ANTI-FUSE MEMORY CELL CROSS REFERENCE TO RELATED APPLICATIONS [0001]This
application is a continuation in part of U.S. Patent Application No. 10/553,873 filed on October 21,
2005, which is a national stage entry of PCT Serial No. CA2005/000701 filed on May 6, 2005, which
claims priority to U.S. Provisional Patent Application No. 60/568,315 filed on May 6, 2004, which is
incorporated herein by reference in its entirety. FIELD OF THE INVENTION [0002]The present
invention relates generally to non-volatile memory. More specifically, the invention is directed to
anti-fuse memory cell structures. BACKGROUND OF THE INVENTION [0003]Over the past 30 years,
anti-fuse technology has attracted significant attention of many inventors, IC designers and
manufacturers. An anti-fuse is a struct/iT: e state, or in other words, an
electronic device that changes state from not conducting to conducting. Equivalently, the binary states

can be eitoROSE RE FERENGES B0 GERATEDARPLICATIONS esponse to electric stress, such as a
programming voltage or current. There have been many attempts to develop and apply anti-fuses in

microelectegjg industryuit e mRstisucasaRh Rt SR SPOsBARRAGHE6aR s Seen in FGPA

devices manufactured %y Actel and g)wckloglc,_an,d re u_ndancty or option pro_?ram_mlng used in DRAM

devices b)} / ?»0%73 filed"on October 21, 2005, which is a national stage entry of PCT Serial No.
CA2005/000701 filed on May 6, 2005, which claims priority to U.S. Provisional Patent

Application No. 60/568,315 filed on May 6, 2004, which is incorporated herein by reference in

its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to non-volatile memory. More
specifically, the invention is directed to anti-fuse memory cell structures.

BACKGROUND OF THE INVENTION

[0003] Over the past 30 years, anti-fuse technology has attracted significant attention
of many inventors, IC designers and manufacturers. An anti-fuse is a structure alterable to a
conductive state, or in other words, an electronic device that changes state from not
conducting to conducting. Equivalently, the binary states can be either one of high resistance
and low resistance in response to electric stress, such as a programming voltage or current.
There have been many attempts to develop and apply anti-fuses in microelectronic industry,
but the most successful anti-fuse applications to date can be seen in FGPA devices
manufactured by Actel and Quicklogic, and redundancy or option programming used in
DRAM devices by Micron.

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

[0005] Anti-fuse technology development started with U.S. Patent No. 3,423,646,
which disclosed a thin film formable diode PROM built as an array of horizontal and vertical
conductors with a thin dielectric (aluminium oxide) between the conductors, at their
crossings. Such NVM memory was programmed through perforation of the dielectric in some
of the crossings. A formable diode would act as an open circuit until a voltage of sufficient
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[0004]A summary of the progression of anti-fuse development follows as evidenced by issued United
States patents. [0005]Anti-fuse technology development started with U.S. Patent No. 3,423,646, which
disclosed a thin film formable diode PROM built as an array of horizontal and vertical conductors with
a thin dielectric (aluminium oxide) between the conductors, at their crossings. Such NVM memory was
programmed through perforation of the dielectric in some of the crossings. A formable diode would act
as an open circuit until a voltage of sufficient - 1 - magnitude and duration is applied to the crossing to
cause forming of the aluminum oxide intermediate layer at which time device would act as a tunnelling
diode. [0ORRHWifdP atendidatics, &3dpPREdistio seskeingntesamei ddreeiny eo fickglanianthioiesarray, the

structure gf {he gAL{yse.cansising AL IBARISHIA RAPEIALHARBI02 or SIINA) utiizing two (A1)

conductors ocate connected to the semicon tor 007]A programmable
dielectric Rf@dIMemMonUsy URAA NRING 684628 @‘l@ﬂ@ggﬁraaﬂﬁier-metal semiconductor anti-fuse

array, the structure of the anti-fuse consisting of a thin dielectric capacitor (AlO2, SiO2 or
Si3N4) utilizing two (Al) conductors located above and connected to the semiconductor
diode.

[0007] 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 V-shaped grove
in the capacitor area was proposed. Since the capacitor was formed between the poly gate
and the grounded p-type substrate, the rupture voltage had to be applied to the capacitor
through an access transistor. The Gate/Drain and Gate/Source edges of the access
transistors were located at the second field oxide, much thicker then the gate oxide in the
channel area, which greatly improved Gate/S-D breakdown voltage.

[0008] U.S. Patent No. 4,507,757 (McElroy) proposed a method for lowering gate
oxide breakdown voltage through avalanche junction breakdown. Although the original
McElroy ideas evolved around using gated diodes to locally induce avalanche breakdown,
which in turn lowered dielectric rupture voltage by enhanced electron tunnelling, he actually
introduced or embodied other and perhaps more important elements to anti-fuse technology:
(a) Dual gate oxide anti-fuse: access transistor gate oxide thicker then anti-fuse dielectric.
McElroy’s dual gate oxide process steps are: initial gate oxidation, etching areas for thinner
gate oxide and subsequent gate oxidation. This procedure is now used in standard CMOS
technologies for “I/O” and “1T” devices. (b) A “common-gate” (planar DRAM like) anti-fuse
connection where access transistor connects to anti-fuse diffusion (Drain) node and all the
anti-fuse gates are connected together. This is opposite to McPherson arrangement and
results in much denser cell since the buried contact is eliminated. (c) Limiting resistor
between common anti-fuse gate and external ground. (d) Two-terminal anti-fuse MOS device
(a half transistor): McElroy concluded that only two terminals are needed in anti-fuse
capacitor: D and G. The Source is not really needed for anti-fuse programming or operation

and can be fully isolated from the active area. The bulk connection does not play any role
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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 V-shaped grove in the capacitor area was proposed.
Since the capacitor was formed between the poly gate and the grounded p-type substrate, the rupture
voltage had to be applied to the capacitor through an access transistor. The Gate/Drain and
Gate/Source edges of the access transistors were located at the second field oxide, much thicker then
the gate oxiteripxtwclarieharacheichagooatly §ophe\wedcaisiSidihneakd@seviipngarike08]U.S.
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-3- nmos transistor is not only in the order of 6.5V, but once the S-D punch through occurs it creates
permanent damage resulting in few kilo ohms leakage between the source and the drain. [0012]U.S.
Patent Nos. 5,241,496 and 5,110,754 to Micron, disclosed a DRAM cell based anti-fuse (trench and
stack). In 1996, Micron introduced a well-to-gate capacitor as an anti-fuse in U.S. Patent No.
5,742,555. U.S. Patent No. 6,087,707 proposed an N-Well coupled anti-fuse as a way to eliminate
undercut defects associated with polysilicon etching. U.S. Patent Application No. 2002/0027,822
proposed a similar anti-fuse structure, but with n+ regions removed to create an asymmetrical
("unbalaneewy higkivoitagecacnrdaa thensiséobUGHY, the dhoeahas-o daichalectigilecd0R1iB]U.S. Patent
No. 6,515,34 r f P+(N+ anti-f [ ' impl [ inimum size
gate bem o e R o R i e
built in anqs¥lated P-well using a standard Deep N-Well process. Another variant of Deep N-Well

2002.007 3B B2 200G AND bt S e el St Feed BT AL consisted
of a capadigsefeatirineedirecehandiriyclrityiadhep el Fuare NG Hernte Garatitor gssn
applicationstcarirm tst pairitse. EETiarBEyICess RRBRT Nl §1080YeT Japdisnan satgaxide capacitors
(approx 2%3;%@%%&%8%9 laf(\?vravfflg giisr%?rqgttienu%&e%g&] & egfessgg'sociated with polysilicon etching.
U.S. Patent Application No. 2002/0027,822 proposed a similar anti-fuse structure, but with n+
regions removed to create an asymmetrical (“unbalanced”) high voltage access transistor

using the N-well as a drain electrode.

[0013] 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.

[0014] U.S. Patent No. proposed an nmos anti-fuse built in an isolated P-well using a

standard Deep N-Well process. Another variant of Deep N-Well based anti-fuses is disclosed
in U.S. Patent No. 6,611,040.

[0015] U.S. Patent Application Nos. 2002,0074,616 and 2004,0023,440 disclose
other Deep N-Well anti-fuses. These anti-fuses consisted of a capacitor featuring direct
tunnelling current rather then Fowler Nordheim current. These applications confirm that anti-
fuse performance is generally improved for thinner gate oxide capacitors (approx 20A, which
is typical for transistors in 0.13um process).

[0016] U.S. Patent No. 6,580,145 disclosed a new version of a traditional anti-fuse
structure utilizing dual gate oxides, with the thicker gate oxide being used for nmos (or pmos)
access transistors and the thinner gate oxide for the capacitor. The N-Well (or P-Well) is
used as a bottom plate of the anti-fuse capacitor.

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

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

-4-



[0016]U.S. Patent No. 6,580,145 disclosed a new version of a traditional anti-fuse structure utilizing
dual gate oxides, with the thicker gate oxide being used for nmos (or pmos) access transistors and the
thinner gate oxide for the capacitor. The N-Well (or P-Well) is used as a bottom plate of the anti-fuse
capacitor. [0017]The idea of creating a source drain short through the gate by separately breaking the
S-G and D-G dielectric regions of the transistor is disclosed in U.S. Patent No. 6,597,234. [0018]U.S.
Patent Application No. 2004,0004,269 disclosed an anti-fuse built from a MOS transistor having gate
connected to the gate of a capacitor, degenerated by a thinner gate oxide and heavy doping under the

channel tfyaaghiaddiﬁ'@habimamgtiméatdmd%hﬁBﬂ&wrumw@dmiéagEirispwwmt(@ aibosiom plate of
the capaumg a%%hJ § G‘?o Q.Soq%rgopgagg%pﬁg gggﬁi{gempts to improve a classic planar
ine

DRAM-like anti use arra ucmg row program s" which connect to the capacitors and run
parallel toftjea gyord lineg, (. gepaféade@ 3 mg@mbm@@ﬁéﬂiﬂmw@wg @agkiaccess

tran5|stors 04 @%B{?Q an}n}lnS%\écr)rta%e |\r'1\f gnc\l/\r/%ulég v%tél%%vgsmehggcur ﬁ ﬁg%nnec qx éarogrammed

cells. PenB and ong flrther Improve thelr array in 0 |ng a variable
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allowing fekpadlile veherrsalagsHRi8de AnlicaignimRiig Wbviass resrntleolidtRaiess dgyakication No.
2003/020%?’769%Palr hp?rogsrammed cells. Peng and Fong further improve their array in U.S. Patent

No. 6,671,040 by adding a variable voltage controlling programming current, which allegedly

controls the degree of gate oxide breakdown, allowing for multilevel or analog storage

applications.

[0020] 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
omitted, the gate oxide breakdown location will be far enough from the drain area and a local
N+ region will be created rather than D-G (drain-gate) short. If such a region was created, the
programmed cells could be detected by positively biasing the gate and sensing the gate to
drain current. In order to reduce the G-D or S-D (source-drain) short probability, Peng
proposes increasing gate oxide thickness at the G-D and S_D edges through modification of
a gate sidewall oxidation process. Peng’s array requires that both source and drain regions
be present in the memory cells, row wordlines coupled to transistor drain regions, and the
column bitlines formed from transistor gates. Such an unusual connection must be very
specific to Peng’s programming and reading method, requiring a decoded high voltage (8V in
1.8V process) applied to all drain lines except for the one to be programmed. The decoded
high voltage (8V) is applied to the gates of the column to be programmed, while the other

gates are kept at 3.3V.

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

switch a wide range of voltages: 8V/3.3V/0V or 8V/1.8V/0QV. (b) During a program operation,
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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 omitted, the gate oxide breakdown location will be
far enough from the drain area and a local N+ region will be created rather than D-G (drain-gate) short.
If such a region was created, the programmed cells could be detected by positively biasing the gate
and sensitig the\gadtutonciavie reutiie bifddticsyeshi teattu @Y thav@rivess &-0V(sowseetttaigh short
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Although floa i%%nwor nes an Ines may ease problems with high voltage switching, they do not
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standard CMOS process.

[0024] All the prior art anti-fuse cells and arrays either require special processing
steps or suffer from high voltage exposure of MOS switching elements, leading to
manufacturability and reliability problems. They are also limited to low density memory
applications, with the exception of Peng’s single transistor cell, which in turn has very

doubtful manufacturability.



[0024]All the prior art anti-fuse cells and arrays either require special processing steps or suffer from
high voltage exposure of MOS switching elements, leading to manufacturability and reliability
problems. They are also limited to low density memory applications, with the exception of Peng's
single transistor cell, which in turn has very doubtful manufacturability. [0025]It is, therefore, desirable
to provide a simple and reliable, high density, anti- fuse array architecture suitable for implementation
in standard CMOS technology, without any additional processing steps. SUMMARY OF THE
INVENTION [0026]It is an object of the present invention to obviate or mitigate at least one

disadvantgepsy the pravioupestbisistesirebys by raveignaplcaatbitsabie nghyeaditasiig high

reliabity by Ang AL IRGKHS ABRAEALANE e R R Al R between o

polysilicon gate and the active area of the su n a first aspect, the
provides @ BAANILRAHRIPSRIBINEOTIARY on a substrate. The anti-fuse transistor includes a polysilicon
gate, a diffusion region, a field oxide region, and a variable thickness gate oxide. The polysilicon gate

is formed QYRR AR OIETIRZINV ERRYiIB @ channel length. The diffusion region is proximate to a first
end of the channel region. The field oxide region is proximate to a second end of the channel region.

The varia jckness gate oxide is formed between the polysilicon gate and the substrate. The
vatiabie fas gate LRAE PEE AU G SRR (L OUAE & JOLOR A onide segment
and thin gdisadvaatage aidhe Trevigpstaniciusptsraxsdyy Seyiskire axanideseoneherYieslldisdiod the channel
region to ajfirstanepiRjanminechistpaearofibeoir aeblengtiarbbe saermskitaleaaiacrsidegegment is
adjacent th \H(resetntgiclé %a”tleocr)]xi%?ese@%engb ﬁ\\pd eréger}clﬁ fr'sorlgs h?%efirst end of the channel region to a
second prealetermln%d istands Grhe channer ﬁlangt?]. Ré'ivat thick gate oxide segment and the
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extends from the second predetermined distance to the sec,?nd end of thﬁychannel region.

[0028]Accl Aty BRI e NS RIIERE SPIRSIEOEHPES SRl L 881 FHilgatredion. a field

oxide region, and a variable thickness gate oxide. The polysilicon gate is formed over a
channel region having a channel length. The diffusion region is proximate to a first end of the
channel region. The field oxide region is proximate to a second end of the channel region.
The variable thickness gate oxide is formed between the polysilicon gate and the substrate.
The variable thickness gate oxide has a first thick gate oxide segment, a second thick gate
oxide segment and thin gate oxide portion. The first thick gate oxide segment extends from
the first end of the channel region to a first predetermined distance of the channel length.
The second thick gate oxide segment is adjacent the first thick gate oxide segment, and
extends from the first end of the channel region to a second predetermined distance of the
channel length. The first thick gate oxide segment and the second gate oxide segment are
sized for covering the channel region. The thin gate oxide portion extends from the second
predetermined distance to the second end of the channel region.

[0028] According to an embodiment of the present aspect, the second thick gate
oxide segment includes a third gate oxide segment being triangular in shape adjacent to the
first thick gate oxide segment, the second predetermined distance being defined by a
diagonal edge of the third gate oxide segment. In another embodiment, the first
predetermined distance is between the first end of the channel region and the second end of
the channel region, and the second predetermined distance can be between the first
predetermined distance and the first end of the channel region. Furthermore, the first
predetermined distance can correspond to the second end of the channel region, and the
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oxide segment includes a third gate oxide segment being triangular in shape adjacent to the first thick
gate oxide segment, the second predetermined distance being defined by a diagonal edge of the third
gate oxide segment. In another embodiment, the first predetermined distance is between the first end
of the channel region and the second end of the channel region, and the second predetermined
distance can be between the first predetermined distance and the first end of the channel region.
Furthermore, the first predetermined distance can correspond to the second end of the channel region,
and the second predetermined distance is between the first predetermined distance and the first end
of the chaswwinegredeiéioRhdigbacoih beadotiarast pkthespiesentiztpest atetohdrsnehtegion has
a varying B\fiﬂJ{Q Q%MY%?P; : first end and the second end of the channel region. In one embodiment,
the anti-fuse transistor turther includes a second diffusion region spaced from the first diffusion region
t(r:l)_dl?fine q(mm_d T)d Chailm%Htfﬁgblﬂﬁb_rl?emlﬁdh@%f&ﬁ@@%%ﬁ%é%\b@bﬂhﬁé@m |th@graﬁt_mal{<er§aion, %nd a
thick gate gxide between the ilican gate and the secon anpel region, the thick gate oxide
naving (o P R e S8l Tt ment,the s
thick gate BRRESIgRAN 1R andhlitRestaTRist g Bioes MelHdesfprrAndiitisiee fRearfPFethE¥Rannel

region to ahdhiidtredetaimrRiGier ©@igkneea sssbadse RN SEESEaeRs RKERNEINEeadhedirst end of
the channgl to the grsrgé)reqetermined di§tance The.éhi[)d rede rmineq distance q be between the
: : e e Sl

: . C
first end of the channe nglorﬁgéonnd e wgtlcpl)(r t(gt(e))r(}nme et%nceep%l\%%clﬁ?jri] 710 fufther aspects of the
present eFRSGAMTERNNBIL TSN FaRl Hliskndirie P uirgdisvingadhisknsse dfrnfigaldetieiirre thigiseaiee are
identical. Bhigeesgndihickignircasidespomeashintludrs mitkigheLbxrRAUBGNE XtRNGBY drvg the first
end of the.channcl redlon (8,2 urhprerstermined distange,and & 'owi sybsseament extending
from the fitst end of the CRanne| 1o the secon predetermined distance. Thetour pregetermined
distance i§ipERgeeaNtha $rspehaUsr IpgeandpbhiicaniheHE S ererl heerasnslifedifétince. The
first predegesaunred disiantencanTie idpatiredétthmeacondoeaaiesmiribeistanaat enths third
predetermjped distafce and b 5eed aradetermined. distance cande daniealoar g seeond
predetermine distance can be between the ﬁrspprede ermined distahce and theourth predetermined
distance. 6S®]litAT0AMaNEANsSHRRBeRIRiNGRSsRNES FIE thRSeeishereHRIR'GHIe D xide segment
includes adfifigihsy reagenasd extensibend anmtkhafy skled e itiahanaes eegiian dobastyrtbaredetermined
distance. and asecend suseamentexianding fom e st snd ot chamnelis lne sepond
predetermined dlsg[ance, Re third predetermined aistance being Between the |rs¥ end &f the channel
region andPtith SeEcRIPR Stdentlnedramtthiedi strend sb éemehanpes it aesaER  Besieterifhte oxide
segment keinghéeanaefan ith Prepaeasiiacanidritbe ik gmiaiexisiel stgientrihe arpomnd
predetermipgd disiangs baing defined s dieannal sdse.eldhe ird gaie oxdeasgmens, [Q0311in vet
another emrl)odiment, thin gate oxide por%on as at least one dimension less than a minimum
feature sizbeotaspiid BerdetetRNGRbEFiaRcaneties BYrbBanstsTminRI sltiancRand iBssSERIfther includes a
second diffusiefrrapied Gpaeed deprpdhecfitshditiusiosdagiopisieeiinmadsgsendchanpel region, a

d palysili . ch I i hick I h
oo AR e SO RSN e o O

channel region. te oxi as a thickness identical to the

first thick ggdgopxide segmenks Biay@srnt srRopisient dije searnskdiffiusianrgaionyids a variable
width, the chann(il. re

region andeH SELbE IR SHABSH NG 1ok GHaL S e e (AL DA e MGG FRE® (o032l a
second aspedt predqteaninedidizanien Prdwgescahsvpwrsiamienhrxtaomngdiom the first end of the

channel to the second predetermined distance, the third predetermined distance being

between the first end of the channel region and the second predetermined distance. The

second sub-segment includes a third gate oxide segment being triangular in shape adjacent

to the first thick gate oxide segment, the second predetermined distance being defined by a

diagonal edge of the third gate oxide segment.

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

dimension less than a minimum feature size of a process technology. In another
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formed on a substrate. The non-volatile memory cell includes an anti-fuse transistor and an access
transistor. The anti-fuse transistor has a first polysilicon gate over a variable thickness gate oxide, the
variable thickness gate oxide having a thick gate oxide portion and a thin gate oxide portion. The
access transistor has a second polysilicon gate over a fixed thickness gate oxide, the fixed thickness
gate oxide and the thick gate oxide portion being substantially identical in thickness. According to an
embodiment of the present aspect, the thick gate oxide portion includes a first thick gate oxide
segment, a second thick gate oxide segment, and a thin gate oxide portion. The first thick gate oxide
segment exteodisrisomtizefisti-and obasthaniehes ghehdesaserond eiffdsidrihegirasplegon, the first

thick gate nxi t havi i [ . idth. C ick gate oxide
segment igﬂg Jaféﬁrﬁurﬁwﬁéﬂﬂrrs@\éﬁic adgégﬁég \(I)é{x%gdéﬁgg% rﬁ%ﬁl@?ﬁ%ﬁﬂ%xtﬁ%ﬁgﬁ%ﬂ%@éﬁg@%éloo the channel
region to AEreRFORAHRBOCHTSGIRR ABE KRR PIEFR REITRRNJBR ARl SHicR e BRIEIE'_egment has a
second wiskbosidlstamigliggopaiie thiekdjterexice hadwwarickiness entiehwiditedinst thiekigatevidth. The

thin gate gxi ion.e t rmi istar; t h annel
region. Inqt)ﬁg %rge%ﬁ]r%ﬂéntfﬁ%? rgn&téﬁ%h%ﬁr%ﬁ\%%ﬁﬂ@gm%%%%@ clel‘ f%h%?ﬁﬁﬁ%&é?&%g _ V%%(_Eenbxide
segment DR BARLGRIP TSR A)E A A4t APHS SRETHISE Y AN GHRVEEEC SR the SRR 4HeBNd thick
gate oxidespgommit a[fO3BNwedthicdraspeatitihapiesieptsestntiontt cuides aittidosadtpnsistor formed
on a substrate. The anti-fuse transistor has a polysilicon gate over a channel region, a diffusion region,
a field oxit@0B2Jion, andna refantagfiern B¥srijatet iuentiaerpiigss corrguelatieonemans ¢ell the

channel regipRydrchsiastaehanseldensiiirndsrenpbaeinsicibs 2hediffusiarreaion ddpepximate to a

first end of (e channel ecian and e fisld oxide-redion is proximiale o5 second gnd of the channel
region. The varia Te thickness gate oxide i1s formed etween the p(ﬂysmcon gate and the substrate,

and has alfifitRegateabxrIddpoiR MesAlla thernessyate exide i trisk gais gute eidebarton has
dim;njiorwtreﬁ?éhlthaaxajmmmmie@mﬁéiétw%éea%wdna@@mmib@ﬂ?ﬂé@ﬁ@mmé@ Catan
embodiments of the present ct e thin gate oxl ortign. Is rectapgular in sha such that a first
Cite and SR G R E T e e R Ao BB B e ana
a fourth sigiéoeiefialheidanifial Aréiss0pePb)asidifg ithan RSBRrosi g efdha prasentasrpstetbide portion
is triangulgidh ghrenscIEoribat Rl SR antldk sarraraidephéhe iangiedarekgairdokigéhe channel
region and g diggongl s of edanaleis beund, Ry dhes. higk gate e Reripn(OpsRIn @ fourth
aspect, the Bresehtalnventlor? provides a method of orm|n8 AN Anti- fUSe fransistor aving a thick gate
oxide aredigheind fia ¢raenekigeierda upRRAMEAN A foRNREER! GasionT He Aretiyekiselaeda) growing
an intermedigiRfoeeing anacii@akaR ofdhearhdhas WrisiTies; seroamevirgihedatRymediate oxide
from an area, gL e a%“"%ﬁirgf iﬂ%%(gkgiﬁerggﬁg(%%r faitag @ﬁ%&é‘%‘ i %%?i?s{egé]ﬁ%@ or higher

t.
than a source/drain %ﬁ%n lon'm owirig a thin oxide in the area ned by the

oxide defiiBGNFNBSK eRiEribB MieRGIesBINakdiiasen chlseeiatmel dxigidfinirierddtiehaa!a grade
corresponghit egnilifitinioaiseetant Miabks RREhHIRIPWEe:tRfiMY erfforéstci betuden Mo opRIiBD
overlapping i aclie AreAganWIRRTIsAT.INe polielican gaRdR HefhR Jap A, The opening can
be rectangular in shape and dimensioned to have ‘each corner overlap active area corners

correspor@ifianes &0 I8 searprferehnawianae! (e istordeomesenhamradmembbEiRshts of the
present aspegictheayiflesefiniien1§1asks a third gate oxide segment being triangular in shape

adjacent to the first thick gate oxide segment and the second thick gate oxide segment.

[0033] In a third aspect, the present invention provides anti-fuse transistor formed on
a substrate. The anti-fuse transistor has a polysilicon gate over a channel region, a diffusion
region, a field oxide region, and a variable thickness gate oxide. The polysilicon gate is
formed over the channel region,which has a channel length and a channel width. The
diffusion region is proximate to a first end of the channel region and the field oxide region is
proximate to a second end of the channel region. The variable thickness gate oxide is formed
between the polysilicon gate and the substrate, and has a thick gate oxide portion and a thin
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includes an opening having an edge angled relative to the polysilicon gate overlapping an active area
corner underneath the polysilicon gate to define the area. The opening can include a diamond shape
dimensioned to have each edge overlap active area corners corresponding to at least two different
anti-fuse transistors. Alternately, the oxide definition mask can include a rectangular shape having an
edge overlapping the active area underneath the polysilicon gate to define the area, the area having a
width corresponding to a width of the active area. [0037]According to embodiments of the present
aspect, the step of removing can include aligning the oxide definition mask with an alignment machine
using a highesbasepeatyriolesmie garcdiive sienof giewingrikishexde tban nclndeugiowdngethe thin

oxide over; eomeé\lgggecgﬁ{gc%gg form the thick gate oxide area, where the step of growing thin
oxide includes growing the thin oXide over the intermediate oxide to form a gate oxide for an access

transistor pdigaent to thecasidifidsn EmpsisiaEntd@BHIOescrsRestsame tamiyers Slidegprasert
invention ygl heeare aRaacent g haseprrinariy slieddn e ad yponcevigw of(Ba foligyina
descrlptlon of specific émbodiments of the invention in conjunction wi hthe ccompanying-figures.

BRIEF DESTR i prNCDHEE Pt RAVA liddside 20TEniBedinsisietsfdheHe pragiemmbentid R)vill now be
describediHaycwannef eydmaaniteNithd ehergacedadd patiasRed niguEe s WgkgiBich that a

first side and a second side of the triangle are bound by the channel region and a diagonal
side of the triangle is bound by the thick gate oxide portion.

[0035] In a fourth aspect, the present invention provides a method of forming an anti-
fuse transistor having a thick gate oxide area and a thin gate oxide area underneath a
polysilicon gate. The method includes a) growing an intermediate oxide in an active area of
the anti-fuse transistor; b) removing the intermediate oxide from an area of the active area
defined by an oxide definition mask having a grade equal to or higher than a source/drain
implant definition mask; and, c) growing a thin oxide in the area defined by the oxide
definition mask. In embodiments of the present aspect, the oxide definition mask has a grade
corresponding to a diffusion implant mask, and the oxide definition mask includes an opening
overlapping an active area corner underneath the polysilicon gate to define the area. The
opening can be rectangular in shape and dimensioned to have each corner overlap active
area corners corresponding to at least two different anti-fuse transistors.

[0036] In further embodiments of the present aspect, the oxide definition mask
includes an opening having an edge angled relative to the polysilicon gate overlapping an
active area corner underneath the polysilicon gate to define the area. The opening can
include a diamond shape dimensioned to have each edge overlap active area corners
corresponding to at least two different anti-fuse transistors. Alternately, the oxide definition
mask can include a rectangular shape having an edge overlapping the active area
underneath the polysilicon gate to define the area, the area having a width corresponding to
a width of the active area.

[0037] According to embodiments of the present aspect, the step of removing can
include aligning the oxide definition mask with an alignment machine using a highest
accuracy tolerance, and the step of growing thin oxide can include growing the thin oxide
over the intermediate oxide to form the thick gate oxide area, where the step of growing thin
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Fig. 1 is a circuit diagram of a DRAM-type anti-fuse cell; Fig. 2 is a planar layout of the DRAM-type
anti-fuse cell of Figure 1; Fig. 3 is a cross-sectional view of the DRAM-type anti-fuse cell of Figure
2 along line x-x; Fig. 4 is a cross-sectional view of an anti-fuse transistor according to an
embodiment of the present invention; Fig. 5a is a planar layout of the anti-fuse transistor of Figure 4;
Fig. 5b is a planar layout of the anti-fuse transistor of Figure 4 showing an alternate 0D2 mask
configuration; Fig. 6 is a flow chart of a method for forming a variable thickness gate oxide for the
anti-fuse transistor of the present invention; Fig. 7a-7c illustrate the formation of the variable
thickness gate oxideds grovntigdanseninidxistepeotibmftomachat ofiffidgurerns) a gatEigkideafixr arplanar

layout of - . Istor Ing.ic iment of the present invention; Fig. 8bis a
ad}@%% ﬂé%%éﬁ%Pékﬁé%eﬁ‘ﬁ%%%ﬂ%@ ﬁg@%géﬁ‘

cross-sectional view of the anti-fuse transistor o a taken along line A-A;
[0038] Other aspects and features of the present invention will become apparent to

those ordinarily skilled in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:

Fig. 1 is a circuit diagram of a DRAM-type anti-fuse cell;

Fig. 2 is a planar layout of the DRAM-type anti-fuse cell of Figure 1;

Fig. 3 is a cross-sectional view of the DRAM-type anti-fuse cell of Figure 2
along line x-x;

Fig. 4 is a cross-sectional view of an anti-fuse transistor according to an
embodiment of the present invention;

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

Fig. 5b is a planar layout of the anti-fuse transistor of Figure 4 showing an
alternate OD2 mask configuration;

Fig. 6 is a flow chart of a method for forming a variable thickness gate oxide
for the anti-fuse transistor of the present invention;

Fig. 7a-7c illustrate the formation of the variable thickness gate oxide in
accordance with steps of the flow chart of Figure 6;

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

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

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

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

Fig. 11 is an enlarged planar layout of an anti-fuse transistor, according to

another embodiment of the present invention;
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Fig. 9 is an enlarged planar layout of the anti-fuse transistor of Fig. 8a; Fig. 10 is a planar layout of
a memory array using the anti-fuse transistor of Fig. 8a according to an embodiment of the present
invention; Fig. 11 is an enlarged planar layout of an anti-fuse transistor, according to another
embodiment of the present invention; Fig. 12 is a planar layout of a memory array using the
anti-fuse transistor of Figure 11 according to an embodiment of the present invention; Fig. 13ais a
planar layout of a two-transistor anti-fuse memory cell according to an embodiment of the present
invention; Fig. 13b is a cross-sectional view of the two-transistor anti-fuse memory cell of Fig 13a
taken along line B-B; Figig 1#issa planar 3patbbi ansnesnosyrayraingsing dhe-fiwe-transdssooanti-fuse

memory cell of F,ng#[% qqaa@&q toaﬁ?_gwi:&giﬁ?eﬂpo‘?mg%%%erﬁ_ &em%ﬁresent invention; Fig. 15

is a planar layout 6f a memory array using the two-transistor anti-fuse mémory cell according to an
alternate embodiment &f#h3sviss RiaRR/AYRN; of @ two-transistor anti-fuse memory cell according
to an embodiment of the present invention;

Fig. 13b is a cross-sectional view of the two-transistor anti-fuse memory cell of
Fig. 13a taken along line B-B;

Fig. 14 is a planar layout of a memory array using the two-transistor anti-fuse
memory cell of Figure 13a and 13b, according to an embodiment of the present
invention;

Fig. 15 is a planar layout of a memory array using the two-transistor anti-fuse
memory cell according to an alternate embodiment of the present invention;

Fig. 16-20 are planar layouts of alternate anti-fuse memory cells, according to
embodiments of the present invention; and

Fig. 21-24 are planar layouts of alternate two-transistor anti-fuse memory

cells, according to embodiments of the present invention.

DETAILED DESCRIPTION

[0040] Generally, the present invention provides a variable thickness gate oxide anti-
fuse transistor device that can be employed in a non-volatile, one-time-programmable (OTP)
memory array application. The anti-fuse transistor can be fabricated with standard CMOS
technology, and is configured as a standard transistor element having a source diffusion,
gate oxide and a polysilicon gate. The variable gate oxide underneath the polysilicon gate
consists of a thick gate oxide region and a thin gate oxide region, where the thin gate oxide
region acts as a localized breakdown voltage zone. A conductive channel between the
polysilicon gate and the channel region can be formed in the localized breakdown voltage
zone during a programming operation. In a memory array application, a wordline read current
applied to the polysilicon gate can be sensed through a bitline connected to the source
diffusion, via the channel of the anti-fuse transistor. More specifically, the present invention
provides an effective method for utilizing split channel MOS structures as an anti-fuse cell

suitable for OTP memories.
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Fig. 16-20 are planar layouts of alternate anti-fuse memory cells, according to embodiments of the
present invention; and Fig. 21-24 are planar layouts of alternate two-transistor anti-fuse memory
cells, according to embodiments of the present invention. DETAILED DESCRIPTION [0040]Generally,
the present invention provides a variable thickness gate oxide anti- fuse transistor device that can be
employed in a non-volatile, one-time-programmable (OTP) memory array application. The anti-fuse
transistor can be fabricated with standard CMOS technology, and is configured as a standard
transistor element having a source diffusion, gate oxide and a polysilicon gate. The variable gate oxide
underneafioahe] polysilicorhgadovangists @fpsidhitic gate PXISEy egint@ndnatthimgaETaxitrIegion,

where the i gae eide egineia.as aianalized rsskdawavanaRZgue, duenndyegve channel

between the polysilicon gate and the channel region can | alized breakdown voltage
zone durirf aHBtHmMASIREEBERST &Ri0A S adRrtieaty s RN Shodl R ditdeRiaePd@rrent applied
to the polysdigon dieiteicianmaecgerseddbrouglreniviiat ocanorickedrio dieespicreadifusion, via the
channel of the anti-fuse transistor. More specifically, the present invention provides an effective
method fol0Qft8Ling splifetaayierdyoisatsset &b RAMivRatIRBE ¢ &lrsuivsie 3 @FP memories.

[0041]In thefadioming dasahiplies ihededdr MQSsisruge ddeadrnateateidy RicwnVHS transistor,
half-transistor or capagcitqr structure. In qQr, implify the description of the embodiments,
reterence S SR prh o i B 0 Y, L e R B E R ST materias,
oxide, or £elbiibilsdtiow e Sk dsftPdidleRlaenanst R Jee2i9rd Wanssaspeeivelyssbthea DRAM-type

memory akrwHSIng fadel At RGPS AN IRH-FusadASteAGITHigs-@ SIacREeSaPASEQsrs already

known, as demonaatadifos S aient Naw S8 802 Fighs s R sifchil diagram of guch @ memory
cell, whilealglgures and 3 show the pfanar and cross-sec IonAl Views respec el , of the known

anti-fuse MerBs VallisEriglaete thhaatsahwtsesellranssirIrd0itodeide’nadngss col Blgéess transistor 10

for couplingiebéiing Blctomdaatone pipteaé antriusesdesaeslf2 prpesgiienvy neaugded to the gate
of access %q/pcsésltgr 10 to turn it on, and a cell plate voltage Vcp is coupled to the top plate of anti-fuse
device 12 tor programming anti-fuse device 12. [0043]It can be seen from Figures 2 and 3 that the

layout of 3085 transisteiah®@8een from Figures 2 and 3 that the layout of access transistor 10 and
anti-fuse device 12 is very straight-forward and simple. The gate 14 of access transistor 10
and the top plate 16 of anti-fuse device 12 are constructed with the same layer of polysilicon,
which extend across active area 18. In the active area 18 underneath each polysilicon layer,
is formed a thin gate oxide 20, also known as a gate dielectric, for electrically isolating the
polysilicon from the active area underneath. On either side of gate 14 are diffusion regions
22 and 24, where diffusion region 24 is coupled to a bitline. Although not shown, those of skill
in the art will understand that standard CMOS processing, such as sidewall spacer formation,
lightly doped diffusions (LDD) and diffusion and gate silicidation, can be applied. While the
classical single transistor and capacitor cell configuration is widely used, a transistor-only
anti-fuse cell is further desirable due to the semiconductor array area savings that can be
obtained for high-density applications. Such transistor-only anti-fuses must be reliable while
simple to manufacture with a low cost CMOS process.

[0044] According to an embodiment of the present invention, Figure 4 shows a cross-
sectional view of an anti-fuse transistor that can be manufactured with any standard CMOS
process. In the presently shown example, the anti-fuse transistor is almost identical to a
simple thick gate oxide, or input/output MOS transistor with one floating diffusion terminal.
The disclosed anti-fuse transistor, also termed a split-channel capacitor or a half-transistor,

can be reliably programmed such that the fuse link between the polysilicon gate and the
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anti-fuse device 12 is very straight-forward and simple. The gate 14 of access transistor 10 and the top
plate 16 of anti-fuse device 12 are constructed with the same layer of polysilicon, which extend across
active area 18. In the active area 18 underneath each polysilicon layer, is formed a thin gate oxide 20,
also known as a gate dielectric, for electrically isolating the polysilicon from the active area
underneath. On either side of gate 14 are diffusion regions 22 and 24, where diffusion region 24 is
coupled to a bitline. Although not shown, those of skill in the art will understand that standard CMOS
processing, such as sidewall spacer formation, lightly doped diffusions (LDD) and diffusion and gate
silicidatiorsubatrdie @ppbie gradbitdithie lrasical sprplie dransigitor gindecdpaaitorneatt eandigitiaiion is

widely us NSistof- I- ell.i ther desitapl i r array area
savings t&%@ggﬁ@%é{%g%@%ﬁ I§%‘§n%}t% g%p Egﬁoﬁgﬁ%§8%%§a?§@ﬁo&%ﬁ%%é@ es must be
reliable wRFESREHIETHHEPRIRE Bre WRANEIGRVESST EMOY BftidBdac pbwi Aedeiaiy tbakmne
embodimengsdrihiaveresenianventipierrigtie 4k showshartr@sievarctional view of an anti-fuse transistor
that can be manufactured with any standard CMOS process. In the presently shown example, the
anti-fuse tF@@Mtor is alibiSURslRRiste A Wrnsludefck warbGiriekasmprigsipa RIS Regsistor with
one fr|1 Oﬁtir‘g‘ @Iﬁ_ﬁ@@arwﬁmnéﬂ fln@gftiﬁcioa,egl @éwsﬂim g'at@zis?rsiallﬁatﬁgﬁa@d@ ﬂ:}éi,ta:h}@m_nel capacitor
or a half-transistor, ¢ e reliably programmed suc t the ink between the polysilicpn gate
and the -1 B8 R O T gL e s Tl R
cross-sechBiingieonisetldére ahrvwake Rl siseHEER MR WAR Bifbeipe rqaiged 1Rhide KatREIresently
describedtrigkpreeingary ixiadrtobarnskdeyicahitReseiobakil inithgatsowideundansianddhiabihe present

invention gan l%e imep|em<a{1ted as an n-cha nql device. [004 ]tAnti-fuse transistor ]Tq includes a
. channel len | CfES%r b e thi egat (004 and-the rﬁmamlnﬂ R%I’ 10N O e..
variable thiCkRess gate oxide ormed on Substrate channel regio , a polysilicon gate 106,

sidewall sparitel lv@hisieRy e oY dfdhin 0ate Aifigsfeanrigiyntha thingatamidsisie 6#6iP1 14 in the
diffusion re@isre dXife Arbitkiieneaciacicddt Thsukytadisitealagl ivakany@ativibih rdifosiproregion 110.

The variablethh(%%ﬁﬂggﬁ?ggte é)txide 102 consists of a thick oxide ng %t Oi\r)wg%t_e oxid auch that a

portion of the channe ng% IS coveret Syst%eg&\f\(l:ke&ea gtgx? Ig and the remal%ﬁ%\éeggr igrr]\dof the

channel |ejtenicdebvesadnsyomie tAmanseibieins redine M/ istelonn A wade i edrayidHs®here oxide
breakdowfaisReCWhiENRdiska oedaraxitie eageori@sbbgishiBieioad agiomd dfaandhedgpdher hand,

defines an,acce sefﬁe where gate oxide breakdown is prevent nd current between the gate 106
and i i aa s o ok A T4 Bk SAUE RO R Bl eI AT ACe e

thick oxidéopep e B Thiengie efmhiabl o trsiterd gmasombsksgregiehithe thick oxide portion

is prefera med to pe at least as lgng,as the minimum length of a.high voltage transistor formed
o the seltD8ho. 1004 e R U G o A Rt S L OE R a biine

through atbidiwehcobittiee cadack Uib.earinibefoinsdasirnsinglarentérdiromahedtpsitidepngzate 106, and can

be doped 40 ResRBURPBER D ERIEMTHBHAEL A BBEATARGYEIRYSs dNisCilsionisEHRSiI il Réfclprmed
prOX|mate1t,P tdhef thick oxide ”i% rt#on ofthh variable thick 8ss \%atebpeﬁlde 102. To furtnjer 1rbré)tect the

edge of antl-q Séeof%%%%rt%xr' Potrrﬁehld% Vel aeg%ore'a?rrﬁgge, or-canen 'Icel%ﬂ?asag,aéer%)éls%or protection

oxide (RPOD) fuitserknotont e dadi oldenpriviect anétiorcHIO e imtriol veddasdiiordrs ealsHEatibn process
to further sRaegdNgteLRAtpleREMN dkReduemf siserrRveRACE IR histdPoXitfe peaferably used

during the, sali idi%l%i n process for preventing onl ortion of diffusion regjon 110 and a portion of
polysiicor S G RS B g AL LB o Y S PR IR L LS T AT R38F0Lre known to
have highgﬂmb@@cer 108. This RPO is preferably used during the salicidiation process for

preventing only a portion of diffusion region 110 and a portion of polysilicon gate 106 from

being salicided.

[0047] It is well known that salicided transistors are known to have higher leakage
and therefore lower breakdown voltage. Thus having a non-salicided diffusion region 110 will
reduce leakage. Diffusion region 110 can be doped for low voltage transistors or high voltage
transistors or a combination of the two resulting in same or different diffusion profiles.
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and therefore lower breakdown voltage. Thus having a non-salicided diffusion region 110 will reduce
leakage. Diffusion region 110 can be doped for low voltage transistors or high voltage transistors or a
combination of the two resulting in same or different diffusion profiles. [0048]A simplified plan view of
the anti-fuse transistor 100 is shown in Figure 5a. Bitline contact 116 can be used as a visual
reference point to orient the plan view with the corresponding cross-sectional view of Figure 4. The
active area 118 is the region of the device where the channel region 104 and diffusion region 110 is
formed, which is defined by an OD mask during the fabrication process. The dashed outline 120
defines thppedens in whichkitisifibick gratteaxid ehisdatitiade rraesisvba $00 shonasik diging 3he fabrication

process. e 0aalisalte 16 BrcRepslose iy e dastdaulineal Phdenianales e eoions where

thick oxide is to orme D simply refers to an o finition mask that is used during the CMOS
process fEPHERRMEITISCregioTesitnshy el st fridesvheretRetisRiaeasiitPie R rReRNid6D2 refers to a
second oxddeicefihdronhmasknaidfesgiurinan tne titsisioetaidsoaf the i S ates ssslefisstbbfabricating

antifuse YansisiAed0ONIL Y iagsRe IpRE-ACAEdng ib B0 ARG Otibe et invention

the thin gate oxide area bounded | ges of the active area 118 and the rightmost edge of the 0D2
mask, is iiRiFRifitnifkeRIH RN IR RBVBPRDERIRN S 2tMa sk drina NG aRTisRARERreseSRifting the
rightmost Dib2 Baskiea ye ttavasd :titoped djehedr afdmitircatea desiy i QR4 el gruiersbisena alternate

i”“Straﬂor‘iﬁiéﬁt?%é'?set&%@ f&rﬁ@%@ﬁ’éﬂﬁﬁlg ;gw& %%r%%@%éﬂﬁﬁ‘&%%ﬁ?tg?ﬂ\é’%% g@gﬁf area that

may extend to cover the entire memo%a As previous Iscussed, 0D2 mas nes the

areas in WH%HM%&HF&@%%{E’E)Q?&@@ HECHRATRD I6PHBERIYBB 3 a¥Ke Boube Bﬁéﬁﬁrgs 121
defining aspa0bi2atdanotthickegaitel oxidke dsfioitha faasiedifibnste ddriktie tiatestle withee grown in the

area definggh By 8%%%@&&;%%0?&%%‘83%5%&%@8t?‘éﬁ%’}élwﬁ‘ﬁ&ﬁﬁﬂé’ &Q@&é@&l Qdnory array
plural f f y cells 100

configuration where a plurality of anti-fuse memory ce are arranged In a row, one rectangular

opening cARSIRERG P AMPBRALMBR Yells RiassihEYRRIMINRIRIHbLRIE 2Xds SPRABHNEAY area 118.
[0050]Progdgpsirtgecfcivi-fise tiBnsistdreli@his bstseid o of gadeOdddeaske akainivnizeddrntha permanent

Ink betvegia b ARt s GRATSH e eafhe GRIRAXHS PUSAIHE W SERAiTB feplage o

current and t efend IE%nmarlly oni) E&%te lelectric thickness and composition, h) defect density,
and hi) gafePs&ogvains diePR@ | rl e ehreivnRifelilthick and thin gate oxide of anti-fuse

transistor sults ina locally. lowered gate breakdown voltage,, in. particular.an oxide breakdown
el ) w1 PG TR SRl el g e
the oxide Bl QRPOWASK 1RAiteaNOMRaLARER GiR8 BRTBYoHGRI[OVE dRRIHERY N 8ROBNtI-fuse
transistor gnyodEReaiBodiesRreseal DRI WitdetivenihgarehaitypinalreronikifeeCMOS
fabrication,desiand i {0r 333 Xids dRRIRIBY AN PLmaan 0 enhancs fafe @xidg yakdown
performance. All gate oxide processing steps in today's protesses assume and are optimized

for uniforrENekIGRAMRK ISR fBTTRat e Huicoaleaxisg Yitrba gy iRdhearrapleaiiieRness gate
oxide devigesgaitmtzel atamiase ShVES v aadaitionadrdefestsand eirstisgl fiedd cistigirances are

created a ngé’géé)’ﬂﬂﬁlﬁrl]’%%‘?%‘ﬁ%Us@%é%%ﬁ%%ﬂg‘?ﬁb%%%?ﬁﬁ S ORISR Mgy, |gelude, butare

not limited to: oxide t Ing, plasma etc Icon at t oundary, residues from cleaning
process afRESIMETRAES SR B4 T dpaIeN ARk KRB fgate iR Be Y fhe’KRaciMe partially
masked regéans1 &l these effects increase trap and defect density at the thin oxide boundary, leading
to increased leakage and locally lowered breakdown voltage. Therefore, a low voltage, compact
anti-fuse 480R%ire can Beooremminavidnanitiag rosisty HSHIFiIbases o[0DB2|wriderpresPoMAS process,

the diffusiefregimdnei irRbeladiehe gate and the channel underneath. Gate oxide breakdown
conditions (voltage or current and time) depend primarily on i) gate dielectric thickness and
composition, ii) defect density, and iii) gate area, gate/diffusion perimeter. The combined
thick and thin gate oxide of anti-fuse transistor 100 results in a locally lowered gate
breakdown voltage, in particular an oxide breakdown zone, in the thin gate oxide portion of
the device. In otherwords, the disclosed structure assures that the oxide breakdown is limited
to the thinner gate oxide portion.
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implantation are different for thin gate oxide transistors and thick gate oxide transistors. According to
an embodiment of the present invention, the diffusion regions, LDD and the thin gate oxide channel
implantation of the anti-fuse transistors can be either type; the low voltage type corresponding to the
thin gate oxide, or the high voltage type corresponding to the thick gate oxide (I/O oxide), or both,
provided that the resulting thin gate oxide threshold voltage is not greater in magnitude than the thick
gate oxide threshold voltage. [0053]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 geaBajon procassitidntoyy batibiibe irgntiisop epassdirsesawhngréganeibverbie faigures
7a-7c¢ shoyy,t [ vari ickr oxide f i r ing to specific
steps in th%é%%@%fgé%%%@ﬂ%%@@%ﬁ %{tgrgﬂﬁgg%g%%?xﬁe%@g r%%ﬂﬂ{ﬁ&g‘g;%?\% areélﬁs_{1 glg@rltmined by
the OD ma8K 1RGP D (0 ST ENER A2 tE-L IR Rseske 28 HREMB Ry fatit08te tdfm BEASRES4te oxide 300

on the subséat my@embmweb;egmgﬁgnunwlawibgtm&pd?m,Lﬁlﬂ&)inIgmmw@ gate oxide 300 is
removed ?ﬁ&ﬂr@ééh@tﬂﬁ%ﬂmﬁﬁ%oé FABASISRD A Q2 masss e fRshows the

remainingﬁgﬁrrtlon of intermediate gate oxide 300 and the future thin oxide area 304. In the last gate
oxide forn?QYKI SRR DEsstagar Sdlgrewdiivan deieriaanreiedsalckigittakaaetmateby the OD
mgsk. In Iﬁ@atedm,tﬂwbttmo@ayeaem'rderaﬁé iBie&ﬁﬂgmw@merxibeglmamdmetgateyonmiﬁ_iapp and the
thin o’f'detﬁftefreg%ftwmﬁ@& tBF%%?d’éttﬁ@r‘ﬁﬂg,”&SQ é‘b‘?cmhfg}(o‘ﬂ%ﬁ?cS’ﬁ"%ﬁé EyUnasPY A gRaugtion of
removing intermediate gate oxide and growing thin gate oxide over the remaining intermediate gate

oxide. [00S'5PAEY PERESIABISHICRIAMRSS S 1B dtferars eBlal ey IRl aRe IES ORISR Huring step 202
will have agatskeddadpekinigsizeig acgmbindtibesef diedisternediatapatel oidet 3@asindithe final

thin gate ‘?F]‘édt‘ﬁiﬁgﬁidyb%&ﬁrgﬁ&%% @iﬁ&%&%@f&ﬁ%%daf%|&%§J§ﬁtﬁﬁc\g%r%’éi%w steps, or other

equivalent procedures can be’used to produce two or more gate o nesses on the same die,
which is d¥tEA9fin RS A OMOYRIBRRICHRIRABNHIE THER R EIY 8 6BB SFrFsrief ViRe B mask is
consideregraceenrouditiahtioasking step, a low

[0052] 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 an embodiment of the present invention, the diffusion regions, LDD and the thin
gate oxide channel implantation of the anti-fuse transistors can be either type; the low
voltage type corresponding to the thin gate oxide, or the high voltage type corresponding to
the thick gate oxide (I/O oxide), or both, provided that the resulting thin gate oxide threshold
voltage is not greater in magnitude than the thick gate oxide threshold voltage.

[0053] 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 6, while Figures
7a-7c¢ show the various stages of the variable thickness gate oxide formation corresponding
to specific steps in the process.

[0054] First, an intermediate gate oxide is grown in all active areas determined by the
OD mask in step 200. In Figure 7a, this is shown as the formation of intermediate gate oxide
300 on the substrate, over the channel region 302. In following step 202, the intermediate
gate oxide 300 is removed from all the designated thin gate oxide areas using an OD2 mask.
Figure 7b shows the remaining portion of intermediate gate oxide 300 and the future thin
oxide area 304. In the last gate oxide formation step 204, a thin oxide is grown again in all

active areas as originally defined by the OD mask. In Figure 7c, the thin gate oxide 306 is
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resolution mask is used and the design rules require a large margin of the 0D2 mask over active gate
areas and particularly, do not have provisions for the 0D2 mask ending within the active gate area.
According to the present invention, the 0D2 mask ends within the active gate area creating a
split-channel anti-fuse structure that features thicker gate oxide on the drain (i.e. diffusion contact) side
and thinner gate oxide on the opposite side (either channel or non-connected source side). In
principle, this technology requires that the gate length (polysilicon line width) should be larger then the
process minimum and depends on actual 0D2 mask tolerances, but otherwise does not require any
process ogimaskgsathe chamngslidibeamsrordn3o@tandchgtinitootive spdik Gbannahamtiekese structure can

b : at e . e illod
€ approxé%%%@rﬁ%%f&ﬁ%%%% SHgae E&%%Hﬁégi&é%&ﬁfé\;ﬁ%ﬁg% e;@gh%% ’aersl d'tﬁe g;te

the art will appreciate that accurate calculations can be made : |
length carPHESARiAL8ENBY iy BRAIREIS Y an ks tB18lRe d¥ e[S A s8R dRariable thickness gate

oxide hasm formed, additional standar OS.processing steps can e%'galo ed at step 206 to
complete ggélti-fuse ﬁgr?srig%qrﬁ‘s rr‘ﬁ% lﬂ%eaé%ivk o%\%gircl) |8L?rrée%4(.: |rse§:1)|¥ ?H?:Iu e{c%%r#a ion of the

polysilicors§at202 Wit haytchaaisieidahignessb aime, eambimiricr lejivissnadiateartriaNen, for

example. dewardingtimal prfeHRbRIMbITEIRY Sfferiesant\:sissyssemhmaeassoregplinidiation step

is includeq to sa(ljcide th ol sim:on ate anpl the flpatin digusion region,of tqe anti-fuse tn?nsistor.
. O OXI 8I0n8ﬁﬁ)8, er egéjlvalerbgfroce urea c?an eus?d tP%rO ce WO or more gaite
An RPO is'tormed over the’diffusion’region ore hand to protect it from the salicidation Brocess. As

previousPxdatitetegsass sanbrieaodignytidfusideiseniat )i pRiheaiiigs rterdaevn in the
region. [0Q5&C0passue to consider for the above-mentioned anti-fuse transistors is the retention, or
reliability or the unprogrammed cells. The described anti-fuse memory cell is programmed by forming
a conduct[P@aiannel béywicelly tiieefaBAsitiesk igamsider el cloargridice roagfing stemiradere oxide. The

resultant Pé@gf@l&ﬁf}ﬁgsﬁt%tﬁéé@rhh& lﬂ@@@é%_ ey ?(%11 @@Qflﬁ%mrh%{r@ﬁ@ﬁ/iﬁ@ oeashyrlbrge to the gate
and sensing the voltage of the bitline the anti-fuse is connectefd tﬁ" Téﬁﬁtiﬁlcel req?d vo.Iébag? is 1.5V to
0V doncH BT e AN, SR R B g BT S r A BB ot o for o
DC bias o#ctlve gale abehAdourdinitae)theararaistbinyantiontiieecel Zforeskngsiavithintfereglive’ devices). In

otherwordgaigregadevaligaespraxiemselfisiendy bigRiiparRaRaFe SR AEIAIEBIAIRGN the
unprogrammed state, One fac%orgor. axim'zinr%é{regsbilgiéofun@ro%r‘gmmed i-fuse cells |s to
V

e B, T o e SR I o o e e B e S B RE T es shows

e
planar vier opasemedigsestranssistde)havipdnaipteninisZechivlogiatedoiietbatheltate anod
manUfaCtl{b%@ﬂMiU&r@WeWﬂPéﬂo@M@eﬁé}&?% ﬂi@@@é@%ﬁlﬁﬂﬂ?ﬂ%@%@&mﬁﬁéﬁm invention.
For exam@g the fael?rl'lcation st%ps utlined(ijn Fi%ure 6 can be used. F%Jre jit))QjSh‘fW a cross-sectional
view of the ARt SR8 ‘Fl‘-"‘.%SFVeV'%%, PRI ISRy AP R FULE AT & e#%a?g%a is very
similar to Ahe-fisenuooostelendih Kigthe Bt ehawst anit iire srartofelcartihie aprwvRidiedhs® variable

thickness gatexideneath kiR iPabisiie on atRd $Hn gz ORRRAAGKIHESR trRNstskar 400 includes

a variable thickness g te oxic%e 402, To!med on the substrate channq(l {ei ion 404, a Rﬁ' sili'con gate
406, sideiRH"SE AL I 6L FRCATIISIO AR, BRI TSty Tearsh PSR difLoH8gion 410.
The varialfegticandissgiateiagitiey4gpteonsi§iDdMmaskitkeszitesand a thin gate oxide such that a

majority area of the channel I%?gth, is covered by the thi_ckrﬁate oxide and a small minorrei)(t;)é area of the

channel 1A88{1s covere895/ i HAPIGAUCERRTE IR SKETAT PRAVEL SRS RRUWREL area 414
covers mdsvieiS inecaetisio gastapel tanUredem plolyssil iy iegR06406;0oxdelst e ansrhek sqoaistathin gate

oxide areadG.An-LRGHANGISINE 40PanRs RIS DEMORYIFSIcangdiengswil have a

bitline contact 420 in electrical contact with diffusion region 410. The formation of the shape and size
of thick gdf25%RE'IRe%h ISR tHin Y AR HE'IPIE U SRR S A (RGP DB below.
[0061]Figdrecriingricem lznejeiiedl @minovievertd fotlibegpredersity Waesssted pfderpse 8alitwdiation step

is included to salicide the polysilicon gate and the floating diffusion region of the anti-fuse

transistor. An RPO is formed over the diffusion region before hand to protect it from the

salicidation process. As previously mentioned, the salicided floating diffusion region will

enhance oxide breakdown in the region.
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highlight the planar geometry of the variable thickness gate oxide. Anti-fuse transistor 500 consists of
an active area 502 with overlying polysilicon gate 504. In Figure 9, shading from -18- the polysilicon
gate has been removed to clarify the features underneath it. The variable thickness gate oxide is
formed between the active area 502 and polysilicon gate 504, and consists of a thick gate oxide area
506. According to the present embodiment, thick gate oxide area 506 can be considered as at least
two rectangular segments. Those skilled in the art will understand that the delineation of the segments
is a visual breakdown of the thick gate oxide shape into constituent rectangular shapes. The first thick
gate oxidgopsgmnent 508 exienadstéroomsidéisioe i abtve -chanioabegionusotridisigraigtibe left-most
edge of th ili 4 ion. be seen as
a rectangu ﬁ%@pgg%%ﬂﬁ%%{éggaﬁgﬁ%@ ﬁ?a%g jﬁ%%g%%t ge&]grﬂa{rﬁ?é% Eﬂgg%)rgp ?ﬁfg%]econd thick
gate oxidPQLATEALS Py iQ'AHjd GerrdUFiviFbesaghhe e ha RPEHicAR SRB AN NS &RAOMRSt end of
the channgireegiomhéatanpyaraigicained cistaanemdjharchad saltidarigibe Ueesrecand ik gate oxide
segment %&%raﬁén%g%ﬂgwga@%ﬁqg% ipdaRdIRIEARR R IEGRE ShashiddLand the widih
08. [0062 XI

of the first segment Because the second thick gate e segment 510 ends in the channel
region, th@PEmyamin§oanesRIR o reddvRirsarh aiape iad it s st RINENG ABPIRF Y ments 508
and 510, aschooidle Ttievdiaysinies bycteel etgessamine astige aleaedr Brixreamonmigearea is the
thin gate qgxjde | : | r ithy ich.thick oxide is to be
formed, tr‘%é'%[)oz?‘f rﬁ%@éfg\%ggz rﬁ%%ﬁ%&%ﬁ%ﬁ%ﬂg@% %%%i?ﬁ?ﬁ%&%%ﬁ%%&e formed. Thin

gate oxid RN Grolth RAghPIREEY BemvElFiB)y uofHg BPAr X SRS SMHGh AFRIARHARE the areas
outside ofttireurgetanguiacostiee Gid ficwhirenihiokigateroiidiitis dounpedgashetantilineg 513 can

represent A OR %, MM MEGHLARS NS TRTIGAIN BECGARY VAR RRFLNSESUGhNat a comer of

the opening 514 overlaps a corner of the active area 502 underneath the polysilicon gate 504. The
dimensioagggppening Bigdre®@a bRosRICCHRM 40 Iewolasi 20t BusdRaensi s fealash seinafiflinegnsions, as
wil be disgysserbwigeierenes o figure 40.,0¢ Spdisiansister @b s memondcal e biline
contact 516'is ormeg?or &lectiical conNBCUoN 1o & bithne ()ﬁot S owm 6[5ﬂ—clgure IS agplanar
layout of dn3erABRPEIMBNCHHERAMPOT tINGRTUSY REmols: dagi lePrtglive sierscovdifrAitt an
emdbodlimewwfetb @@f@élagtﬁm\mgumﬁ SROMEMIOE QBRI Gas ﬂ@WﬁﬂT@e_rlaﬁmgl_é)é eelisigiasged inhrows
and columns, where_polysjlicon gaje . formed as continyous polysilicon lines, ext over the
mctive arer DU RS R LB IR R (T B g R R B RO o
logical woPHRWE WEDUKR/PA, axteptdhat e 3rea ehéhprbiramie shisR e dhtcindénthiekrepasmie area 502

has two pelisdisencaaiesciitydinesalptorminagnednti-fuse transistors that share the same bitline
contact 516 and active area 502. [0064]The openings 514 in the 0D2 mask 513 for defining the areas
where thel@@0fate oxidetisuscheagsisian D0dnciustpsanirrishiggbichingssasteamdidpddBoieeteslich that
ehach t?f E%W@W?@Mﬁélﬁ@ﬁf&hﬁ%&%%ﬁy@mﬁ% @Ef@?}p@,@id@%!gééﬁéé%oﬁﬁ}@élﬁfﬁfﬁ% 502,
thereby definin thin ga Xijae ar : . a the thi te oxide area has at least one
dimenaior BT I e o 2 R R D L YRR B B ARG through
the overlapxisenA@e:ponsisihakk tigiorddeoang mik gatgionids ieliffabomaaitk asge@thilted the active
areakmasléh?nﬁeih%qc_%nfmdwwﬁmerthiéktrf]gatéﬁ%é%ﬂarawiﬂgmﬂyiaréa?oﬂma 6ﬂaﬁkegl3- %o:]h
masks are o non-critical widtn, meaning.that t are, ater thap the.minimum. allowa width.
Fiance, by S AR R el e A R (e I SALER H iR A A2 474 can have
dimensiorgo¥giprogisheliéiy eeiivg acerdlblondei@eohisiliermaiatd® skeeriffana givathsaikaiedlivn process,
or tephn%@g}é- o&h%rgf@mi?lemm_ﬂa@éi@%gﬁdeawwgi@é@%w&ﬁdowwmsm &lﬁ@ﬁ@mﬁ@szq on the
spacing etween rizontally a nt active area gna. e spacin ween vertica Jacent
hive aroll Esse A AR cot S AA6 Se i Kot R S O AR S8 PR AATRAE tirroeion
mask for degishaperrnesikpechibial Gaie txismarka M4non biuenie ekdawraadig Rdikressedinf the

fabrication jesbn@iegbelow.

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

consists of an active area 502 with overlying polysilicon gate 504. In Figure 9, shading from
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[0065]The dimensions of opening 514 are selected to minimize the square or rectangular shaped thin
gate oxide areas 512. Those skilled in the art will understand that the selected dimensions will take
into account alignment error and fabrication anomalies such as cornering of the 90 degree edges. A
high degree of accuracy for the fabrication of the thin gate oxide area 512 can be obtained by using a
high grade mask. A high grade mask is provided by using higher quality glass, materials and/or mask
printing equipment. [0066]Therefore, the reliability of unprogrammed anti-fuse cells having this
minimized feature size thin gate oxide area 512 is greatly improved. The shape of the thin gate oxide
area 512 iméqm@lgctbargareswsareerresmiw itd @lanityi thizrGiares uAdaokdingttoTakaraaslembodiments,

e hriRaA SRl e cAneH Aeen ABSING 5ich B4BTAR BAIIR-APHEIIEA e roas 502

as shown in Figure 10, mu t|p e sma er ogenlngs can e used n opening can be
shaped to%@éﬁ&poéﬁlwm&ﬁ@r%ﬁeﬂfﬁ"a Pocbrearct %@r‘@&é’%ﬁ”tﬁmgﬂdﬁﬁ%ﬁﬁﬁ £483% shaped to
overlap ordyidwaneerwattyrablmsmicmweaama&m&whegmareemﬁlmﬁuahbeetemgéelsdahger in size

than the dgige, '@@%ﬁ?d%mne%%nﬁés@oﬁ%%tﬁ%@r@?& LoNerRBEARMARA R RR02 Whie any

number o any size are contemp ate reviously shown em ment, the thin gate

oxide can%ﬁﬁéﬁﬁ?&gﬁﬁ SR pRNSIE 7 TerdaRaHIFSBARSRS Q%Fg%u@ %@%mﬁ@&mﬁﬂtéﬂﬁg the thin
gate oxidesxpsederably atitbestiinftticlkc gataad xédi hotontading it it @tgompdisir@ by tapplying a high
enough vajigaa, ﬁ@@gtnwgvg%%%ﬁ& SUSANG e AR A1 re?%ll%fﬁs hePrayammed and a

substantially Tower voltage differential, if ady on all other ore, once a permanent
conductivESRORBIIRANSRSE *EFERY RS FiNiFtD IgRs B@?éﬂ%WWE}h‘féWﬁlFﬁ@WﬂHF@@!@ﬂ the€link and the
channel ta¢oerdifhiskogate giods vdyciecicl 0¢s seiwetity tenirenticgrabsests andpditienddriraits. For

example, g,y E’fm@'ﬂr@tvéﬂ?gﬁn%@a%%lﬁ’ W&e%ﬁ%éi&%ﬁiléﬁod?s%{ge%%h%Hﬁr%é%ﬁﬁt}ﬁo'tage such

as ground is applied to its corresponding |t Ine. Memory cells not to be programmed will have their
bitlines b|5§@§?€%(‘%'ﬁﬁ§@41f’g%?'?l§§ﬁ'ﬁ%‘uﬁao §8817 24y reialn prriahieHBE GHBreRfi&mming
circuitry isoetweshotha ctiroselofigkilbindtive aftitvibfunel érstaaghtbat 508 circuits can be coupled to the
bitlines, and incorporated into the wordline driver circuits. Reading an anti-fuse memory cell can be

done by pl&R$&rging thBasmseshe e et RAig aaeraenyontagadsiethasRanne! teaies.

pO'YSi"COﬂl@a’@ﬁarﬁiﬁ)@%éam%d AstiiaftRfanaving s CRNOIBBMEDN W(vkb pidikdts costpspapdiog) bitline
towards VDla 5A nprogram Om%gtan)tlsf se WI h an, abse %e ofa con q |nk will behave I|ke a

eedge tive e his ema|n| g are
switched capacitdr, r%eaturlng very low'le iaée currgn% hereaff)re tlifie VoIt age wilnot change

substantidfyh Bingaterxigeipige HeayellehereRrmast Wa@efnﬁfet%ﬁé%aammwh[dmwhgure 11
is an enlargat Mab aelryeiddofrRODHirfase mnﬁt@rrw@n@in@dp@mmummemn@ﬁ the present

invention. -f r |s ils an rans ore has the
same actncg%ére%?géf %ghfgr% @ﬁé’w‘i ﬁ]og%:onﬁa %Slér%,& 48 use(gfya SIS H%eég 'has a
dlfferently@ﬁﬁﬁ‘éﬁ%ﬁlﬁﬁlé'iﬁ@ﬁt@e&%ﬁ?@%%ﬂ@d?ﬁé"ﬂ@iéﬂ%@“&ﬁ&@é"ﬁ‘r@é%@ WAR"BéNden as being
composed;gleasigass mmﬂaagd&roae@ﬁmemgnde@rawnguiaoaegmnm&ditﬁlrﬂﬁ@pﬂh@ate oxide

segment G eé;i% th58£§ WIS %:}g)g;t'ngogg i Eeagé;%Fh Angid r!])}%ﬁ‘ chﬁ i e st edge of the

polysilicon gat 0 a second e nel region. egme an be se n asa
rectangul@%ﬁé@ér@é“‘ﬁa@iﬁ@ PRinAcEesin e PRGN SRR S MhaHirerirBgNSIP 198 second thick

gate oxidepegmesiHeinisasianta to teafiyslisePmenisidfiandeadensisiiiunsibessaseifiss end of
the channglregion 107 RIGASIEITIRFSLAStENRarY G ShANaR S aatn L0% 3RS itine

contact 516 is formed for electrical connection to a bitline (not shown).

[0063] Figure 10 is a planar layout of a memory array consisting of the anti-fuse
memory cell of Figure 9 according to an embodiment of the present invention. The memory
array has anti-fuse memory cells arranged in rows and columns, where polysilicon gates
504, formed as continuous polysilicon lines, extend over the active areas 502 of each anti-
fuse memory cell in a row. Each polysilicon line is associated with a logical wordline WLO,
WL1, WL2 and WLS. In the presently shown embodiment, each active area 502 has two
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-21 - gate oxide segment 606 has a width substantially equal to the difference between the channel
width and the width of the first segment 604. The third gate oxide segment 608 is triangular in shape
and has its 90 degree sides adjacent to the first thick gate oxide segment 604 and the second thick
gate oxide segment 606. Segment 606 can include segment 608, such that the predetermined
distances is set by the diagonal edge of segment 608. The remaining triangular area having 90 degree
sides formed by the edges of the active area 502 is the thin gate oxide area 610. [0069]The dashed
diamond-shaped area 612 defines openings in the 0D2 mask 513 in which the thin gate oxide is to be
grown. Exprisiiedrgins sbdrmiadesdn & antastou tsitie i hardisocidassapedaughne GliRnend within

0D2 maskcg&éé.g E%rr?dtgé K %ge is formed. Dashed outline 612 is the opening in the 0D2 mask
513 that is used %ring theﬁafﬁac{%ation process, and positioned such that an edge of the opening 612

overlaps gopgaer of therpgibyerangs STRinfdecomah-HKesn 8 i licanigpiecaidasrtig onaseimly shown
embodiment, opening,612 is a 45 deagree rotated version, of opening 514 of Figure,9.. The dimensions
of openind R T DRaR Do it reo o e SRR SR i i S8
discussedw Vi SREReHT VYT IFRSUVEN e[ cR PO FikpGReCt fois antirdfer trapsistafagtivRaiery 8Py consisting

of the antitfdesbineumiaing eed Bifdew e xdeaneasding. tlasn e nrearinmene okie peasenrt dnwrirtion. The
memory 2y fias antk issmemony celis arianded i pws.and ollmos. where polislicon gates 504,
formed as continuous po?ysWiconrﬂnes, Exténd over the active areas i) o_fseac anti-fuse memory cell
in a row. TRERIAGE tresafi iR AVEHAST RREVEBI MIRCHA RABEAQREMeIpErdies thihasifusigreas 502 is
identical tenteat aRewallb iiguweild atel flddineapeirRirgsondanask g imarkhd dtardeliring the areas
where the Jhin geie s o e aroun s diamand-shaged and sized anasiionsdraypy. fnat each
of its four edges-overlaps with the corner areas of four anti-fuse transistor active areas , thereby
defining tHEaIgHeY aéNERIdHe APErS 8N @l pyakily Wgibn iBne gt RNGHie Re 4 e10y sl RIVh e ehinimum

feature sizeragkéheéhréaaionenracess dhideQiedapia baiweaes dwensrsk eppienmnaer bgirg the
diffusion r’pask al%gv(r‘ﬁllled the ac]tiv area maﬁI and the sechd being the D%no ask 513 having the

diamond-SRapad dpenings B2, ??s“rﬁ%t%'éetﬂah\?vﬂﬁ’eert‘hé‘bé'ﬁér'l?r?gpsf%c are considered

diamond-Shgpeiaree agvdie pienstREraianadar sanes peRMNajaralestnd Sageddvé areas 502 which

are defineshuithglinas esrdforeanens teijaash atics srbassbzenelnt pcigesteaiuascang openings

612 are diggongishaped andauelerably. 22 s delngdse AR gegress (RIS ie defining

: ad aci
lines of the H)o ysilicon gates or the a
514 and the diffusion mask for defining the active areas 502 is smaller than or equal to the

minimum feature size of the fabrication technology.

[0065] The dimensions of opening 514 are selected to minimize the square or
rectangular shaped thin gate oxide areas 512. Those skilled in the art will understand that the
selected dimensions will take into account alignment error and fabrication anomalies such as
cornering of the 90 degree edges. A high degree of accuracy for the fabrication of the thin
gate oxide area 512 can be obtained by using a high grade mask. A high grade mask is
provided by using higher quality glass, materials and/or mask printing equipment.

[0066] Therefore, the reliability of unprogrammed anti-fuse cells having this
minimized feature size thin gate oxide area 512 is greatly improved. The shape of the thin
gate oxide area 512 is rectangular, or square, resulting in a minimized area. According to
alternate embodiments, instead of having a single rectangular shaped opening 514 overlap
with four anti-fuse active areas 502 as shown in Figure 10, multiple smaller openings can be
used. For example, an opening can be shaped to overlap only two horizontally adjacent
active areas 502. Or, an opening can be shaped to overlap only two vertically adjacent active

areas 502. Furthermore, individual rectangles larger in size than the desired thin gate oxide
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[0072]Once again, both masks are of a non-critical width, meaning that they are greater than the
minimum allowable width. Hence, by positioning the overlap of the two masks, the area of the thin gate
oxide areas 610 can have a size that is approximately equal to or below the minimum feature size of
the given fabrication process, or technology. Therefore, the dimensions of the diamond-shaped
opening 612 is selected based on the spacing between horizontally adjacent active areas 502 and the
spacing between vertically adjacent active areas 502, such that the overlap area between the corners
of the openings 612 and the diffusion mask for defining the active areas 502 is smaller than or equal to
the minimareaféagisarsizcueéihe tabrigptantechno gy 500 A8Hbadimensians afcthagiend:-shaped
opening 6 re s, inimj i ' ' selected
cmensior el B e mack
can be usERg4ighr Srication tolerances. [0074]The previously described embodiments of the

non-volati ory ce|] are (%lirected to a sin%le anti-fuse tr %sisto memory cell. The variable
. ) he anti-fu e.transu?tors e progr%mme(? )Hu {urm t ﬁthn aie oxige .
thickness gate oxide can have a thick gate oxide substantially identicalto the gate oxides used for high

voltage traigietably ehtetiaffickge SratbRunAR aHubie aaramrRishedRY eRRIENSGA ke a thin gate

oxide substaiiliyoidRpt@abiering BaiecexitRsgusear@Hevhyalans: thansistassnepibgrsamedchip. Of

course, bath the thick and thin gate, oxide areas_can_have thicknesses tailored just for the memory
vy, 00T A H S e T S e Sl o for con e

formed in RRENGARLFPREUSHYEIRIei $riRiIsth RteLRIVidRPHeRV-tharbriicontpais v iddIPWrigures 13a and
13b are illyst@iione Gh INOthOssies ahthéusgusiemenisee ivpreaising: tseascampedimanioatthe

present invention.&.ﬂ?G Figure 13a shows a r view Of a two-transistor antji-fuse memory cell 700
having & RO AL Gt LT R L MBI B IRDES Chios procees,

accordingRe¥eHi e SGERABA MGl ee | PRES AL ATPHIFOA IR BN SBRINEA 04! RS ERAAMBAGI view of the
memory ceilline Ovidnrdgrieelt It takspadergrinedBriB hAwotieansistes dnkédse Mamagy bighgi00
consists otfh%H 8&)%%%1,5 stlrj%ﬂse{gtgbf)] f%?g%rr\]’\pl)iltg. ﬂnh%ﬂgﬁf%%gramming circuitry is not shown, those

of skill in the art will understand that such circuits can be coupled to the bitlines, and

incorporated into the wordline driver circuits. Reading an anti-fuse memory cell can be done

by precharging the bitlines to ground and applying a read voltage, such as VDD, to the

polysilicon gates. A programmed anti-fuse having a conductive link will pull its corresponding

bitline towards VDD. An unprogrammed anti-fuse with an absence of a conductive link will

behave like a switched capacitor, featuring very low leakage current. Therefore, the bitline

voltage will not change substantially, if at all. The voltage change can be sensed by a bitline

sense amplifier.

[0068] Figure 11 is an enlarged planar layout of an anti-fuse transistor according to
another embodiment of the present invention. Anti-fuse transistor 600 is virtually identical to
anti-fuse transistor 500, and therefore has the same active area 502, polysilicon gate 504,
and bitline contact 516. Anti-fuse transistor 600 has a differently shaped variable thickness
gate oxide. The thick gate oxide area 602 can be seen as being composed of at least two
rectangular segments and a triangular segment. A first thick gate oxide segment 604 extends
from a first end of the channel region, coinciding with the left-most edge of the polysilicon
gate 504, to a second end of the channel region. Segment 604 can be seen as a rectangular
shaped area having a width less than the width of the channel region. The second thick gate
oxide segment 606 is adjacent to the first segment 604, and extends from the same first end

of the channel region to a predetermined distance of the channel length. The second thick
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transistor. The structure of the anti-fuse transistor can be identical to those shown in Figures 8a to 12.
For the present example, it is assumed that the anti-fuse transistor is identical to the one shown in
Figure 8b, and hence the same reference numerals indicate the same previously described features.
More specifically, the structure of the variable thickness gate oxide is the same as shown in Figure 8b,
except that the diffusion region 410 does not have a bitline contact formed on it. [0077]The access
transistor has a polysilicon gate 702 overlying a gate oxide 704. Formed to one side of the gate oxide
704 is the shared diffusion region 410. Another diffusion region 706 is formed on the other side of the
gate oxideyg@i@dhidaiebgnib®es adsitinedtosidetardigifosmerd onhe Bitsheddéusiomeeagions can have LDD

regions adiagant (e Y ICALRAGSH L ARIEXINEH Bs MRSRiRkUEd B theadvill wadqestand that
bty i OAAT0 Bt o B o

the diffusion region 706 can oped identically to diffusion re%%AlO,_ ut can be doped differently
dependind"BRIHE"dB ShBRECHEHAAR S BREGELCfoSIe 213t 1B sk st Igta sk Bl variable
thickness gdaaxitie €50 hathrkhjak gaideddearee0aneagitunt GatcaxiteladeaschheitihBddess of gate

oxide 704 it he-same s e dikareof Liedhifs dple.nede quep e Yaigabla fickness gate

oxide 402. In one embodiment, the access transistor can bé fabricated usin tage transistor
process, PR EIPAYY eRBAMBFSMTBNECtRideg deamsddy H?%ﬁ%aﬁfgb?@ﬂ%&ﬁ% e oxide
402. The poiysititoggatexideZeane16.formed concurrently with polysilicon gate 406. [0079]The
operation of the two-transistor anti-fuse memory cell is similar to that of the previously described single

transistor E9§ise cell.Tbpoelaehiirmprdashnredeatearflddeifeparanthgsap BIR &R high voltage
to the VCB1zolysilizpnigesiyaile sRiakriaiding grewritimescatadonith Jienacsans Hirasistesieturned on

to couple e shated difsian/egipn. eiroungia shitine) [ASOTGIdG A4 5. pRiaarjayout of a
memory array conasﬂng oa}pt%e WO- ransispor antlpfuse memory ceﬁl o}} igure T3a an ifﬁ) according

to an emb@HMRENPB$TRE Priiseklidiethesteniy inéhedAP 8 maphaidHerhisrysesIRUEAGHged in rows and
columns, vebgeatihe frotysiicanigriasohes siarmest an sagdiotpiesopenislicon empdendever the

active are f ea i-fuse memory cell inar ilicon line is associated with a
logical cel pﬁ@%egﬁéégg%%@lu%ﬁﬁa%ﬁ %&M'*Rﬁ%g@ﬁ%gﬁ %%t S %f)@ rég %Vr'?ned as continuous
polysilicorPTResWREhaPRiing BlAisthd agagecareiet i aheraafita s 4 misrediiRe row. These

polysilicoryiinessrits abspeiatgtb1atbe gis abwersd iftese\Whydidd/ Lt Wis2a nefdb @ sk she presently
shown embodiment, each ﬁé:éive area é%v?thhra§ two C@qir&g{%%oé?ilicon gates 406/702, thereby forming
a

.. dimeéensions, as wil IScusse erence 10 . )
two anti-fuse ?ransstorsvﬁ] sﬁaresﬂgﬁe same bitline cont and active area 416.

[0070] Figure 12 is a planar layout of a memory array consisting of the anti-fuse
memory cell of Figure 11 according to an embodiment of the present invention. The memory
array has anti-fuse memory cells arranged in rows and columns, where polysilicon gates
504, formed as continuous polysilicon lines, extend over the active areas 502 of each anti-
fuse memory cell in a row. The layout configuration of the polysilicon gates 504 with respect
to the active areas 502 is identical to that shown in Figure 10.

[0071] The openings 612 in OD2 mask 513 for defining the areas where the thin gate
oxide is to be grown is diamond-shaped and sized and positioned such that each of its four
edges overlaps with the corner areas of four anti-fuse transistor active areas 502, thereby
defining the thin gate oxide areas 610. Ideally, each thin gate oxide area 610 is below the
minimum feature size of the fabrication process. The overlap is between two mask regions,
one being the diffusion mask also called the active area mask, and the second being the
OD2 mask 513 having the diamond-shaped openings 612. It is noted that while the openings
612 are considered diamond-shaped relative to the other features, ie. the polysilicon gates
504 and active areas 502 which are defined with lines at 90 degrees to each other.

Therefore, relative to these features, the openings 612 are diamond-shaped and preferably
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[0081]The openings 710 in 0D2 mask 513 for defining the areas where the thin gate oxide is to be
grown is rectangular in shape and sized and positioned such that each of its four corners overlaps with
the corner areas of four anti-fuse transistor active areas 416, thereby defining the thin gate oxide areas
418. The same relative mask overlap criteria described for the embodiment Figure 10 applies to the
present embodiment. The dimensions of rectangular shaped openings 710 is selected based on the
spacing between horizontally adjacent active areas 416 and the spacing between vertically adjacent
active areas 416, such that the overlap area between the corners of the openings 710 and the
diffusion raskiéanidgfinsigsth ecgesveraleng m&mﬂrﬁﬂgnm@ar@fqhe@u@lstnbﬂmegm&ﬂmumefeature size of
the fabrlcaatég(? ?F(Qﬂ%ﬁy [0082]The embodiment of Figure 14 is configured to having separately
controlled cell plates VCPO, VCP1, VCP2 and VCP3, which allows for improved control to prevent

unmtenth[wmogramwmg@igmﬁeé@meda@ﬁﬂ%wma pOeImtRIemARdiBERih R Ghey @RR1, VCP2 and

VCPS3 can be connecied 0.5, common eds, Jn such.ancmboriment,a Speclic progigmming
sequence’is used 1o preven unintentiona programmlrig unseiecte € programming

sequencemsskitetanaraate’ Hiabunianseydaar @ﬁ%ﬁ&%@&ﬁaygeaﬂzﬁltb\?éﬂaIﬂ@@@éﬁ%ﬁtﬁﬂﬁﬁégqb a high
voltggg |e\@brf?H@WQﬁé}MBﬁ¥MﬁgfﬁéﬁJ@§E€@ﬂtﬁ@:bN@W?&l@aﬂ@%m&@r\@ﬂgﬁﬁo\é?P Using tohe
embodiment of F 13Db for.example, this wauld result in rgin ion410to a
high volta?;;qevel e (\;v?’r(r)]rdqlsﬁoen%onggnprdc;)%rpé)rrﬁgrne s %uePec Eqa gs?e%ec ?r?zba C??Heﬁ%(g)ether
wordlines SRAGHY W@W@@'IMW%@QB%W@?%QQW@ t'T%éPﬁQWQ BaireQyREfalbonnected to
the Se|eCt§dJ£6@ﬁﬁ‘Qb&i\@Hri§?adMnd%ﬂﬂlﬁ&vtﬁ@ﬁﬂ@ﬂd@\é@ba%@h/@@ng@lﬂdﬂn@’é%X&ﬁ@@@erﬁﬁ@@3]|:igure 15
is a plana I|a2youé memory r(a%rc&) ]Snll.%tl eogé[; tygésr%rbal%t%rm% gﬁsé% memory, %i accordlng to
an alternate em |men er}he prese Inv he memory array of igure 15¢ |dpe ical to that of
Figure 14 %Q@Wtﬁéﬁ%ﬁ%ﬂ@ﬁﬂ%%@é@ﬁéﬁﬁh@mwnh|ng 0D2 mask 513 is used for defining the

thin gate reas of the variahle thi ness gate oxides. The e rel tlve ask overlap criteria
descbecti/ Tl embollIRAMTEIGNS PoORAd RO aRELIRLURD S0 SARTEB TYORRAS e
prevuousIyrmggw@ewgmdhinm&t%%m@rmmﬁ herreleftbe dimelgians wiidekedoimaereumas a length
extendingfigAmehespiod SHd e rbatueh a0 he LHIGH sRAOHAK chamaldegtenighesording to an

alternate (?rgbodlmen the length of this thick gate oxide segment is slightly reduced such that it does
not fully e (RN QAR length of the channel region. Figure 16 is a planar layout of an anti-fuse

wansistor ageaiding (o ahlinatePRRABIP BRI MENENISRNID RIS 16y the ant-fuse

transistor 800 includes, an active aréa 802, a polysilicon gate 804 and a bitline contact 806. The active

area 802 fGERERA HISA)L; fr&?n"@aﬁésgwmmv CRANH YY R eI SHIeR R EPRMEAR GRBOO. In the
present efmedatieck, AR2orids kBB dliEdllyadahiealreaweitmte wiidds tisek toditghsvttdgeformed, and

includes ap.rlsisRaRRURASHIRG AR AHAHAPRING ANARIVERIRRENAe WitBD R iRk thiyatg.xide will

be grown. This embodiment is similar to that shown in Figure 9, except that one thick gate oxide

segment (?é('d\?()%ibé;&@%@ {gentic B AN SRFEESHHE 8é'B@tv@étéﬂetﬁé'aﬁ%{ﬂﬁeﬁ’?éﬂ?o%%% edge and
a second phgd&ecmirsed wittame thids ahd tiiljareabitiickagede aidasetncemntgses 5didyedhesefore, the
thin gate gxidgamibhegravyy between the first predetermined distance and the channel region top
edge, and the second predetermined distance and the channel region top edge. [0085]The previously
described[eam5ddimentdafdiaingndi fiuse tranistkiordnay ef the present invention, an access

transistor can be formed in series with the anti-fuse transistor to provide a two-transistor anti-
fuse cell. Figures 13a and 13b are illustrations of a two-transistor anti-fuse memory cell
according to an embodiment of the present invention.

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

anti-fuse memory cell 700 consists of an access transistor in series with an anti-fuse
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channel regions of a constant width. According to further embodiments, the channel region can have a
variable width across the length of the channel region. Figure 17a is a planar layout of an anti-fuse
transistor according to an alternate embodiment of the present invention. In Figure 17a, the anti-fuse
transistor 850 includes an active area 852, a polysilicon gate 854 and a bitline contact 856. The active
area 852 underneath the polysilicon gate 854 is the channel region of anti-fuse transistor 850. In the
present embodiment, 0D2 mask 858 defines the area within which thick oxide is to be formed, and
includes a rectangular-shaped opening 859 overlapping the active area 852, within which thin gate
oxide will bergrstom Thbetactive afetelidiciizeathritisti@alysibeqtcpataldd hissélshshapea digqundsthe
rectangul q [ B ‘Bb ;J:%Héi dge.t %QQF r q 2] ilp‘%g. | I the-f nnel region
top edge. 8356%?58@1 % ?%t%c}gvgs t Eér%% glﬁstutl-fuset%r?sr,%tgorﬁggg@wit _o@%i%&%g@?tﬂg polysilicon
gate 854 {HFIRRISHERHIEK'§AR SRAIBSEG ST REERSRMEMEHSHNHEHR PPEPR embodiment,
a first thickrgaicuslyidessabsiabhBioss eMepdp éuifivallye Hifssieruedgeares ihrabhamnegigatéo a first
predetermieel (siance dellarhiy ihebalom edaslEHIMAIRERIN Sadsreond ihick gate
oxide segmé_n_t% L-s%]ape?, an \?ncl ud§s two Su %égpe)gments 862 and 8%4. Those sﬁiﬁecﬂ%the art will
understan® Ritaseri@tiiedne Ut the sub-segments is a visual breakdown of the thick gate oxide
segment into constituent rectangular shapes. Sub-segment 862 extends from the diffusion edge
of e chal B0 egion to IR RS o AR h T AL e o g s By avan i om he
diffusion deRjEed tROrM AR fagigAterudREBhiF thedbrsas Hildsinataeien 4H 48eMSH predetermined
distance igibgtwaesdibe fiostipreaesersn fesddisiasge npdlhatdifiugioroadgier he ihannel region. The
thin gate gxide region ds from ttg3 first predetermined distanc he first thick gate gxide
seqment G00 E Has B G e B e TR R

layout of H¢"ABLRISEIAiRaecistecBPding esasrdrerindbe ampddintanstaneiaalias«ifysi@ention. In

Figure 18zegftm 206-dus@& ansistaicBBOalnclo demthm segim riUsasan twsspstiigferenty. In the
present embodiment, the %ctiveoarea undernﬁﬁath tpedaol silicon gate 854 is "T"-shaped, and the
n 0 e se

rectangulgregﬁe%ggog $has a O%Pgrrr?tén g\é atends a a%’redetermined distance from the channel

region topegigs}- Figurealdhshy e sine aaiviivpEanssisSRlaihruaepdiwipitikhe polysilicon

gate 854 to illustrate the thick gate oxide. segmenis of the channel region. [0088]In t resent
b0 RISRATE RS 0 GRS B0 LB A AR & B e RS LA BEA SRR frst thick
gate oxideasdmhikinkiness-ohtseidickrattin okide sreatihe-vadghlanitiBaassranigssideidBeltopitbthick gate

oxide Seg@_?ﬁmdﬁﬂﬁhﬁﬁe&bc@@é’ ti'&ﬁ%i%ﬁéwpbﬂ#ab?ﬂgw@ﬂﬁré%m\@ﬁ@g%%ﬂﬁ%b%@ extends
from the diffysion edge of the channel re%lo to a first Q.raedeterr(r)zned %Ist?gnq?p, the first rgdetermlned
T SamaR 0 et

distance cOr %nggi (E]O {55 b3t R é)&ae 5t 8&%%&%8 %Flr(%e i\ﬁ%f'@ §. %%Sggr%% H8% extends
from the difdsidre eatysiisfahgath AR slar bR el seoowdepiravtbwalyiirdisgatr406vhere the second
predetermined distance is between the first predetermined distance and the diffusion edge of the
channel ré3%R1 sub-selfane 358 2h H'8 90 IHEILREBAL HRR KGR B LRI SYHR e Lafientically
configuredn® Babaelntentsi@3tstyie8 &t setpettivkiye Tole Broygateroxideragidnsextensistbrom the
first Predeﬁ@gﬂﬁ‘@?%@'&ﬁ%ﬁ&ﬁi% %PQﬁ?ﬁW&@eﬁé@h@ﬂ%@&o&ﬁﬂ%ﬁ*ﬂﬁé@%(@%ﬁ%ﬁ%iﬁ@@ﬁe [0089]In

the previously described embodiments of Figures 17a and 18a, the thin%ate oxide area extends from
a bottom é’H&eaﬁr%MaFB%%CrCSB%Hﬁ{&% e RHRGIR R SH EaY 8 T BECIIEE' M Thannel
region hag@wadibldeawititrg)in which a portion proximate to the diffusion edge is larger than the portion

proximate to the channel region top o _
[0080] Figure 14 is a planar layout of a memory array consisting of the two-transistor

anti-fuse memory cell of Figure 13a and 13b according to an embodiment of the present
invention. The memory array has memory cells arranged in rows and columns, where the
polysilicon gates 406, formed as continuous polysilicon lines, extend over the active areas
416 of each anti-fuse memory cell in a row. Each polysilicon line is associated with a logical
cell plate VCPO, VCP1, VCP2 and VCPS3. The polysilicon gates 702 are formed as
continuous polysilicon lines which extend over the active areas 416 of each anti-fuse
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- 27- edge, the overall the thin gate oxide area can be smaller than the anti-fuse embodiment shown in
Figure 5a. According to further embodiments, the thin gate oxide of the anti-fuse transistor
embodiments of Figures 17a and 18a are further minimized by applying an 0D2 mask having the
rectangular or diamond-shaped openings shown in Figures 9 and 11. [0090]Figure 19 is a planar
layout of an anti-fuse transistor according to an alternate embodiment of the present invention.
Anti-fuse transistor 900 is similar to anti-fuse transistor 850 of Figure 17b, except that 0D2 mask 902
includes rectangular opening 904 shaped and positioned for delineating the thin gate oxide area 906.
In the presestiyrgleewin em@diheeetpﬂlyeiﬂamklg\a&a@e@ksmmisﬂa mdicst thickligasenxide segment

908 and aecoRql gl @ate ﬂ?‘{ﬂg g %ngrﬁ%dﬁﬁ&ﬁ?%’é%%%ﬁg%%e%%% Rpgments 862

and 864 are the same as In the em nt of Figure 17b. However, due to the overlapping corners of
rectangul&@8péh WQ@QOHW%WQ%WE@%@% AN RON (e BandISeEy e BRIy extends
from the diibsi ditliedg@itaet posdete roivecdistatg.e of the channel length. Hence, the thick gate oxide
segment 908 is shorter in length than sub-segment 862 . Accordingly, anti-fuse transistor 900 has a

smaller th[@QEe oxide Hre@Reaingae Ehibsthmarnss ot jiaedeiming e et ateredheHB8iopHenask 902

with rectaggidiisaperigasviié @@@@@meie%&mﬁmt@a%m&ae aidnignseci8b ovit the same

result. [OOP%I]{A further requctlo the thin ate oxide are? anti-fuse tran5|stor %50 and 880 is
Ners over hec Mer SRS 3 pur sAT; use I’(ansmt ractive ﬁ
obtained by app ylng diamond- shape openlngs In the mask, as Illustrated earlier 1h Figure 11.

Figure 20 Resepladriiniagdbe STinaaiamridecatrasddbiaccnameptaln mrskmyesiapmielitent of the

present inaeﬁaimd%ﬁmewwa@ﬁiemmwejs eiaibiﬂﬁém@m@rmeeﬂammarnﬁ?ﬁﬁ ghEigwentInsexcept
that 0D2 mfalsk 952 mclun1es rectan Sah |s Se dd4b ged osmoggtd for Ilne%tirq the thin
ime

d
gate oxide areaaé]gg Inthe pré) SH shown em %%? oxﬂgecnorr?ﬂﬁ%es rst and

second thRKagar axive %’6@%@;@”@&1@%%@%@I@g@t@%ﬂﬁé'@%bﬁﬁ@ﬁﬁﬁ%l@@é@ 8(Ansddfents 888 and
890, Whic:buwfettiaetaama@drar&wtem@dimeabﬁfelr'égﬂnael&bermh@ Faoand thickigadp ®xdeksegment

includes syb:asamenis 959,20l 200: 09INe o s gueriaR RLYAMANI Ahaned gpepipg 954 and

the channe reglon e gecond thick gate oxi SUD-SE -seg ient only extends from the diffusion edge
to a predeAiSN RSPAREYYT the channel length, the predetermined dlstance being defined by the

diagonal iﬁg f the d| ond shaped o i él‘r Accordin anltl -fuse tran |stgr 9 Ieo?an have a

matter tTHIBAL oxicle WX FRH G LA IRl ST G Ay SRR o s
cell plates VCPO VCP1, VCP2 and VCP3, which allows for improved control to prevent
unintentional programming of unselected cells. In an alternate embodiment, VCPO, VCP1,
VCP2 and VCPS3 can be connected to a common node. In such an embodiment, a specific
programming sequence is used to prevent unintentional programming of unselected cells.
The programming sequence for the alternate embodiment starts with a precharge of all
wordlines and bitlines to a high voltage level, followed by driving the common cell plate to a
programming voltage VPP. Using the embodiment of Figure 13b for example, this would
result in precharging the diffusion region 410 to a high voltage level. The wordline to be
programmed is selected by deselecting all of the other wordlines, ie, by driving them to a low
voltage level for example. Then, the bitline voltage connected to the selected memory cell is
driven to a low voltage level, such as ground for example.

[0083] Figure 15 is a planar layout of a memory array consisting of the two-transistor
anti-fuse memory cell according to an alternate embodiment of the present invention. The
memory array of Figure 15 is identical to that of Figure 14, except that a diamond-shaped
opening 712 withing OD2 mask 513 is used for defining the thin gate oxide areas of the
variable thickness gate oxides. The same relative mask overlap criteria described for the

embodiment Figure 12 applies to the present embodiment.
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the OD2 mask 952 with diamond-shaped opening 954 can be applied to anti-fuse transistor 850 of
Figure 17b with the same result. It is noted that the dimensions of sub-segments 958 and 960 are
selected such that the diagonal edge of opening 954 does not overlap with the channel region covered
by sub-segment 958. [0093]While rectangular and diamond-shaped openings in the 0D2 mask are
disclosed, other opening shapes can be used with equal effectiveness. For example, the openings in
the OD2 mask can be hexagon-shaped, octagon-shaped, or even substantially circular after OPC is
added. Furthermore a rectangular shaped opening can be rotated by any angle relative to the
polysilicorjapsi4y. [0094]Tragpesiausly diesiiibe @rabuatteneristiod higunash Lon2diare difecteddto single

rensetor Vs AR syl RSN el g e

_ _ ormed in series wi use transistor. Figures
21-24 illust- 416 CERIBIR 'SHPOAMTRATEE12 LR HIREs e RasimeRle eSO eBINIS40iRY $RAlRimized thin
gate oxid@ﬁmdﬁﬁaﬁﬁwgmy&bdﬂ@@IarmrtlwmﬂaﬁgmwmﬂtyamEaﬁti_s\ftt@fmall@a'@toofaccording to
an em.bOdt'ﬁ%eé?wta%QF?egf@r?qﬁédPé/ ?%IQ?-@QQ%@%%%?@'Q& Rtﬁ%%ﬁ?&&%ﬁ%@&@r@ hgpresent
invention, an access transistor can be formed in‘series with the anti-fuse transistor to provide a

two-transiStGF e STROLBIe R igfiRSsPIese alAvEshoardIlig S tih nsrantivint HAaRHR &90-fuse memory
cell accordlinigdesameitthedireei302f #eyetizentgaiesdd andesiiitkecohzinsdéeJiandetgcaanaiable

width. TwasARISIAL AT LS6 BRI AebdPAs iiAL G WS HaNSIsLCRlraBf Figure 13a.

The access transistor includes active area , & po %lg icon"gate 1004 an itline contact 1006.
The anti-fRIBIRILERPRALINGES SQRBatk 80BEineSH g SRR ISHS BRI 1SBBIrce/drain
diffusion reegioed]1 044 i kliaseth betwearethepanitesdog ansitippiag citevetiafaaB0a ngiator. Underneath

the po'ysiU&fs?@nqm}RQ%ﬁ&%m\ssf guiResRARBLERAION i dhayariahle éh%ﬁﬁ?ﬁ@%@xide having a

thick gate oxide area and a thin gate oxide area, 0D2 mask 1012 illustrates the areas in which a thick
gate oxidE1STBIBRA RN Ck 9atHENRR S PENHIRy PRR) Srigskls BhR ATRPIRreicoRERE i % active
area 852, eitlnéenvinic o thinm e atgioxithe wilhdeargravsocdriupgatacoxite dteaahod doctvessijtvethannel

region betyegn tpehpfiam Soge (‘i;é.tﬁ?oé??%?%l%f fRINNIALZa0diNG %H%eﬁ%@?tﬁ%p edge.

[0097]In Figure 21 the channel region of the anti-fuse transistor has a variable width. _
first predetermined distance and the channel region top edge, and the second predetermined

distance and the channel region top edge.

[0085] The previously described embodiments of the anti-fuse transistor have
channel regions of a constant width. According to further embodiments, the channel region
can have a variable width across the length of the channel region. Figure 17a is a planar
layout of an anti-fuse transistor according to an alternate embodiment of the present
invention. In Figure 17a, the anti-fuse transistor 850 includes an active area 852, a
polysilicon gate 854 and a bitline contact 856. The active area 852 underneath the polysilicon
gate 854 is the channel region of anti-fuse transistor 850. In the present embodiment, OD2
mask 858 defines the area within which thick oxide is to be formed, and includes a
rectangular-shaped opening 859 overlapping the active area 852, within which thin gate
oxide will be grown. The active area underneath the polysilicon gate 854 is “L"-shaped, and
the rectangular opening 859 has a bottom edge that ends at a predetermined distance the
channel region top edge.

[0086] Figure 17b shows the same anti-fuse transistor 850 without shading of the
polysilicon gate 854 to illustrate the thick gate oxide segments of the channel region. In the
present embodiment, a first thick gate oxide segment 860 extends from the diffusion edge of
the channel region to a first predetermined distance defined by the bottom edge of
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In the embodiment of Figure 22, the channel region of the anti-fuse transistor has a constant width, but
is smaller in width than the remainder of the active area and the channel of the access transistor. More
specifically, two-transistor anti-fuse memory cell 1050 is similar to memory cell 1000, except that
active area 1052 is shaped such that the common source/drain diffusion region 1054 now has a
variable width, leaving the channel region of the anti-fuse transistor constant, but smaller in width than
the channel region of the access transistor. [0098]Figure 23 is yet another alternate embodiment of the
two-transistor anti-fuse memory cell. Two-transistor anti-fuse memory cell 1100 is similar to
two-transistoraagiilduspenieg889. ¢elctano widkigate idecsapnt tinat thsh aativenadeaclibil? izshaped

such that U aplUsR gasisiaidies eI seflaperiabandah ireigRinaisad plieiilesshraeg hannel

region. Figure 24 is similar to the embodiment of Figure 23, except that two-transistor anti-fuse
memory ceP1SBSNRAL hlattv@ Breakdawn AHapde qiextdh et SBaPSHRIRIEFHY @ Ehannel
region of accangfaat widtes Thebessyimean 862 medduindiffiiel aiiftsgiordgkbef the Thairapeshisuch that it

has a po"ﬂ&’%Bffi?&%?éféﬂgfe‘giﬁﬁ'édl[(&%%@%YV@'s%—%l%iéﬁ‘i’érﬁ‘i%f‘& H?EW({])/ HE'LRTGodERgaLs of

Figures 21-24 can use 0D2 masks having rectangular or diamond-shaped openings positioned to
minimize HNBFNERRE! SRARN PRSPPI ARIRISHRPAIERIORS - [DTRLBRAAY MeddeiMtApresently
describedadistdvedimesivearsing fadransistormaintid tlisemoe arar yheallifanriba ddge batsi sodraati-fuse

imestapersinglesrpraistorn flsamenr wifuse
for delnin T e B S s e e K e e o overi

between JPiEtifRIaRELeSHITEENIBAY 31RO RIRSSEEReNi B2 163001688 helFaBieMiPRIRR|S: feature size

for the pr technology. [00101]Mare specifically, the standard CMOS pracess will require a set of
SN 11wt Tt S S R G iy i

Each masKi@inaaeeberimsht LRy greatsvasirthdgdriar 8achripedfHee Hrnsistee&8ined.
Generallyiftighes #iaeensasks Readsaes®ndaiinieg amalley sigashfeaibsammémnllowiagils ancaxample

grading of mask ingt}h . St a rd CMOS P , e higher n ers designate higher grade
asks. 1 L PO D AR Eble ey o o oLl B s le 4
bottom edge that ends at a predetermined distance from the channel region top edge. Figure
18b shows the same anti-fuse transistor 880 without shading of the polysilicon gate 854 to

illustrate the thick gate oxide segments of the channel region.

[0088] In the present embodiment, there is a first thick gate oxide segment and a
second gate oxide segment. The first thick gate oxide segment is L-shaped, and includes two
sub-segments 884 and 886. The second thick gate oxide segment is L-shaped, and includes
two sub-segments 888 and 890. Sub-segment 886 extends from the diffusion edge of the
channel region to a first predetermined distance, the first predetermined distance
corresponding to a bottom edge of the rectangular opening 859. Sub-segment 884 extends
from the diffusion edge of the channel region to a second predetermined distance, where the
second predetermined distance is between the first predetermined distance and the diffusion
edge of the channel region. Sub-segments 888 and 890 of the second thick gate oxide
segment are identically configured to sub-segments 884 and 886 respectively. The thin gate
oxide region extends from the first predetermined distance of sub-segments 886 and 890 to
the channel region top edge.

[0089] In the previously described embodiments of Figures 17a and 18a, the thin
gate oxide area extends from a bottom edge of the rectangular opening 859 to the channel
region top edge. Because the channel region has a variable width, in which a portion

proximate to the diffusion edge is larger than the portion proximate to the channel region top
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2. source/drain implant mask 3. contact via mask 4. metal 2 layer mask 5. diffusion, thin oxide, contact
and metal 1 layer masks 6. polysilicon mask [00102]The difference between a high grade mask, such
as grade level 6, over a low grade mask, such as grade level 1, will be the better glass, materials or
use of better printing equipment involved to make it. Different mask grades are used because certain
features do not require high accuracy, while others do. As can be appreciated, the effort and cost for
producing a high grade mask is substantially more than required for a low grade mask. For example,
the lowest grade mask can range between $3k-$5k, while the highest grade mask can range between
$100k-$3@ale[ M. 0B Has hiowidibgnewddinatedasigbsgesifor tbariaie teaitilies ardcdingptto ensure that
2 Sppatc aisad MEb AL SIS K A IPSEIE RO IR SRSRIICRiRR > ~ome
overlap onto adjacent features. In effect, the adjacent features truly’control where the implantation
occurs. FORERSApRNREDSSPHpeURif IR ABVEaREeTorthah gt ized XY\ ARNANG 8 by
diffusion. hiask@aitittpee Redtangtirr wihssentiel 3otridvpskisiapeoands. Fidusisoasiprimary reason
why the 0D2 mask is a low grade, and consequently, a low cost mask, as there is an allowed margin of
error. Furti§®88bre, soniériryh@ smniange L eut @Apatsatictae Hiansisteo BE o P ancrigieaidut are

only used &thBodiMietan e risseranvediRlititiTuier tiansisplatomaskeaF @ dabrelingngiganti-fuse
ransistorsgpd memary ATas SRR I esdh RS, e mask shape snds e Imparant o

defining t n gate oxide are e current gra mas ortypi processes can

be used fREERARTY hEatIAIARIBXIGN SriaSuferrer20biiBdnamiser v RPHLERRIIMBNever, the
margin of @ & sRES BxiakIRdMAsRE GOtttk gtk BadE g NcADeSNATY £eddoadifger gagicular
minimum 826 100 A8 REAE AL L RMRYILGTY L 4NS RIS L IY BREOR L B8 AR THe_ sngmo Y

as in the embodiment of Figure 17b. However, due to the overlapping corners of rectangular

opening 904 and the channel region, the first thick gate oxide segment 908 only extends

from the diffusion edge to a predetermined distance of the channel length. Hence, the thick

gate oxide segment 908 is shorter in length than sub-segment 862 . Accordingly, anti-fuse

transistor 900 has a smaller thin gate oxide area than the embodiment of Figure 17a. The

application of the OD2 mask 902 with rectangular openings 904 can be applied to anti-fuse

transistor 880 of Figure 18b with the same result.

[0091] A further reduction in the thin gate oxide area of the anti-fuse transistors 850
and 880 is obtained by applying diamond-shaped openings in the OD2 mask, as illustrated
earlier in Figure 11. Figure 20 is a planar layout of an anti-fuse transistor according to an
alternate embodiment of the present invention. Anti-fuse transistor 950 is similar to anti-fuse
transistor 880 of Figure 18b, except that OD2 mask 952 includes rectangular opening 954
shaped and positioned for delineating the thin gate oxide area 956. In the presently shown
embodiment, the thick gate oxide comprises first and second thick gate oxide segments. The
first thick gate oxide segment includes sub-segments 888 and 890, which are the same as in
the embodiment of Figure 18b. The second thick gate oxide segment includes sub-segments
958 and 960.

[0092] Due to the overlap of diamond-shaped opening 954 and the channel region,
the second thick gate oxide sub-segment 960 only extends from the diffusion edge to a
predetermined distance of the channel length, the predetermined distance being defined by
the diagonal edge of the diamond-shaped opening 954. Accordingly, anti-fuse transistor 950

can have a smaller thin gate oxide area than the embodiment of Figure 19. The application of
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cells of Figures 4-15 are fabricated using an 0D2 mask having a grade corresponding to the mask
grade used for source/drain implants (grade level 2) of the same process. The 0D2 mask grade is
preferably equivalent to the mask grade used for diffusion implants (grade level 5) of the same process
to achieve smaller sized memory cells having high reliability. Therefore, higher density memory arrays,
improved yield, improved performance and high reliability are obtained by using a high grade 0D2
mask. The accuracy is further improved by ensuring that alignment of the mask is done at the highest
possible accuracy level. High alignment accuracy is obtained by using superior lithography equipment,
lithographyhene e singsardifferanblighinapad Eegihg Mdﬁemmbwmmwammb'mation

thereof beyag pasgie- R DEA lﬁeéf rggﬁthlgﬁ"glscﬁﬂ?‘apﬁg h Ceﬁ]@ &n%g}g{‘ Qi RgEgacy

alignment prese nt advantages tor the presently sed ant ments. More
specifical MO siRipatEHr Thidb niagoaRiR0e AHRASSIAG %ﬁ‘h&ﬂeﬁrﬁ@é’w@mgkta?e
advantagebashelisgtbtocovieiadiny spesiignieat9sss such as the thin oxide areas. Since the anti-fuse
transistors 500 and 600 should have a minimally sized thin gate oxide area (512 and 610) , the use of

a high gral®8¥b2 maskVénisveatsagniar gattdipinerenped Peemiasrin e @D praseaeliability over the

same antidigs ! mﬁmw&@wﬁb&&%@%édwm&dﬁl eftinasksd 00306iaperembodiment of
Figure 5a, more accy (ﬁ' ngera&oft eQ8 2 shap end lge und mne th theeonhs}%icopa gate 106
t

%Penln S.In can on-s g? a or .ev CY
allows for & minmmized thin oxidé aréa un e po |Con gate. SriCUIRY In oxide area will

be rectangiifatanasies s @lailﬁ"?@*tﬁfd:éﬁb@@l@ %@é@ﬁ?@ﬁﬁ@d ﬁ}aﬂ% ARgiinefafe kectRiateddy underneath

the polysiliggragitereiit arothe pbiysiirpRggite. sides defined by the 0D2 mask shape end underneath
the polysilicon gate and an edge of the polysilicon gate. The addition of high precision alignment will

further mib@@84¢ the thinlexivievimesly [EELOTER @mbasinysetsat Myoresdmentare difgniedin siogre+/- 0.1

microns théﬁ’s@tgﬁdﬁ‘!ﬁCﬁ%‘éﬁﬁ@Fﬂ%@ @I@W@%Mﬂﬂo@%@ﬁ@éﬁﬁ&i@@ﬁ%@@ apdlafipvabes @ Qg4 micron
smaller th|n OXIde dlm nsion, there reducmé%the dlmenSlo to 0.16 microns, J:}IS alone will improve

the yield ardvs %rb?ln[&/ of ﬁ\%eé%fl vt écﬂw%'}r?g %Se}f%nﬁ(%%c? O%ﬁ PG rljgﬁé'ﬂmt 8383%58|rectly upon
the total thiangisierokidereséd -34dldstnate nearamititgmpeaioveniscoite hive-isargistarantiviven aiggrenent is

improved {@|iiaf PR tamnebaiad 8RA processes. The high grade 0D2 mask can be used in
the process described in Figure 6 for fabricating the thin and thick gate oxide areas of the anti-fuse

transistor.[f095D8]The [figeendly id @esudbad amitadiatotsrafdiseorareHiion tastisioe anctrtise transistors
having thig andghighgate: exidsssdiiasratdied in the art will understand that advanced semiconductor

manufacturing technologies can use different dielectric materials for forming the thin gate oxide areas,
in additior[a09a] insteadAatoxitie.td hogeskiteddimtresast willpuestensiardtibatdhadoesk for depositing or

growing th%ﬁé@ﬁ)?té%?é‘r%e H@B Ly rﬁ%'é(lf{?ggsg &&9&5"&9&?@5&‘%%‘&? same

manner as preV|ous d fort e 0D2 ma used to e thin gate oxide area of the
anti-fuse fi4sssrglhFigures 13a and 13b are illustrations of a two- tranS|stor anti-fuse memory cell

according to an embodiment of the present invention where the channel region has a
variable width. Two-transistor anti-fuse memory cell 1000 is similar to the two-transistor cell
700 of Figure 13a. The access transistor includes active area 1002, a polysilicon gate 1004
and a bitline contact 1006. The anti-fuse transistor includes active area 1002, a polysilicon
gate 1008. A common source/drain diffusion region 1010 is shared between the access
transistor and the anti-fuse transistor. Underneath the polysilicon gate 1008 and covering the
channel region is the variable thickness gate oxide having a thick gate oxide area and a thin
gate oxide area. OD2 mask 1012 illustrates the areas in which a thick gate oxide is to be
formed, and includes a rectangular-shaped opening 1013 overlapping the active area 852,
within which thin gate oxide will be grown. Thin gate oxide area 1014 covers the channel
region between the bottom edge of the rectangular opening 1013 and the channel region top
edge.
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[00109]Those skilled in the art will understand that the 0D2 mask with openings to define thin gate
oxide areas can be an assembly of smaller unit sub-mask shapes tiled together in a repeating pattern,
each having a full opening defined therein, or a portion of an opening defined therein such that the
mating of adjacent tiles will result in an enclosed opening [00110]The above-described embodiments
of the present invention are intended to be examples only. Alterations, modifications and variations
may be effected to the particular embodiments by those of skill in the art without departing from the
scope of the invention, which is defined solely by the claims appended hereto. CLAIMS: 1. A
non-volatijegeEmory celh Ciguyisingechantielusgidraoisistarivrozedransisiaubal atednaviagviinpolysilicon

gate over f (ARRGHEAIOR R NALSAAIIAAG L GLATGHHER1AI08 PIRSERAIRAC A BRI AR of the
channel region; a tield oxide region proximate to a second end of the channel region

width, but is smaller in width than the remainder of the active area and the channel of the

access transistor. More specifically, two-transistor anti-fuse memory cell 1050 is similar to

memory cell 1000, except that active area 1052 is shaped such that the common

source/drain diffusion region 1054 now has a variable width, leaving the channel region of

the anti-fuse transistor constant, but smaller in width than the channel region of the access

transistor.

[0098] Figure 23 is yet another alternate embodiment of the two-transistor anti-fuse
memory cell. Two-transistor anti-fuse memory cell 1100 is similar to two-transistor anti-fuse
memory cell 1000 of Figure 21, except that the active area 1102 is shaped such that the anti-
fuse transistor has a “T”-shaped channel region instead of the “L”-shaped channel region.
Figure 24 is similar to the embodiment of Figure 23, except that two-transistor anti-fuse
memory cell 1150 has an active area 1152 shaped such that the anti-fuse transistor has a
channel region of a constant width. The common source/drain diffusion region 1154 is “T"-
shaped such that it has a portion of narrower width.

[0099] The two-transistor anti-fuse memory cell embodiments of Figures 21-24 can
use OD2 masks having rectangular or diamond-shaped openings positioned to minimize the
thin gate oxide areas of the anti-fuse transistors.

[00100] As shown in the presently described embodiments, a single transistor anti-
fuse memory cell and a two-transistor anti-fuse memory cell having high reliability can be
manufactured using standard CMOS processes. The masks for defining the active areas and
the OD2 masks can be non-critical in size but the positioned overlap between specific areas
can result in a thin oxide area with a size less than the minimum feature size for the process
technology.

[00101] More specifically, the standard CMOS process will require a set of masks for
defining the various features of the presently described anti-fuse memory cell embodiments.
Each mask will have different quality grades, depending on the features that are to be
defined. Generally, higher grade masks are used for defining smaller sized features.
Following is an example grading of masks used in the standard CMOS process, where
higher numbers designate higher grade masks.
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a variable thickness gate oxide between the polysilicon gate and the substrate, the variable thickness
gate oxide having: 10a first thick gate oxide segment extending from the first end of the channel region
to a first predetermined distance of the channel length; a second thick gate oxide segment
adjacent the first thick gate oxide segment extending from the first end of the channel region to a
second predetermined distance of the channel length, the first thick gate oxide segment and the
second gate oxide segment being 15sized for covering the channel region; and a thin gate
oxide portion extending from the second predetermined distance to the second end of the channel
region. 2. The non-volatile-meneiyetieNf vhairhitk wherekivth@sonasksick gate oxide segment 20
includes a third gate oxide segment being triangular in shape adjacent to the first thick gate oxide
segment, the second pre@etseaifiai Htant®®ding defined by a diagonal edge of the third gate oxide
segment. 3. The non-volatile memory cell of claim 1, wherein the first predetermined distance is
25between the first en o??ﬁ%a%thvé%HéS gion and the second end of the channel region.

4. metal 2 layer mask
5. diffusion, thin oxide, contact and metal 1 layer masks
6. polysilicon mask

[00102] The difference between a high grade mask, such as grade level 6, over a low
grade mask, such as grade level 1, will be the better glass, materials or use of better printing
equipment involved to make it. Different mask grades are used because certain features do
not require high accuracy, while others do. As can be appreciated, the effort and cost for
producing a high grade mask is substantially more than required for a low grade mask. For
example, the lowest grade mask can range between $3k-$5k, while the highest grade mask
can range between $100k-$300k.

[00103] It should be noted that design rules for certain features are set up to ensure
that a specific area for that feature defined by a mask covers not only the specific area, but
has some overlap onto adjacent features. In effect, the adjacent features truly control where
the implantation occurs. For example, the OD2 shape will fully cover the 10 transistor area,
which is defined by diffusion. Hence, it does not matter where the actual mask shape ends.
This is one primary reason why the OD2 mask is a low grade, and consequently, a low cost
mask, as there is an allowed margin of error. Furthermore, some aligner machines are
capable of achieving 0.06 micron tolerance, but are only used at 0.1 micron as it is deemed
sufficient for ion implant masks. For fabricating the anti-fuse transistors and memory arrays
shown in Figures 4 to 15, the mask shape ends are important for defining the thin gate oxide
area. The current grade OD2 mask used for typical CMOS processes can be used for
defining the thin gate oxide areas of the described anti-fuse memory cells. However, the
margin of error must be taken into account, thereby resulting in a memory cell having a

particular minimum size.

[00104] According to an embodiment of the present invention, the anti-fuse memory
cells of Figures 4-15 are fabricated using an OD2 mask having a grade corresponding to the
mask grade used for source/drain implants (grade level 2) of the same process. The OD2
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4. The non-volatile memory cell of claim 3, wherein the second predetermined distance is between the
first predetermined distance and the first end of the channel region. 305.The non-volatile memory cell
of claim 1, wherein the first predetermined distance corresponds to the second end of the channel
region, and the second predetermined distance is between the first predetermined distance and the
first end of the channel region. 6. The non-volatile memory cell of claim 1, wherein the channel region
has a varying width between the first end and the second end of the channel region. 7. The
non-volatile memory cell of claim 6, wherein the first thick gate oxide segment 5includes a first
sub-segmeiakkgiaddingpfetsrating disiverdiad the clagkgedde gissu toradtiiisioprisosternigedsistance, and

a second ysgampntaxieRrinaUamL i I3 ek o008 AAIPLIG I AURdeiRRTped distance.
the third pre e?zrmln_e d@tgn,ceg%e?ng etween %Le irst en %ﬂge chanr\lle regb?an an@wé first
predetermiREEE WistaltieBeN e T HEHEPRORIRSHBIRIGNPE SIFISh ERRFVEARREPERENGE ARt Pitetermined
distance anibthisaeosisiged@ieusiies digigrass P 2deasicalhe accuracy is further improved by

ensuring that alignment of the mask is done at the highest possible accuracy level. High

alignment accuracy is obtained by using superior lithography equipment, lithography

methods and/or different light wavelengths and different mask types, any combination thereof

being possible.

[00105] The use of a higher grade OD2 mask with optional high accuracy alignment
presents advantages for the presently disclosed anti-fuse cell embodiments. More
specifically, the more accurately formed mask shape ends using a high grade OD2 mask are
advantageously used to minimize specific features such as the thin oxide areas. Since the
anti-fuse transistors 500 and 600 should have a minimally sized thin gate oxide area (512
and 610), the use of a high grade OD2 mask allows the thin gate oxide areas to be
minimized to improve reliability over the same anti-fuse cell manufactured with a standard
low grade OD2 mask.

[00106] For the embodiment of Figure 5a, more accurate overlap of the OD2 shape
end/edge underneath the polysilicon gate 106 allows for a minimized thin oxide area under
the polysilicon gate. In particular, the thin oxide area will be rectangular in shape, having two
opposite sides defined by the width of the active area underneath the polysilicon gate, and
another two opposite sides defined by the OD2 mask shape end underneath the polysilicon
gate and an edge of the polysilicon gate. The addition of high precision alignment will further

minimize the thin oxide area.

[00107] For example, an improvement in alignment from +/- 0.1 microns to +/- 0.06
microns for a 0.20 micron thin oxide area dimension, will allow for a 0.04 micron smaller thin
oxide dimension, thereby reducing the dimension to 0.16 microns. This alone will improve the
yield and reliability of the anti-fuse memory cell since both yield and reliability depend directly
upon the total thin gate oxide area. Yield and reliability improvements are seen even when
alignment is improved to +/- 0.08 microns for 90nm and 65nm processes. The high grade
OD2 mask can be used in the process described in Figure 6 for fabricating the thin and thick
gate oxide areas of the anti-fuse transistor.
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9. The non-volatile memory cell of claim 7, wherein the second thick gate oxide segment includes a
third sub-segment extending from the first end of the channel region to a fourth 15predetermined
distance, and a fourth sub-segment extending from the first end of the channel to the second
predetermined distance, the fourth predetermined distance being between the first end of the channel
region and the second predetermined distance. 10. The non-volatile memory cell of claim 9, wherein
the first predetermined distance is 20identical to the second predetermined distance. 11. The
non-volatile memory cell of claim 9, wherein the third predetermined distance and the second
predeternoesstancer aegpideniitatcibiiZedrenbodirnetadils the masytioelldetcldienagtiniserein the

second prﬁgﬁéﬂzgmmmggamcsn@t%%%@ &Qﬁéﬁﬂ?&?@ﬁﬁ@il%"tﬂg‘?'é?%%ﬁﬁ kel

predetermined distance. 13.The non-volatile memory ce aim 6, wherein the second thick gate
oxide segARANHRFEBECATHGISUBARGAEAINGRINARIBIRT AR & i SiTEHenbAipletiama&ti@l§ion to a third

for forming the thin gate oxide areas, in addition to or instead of oxide. Those skilled in the
art will understand that the mask for depositing or growing the dielectric can have shaped
openings positioned to overlap the active area, in the same manner as previously described
for the OD2 mask used to define the thin gate oxide area of the anti-fuse transistor.

[00109] Those skilled in the art will understand that the OD2 mask with openings to
define thin gate oxide areas can be an assembly of smaller unit sub-mask shapes tiled
together in a repeating pattern, each having a full opening defined therein, or a portion of an
opening defined therein such that the mating of adjacent tiles will result in an enclosed
opening.

[00110] The above-described embodiments of the present invention are intended to be
examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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30 predetermined distance, and a second sub-segment extending from the first end of the channel to
the second predetermined distance, the third predetermined distance being between the first end of
the channel region and the second predetermined distance. 14.The non-volatile memory cell of claim
13, wherein the second sub-segment includes a third gate oxide segment being triangular in shape
adjacent to the first thick gate oxide segment, the second predetermined distance being defined by a
diagonal edge of the third gate oxide segment. 5 15. The non-volatile memory cell of claim 1, wherein
the thin gate oxide portion has at least one dimension less than a minimum feature size of a process
technologgLABIS:he non-volatile memory cell of claim 1, wherein the diffusion region corresponds to a
10first diffusion region, and further includes: a second diffusion region spaced from the first
diffusion region to define a second channel region, a second polysilicon gate over the second channel

region, antt a thiék AN HERRREAF IO BRESHE RO R/ISS Hale'SRt RELdeBEReHHE|

having:
5 a polysilicon gate over a channel region having a channel length;
a diffusion region proximate to a first end of the channel region;
a field oxide region proximate to a second end of the channel region;
a variable thickness gate oxide between the polysilicon gate and the substrate, the
variable thickness gate oxide having:
10 a first thick gate oxide segment extending from the first end of the channel
region to a first predetermined distance of the channel length;

a second thick gate oxide segment adjacent the first thick gate oxide segment
extending from the first end of the channel region to a second predetermined distance of the
channel length, the first thick gate oxide segment and the second gate oxide segment being

15  sized for covering the channel region; and

a thin gate oxide portion extending from the second predetermined distance to

the second end of the channel region.

2. The non-volatile memory cell of claim 1, wherein the second thick gate oxide segment

20 includes a third gate oxide segment being triangular in shape adjacent to the first thick gate
oxide segment, the second predetermined distance being defined by a diagonal edge of the
third gate oxide segment.

3. The non-volatile memory cell of claim 1, wherein the first predetermined distance is
25  between the first end of the channel region and the second end of the channel region.

4. The non-volatile memory cell of claim 3, wherein the second predetermined distance
is between the first predetermined distance and the first end of the channel region.

30 5. The non-volatile memory cell of claim 1, wherein the first predetermined distance
corresponds to the second end of the channel region, and the second predetermined
distance is between the first predetermined distance and the first end of the channel region.
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15region, the thick gate oxide having a thickness identical to the first thick gate oxide segment. 17.
The non-volatile memory cell of claim 16, wherein the second diffusion region has a variable width, the
channel region having a first width corresponding to a narrow section of the second diffusion region
and a second width corresponding to a wide section of the 20second diffusion region. 18. The
non-volatile memory cell of claim 6, further including a second diffusion region spaced from the
first diffusion region to define a second channel region, 25a second polysilicon gate over the second
channel region, a thick gate oxide between the polysilicon gate and the second channel region,
the thick gate oxitie: Inevilgiaikickness vde oficalito theHustithiek gaimexicgsemgsentarilifg A

non-volatiﬁmeggmg&g{hgqﬁmf q&ﬁdstHQ%@éﬂocgﬁ@pJﬁHégéﬁé%ﬁgl?ﬁ@igH.se transistor having a first

polysilicon gate over a variable thickness gate oxide, the variab iCkness gate oxide having a thick
gate oxide portion and a thin gate oxide portion; and
7. The non-volatile memory cell of claim 6, wherein the first thick gate oxide segment

5 includes a first sub-segment extending from the first end of the channel region to a third
predetermined distance, and a second sub-segment extending from the first end of the
channel to the first predetermined distance, the third predetermined distance being between
the first end of the channel region and the first predetermined distance.

10 8. The non-volatile memory cell of claim 7, wherein the first predetermined distance and
the second predetermined distance are identical.

9. The non-volatile memory cell of claim 7, wherein the second thick gate oxide segment
includes a third sub-segment extending from the first end of the channel region to a fourth

15  predetermined distance, and a fourth sub-segment extending from the first end of the
channel to the second predetermined distance, the fourth predetermined distance being
between the first end of the channel region and the second predetermined distance.

10. The non-volatile memory cell of claim 9, wherein the first predetermined distance is
20 identical to the second predetermined distance.

11. The non-volatile memory cell of claim 9, wherein the third predetermined distance and
the second predetermined distance are identical.

25 12 The non-volatile memory cell of claim 9, wherein the second predetermined distance
is between the first predetermined distance and the fourth predetermined distance.

13. The non-volatile memory cell of claim 6, wherein the second thick gate oxide segment
includes a first sub-segment extending from the first end of the channel region to a third

30 predetermined distance, and a second sub-segment extending from the first end of the
channel to the second predetermined distance, the third predetermined distance being
between the first end of the channel region and the second predetermined distance.
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an access transistor having a second polysilicon gate over a fixed thickness gate oxide, the fixed
thickness gate oxide and the thick gate oxide portion being substantially identical in thickness. 520.The
non-volatile memory cell of claim 19, wherein the thick gate oxide portion includes a first thick gate
oxide segment extending from a first end of a channel region to a second end of the channel region,
the first thick gate oxide segment having a first width less than the channel width, a second thick gate
oxide segment adjacent the first thick gate oxide segment extending from the first end of the channel
region to a predetermined distance of 10the channel length, the second thick gate oxide segment
having a smondmwﬁmmbmemﬂém@qmllw ihardiffereneechetveessedhe :ﬁhﬁﬁé@hwidhhbamiésﬂae first

widt, and B gRis XA ROTEBD AR/ Ihe BpdeiBBiRed disanese i second end o

the chann ion. 2 e non-vol mory ce further |ncIu third gate oxide
segment fQE@]ﬂ@t’tHﬁrﬁﬂ%’Pqﬁ@%ﬁiﬁ’ﬁ@ﬂé@ﬁﬁl}%Eel‘ﬂgtd(?fwﬁ‘b@(ea&@@@’?é@ﬁ%‘?féhﬁ ‘ﬂ‘i@ second
thick gate gatidexkrzosaginent.

5
15. The non-volatile memory cell of claim 1, wherein the thin gate oxide portion has at
least one dimension less than a minimum feature size of a process technology.

16. The non-volatile memory cell of claim 1, wherein the diffusion region corresponds to a
10 first diffusion region, and further includes:
a second diffusion region spaced from the first diffusion region to define a second
channel region,
a second polysilicon gate over the second channel region, and
a thick gate oxide between the second polysilicon gate and the second channel
15  region, the thick gate oxide having a thickness identical to the first thick gate oxide segment.

17.  The non-volatile memory cell of claim 16, wherein the second diffusion region has a
variable width, the channel region having a first width corresponding to a narrow section of
the second diffusion region and a second width corresponding to a wide section of the

20  second diffusion region.

18. The non-volatile memory cell of claim 6, further including
a second diffusion region spaced from the first diffusion region to define a second
channel region,
25 a second polysilicon gate over the second channel region,
a thick gate oxide between the polysilicon gate and the second channel region, the
thick gate oxide having a thickness identical to the first thick gate oxide segment.

19. A non-volatile memory cell formed on a substrate comprising:

30 an anti-fuse transistor having a first polysilicon gate over a variable thickness gate
oxide, the variable thickness gate oxide having a thick gate oxide portion and a thin gate
oxide portion; and
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an access transistor having a second polysilicon gate over a fixed thickness gate
oxide, the fixed thickness gate oxide and the thick gate oxide portion being substantially
identical in thickness.

20. The non-volatile memory cell of claim 19, wherein the thick gate oxide portion
includes a first thick gate oxide segment extending from a first end of a channel region to a
second end of the channel region, the first thick gate oxide segment having a first width less
than the channel width, a second thick gate oxide segment adjacent the first thick gate oxide
segment extending from the first end of the channel region to a predetermined distance of
the channel length, the second thick gate oxide segment having a second width substantially
equal to the difference between the channel width and the first width, and a thin gate oxide

portion extending from the predetermined distance to the second end of the channel region.
21. The non-volatile memory cell of claim 20, further including a third gate oxide segment

being triangular in shape adjacent to the first thick gate oxide segment and the second thick
gate oxide segment.
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