁ;@twaldw kept at VDD,

| ower voltage differential an
at theesame leviel @p Siephack-Rigrsler ﬁﬁe@é%ﬁiﬁw Roimanaliare Ssoeesheroed to

VD[f @h(ﬂ“ﬁﬁ’ere\%r& UhéNk noMeBkadrdathd nbheiren M@Mh? %Vwﬂéﬂeeln the array
flow through the [ink and the channe

I 1
everwffaomﬁ efrthe cells Wﬁfe AoETRed HexRayiga re3d ee?r@a?n W§h gpemory

array %@eomt 'tH‘e' RBrClileUs taztivatéd, Moy @rf@rIigeM@ ioOO\Flf&Ué@nip'le or to
a, the cell coupled to W.0 and BLO i’ s progranmre

anotggbpwrﬁenege W@@qﬂq %flqmttfg@l@dum a; ghappe mrr@aﬁbmq pQJysilicon
gatqu*\‘I thegell YBSRot Bfogmeé Othglb@ ImeldQII wbé |aﬁ n'f&@aﬁ’é,e'&igcatpﬁgitance and

ot her wordli nes at he other bitlines at
minigiady mereaged ﬂ%eg%u%m @h?ftwds i el W%qumﬂechﬁ 5elatlvely

low ‘Nf%%’(gﬁ%ﬁ?ﬁ)gdhgf 3&81\%05 lb@/'gfg{ Y I@QVWQI Et‘a{tﬁfggﬁa?@% the bit line

towards DEOURM Via the geouneedW 0o This gt erreref@rqf bghavigjgan bectenag@using a
vari to? sérlik%t Jﬁﬁ)lﬁl@?‘ Héé@fr‘\:se 0‘9\91" |ﬂrmé ae. A ggﬁo}ﬁﬁgﬁ id'&Sudela current

Q be progra once
sengsr aEPHifTeslahhas Web| Hnommamse eea\@pllagr 414 gt ds avidely @sechdn Flash

menjrosrl ies, ﬁhé/rjeq}Lf@bL CEIrent9S oo n‘éreg& Fa 9&{9 ence B&F%d?%i‘?ﬁ%éﬁﬂﬁse ON-

I ne can be progra si mul t aneou ough
resmaro@r eamiary sidnificahtiy froinscelioo astiothe, ahqvesr@ertilbngclt|cmrentnsensmg

schd& ré{direlal Very YRASISE ARt tsg e DY SBo& f Y rﬁor‘ﬁfﬂét f; such small
AP Yan P

cou I nes, Incorporate Into
curranirsahsln@lwmwend @usmmlltlsto @1@% acell inarow has

O dl p'?g\fer%etdeﬂ%uﬁgﬁt tﬂ?&@h' Y 6o rﬁrﬁ&? a fuse is by
20 aé"nﬁr A et & Brotfam g

row for progranm-ng
multifie ptodsamnmignott faosklmgirtihel progragmoed hell. CEﬂ”t scbakng @leng known

and% 8(9 w&% Jne dé)sq eltRéJrlth'i cor%h&g& F@raﬁjﬁqmé b&ﬁpment or

e neg
an qmmrcdfﬂmstatamafcﬂrm'(a on the th| ck gat e oxide isolation

% r %qm%%steogo?nspglgéqong I &n ﬂﬁ\lﬁ%vetrf%ﬁﬁlﬁ@?ﬁ g)y:uggmggaieé]ifsf%rjeﬂﬁaﬁ, or twin cell
arraaggrheritj ehere twﬁhweo@e)eils: e axvestm ainthd samddinewith only one cell

ronfyAEEC ek e APl UALE BF SRR by BB kR
cell tsqpadred svith armgabnymllveﬂrésnjmng ltl’rumrmﬂe/melgarycnataafﬁ ypicaldDRAM or
s SR AT SE8FL 4 B BB PP A iy g 1
illustrates endthbetanfigurbtidn of eintVRbse trMﬁ%H’stM@DOQ\éhOWn-lNFrguréJﬁb atranged
in tr}ép'gv?n %gl\/lclalr?ﬁgAu?Ctlon Tﬁe elements of Figure 11b are essentially the same as
those in Figure 11a, with the exception of differential sense amplifier 716 which replaces
cross-point sense amplifier 714, and the connection of pass gates 706, 708, 710 and 712.
Pass gates 706 and 708 now have their gate terminals connected to YO, while pass gates
710 and 712 have their gate terminals connected to Y1. Therefore, activation of YO will
turn on both pass gates 706 and 708. The bitlines are now labeled as complementary
pairs, BLO/BLO* and BL1/BL1*, where one pair of complementary bitlines is coupled to

the differential sense amplifier 716 during a read operation. Those of skill in the art will
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BL Floating or -VPP PGM Bl ocked No Access No Access

Precharge to VDD Soft PGM No Access READ 30 -22 WO
wQee8/RrdP213 PCT/ CA2007/ 000503 The un- pr ogr anh@€dCaaior /800503

behave |i ke switched capacitors, featuring very |ow

| eakage current In the idI e (non-accessed) st ate aII

the word |i are VI same .
unagrgspRansaih iy sensegrRIe 4 P o fue pedgf sSiie s, since
eithétl shedbfsPieilindBEGatbcted toMRD diflertite sehsy ampliffes 7 6i will nmcauy

| eakage and no curr oW ng anywher n the arra
cary g dRIETAICE A Wi B el P b e Goodksee iy el In
the PreseUcPRIIA! theTelerdriteNEINBEY WilRbE alle COMplepiEnt @f thd1@ata of the
word lines is acAal vated, by driving WO to OV for
memery fpl| REINGRCGE§Senot her appropriate vol tage sufficient

f OlPrrbﬂQ)Ué?ré&@ o@eﬁﬁ@ﬁ n&l the BRid3eas bréoh@rgj@@'td&'UD CSim:e the bitlines
was not pr

are W' Iplrecé‘é@egntor Yr@Peﬁ%%&’f @&‘pﬁ@i”@gm’i'e bSerJ”e%"?rWWQI 9”9“”0' through a

progrataiRa el dufAd adead Gefaien YhaRTondakstdiind istdt@ivarel] S¥msng data
programmed, a relatively 10 | ow resi stance (5000hm -

fromepBRICAMY tiogs FAFYIchEDR @nfl aipund becames giraightiaryaidy ¢ he

bi wthblrtﬁr tﬁé"é’ﬁ‘rﬁ;ﬂé SRl VdeRsihh eschierin d8shm¥\kell Shitedl for read
di fference of behavior can be sensed using a variety

opegtiorsepidBe RIRIIAMMEH 2@y ifRSSRrtRMPNCRUS RSt RFAblems lgeqe}yrs%the un-

progﬁ%%b%m&y%ﬂa&‘?%lcﬁ rﬁh’cﬂd’rﬁ Bhd uﬁﬁﬁ@l@ R £(‘j<ﬁf on, %H@rhdrﬁérentral
known Sense anplifier 714 t Is widely used in

cell arra@.@emerér%ers 88t Pigideaneans fBer@tg"ﬁ @ﬁtusmertt oepessary top pgogram
verngefoﬁér%ﬂ&? Gr‘rtte&@nénd ’?&hemedré\%éc'kguéﬁ {R %Eo\zeﬁsde%k%lé‘cﬁ sensing

an vary significant fromcell to cell
architpefeesneam peraitigatad rternemet@w@gr@ foldech diténer atphite@dregwith a dual

end%?%é(nsm eé?::héﬁrecé’gé n ﬁ%U;:{rEt%rr@& cARBHmeht i Figure 13

ort natel Y, current sensi ng slow and
susigsipe i1 Blsbows anf@Ideé bltﬁmﬂeatcétten’rurqmnloylmgrﬁreomevphey described
cel | I r e [ Vot Ei
o TR BT 103 MGHAD b B e Elhep ol figere 110
excemrthatmmrngellsgmemelavak@ﬂﬂm thepioldedditlieearchitecture.

norr-htr%ew ggers%éﬁtrﬁg%'f Qr}eac?bé&%LorPBf ﬁr%{g%?ﬁ’irﬁéﬂﬂlata in memory

pr ogranm n
arrapl800t Ih ¢sasstioredl thatathe dws aotarmslectvaemetorbéoa\kmadaeﬁbejween BLO and

BLo kB, Rt LErEMEb A odtl BnER! o BEE WARLRLS 1o "2 not
WO~ nenory ce are accessed at e Sane tine Wt
prograrngnednavhdel the qailogorenented. toARU.@r & pgjgyamrﬂ\at:lamamaﬁngtese two

Igge [ Ryt e h el 2 | |
tran%tgt%ﬁ el e\(/:}[L%G%%H \@92”%?% nv%t:iI e? Pgoyg%r eseen n%f ?%”e'S%OP Srogrammed,
BLOcwitipteamaimtadrtiie dateharde th\ml mIVI]IIRAMoweverSMMestmsbottom cell is
anmpl i fii Syst can .be used for sucF A
profie Gl Wit g dfadf SFork nBHBR o ol ARFEFT e top ana
bottemt antiffuses transister S:EHH beth@2n Blawand BLAT gue alsbladressed. However
ed in cel | conf uration.

wesB @RS e bop bl Be sy APPE " Slioe d VBTWGUSTR ben o
grOLﬁrdgurai:tnlatea),aswtrtahsrsimes 206 apti708 afd chupleeBeOBLAT ts éaidex bitline
sensaéngrlnblffre?hg]ﬁtog\@ oFEknfrﬁQr'méi%S will understand that the column select signals
YO0 and Y1 can be activated at a predetermined time after the wordlines are driven, to
give the bitlines time to discharge to a sufficiently low voltage level, preferably to ground
to provide the largest sensing margin.

Figure 14 illustrates an alternate differential cell arrangement according to another
embodiment of the present invention. The anti-fuse transistor cells shown are identical to
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30 cross-point sense anplifier 714, and the connection
of pass gates 706, 708, 710 and 712. Pass gates 706
w@eas/FRR11ow have their gate term nal s connectRdI/Ca2060000503
whi | e pass gates 710 and 712 have their gate
termnals connected to Y1. Therefore, activation of YO
will turn on_pot ss gates 706 and
thosBIPIAGE PGS AP I8 ey Tt OaR TR 415 Polfsifaop wordines are
brokEh@litBls@méﬁ\td ﬁleB%rb*eacW&égﬁeﬁg&?(?@lobuﬂéd l@@mad differena agti-fuse
itlines.,is to. 35 the erential sense
wangipt pAFehSrog Nt Fiky 2 fRa o Gtioa PR ahon i ERFE e pe uses
herd Gst\h@l alTHg Sﬁ‘éhdrhents ZﬁnV@ Eew&ﬁﬁﬁ?ﬁmw&@%&ﬁrﬁam&ordlme
rstand t suc sens ier s aty.
oSz ViadtieCettath e iR BRceRuEed. & e gfR Shart that the
combBinktiérn @S nfRAINRETdRtks Borirfeetedi fof @dﬁl?sﬂlﬁdom woriise s@@ﬂhbhfﬁsl ifproves

pical | carr nce volta
overgfgetrancil Fecudyeasial. B Prac I Rama o8 e 14
enatblas stNgf- SHRSEsEn sy 2P R -ehded] é@fsﬁfgeﬁﬁ&leV@H'h@be vdontiglirthg the

the conpl enent of the data of the menor

word| CBRRPr R RSN (HETHS BB BP S VEHR oa 16 LHuald pyre?églgally to

dnv@bﬁlyWn@qmﬂlilﬁedortt@/omdllr@s%ﬁulféh%o@éﬂ b ﬁﬂﬁiar %’éﬁloﬁhb the DRAM
precharged to VDD, one of the bitlines wll

ul |
deCQQﬂfva?hﬂ’W@r'@) insHed Kk uiient Nog PogPeiPiedn € Guredt ﬁmlcat'wmevef
the Qﬁ@é RhHENMABETS R4e8 104 Abr-0atis ntfihdr D%@élﬁ@st §ﬁa§+dggarﬂ &ha verify

froma pair of bitlines carryi round

opergieRadIoEas e vl GAEd Modes w@qq%faugwntah ¢e<3} ogrations only. Such

a céthbih&idnbhcis ﬁﬂﬁﬁé&@@ﬁﬁ%%ﬁﬁnm&ﬂlorﬁ kit I%Qdf st l@@dverify,
operations of the programed arra

pose
resultingrig AERSYY "’f‘@@t’e%ﬁ@ﬁlf@@f@'”ﬁe’&%@@a{%@‘ tbﬁs'”ﬁleo%ﬂd&mﬂsmg mode
will tggagggcyb@(g a8 Yi el ds random and unstable data. In
dition, such differential cell arrangenent does not
pr MP@@'”@@Q@ epbogiment of HajRIsIant Vet Pse@rgmming circuits can
I anba
P e B R o e S e qure 15
is a pirquitghagsamisy ae epIogineit &f $l61hoﬁa@ifqglittf¢f| miypaestifusedianse/program
S
ciroih 800 Tl 5 ST SoRRET LR EOITEE v TGN D10 302 and 2 low
voltFgsl spage Bireuiti 904 sgpatatacdeyt thics gairpdxide inglationetrayrsisiors 996 gontrolled
o r ; .

oy I U F Broi bl e e B vENEbe e, <A it/ o Phe Bés Bih voo
for datatveriticatiop after |ogtemming tadimitngetent drave The |logess-coupled latch
cwc@# §6i Raecegfe% W&HF’;@I Moefh?rzggo%#aﬁw 6I8£%r9%" Ma%;ec' fH?i g&:ﬂmgﬁch of the
!atcraclrca:y 99R@s cdmecfsdacswnmlmmarv hair oiibitians BLVBllsé whlle the sense

Ot ' 7 | n.
orof SUEIBAOES 02y Q58 SHIRR. RSTIOTh Ol o500 BEBgHEorace
levelpCathaut MRID+\fi+ b gV donieadate ihe Inore Isengitile sersrMmirctit dratigistors from
the \\/\LE V'bﬁag&r[ogr anmed. To read these two transistor
cell

) O and W.2 are driven to ground. Since the top
celn a 9rqgmmmmgpa¢mm sEhs8Lccuit | 904r eaTrivas awrite hdata, which is

f e t ;
cou@é@qgﬁéﬁﬁaér@e 9 90% @%ﬂv?@geg&%%orn l(tergﬁgg\tg% ng@ Eé&gpw ?Jclut 902
effectivelyurpforrhe adevel shiioofethe Ha2V thia tpo\(Pl%;rmihlch is then dnven onto the
appropriate bitline. Furthermore, during read operation the back bias connection is
preferably maintained at a high voltage, while the supply voltage is kept at or below VDD

to turn off the high voltage PMOS transistors at all times.
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bottom anti-fuse transistor cells between BL1 and BL1*
are al so accessed. However, these bitlines are
w0 s@Based from the sense anplifier since only MO/aaiod000503
be driven to ground to activate pass transistors 706
and 708 and coupl e BLOBLO* to folded bitline 30 sense
a lifier e 0 kill. in e art will _
se sl feacTbers g Ry Wi Brendsefia ovwach Sigprq 13 uses
blthrﬂéaéénb@ aﬁibllilé/raﬂedoreéen@mg rae\dﬁta@é giffeehtisli orethaicheiplenientary bitlines

BLO&?.Q% n%lg /&;1* / G%)/r]%,nr@ o e %gwﬁ%t? clggﬁlglelnrgrégarit n|ﬂr:1‘vetn?ion bitline
sens¥ ahprfmlmst@nw@umembmear\mw setdridard lwcmasvrm -coupled

iveg FELarEl sl kiR iR REMERD iTh B Sppasrseiuming sontrol

and &45866lateB Nditlied sbﬁﬁn lcRe@Hat higthdHe'doébnsfF@eofalhbl ddsdhieed anti-fuse
transistor cells shown are identic

Memeny et G 8894 @f@wﬁmardsb't"ﬂﬁégae@ﬁomh ﬁéﬁgegtﬂi%ed bitline

archltéctuRUtabE aBa¥yed r anged such that the polysilicon
wordlines are broken into segnents 820, where each

segiRmé 1839 al schemiahid eflatpdriiomOofth fd‘l(%oetbiflmératnltrfuwﬁ\emory array,
transistor cells. Alternatively, the anti-fuse

simifay 44088 HOW AN FGHBAFS. I OFdes P SRRk ey sohiesRafic. Al ongsfolded

bltllr\@ebalr Bm Slm%late‘éaditllﬁ@ sér%?ﬁ}f@ﬁ&ﬁ{r% %nH%@'wdﬁ@fn@ls'a‘?@%hown
hrough wordline 5 contac via i'ntermediate netal

Folqeﬂriétgneagntrféaa.m@aorwatrraw%|Imclua%\mprii'metsﬁ/¥L%ﬁﬂd Mgk connected
to t te fePRMaRA: inAhafhe Rt P dlstdr8 3062 ARG Fo 6 nth\anneI isolation
pol ysilicon wordline segnents i nproves overall
tfa”ﬁéﬁof%ﬂﬁ%@@do‘fooﬁhf@r FEHRIING theruRper PREIOHaPT theubitipes to the lower
port%ﬁro?'?%ﬂﬁlﬁ'és%" oh§b fd Qgﬁeﬁ 186, aﬁ@ﬁfﬁn%sse%bﬂglc‘?rc@ﬂgeﬁhe bitline
sensing or dual sing of the bitl
sengbgh £ir QuiIrY Iﬁ@]U‘ﬂﬁh?ea pmhangiemcwb Weasefemcetch@ngempwéwﬂ and a

blthr{éﬁ&n\é@%mpl“ﬂ? 1@qhvers can be controlled dynamcally to
rive only one wordline or two wordlines

Si t
R T 7 e b e
andc1M8eernngpiei ipagerien edwesreBL amdwéiLsuarmgll eavingl ghtimoate fegminals
| r ,

con 851 b8 ek PR e Lo S5 RG] B
trangistors 16116 randmim& gecei®se R apreotgeniojflagesgtCH.aln operation, both
pre@%{@mﬁgﬁﬁsﬁgﬁﬂdgr@“@wg 361% g@fﬁhﬁ ﬁverﬁfgé}%r{i% bitines Bl aé\d BL* to
VPGH iy responge itonanoaasidle rhgtd lagiar (sivals of $hBCHIenralpr@ao¢tlonhf@r a read
o e%‘tl ,gl e ended sensing node w | be described |ater.
PERCE0T di ng to an enbodi ment of the present invention,

pr gyt Cc a

0 SR IR Lo Bb AR LPRERE D, et 1oz
and di0R2 gprineckdgn rsene_$betwsera8t|andlﬁu* al cappedanasf cna;mt lmplemented as

iLc

on QTSR A, B § Wl R iR AALLE Foge, Sierno
trangistos 4020 bpé éd paneWpemhathﬂmnectedmoteve@zeamnbras'bowE REF while
oo YRR5RF 102 R K i AnRARRERLELY Sl il _rer
Capegtitance @lrwlb1m4ab¢qntagatartemmn@ opoheciee ta votage, suppkthCC and is
conr‘i%lff‘éd Yi §8r|é§aﬂl|tpﬁarje?§a$§;é tﬂ’gﬁs%/gpp g?ﬁ rbéar ée@m ¥kﬁr %ﬂérgatéo%%e/dram
termimad 3 - sieengettarhsmtoh 1020 and 1022 and voltage supply VCC. Precharge

transistor 1026 has its gate terminal connected to precharge signal PCH*. Generally,

capacitance circuit 1024 will be precharged when a low logic level PCH* pulse is

- 26 -



10

15

20

25

30

circuit 902 receives VPP or another program bl ocking
vol tage, and each branch of the 25 latch circuit 902

wo goososmexrted to a conplenmentary pair of bitliP@ECA2007/000503
BLi /BLi *, while the sense <circuit 904 receives a 1.2V
supply voltage. Viso is preferably set to a maxi mum

DD+Vt =1. 8V, t
receligite 06 uqiog o dha B ek £0 PR FecBruned Bhfed RS tpsize of
tranM@tbt 23 arldtha d@gm@ @fﬁﬂanﬁtga @pegetoi tm’pro&dﬁd&@rtuerpraa:ftarw either

ecej ves . wr u
stecifi cuAE R 108, . foarhi el o o iPlednd eteBirggoharge of
capadithade @IrdSLﬂtUHOZQ(iRthééfcb&éépdndlng tplﬂlhéngrBe)@nime/eﬂheS&Hafrge being
en driven on

V dat a ' t
adogh i B piie cartps ApH@TEiEly ALK s Mo o e AEF and

O_RHFetat bedtoritlofeDBE theliadte S@nnrigtddaredshg bruske IT@rbsle}ectlng WLO or

mai nt ai ned at a hi h,voI e, wWhile th y vol tag
w3 aperaocBreenaimuet RSl faute ELREF B s adielsg Shereny
cou d Fehrehed Havgarlo thé borhbl@ﬁ%nta'r)zﬁltl\‘\@ 2008/ 080213

PCT/ CA2007/ 00050 As previously described, the fol ded
bi tThengting Gahée abiplifersTEMNcordidd O kestdrdars aFoss- &wplednmverter

sense lifier 716 for_ sensin voIt e differenti
cire g hanis WHh KL BRyAr TR et Msis By s 1028 and
1036\C5I @bAtectdd MNserid Al irdapREtivef n-thahril eagdistors Vgt am1034 The
bitline sense anplifier 716 can be inplemented w

comBiai A e BRORICENERR TS SanTEs TE8NCr B0 FaToNas &yt logic evel

enatBisfnal 19_R) Whl*éﬁﬁé\'@oﬂnﬁwoh@@ur@g%ﬁméﬂoﬂn cHBrel irﬁﬁ’smtors 1032 and
aprorlatetlmn contro and associated hitlin

1034 ggeivigg adpy dqdig leve rﬁnghlessggé@ats%}héﬂ@ 68N P& '%@@P.I%@@a' vCC

leveP MHile LUBR cafBIEH VSSSéJeh ThHelGhRERN IoR bAINeYBRLE BRPIMAIN014 in the
b|t||ne scheme, such as the folded bitline

DRAM @K is é/gqlllh{@wnc Whepeenable eigrals HEEHuand beEN @arg activated, either at

the SSRETRLIF a?&ff@re'ﬁpfutnbé’rbltﬁrﬁe §erfs@|a‘ilﬁpqlf@r' 101anG1 8Bkde & H|$1§II voltage
nenl)ré%t;':lvrra)ééy sinmlar to that shown in Figure 1
i

differentig} Btween arnﬁn Blf'y 00 QUi i beth BinRgd &ha tq Bledul lo'glC level

statdd (gfll.llqg\,g@(g[ BL*, its associated bitline sensing
clrcuitry, two wordlines are shown. Fol ded

bi tlt' hé“%o?e'at 'thaft URE HEHEBFyV aﬁ%&% HIBR i1Rciu n&?’frélaiti{?@%o the
O and WL1 connected to t ate term na 0
emh@dmm isepwain Figuies €3.tMergsipscite Iy;Ltb@znamaryl@ow of Figure 13 uses
- f
p- cr{énﬁaaé}ﬁlefhs%gr@lﬁ&pdé ?@%sogvb%ﬁeg %{rﬁ)&lg?% ?ﬂg@?‘%g? hu%s n-channel
antlif@ﬁemelf@fb@ﬁﬂﬁ‘r ofcaordingle thet valuess shewn és plarbire 1t tor singrating the
merhé?arrgggf P| Lie '@srﬁ%w&gv&erd%} e Y¥nem&5 o'PlE@'uPé1

sin curtry i es a precharge’ci 1010,

refﬁ%%ﬂ&r’?xo% %H'z%ﬁﬁ_t%v&rp I h o216 céﬁ%e%pe?%%g nﬁ‘ﬁ)n?edﬁ\'ﬁo different

[ifier eprec arge circuit 1€ ude
moctemTfme tirsamede ippestanglage singlarpsildit gnedel 0hie agsagond r®de is a two

ceII/Bﬁrr“b%%t ﬁ{thentw%etféllﬁﬁ & é/\Eo%ré emBA é/dcéﬁl'gonﬂgg{ 5aying b|t||nﬁ of the

elr ate termnal s 0 connect to prec arge si
foldesi_pithine pﬁﬂeamﬁ@@pr@dnemewm%imnn@tﬁﬁi tratheofther @tilhap@@e folded

bitlifd F;?J‘rsérétbgfrﬁa&gg&aoaé}%é@%ﬁe LRE \EFRing tREELRBEGRe WU AIRYE at the

eration
same time. In each of the two different operating modes, a redundancy mode can be

used. In the single cell/bit redundancy mode, two wordlines corresponding to two memory
cells connected to the same bitline are activated during a read operation. In the two
cell/bit redundancy mode, two wordlines corresponding to two memory cells connected to

the same bitline and two wordlines corresponding to two memory cells connected to the
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precharge transistors 1016 and 1018 wll turn on to
precharge bitlines BL and BL* to VPCH in response to
w@rooaosizve hi gh | ogic |evel of BLPCH, in prepaP@t/camo7/000503
for a read operation. 25 The reference charge circuit
1012 i ncl udes n-channel steering tran3|stors 1020 and
022 connected in series between d

L a
Oth%é’ﬁ%{@ prgrRalivalpd dYripg ApRe RRATRERN- ae rgRY %ﬁ&rﬁ'ﬂf&e increases the

rellabﬂlglnéﬂ fheOherhBRAarr@ndy %cﬂvéﬁh@ﬁﬂr@' m@rh@@h@éllgecdnhéétéﬁ 9:6 QFe same
6. Steerin transi

al
Wo@'é‘ﬁrﬁ%rc’teée'”ﬂ én \Pgﬁfﬁi%jﬁ‘P%sgﬁ'%'aﬁﬁ%aﬁEﬁga%)\;ﬁrﬁté”d that wordine

dec&diff 1dghd chh %Slnﬁfl&heﬂt@éfao haxfabiet act@atiéh benhé makessary wordlines.
connected to odd sel ection si

FurlbSigIR IS e e G T R o gETan vl ot
connect ed to voltage s VCC, and is. connected in
serne< af thsep F@Eﬂ%&@@ﬁ%ﬂéh%?@ﬁeﬁ%b%?%éﬁ ppsgRible U to the

nats&af e p‘i’é%h’dd‘s%/ dHsalibed ALk slruireS TS plodearhmhad ah&feSmemory
1020 and 1022 and vol t age supply VCC. Precharge

cell pt thgdresent embogmeats wif §e§%1‘{ee“ktee9r FasisHye E@m?@btaé‘éi iR e presently

show.ﬁ egmh%ﬁ.oﬁl winakd B@ng t@s PRk thbbugh Q@I@@ﬁé§p’@)ﬂ8ﬁg Wr@wet
be prec arge when a | ow | ogl c |'evel

pU|T$|6 ge?nera‘l %@h@e%@%n@ﬁ?%%ﬁerﬁ@%@?s@(&é lepélp%ode of operation

recei ved. The duration o pul'se can be
accqyeling de ap pimhedimsaas ebithgpresedt sivortionsis ag fAllgwssit srassgped that ISO

is a@r’(ﬂetl'h& qt?m r|évd,=| & @ BRCisERAGH frahSistfs Hb@d'&ﬁ)dmﬁlcﬁnd that
pr echar ge either steering transistor_ 1020 or

capaaiapes ﬁwtowa4oh9@09%rbp'teﬁaarge¢ eritshcoth (Rl ot precharged to a

first %Régé fsé';!ibh‘ﬁ I&)ef 9|=avtdeé|0@;4vb@ﬁ %cﬁ%rer§QOB§ilaesv£.hgl BUHCH and
exanpl e e ‘being 5 ded to a bit can

turn@s capﬁawstmtmw 8519! 18, iThen oge warding, sgeeas Mk, is driven to a

oo PN ATRE LBRfre R 6o B3 LGB oA B ac
VCGfor .expmplen &V ldhisapnnested taanti-{useimemety amllol0QA) whichas its drain

ternﬁaﬁ%ﬁnﬁ&té@ @BU n(g#cﬁlqm taﬂsﬁgﬁiﬁ yc&ulmbﬁqé%e{)bﬁﬁra%fwmr\g%nven

ar eto t e CO ene ary |ne I Ne sense
E R@Fprs |dflV%fr tojthe pighdagic deve! tef tugn en siegrngl transigior ERManicouple the

capéﬂ\éﬁéé 8Fcu|t11%2ﬁ'tf3 %ﬁhr‘ie B0 S WRrbndenOVy é inltl%léegférsfent on bitline

rcurt 1nc -channel transi st
BL, no30, wnboa.uhe tenvalage of |B|h byealiosi 50 cnmﬂle@tsef@t evamnplechoainelsignals

] BRESER ort 0, 0 00 o A anf T PEURAL BefBlyey o
enalblmgumththMSe agmpdifierel03dgnal H EN, while the common

source term nal of n-channel transistors 1032 and
10¥imemowyi catis1094| fay heasyi mogrQMeobmxbb@dupg;n(al blowrElstate of anti-

fuse[,'—tE%w @gﬁjhﬁg V\ﬂ_(i)g@er%lgg tﬁé’]t%gggev\eéfét é%n g%{ ?Pléhﬂ\érge voltage of
VSSs tavessdsaMisiG fthrengh Ofiel dondudtion p[ame ahe memweyl telk riéreferably, the
volt eﬁf I§@a§?/|lle:%%'19@%|ﬁv{ts[£u/h%dls Fhén eY&teﬁge voltage of BL,

e or at feren
whebi the i biting sasse amplifidri Hl141©1auctmat|eld é’blsseolfagermﬂférentlal is quickly

t 1 a I \/
t
detetft AR LhFTAB Py BRINCESE rﬁﬁlggl?"élop% 28l ! idrYhand, i
menagry I4eiN 0@ chds BN, been programmed, then BL* will remain at the precharge
voltage of VSS, which is less than the reference voltage of BL. In this case, the bitline

sense amplifier 1014 will latch the opposite state.

The high speed sensing scheme for a two cell/bit mode of operation according to
an embodiment of the present invention is as follows. It is assumed that ISO is at the high
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20 It is noted that the nmenory array of Figure 16 is
inverted relative to the enbodi nent shown in Figure
waoskknes specifically, the nenory array of FiRCr/€A1®7/000503
uses p-channel anti-fuse nmenory cells while the
menory array of Figure 16 uses n-channel anti - fuse
menory cells, Accordin the val ues shownl
09 Breberi oigoRie" TENEPY 1R BIO: Gargetor QrRser 6 1012

can'HéVafshlﬁiéd ftor tHehGvdeEmbY rntddeFblbpétatidh ad%a TéT@réﬂi@QQj“erge is not
shown in Figure 16 can be o!%erat ed in one

rocu el ErSnbotBHBb: St 6rachAZed o Mes valaiea pa eup o ded by

vPCHe! duchids vssleby \éﬁin}aﬂn? &WGnH@QﬂlngorﬂtrbHQstoﬁseﬁd)fd)aﬁd 1018.
In the two cell/bit node, one nmenory c

node. el
TheB Grivalceletorainesnaudhl a3 WHO and Wikd. arediriyen t@,,atqqc%d SepRly voltage

Ieveﬂﬂr@féa@?%?ﬁé’sn@ﬁmé/ fn%?%lta?@ ROESY Rel Quéh8s ¥TTfor example. WLO
line o | ine pair are both accessed

is cofinegted ta apEfusempernory ¢ell 100 Wéi baSr'@scBélettewn%&pamqﬁ%to BL*

andalvLy hg é’me§é1€§ thi &Ri-fubE B&RBryOLell hE0Z, Wanieh fHRN @é“draln terminal
oper ati ng nodes, a redundancy nmode can be used

conmeréedsiorfi- an theltpisel/bit ewndrdentcy! memery aelie 1007 and 004 Wil always
be pﬁ@ a |G e tothdr Wl ABIRY P.{rggf'a%rnéd C%P%Skegné %ltﬁdee\Nlll always
itline are activated ddrin read operatlion.

remalneatt\oﬁﬁ vduie|th@|0the;re@aﬁdfanbyutmﬂﬂemllwmsmn@nle iSigmals H EN and
L ERIOJJn @rfvéhfig ht éd&oﬂ%@%@’ I%%IE?eé;p%e{\fe f?)ﬁj enlelnE;rb?tlme sense
two wor n

ne a es correspornding to
amniréﬂ'o‘to)ﬂcel l's connect ed to the -27 WD 2008/080213
PCT/ CA2007/ 000503 other bitline are activated during
a rfedetaigst highi speed Heosing dupethiing yof tbel éolded bigkinsegnti-tuse memory
elsi [ -
arragearl‘m = urle fql Sa&goor{rj] ﬁg t?%?%%b?ﬁé@ég %t@e\/\ét%?wn@g?@r,& will now be
describadiwith refaeermettoarne thew aharThbigureki7al ardl the titrireg dirgram bl Figure

17burr§ﬁFeeﬁgﬂ?gH&p?tslg\AQI ?Ade@‘% %Cgo%ltrrcg |gﬁ%§%sggqn k?r?e b|t||ne sensing

nab &340 VaL Ton o € nece
circvioy of Figese 16,5arfloft therwoieﬁrw ehrKi brtlmteh@ltsgafsgIT@eq&éd;driuytdescrlbed

metﬁlgéjistd\ﬂ‘gct(égﬁ%ﬁgmé*eocf%ﬂtb'lt ofo foI I OW. The hi gh speed

sensing s present eR‘Src?dl nent is possible

du r S
anfFt EfE)J{c,ee ot @3@ u$%r9al.|1§§ re?%ag'ﬁ/sa%‘r@oé/ h%ﬁ qtaggq%erlmf?rythe read
opembh afd thhempmeseod!l totdoctinmecied towVl0 isehprogrdmiked anemory cell.
ve el e . in.the resentl . wn
TheqrBRhSY siAe b S8R o Bere i PRRRYERES iyt 23\ prssproed when
PCHTSpmmedaapndeBgnmmmdanﬂmn1@nﬁbngmnﬂm@hthe|h1epaedmees
cell/bit e of ra

are BERRrBRn3S IS ol rmda il Puf sher it VSRR e 0lReh Corariple. by
pulsft@ Elm(}:wwthe{rﬁgh BgRISWIEA alt ;t‘rté_ﬁetbﬁ?ecﬂ Gur@?orﬁ bﬁtllr’g%gh the present
ogi i 0 on isolation transistors n
exarg s the it b POk sifken e T uar Dot shcdr Bogiy e relative
to eaasrecthar @Llei-td)efd?e raSWorthf[ is a‘B:'.Md%d Ebr;ed phabd degsiddtrowaaddress, the
ol tage s evel provide
despbrge i e R pRi L liads SEeiaNg! Bheiep SHERs R psnit be
drivérdDfbe/ @D th th@b%ese'ﬁhe)garmle ?&Uuding?a& suB?tanhtla?H;Z tH&@me ﬁrlne, but noted
sec: s vol t age l.ev re
as 1 (T, & Fr REFPPT 13 VO .08 S 3Re0 % BouReSL I ainough ot

shoMC@ FigureewanPl BEF\fRains acvug8B8ected to anti-fuse nenory
cell 1004, which has its drain

Because memory cell 1004 is programmed, the VCC biased wordline will charge
up BL* through its conductive channel. E_REF turns on steering transistor 1020 to add
the reference charge to BL. Steering transistor 1020 is kept on for a predetermined period

-29.-



10

15

20

25

30

term nal connected to BL*. Cccurring substantially at
the sane tine as W.Ois driven, E REF is driven to

wao b@shsgms | ogic | evel to turn on steering tranBCHECAR007/000503
1020 and coupl e the 20 capacitance circuit 1024 to
bitline BL. Now a reference charge will be present on

ol e 1 8 VRS 08 Pl Pl

stepahld 0L HEENd=drivdmetn the highilaginlevel dridgh Eahid drieen wolhiedgee logic level

to agtm?% ‘Bttllngs%%%éla\r/rﬁlly%eﬂ& Y Cg cllf e?%r&%l %g w%%gé%_ngﬁd BL* is sensed

and ;jultygateha@dy dmlbidioedeots atmplifidroMn4sTlad SO fsigaat is-drizén to the low

oo 580 ) 80kt i e GO B e
loadt drr megihthm@eemrwﬁmmleomomtﬂmsﬁlsd hAkoweetherwordi@le to be turned off in

Pref er vol t age . of B be 100

oY o bil efﬁch%fgﬁgogﬁ%% PSP G of er once vol t age
e sense . .amlifier, 1014

eI Figust e Beniy sl Sa PRI o i apls eitner steering

transietoe ¢020lor 1022l is toretbcaido lttad cthedbithiyie, badnhg Be asefesence blthne The
er hand

b'”'rfongﬂmh‘%@c%é?tab'ééﬂ bﬁr??é‘?%ma‘ a Cﬁ'é?me%‘?_d‘ ”W‘Tqry Fgmﬁ?'ﬁ bgcalled a
datd bielingr &mfumiugetelyy dhdragmnobe HSEpavianeh imbalagse sebabyt dree bitline

ver S YL SRR sFBb YR et et 3 T pb el bl 4 Geront
that'Bhetebrn@d’ltrmssleﬂs ang 1602 amerdfere, @ dnalrectahl thbibitlineadee better
eration accordi rtlngg ‘?'“5‘? an enbodi npnt o

the .

valedped BT peRRTG RPPE PTG LS 5ad breipor fagtead of the
stedrlﬁ@tr‘aﬁs@tbrst fo20hkngh 022 %cmlr@ﬁairoé’rﬁﬂddfment of the present invention.

CT/ CA2 07/ 000503 | c, level técﬁiur n on I sol ati
Mor? rSRAETIC]!¥r Q“’TGUG’“&HH” 60/, aTRI0EPEARE &0 CRIFE RN Pe”s in the
merﬂ&&%rraﬁjaBy heirg @tﬁbrh?dnérﬁérytcféﬂs &dvodéheéﬂlddothte r@ﬂﬂ@nd@zf voltage, the

ration as :i\ % erence, ch
bltllr}g{p pos\e/ordmﬂ Founling egq)r@e%ylétgﬁl gigathab o bp hr r\%ﬁrgrg‘@ebltlme and
theéévtﬁfbithhel evel provided by VPCH such as VSS, by
activating BLPCH and turning on transistors 1016 and

10Fyurd 18hiena dciisthdticObf Mraﬂéﬂnaiésfold@dclb"ithﬁé é%%@é‘%éﬁﬂdry array
are driven to a second su vol ta

acoQyAigg dp anoines SHrsReR! &t t Brdsedtiny %toagéf hw&tﬁrqatq &algqd bitiine

anti SuEEhmamoMChrraP sheWa P IFRyurd@ isi simiRnBagheshdvih in Figure 16, but
anti-fuse nmenory cell 1004, which has its drain

empﬂ‘é’rsn%rhé'lter%tﬁn'@@('%@et ehage cirgigthal ¥ses dH'é‘HHeE‘?EH’rX gells. Folded

bitlirNAritr LS eheiIiP Bitag 8200 Hefides Ml Sind3gmbérad @ethdhts as previously
termnal connected to BL. In the two cell/bit npde

showm ang desgsibgr jn Eigures1a.cod henae e durthar deseinlias §f these elements is

req%@gﬂéﬁi’@ﬁ:e&fh@rdgh&rdatt thZ%dlude@Qiunhﬁy Prfé?r%r?‘@@ﬁ‘sd1204 and 1206,
Ther ef ore, one tline wl al ways Tenmin at

eachnhaveng e Qﬁt%eﬁerminglescome%%utp Som ardIe @WEQIaB'P% DWL1
respet@eR). s H_ EN and L_EN can be driven to high and | ow
vol t age | evel s respectively for enabling bitline sense

anplis howet tH4 Ihile AofRIinti @Gk hemoBRRAE h§\%1§rhlﬁg»ne source diffusion
%{? ation ofth folded bitline anti- %
roaiGH chy Megor 651208 GHRHG Pt A AR sERt BlsioRdesion for
receliRS @Ré iefatedd Qoitidd. | DO Enemory cells 1204 and 1206 are not
programmed, but a dummy cell will form a conductive channel between its source and
drain terminals when a positive gate voltage is applied. The common terminal of dummy

memory cells 1204 and 1206 is connected to a capacitance means 1208 and a precharge
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described wth reference to the flow chart of Figure

17a and the timng diagramof Figure 17b. Figure 17b
wGeh@ssseiyinal traces for the control signals uBEdCAZN07/000503

the bitline sensing circuitry of Figure 16, and of

the wordline and bitline voltages. The presently

descr,i thod is directed t single cell/bit bit
waniSe 1670 P aRTE) R1oHa et T4 e RN RGBS IegIgR! pagected to
predh@F@l signaatPOH et Birghed/dlt @eonfy @ htidrosf dépacutmg means 1208 and

onnect e

n- cr] ﬁéa%%g%!gaﬁrgaglﬁ%ﬁdﬁggdqtlons ?H%'Q%é? oH) g@%ﬁcttgn% cwcunt 1024
andSp-epardnk) Greaege tidneison PPo26! mgptCtHaﬁlLttetpaglﬂa?&el ﬁneans 1208 is
redeterm

recharge en PCH* is pulsed for a
pre% RO PhseS e Slaaos Vel @ud refff}?égw%nﬁlmr121°
recharged to the first volta e suppl veI suc
6 T B T AolE S SBowitent roeaspe saa Rl TR o pgptted to
the b;b'rféribltm’(és| Wﬂér@aé ﬂ\éeﬂefécr@rﬁceacrﬂfgﬁjﬁﬁc@ﬂ o2 ef E‘l@ﬂ@w)\nas)f:onnected
resent ng t he BLPCH and  PCH*
to ”}?u'P‘é’%' b'g'f‘%s dBﬁéHW%rﬂmb%’m‘ ’Hathedﬁfétﬁncﬁtcr‘ﬁw qircyip 1012 of Figure

16 & Bé invRlifiddotoeRplAcetthe n- cméhn@le§t@érﬁwgatr¥\ﬁ§"§{bﬂsnf0205and 1022 with
acti vated. Based on the decoded row address,

dumis MERRTNER!SH PRErPUOURY JisrHssedtthe nseesAel '§%‘Pt’%[bl=§ans'3t0fs 1006
andS10D8 le¥febRé] difitie SR Bitlhd8nto \BhQipet boMiBn ol a RNet Pom where

in the present exanple. Qccurring at substanti al ¥
the 4pRAs POIRR Is BlgM\sitage domaly anddpe portiopgs-ajlew ypltagsrdomain.

Becél%evé:&hél Qsbuys r]m‘ﬂ@d £ ﬁﬁfrécﬁ@ertrﬁlﬁ’&ﬁloﬁﬁ prpﬂp‘?cgta AMPMER voltages
Vas

not shown in Figure 17b, remai ns at . _ _
apPEgued ﬂaﬁewew Rtipn P(f.)@lle |b§'"q@|so<§mgn@agram'i@nsy@@etﬁﬂ@g@dw" be
bIoc\Q@c’] ﬂbl‘nntﬁe ‘Mdré seRai@SowUR IRl bitiiRb eake b Ilﬁé?%ﬂeﬁfd/ %@nnected to

hannel . E REF turns on steering transistor

the @w&r perien  Aecordings thase gfdlladdn e aswélbunmstanéﬁﬁt éfne)‘rransmtors
| |
of 0 ORSIRS ul b By HEGGT RRI RS AR g leclh e those
trangiplorsp tag fovi vejage f@Paino VSS at step 1108. Shortly
afterwards at step 1110, HEN is driven to the high
| odft thelREQdpushhdescri prbagimgats, PEH iecfirplovisesigpea P@ﬂ@termmed
duraﬁl%n %ﬂlr'nléaérﬁj tlﬂbtskée‘ﬁﬁ%%‘é% ?ﬁ%éofdn%ﬁ 029 e tukh&y on tr]en off before
ferential betwee sensed and
the blam@ﬁ@asq)ymhmrﬂuoﬂﬂ|Im@ctyet$§eAa¢mﬁmg itean Eobedimmend of 3@ present

e LAY G480 B {GHBSTE B UgI0e HER g per
can decrontioked focadjish dhp @mOtJNeOftﬂl’largenbeIB@aQ@@@thefblwne actlng as a
refer]eq)éé1 bitly% Fleﬁé:eslﬂe%#epé%e'i%v% %fﬂﬁéj éf&%n%@bihﬂe%c% 'B?%dﬂjs{ed.

or the' next

to accelerate ine prec

re@ibﬂu‘?é( %%,s i f‘o%%ﬁu&%ln ag't%gg{rpé}] fénlsu gﬁg&ﬁ?@ﬁ&ffg% folded
bitlingr antofige ineroey sy e figure HE, thjeﬁgmure |19Ines agnoriesgerakingatiming
dlag\"ﬁ'ﬁ eé'hSWlﬁﬁ ﬁ’%ttl A28 of ThE cohfoPbibhdiRqiskd qmtﬁ@'f&geg%ﬁt%é Anti-fuse

be sensed Toma connected nenrory. cell: can be
mer@faw@r@aya 1880.a Thet methwd  Slafter atustepe1§00,t Wbeee Eagchbeging of the
cap&ﬁﬁﬁ&i LA e1 d250 GhrE&dl &é R PhEHK N8iIind ?({ 2YSwhiB§ic level.

ot Since the €lectrical Characterl stics a
The'n@tréﬁe? 1368 theibiitlinascargipreéchacged toleafirst vditage stipply.esuchrag VSS for
exa%&l@né's%?é&e% \%Q%Qﬂ%%?:g%%g%LJhg Wi & a 58S Witgh @%ply, such

I nes are
as VCC for example, at step 1304. Memory cell 1004 will then couple the WLO voltage to
BL* i it is programmed. At step 1306, the reference charge provided by capacitive circuit

1024 is coupled to BL. More specifically, signal E_REF is driven to the high logic level to
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bal anced during a sensing operation, dummy nenory
cells can be used instead of the 15 steering

wo e@sdseidrs 1020 and 1022, according to an enmpOOCABIOT/000503
of the present invention. Nbre specifically, dunmy
menory cells are identical to "normal” nennry cells in

h
i R g B IR ok 131 o v,

thermreihioreecmg@tﬁangh@atemrmsOf\mgara alzhyean terdddedlto 80. Abstbp 1308,

ey LG Wk BB ey e i a

stepat81i0; EUREFNE AUHN afmmowa@gwweiden@ fufn afhetdeding transistor 1020. At

sto DY oo PRI risnoa, AT Felo D ARy el 299 SHoM eI RO apipeen BL

and B8 * isSsepisgdll ar to that shovvn in Figure 16, but enploys
an alternate reference charge circuit that uses dumry

Membesensihg snettkad steivn iRiRidureeoam $|rnf|alrSl© theRBRYING Freidod shown

1200 ncl u ane nunb red el enents as. prev
i SRR A R T G DBEaM HeTR o er b e o oty 1026 tumeo
on ibiket ét@érlr@eﬁ@rﬁsméﬂ R0k thhegeore | BgRat® isSone’ &a@Mpledf the timing
ircuit 1202 includes du

Ref er enc r memnor
contxel|qver £20k Sgpl@%éor agdiysiNh B¢ TRigrencetherdee m%n%awov%ed Those
skil6®@M & 8 Wib uhdBRYanaoihe! tHeePOWE @uaseddlMidn and the E_REF signal

respectively. It is noted that while normal anti-fuse

deagtvatery tigw ‘Faé‘ havalased o gRRIC the: desifedt ipigrepce garge on the un-

accés%gd ‘bﬂlmed FREYin{FR Y b€ 8dtlIdd BgkeAtagly 11125)@35'{‘ M&Re 26y mternally with
additional drain diffusion region fo recei vi ng

We”rkéf’\é‘i“ QURCIFY ity a ffeis agiyaiepiitreatiows fer aevgrah@mnmeoqszw"catlons
are not programed, but a dummy cell wll forma
coryusdiretigcfignirisrener wharge levelsenthe rﬁfﬁfﬁncﬁrtﬁi“ﬁe the relative

cond®HivR rb'étﬁmwecﬁ a pﬂg@bﬁirﬁé% gakt- ﬁJS&%Eﬁ\Q% béll %Hﬁ'dee@est@%ence
conmon term nal unmy nmenory 1204 and
conyeslignd (figé drargining ap@ab@tﬁ tHhee %aw@dlszm Hedtiging Of PCH* and
E_REFCE D Q@EF) é’% E@c%ﬁ@r%fe@%zé)?peefé@/ &A@)Qﬁzﬁ%g%ﬁ’qgﬁerenoe charges
t ransi st or hannel precharge transistor 1210
applggstoghe) eafer eﬂ@ﬁ h'i“ﬁal T%m@&@sﬂaﬂ Figyre 39%@%%@3@9 @ﬁarogram verify
ope%%hs |t$ eh&ré‘@ﬂa@%et ﬂ@gramﬁed3&rﬂg'hg% atLARieRt c&m@ﬁr\ @lﬂf“éﬁt Ina
nnel precharge transistor
twomlh éer @hgmq u:tf \p@p@a’qlpn yret%ermpa&ﬁagaﬁ @ndchenggithe I@QEﬁnce charge
d I r t
oo Rl 3 e B0, B Rler S e B e Htoressivey
increasedhé@nhiogh bdliiec Whigela troogrammegn meneetiacge connected to the

cor gl Bk dohouck £ RGN0 SRS R s s
whighpeeealdihel iotiags apiiied tathettitine i beenegramhredgeerponyaellt

1012 of Figure 16 was connected to the |ower
bi tThieressbodiment ¢futhehiavendinh cdiowanin, Figlres riéf enéri@ecan sense the

dlffe?é}ﬁbregﬁ vGI'taﬁ;%%eﬁw%&ﬁ% g?fr oF F A Eoitlih8s, GRBr ¢ tgg%é%'otﬁg rﬁ)&é’grammed

replace t steering transistors
or unpregramned g@tmmn@m egwlry sell. Rgrthersvareuinnipg of the reference

cha%’e%&? ?61 [gé}‘?bé‘ ELI féQQ[) dgﬁﬁéfmegrlgﬁtrér?dgs&%? Beitd Qfded to the

and ective I VI I'nes I nto an” upper
refewpg |b5hp&aﬁdj|sacandgﬁ;fjorpﬁ)fqr itegling \operadions, as previously described, or to

ensure that the optimal reference voltage level is provided to improve sensing margins of
programmed anti-fuse memory cells. Those skilled in the art will understand that process

variations can change the current conducting level of programmed anti-fuse memory
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the upper portion is a high voltage domain and the

| ower portion is a |ow voltage donain. Because signal
wOo 308080213 mited to a predeterm ned | ow supply POT/Cag®;7/000503

any high voltages appearing on the upper portion of

the bitlines during progranm ng operati ons will be 15
conEIEh, SR WRSodTRL Sl b VAo ooy v
programtriedrwill éasuoe cilinbleyopetdtiose skilled in the art w |

understand that the transistors of the high voltage

dorfanothee dechinmue fgaaéjuetin'gjthet dtiacgen bsing addeeltto aamereference bitline
. I g I .
winf3lo b 28l R o BORRY SEHERT: bl L M8 eBegtance o
the irefefeince thitfind. fegurba20 & pr@dema'ﬂcmohad alwaielrfaldé@rbltMe anti-fuse
me t(hr rr andCtrhe Stt eel’\roI I’% ~ a SleStto¥®‘| 10!’2(‘:‘2 I eng ?‘? ernate

DY gy iror g g oy sriwddpe g Phe RiEsedo Pt 1y 8p
foIdchﬂiﬂmesan&éWsewaémdry daayahdivngn Figuen2@ isteirdilaraothadshovae in Figure

16, ggﬁe_f%’r%gf%sl nv tg( ‘,glr%fter%%&%gﬂ]g%g %cw%&atpc:?gﬁln%régse %r%eggr%lount of
chamgend belabeet tocararé}ensmcetmtenarmunt of charge being added
to the bitline acting as a reference bitline. Hence
t hé&oldetie bitlimee aht-fiede mrﬁerndfrg aneé;e rme ineiudes nthec 8amiee numbered
r

ad d. 25 Fi 19 t t
ettt 45CPiePlse Ty Rl 1667 ed 1B THGer SPuatd e e furner
des@rmitlbn f afsthesenaleyeatsr &Y reafuirbd gmeéerérﬁbe vharge Eircglur 402D bincludes

Smda&P rres ondi n how ng the traces
supEmBRE P ArREPaTEe i g Bofdag a8, S 7R A il Sonnectec
to aa;retectuﬁms:gnall’mﬂahd' Car rexpedtien. Tﬁ'éleumtﬂérhélﬁlaséeﬁi’abﬁar&b circuits are

300 ﬁr echar aci tancg

shoily TR PIosE BEOREErTR S RoreBehSRBSSRE peptesia It Aeyelel t

primiagy gapavahegictclievep4, BG Eﬂ&ﬁﬂnr&ﬂ teineptolS@an béised with equal
Pthi are rech rged to a rst voltage su

eftedlybhedts ToauppRronL Dt et Tah drarALTGY Gyt 1024,
one 8k Ebthi ¢ cdpacrteﬁcet Sircuits @40Nany 2406 wwlvmedsaydnw@sm and C2

to tr{eﬁé;ﬁg gmreé(n{)ﬂ' éar\ﬁzzst@rgt %Bgégg?@%g@nrgq %plptllqagy sized alsI transistor

1029 @Y 84BHE@an Abe S§igdd 1d@&rentlyheFliicPhmBRS eamhailitber of additional
citive circuit 1024 is coupled to BL.

rovi ded b a
cap tl"‘Bces ﬁ'é“é’i'tg lcgg%eynclgqiqu &nd gnpeembinagipn @éﬁqugemﬂ@am%cnance
cwcdut@&lt& beeuaiivated, to Blovidl RERSHDMAM AnBERLCASART bOS0BEIeference

turn on steering transistor 1020. It is noted that
charggylp beaddef|tp the referenee,Ritingg e SeRRING OPerREPLFR Be Ap §ame as

prevididlydfestitstd foheigorty@d of Figure 17a can be added to
BL. At step 1308 PCH* is raised to the high |logic

| e\Wlhlettﬁe ErbBdif{dntdlor aHBEIHR) the AdtSiehtS Ehélrgg By sl Wnp Gontrol
steﬁ 1310, E REF is driven to the low lo0gic |eve

and SHPP'GF'ﬁ 13 FarqcitanGegaqitiofnaave; %@enl@%ﬂ@”b% exclagivqly p5each other,

the fWeerebhridudecan@itsescai bbibmatidPibdobtsin A6 higAER Gnift biexibility.
dlfferentl al bet}f%)ngen BL and BL* is sensed. T

he
For SXHBPRg 2REEPEE 106\ RPPIRMENGL cBPAcaNTe; CERYHES| ¢an b ackjgated and
preoﬁ@f@@d%nlﬁﬁh@@l@eﬁrﬁ@@@nallm HEFROT ©_RER.ar@¥6RRted BQgePﬂ;lé*sensmg

ctive t recharge transistor 102
mettﬂ‘lf{rﬁ?fﬁ}ﬂouﬁ d'\?\?ﬁ”f’%‘?g’{%@% ‘gé 9-ransistor 1020 is turned

on ure 19 e exanple of the timn
In thegprewously dséscr ed embodiments of the high- spgeed sensing scheme, a

reference charge was added to one bitline acting as a reference bitline of the folded
bitline pair. Controlled timing of the reference charge circuit and/or selective addition of

supplemental capacitance can be used for providing a reference charge. At high clock
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10 control over E_REF and PCH* for adjusting the
reference charge to be provided. Those skilled in the
w@raosmsd2i3 under st and t hat the PCH* pul se dur atP@OnCand7/000503
the E_REF signal deactivation tine can be tailored to

achi eve the desired reference charge on the un-

accessed hitline, e controll ed
sped iy GTRIEy Ty 25t b Prasticrl o BoSstle B aéiiargtedhe Recasseyy timing for
prod@ﬁ@b@ra{tr@@gﬂreﬁefbwlat High sﬂ’é{dcﬁsé!fde}etmshgwchemy fgrl ﬂhé\/Miffé‘r@rﬁtrﬁl bitline

ever al advant ageous,.a i cations y .adj usting the .
antiF o PR oA A GPBT h AheEREEnCE iR Planent dienton. is
propogkat i ve conductive capability of a programred

anti-fuse menory cell can be tested. Hence convenient

celih tHeakigh-8pogH sgitseisingnstheme dmeorax@quttad pﬁes@ﬁﬁ‘eﬁnbﬁdrment an
REF) can be calibra

acoif ) FHRgiIEct FroRp PR W G BHBR.SS T arges meadpl pade pai

fromt avhidhedataf 6 e nesmnbitbd | rﬁ@mor'l]h@ell’ﬂ%t fwdeodensb@urire oﬂn%a W(ﬁrﬂs the
sed f.or % ram ver peratjons, to ens

b
aoof ] R oD S Hihaes) p e e Sos itk Tk S RAAL camRgtance

addédul’d m@tbltllﬁélcrihnngeCr%ké amrﬁrcrblté voREe ritks enat @ttbQIﬁ‘e other bitline
ef erence vo nce the reference charg

SUC@rarSéG? feerea?%b'H%f) iﬁ‘éb%oesm%\éertheraﬁd%ior‘%ﬁp%tééce added toit.
reference charge can bhe progressivel i ncreased on
onE BE 21ris AT enalicdh R %&ﬁ%@b@ema@dﬁﬁ%é@e&ory array
accdrlingle thé praseRNBbadideRi b theandngCife alfBitbUaldky brtIrne anti-
the bitline sense anplifier wll flip its state,

fuse{RPPAN A{AY3heoWNHR FEMre 24 ds sipyiat f@dh@toshpwe iRy FgUr e &6 btgut employs

an difephddé Q&éﬂéﬁ&@@hﬁ@@é%uﬁ%& adﬁ%%e?ﬁé’@%c@etetth@fdaﬂ‘%ltlrne Folded
i nvention shown in @?ures 16 and 18 can sense

bitling 3tiduse gemaiy sBRY 180 heludes ihesams Furﬁberﬁéleéﬁéﬁﬁnts aS previously

shoWh bhé BBSaribkd i F@ﬁFe 16 ANRAcE K e rd@m%n Qr these elements is
unprogranmed state of an anti-fuse nenory

requirgflt Referrrce chargmiciguibt502Heclvdssarrayiewsly @mrlged glepdng transistors

102@%‘13 1028, Bey adidpatiemhch %éﬁ?ﬁ%ﬂ&ﬁm@@t@@ &Ne&E sﬁmﬁ%‘g)grce/dram

bei nr}; added to the 30 reference bitline. This can _
termipah ©F frapsisiesy 1079 afrbi 822 o, sepsingrenaralies) of falded mitles) anti-fuse
men‘i’cSrytaﬁ:’rayf’lgéb'r Wil hERbeltddRciddl Wit reﬁ@r@ﬁé@fbcﬂe\]e\fﬁw é”r%?t efqy@rre 22a
I S provi | prove sensing nargins o
andmﬁrmmgsﬂ@gmf Gigue 22b. Those ski l I ed in the art will

understand that process variations can change the
cuttrig assusrasibet trangistas\i@P4 isitopecgeesaed dCase 1 showrin Figure 22b)

2
R
conWI@r‘a@éameﬂ elp lflgleren%amﬁlye aemmowatlcpsr stgrta@tnstep 600 where the

ot h .
brtlrr‘;%%jsﬁrge Pngh% Q& etﬂar grfﬂ'%t' Q&tafggjec%w oéugﬁ érges}él“‘?'e&fg’r example. This
corrgsponps ¢o BhPChioanHvahlgg in 6@1@:@ agh. Follwimng aif stepr1602| a selected

I t t .

worh 8B S 5% SELHELLYRLY A8 TRE 53PS APSSahgl. raunng
congyrieatn witle teoselediedivotdline aafmailorli une notedmsystepy 1664, signal O_REF
is rafdefqb dUctOid @@8@%@%% r%l:#t !}52&0[;[ bP@ trferc,eaz)?a‘%nce means 1504

I nventi on. alter I ne a
is coupiask tp the sapedhitog that nmrgqrye:elzoooee iscorirlegtedtto. Ahstep 1606, the

se s}t‘%‘rﬂrfrb% &b GhEd or]r@}/gﬁyi[rgt Pp R ATENd tﬁerﬂﬁhﬁand low logic levels

ef erence charge ci can 1 ncrease
respgetively. With both brtlrnes BL and BL* precharged to VSS, the p-channel transistors

1028 and 1030 of bitline sense amplifier will turn on and pull both BL and BL* towards
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charge to be added to an reference bitline. 10 Fol ded

bitline anti-fuse nenory array 1400 includes the sane
woenobesed el enents as previously shown and deBCT/Clzmd7/000503

in Figure 16, and hence no further description of

t hese el enents is required Ref erence charge circuit

H Eﬁ;%zrfigﬁémugrgicﬁ“agw ¥ gn(éogpg&%ga%th%fonceg%[e%?&egﬁ %h U rise at

appeinetely dre singmadte. CL and C2, respectively. The
suppl enental capacitance circuits are 15 shown in the
pr ¢baever sinoe B has trmaddittohamwlacitamasmeaneﬂﬁé eangetetto it, it

will Qe g %Igl/v%k rattg relgti\}er@réf_ crﬁg%?(tréa% B ?"h géJs' tto trlig %hAFESrpoLI'é voltage

nsTstors can
Ieveébfftbe nhichaned srandistos IIIW Gitie senke an’rpdiﬁegé 0p4®wll iyl Idlx;h and drive

o QBB L A TR RB Ry pgresom

schejﬂe vis npaChoarichig? cotivolt beerhrejérehmglcmarweircurt 1502 is required.

Proffaie i G he et AmouR A0k S el el S e s i i snorty
afteFihe tseRernVe rdlieyw ho abe theqiropetditddring alg nar:apamtmam e

circuits can be included, and any conbi nati on of
S u b lconteast aif mmrrta;z icelhrioed i<h rpro@ramnmhaduiefuae trheracbred:ell having

oete, b el RSO RAT shofte dboktbe T hEE apbh Wl is¥o the
threbidldi |vnlmgeTheelscr§rrschmgmep&ar&tmom1m:imfurse It rmaseazref &gure 22b, the

adaBh S M arOF SEML R o lng WY PerbPadird piriiice a positive

Offsaij cgrﬁil Onoe n@ lsiting sehse amlolgrfreummaenm\a:teoc a}rmprbhanmetransrstors
t en ri be vel y of . each .
102 g 1038, HE L B o B TR e Tissaniamaet B is ot

slowle® tigdi Miab of BE dllegbanré aarmu Bapaitafideciichhd I150’4 thE@bsrtrve voltage

| emeptal capacit
oftsgh s S Een RN BEAtIL 1) hecBh R chraieh TSRO FgoLtage first
HenBé &Ré bilitheSded 8@ hmbliffdri 004 IaQt’BEh_'o alextaepposat esltheahe® Case 1.
the sensing 30 nethod previously described for Figure

19@nd ms@@ewtnregrrr@ahmogmémedtrmombmm selef int Bawo cell/bit

i gh- speed sensin chene, reference charg
modg T apar e gs tha (e BATH Sénseaaaloes Bilckiad 5 ynaiagcigble logic
statéd) Sinde! g BLbalrfd' Bltest@dhf a p%ﬁrbfg@b'\ﬁSB Valne nrﬂrn@f véIBRe variations
reference charge circuit and/ or selective addition of

or raUIACFEG: riaianmern &fiee BarPiiRe Yok0eSe ANEMRNCRIS§gSiRY by the

bitlifeE§ s N Bp|BiBAY. EB-%ncé’\t thBi [#8serlt @6keme %aﬁ@né%ﬁé&%@r@é% the data
PCT/ CA2007/ 000503 speeds however, it na

biting: WU AGHI® GR BORSYIH A HoH GRRITGY Selth apfiates o ;}we icRi/Rig mode

will B&EonsieIgIseRRRy. ati on. Therefore, a high speed
sel f-sensing schene for the differential bitline

antnhefprexﬁoméscnt@éd %Wbo@ﬁﬁé?ﬁéjbﬂ@retrﬁgraap@éHJé?QisW%h@fne for a
I nventl on,

e Gienan use TSBuHA Y. SEtDRGeacE6r AR 1% VRe folowed by the

applrzraeere Bf a SBRMCERALgead a raftérideUiBhe GRBPSICHAGH 6f GepAcikhce to a
ﬁj to the data bitline of the conplenentary bitline
datagg flipe for sensing by a bitline sense amplifier. According to further embodiments of

the present invention, the bitlines can be precharged to VCC instead of VSS.

The precharge-to-VCC sensing method according to an embodiment of the
invention, can be executed with the folded bitline anti-fuse memory array of Figure 16,
and is similar to the sensing method outlined in Figure 17a. The timing diagram of Figure

23 shows traces for the control signals of Figure 16 and of the bitlines BL and BL* for two
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fromwhich data of a connected nenory cell is to be
sensed. In other words, the additional capacitance is
wmodosmgintesl to the reference bitline. The addi t PONE@h2007/000503
capaci tance added to the bitline changes the rate at
which its voltage rises relative to the other b|t||ne

such a eference bitli ne t hat e
ittt SRR 1 e B AT me ARt o5 eeted B Brig pedkiirgmed. I
Cas8 2$ﬂiéeiw5$e©d01ﬁerhd5@ call tenrvated t6 GLdaturiprédrameneant i - f use
menory array according to the present enbodi nent of

tha hew&hbrgmto \ZEB@ earlbodintent esihglCase 1hs how miesal’nied-wnfnueﬁerence

to t%govdgx)é Cﬁgéf?éh g%re %{JFA@W eg*yéltlljngﬁsaéﬁgn pée‘? hg{g&d to at first voltage

suppief stick e e/ forgxamples @i wortlirat suatl ds WB@ &cdivenae at secbhe voltage

sup§08. FHER ERAO% e SRl BB of SHEALE 48 BRBYDGER) 004 i

progif@wiedatméndrs wordliad vil pbil glilire BIG, upnda h/en%gi‘a ﬁantfdJutM(I}EI + 100
re

~descrjption of these el enent ef
milig JHBR |4 RIS I ShoTIRC HREd Jp 0P B oG ing Ly BY Aetivating
E_REFeahising tﬁ@%bﬁtt YCe +15152(uhllﬂﬂﬂtsl1@2%.xamblé %ﬁ@pm bAlleesense
ource raj

ans 1504 c o the shared
amFiJng‘?rd? Aclivaisd, § achf f%’PtlﬂS EetWGQBt%t&’OlWE’QeS ig3EnsagRNdfYlly latched.
eatlon of fold bitline anti ry arr
DG e P RS G the pogssRd M el 008 Gonienriale as in
Cas@@afﬁenQﬁe Ebtﬁttftﬁ?ne?B@* wifl iémbiRet MOT, Rghidhi |§va€§i1tﬁﬁcn the @éfefence (or
i'S_assune {)Mﬁc+tran3|stor 1004 is to

be
U”S%JE%%%)S@H!”? é&s\@”ig%ﬁ R0 BiBvalts- Hemge the%nq sengs amplifier will
latch! tHef p@bsit®gteant i - f use mermory cel | which does not have
a gate to drain conduction channel. In Figure 22a,

t hen sIeNprRVRIIBIAddsebed ambsdifient t RefdieRbe Whage Weﬁea@&ad to the
bitlines are prechargedtotheflrst vol tage supp

refegqnen PilineySiner dsadvaniage ©f thihpehemeisra Bighiec %K@’@He required

for ®YefsicRbe iclhélr’@;e' T'hlE'lQ %l@e@%ban BRdhatel &Gcr‘?érgé-?dapc@&ﬁbocﬁment of
selected wordline is driven to a second voltage

the inven e i ce ded to the data bitline,
BLASENY/INvention. whekgor negptivex ipigspace eharde s Ag >

wh|(§h0 Redire S rﬁréahavg.ﬁdﬂ the @eféi%'n@étc%?am dbigreumb iY@kl 20.is a timing
but noted as s , Signa is raised to VCC

ep 1
diagrgint illystraing §'ﬂ%é@'?"r‘$@ Y98 Isyals 01532-2 anquEB'I-CEOftH@ present sensing

emboRRRHt ¥ RIS diifeAdht cdsddd 30 is coupled to the sane
bitline that nenory cell 1004 is connected to. At step

I1_|6Qr§ Cabd 93,Laff%‘? Bégl t?ﬂgééh%r'e%rréch%@egw ragﬁslﬂ e/%ﬁaeé\%sﬁpiw 5{}h as VCC
for e@mta Weidjne vieman W ki driven & amecandl veltagepnushaY ferwch as
VCCE)Q V5Foitd faf ef?arﬁﬂ@ e éﬁﬂa{‘u%{-) Sty cé@ggoﬁﬁd?rgagr%%rﬁéd then the

'l ne sense ier wll turn on and
wordling vl pult kitiae @é* up Ma Velteapeas Abew M P@D@NZ@@W dbeseBegative

refehl,n’éél chalgBGE ag&-fda)foyth@ htla %995} BLS b %ﬂ\‘féﬁﬂgl@tﬁﬁﬂf I’F@L&tlrtb it by 50

['inesS BL shou rise proxi mat'e
m'"'g%{ﬁefOf &@mpleo e geferenagcekitiipe *Blh semaine ah Wt G.i Dirsefore, when the

bltllrf@@@ﬁ:éet Qﬂﬁﬁhé?eénac'ctl@g’lgé WB%Fe?ﬂalt Eet’vJe nthe eﬁitélbnrlhéeand the

a slower rate relative to erefore, once
fefefqr@@@'“tf@ is Bensedrandtelydatebed. age 5 | evel of the
n-channel transistor 1034, bitline sense anplifier
10 the pthpuhp@/d ||gmg1a%m§sqﬁ megnory cell 1004 is non-conductive as in

Case 2, then the data bitline BL* will drop to about VCC - 50 millivolts, which is lower than
the reference (or unselected) bitline BL voltage of VCC. Hence the bitline sense amplifier

will latch the opposite state
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BL to the HEN logic I evel and BL* to the L_EN |l ogic

| evel . The advantage of this present schene is that
woeoosiosizny control over reference charge circuPCT/CA0@7/000503

is required. Preferably, the bitline sense anplifier

1014 is actlvated ei t her at the same tinme, or shortly

after the. se ted rdI t

ot 4P REFEGha SR8 o lBadhag it pE&fhents nave been

desrrrﬂmsd nwitharebpect ﬁﬂmemrﬁamaysgwcmmmm aihsinglé treesisemant-fusel rhemory

ce||§ ﬂ% egﬂ?'%%déﬁ rgn/ﬁ'll %ﬁste}r]dcthaﬁﬁe %l%nrpgﬂ%s& csigrﬁ%gdﬁgﬂt\éﬁlan be

apphNeal toagrerﬂoey/aha;aef cuﬁsmmlgma‘l memans callsomavir@3 8vd itnassistotsy such as

Case, 2 addi ti.on of . the char rL.om
thosgERyZiedin Kot Aihar Y Tr RbiswHal P! BF d pidi€ Ritage
Vepposi tive offset on BL*. Once the bitline sense

anplifier 1014 is activated, the p-channel transistors

15 AlQRS peevibudly 2Adswibled qmtiddirﬁé.ntalacb BtectédrvedidaitdEamdNmethods for

VWi l.e the i rate of BL*
senghia BSiBroreRgie O Ao AuaE Wb certaias TUEER btingB 4t a memory
arraty hRd@@ses invserviobidgeor rﬁérﬁﬁa&ﬂurlr@ andf §dating Atlowsdl th tigh\epacking of

..BL* will reach the n-channel fransi.st t hr eshol . .
bitlings) i Qﬂt?emF'i“PB’t?”ayrﬁﬁé"é’y eI e |SH%°‘§%E%téveﬁPrBFlaF?’grb"“”es- This
leadt(directiptec BR Sndréas? int capacitvp osupling tb@tvvdfm maenghny pasieedlbitlines,

.One issue th testi unpr.ogr a ti-fuse ne
Wi Ar DA b\ GRS A R OT D MR Bt BTy caReeTvg goupling
effetthedbddribbd @ite estsenasml Figuerzs. Wi I | latch to

unpredictable logic states. Since both BL and BL*

st Fdur@p5as PlcROliesopemalSsr foal tetal Bitives, BIod tELqe BL2 and BL3 ina
variations or nanufacturi I% vari ations

toh ok A Be BGR e Bh TERIoBn e L coRRe e By Sach thl biige Moure 25

is nSRBI§ orRTBkArhpIEI & a IRBSIBle bibiRe PEHgIFatiGE RHBh 0Ses @l Beeviously
capacitance to the data bitline will ensure that

desgashetngle rapyisientibiuse fenysoermbogimanael Ry Rrrsep! ingntion, and
thoseedKiileBiif tHEDAKE wil2éndlrdthnd thaf QRS nien®dd ekl Sﬁd@(ﬁﬁg th'Ehﬁ/o transistor

previ ously descri bed enbodi nents of the hig P
a”t'é‘é"‘r?smﬁ@w&}’cq;%’néa'? B¢ uged-flp |t araseaty *Pf@"‘ﬁh@’fanmb%@ Fr@h'fﬁ g5, there

are ﬂflfr ANti- fLEHeer‘ﬁBﬁbQﬁé—Bllts hgshi &1l drﬂe§né QhiéRSs Iafdé]léoo‘éﬁéh BYvih§@ drain
plication of a reference charge to a reference

d'ffl4§lot“l tPH@”%‘r"%‘ﬁﬁP‘P@d@|30WSB?C“<Y3MB”Q #clegates gonngpgied to a wordline

WL.biHd hﬁﬁwofr)pf:el%%'n@&emfo Lol BL %‘ﬁdﬁﬂ@sﬁa@%énf pregrammed, while
Accor di nﬁ her enbodi ments of 30 the pr eSent

the memeRy £ 175@%@”6?‘%"9‘# HeBL2 &rﬂ%@@ﬂ*@@ﬁ\&ﬂg@fl%e\?@c& programmed

antilfiisdt I%@IQIORI cefSiFs0 iR @Fe%@?@rré]&néﬂ 1\’5@§ ORRSLEY bgﬂééﬂqNL and its
according to an enbodi nent of I nventi on, can

respegtivey seucoitenmind e tg &@é@naﬂwlmsﬁr@t%m Cmﬂyétl\rﬁeh@}f 3f/0fmed during

progepg,qqﬁy,hgogftﬁé gN-Risd@en. and is similar to the sensing
outlined in Figure 17a. The tim ng di agram of

Fi %r;@rdlré&omw@ hbasBloldy dbEaRbhGg Shibl@InTerd, the bitines
ure of the bitlines BL and - 35

are mecmressﬂ tr8Y¥S3 pripip/a0gad epe@iosoendhe fN@rdéIne V\éla§e1§wem tp a high

voltdgtSRvdl, aﬁ@%n?c‘rﬁ@rﬁér?dceﬁef’ﬁBth%g the RAGERE IR (F"egrérﬁmed) will
pr ogr ammed t he accessed nenory

Chaﬁs@rﬁsé@freﬁpqnémsLb*t"n%tqmbciSo@e aighe@!tage level Ebﬁdwbbarm@n\r@@mmes
BLOe@E@ddr{HeBES USHDE/FaRR rhendry O E&etbicted i3 fs not programmed,

reference
therefore BL2 should remain at the precharge voltage of VSS. Unfortunately, due to the
capacitive coupling between adjacent bitlines, shown illustrated as capacitor 1754, the

rising voltage of BL1 and BL3 adjacent to BL2 will pull BL2 towards the high voltage level.

-37-



10

15

20

25

30

35

to the timng diagramof Figure 23. After both
bitlines are precharged to a first voltage 5 supply,
WG awk/08213/CC f or exanple, a wordline such as VeOI/Ca2007/000503
driven to a second voltage supply V1, such as VCC +
1.5 volts for exanple. If the anti-fuse nenory cell

The%ﬁ%)rpl ?@S@Qitﬁ% Satla(pngB%Yv %@W&%ﬁ@g h{{lhl@%vwgl% l)itlines adjacent

to th® héta\mlnﬁes repT@tfé’rhtsﬁlthbalf/@élem hAsgs HaSmQCtd@d dne ddj#cent bitline

rsinggo Sscle" voteoe 166! i1 FRYBIT B FoPS BlafTor eoro(jkers tAIEerecharaing

schémé I reguissiteeretilciagmis bitiee cosplmgteffeet ed, the
differential between the two bitlines is sensed and

f ulFiguré @Bcibedcircuirschb@atd bf:‘gn FGrRl mdnfory leragctaegsiesiing a novel
uctive as

O SRR D T £ BUIGAS e rAHOHS aiomcRed (BT, cpupling” ffects,
accoravgrto bk @mﬂohmqér@bemrm@sdmrnvemmelmbqﬁésdm bbb@mBht, bitlines
mllivolts, Hence the bhitline sense

vol ta e of
adjagrp °f~? é’Pt%/\P'lthe for BRPSIRG 8Y @pB‘H%‘PtS@”é?éﬂ@ ifigisare preqparged to a

voltdig”eerék/éluédrbésﬂ@f&ﬁrﬁg ttedwee@ﬁm@nérwo statd 6f ﬂfeepsr@eha‘rb@rvgﬂrage of the
reference bitlijne. sadvant

ey 7 ESIgivBos HULES A 5P i PUBCS GO doc B RIRGLED Ditines,

whilk @e ﬂenﬁeﬁﬁlﬁ? BRGRChAN S caliERimsbIBctea Ibitftksl h aﬂheabvbﬁfsnﬂttﬁe data
pr echar o- VCC enbodi ment of the present | nvent | on,

b'“"\‘/ﬂﬂéf"r PreCREIRSt 1% &/ F2f \Q‘P'éhc%)r@ﬁﬁ?’&@ 1% aaé%‘?j ‘Do AR ita@giacent
uns&bétledj BRinesite Ghed ggéd ©5a RIgRCiREGE Nelef HRich &ofreghsiRis to a logic

, capacitor to groun ure 24 is a timng 20 di agram

1. iAltetnatehat tha pdiasent EP%@ vdineagan Qﬁ/@r%’héfgeguoaﬁlddme level
diffePénttthgh ﬂ‘feeér@ﬂbuﬁye Gééd?@)ed W%Iﬁ?@tIe\fePrTﬁe\PQo@ ddrRedtinsing, the

cases. In Case after | i nes are precharged
daty Bitlger wifl §tse\ﬁ6W?@§eth§de’l yoltaggclgvelsf ocorregrondingnpp@oryacell is

progwmeldn%r SUGH @fr‘ayV&QHgsép%hé{rged s v%ﬁégm%vépl Feagr%less of the
such volts for exanp

upply Vv
pr oqrh@ﬂh?ﬁfqnpfqg@weﬁéta}ew IMmem@y £elisscanneeted torke, adﬂ%ﬁ?@ﬁt bithges.
25 wordline will pull bitline BL* up to a voltage of
abdufiouws26, Q36 MPMPINRITAYs180thisalugeh aghaniel singd Epasister anti-

fuse® hfé’hgﬁ"y ic312qges! atsoprtebl%ugﬁto%sg’r'lﬂéd' fr‘neth%L mBUdlﬁ‘]‘éHsV@ft {h‘%gpresent

reducing 1t by I'1volts for exanple
Inveﬂé\@re rpéﬁé@bb' erar\géd mtheefﬁﬁieﬁé)lthme REhEMeT liglp @ptﬁdethat/\mﬁ memory

arraglhl%ooh!stllﬁdsﬂ?tegje&]ﬁ&eﬁ{wmaw |ﬁrthé§)| ?ﬁ&ds\/ﬁ%&gs t&@% still functionally

ferentia ween the data I ne o
repreggriative b atiplded hidinesostigisatipna Havilf g awarmtdh dpse3Billgyhin the art

thatttll'\\?p Bgéd 2BRar éfscﬁaﬁe %C &l 1B 8% Inehf céﬁsand bitline
g %en t'h a

non- nductive as 1 n dat
arcfmeetuw |Gor@nl@pemtgryabjﬁlues \B@@/BLosoBlrﬁ/BH vdaLeéBLaMandrBlLfiiBLB* are

selelcﬁ\f'ﬁyécém t\/(%%ltan%f&rngg%%;ﬁﬁér ‘wbiletln ?ﬁ@olﬁl\ﬁ' %él@& gﬂlcuit 1806.

nce the bitline sensSe anp |
Colugni |sele§t @IrpwtthQﬁpﬁo@rtﬂgu@aw@ NIHawse! 238N0 Seees devices 1808,

18161272807 1898 5@3 8. 18 Q{‘gﬁ‘}@dﬁuﬁllé’nbthb W3t 3 ESumn select devices

sensi hg/testing schenme e ment s have been descri bed
are pared dee gedhe fadetehiing canfiayretierp rfuir saxamplesfecodinmyiselect devices

1808 bA8 9882 QFe EHtIoNEYBF HEEERR column select signal Y-SEL[0].The remaining
column select device pairs are controlled by column select signals Y-SEL[1], Y-SEL[2]
and Y-SEL[3].The operation of column select circuit 1806 and its n-channel column select
devices is well known in the art. Based on a column address, a pair of column select
devices are activated to couple one complementary bitline pair to bitline sense ampilifier

1804 for sensing.
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cells. Those skilled in the art will understand that

the sensing/testing enbodi nents can be applied to
WOreoue/0§0283 r ays consi sting of nenory cells havi PgI/Cag007/000503

transi stors, such as 5 those illustrated in Figures 2

and 3, with the appropriate control over the cell

el a1 RS Kiees Y coblrePREEDF i Rl RET RO dorEing to the

pres@eﬂwldﬁgchU?ethodnghu bk Figuke asnmneelyctmer piechagd dirtuit 1824 is
{
proVR s, PRt iRt ofE24ein TR I S AWGTEL 4p eplymn select

circuil 18085 ahdinctudghh-ghaokélngluin pRcharge ideeises 1826)el 8a8NtB30, 1832,

1038 {686, 163840 Yad{gr Golfinb I POTESS 2 itle BOHHR Bouit 1842

s|mnmgachet CM&mﬁ qnt@(thal?@ detivecare pardd glivhl Mapaﬁé(q‘adecharge selectlon
pot ent i al I(%/? cause F errors

S'gnéLéP{ﬁ] as Bf- gﬂ)@y ‘%',' ‘f?é gAY 9 PUNULBYSE Wge d@V'F@%FO”’EECted to
a colgseméhey pairtdn bmefeer BRCSahIdToONIT (#8charh@ b Bo1826 dnd 1840
nes

circuit sch tic of four bitl
formepre’ Sy B3 TR MBS P O T BTSSR GR e G Aantolled by
PC_ISE1TPPE_Se| Jan?d PONSBY. R tHeQar@Qé‘rﬂ efibobiiffenbithé bigASIs cOhtedIiR) each
mer el one exanpl e of ssible bitline

pa"@iﬁf"i“ﬂlﬁ‘r RIEPIAHOGPYRCY8 e?‘H‘é%‘F EE P@H%‘P;ﬁe'%%\"%%ao”“eded to

the §brﬂ@|tﬁtllhésﬂaﬁé sh&yd @ﬂtdonfpllﬁﬁer{tér?r@dl&h@radafgégcgl%’@lﬁ (5t shown).
resent i nvent

MOFW spebiticalir BCaflPlt!RRC Hly] RBADY-yEEDI 1o Y-RELIR)iare qeﬁ‘éfated with
diffeteM® debdad %Irélilts Mlch- ddeSeorBEmEdakLdlumb HidRSs Usdihis hAd with
the presently shown exanple of Figure 25, there 20 are

d'ffef%ﬁ'mm fuse nmemory cells 1750, of only one which is

| abel ed, each havi n% a drain diffusion term nal _
cohe@te erbPdimeats pliet iPrRehBIae | elageneircylit 4842 opAtechredde a

prede@brﬁnd%rﬁbd:rfé‘?ge Witagdh&/eNBhi& 1y acr%lab Wﬁ@r%'ﬂ&@ Oh@fofher BBodiment,

nd BL3 have been programred he nmenory
the @éﬂqﬁa@%w@éﬁr@f@w&d%a @P2simplynBe the r@nieltage [sHpply. In either

emb%b%n@ 2 PrimAnPpREhAFERS cuiBBiinf E@Sré&ﬁ%@ycn‘é@{t l 04-(? %@ Flgure 16

has a resistor el ement 1752 connected Detween
canjiptegrated é\étbe'@ﬁl RiBing oAnse Q@P'ﬁ'ﬁh&lfcu't 3804 et Pfﬁﬁ?ﬁ%iilgjﬂg only the

seleblel bRiifRHE \fslﬁeprfb‘f’w{ﬁ%tréé{cf J&ér% formed during

programm ng of the anti s col According to one of

L h%c@ér@‘ﬁ'g%%' Hetf6S sr bﬁeeﬁa @@%@é%@oﬁﬁ@&‘#&ﬂ&% Sn eFjB%dlment of the

| i nes™ are prechar Frlor to"a rea
pre%pbm@nt@nt therperinmer arapudeélcwo selegtive dreaharge eirqyit 1824 and

the 8&&@9%@]&?8?\% %Vat%%tﬁtaﬁ%us 0%15% gt@%hﬂ% oHBe such that

conducti ve progranmme
the geleeted pilnsisnarenrechanged tﬂ/\MSSs\Nmilﬁ!ethhutgmn%adjag@tlte\tm selected

bltlln-glg'a$e rb&heﬂ@éﬁjmhg% é?’f Hlt'aggﬁsevep’ c%hﬂ’%acgfa ﬁ'lessd)emflc bitlines to

However menory ce onnecte
preopa@gr@rﬁh@dhlghtwoéa@er el Burings Heupgchargai phase aamebe achieved by

cont%llﬁghﬁ?r%sse}bggﬁgﬁﬁ% ; bﬁeen g&{ ] the rgéﬁa{rggﬁﬁaéeoistQ?ead phase

wherq tha selegted dvasdlineap aetiviatad, IPspprafhiate refesemep chargeaigeddéd to the

refer%hé% B@gmetggg’n@t?det@grfé‘&até %%% 3348 6%7 gggllffgé'%ltﬁn%w}g Boldi&d to the

b|t||qa(§pp§§\2m\glyf;qgogg@)g>r data sensing.

An example operation of the selective precharge circuit 1824 according to a
preferred embodiment of the invention will now be described with reference to the circuit

of Figure 26, and the flow chart of Figure 27. It is assumed that WL1 will be activated for
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Therefore, sensing the data on BL2 wll be erroneous.

Wil e having both bitlines adjacent to the data
whraoBiose13 epresents the worst-case scenari o, hewi/0g2007/000503

even one adjacent bitline rising to the high voltage

|l evel can result in the same effect. Therefore, a new

2 refs ooty kb T e B8l Gitre®a T Bl ieiepe, mier anc

BLOS cdnermbgrannfedawh@l’ IFhermmumqry el apnthéed ha\M\/hg amdniovBL1* is not

progfubinel b P FP4EE LT by B Bl oltes 3F s3eptRe, preonarge

circa@tyb@adl, ercept devitdrel @mehwame raictiated tcnpreblearge @l diines except

e [ bitlines jacent to a data bitline for
Busagﬁgﬁﬂﬂg%o{/hei]%\ﬁlt?ﬂ% %’8 se anplifier are precharged to

a ol tage | evel .corres ing to, the o

ot QU9 Bl Fanti b GEER0 B B s e s9BRCMe 5 b g 1820
will Bbeumed emetw:dmbmg IVi-BElS 1 pteda thigh [dgicaletel twhileetbe qaecHaege to VSS

. I I bi.t | t.h
oroff vt Bhs2aBid 5% avaedBhecPoleCed el fRaMa Fonspepased on
comptantkshtari fcolubre abitdrésseb] didvidee 1828 pINECIB3Bga@ tuMedSSH while devices

re2b 10, £84, BRR e sha e B et marmster 1o are e B P apied bitines

adjdcenteto whle€tBd CMtlitieds BDIVES 11 @rd dhiogh o tHe highl V&itagatielel, while the

acent  unsel ecte i,nes can.be rec
seleg 3T DR AR 8 VS NaPL (R HereB BUTG DO yvoltage evel a
stepdrg0ar Bbedarhb@ theVr@fetrm Hiteveein.a ingle @ﬁ@é@swngrtg:heme_ but can be
sens

a bitline will rise to s the high
the GaMPIRE ey Bitine; n % Sio e8I Bee ik ResigorAchog. dBet a1 step 90, the
bitlifty @@hSEEREhIifier 1804 Wah! bst &yivatedt 3 seigRC ey %Qag}és&fferentlal on
oltage |level, regardl ess of the
BL1 Ldg'rarrmsd/unprograrrmsd st at es of mermry cells
connected to the adjacen i nes, Fi , QOIP
oS §esPnay noisse SR eIl EnBngle] 3nhgrSECib i g are

signaRtthat 28 d‘e@é@ﬂ%ﬁiﬁl&ﬁédt&ylgﬁﬁorﬁ%upmv'a@é’ﬁbb’the inverse of each
descri bed in the enbodi nents of the presen

Othqrnw‘ewfaahca' greleeeaistion gf rh&nzjaaoq"ﬁe@tﬁ@f s thuentsy pragbarging of
the BIRSEERed bltlines d’h@hl%der{d"'géfo@_ Ect%f@f ¥t thr WeMIiAOBy itdning off the
illustrated differently than in the previous figures,
Column Pregharge |devicemcwiitsnitaping thepireRd oMy selsrt deviegsdiined on.
Oncl Eédsﬂ? fORhisSaY, aéﬂe@lﬁ‘argrhb (W' tHe DRsARRS Qﬂtlnésocérh(ﬁgn resume.
in the art that proposed precharge schene

Thereéorspmppto@ﬂﬁ@ il@%yomwecaﬁ beeimrigmerter n@chipye ithis desired

r | - .
ore B PAMREbY ST RO YOS B B TP sl o ¥
SELEY ugare et kasedhint parhens shangeantpl ihej eqlumgoapdresso example, in
cwc&ﬁjstﬂ%ss@)hgfet sﬁbééa‘t':bﬁt 4@&)60 clgéjldé@ntf%elsgme EblﬁrchH' Lddress, the

I's conf |%ure n- channel col um sel ect

Se'eet@mttttb@e%@ed epsqwar%@m VSfawhile thg 1gmaingpgunseedditines are
prec%g?g%d fot th'eshlﬁﬁ’t\f%ﬁa#é"?éveF rfveldely |fsﬁ4e685lur§'*ﬁvéo%‘?<§ss %r@nangmg

pairted due t0 the itI'ine configuration.
betws@anrﬁﬁ@ cyges. Latnthe diittinas epsybe eeechargedds tam algnmaae éevel at the

end%@%ﬁé %éae%ﬁ@/ Theh ﬁ%‘%l&%&ﬂﬂmé@ |a?§bre%ﬁ§r9@!:l from the hi h voltage

Ag e remaining colum sel ect Ice palrs re
'evel:émt\/ ween Biye aewueaiurse|asidress gerdl YSEER o Y; SEL[S] ) has been
activitesEL[ 2] and Y-SEL[3]. The operation of colum sel ect

circuit 1806 and its n-channel columm select devices

is well known in the art. Based on a colum address, a

pair of columm select devices are activated to couple

one conplenentary bitline pair to bitline sense

anplifier
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35 1804 for sensing. -38 WO 2008/ 080213

PCT/ CA2007/ 000503 I n order to selectively contro
w@e@shsnge to particular bitlines accordi ng toPCTI€A2007/000503

presently described enbodi nent of Figure 26, a

sel ective precharge circuit 1824 is provided.

Sel ecti ve rech r Cjr |t 1824 is, simlar jn.,..
comf i %‘Bi"gt i%n 4 %g?qﬁfnﬁﬁ I1BR+ prec???tg'uﬁ{gsf&%{ r‘?ﬂ’fae precharge
embodPhahd @2in Nbe g én cembmaﬂorpmhimfygef thevpeenudlf 2escribed bitline

1828, 1830, 1832, 5 1834, 1836, 1838 and 1840 for
senging 5teAFSt he bitlines to a precharge vol tage circuit

th -
ool BT BHEYAtERdY pRcRHar Y BeSepaciia. Lo, s emaraig gl itines
excéps tiRCd4ih Bjtinenard thaatieverice bithee athe hitth \mhglmevprwm mainigéze the
ces _connect ed a corrpntherrent

DS, EPeR O GPURR B! SBPaNR oy BERAI5 HBrR OBl amain at the
preoauacbebaﬂ@w vdltegm@eeregmlressaﬁ the prbgrafr@na/impregraminicdl Dates of the

merfry el PoTneding Belely i e prospRly HPegbeg aoBmaREnt! & oroup o

fourtmmnes dRRksoitingd wWal bé rp@edh@@%ed Bathe Hxdh oatagenle@éleqrh@rc% be a
devi ces and each pair of colunm sel ect device

SoU(SH g BOFRIFNEMBHRS SRMBTY P the BEiee afBiEa S from VSS to VDD

in pfe@ﬁf&h@ﬁ%ﬂtﬁé YerQbadBpadisre Sincel dilgihg Hithds Hivedidtel adjacent to
More specifically, PC §[0] to PC S[3] and Y-SEL[O
selegiedmitlings Rged @e‘?ﬁePr&PB@ 9R# th thedh'Q'Fé(P@%&e l§¥e!o8Mn[ON- adjacent and

uns@bétedi BifinesMabk Vet pRIALRIBBNMAYBSCAlRHY tRAHF®SEhd the second
signals and with 15 different timng. 1n one

PreciRIsd PRRIPS; Amhaltgpaienbiflige RisFhage anmolm?ntlmchaaﬂrvmg bitline

powgfgaﬁsge, flon RIPERH B %U@bgarecharge vol tage | evel prior
to a read operation. "I n anot her enbodi nent, the

pr %B@ﬂfm\éﬁlo‘%@gﬁaﬁﬁtﬁﬁ’s fdehtidal 1& GTM&T\(?? atrB§ 1¥66-shown in
vol t age su In either enbodinent, a prinmary

Figuse e?cqqa%eptgf)qr cthe tcasitre} cannacions ok Hae golumt Preahallgp deyees. In
partk::hﬂH rtﬁ‘e Hat2reRas &t&‘ﬂfrﬁt‘i %FlecW!aFgle dé“vﬁ:e@'1t8|26n¢8:ﬁ? 1886 and 1840

fier circuit 1804 prech ariq:_
are §@1'r@eteeldo Ve iPrREbatys s\mt |§I9P@|r PEoSI eaeodﬁeefpatevemcolumns

andAﬁ&Qfagé Wm‘rﬁl@oﬁ@élbﬂq &Ec@r&é‘ liaviess 98598 2fdaan 1§§&°Jng' 1838 are

to an di ment of présent | nvent'i on, the colum

rpﬁ%hm g@d deachawe %ﬁie@,eqlgé@t PGe S[PRRhdeensedifer gﬁcﬂ cogpps. This
sm;?hﬂgd Jé@%diﬁg f’éﬂen%elmﬁptmlqﬁ%ec%e q{ﬁnt%?tbfvﬂﬁlﬁfet %t rheed to be

si mul t aneo In a precharge phase such t
preohiargeet edthsi highnedtage ée\mi etbhlag gtéa prechzss: wihiabe Tlherefore, power

con%]rrﬁedthHQ§r to 'telﬁéemii g T Sl(ﬁﬁﬁl %espjbte_?' above éreFlpure 26 when

char ge tage eve he con
PC_SieDBpiscdrivien tdithtd lowdsgic tevepcelimay prechasge evibégyhs28, 1832 1834

|
and“l%hlh %Igdjrﬁ\éﬁ éfgrnlrgd H t?ﬂég‘s g{_%ﬁg s%éﬁ%?%?te%aﬂﬁ%eaéf é1]ot driven to
the Imgh N@tﬁgﬁge\telhéumgetbh@r@ammse-s a read phase where

the selected wordline is activated, the appropriate
r efPersone skilechingbe iag vl tedprstend Hat golumefasidegssaiecoding can easily

be c%hﬁ#;dr@@?or AREEVRRL F el &.&%hﬁdé&g L D ESntAN urtciEndiff E}r r S Eolumn

I nes are co to t |ne sense arrpl
accesgodevMiaes ahst greg@afgerg:cess devices. The precharge voltage Ievels can be

further optimized to minimize power consumption while providing enough protection

against the bitline coupling effect.

The previously described embodiments of the invention can be combined with

each other, to realize the benefits and advantages afforded by each circuit or method. For
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An exanpl e operation of the selective precharge

circuit 1824 according to a preferred enbodi nent of
wao b@siospeenti on will now be described with ref eP€nca2100/000503

the circuit of Figure 26, and the flow chart of

Figure 27. It is assuned that W.1 will be actlvated

fo 39 WD 2008/ 080213 PCT/ CA2007/ 000503 _a rea
exa'&‘B%rHﬁ%W”eQ HEFR195LS ﬁ@erﬁggwwn g@l“ﬁ? IRt F@Hb?BOW\ETed with
the 8¢HirlgascBbdé shBhkrTn Eifdre 180" are programmed while the

menory cell connected to W.1 and to BL1* is not

pr q%am@;buslyln dééc_ﬁibe&l9@|&bﬁ@Hentsh®f cipku E!ﬁt:ll tsuzsfc ahgstor can be
evi ces of s ti pr echar Ci.rcui exc
febriatproraaTa EMGS 6 osesoa, Hhoie LeiSBes i Sekr gucal be formed
by sithpleinesk raxsigRationd ABESrdmBl, Blelaboveebétbeli Hii-tusd tratkistors and
| evel . GCccurring, concurrently at step 1902, only

Merpeyy GFAY SN E%{“Q@Q(ﬂcﬁ’é%d 3idey Caﬁ‘da'“ﬂ@'z@ﬁ PWHGIOFB‘erP%ﬁWEHSQ?n
by drijving Y- SELél% to a high logic level whjile the
pr éQé'HE’r & grpbgaigen |9fctU?tp'???”BLr§&”H%fD&"% desgribpd yithyrespect to

smg@@olf@hcbh%a‘t‘@bh‘tﬂﬂus@ﬁ#‘a‘hgﬂsfb@ cENd) e afdPsRhtRRed teachln%s can apply
enentary col unm addr esses, devi ces 1828 and

to it Geit FRIESSE RIS o KBS S8 et Sowny BYAgUTes 2 and 3.
In sli@B4n hibRime, hd3tana weliaed f@ﬁﬂedTB%rei ik Pétgeomde portion,

unsel ected bitlines adjacent to selected bitlines '
whilgitqp plate- 16 woulth bg &prmed qvre anhigroaie lokigg dortiane Oxige preakdown is

enh&rli't‘:éd PRIBARIRE p*Pé\MLJSPﬁ&S@Us%eG”tééh‘ﬁﬂquEQ é@'ﬁ aé\lﬂ?ﬁhv\\yo]rtaﬁé“?jlffumon

driven to evel step

dOp@anartsfeS@lw@aﬂ@m ewtélnagoofqrmaﬁ@w i ACC@rcéngiw '@eeh@@df §dgguvwgnd be
Ioca?e%heﬁrfﬁe c&Hﬁwoﬁ dBgP6f thk '?ﬁn gﬁf%&f@eﬁﬂo@? Yogbdlét'e' 1%eaddrhlﬂjééﬁpreglon

per bit sensin me. Then at 19060,
22, wh'!q iha&ceesssrslggmsul b%loca@dzat mﬁcw@na@pd%o@bett@cksem@ under

teIﬂP ¥ fdhegential on BL1/BL1*. As previously
gate, D¥arkh 's?%ﬁ'afggofﬁc‘%[ 0] to PC S[3] and Y-SEL[0] to

Y Sfﬁb&eg]sklﬁé@m ?degﬁﬁl\ﬁilltt@%rs%% ﬂgFﬂﬁegmbgﬂments of the in}/ention
ementary fashion, buf they are not e | N\Verse o
equalb/catpph@s teall omerabum MES, dhih filmpEnen@at techoelogies tipduding DRAM,

.. .
corRRoRFROY o L8, LSS PSR A0 o rnamor,
persohe ofvekil I theﬁrtbgﬂnt easily adopifthe preyiously| desorifmdeebisarge! devices to

C r op ect ... .
n-ch gﬁélcczegncte%’,{:%at% % %%Ia'i&ﬁ ﬁ/\ée(ﬁngr{d ﬁ%é‘iﬁ/}asﬁg\%&r utilizing positive
voltagesinbr gi ng of the unsel ect ed b|t| i nes can then

resunme. Therefore, appropriate timng control can be

i nghenanifede tstruattihése vk présiest deentied caoper atilized. in all one time

t. nal to,.P 3 -
prodigBledtierB RS A Gu AR AP' QS e sl dphycaere are oeining
more laaog@andeointthe imbistrpnparticiatsin Jabes, ageurpy,etrarisport, Ioglstlcs and

4G T . su uen read
il GATEL O D86 e RS YLl % FUC RS Bty of o
presgniyc Hesogibed Boti-BS tvdnslsmrtm\enmmmllmmgnrmp@ectamohenﬂ the RF-ID tag
ljn P a | gh Vvol t
condil | " SRt RREPSEREfab gy ool OBatfl A0} Srsre. 10
manutegtiiriog eresictivlyl caniee ipctehberbby atiizingethprspitciaged dani-fubetag in
comBi'ng{?onV\?/,tlli Qg%{FI gé’rﬁ*’nuﬁi‘éatﬁorﬁ%terface on every wafer and/or every die on the
wafer allowing for contact-less programming and reading chip specific or wafer specific
information during IC manufacturing and packaging, as well as during printed circuit

board assembily.
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30 end of one read cycle. Then the selected bitlines

are precharged fromthe high voltage |evel to VSS
wab@s/osh2es new col uim address signal (Y-SEL[ O] POI/CA2007/000503

Y-SEL[ 3]) has been activated. -40 WO 2008/ 080213

PCT/ CA2007/ 000503 It shoul d be understood that the

b D8RPl BB TR AT IR RS BTOBHb TP RTORS) Piended to be
exampies rohk‘yed\ltbrdtionﬁl@nod%bﬁ@a@d:%ﬂﬁﬁ&ns mhag befedfeetedas the particular

emtoptnpind B fiose Pf S3F i ifie a8 Wigow, deeafingitiomy Eiscgpe of fhg ivention

whichng defireedr iay pythe dwmlslapﬁertdédtri‘eeethl gh vol tage | evel
will mnimze the bitline capacitance coupling
effect, since the unselected bitlines wll remain at
the precharged high voltage | evel regardl ess of the
progr ammed/ unprogrammed states of the nenory cells
connected thereto. In the presently descri bed
enbodi nent, of a group of four bitlines, three
bitlines will be precharged to the high voltage | evel.
This can be a 10 source of power consunption since
many of the bitlines are precharged fromVSS to VDD
in preparation for the next read operation. Since only
the bitlines imedi ately adjacent to selected
bitlines need to be precharged to the high voltage
| evel , any non-adjacent and unselected bitlines can
remai n precharged to VSS during the first and the
second precharge phases. An alternate bitline
precharge enbodi nent for conserving bitline 15 power
consunption is shown in Figure 28. The OTP nenory
array 2000 is identical to the OIP nenory array 1800
shown in Figure 26, except for the contro
connections of the columm precharge devices. In
particular, the gate term nals of colum precharge
devi ces 1826, 1830, 1836 and 1840 are connected to
even precharge sel ect signal PC _S[EVEN decoded for
even colums, 20 and the gate term nals of colum
precharge devices 1828, 1832, 1834 and 1838 are
connected to odd precharge sel ect signal PC_S[ CDD]
decoded for odd colums. This sinplified decoding
scheme will minimze the nunber of bitlines that need
to be precharged to the high voltage | evel during the
precharge phase. Therefore, power consunption is
reduced. Using the sane exanpl e descri bed above for
Figure 26, when 25 PC S[ODD] is driven to the | ow
| ogic Il evel, colum precharge devices 1828, 1832, 1834
and 1838 will turn off. Al though bitlines BL3/BL3* are
unsel ected, they are not driven to the high voltage
| evel during the precharge phase. Persons skilled in
the art will understand that col um address decodi ng
can easily be configured for achieving the previously
descri bed control functionality for the colum
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30 access devices and precharge access devices. The

precharge voltage | evels can be further optimzed to
WOrzowB/8@e3 power consunpti on while providi ng enpeyA2007/000503

protection against the bitline coupling effect. The

previ ously descri bed enbodi nents of the invention can
CLA@@ conbined wwth each other, to realize the benefits

g advant ages afforded by each circuit or nethod. For

-41 WO 2008/080213 PCT/CA2007/000503 exanple t he

bitline prechar wn i n
1. beARETREN AT MOHETS ALt e CHL R R TR BPEY” cels

ddmpribirg previously descri bed enbodi nents of the

anti-fuse transistor can be fabricated using standard

CMCS processes, where its specific structures can be

f gral'ﬂag of%olgMIefBrhdi‘ikt)ﬁrg bR, famm thebf 1. pafasd @bgiplwhentary bitlines

. the above- cribed anti-fu ransi stors an menory
el oA S AN B O OB RS SIS hor as o Tybe

or n-type antifuses. Wile the enbodi nents of the

resent invention are descri bed m&%h re ect . .

si RgPrECYPy SIPYIL K Ryseharding ithe pak rcaﬁ@ edtta%gt"i'%‘?s to a first

voltddegeddlor ement i oned teachings can apply to netal gate
evi ces, and dual -gate structures simlar to that
shown in Figures 2 and 3. 10 In such an enbodi nent,

th@vo@@ttn@s Jeﬂmrr\@cstédi t@@af@tmma%vsrtr@ olrPCineamt f cold, G least one
whi | e plate 16 woul d be formed over a

i on,
wor@'wr%rpa@at'e %)@F'lﬂ@g ﬁ@?tqnb'?ﬁ olgke e CORIRARENtATY bRt second
voltégl%|r I@U&hhﬁo‘ﬂ@h R @r\ﬁ?%‘ﬁ%é{blé“c%d&\ﬁ@éj ||ﬁr€6h5]lc6|=t8§por@#@ho¢ﬁ memory

hi gh vol tage di ffusion doping and salicidation wth
celi@nd f or mati on. Accordingly, the fusible edge woul d be

| ocated at the common edge of the thin gate oxide

under top plate 16 and diffusion region 15 22, while

t hé& Q&U@ss"e@%@%u% 'o¥e SPBYRY e \oitage ediffererial @@g@eopa'f of
Co"%nﬁ1 Ghiupeisde under gate 14 and diffusion region

Those skilled in the art will understand that the
enbodi nents of the invention equally applies to al

ot MQ%, [

2 [ n?ﬁgw&ﬁm of EE‘%@J\AWHE%%E%]\A angﬁéﬁgeﬁé&ﬂgﬁﬁ%esei t her

Si 2 or other gate dielectrics. Furthernore, 20

per I -

o ot Plecfilis adbat 16 BAbciPh FaMherting hhos Aiacent to each
bitlintedfi the pair of chmplemsintegy bitlsleatied thrdwodtagereveal lifteréntghan the first
jor utilizing positive voltages only. The
use structures of present invention can be

utilized in all one tine programable applications,

in F- RE

gaﬁﬁgﬁﬁ&ggg arrrrgay &f%é’ei@ 1f gv;]hgga r{i %9?{#1 Qgthggﬁ’ﬁ’ ?’r?éﬂtc?rg%eﬁg i a single
trangiator antiffuse inyemary sell.es, security, transport | ogi stics,

and mlitary applications for exanple. The sinplicity

and full CMOS conpatibility of the presently
4. dedbeimedowmmriayf ofsdaitr Anwheredr eaaiveintheddTRImewsryfastls is a two

tran&%“a‘ﬁﬂk&&n n%fmgr!/qGCeﬁa,FtHeDtvt/@gransistor anti-fuse memory cell having an

access transistor connected to the wordline and an anti-fuse device connected to the

volt .ef\?,vef

access transistor, said antifuse device having a gate connected to a secondary wordline,
where the wordiine and the secondary wordline are connected together electrically or

logically during a read operation.
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concept to integrated circuit manufacturing and
testing process. Therefore, 1C manufacturing
w@e@dosRiyity can be increased by utilizing theCT/CA2007/000503
split-channel anti-fuse tag in 30 conbination with an
RF comuni cation interface on every wafer and/or every
die _on the wafer C - :
5. pr Z’B? m?{é artay olje?adjnn g, fgﬁrreg(?échgéé% Igcrtegérrgr*?v'\c%f %rrcun for selectively
provilreca faferencenérargatd @ iiline nithe Gaimeh cdragieonentagy bitides.
packagi ng, as well as during printed circuit board
assenbly. -42 WO 2008/ 080213 PCT/ CA2007/ 000503 The
6. abdwe-rescryi ey efrblaith ﬁem\tmaresbrﬁ théheefprepse rircuinvretdesra charge

oGP SRt Sl S AP B B BB B soopg copactr
circyitao theconeasitline obihe | pram rof sorbyletrieomey biflineki || in the art

wi t hout departing fromthe scope of the invention,

which is defined solely by the clains appended hereto.
7. 5 TA8 MeEmaR0arapaR13aiRCH, GARDER/ e 0se8ringClcAbNS: intluda dummy

mewﬁ%él{vf ﬁ? ctlvglg 8ﬁgél{r]1§|tﬁ%8%‘atrge ﬁtgﬁg%%ra%ggi b:tcgﬁ%%gtg}tline of the
pair bt tdmplementaaciitibéd.| i ne of the pair of conplenmentary

bitlines being connected to diffusion term nals of

the OTP nenory cells; a precharge circuit for
8. praabatgnary arag qf)aial‘mmif whergn theereteasncebditclit iretudes aaplurality of
addiEiér{laﬁ,fCﬁ%qlc o%&c@ﬁggwl cf?gﬁgtf\@e cgaraggtogq%;%nc%%tgggo&:(fgcge tegch of the
addiorial | capacivapiblits béing rseldctigzlypraatied lin mespainsé e gabirespgonding

Ccﬁn@l elrrent ary bitlines to a second voltage |evel
CoNtR 908t a progr ammabl e conductive link of a

correspondi ng OTP nenory 15 cell; and, a bitline

Ilfler for sepsin olta ifferenti
© na PRI ar | G s P ARG 8 rotprencar o ectively

courﬁhhgaé/ c@;ﬁacﬁllv@l I5ad madhertei dhet bigingr sictharsr 6f Edrbplementary bitlines
[ nc%}l_]I es col um r%r echarge devices for selectively

du”'ﬁ% PFeAYNBOPPeHRY adj acent to each bitline of the

pair of conplenentary bitlines to a third voltage

level different than the first voltage |evel
10. 'Fhe memory array opclalm wheresln the refererqce cwcu?t mcluges a steering
circuit for coupling the capacitive load means to the one bitline of the pair of

complementary bitlines during a bitline precharge operation.

11. The memory array of claim 1, wherein each of the OTP memory cells includes
a polysilicon gate over a channel region in a substrate, the channel having a
preset length defined by a first end and a second end,
a diffusion region proximate to the first end of the channel region;
a variable thickness gate oxide between the polysilicon gate and the substrate,
the variable thickness gate oxide having
a thick gate oxide portion extending from the first end of the channel region
to a predetermined distance of the preset length, and
a thin gate oxide portion extending from the predetermined distance to the

second end of the channel region.
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3. The menory array of claim11, wherein each of the

OTP nenory cells is a single transistor anti-fuse
woreovsgo2eel | . 4. The nmenory array of claim1l, PBECA2007/000503

each of the OIP nenory cells is a two 30 transistor

anti-fuse nmenory cell, the two transistor anti-fuse

2. TR B S0 P AR D RE TR e

incluglesess transistor, said antifuse device haV|ng a gate

d dl i
COG RIS RN UL A B Ay e rarne
regi@! fec tondualing/cworent betgieen teypalysilicogy gateramidhe péfuarbn oegiorgand

-44 \WQ 2008/.080213 PCT/ 0Q7/,000503 , 5. \
ar PRUF HPHORME 2OPEPIHEP AL TR R PLIE FEAReMegion, he
oxidé ibreaikidbwih @one Risitd tovfelry a qunductivenigk detvadeartea pelysiiconggate and
th to %r#e bltl ine of the pair of conplenentary bitlines.
e?ﬁa” Prory array of claim5, wherein the reference
circuit includes a charge 5 storage capacitor circuit

and, steering circuits for cou st or age
3. Cag B ITEPON AT R { v BEPoPA Mg OThdnertpy GRS futher
inclugiesah eyBRnioArygidh ploxingfe to/the BBeortedTl of tidg Etdnnef regloal m
6, wherein the steering circuits include dumry nenory
cells for selectively coupling the charge storage

14, canra§ intéiory @rrali@f elagn BB tWHersn &e 'E;bl@tlorilfégnﬂi ihcladies one of a field
lines.. 8. The ne

array qf claim
xR, TeAer 81 17203 CHFER dRBEn g OTTHENGRE e Jeld SR yind the
floatg diffibintregions pRAPERE tdthethin gdid sxideonnect ed to the
charge storage capacitor circuit, each of the
addi ti onal capacitor circuits belng sel ectively

15. enghk @ﬁbmd’ry BA&PeNasgint 13, avherdin eRRBmMcaie oxid® p6@iBh idildentical to at
si gnal The nmenor arra&iof claiml1, further

least ofiq 'vaﬁﬁa%e ransistey eXide (arped gp thgpespicpracipr material.
coupling a capacitive |oad neans to one bitline of the

pair of conplenentary bitlines during a bitline
16. ¢ eﬂ' 5E MEoRNE rHRY Ghclapn 12owhergid the ﬁ'ﬂ?‘yg%tﬁ roXifegrorignyis elentical to

at |e¥WeYIRIHgH Mabéfrﬁﬁﬁ;&@ﬁ?é}é b&idk forhieel dadRE semRbRAdidlmaterial.
circuit for coupling the capacitive |oad neans to the

one bitline of the pair of conplenentary bitlines

17. dU“I’hBQné}n@riytérl'dg'eofpéIﬁﬁh% Ofh&BRI R tAidKk g%% é)llde g?ﬂxon includes a
Menory arra | aim 1, wherein each of

Comﬁt@ﬁfb?’yOft?é‘l inlgrme@inigdsse %'%@%ihﬁt@a @a@a@@%mwa
channel region in a substrate, the channel having a
preset length defined by a first end and a second end,
18. a dhe MY ar@yi B relgimatd, mdreeein dhe featingrdiffusigndregfon; ke second

end SN #HEGanh&%EgBh and a gate edge of the polysilicon gate have a common edge

defined by at least two line segments being at an angle to each other.

19. The memory array of claim 18, wherein the angle is one of 135 degrees and 90

degrees.
20. The memory array of claim 16, wherein the diffusion region has an LDD implant

identical to the LDD implant of one of the low voltage transistor, the high voltage

transistor, and a combination of both the low and the high voltage transistors.
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a variable thickness gate oxi de between the
polysilicon gate and the substrate, 30 the variable
wao hiosksiess gate oxi de having a thick gate oxi dBCPOARG0G00503
extending fromthe first end of the channel region to
a predeternined di stance of the preset |length, and a
ate oxide portion,.ex endln from
or She Fasie N i GrSHEL T oVEFIEN S2.eGHE B sifupieg region and a
portlehl ahihelpolyeitamngatd s fréddbo\yaIiAaa®dN080213
PCT/ CA2007/ 000503 12. The nenory array of claim 11,
wherein each of the OTP nenory cells further includes
22. a Ix arittbovior s@wirgf @ tirae peggarachgbleOTF) medreorly @elidieonnected to
firs g of the channel region for conducting
come%pygﬁyy UPGR&HOMPENG0l ysi | i con gate and the diffusion
regi on, and 5 an OXIde br eakdown zone proxinate to the
second end r de br eakdown
S oROPIEGEREIG & bR Bf AP CBRMaB Dbbet e okt ikes 1BRE. e pair o
complemesitdry Biflineg aicRidaigth dath ®itireadHed ref@gn@mbnna:&. The
menory array of claim 12, wherein each of the OIP
menory cells further 10 includes an isolation region
Pr gxéieattiGast bRe 9oFMINE teAdetindidRaghroael region. 14,
The menory array of claim 13 wherein the isolation
region includes one of a field oxide region, a

fl @F&haﬁ@m@ltﬁé Y5tk Dtlif BRI sBeERIPOHAGE Ivaih £ OTPenemory cell
d oxide and the floatlngﬁplffu5|on reglons

ConfiﬂCE%@'i trdhewerslling b thenP P areery ke lhis pragramanedid. nenor y
array of claim13, wherein the thin gate oxide portion
is identical to at |east one | ow voltage transistor
¢ Seesipg Ayeltags deerenre pefwesrn edsitarnceAtinmerst §h§|dataltgtl|ne
The menory array of claim15, wherein the thick gate
oxide portion is identical to 20 at |east one high

23. volThageethpdriai sensindyat elaigkicde Wheratedn@ §tepnel driving at least one

worcﬁﬁ%g1 |ﬁ&08’é§3tdﬁ\'}m§aé Ql?étajvordﬂrr?e CEH@SdB?IHEPytanrm’)s‘t efTFEC hitinfBry cell
6, wherein th k gate oxide ion includes a

conr@gm Qahe (ﬂ@%f"“tﬁ‘ﬁ Q’Wt EMRLIR é@@o@aW@rdeR‘? gerresrending tera pecond

OTPgﬁEﬁo%eﬂ%oﬁﬁéétéd){é thé Bathbitiifd1e Memory array of claim
4, wherein the floating diffusion region, the second

end of the channel region and a gate edge of the

24. IOOFr}ﬁé'rhétﬁQ@ 18L& 6 aaﬁﬁ@o%h%%? thé’%fépngﬂdmfn%tat least one

| east two |ine se%gsnts eln at an ang to eac
wordlipReipcludes diivag ra st ywereling cg'rre%noaﬁwm@ ayfiter &TR mesnory cell

confiEiol e Yak Blt(hn%ac%odfrw rf%e§ s@@% Rordife @SH%:%)%?dmﬁOto a second

e nenory arra erein the usli on
OTH rmginery M@oamﬁqwouh@r%{ﬁnence bitline.

25. The method for sensing of claim 22, wherein the step of driving at least one
wordline includes driving a first wordline corresponding to a first OTP memory cell
connected to the data bitline, driving a second wordline corresponding to a second OTP
memory cell connected to the data bitline, driving a third wordline corresponding to a third
OTP memory cell connected to the reference bitline, and driving a fourth wordline

corresponding to a fourth OTP memory cell connected to the reference bitline.

26. The method for sensing of claim 22, further including a step of adding a reference

charge to one of the data bitline and the reference bitline.
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identical to the LDD inplant of one of the | ow voltage
transistor, the high voltage transistor, and a

w@ ooosiosietd on of both the | ow and the hi gh vol t B@ECA2007/000503
transi stors. 35 -46 WO 2008/ 080213 PCT/ CA2007/ 000503
21. The nmenory array of claim 13, wherein an edge of
the diffusion region and a portion of the polysilicon
gate is free of salicidation. 22. A nethod for sensing

27. ON&ht im&hod G Qémﬁﬂgl & {aPp2 meheein thel step Gmmnmﬂaeging dncludes

e BTN ERBE Pl 4 5hun AR b B e RERRA 81 i

voltdgev&lel. the pair of conplenmentary bitlines including a
data bitline and a reference bitline; 10 b) driving at
| east one wordline to a second voltage |evel; c)

28. chanhginwghdder éaisandﬂcbftdldlm@z; Mvardﬂsthbhﬁst%n@gwlevallst ageof a chip

with an ected to the wor
SuPRlSOUSHD e Io0E YOHRGe o G M Treand RPSRLIEV) o b RcRiprmined
magRityd bAgRIvEifbf enreriey BepragRimmhée OTH ededfsre delitihiong dnductive
the data bitline. 23. The nethod for sensing of claim
stat®>  wherein the step of driving at |east one wordline
|ncludes dr|V|ng a first wordline corresponding to a
rst cell, conpnected to the data bit
29. ana hmm%}ha@f BAc VR £ W'&edf—'lne@ﬁo%ﬁa??éw'@gg %61 and the

thirds ¢8R4 lev@ParlOT BothRyidytyr theh br leeshan tieslirsovditage bR

bitline. 24. The method for sensing of clalm 22,
wherein the step of driving at |east one wor dl i ne

30. I NThE RSN | fdflgéas.ag fdf elim el dhbfsh &R Ste8RQHeNgordfheis driven
first OTP nenor connected to the data bitline

and fiayetr ?r\‘ﬁer‘r‘é‘aéges'éé%%p Aorapientaly dhe sAPRHEENg to a
second 25 OTP nenory cell connected to the reference

bitline. 25. The nethod for sensing of claim?22,
31. whdpeimethpd fak epnsing af |C{ﬂ'rng26atwheé%i§ttherféep whraddingea reference

char'fg@%él'&’cfe% £Htilting% §te@hrﬁg$ﬁe\yi6§ Fﬂr'cﬁﬁplﬁ‘r@rtﬁgﬁ’@@ice%hhﬁbea\o one of
irst OTP nenory cel connect ed data bitline,

the data bitilg anddbe fierenes Eltllnﬁethéd?fleé%]ﬁ@ ﬁﬂ?ﬁgﬁ heigzpre¥igeshiy a charge
stordemasndrenory cel | connected to the data bitline,
riving a third wordline corresponding to a third OIP
menory cell connected to the reference bitline, and

32, dr 'T‘}’wbnﬂef'ﬁoﬁ%l: ts'%n&ﬁ%défi aglm a&qr vﬁ%Pé?thggcﬁaQ% Fd?%é Bneans is

nmenor conhected to the reference I ne
premergevm@on@tth@atemf agleatngthesttearingideviee., furt her
including a step of adding a reference 35 charge to
one of the data bitline and the reference bitline. -47
33. WO The0seihed XoB sPGMEC AP REMM08D5eBerem7 theTigerirg I9edice gncludes a

steeﬁﬁ@ﬁhﬁ‘&s@f claim 22, wherein the step of precharging
I ncl'udes

34. The method for sensing of claim 31, wherein the steering device includes a

dummy OTP memory cell.
35. The method for sensing of claim 31, wherein the charge storage means is

precharged prior to the step of activating the steering device and for a predetermined

period of time after the steering device is activated.
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precharging bitlines adjacent to each bitline of the
pair of conplenentary bitlines to a third voltage

wo ewsl80283 28. The net hod for sensing of clai mP2/CA2007/000503
wherein the first voltage level is one of a chip
supply voltage and a ground vol tage, and the second
voltage | evel is a predeterm ned .magnitude effective

36. f o NQVNRIBRH e BCHANSy PRAR BrAviRERIBr e perndntieVice 's disabled
befofOA deredel afplifist iBlaBtivalél B9 sersiey thBt/BlRshd differsaitsi ng of

claim 23, wherein the second voltage | evel and the

third voltage | evel are both greater than or |ess than

37. thehbimstho abit 3aRsilLYEIaind 6, ThRraRtthe dtdpbf 2e8Byng réference
claim 26, wherein the at |east one wordline is driven

chargs ingiiflee 1Relachely eRing Rhiegat Pre SRRt iha&IpipTage peans in

additiée it A Bfalult MRargdlstorh§€ nieinB OthefrefersiRBsdnathObeifd PHaVIdeE, by the
wherein the step of adding a reference charge

defaplt ehqrge §105239 W82y a st eering device for coupling the
reference charge to one of the data bitline and the
reference bitline, the reference cha&ge bei ng provi ded

38. py Adnethad i sepging poe Hige PreHadmable (Ofifd masegry gelissgonnected to a

pair DEBShPEmBhtafy Bitiies line \ﬁaﬁfo?wmfaié%e%t@\y Bﬂjr@%%&%%&%ﬁ% bitline
I's precharged prior to the step of activating the
and gtreferangg biling, the. method gomphgngiet hod f or sensing of
claim31l, wherein the steering device includes a
steering transistor. 34. The nethod for sensing of »
@) eauplirgl capgisdangenmeans ot l8edatm bidlingi saidioappeithase geans defining
an Oﬁgéfrq(aggﬁ%é'rg fbér;c,el |. 30 35. The method for sensing
of claim 31, erein the charge storage neans is
precharged prior to the step of activating the
t ' [ A . f g ; i .
Dirrirafng <o Ao Rl o RIGER SO REa BTV R g
2008/ 080213 PCT/ CA2007/ 000503 36. The nethod for
S cl al ' e steering device is
%?g’g’bﬁ%ﬁ ér%@(%?e@ %%gréeé]\g@{agﬁg‘?\}iep ier is activated for
sensing the voltage difference. 37. The nethod for

L y i .
SRR LD S BbNHE0 R0 AHATBTE mpmon co
conmesest todimewendine & then©aP nudraery eels sqregremmeaingnd,n
addition to a default charge storage neans, the

ref erence charge being provided by the default charge
o)t atisgtmgntbarsense amplifier to determine a voltage difference between the data

bitline and the reference bitline.
39. The method for sensing of claim 38, wherein the step of precharging includes
precharging bitlines adjacent to the data bitline and the reference bitline to a third voltage

level.

40. The method for sensing of claim 38, wherein the step of coupling includes

activating a steering device for coupling the capacitance means to the data bitline.
41. A complementary bitline memory array comprising:

one time programmable (OTP) memory cells connected to bitlines and wordlines;
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38. A nethod for sensing one tinme progranmabl e (OTP)
menory cells connected to a 10 pair of conpl enentary
wheaoBiosiesy the pair of conplenentary bitlines peCaziongooso3
a data bitline and a reference bitline, the nethod
conprising: a) coupling capacitance neans to the data
bitline, said capacitance neans defining an offset of
a sense anplifier; 15 b) precharging the data bitline
and firse preteﬁengenme:ubi fot iselectivelya pfachatgingo bt saiectéa \complementary
ine.to a second voltage level; 20 d)

bd%{'é? Bﬁ‘ F]B’ ?GWS‘ \%Afﬁ?ge %Vﬂ i ne towards the second vol tage

| evel with an OTP rrem)ry cell connected to the

wordline if th ry, cell )
P! DI POt e T ey el aTSes, Bifgrl o the
sdidcterr eomeerhetitasyeitlihd) paiclat asedonti vbiteegedavkltdrel, r ef er ence
bitline. 25 39. The nethod for sensing of claim 38,
wherein the step of precharging includes precharging
bi bl $ame8 adﬂ;lmeembumled ttbethel adetechid bd)rhaleamdtdrh&lthne pair through

ere ?eidjb line to aghdrd Vﬁ]t@%e evel . 40.

et RTFCY'GPS WRSRUGE OF IQGOLPHCas! %’ﬁsr?'qr}‘? ‘step

of coupling includes activating a steering device for

I|n e ca tance nmeans to the data hit
TR B rEaty By e er e ATk QAR 4 hiregei the st precharge
CII’CL&EBFQHEG bédoRdprediasdeaizUR ateqUMedren® WI}batCtﬁé ls8le6teBRBAIpRInentary

oiing #1860 D50 GS58on oS S6lesiP CRAPEETCIY Gilinesdpefore activation

of atdeastohé Watdlinp e phaedhtey Htep atiRatiedothent REBIYNIWordline.
bitline pair to a first voltage level; 5 a second

precharge circuit for selectively precharging bitlines

43. adjThg @dplendritgry tﬁtﬁh@%e@ﬁor?%ﬁ%&/w&ﬁhw WhéreinN@adkabf the OTP
to a second voltage |evel; and, a sense anplifier

memsy Eeisdn¢lédashe sel ect ed corrpl enentary bitline pair

t hﬁ%&%lllCSﬁ'g‘é‘?@‘ o8 Sccthaﬂﬁé’l'r@g%n iR 4 85PARSE the HaeREeshving a
col um’ addr ess s;s?na S The conpl enment ary

presgl lengthslefipeebby/a Hist ayd aid 8 SaPaRdENd. wherein the first

Pr aGiiRIs@R re§|bﬁ fakﬁxﬁmét@% {eSirStRHAM tHY PahAkIGEgieh; CUi t
are turned of float the selected conpl errentary

bi ?I‘{aﬁ'é%'edh'ﬁk'?% Qﬂt‘? I°P<'ﬁé§e<§\ﬂ?%i’b@\¢t palysilicRa gsts apd é'axe substrate,
the ePEBILSNERIERS Yaldl ddiddwsidgef ore activation of at |east
one wordline~or imedi ately after activation of the at
| east oAdhigloaaieioxisle ppgion extending from the first end of the channel region
to a predetermined distance of the preset length, and
a thin gate oxide portion extending from the predetermined distance to the

second end of the channel region.

44, A method for precharging a complementary bitline memory array having one time

programmable (OTP) memory cells, comprising:
a) precharging selected bitline pairs to a first voltage level;

b) precharging unselected bitlines adjacent to the selected bitline pairs to a second

voltage level;
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43. The conplenentary bitline menory array of claim1,

wherein each of the OTP nenory cells includes a
w@eiogmsd2ixon gate over a channel region in a SPOUBCAA02000503

t he channel having a preset length defined by a first

end and a second end, 20 a diffusion region proxi mate

to the first end o the channel a va bl
DA egher waitlie SR SRR e G Fvdh 3k, T BaR nemory
cellsth béinG Wbrt {oﬁélﬁ,rge bhe b\/tm’ﬂéd@bb@cfi bi mlél@‘liéct t@ﬂbiﬂln@xped& towards the
aV|n a thic ate oxi de po i on _exten rom
wordlig S tagtegt Tk W G HR ARy @a' e &ragfa"wa%ﬂgthé? 3 g avilty
of thdi StRAREEY céiReoRhEsEd td 188 Bithhesanecndtged thhihé s@Ring voltage level
oxi de portion extending fromthe predeterm ned
'Sﬁﬂpg¥ﬁﬁ£e to the second end of the channel region. 44,
A nmethod for precharging a conplenentary bitline
menory array having one tinme programmabl e (OTP)
menory cells, conprising: 30 a) precharging sel ected
bitline pairs to a first voltage | evel; b) precharging
unsel ected bitlines adjacent to the selected bitline
pairs to a second voltage level; 35 -50 WO
2008/ 080213 PCT/ CA2007/ 000503 <c) driving at |east one
wor dl i ne connected to the OIP nenory cells, the OIP
menory cells being able to charge one bitline of each
of the selected bitline pairs towards the wordline
voltage level if the OIP nenory cells are progranmred,
while the driving ability of the OIP nenory cells
connected to the bitlines precharged to the second
voltage level 5 is suppressed. -51
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