Low Threshol d Vol tage Anti-Fuse Devi ce CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of priority of U S
Provi si onsib 2B@vients2 Appl i cation No. 61/042,511 filed on ARomidA2499/08028, which
is incorporated herein by reference in its entirety. FIELD OF THE | NVENTI ON
[0002] The present invention relates generally to non-volatile menory. More
particularly, the present invention relates to anti-fuse devi ces.

BACKGROUND OF THE | NVENTHENWIOQRAIE hiituhieefiQl | owi ng description the term MOS
is used to denote any FET or M S transistor, half-transistor or capacitor
structure. In order to sinplify the descrlptlon of the enbodi nents,

r ef er @R@SS REFERENCE TORELATED WHFLIGATIENS O war d shoul d be under stood to
i ncl ude di el ectri c naterials, oxide, or a conbination of oxide and

[ mat aI S. 004] Ov t he past 30 years, anti-fuse technol o
ﬂ;gl Sﬁﬁd"it ed s ﬁr Efq gq(i c]alms the beneP t of prlorlty%f U.S. Provisional Patent %
Application No 61/042 511 filed on April 4, 2008, which is incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to non-volatile memory. More

particularly, the present invention relates to anti-fuse devices.

BACKGROUND OF THE INVENTION

[0003] In the following description the term MOS is used to denote any FET or
MIS transistor, half-transistor or capacitor structure. In order to simplify the description of
the embodiments, references to gate oxides from this point forward should be understood
to include dielectric materials, oxide, or a combination of oxide and dielectric materials.

[0004] 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. Anti-fuse devices can be arranged into a memory array, thereby

forming what is commonly known as a one-time-programmable (OTP) memory.

[0005] Current anti-fuse development is concentrated around 3-dimensional thin
film structures and special inter-metal materials. Such anti-fuse technologies require
additional processing steps not available in standard CMOS process, prohibiting anti-fuse
applications in typical VLSI and ASIC designs, where programmability could help
overcome problems with ever shrinking device life cycles and constantly rising chip
development costs. Therefore there is an apparent need in the industry for a reliable anti-

fuse structures utilizing standard CMOS process.

[0006] One type of anti-fuse memory cell manufacturable with a standard CMOS
process is disclosed in U.S. Pat. No. 6,667,902 (Peng). Peng attempts to improve a
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attention of many inventors, |1C designers and manufacturers. An anti-fuse
is a structure alterable to a conductive state, or in other words, an
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[0009] The gate dielectric breakdown based antifuse devices are gaining

popularity as a preferred OTP or emulated multiple time programmable (MTP) non-
volatile memory devices in the industry. Such antifuse devices used either in a memory
array or as an individual programmable cell consists of at least two regions. First is a high
voltage breakdown region and second is a low voltage breakdown region (or anti-fuse

region).
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The two-transistor anti-fuse nmenory cell 30 of Figure 4 is a relatively

| arge nenory cell when conpared to single transistor nenory cells, such as
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a cross-sectional view of the single transistor anti-fuse nenory cell
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[ 0016] Unfortunately, foundries for manufacturing sem conductor devices may
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an'? i - f"lyg’(:eubgyt-ﬁ? tﬁétrﬁﬂsgzla dRRAN E%%”CSP'éa Bﬁ%@q’gf%@@tﬂ‘fﬂ@rg%%?%&'ﬁﬂ“& Shy
end- usgESicdlly séiSfobhd Evardnkistop. TrRséfofedthe Mief thelanaidd devicefwibe vt i - f use
devi ce before %Qgﬁamﬂ ng.. Therefore the quality of the thin gate oxide

shoul gape asdhe corgicifgidt tét"i‘{‘&i'srt\%{'dvertent I y pr ogramed anti-fuse device or
an unpr %tramrable anti -fuse devi ?e Wi I} asﬁ caua failure in the system
‘E'”&

I'n t hdO®® onot i HOTPrHAGE!Y. Joundiies, 195 magufag RPAUAGE deMGES Y

CONSEA08 &8Stypds 1YY tPéi‘%%lté}' pigdedsed for h&ndiaf:fuhﬁgl bbretcn'ccrmufftlae: ermona
consistently |low Vt anti rocesses

Ther efd§Vige. W?erPéh%\é%?qné(B\' li’?%“g%&(ﬁi (ﬁeéaeaﬂmgrqplthef e E@QE' UFURR R0y cel | that
has a fidibABSenvicomdlictd? nikhdry deiiogd gerrinallylhave tosé cirauitmmeas. &ostare theSUMVARY OF

THE | I\I'/\(/)Ecl\ln-rclu?s\lthat are connected to pins of the package of the semiconductor memory
device. Second are the core circuits, which includes any logic and control circuits for
example. Third is the memory array, which includes memory cells. Compounding this
problem is the fact that the anti-fuse is typically designed on the basis of a particular Lv
transistor process, which means that the anti-fuse device has been qualified to operate
properly if manufactured according to that particular LV transistor process. If the foundry
does not have an LV transistor process suited for the design, then redesign of the anti-
fuse device is required in order to qualify it for the available process. Such redesign
incurs significant cost overhead, which is necessitated again when the foundry introduces
a new generation of the process to accommodate a new manufacturing technology node.
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[0020] 1t is an object of the present invention to obviate or mtigate at
| east one di sadvant age of previous anti-fuse nenory devices. [0021]1In a
first aspwotpowineispr esent invention provides a nmenory deeiraAa2000e04renmory
device includes a nmenory array including a plurality of anti-fuse nmenory
cells and a core transistor. Each of the plurality of anti-fuse nmenory

cel | sppnslanfife ah LQF&%ééssthﬂé‘%% @échﬂBBg?Ho@@h‘abeH%ﬁféﬁ'&M't% thdf\§t 2ACCEeSS

transistor has a thick gate oxide forned in a high voltage well, where the
hi gh 9@ &&fénglepy npde.one of n-type and p-type. The anti-fuse devi ce has a
thin ?qohe oxide formed in the hl% vol tage well, where the thin gate oxide
has al@7LknessAneiser prRRleMm Televent te theyaitslUsk raasistehel effigureringaskor has a

gate gpdrftent M%ﬂ@é%@éé%@%ﬁ%%ﬂa%@ﬁ% QeRAPDakP80. Qﬁa@@ﬂ&! 1R thik gbfé' ckness to

the thin gate oxide, where the core transistor is fornmed in | ow vol t age

vel | PX9% Rertian ohive vegpkle HEC'T”I%S ARIgIPX\961 4648 8m@k any W'&P’ﬁ@”tt%mé nbodi ment s

of 't hsewne'ésesn%m@e?aﬁe%s ﬁ@éﬂsethétr@o lrrn@Hto/f %n I?B'tcaﬁ bé'ﬂﬁhﬁeﬁ%ﬁerftﬁé ek i n anot her
wel | bei ng substanti al dent i_cal pe and doping profile to the high

vol t ag@tevide, portigs. Qh@PJ'ﬁﬁscé %Jﬁ@@nwgéor@qddmpr tertBIERGILOXId PAYRMt han t he

core {f émr%lr %és%r defeBd éfﬁé@tndghhs lordiRt Bparatisieof the %MQI@&ra@a@nstdﬂbﬂﬁJﬂﬁél ate oxide
and the th ate oxi de deposited over the internediate oxide. [0022]1n

anot hé}ef@r%é%l Frermore fikly {hpefofRE® oxide is thermally grown on a substrate
surface of the first well, and the thjck gate oxide incl gdes an

i nt er BBkt e oxPARthEhIMRORERHESYES F7BRINYA RRaBEGR BIMANE IBYiER AREdi at e oxi de
and t hyré Hﬁ&ﬁfrcanﬁthé;a][ufam%f thelthift gatt 6. TRBTIRAIgaRdxidd dasan@qgeﬁ@ctéd ansi st or

includes a first usi on region el ectrjcall nect TI tline and a
secon8Y therganditign of ﬁﬁl‘ﬁ‘ﬁe@'%ﬁrﬁ‘?r@% $L$7fa€6ntH%8%%mfr8 ?%@“g‘r‘ﬂ' O"f"u%%’J devi ce,
wher e gb Bt @ GCRE Thhm Sirfdcer aﬁtﬁﬁnp?aritéﬂo@nsdé@rhd@evmbt RgRNY £Rlwefaclof|an the core
transi stor and the anti-fuse devijce present en&,%h nh tt\he
ant i - Bgseraievhe R RrosesH$iERbINgt ?‘ﬁla@ﬂrﬁ‘é%esde@'é‘&eés SERed igheriie portion
tcﬁr r teﬁmyamn@qoﬁ Srobiliénd BldBfeBicCaixiusle danek. Bindei aHki-fpsy based eemegspondi ng t o

e

Ick gate oxide, such that the variable fhickn e.oxide is forned
under ABYESH %{esqr?ﬂjﬁ@"kﬁgla}fkef MeRYIRCYER Bye%Pf?{érffﬁldgF @H&ﬁ%ﬁ oriR&i ons under
the t hickiiRUriahAntidlisd cﬁbﬂndé&i’eﬁ&b'p@ogrbmﬁiﬁges Be@iire tquw@t)ecﬁdhé {mén gateess
transi stor "'t hick gate oxi de have iubst nti al l’%ﬁ‘g SAE d HF ant. In yet
anot héxi éﬁﬁ%‘di’r‘?ﬁr‘i‘ﬁax"f‘ﬁﬁd ANEAD IPPAUFEERYYR O RIS | 8\@‘:%8 #osponds to a
t hi ck ypglolytmabie AnV-Rideddtvre il IENESHSE Ailreditie sysaerd. Inhiee antbimotivsse devi ce
thin gate oxide corresponds to ortion of the variable thickness

gate &yugky. ssgeR feilvag C?mga‘(?a‘?"’it%?&me‘PﬁP ?ﬁ%‘ggceﬁ‘at e oxide is fornmed

underneath a single sili at e. t.h nti-fuse
transil@@® has é\CPWIdE‘QF%ItéG @'ﬁ'ﬂ"&g’em?wg?a%e 1 ‘é%rksn;(??fglﬁ I?"Y‘u&t 3@&:@35 transi stor
and t kayie®WwithicurBst SMOS. proé¥ieas. |TMeEbf6repmr$CHeaS@l§iéto pitokiiele pinasddiritse nvent i on
provides a nethod for fabricati Fl udes

SR R S e L e G O A e
bei ng one of n-type and p-type; inplanting second wells in a core circuit
area, I i a sanme type as the first wells; formng a
first %ﬂﬁ”?&%&gggge@%éﬂgl stors in the first wells of the nenory array
circuit area; and simultaneously formng a second oxide for core

transi[eozs]s in tihie aa@bmcdofvt/eda beesent mmtiomtceo!wiate@rmitmamatdeﬁﬁtm@ anti-fuse
rst. we array circuit area. In one

d
eﬁ‘t\;logleq?ﬁ?rqf’am?%%oﬁri’r%'?u%\%nq @géﬁe&ﬁ?’gﬁ Stage welI's and the second wells are

| ow v e wells t ' ol ousl

form g cl udeslnlar{'é ?ér%gtﬁé pf%%ﬂﬁhg%ﬂfogfptrc?ﬁde%ff@g& é(})él! a?ﬂfghe sgcond
oxi de mcsmb@ldeglcémaimtdas atmemssycalrm inotidieg a@h#fajésp@frﬁnt'rfgsq @emoﬂhWﬂSgat e oxide
of the %ne;[ c':ore %‘r%ﬁs@t%y'la%%ﬁ of {h% r}ltﬁ}bﬁ’ty %f@r?tfifuggmemory cells include an access

transistor and an anti-fuse device. The access transistor has a thick gate oxide formed in
a high voltage well, where the high voltage well is one of n-type and p-type. The anti-fuse
device has a thin gate oxide formed in the high voltage well, where the thin gate oxide

has a thickness less than the thick gate oxide. The core transistor has a gate oxide
-6 -



i ncreasi ng includes depositing the second oxide on a substrate surface and
on the first oxide at the sane tine, the conbination of the first oxide and
t he secomsloawesdie1fser m ng a thi ck gate oxi de of the accePETITAZNBSIOBINQDS.
Alternately, increasing includes thermally growi ng the second oxide on a
substrate surface and underneath the first oxide at the sane tine, the

conbi pstdspBndihg IMtBickhdsstio tid HA GHdlokiBE IREOTHE dré EndiftbiNk AemixdtilkCck gate
oxi de of the access transistors. [0024]1ln a further enbodi nent of the

pr eseltW \Riper yvell Pang8 SABS tYRfr ?Sn@? W%Y%G%%Wé& HUSPING Remodipenizl s to a

hi gh gihephakst é@bb&taﬂﬁér@gdeuﬁéut}omﬁu@fiénéﬁbrs&ﬂﬂm&i|h%ﬁoﬂ\\eﬁ Weesdiagd vol tage of
the access transistors and the anti-fuse ces. nately, the nethod

furt h%'%bSF%'P'LHQ%”t@?b'BéYR?gartdr@pﬂ’?gr%’Pf"ﬁé‘? fre *I'Qf‘ voligag N’eﬂ'htP@?HEHﬂtFevol tage
adj uslevidBhaad loleF triredneRd wmagatrtawtﬁé beredraveistordahe tHiék @6 B%iBet ransi stors

and the anti-fuse devices e naski channel regi ons corresF??ndl ng to
the aWeiudesaeintRrnediate exide ﬁ'Pﬁ‘ H]etth'ﬁg?aﬁ%’f'%?%ﬁqstﬁﬁd BYertPRINATGRIRIF eshol d

vol t aggg&dj ust inplant. Alternately, the nethod further includes exposing
the second wells to a | ow threshold voltage adjust inplant for adjusting a

t hr esfyekd) vol taﬂ\%r@thér%bb@rn@erﬂrtﬁ@ml@g@té%md\em {r%rmﬁll'yld?b\tvh@g aexposure of the
antifuse transistors to th R@eshol d vol.t ust
e%ﬁtﬁﬁ

[ 0025pYRsEBleRUGoe 8T RRdFH e Fit 9ate Q&ide % tFE{H‘E 508%’8 first

vel | sahdteHssy grbwhbkia@etisdey thephérhiediate bhige and e smrabtkae isorfage. imgut / out put
circuit area, and the st e of form gﬁ!ﬁsqbraﬁé'ffom de i ncll%ges si mul t aneousl y

f or ni ﬂt’jth?h%mb?(?'@@”bmeo@% V?\rb'iﬁt?rdﬂ‘f W €99 §edigalY st wel |'s of

the | BpHeCRIdD Ulbitfihd Bhd & sBEER. diffliforSiegion @iectrivangesrinegtedas tHenaticfdse
depositing the second oxide on the fi 0 ut / out put

st I,n
t r ansA8YieH: é"’hef%@eca&ﬁﬁﬁsntﬁrlsﬁprd‘lastahtBreisﬁ?'gt"o@geo@ge%tﬁﬁlph?ﬂéh{%%‘and oxi de
form ﬂgn:ﬂstbhér%thgf&hﬁ-f@@ cfbandéf |ntthe premutérﬁwqiméntt thensitiftsy devicBhmsst ep of
exposi ng can_ include exposin rst we kh%g thresh | d vol t age
adj usvaiaig *é‘l‘ﬂk“?ﬁﬁgaéﬁf’ﬁ‘g? hﬁ\ﬂ att'Pl‘Pé’Qﬁl‘?Pd‘OUSWOé‘&@gg? ma%aé%gé ¥ransistors,
the aghd aftmaeR&%h 6@’$es%6ﬁd|h@1b fhanbitK gattathdet sihsthattthe sariahie tibithéssonal st ep

f wel |'s t | ow th d adj ust lant f
201 s AR R IERB S BeP AL B9 PRES ISR AT EIYE O BH PRI Ld,

[ 00261 ;hferdné MHidkhoredestithe t'é‘r%bllﬂﬁﬁzﬁﬁéssl g@av@ainu@anqnﬂmvaadess mammrtmcldevu ce.
The nenory devi ce includes anti - Q/P m?goyfgt cel | S erl] u”rﬁ"’tfw

t r ansiategpdde kayg S(:‘B?témﬂ Y e sares At ?rl?é% are in first
vel |'s aetess traRBBIOY tHEK gite Bkiti6 Bbirestionds td dnthidki postiorvefld \mrlbbllenlg;clmessof n-type
and p-t The i nput/ out

ut transistors are in.t I of an
i nput Bét(ﬂwe apeipe Q"H'efué%ﬁ@”‘fq‘ Q\"H‘ss?aé? 8f"geﬁf’rée?pr?ngﬁgo?1&"r\‘/\§%r?§ﬁl ntﬁg core
ﬁ' rCU'vEné’d&@ﬁucl&n@@s Qzﬂé@RﬂeV\adeShélehmgarwbmm@ssegam;omm|sffDm1$ew wel | 3 but
avin erent pro enbodi ment s
of thé‘nE’W“Path%%%@? PO'@!&'E‘FP”OQG"‘? H@tﬂﬁ E?@@g\’\ﬁé ?Q}A@ Frghéﬂg {Ra eésman access
t r ansiygbeol@0slt=8 tiditis ekl gRndey besss aadsistbeamt thesore Bansisid.
2009/ 121182PCT/ 009/ 000429

[0023] In a second aspect, the present invention provides a method for fabricating
a memory device. The method includes implanting first wells in a memory array circuit
area, the first wells being one of n-type and p-type; implanting second wells in a core
circuit area, the second wells being a same type as the first wells; forming a first oxide for
access transistors in the first wells of the memory array circuit area; and simultaneously
forming a second oxide for core transistors in the second wells of the core circuit area
and for anti-fuse devices in the first wells of the memory array circuit area. In one
embodiment, the first wells are high voltage wells and the second wells are low voltage
wells. In another embodiment, the step of simultaneously forming includes increasing a
thickness of the first oxide as the second oxide is being formed, the second oxide
corresponding to a thin gate oxide of the anti-fuse devices. In this embodiment,
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transi stor and the input/output transistors have gate oxides with a first

t hi ckness. The anti-fuse device and the core transistors have gate oxides
with a sewondowihiskness smaller than the first thickneseCTii@ioess

transi stor and the input/output transistors have a first threshold voltage,
the anti-fuse device has a second threshold voltage | ess than the first

t hr estmelehsinglifchdfss depEsitiMethe®eorid idd 61 @sEbANE s@fdcBiand dnth@sikel d vol t age
| ess than the first threshold volt e and _di fferent fromthe second

t hr esAYA%IALHESAGE. t'”ﬁ%@ﬁ?@‘ﬂ%@“%s"ﬁ fstaype and e secd e oreise At

| NVenthigkyaté bkid® eCPBRIcaFRAFRBIstdre AllfrReelp itkraadi rhd Mcl%l!éé {h@dnéll? the art upon
review of the foll ow ng descrlll%tﬁeon of sgemflc g nts of the

i nvengio¥ing the ssrprshRidenn astipstiatsutacs apd Wrageringe dst °’B¢$ BHPBESCRI PTI ON

OF THEarﬁBﬁMU\(ﬁ‘é c{oﬂfbaﬁdnEﬁ‘aﬂmemtos.d@fana hige HERPE Bkide MMBTId 8fhiok ddte now be
descri bed of exangl e only, with reference to the attached Fi gures,
wher ePH¢ epft@e afc $ BANSISKER t  di agram of a DRAMtype anti-fuse cell; Fig. 2

is a | ayout  of the anti - f I ' 1

o DR Bt ulloel SRapotraLeIRe PiReTHeAREE e masinod hifR’ 'eéPPeSof Figure

2 n?: Oféﬂ)dsir@;&hé\fn‘él wEus_:Jto a4mgﬁ tr&egroqmolagstau}meaknpwmlmr@ﬁjuaurﬁg@tﬁrem st or
-Tuse 0SS- sect na

FF ans ai0e GLITE doceSe ot aBaitfe SnFlySS Brices. ARgaely, fik Mg Pt ©
t wo- t rn%lm%b§b%os&@tthe fites e 0 Migh reshokt sitadk Rgjusdingtare iredjuseng aof t he
Pr ese?htreslhr(])\I/de voltage of the access transistors and the anti-fuse devices while masking

channel regions corresponding to the anti-fuse device for inhibiting implantation of the

high threshold voltage adjust implant. Alternately, the method further includes exposing

the second wells to a low threshold voitage adjust implant for adjusting a threshold

voltage of the core transistors, while inhibiting exposure of the antifuse transistors to the

low threshold voltage adjust implant.

[0025] According to another embodiment, the step of implanting the first wells
includes simultaneously implanting the first wells in an input/output circuit area, and the
step of forming a first oxide includes simultaneously forming the first oxide of input/output
transistors in the first wells of the input/output circuit area. The step of increasing can
include depositing the second oxide on the first oxide of the input/output transistors, the
combination of the first oxide and the second oxide forming a thick gate oxide of the
input/output transistors. The step of exposing can include exposing the first wells to a
high threshold voltage adjust implant for adjusting a threshold voltage of the access
transistors, the anti-fuse devices and the input/output transistors. An additional step of
exposing the second wells to a low threshold voltage adjust implant for adjusting a

threshold voltage of the core transistors can be included.

[0026] In a third aspect, the present invention provides a memory device. The
memory device includes anti-fuse memory cells, input/output transistors, and core
transistors. The anti-fuse memory cells are in first wells of a memory array circuit area,
the first wells being one of n-type and p-type. The input/output transistors are in the first
wells of an input/output area. The core transistors are in second wells in a core circuit
area, the second wells being a same type as the first wells, but having a different profile
than the first wells. According to embodiments of the third aspect, each of the anti-fuse

memory cells includes an access transistor and an anti-fuse device, and the access
-8-



Fig. 6B is a cross sectional view of the two-transistor anti-fuse nmenory

cell of Figure 6A taken along line B-B; Fig. 7Ais a plan view of a
singl e traosherarsanti-fuse menory cell, according to arCerdaadiwment2oof the
present invention; Fig. 7B is a cross sectional view of the single

transi stor anti-fuse nenory cell of Figure 7A taken along line CC

Fi g. #éndistoPar RB induewuiplit t?éhsasltd;rs 'ha@é g ath \WRidks WA i thidkidss f Hegarteor y
cell, according to an enbodi nent e present invention; Fig. 8B

is a &vsw@v'%@mmorwéwapf&wemww'm%Fe%@.tb'ﬁ‘ﬂseésﬁ@ﬁB@ry cel I of

Fi gur ga8And alsemickhosg Thé @@cé@s [¥ansistor and Hegﬁpu%ﬁtﬂu@trg@létbﬂs%tvé %tfﬁstC'VDS
process steps used to formthe anti-fuse menor Fi gure 6B,

accor Hiregholovaltageibe antirfiise dsiice has grseseit th[qW@Pétvpg@ge 'efSS than the irst  10A to

10G i {resolcitaGdLdPdRhO €6@IransRIF Héma frmdft%ah Qo mory cell of
Fi gure 7B, accgrdl ng to an rerrb di s t he rcsesecr)llfd@%r'\?/{as;t??%?\% Vel/)

1‘2089/ l@l%@@ﬂ@iﬂ%gy‘@éﬁﬁwt from the S?‘?O@d tﬁr@sh@d ¥oad6w chart summari zi ng t he
abrication process for form the anti-fuse nmenory cells of Figures 6B
and 780271 Pther appegi an6?33\%’9:7ioé\ﬂi‘eoff’reée’ﬂt\/%‘ietnlt'%'i‘\}é/"l"%‘P%O"}fn?‘?gaf e nmenory
arrayto feoeddingrily eked ereRdhmRPbn Pévié&f RhE SMBIviNgNYSSEEbIVM, of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] 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 A-A,

Fig. 4 is a cross-sectional view of a two-transistor anti-fuse memory cell;

Fig. 5 is a cross-sectional view of a single transistor anti-fuse memory cell;

Fig. 6A is a plan view of a two-transistor anti-fuse memory cell, according
to an embodiment of the present invention;

Fig. 6B is a cross sectional view of the two-transistor anti-fuse memory cell
of Figure 6A taken along line B-B;

Fig. 7A is a plan view of a single transistor anti-fuse memory cell,
according to an embodiment of the present invention;

Fig. 7B is a cross sectional view of the single transistor anti-fuse memory
cell of Figure 7A taken along line C-C;

Fig. 8A is a plan view of an alternate two-transistor anti-fuse memory cell,
according to an embodiment of the present invention;

Fig. 8B is a cross sectional view of the two-transistor anti-fuse memory cell
of Figure 8A taken along line D-D;

Figs. 9A to 9G illustrate CMOS process steps used to form the anti-fuse
memory cell of Figure 6B, according to an embodiment of the present invention;

Figs. 10A to 10G illustrate CMOS process steps used to form the anti-fuse

memory cell of Figure 7B, according to an embodiment of the present invention;
-9-



Fig. 13 is a plan view of an alternate two-transistor anti-fuse nmenory
array, according to an enbodi nent of the present invention; and,

Fig. 14 iwoaopiamsei ew of a single-transistor anti-fusePIEAN290900042Y,
according to an enbodi nent of the present invention. DETAILED DESCRI PTI ON
[ 0029] The enbodi ments of the present invention describe a one tine

programmabl e MERRY Y1 &4 flow eNarSurAMafihg tHeligbricdYh BRCESS fr fornfiy thar eshol d
vol t age i ndependent of core circuit process manufacturing technology. A two

transi st or 2BRkstHseyNRBTY CRURPITOUeHEBENE "Bhsi stor and an anti-fuse device, or

a single transi F?@ﬁZ%Oé blan&Ransrel twaBraHsksterinti-fld\hB8ios) A3 aéddraikgiess gate
oxide, are fornmed in a high voltage well that is used for formng high

vol t age tr ¥h3n emBpdimentef the presaryiiavapiPRiage of the anti-fuse device differs

from the threshe|(d13¢) 4 BRAYIEN ofdityallefiid wd-Pandiglord dHRi-fGSS MefiohLatrdys of the
menory devi ce, but has a gate oxide thickness that is the same as a

transi st or aF¢PrdiRg teap emepdigent of thepeesgaldavantigh<Anss or has a t hreshol d

vol tage that di kfehsid 4 prhiviay i 868 idn¥islr asefuseimaiory@fag circuit
transi stor, and has a gate oxide thickness that differs fromany transistor

in the cor@cgqrdipge an empedisrerhofiae Presartdrventife: enbodi ments of the present

I nvention achi eve a | ow progranmed anti-fuse device threshold voltage

wi t hopETANERDESCRIPTIONBSK | ayer or CMOS process steps. Furthernore, nask
| ayout is sinplified and mask m salignment and mask- dependence of the gate

oxi de _br eakdown_char acteri sti Is mnimzed., [0031]Figqure 6A is a plan
Vi ew 02§?t \/\D-tFﬁﬁ?F@’PSW%‘% ?f_ctﬁ?,g{aesﬁfé%Yv%%PF%C@(?@]O?’}?%%Gto an enbodi ment
of t herggr@amableimsraoriyicen having an hintfuseriepicy wittld lod@bresisold ypltage! | y formed in
a menor ardraK, and j ncludes an access ttr%]?]slsto ang an tanti-fpse
t r ansiT§PBENOeH Bf R GUEUILRraGRSS Sgfjaciyring tedylogk A PE° KNSR Yansi st or
i ncl udeishamig ¥ pasy ©ansidher, andi dnl anticfusoaé e, ol 84ingledrasisywisplitabangelt e 106. The
dashed outli nlf 107 dg{]%qes t he a{eeas ' ich.a thiﬁ

|

in k _gat | is to be
f or medSRAY g RFRO 3 Bgkness gate Rde SF?V\@HE?((’ aft P'ﬁgv?lgage]f{“é%‘ﬁb%g? i on
pr ocessed MofEmuReNGH volgigeransisra mea tereshad edtdgy of tre atdisfoeeldedtd | ne 107
desig es_the regi on ere thick oxide.i.s to be for nti-fuse
transi% Eﬁff?’ﬁ‘i%@g%s?‘aﬁdt\Wag?r%fﬁnigff”%{ﬁ@' Wotﬁ?/s??rlei Cérgﬁl?sgéjﬁ@e [1%31% "\ first
di f f ugie@be Nr@hena Lk dxdd ickpessi thattis theazinievas alreasidoORintiee verermirpaisysi | i con
gates T%\g%agsn grarzlqugbr r\{gqsle; %rgsh%%cv%ﬂggg {hfa{ e trom flh%'threshold voltages of any

core circuit transistor, and has a gate oxide thickness that differs from any transistor in

the core circuits.

[0030] In particular, the embodiments of the present invention achieve a low
programmed anti-fuse device threshold voltage without any additional mask layer or
CMOS process steps. Furthermore, mask layout is simplified and mask misalignment and

mask-dependence of the gate oxide breakdown characteristics is minimized.

[0031] Figure 6A is a plan view of a two-transistor anti-fuse memory cell,
according to an embodiment of the present invention. Anti-fuse memory cell 100 is
typically formed in a memory array, and includes an access transistor and an anti-fuse
transistor. The access transistor, also referred to as a pass transistor, includes active
area 102, bitline contact 104 and polysilicon gate 106. The dashed outline 107 defines
the areas in which a thick gate oxide is to be formed via a thick gate oxide definition mask
during the fabrication process. More specifically, the area enclosed by the dashed outline
107 designates the regions where thick oxide is to be formed. The anti-fuse transistor
includes active area 102 and polysilicon gate 108. A first diffusion region 110 is formed in

the active area 102 between polysilicon gates 106 and 108, while a second diffusion
-10 -
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thickness gate OXIde of U.S. Patent No. 7,402,855. Anti-fuse memory cell 200 includes

active area 202, bitline contact 204, polysilicon gate 206 and diffusion region 208 formed

in the active area 202. The bitline contact 204 makes electrical contact with diffusion
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have HV transistor Vt inplant 220 that is used for adjusting the WVt of 1/0O
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procesa, aserclfed 8étVelahss 308 and ptﬁﬁlllmﬁ@ébé 308, I it dffuglonee§ibn 340 ist he sane
time a core circuit transistor is O,}ﬁ ggﬁéflc ste% re shown in
Fi gur &med i wes?étlv%?feﬁ%Oasqewé%an@'xsr{@%p?ﬁeé 0fiea tWUIER 398NNt i - f use
Menor YifuSioh rwmgim%ms&d .hhnee @cftﬁé @Rda 30W@ﬂﬁ1le(vme'i@djeaofw @ol;asuro@m t

transi stor. Persons ski e art understand t

o DPscABaT BRI ok S04 BRR tle el BONEE Y 65088 FUIDPAR £t ¢ he

t r ansizgp HBeth tHeladcess!Hransihor dlvanSahti-usedrindidfdr bryvRrheem 4 wrmadn welt he nmenory
array area 402, core circuit area 404 a mﬁ}the | /O circui thﬂ%.r Mg not shown).

An i npft4rYoresoreifiely; becgmmap Wik 14na wltape wgillisugh @ d the

exposedy §eu\b§fl rnat B U3el feraNBLr &xihiskyrs MRsdd4Pied iositiine e demibsvihé are@surype ions for
[t is not h vol tage

formng. a h vol t age

p-typ&Hy |qtmc5,ga{q.|%xl 9'@@&%%&'@96’#3 afhigkqale 8§' F@Prf'tdﬂnr@ 'h‘ﬂ‘gwﬁéh%arre time.
Subs e gatridhlioh prafes3PUhdérabathitipapditods ald 3eahnitovienng atchbarfiel ey menory
array area 402 and the I/OQtransistors is perfornmed. It is noted that the

hi gh (RAtSAGENNE aéH'F‘&S?tel%eant may not be necessary if the desired Vt |evel
is achieved di r%ct |%8§SI n

corr e$¥U%i ng t 6'AUE BB IR REOSST F@E}tfoé‘ﬁ, \8‘?‘” IPEE ?tnlfel(i”g‘?s(y F?'L\ﬁéqlga%g’l? yor t g:vﬂ::a
can beionasike ®-Bf F&fcohiparisort pirposes, Figure 8B also shows a cross-sectional view of

the same core circuit transistor 130 shown in Figure 6B, that would be formed in the

same substrate as anti-fuse memory cell 300. Figure 8B clearly shows a thick gate oxide

316 underneath polysilicon gate 306, and the variable thickness gate oxide having a thick

gate oxide portion 318 and a thin gate oxide portion 320 underneath polysilicon gate 308.
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ions for formng a high voltage p-type well have been inplanted, such that
this region does not receive any high voltage WVt adjust inplant. [0045]In
Fi gure 9Byoth@/mrersery array area 402 with the PWELL- HV ipaplGarbosznak2hi gh
voltage Vt adjust inplant 408 is covered by mask 410 so that the exposed
substrate corresponding to core circuit area 404 not covered by mask 410 is

borrbaree ¢hisk dale Bxitl 1386 aAB $hed Blck igafd ik SortiY3¥Phleddth BefinéB s the
Subse uentlé a | ow volta%“}'Vt adj ust _inplant for the core cifrcult area 404

is pef OxigiR debnitian mAYHA1S ﬂhﬁdé‘.‘a’ﬁ@”%@a@s 3B t2lpve\kDRId] ust i npl ant

412. Tébﬁbr%téxt&bﬂfgﬁ&d%h@l‘é’r!udéﬂvaﬁ'sgﬂéeﬁs gejabéﬁ%tysfhé&%eﬁ@é/ 806 LnPBES; €SS St eps.
First a ?rlve- gﬁThéﬁ)er orned to fuse inplanted p-type ions within

the s@fd ?'apé'dPéUF'b? 1832438 'Wéwqedthwsa'ﬁm aii-luge prempsecalel | 416.

SECOHGOO fB6mi dllﬁ@rrﬁ&ﬂbrgtc@"é)éfﬂ e éll&ltbss&h%%oﬂé@fcutt h@n§§'t@§‘i3@t(ﬁ>ré’f both the
nd the core circuit area . Third, a thick gate

g arr%y area_40

OXI de S ”8@¥qrﬂ?’9|”l?|'i‘dﬁﬁ§rke§?2@f3P%mﬁ%rﬁﬁﬁec"&i‘t%ﬂret"ﬁés'yﬁ?‘éﬁ*%@l"&te oxi de 418
in selr@gt@gbregl ons of the mermory array area 402 and the I/Ocircuit area
(not shown) for defining thick gate oxides. The absence of mask 420 in the

core o4qpit ar gavérapmsiablé fdatires bi BB ahﬂlf&swﬁeﬁmb@rb%m%boraré fow 0 be forned
oxi de etching step i nternedi ate oxi de 418 not

t herel n. oW n
cover 885% eﬁiraars% tb@@%t%g@%%'aowéam et"ﬁ@@%ﬁ%‘i"t"&?‘%g%tﬁtof“ééé‘”ﬂr\hebrepar ation
for t tlelﬂg&@tled@XIlﬂQ)f flﬁercfﬁié cipduit A8’ & hBo El’é)l@éﬁtlogno gachitier veaingt22 1's

forme xposed substrate surface in the nmenory array area 402 and
the c raé‘ﬁof g¢ uath gghstantially thegams (Nickaess @‘F@?thtté%ﬁﬁﬁea@égeﬁﬁ%h can be
used famwoémtne shie, ﬂhbltrﬁre@mmieoltﬂa%% of fhef rftisflisd 86VIEH AtEtheTofd\@rcaite shown i n

Fi gure V\(P J}F II“R oxide 422 is thermally grown on t he exposed
substFra?%Stgh q‘oa?:r@ ghent %pﬁeé!@Hﬁlp'(ﬁ’t?éusstqqec?rﬁ|°HC‘tH§<‘| %'54%213\%@(?'“%350 gr ow
under Qﬁ@'&/hra’fnbi%tdr Vi ﬁﬁmmll ﬂlzen hel dﬂﬁnﬁél&AOW@MéénRHé amsrbheegwﬁsefMdat e oxide
418 uﬁé@ ﬁ S{P he substrate surface. rowh rate underneath the
i nter F%@@ed ¢ ytiramdhe gatvgddug iy yell A4, é‘&sChﬁﬂ 5 EeqipPeiween no
i nt er gEdsiah edin slﬁo ABSTI2 ik agpdéaa t6 tHesdandd 18V $dhsigee vt MMudtémplant S not
shown in Fi re thegﬂente di at e de 418 is |ifted above the

subst P&Pethg é%%‘ W i 4 RIR 3 gﬁ?ﬂd 349 dee todhe dH§HRTI t echni que i s

deposugmesgs dflftﬂef&dt?iﬁﬁleqmltcki%ségyate?&@de trgé cﬁ?ﬂ@fébn&ﬂ?ﬁefr@éa‘ﬂw theka ace and the
expose surrace.o e nte al e | n. either c
r esul BREPXISi RAKtiqp3 18 Wil hawe é@nﬁfa”ﬁ@t%%hﬁ%@t ﬁﬁéh?trﬁ BT & \'—‘-,s%‘ﬂlt'&ee pl us

t her mat bt/ @ traMélstbRi to adesited f/éro@wmaﬁleé 0eidits fdreexaip®y. TAdicRahd agn Oor thin
e |l ayer. 004 Sin the 1/0

oxi de deposited on top of the er nedi c

O e pagReath fin BReciiepartin 3l v 2 YA TP B B MRS A SH i St o

ar easpem Iacbcaleaeadyr dfarveere‘sbmng m @cBrF@%@bﬁdlﬁg xthe enhidd Gate oRide Portda 318e gr owt h
of th ted over the entire

in oxi at e 424 | s deposi
ibs Date aBgiR toh seAe aEer BRI IS Meence Inbiohos R RIREK Ghc oy ca
404, axibe pbitioh/398ahams Hirdgate odide pomwaQO9A|ﬂle1a1tS@Flﬁach9é 429 areas.

As shown in ur.e e ysilicon 42 deposi t over the thin
oxi de! ‘ﬁ’”&%g‘ '?%%IGPHPSWQH'O”?P?@ cﬁgg’le 8§ B”%% "i( Harg}nﬂgr stt%’“{féf ine the
speci fm;?amrwégﬁ trﬁa‘retimeg@ttmg pal ys abjugtqmpl%afhtuoa irgatis f@&iﬁ Adéortiingsleposi t e]gi
over gelecte as o on 42 lon o
The. oRevtiindir Hdn ghle ot 7S 380 ¥liee BSRgtia Ve o A0 BBk a D, “ga o
nmask 42© dxweexmhﬁctheamss treﬂszstags sk shanfthp ghtesdxddecsiang adbasistoviar thin or
thick, (interne (? rrermrP/ rr%g ag,eﬁ 402, thec[e circuit
ar ea 4°0re ey ﬁgaq e)s ep r:ins %ra timplant 330 substantially the sdme as an

transistor. Since the gate oxide thicknesses of portions 318 and 316 are substantially the

same, then Vtimplants 320 and 336 will be substantially the same. In the present

embodiment, the channels under thick gate oxide 318 and thin gate oxide portion 320 are

exposed to the same HV transistor Vt implantation step.

[0042] The previously shown anti-fuse memory cells are examples of possible

shapes for the two-transistor and the single transistor anti-fuse memory cells. Other
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[ 0048] Fi gure 9E shows three such stacks resulting fromthe gate polysilicon
etch step, two being in the nenory array area 402 and one being in the core
circuit awveaoedriistn nenory array area 402, the stack censicRievgoof29gate
pol ysilicon 424 over thin oxide 422 is the anti-fuse transistor device
whil e gate polysilicon 424 over the thick (internmediate) oxide 418 is the
accespodsit shapgesifor the apfiseThémoiyicedd esn ¥ddsed BE déﬁm@ﬁ&ra&éﬂtw sting of gate

pol ysi licon 424 in ide 422 i e nS|stor used in a
Pogt countetiionned 5 Eelpresctifatndth 2aBoo8MaTr WS Fner BLRIcabE 16 Geposi £ e
over rmwozzsmen @e‘aohé§ant4ﬂ%earﬁ§inc5rb©el|l érﬁapé'srtwatintumaﬁﬁ\thettﬂﬂﬁ@atéyoxaiel ow ng for
the formati on pacers 430 adj acent

n
to th8%§a 8"%6'I‘9'¥1 85% QW%SF Oéf’? pf‘ﬁ@”%'ﬁ\ﬁ'\%? PQ@BBFPBJI?Q 'e@gldusen the core
Ci r cuieniirg geldMavindithe altdroatearhagss sHownhe Uss deedtl Pubpestioh No430, the exposed

substﬁgéﬁa%qafﬁg exposed to n-type diffusion inplantation for formng source
and d usion regions for all the low voltage transistors in the core
ci rcuj ea 404. The ting LDD re ns 432 and ffus ons 434
For ol of fiaihe hfidieebpBon P rEmegents suaiin Skt T &% hoan 1 n
Fi gur eB24i tham@dnbistoes cfane enti-fuak intaisorg |eel afel fsmhéd/mdleeis@ﬁedlgh%ltédua | ow

n_Fi ure 9F t 428 has been

voltaetrans stors 04 dlfoSIO
r erov &8 e I}e rb\‘/\?'&?@?t"‘ée]aecaf‘rb Qg §?’B?§St é@rﬁéﬂt't‘%ﬁ ea 404 are
cover sdwcwtrtéthugﬁmbltaje vaBIIf i§ tmemmtlyrastﬁgﬂ&ﬁto rNﬁIm&dﬂtEakdigmlset\‘ﬂém adjaterithe menory

402 t.0 h f t id |
R e e S R N A R R - e
Coerl edsttls e Vt thH’Slﬁ Icmasmman aref dorélaiwu‘tgrdna@tdr eg ltWSarﬂéf@eraiadrﬁdhcidrum on t
r ns e ted |.ow v e transistor.in the core circui
L O Rohetiaf, ARl e RS By R e A R B e Ba BSR4 For the
hi gh v@tatﬁag& irhplantsstep masthenhbhgatemxweyacaesdﬂyar&tsag ot Bticlagate okiden | Int Fi gure
OF ave concen ons ecCl ne e | V, age
tr anng'tt'BP gre %potsﬁ?go Shisrthm F?n a\}ﬁé”?]?ea%%t @'PS?@V'S? I’{aﬁgtffglaljfcg!g F B sugj ect ed
t o n- bype domplirdit tehinkistes) reeulanigmatielttegcctrmroa@d ovrelativélin wemph, aemidédl dopant s and

heal I h | d
| ow vEmeghont Gt 8 Bitheo imaoRiaferd Bbucalen B b a3 BERB A ng ones
shown célis dhogurie F@Bres%)m&mtd gBusHs dMn@l(fiMG$ pmeeeatepyfomeédrsam@ all other

transi st IS CO bse uent. cess ste

execu%@d%ﬁ?n?'ﬁt %etbFf:P ncércﬁiﬁ?%sd? grs vty g dtdStIﬁ)aglts:nda%ﬁq?t(aps’tracks for
i Nt er erEREBChiningizing ¢éhd faricatdh @ostos e ergtire [s@r@!iﬁ]uﬂin@mxr@uc@A to 9Gillustrate
exanple steps in a CMOS fabrication process for formng a two-transistor

ant i - {aod)] menor Figuedd 9Aadd@ shoms varicduageepsdan e GMOS pracess ased tform  The

i- | h h
gate O uePe PRt e Fiolie BBat Bee BB Mo B A L BRI bt have W
i mpl andrmednOnigfsbecific steps breestioainds FigoresiDAliof 9@ for iiBetatirgethe Wifeeamces e hi gh

| t -wel |l 414 t h I Wt
YO0 B otk T PSP s TR B S APIE%
Sﬁne Itraptnatnt Pelpsdnswskilied hrettne adlmﬁe?mm tiedtfodiudrinoe-ilstrated deps ai?em I [ cgl l\/t/ o
the ctiv
t he ac?g%cs“ e‘t I”éﬁ)émé’tgotbnﬁé‘\’/‘?‘ﬁres Bt a%@%f’oré i Pligre, 3, thg%ﬁ g’%%gé{’:‘?f i ¢ val ue,
such aavédbé&dh foaneeinahp hezmo‘Fherray ere@ 40Iﬁeccﬂr’efcecmi area \404 ahd theellantrcuttf use

t t

At or LR kB MR i 0B R ok O Bl A8 9 and e D e
t r ansiespasedcabstode mnmdyeteeiobyf mask 4Q€cie bombgrdet avithi pytype ainsdgrgfoviing apl ant

th th d t . I t

tr anameo e BisEai 0% b st Py uage e B8 1PFRR BB r red o
ensur atruttatesiars foerm{eécat Iheesthe tige. sBubaegypaty fancoptiahaldighswaitaga ¥/t adjgst f or

|
Cr anti GpghtoPte ity ol afPHa adtinchRokfordls BB AleRe o o
ci rcwtttatttttaahrlgh soltage \{t@(dﬁns] Fpant exnyI®Abe oeddrSagtibie dearédvidewtléps in a CMOS
pr 0Ce%§hu8§eeoddﬁe%t|{18§iﬂ§ HREWANbh n%qa‘lgﬁ?or o dﬁérrfaﬁll e afdaBdfBsddRdifitot he same

ime a core circ ransrstor T pecific stes are shown in
F| gur éwe dianeloegioGof the dntitfuss ransister aridevige W@b@n@@ke%éﬁﬁmeﬁ Pttm anti-fuse

menmory cell enbodi ment of the presept invention and a core circuit
transistor. Persons skilled in the art understand that other
non-illustrated steps are executed for formng the structures of the

transistors. In Figure 10A, the STl oxide 500 are forned in the nenory
array area 502, core circuit area 504 and the I/Ocircuit area (not shown).
An implant mask 506 is fornmed over the core circuit area 504, and the
exposed substrate not covered by mask 506 IS bonbarded Wlth p- type ions for

R T 1 1 " R



[0052] In Figure 10B, the nenory array area 502 with the high voltage U\

adj ust inplant 508 is covered by mask 510 so that the exposed substrate
correspomaipngoyaisere - 19- WO 2009/ 121182PCT/ CA2009/ 0004220090002 ar ea
504 not covered by mask 510 is bonbarded with p-type ions for formng a | ow
vol tage p-type well. Subsequently, a |low voltage Vt adjust inplant for the

core Rhé eHdmAREa hiPdoltdgd rgithavéible€R irhSlaStB@Velich hdt s FeyicH)C as | ow
vol tage Wt ard ugsat :@Q ° §% ﬁ-ﬁ)gﬁ :k\lloul d E)eﬁﬁot ed ugt this tel%rlre that there

are d qqserpcgmce\ygrqrg(th Qﬁh‘éo'tﬁﬁet\/ﬁédlﬂgl"lnp\aﬁff mati on and Vt adjust inplantation
proce of which_ the above descri bed sequence is_one exanple process. For

exarrpﬁ)@“f’l he salPe QWEISE M5 BATOTATayL eR 802 Wik thedR WELLW \alRPlantgRdvol t age

t r anshigh %ﬁagetmtadwsi fne1 &M tao8lis eslieksd uspembsu m ﬁ'ﬁﬂwét ﬂi\éréxb@sédlssﬁj@strﬁét ernately,
two separate well inplants can, be used for | ow a gh vol t age

t r ansPYFHPENAIRgIq %0’? ﬁ\éc%%ﬂf%aw EG) ?reF’rPé!I’ﬁ?ﬁk 419 'ﬁ?%@b?ré’ﬁ‘ MO YR 1 s. 1t

may emagf&eomﬁgea mV@valtagerﬁLtypétwén ESdbsé/cﬁuefh@l%Lbslbw' VERAGBadj Mt rhpHmt
flexibilit ai ned when both | ow and vol tage transi stors have

t hei r 95 {{tf %é? F"Wﬁﬂr%ﬂg E§rﬂ?rf9fm%ﬂjj"‘(ﬁ‘ih i ﬁB‘P"é%t”sF'gblfﬁl #lpwoelteesited to

obt ai adjasthinlant #12Thefkstraatoiesho@M & Fighe o tdsuR frofi deferafpbcBéLqbsd. on of the
transistor threshold voltages. There may be situations where different high

vol t agEStEr HEiR pisPIS BEEPIEE 9 diffuse implapteg pdwnedons withinfhs sHbsiale 1@ f  er ent

t ype RFmhhg AVvelyba gl 412 asH eV PRYbAME4 1. fs%edsmﬁbnwéﬂmamie ¥kidadj ust
t effici a vt ad ant can be done using

To I nprove co nc
eX| st ﬂiﬁg'srgé%‘?(% OV%rdE?]S‘éf%S?rétq:Df\H@m "(?‘SH'X%WW @é’?éﬂﬁ‘ %§R§°’ied?”cé'f<arrpl e.
[ 0053} rERet04t THES, WrtBisk gﬁl@\/MSUdef(O'EZguéﬁnﬁldPQnéMd|SBé§é@|t%§‘6ﬂrtI@é process steps.
First a drive-in s%ﬁﬁ'n erforrredé di ffuse inpl asipedptga&mns W t hin
the stifMedite ¢xide tsl‘??cfﬁddﬁg'%ﬂ’ '8@ MEMQFY @Mk preasiig afidh | ow vol t age
p- t ypéirsvelared tsrﬁﬁﬁmf& deﬁﬁlng It K §are ioRides. OPHetidseAsk bfm4RKZ0 iewRy the
substrat e, of h the %é arraé?area 502 Eﬁ?(fthe core circuit area 504.

Thi r d%0'§ Ct'ﬁh"t:%reame@”éih%ém YolgRe frANTITIBN'S {8k [P ditRergiB A t ed on t he
i nt er foREviAg @xiosietehifglélep, rangehtemt aate @gide @98 @bt &Mrmmhusmzm& area 502 and
t he I/O Ci rcwigtgrea % ?t shown for ef| ni nﬂ Ef‘n te oxi des. The
absengiENed My fo B9 §Upsirale surage ferp@[ﬂ ipn fgrdhin gale,xide, é’fmﬁtﬁ’”hl gh vol t age
trans ist ther ei foll ovvln oxi de_ et chi step, any
i or 1R04BL o oxf)ru%%rf%%ﬁh'emlee@?wpwsﬂ a3 st P Bl et he
subst nahe rrmﬂdrgaﬁ&ay Qre[a(rjmainatth@aorfe(urcmmarﬁa%ﬂﬂﬁl’t@te dee fWD[)difeéremn [0?54] I n
Fi gur 0D, a i n i de r on t XpOs ubstrate surface in
Che T Esbrgust vhigh fodie 8o Gk priwd BE R Bt 328 EFRE AN HE R 1 0
t r anssisdvar i Fagu?re 90t andecthé thilaxide UR2 eithgatally graviresn thiehexpbddd t r ansi st or
ar eas haye, t he i r.medi ate, 0 e 518. Follo the growt h
of “Cratiiiiple Sire 1849 anbita ot BT Prsh 82 W1l 45 @BuBmeaibPe: ho ent i re
subst madrmedishd Glide 418, wihich ;idsaemwnmyérraémap oardeenﬁ% aridn®vaydroen tHer cuit area
504, and. a /Ot fansi s reas. shown .re th ate
ol y PRI wetrorTRSEal GhBTesE B Amasd e 2993 SR brer PAf dker
i nt er awds aﬂeremhiedaas Eanntemiethdels(id_bmdebvermgtthesm'te‘ sufagbapailot ist he gate
pol yshclnls 8\%n5|n2 f’—li’gu?e éﬁttﬁe m?esrlﬁne%%% Ic»%de 418 is lifted above the substrate surface

by thermally grown thin oxide. A second technique is deposition of the thin oxide 422 over

the exposed substrate surface and the exposed surface of the intermediate oxide 418. In

either case, the resulting thick gate oxide will be a sum of the intermediate oxide plus

thermally grown thin oxide from underneath the intermediate layer or thin oxide deposited

on top of the intermediate layer.

[0047] Since the 1/O transistors are intended to have thick gate oxides, the I/O
transistor areas would already have the intermediate oxide 418. Following the growth of
the thin oxide 422, gate polysilicon 424 is deposited over the entire substrate, which

includes the memory array area 402, the core circuit area 404, and any I/O transistor
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- 20 - deposited over selected areas of the gate polysilicon 524. It is
noted that the variable thickness gate oxide of the single transistor

anti - fusewoenwriisel | i s now defined by the position of pCieAgetomesk 526
in the core circuit area 504. Mire specifically, gate mask 526 in the core
circuit area 504 covers both the thin oxide 522 and the thicker

i nt er pRdi sl LsrInEn BYUAE 9D 1Be g%&é é&Wlll&GnQQW%Sdiédogﬁled)évdrh% tﬂﬁhtcﬁ(ldﬁiSk 526, all
t he eXfosed gate polysi i con 524 not covered thgsﬁefa,lf‘gélaﬁ ? i s etched
i

away, 422and 1§ t@@l@ﬁfk@eme%ﬂwém.46611'”@&@%0 gefine

(int eg HoRRdorPAI 4 @gatdimbbIe 498 RepoditddtienESIactd® drea be teQjate Ci rcui t area
504, and the 1/Ocircuit area. ure 10 such stacks

5] Fi
r esul polvigliconA#at helloyina-depgsifien Phﬁ‘&rga 'IE‘ sks# 2| aﬁg??ee’f%?‘?\ 9218 the nenory

arr ayg&%ﬁﬁcoﬁ%4%@c&i&%d@ élelnﬁbskfnscs)ét@hw éwaly tleavirastadkd.of | N menory array
ar ea the stack consi's |n gla%pgg%% |con 524 over @I’gl abl e

t hi cknelyslicopiantas oves thimear thisk (i Ee”ﬁ“ﬁ dNe METQrL AERY 8EGi In core

Ci rcups &?@@lréﬁ‘breém%haffﬂfe goRgFbGtareg. of gate polysilicon 524 over thin
oxide 522 is a | ow voltage transistor used in a logic circuit, for exanple.

I'n Fi gom 10E, gigdid diShewds Ws@ﬂ%tédks@ﬁ@mmlgtf% m\eejatmwm;coaremy area 502

and t O circuit area, thereb @I | ow ng n} or mat i Lon oé DD regi ons
(not Steawiwo berirg 18iter MgMons pEakaE2 494 aad;0q @ﬁingt"b SOy S @s493/494 i con 524
of all, ﬁw@ﬁ\oWHYréﬂpérbégﬁztthé‘@ﬁ:’cﬁb@rﬁ%ﬂng of b@teqmysmcorr 424 bveﬁm\aa o%idd 422 t er

formation of the sidewall spacers 53? t he &(g ﬁ]ﬁz a gere exposed
to n-isythe aali-fysedrannisiansevre e aateoVeirR ﬁg ee %e 851 £ usi on
regi opgidb Qs @ t'hetaBSest%n%@ldra«ge;otd@mslt stearmm met&h@ckocnih&stlmg cfgate ar ea 504.

he resulting LDD regions 532 an fus 5\? for |thY§ | ow vol t age
t r ansiPglysifieon #%W@rm@“e‘i’ Aediiste 'QYV 8%@1 r%l’?séSt%' Lﬁﬁﬁ A RYGUIEBE, and have
conceRt i@ I'eoﬁﬁléd%@Ef b@ﬁfdslbndﬁé‘pdkmds ﬁ@;ﬁosﬁté@ ob@\mmbnyaxymytarmmzt ors.

[ 0056] I n %S the diffusion enre d the | ow

vol t agadthe |C§?l6?<'§e? nherray abrvwng ford Lﬁfto”a?'é%‘ 9?(5?1) g 08 %‘f‘e"&% h anot her
di ffu%gegldéﬁngEség’c@lrs m\e&aﬁerﬂ ;@t’hélgﬁt@pdysnfcoh lae4 weaibihg leaw valtagar ea 502 are
exposed to I npl ants, the i_on pacer
di f f udreapistosgNdhe FOFBICHRYILRTER ﬁOSF&%’d b0 8} {58 SRtelya 88%%‘@#2%%%% i -fuse
rrermr ¥exp&ddd §‘u%¥!r£@s bfdApBEE PR @%e@ﬁfﬂjs@hfumpahmmom Eglf@mlr@.ﬂqurwahct he

conpl eted | ow vol t age tl’ﬁ:lnSI stor in the. gore HCUlélrcali%peaSm

resul tr#ig dlfﬁggof‘éﬁg'%ﬁ’ﬁ ignall iedowivPHans: RISl B8 2™ et A 2hi gh voI t age
transirgd iy LD ?éb@omrahd&ﬂﬂf@)brﬁégaﬁﬁﬂ afreheslbwwmltage fFanpisters10Be and have

concentrations specific r _the hi nsi stors. At
this Fﬁgrq,glrcumareqwgr,e ﬁ gfrbg'gu%fn&dﬁgg ?8@05823%0% ggﬁﬂéfjl 0 n-type

i npl argesféhga@ltmnoma@é figndigtoct i vat e the i npl ant ed dopants and to heal
any inplant damage. It I's noted that the anti-fuse nenory cell and |ow

vol t aggodgjansi stigFigure BF gy 6iffd<ihn maek 82&hsabesraemohed codrtes jsendi ng ones
tr ansilgse Tpasigig Beders afanarps sl oy oo il ABERLUrShhARC ' o "
executgyd New thetrahdigoRidf hhd’lmem@ryt aedysareano2 bar e>qbepe1$tot iRy ircantacthé ve tracks
O e P eLnt, Lo B9 SEh Sl BN 05 (hATAG PiLAZod bl i

completed anti-fuse memory cell having LDD regions 440 and diffusion regions 442, and

the completed low voltage transistor in the core circuit area 404. The resulting LDD

regions 440 and diffusion regions 442 for the high voltage transistors in the memory array

area 402 are shown in Figure 9F, and have concentrations specifically designed for the

high voltage transistors. At this point, all the transistors of the device are subjected to n-

type implant diffusion annealing to activate the implanted dopants and to heal any implant

damage. It is noted that the anti-fuse memory cell and low voltage transistor of Figure 9F

are the same as the corresponding ones shown in Figure 6B. Fabrication of the anti-fuse

memory cells and all other transistors is completed, and subsequent process steps would
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process for formng a single transistor anti-fuse nenory cell having a

vari abl e thi ckness gate oxide, and a | ow voltage core circuit transistor.
The anti-wo=eosdevisce of the single transistor anti-fusepPoemnyoomedd29and t he
| ow voltage core circuit transistor have thin gate oxides formed using the
sane gate oxide formation process, but have VWVt inplants and effective
thresmelai@ctﬂféd%rfdﬁﬁ@bltllns%ﬂté@% én@Qie%B&hﬁg?céHoﬂBtl\)éQtacﬂg‘f"orp wel | 514 is

initiall ected to a common high voltage Vt 1 nplant, both the access
tranm%@t\lﬁo %‘lt“f‘pmté?ﬂf'stt?fedeaﬁﬁﬁ fuse device portion of the single
tranmgﬁg anti - use gx 5é6cell have the sane inplant, but will have

di f f el @MY ef £ ect PEER/ fustralseepmpiestens '”t%@MFHSJfﬁbWﬁ“Pa@@C%Sl npl ant is

i nt endedoinging a3 erahkistor tahtﬂft!%fefn@&ﬁd)r\j%el\/énd)é IdW folRge B é.fcaﬁ%haéu%r po” ion
haV|n thethlckr%asit |de|s at a specific value, such as

exanpl ¢ apfidiss 7 ftt‘%@t"i \pliage cofe Girpet lansisten Rave deioivate Qx@elsess t han

0. 6V Somed lsirg tﬁé%@m@@adﬁom@e foRrhatiser procé!-;sabbtﬂab@Wﬁwﬁﬁarﬁ%ﬁ&lgﬂ@&ﬁ/e the area
e can

under .t he thin og EF he variable thickness gate oxi

i nhi bitt'&NY{Hhick d %%ﬁav%t Rieghre /tgh é@@gw-\t’?{b‘t%ﬁ initighy sepigcted tq her

r educiangnirhén Bigh Q@I&ag\é&/t\(ﬁtplaﬁh‘bottﬂlﬁé WBtds8ARANSISIOP afd fHeldlti-LEARSHST 1S
subjeg?ed to a low voltage WVt i lant, which is intended to ensure that its

ef f ectPVe thgsame igtplapt Ll wilk have different edfgelyedd soMgre sracifisglynfiiedlioh n any case,
t he residde ‘V'lgmfpfafnﬂstuht‘éﬁdé(i to@nstiftehaithé efiétie YR Yf B Adbdds tInd@Ys be di fferent
t han iﬂhat &)h%‘%% | ow voltage core circuit transistor. [0Q58] The fabrication

procedéViPg GREP PP iRl A-SPEGC YRlWe Sycl 8F PEVIPr exagiRiesT hEefaiedheB i s

sunmareigeilei\i of e drtiduse fiaddisteis fdse iz L8V sk lits g‘éféroﬁcféas Mibnerf se menory
cells in the rrg arr area and the transistors inthe I/Ocircuit area
t¢ ereodimeot Hae

are f&PAYEMa gt ReANR!NABSHE A8 oxige Bk of %ral”('z‘at’?%tﬁarbstséﬁtfs shown in
Fi gur ean %u&ﬂdtea%m r‘éc&’l\/lr@dhélﬁfghlvﬁ"@é%ﬂvt |m§>ldnﬂttﬁé?db'>¢f€ﬂhbﬂ‘é@uélﬁ§ﬁ§ wel |'s

after ﬁe n1: npl ant ati on, where t Vt adj ust HTEant i s designed for
hi gh ‘ftéYﬁe t PRgnSWaoliage cqrp ciredt transistayils %?F;S%toq ¥ \Rlrga Vhre designed
for hiigpladoWhRees intetiast 36 @ﬁ@retnata@e@édneé trats%ta@p@etnavahe stbragel regions
under tg] &{om de can be masked so that th S){PEO not recei ve any Vt adjust

i npl arft SQBResgRNY faps e Esulting efiggtve he@niese téﬁ'r@'sl“tfﬂY”ant ed,
foll owaiaybxbeamﬁéreadharsmat draNéw volkigeltofdEiFRRMARAEISIF0 the fabrication steps
shown in Figures 9B and 10B. Thick gate oxide is grown for the I/O

transqwms and Fidieea 00 8510G aieisSiapioss efeps ta @MOS brigesdesBarty fedl | s in the
){ array area at shepr.604, vvhhgh corrl?quonds to the fabrication steps

shovvn heharg- %‘ﬁ?@?%yaﬁ' oifdgre FRe At PRISAMGIIME 3RS TPYT FAIROTdr t he

ant i - forgeedt oarysépstuﬁcétdﬁyeceegwdr\;m if Feguwm(?ftoafomtorm]pazatagdhé he core ci L cuit

transi ors a tep 606 ich correspo to e fa rlcatl n steps shown

nor ERleSisBbafirehans sy te Gl ST REP G e PR A SRE i

oxi de core chepiv Fahsistor. @fersldme skilédninatké d&.unberseindhiest &Wﬁonilltﬂsvéﬂéd%l@pgat e oxide

hi ckness t he hi n gate oxide

t 04 is. d
< maaihe T RIS g B GTER S bR AT 0% FOE By st TenS GRS | | con

gat es 5boraratotmédnm the amn@t/rarray area 502 o3d cirbalt 4ree 504 fahu sheomOrcR@iions for the

I/Otrans rs ti transi stors t core circuit

t ransi §etao 8 §}é9)rt)d%f ar;grgg% &F@E%BY%B% 8°rFW§CT'Q?fF?2’§f‘1W Bfeps shown
in Fi @upmd%thFata:mdt ddl'&eﬂlﬁlf masi050% |Itbem$meuwm ;Ftygurcm;s fsh@tvmm@e anti-fuse
menor ell in isolatiaqgn nti-fuse neno e n_a menory
Vi stipad o % 1 Fpd SR M il vligl e P el sl vansBiart ol &

anti - fsueetumeraw formed las thefsatretings. e st quembp i m‘gmsn@rer\awﬁ@t imipléht Rg@or yf
array., [ 0060 ure 1 u apsi stor anti-fuse
menor ' JC@FF] YyafS?%géaa@ngr'Z‘?Ha”?%\’%d Bﬁ%?fm%ﬁbera?teyh € ent

i nventcooespondinl tb we- dhaanslirsgion ofthkianfiticee demerporttel danibe rﬁammaftar ray 700
has bgth polysilic ates 1 and 108 cpnnected to t.h and have
the sie SRRt bERIn M ToR el aerBPs “EL Pt oA sCbiReLhE 65, I n
or der réglomuoe @it necsliverartyyhigif vdltage gt asjustgmplant.y pol ysili con gates 106 and
108 of one anti-fuse nenory cell are annotated. Menory array 700 is shown
to i n€00s2d si x dmFigufeutds, rttmfrmeytoqeér’r&/,ambét)é\nmhmwhlgheolwgeangﬂws't na first
row 7 first

wor di RGOS eaRed BY B To BE0ER ?%aé’}a@d SRERIE SR kS, wni e
second wordline W.i+1 is connected the anti-fuse nenory cells of row
704. The dashed outline 705 defines the areas in the nenory array in which
a thick gate oxide is to be fornmed via a thick gate oxide definition mask
during the fabrication process. In the configuration shown in Figure 12,
each pair of nenory cells fromrows 702 and 704 share a conmon diffusion
regl on 706 and a common b|t| | ne cont act 708 Each bitli ne cont act |s

o a a o rer " " S ~ o~



- 23 - arranged in a first row 802 and another three are arranged in a
second row 804. A first wordline W.i is connected to the polysilicon gates
106 of romo20®/memiske a first cell plate voltage VCPi i sPcoraeadof2o t he
pol ysilicon gates 108 of row 802. A second wordline W.i+1 is connected to
the polysilicon gates 106 of row 804 while a second cell plate voltage

VCPI +dirdyit a@%@@&h&%t/&eafw rRsdk)530lid BOMbAAbE ith Q&yed |oh9%r8%|ng%r Afvashed
outline 805 defines the areas in the menory array hi ck gate

oxi deVoltage p-tyee wel- r%d?S@ﬂléﬁ”é!YtNOWO&ag%Vb%JH% "ae'fanhfpf therforasicul @¢eng t he

fabri 664 isQRriBFAEE which i8 sh&fn FOMGIEUINE! 4s0BwSBRNEE Vt”ad:uﬁﬁﬁﬁaﬂ{%ue@(?h pair of
menmory cells fromrows 802 and 804 share a common diffusion region 806 and

a conﬁ'ﬁ?\“%b@ neied at B tipe thed heregradifierent vagiationstiahe well opnatianad Yo a
di ff eé&ﬂ&t ﬁ'pta'nld?l%n p?dt%@s @mithhé‘%o@Ldbsc&éa@eqaeﬁceab'&ﬁ@ exé*hblet he anti-fuse

nmenory are fornmed in wel whi ch accordlng he present
enmbod PW@ﬁ%S |F9r axanRje. the p@@@eveaJW‘ﬁat G5 e uspgdorhpth '%%réﬂ W@%?'&ﬁgéa |'s of

Menor yaAdidiars, BAQifAnthR aﬁﬂfsmwﬁbla&s%@ﬁ beaREH %fe'rr‘ﬂi!el?ttﬁiﬂ%e%'ﬁw in Figures
9A- 9G BOOGZ]Fl gure 14 is a plan view | ayout of a single transistor

ant i - Vg8 Enplants can ke usediardhs/loyang\i %tbt%t@a? Han§'8°5§nW8H%8m?€lﬂ Viof the

presegg; uhﬂ?ﬁ%ﬂatn't @mseé%}rbom welse Ittrﬁa?,rweﬁtaérpo@@’ble-tam JERER Wt delst 1N menory
array d has one O ySI i con gat e ,.and have the sane strugture as

anti - fm@@ntﬁé\’?%'?‘uﬁ‘eﬂqx'bﬂ@b's&lb qm%w'é%n t?‘?ih yangnioh yolagedrapsisias 020, t he

pol y sk diGah Jvéln%ﬁ(lé?ﬁ%lﬁvaéﬁjﬁféth%?l@ﬁ@ Yis Afaydicrire@ /Cbbtainta highReelmMeNDI Y
cell are common to al he anti-fuse nmenory cells of th Menory array

900 i of eanbimhoves therwellerefiles epd @FECiHAN fotﬁ%ga'h%%rr’{)reé@P'F@’OFW?ér E®'8ur are

arran ﬁfreér@w BQRjtagecpanibidre WrdAvhilabiBiin 8 pfees906 and fourth
row 98%@ H\;e&ﬂ%@fr‘ér:wgg&hé‘riéﬁ f g V\Lla+2 and V\Lrl +§ ar Iacorlme(.F:)lLed to the

pol ysiharefore epehedifferen tyre ?fJWsh witage gansistgpgay Ravedifercatyeltaid ¥l y. The

dashe s, JRImeRivb RBst dHciEHGas Vi BajlifiemBRADESN B dae ushgistihga t hi ck
gate %QJ?] felml S m?orvrre SVI ala C'?hl ck ?Jate g’)?l de definition mask during

t he faTtﬁskéaQUFBﬁS}ér%W%@r d'ﬁ%'?’h@-%ﬁf‘?ﬁ‘ﬁ AtFGAPEown in Figure 14, each pair
of nmenory cells fromrows 902 and 90 H)&;are di ffusi,on region 910

and al n bi fThesEuUelgrasatEw 1D Figpie H G respit gm&%g@&procgs cUftected to a

di ff ergea Biive- l'n'%?ep i8 %@Ho@%dlbtdlffdééﬁnﬁbﬁted Mp'éloanl:lhR\ taeduiidlirateSto The
anti-fuse nenory cells of rows 902 and 904 are ygggﬁrkaflrst wel | 914,

whi | eerﬁbtharﬂgh‘fq}éée HéYﬁ?rVe'l:%M%”dotPer]WO@@S patﬁae 8P4 i n a second

We” %grr?e%%té o%%'S?jS]?slﬁroWﬁ%vﬁﬂﬁf%aﬂstMe bgﬁmt\ ltrceahedm?g,mrmlare@f%z) tyget t

wel I's, but separated from.each other via e forne e substrate

bet we@nd\pe Wgé’ﬁﬁl‘\@?a?o“Tﬂérdaﬁtth‘gT SRig Oﬁ‘gﬁlbwig%nét'ogfm??g#aﬁ array 900 can

be f Ordéﬁlgsdég'd?ﬂhé Eﬂ%ﬁ%t@ 8%ili6 518 irese3dtDgions oFtrQUﬂaSorlz(b#ajz@@ta [ 0]963] The
revi ous escr | ment s anti- fuse

v o892 a5date 4 arre! B89 el BoN DL EROP R 9Pl GiRa R es]

Publ i GRAdKERONR the cofé circUNRAESH Rl Ba0nd hlgﬁd/onaigelmrﬂn@’ﬂs E:Obe peaed

W2008/ 077240 teaches that an anti - fuserv\%cgo (#1 ca ) $J rammed by

f abri dﬁ@’ieﬁ‘g'%fO@P‘éE‘ﬂquE’&Iet%%@EP|65W"Btéf e O‘Lx@e B %r“? tE;ygon or

channeghadk0s20 iy elchad aowH BPihg. subSifid klitieceanpeshanatiohsorcthintdate prigsent i nventi on

illustrate two-transistor and single transistor nenory cells having

ant i - ffageati@Bvi ces with threshol d vol tages that di ffer froml ow vol tage core

h f |
' o wBPHIced 1B AODch FUE0es SRR rdtr ol ielpated B aleRABBIC Y, 17 °

the CqpeneCinbmidht artéméa SDDéﬁd &reecdr@blmmt drea aommcettygﬂloardrwstm&dref or | ow
vol tage transi stors.

j.ust ment, .| a single LDD
i npl arffteaped todiave dyck S?tel%idﬁs thf’ gybt Q?O(S)?ir%?és W?ué%g@%@r @YEAT thin gate
OXi det|hfe?’=\*rl§d(jj|§ﬁeQ:l’xlﬁjel .’;’wt helldmﬁg)t thg growtayof are_etaml om@t 5225 gate potysiinen a24 ig Cod |
uncontrol | ed i ant concen hons and an ate n
cont r aPosilat ?VrreFHLeee”tt'f%ﬁ strg l?gi"h“‘g“‘fe\%ﬁgr“ﬁf“ errggﬁaaer%fa%rogut% gg}e?r om t he
afolrerw&mtar@cbmh éadidﬁﬁt/agﬂasdlﬁeaterﬁsmkhowrsmlﬁlgg,meﬂﬂD thagsiang tV\Kl) or mﬁre
[ ant iong,.to over ch, ot he ity thin
gg{) e 098'66@%?633? F?edefr?ts'itedfagvseéﬁfertgrﬁ‘s?xg{ agn%rtg%\ltﬂ? : T'nqe‘ﬁ-‘e\%ﬁgéeo’ggéelsul %/s in
| ower esh&eif eati wealdfihe @shspedifiastiapeedfitee gateezolusmemrew Br g8l cnaﬁg 586isd
breakdown characteristics. 90




[0065] I n sunmary, the thin and thick gate oxide or dielectric regions of
the anti- fuse nenory cell are fornmed in the sane well, or in the wells of
t he sane wopeoswndisdopi ng profile. The core circuit tran®CICN2609/000429
transistors, or both, use a different well doping profile than the wells of
the nenory array area. The thin and thick gate oxide regions of the

ant | - Hu.s&n@E@VérysetraJtéd &réfs bEBEigyR 66(1j5ﬁé||§§ﬁ?az2l/tlt BHokRA thatthe ¢RMHI®! 10N
e reglon and the core circuit regl on

I}B%I on, but the thin gate oxi
r ecel PPY 83tE0xidgof thersingle trapsistorantiiveamesiory veibis epmdafine@byiheof t he

anti - bUﬁﬁord@Mh@@awl rhaskB26l iR WY cdré aifc\itarb £864. MYIe sE@élﬁ‘ca%r%d{'é knakk ansi stor of
t he sgggw%ge and havi ng the sane gate oxide thickness 066] The

previ CREHICHH aEsaRfd GO versRodi thefbia oxidg 2 and ”F%ug‘é:kﬁ‘énory cell's formed
In hi qhemwdtawgatemlelasmhmlow.rcg)a@o@mbﬁuf thelgafmiasi 526 iR &xogsgl in | ow

vol t age Al ternate he anti-fuse nenory Is can be forned in

hi gh 86ﬁetp<9{)}’é"'ﬁ°’\i/v§?4 EOWP’P@d@drg@t%mPE‘&ﬁe FWngeaweg sEekee in | ow

vol t agelysiiod dees &@em biAd tm (MtEBRAING) FARRS I el BémodyAlrral W ePses Of
expl anation, numerous details are set forth in order to pfovide a thorough

under $i&505¢ ﬁ@“@far?%éo‘brﬂf)‘edh?ﬂéﬁt%m‘dﬁ afe i nvention. However, it will be
apparr@? io one skilled in the art that these specific detal | s are not
requi n or dEI9YD 1 Y Shewsworsiish siagks rasyiting FrﬁﬂbWﬁgatq RedysiiseR &tchwel | - known

el ect iepabnesbding Inthe sneisty airhg wéaSSOQréhdeh@\Mémgﬂn lheDEdfe dir@Gt 482 504 M i n or der
not to obscure the |3¥§ thl on. For .exa i fi etails are not

0w ugement arasenab2 the Sk Gt oA ceesl ReNe e 524 pisk VGRS | bed her i n
are i [KQBENbRGeLS1 ParsDI2N8 e AU Gandigtbdidiice. H cdicircuifdredreed e, or a

conbi nation thereof 068 gve- descr embodi nents of the invention
are i MeHASCISISHO &f %x&ﬂ'ﬁ) %'L E‘rﬂ ;”% 4Qvee él?ﬁqbf‘sg 225 & 1PV ¢QHIIENSP var i at i ons
can bes&f ihechgid ctrmtlﬂﬁe&amblecm ngr@mlwdtarmﬂds@nbﬁaékmecs @épd‘slﬂé&i bvérn the art
wi t hout departin m t i nvent i onfor\/\ﬁe Formas defined solely

by t haepmory ﬁﬁaéﬁ%@rﬁ? Hég%flé Clrcwt areaht ereby allowing tion of LDD

regions (not shown) and sidewall spacers 530 adjacent to the gate polysilicon 524 of all
the low voltage transistors in the core circuit area 504. After formation of the sidewall
spacers 530, the exposed substrates are exposed to n-type diffusion implantation for
forming source and drain diffusion regions for all the low voltage transistors in the core
circuit area 504. The resulting LDD regions 532 and diffusion regions 534 for the low
voltage transistors in the core circuit area 504 are shown in Figure 10F, and have

concentrations specifically designed for the low voltage transistors.

[0056] In Figure 10F the diffusion mask 528 has been removed, and the low
voltage transistors in the core circuit area 504 are covered with another diffusion mask
536. Now the transistors of the memory array area 502 are exposed to LDD implants, the
formation of sidewall spacers 538, and diffusion region implantation. Figure 10G shows
the completed anti-fuse memory cell having LDD region 540 and diffusion region 542,
and the completed low voltage transistor in the core circuit area 504. The resulting LDD
region 540 and diffusion region 542 for the high voltage transistors in the memory array
area 502 are shown in Figure 10G, and have concentrations specifically designed for the
high voltage transistors. At this point, all the transistors of the device are subjected to n-
type implant diffusion annealing to activate the implanted dopants and to heal any implant
damage. It is noted that the anti-fuse memory cell and low voltage transistor of Figure
10F are the same as the corresponding ones shown in Figure 7B. Fabrication of the anti-

fuse memory cells and all other transistors is completed, and subsequent process steps
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CLAI VE:
plurality of anti-fuse nenory cells,

nmenor

n-typ
gate
t hi ck
havi n
core
the h
inclu
subst
wel |
| ower

1. A nenory device conprising: 5a nenory array including a
each of the plurality of anti-fuse
y ceWwb0melisdi ng an access transi stor havi RGTAA2DIKOLQAL €
oxide formed in a high voltage well, the high voltage well being one of

e and p-type, and an anti-fuse device having a thin

m{ess | ess than the t

g

i ck gate oxide; and, a core transistor

asulddefexedntdd ifci’tféﬂﬁrﬁn%é1 bifline \cohtag@eafyRl HepdditmigtddhBudnRt Gatrd e having a
Scoestingihg drapgisiop ﬁYi‘FRﬁ ng in thickness to the thin gate oxide,

t he

I stor ben for a.l It [l h t
[AgR7E o1+ agEBER 10500 B0 hshein St eiebPe s SEMAS A datorur t her T o

gdioegss foptﬂrmmgtamhglé transiseF aftsfuse rrrrmbry aelanémrkgeé vidble BRkASss

895 e it Ry et dotsiep EPansstBi e Bk ussiseieiol Py ce. ha

Pevice has a

trégi ﬁsmmfuy@hfe&@ﬁy téleandi the lowdvdtale @B& GrcOit transistor have thin gate
oxides formed using the same gate oxide formation process, but have Vt implants and
effective thresholds which differ. Because the entire high voltage p-well 514 is initially
subjected to a common high voltage Vt implant, both the access transistor portion and the
anti-fuse device portion of the single transistor anti-fuse memory cell have the same
implant, but will have different effective Vt's. More specifically, the high voltage Vt implant
is intended to ensure that the effective Vt of the access transistor portion having the thick
gate oxide is at a specific value, such as 0.6V for example. Therefore the effective Vt of
the anti-fuse device is less than 0.6V since its gate oxide is thinner. In an alternate
embodiment, the area under the thin oxide 522 of the variable thickness gate oxide can
be inhibited from receiving the high voltage Vt implant, thereby further reducing its
effective Vt. The low voltage core circuit transistor is subjected to a low voltage Vt
implant, which is intended to ensure that its effective Vt is at a specific value, such as
0.6V for example. In any case, the resulting effective Vt of the anti-fuse device will always

be different than that of any low voltage core circuit transistor.

[0058] The fabrication process for forming the anti-fuse memory cells of Figures
6B and 7B is summarized in the flow chart of Figure 11. Wells for the anti-fuse memory
cells in the memory array area and the transistors in the I/O circuit area are formed in
step 600, which corresponds to the fabrication steps shown in Figures 9A and 10A. A Vt
adjust implant is introduced into these wells after well ion implantation, where the Vt
adjust implant is designed for high voltage transistors. In the present example, the wells
are designed for high voltage transistors. In an alternate embodiment, channel regions
under thin oxide can be masked so that they do not receive any Vt adjust implant. At step
602, wells for the core circuit area are implanted, followed by a Vt adjust implant, which
corresponds to the fabrication steps shown in Figures 9B and 10B. Thick gate oxide is
grown for the I/O transistors and the access transistors of the anti-fuse memory cells in
the memory array area at step 604, which corresponds to the fabrication steps shown in
Figures 9C and 10C. Then thin gate oxide is grown for the anti-fuse transistor/devices in
the memory array area and the core circuit transistors at step 606, which corresponds to

the fabrication steps shown in Figures 9D and 10D. Step 606 can include thermally
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4. The nmenory device of claim1l, wherein the thick gate oxide includes an
I nternmedi ate oxide and the thin gate oxide deposited over the internedi ate
oxi de. 5 wb.20he1rsenory device of claim1l, wherein the trhrrcAget®oorbde is
thermally grown on a substrate surface of the first well. 6. The nenory
device of claim5, wherein the thick gate oxide includes an 3internediate

oxi deg@mehd ﬂhemﬁmlokMe@i' eapbsmwnctﬂ theethireside, |l‘r€e|tHé'§' eégee%eamk@éted@a@d the
substrate SULF a({@ (fi n@r& devl1 of claim1l rein the access
t r ans PO SlE) JsnGropepd i EiekRehsi 2510 BeA T gle 4R F pOughiedte ad <o a
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and the diffusion regions for the 1/O transistors, anti-fuse memory cell transistors and the

core circuit transistors are implanted. This corresponds to the fabrication steps shown in

Figures 9D-9F and 10D-10F.

[0059] The previous Figures show one anti-fuse memory cell in isolation from
other anti-fuse memory cells in a memory array. Figures 12 to 14 are plan view layout
illustrations of multiple anti-fuse memory cells of the present embodiments arranged in a

memory array.

[0060] Figure 12 is a plan view layout of a two-transistor anti-fuse memory cell
memory array according to an embodiment of the present invention. Each two-transistor
anti-fuse memory cell in memory array 700 has both polysilicon gates 106 and 108
connected to each other, and have the same structure as anti-fuse memory cell 100 of
Figures 6A and 6B. In order to maintain clarity of the drawing, only polysilicon gates 106
and 108 of one anti-fuse memory cell are annotated. Memory array 700 is shown to
include six anti-fuse memory cells, where three are arranged in a first row 702 and
another three are arranged in a second row 704. A first wordline WLi is connected to the
anti-fuse memory cells of row 702, while a second wordline WLi+1 is connected to the
anti-fuse memory cells of row 704. The dashed outline 705 defines the areas in the
memory array in which a thick gate oxide is to be formed via a thick gate oxide definition
mask during the fabrication process. In the configuration shown in Figure 12, each pair of
memory cells from rows 702 and 704 share a common diffusion region 706 and a
common bitline contact 708. Each bitline contact is connected to a different bitline, such
as bitlines BLn, BLn+1 and BLn+2. All the anti-fuse memory cells are formed in well 710,
which according to the present embodiment is a high voltage p-type well. The anti-fuse
memory cells of memory array 700 can be formed using the fabrication steps shown in
Figures 9A-9G.

[0061] Figure 13 is a plan view layout of a two-transistor anti-fuse memory cell
memory array according to an embodiment of the present invention. Each two-transistor
anti-fuse memory cell in memory array 800 has individually controlled polysilicon gates
106 and 108, and have the same structure as anti-fuse memory cell 100 of Figures 6A
and 6B. In memory array 800, the polysilicon line forming polysilicon gates 106 and 108
of each anti-fuse memory cell are common to all the anti-fuse memory cells of the row.

Memory array 800 is shown to include six anti-fuse memory cells, where three are
-923.-



- 27 - WD 2009/ 121182PCT/ CA2009/ 000429 8. The nenory device of claim?7,
wherein the access transistor has a threshold voltage greater than the core
transi st owoane/2hs2ant i - f use devi ce. 59. The nenory devi eeTafA20094i00128,
wherein the anti-fuse device has a variable thickness gate oxide having a
thin portion corresponding to the thin gate oxide and a thick portion
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805 defines the areas in the memory array in which a thick gate oxide is to be formed via

a thick gate oxide definition mask during the fabrication process. In the configuration

shown in Figure 13, each pair of memory cells from rows 802 and 804 share a common

diffusion region 806 and a common bitline contact 808. Each bitline contact is connected

to a different bitline, such as bitlines BLn, BLn+1 and BLn+2. All the anti-fuse memory

cells are formed in well 810, which according to the present embodiment is a high voltage

p-type well. The anti-fuse memory cells of memory array 800 can be formed using the

fabrication steps shown in Figures 9A-9G.

[0062] Figure 14 is a plan view layout of a single transistor anti-fuse memory cell
memory array according to an embodiment of the present invention. Each single
transistor anti-fuse memory cell in memory array 900 has one polysilicon gate 206, and
have the same structure as anti-fuse memory cell 200 of Figures 7A and 7B. In memory
array 900, the polysilicon line forming polysilicon gates 206 of each anti-fuse memory cell
are common to all the anti-fuse memory cells of the row. Memory array 900 is shown to
include sixteen anti-fuse memory cells, where four are arranged in each of first row 902,
second row 904, third row 906 and fourth row 908. Wordlines WLi, WLi+1, WLi+2 and
WLi+3 are connected to the polysilicon gates 206 of rows 902, 904, 906 and 908
respectively. The dashed outlines 909 define the areas in the memory array in which a
thick gate oxide is to be formed via a thick gate oxide definition mask during the
fabrication process. In the configuration shown in Figure 14, each pair of memory celis
from rows 902 and 904 share a common diffusion region 910 and a common bitline
contact 912. Each bitline contact is connected to a different bitline, such as bitlines BLn,
BLn+1, BLn+2 and BLn+3. The anti-fuse memory cells of rows 902 and 904 are formed in
a first well 914, while the anti-fuse memory cells of rows 906 and 908 are formed in a
second well 916. Both wells 914 and 916 can be identical high voltage p-type wells, but
separated from each other via STI oxide formed in the substrate between WLi+1 and
WLi+2. The anti-fuse memory cells of memory array 900 can be formed using the

fabrication steps shown in Figures 10A-10G.

[0063] The previously described embodiments can be applied to mask ROM anti-

fuse devices, such as the ones disclosed in commonly owned PCT Patent Publication No.
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thin gate oxide corresponds to a thin portion of the variable thickness
gate oxide, the variable thickness gate oxide being formed underneath a
si ngl e povg2nlyieorszgate. 12. The nenory devi ce of cl ai RCTICA20v0ei2n t he
anti-fuse transistor has a threshold voltage that is | ess than the access
transistor and the core transistor. 13. A nethod for fabricating a nenory

devi c/@ZOD8I0792AYfiled on December PMO@WW@OUB/O”ZM%@@S%& dfﬁﬁa'mfstear ray
circuit area, the first wells being one of n5type and p-t

i npl aMeMRyY LGP RIPI@MMedDY. taPHC inséulede%w@écormét'%%waew |'s being a

same Hiffasioasedidieor dhapheM8blvaitadgtf Qupplyng a first oxide for access transistors
in the first wells of the nenory array circuit area; and,

si nul {oosapus|y fTRe BMbadineReCemble PrEsERt ifh@ntie® Nastr4tafes- &h@sﬁﬁo& and he second
wel |'s the core circui evi c in the first wells

of nd for anti-fuse
of thé‘”ﬂ'ﬁm's PEym‘%!YF‘é'iﬁ *ia"ﬁ’e?raé‘é'q“ W%M'Wﬁ@égﬁﬁi’ d@?td’dﬁﬂizg 14. The
met hottodfiow valtagelddre viRsiitaiansistors. fTihissit avkibledl Y @rrhing lthe/ antl-Rge mgddrg and t he

cells in a well used for high voltage transistors such as I/O transistors, while the core
circuit transistors are formed in a well typically used for low voltage transistors. Since a
single Vt adjustment implant and a single LDD implant are applied for both thick gate
oxide transistors and thin gate oxide transistors in the memory array area, regions of
potentially uncontrolled implant concentrations and implant damages are eliminated. In
contrast, anti-fuse transistors using two different wells suffer from the aforementioned
disadvantages due to mask misalignment causing two or more implant regions to overlap
each other. Accordingly, a higher quality thin gate oxide for the anti-fuse transistor, or
anti-fuse device, results in lowered effective threshold and resistance, thereby providing

good breakdown characteristics.

[0065] In summary, the thin and thick gate oxide or dielectric regions of the anti-
fuse memory cell are formed in the same well, or in the wells of the same type and doping
profile. The core circuit transistors, 1/O transistors, or both, use a different well doping
profile than the wells of the memory array area. The thin and thick gate oxide regions of
the anti-fuse memory cell can receive the same Vt adjust, or control ion implantation, but
the thin gate oxide region and the core circuit region receive different Vt control ion
implantation. The effective Vt of the anti-fuse device will be lower than at least one core

circuit transistor of the same type and having the same gate oxide thickness.

[0066] The previously presented example embodiments show anti-fuse memory
cells formed in high voltage p-wells while core circuit transistors are formed in low voltage
p-wells. Alternately, the anti-fuse memory cells can be formed in high voltage n-wells

while core circuit transistors are formed in low voltage n-wells.

[0067] In the preceding description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the embodiments of the
invention. However, it will be apparent to one skilled in the art that these specific details
are not required in order to practice the invention. In other instances, well-known
electrical structures and circuits are shown in block diagram form in order not to obscure

the invention. For example, specific details are not provided as to whether the
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second wells are |l ow voltage wells. 515. The nmethod of claim 13, wherein the
step of sinultaneously formng includes increasing a thickness of the first
oxi de as wbeoseicorsd oxi de is being forned, the second oPrucAomvwepondi ng
to a thin gate oxide of the anti-fuse devices. 16. The nethod of claim 15,
wherein increasing includes depositing the second oxi de Oon a substrate

sur f agmbadkhentd df e lﬁVérﬁ'bn@és&fbeathePéi@a@aﬁ%lérﬁémed 418 s6te Radtingn of the
first oxide and the second oxid (Nrnqg a thick gate oxide of t he access

t r ansN&EWALS circyiy, firpwareyof ﬁ(‘}BmBF‘aE‘P’ém‘?f wher ei n i ncreasing includes
thermally growi ng the second oxide on a substrate surface and underneath

the f[ope8] oxi deTiad abdve-de3arbdd éfﬁbodnh@n@@on‘i@innwrin@mam‘mteheed toisd oxi de and
t he secon OXIde ng a thick gmte oxi de of nsj stors.

18 SeeTHles o oA R i b AP AR LATE 8 Bk STER R 4 e T vl 15 (o a

hi gh éﬂﬁb@cﬁi‘m@h@ bycthdse0st shilljini e dripittant désartimglirors thegoopeton tresihmndonol t age of
the acce ran s e anti devices. 19. The nethod of claim

t -
13, fWP‘P <?f'h‘8 GB'FB(gbyéBf)Bgfrﬂ@aW‘?é‘d??Lgﬁe el s to a high threshold vol tage
adj ust |nplant for adjusting a threshold voltage of the access transistors
and the anti-fuse devices while masking channel regions corresponding to
the anti-fuse
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5device for inhibiting inplantation of the high threshold voltage adjust

i mplant. 20. The nethod of claim 13, further including exposing the second
wel | s t o wol2o/2hrseshol d vol t age adj ust inplant for adj estriaago@/mheshol d
voltage of the core transistors, while inhibiting exposure of the antif use
transistors to the low threshold voltage adjust Oinplant. 21. The nethod
of cl QUAIMS; wherein the step of inplanting the first wells includes
sinmultaneously inplanting the first wells in an input/output circuit area.
WO 2009/ 121182PCT/ CA2009/ 000429 22. The net hod of claim 21, wherein the step
of formng a first oxide includes sinultaneously formng the first oxide of
I nput Aout pWmémarysdesicercdmprisinge first wells of the input/output circuit
area. 523. The nethod of claim 22, wherein the step of increasing includes
depositing the second oxide on the first oxide of the input/output

transi stora mérhﬁry@@r@bllrrmidlrtgla plurdlifyeoffdntiFiseonbmeryadtils té&h%@%%r@?& de
formn e.of the input/output transistors. he net hod

of cl 8?%9(’%5{2'38\%?5'?0@( fe! SH% ‘é‘?%?) of exposing includes exposing the first

an access transistor having a thick gate oxide formed in a high voltage
well, the high voltage well being one of n-type and p-type, and
an anti-fuse device having a thin gate oxide formed in the high voltage
0 well, the thin gate oxide having a thickness less than the thick gate oxide; and,

a core transistor having a gate oxide corresponding in thickness to the thin gate
oxide, the core transistor being formed in a low voltage well having a same type as the

high voltage well.

5
2. The memory device of claim 1, further including input/output transistors formed in
another well being substantially identical in type and doping profile to the high voltage
well.

0 3 The memory device of claim 1, wherein the anti-fuse device has a lower threshold
voltage than the core transistor.
4, The memory device of claim 1, wherein the thick gate oxide includes an
intermediate oxide and the thin gate oxide deposited over the intermediate oxide.

5

5. The memory device of claim 1, wherein the thin gate oxide is thermally grown on

a substrate surface of the first well.

6. The memory device of claim 5, wherein the thick gate oxide includes an
J intermediate oxide and thermally grown oxide between the intermediate oxide and the

substrate surface.

7. The memory device of claim 1, wherein the access transistor includes a first
diffusion region electrically connected to a bitline and a second diffusion region

5 electrically connected to the anti-fuse device.
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Owells to a high threshold voltage adjust inplant for adjusting a threshold
vol tage of the access transistors, the anti-fuse devices and the

i nput / outwotzoewamnsest ors. 25. The net hod of cl ai m 24, fParidaanovmedi2adi ng
exposing the second wells to a | ow threshold vol tage adjust inplant for
adjusting a threshold voltage of the core transistors. 26. A nmenory device

conpri si ng: anti-fuse nenory cells in first wells of a nmenory array
circuit area, the first wells _being one of n-type and -type I nput / out put
t r ans$-st or EN6 MEWREY ggvicerofaimd, wherin ‘ihﬁﬁﬁ??st‘idf%ﬂﬁls"oépéﬁa thyigahold core

transicibgé grdaferieiPRE coRl transisforana@heami-fistidevigsea, the second wel |'s bei ng
a sane type as the first wells, but having a different profile than the

first wells. 27. The nenory devi ce of cl aim 26, wherein each of the

ant i -§ use TRIMEMNOREIVIcE dTClditH 8S whBreRTHE Bhtifilit tdvideHasaNriableant i - f use
device, 28. The menory device of claim 27, wherein the access transistor

and tthiskpessiaateoxidriha¥ingadhia perion Karesreadig &% fedbingaitoxds anda thigk ckness.

29. Ti&t.mémréépgﬁ&h% #hé tl%l@g';éfb%%deWﬂ@erhéblé ffckpBsd gdtyoRidd@einge and the
core transistors have (]gate oxides with a second thickness snmaller than the
fi r st fofrAed kpdaggeath a single polysilicon gate.

) 10. The memory device of claim 9, wherein channel regions under the thick portion of
the variable thickness gate oxide and the access transistor thick gate oxide have

substantially the same Vt implant.

11. The memory device of claim 1, wherein the access transistor thick gate oxide

5 corresponds to a thick portion of a variable thickness gate oxide and the anti-fuse device
thin gate oxide corresponds to a thin portion of the variable thickness gate oxide, the
variable thickness gate oxide being formed underneath a single polysilicon gate.

12. The memory device of claim 11, wherein the anti-fuse transistor has a threshold

D  voltage that is less than the access transistor and the core transistor.
13. A method for fabricating a memory device comprising:

implanting first wells in a memory array circuit area, the first wells being one of n-

5 type and p-type;

implanting second wells in a core circuit area, the second wells being a same type

as the first wells;

0 forming a first oxide for access transistors in the first wells of the memory array

circuit area; and,

simultaneously forming a second oxide for core transistors in the second wells of
the core circuit area and for anti-fuse devices in the first wells of the memory array circuit

5 area.
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WO 2009/ 121182PCT/ CA2009/ 000429 30. The menory device of claim 29, wherein
the access transistor and the input/output transistors have a first

t hr eshol dwoabesaigeis2t he anti -fuse devi ce has a second threshiNdomodf2age | ess
than the first threshold voltage, and the core transistors have a third

t hreshold voltage Il ess than the first threshold voltage and different from
the second 5t hreshol d vol t age.

14. The method of claim 13, wherein the first wells are high voltage wells and the
second wells are low voltage wells.

5 15. The method of claim 13, wherein the step of simultaneously forming includes
increasing a thickness of the first oxide as the second oxide is being formed, the second

oxide corresponding to a thin gate oxide of the anti-fuse devices.

16. The method of claim 15, wherein increasing includes depositing the second oxide
0 on a substrate surface and on the first oxide at the same time, the combination of the first

oxide and the second oxide forming a thick gate oxide of the access transistors.

17. The method of claim 15, wherein increasing includes thermally growing the
second oxide on a substrate surface and underneath the first oxide at the same time, the
5 combination of the first oxide and the second oxide forming a thick gate oxide of the

access transistors.

18. The method of claim 13, further including exposing the first wells to a high
threshold voltage adjust implant for adjusting a threshold voltage of the access transistors

0 and the anti-fuse devices.

19. The method of claim 13, further including exposing the first wells to a high
threshold voltage adjust implant for adjusting a threshold voltage of the access transistors
and the anti-fuse devices while masking channel regions corresponding to the anti-fuse

5  device for inhibiting implantation of the high threshold voltage adjust implant.

20. The method of claim 13, further including exposing the second wells to a low
threshold voltage adjust implant for adjusting a threshold voltage of the core transistors,
while inhibiting exposure of the antifuse transistors to the low threshold voltage adjust

0 implant.

21. The method of claim 16, wherein the step of implanting the first wells includes

simultaneously implanting the first wells in an input/output circuit area.
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22. The method of claim 21, wherein the step of forming a first oxide includes
simultaneously forming the first oxide of input/output transistors in the first wellis of the
input/output circuit area.

23. The method of claim 22, wherein the step of increasing includes depositing the
second oxide on the first oxide of the input/output transistors, the combination of the first
oxide and the second oxide forming a thick gate oxide of the input/output transistors.

24, The method of claim 22, wherein the step of exposing includes exposing the first
wells to a high threshold voltage adjust implant for adjusting a threshold voltage of the

access transistors, the anti-fuse devices and the input/output transistors.

25. The method of claim 24, further including exposing the second wells to a low
threshold voltage adjust implant for adjusting a threshold voltage of the core transistors.

26. A memory device comprising:

anti-fuse memory cells in first wells of a memory array circuit area, the first wells

being one of n-type and p-type;

input/output transistors in the first wells of an input/output area; and,

core transistors in second wells in a core circuit area, the second wells being a

same type as the first wells, but having a different profile than the first wells.

27. The memory device of claim 26, wherein each of the anti-fuse memory cells

includes an access transistor and an anti-fuse device.

28. The memory device of claim 27, wherein the access transistor and the

input/output transistors have gate oxides with a first thickness.

29. The memory device of claim 28, wherein the anti-fuse device and the core

transistors have gate oxides with a second thickness smaller than the first thickness.
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30. The memory device of claim 29, wherein the access transistor and the
input/output transistors have a first threshold voltage, the anti-fuse device has a second
threshold voltage less than the first threshold voltage, and the core transistors have a
third threshold voltage less than the first threshold voltage and different from the second

threshold voltage.
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