Low Threshold Voltage Anti-Fuse Device CROSS REFERENCE TO RELATED APPLICATIONS
[0001]This application claims the benefit of priority of 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: Thrordér ttegirphfys¢ivevdescription of the embodiments,
references to gate oxides from this point forward should be understood to include dielectric materials,
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[0001] This application claims the benefit of priority of 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 VLS| 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, 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) mefiBF§'IBEHS flKR RIS R I DAY R LeRg e FRPARSBATU HRES- dRiEMsional thin film
structures corthsgaoitiarndapavicied anateuialsarsiiethoatht-fuse tieesntldereseeihise @d giivgrahprocessing

Sl ces e B R S T B R e e

ASIC designs, where programma elp overcome problem

cycles andeHERRADMASRE eI NERME GYivRIH ROSENMRErSEHE- (Rerd [8aieaippRiR49SHERd in the

industry foseaieirable amit:-iNee GBTTiMe Dytitking ateackas CoMays ponaeamd Yasiiansitgoe of
anti-fuse memary vg@!lcmgpufg&t%am% ys\/iﬁqeadgtarng%rfd g M8<|Sd %%c%ag i\§v rgi%ﬁilcg)si%d }grU.S. Pat. No.
6,667,902%5eng). eng atempts 10 Improve 2 Classi planar AMIKE 2Rt NiSe array by introducing
"row programitiiees oi/ashogosineagaarhticatipasitors and run parallel to the word lines. If decoded, the

row program lines can minimize exposure of access transistors to a high plrogramming voltage, which

would othdPRRE occur thtdUgh! i@ U SRarAmAabaABI BT TR AAbARAISAR BFEP%h U.S. Pat.
No. 6,671 WAliRiadds® i & istie todtaie acattbdingspsegiamnviey s usepritivblichfale gadily controls
the degree, @f [ W ing, ultilev n jcations.

0007 i e e e Be b ELIE Fioures 2 anc

3 show th@PPEnaF FET densisiaiottiorieqrriag FeriinayPbiith RefiRm st SR ‘IS SIe¥RR in Figure
1. The antitfugsieswaeged o8 iHeureiddraludgsta Marsta Breeraswianaisaabl-fascoupling a bitline

BL to a botfom plate of anti-f device 1 ti-fuse device 12 is co si(ﬂ red a gate dielectric
brearon B A B e e e f e B A IR R 10 10
turn it on, aaldiriateNpiags WsleigeaLse odhplap wlateofonpitueecteyine flid ot prresanIiog
programmigi- aMisfysgdepce 12. [0008]It can be seen from Figures 2 and 3 that the layout of access
transistor 10

[0008] It can be seen 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 should be reliable while simple to
manufacture with a low cost CMOS process.

[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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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 tol3%fne. AlthbIGYFPioShEIRRS ARG SIAFTAMH AR TDRMaYRILYSESI fidPe@Miard cMos
processindu st afea® gideWal apaceFiprradtidostitijlihd epdc diff ussoms | [cBID)f dfigudifflision and gate
silicidation, b ie hile.th i ' ' ' configuration is
widely use@?%?ﬁﬁsggﬂérjgﬁ%ggﬁﬁfﬁg?j}?is lﬁmglrﬁg@% e ’d%ﬁé%tor(f %ﬁgsgée%n%igﬁd%g%garray area
savings thERBaIEPeIRdBRAIRRWIHBrani ghitikEsiHAapIsiRatlfsAesaER HRlItisiepnshYesi-fuses should be
reliable whilsysindple jatee@uiaeking withick Euecost 80BN aesH {060 T gate dieleetic
breakdow ed antifuse devices are gaifun larity as. a pyeferred OTP or emulated multiple
time proaraatIE IH O S SO SE e S cally o R e Leec
either in aPiibrROgNiachdGIQRRtAA figtisHEP bRy chaMalRe sl eonsior difugitsasdiao 48gions. First is
% g%‘] l;’_0|t§!%£&i Qﬁ#ﬂfﬁ‘é"&rﬁﬁ%_ﬂ%@ ?Qﬁs’?ﬁ@ﬂﬁﬁ@ﬁﬂms\éq%&@sd WP?ﬂ'éﬂﬁ%@ é%lg%il(@érﬁ@ﬂréuﬁf re”gion).
igure 4 is a cross section agram of ap improved version e anti- fuse memory ce
shown i UG 30TV E i AR Rodt ARGl T GER B 02 ERTEh BhclIE &Gk G Ensictor
anti-fuse nogit® B4 celh 301 maspoha tintistsis¢dfoabigiswttags istosisiasrigs|evitie dnimpttéusaedeansistor.
The accesggransigiRedchiliupabesiopbRAIIR CYaRHG:S PiRfcaRn ole S4.anbieh itselt is

formed over the channel 36. On the left side of the channel 36 is a diffusion region 38 electrically
connected®' PBiiHEPEHABALY A0NER Bt AHGHiCSHA G X REFRONSEIRI o eRfhBR &lifiRion region 42
shared witexdrepetiptilas itrom gistio 8 2Tdwn aeticbuptettan sl stordhadudeit o plghttbeoyagata 4droverlying a
thin gate gxid ich | i C I ' ' orrespond
to that usgg}gfog?ft}{?&w\% |%]a%52‘i&§%§r§%ﬁ’q®%ﬁ5{%§ ?hm@?eégivc};eh@é %ﬁﬁ%@éﬁi%%ﬁg%ﬁtﬂ%ﬁused for

low voltagbavardiiigrgirnsy wishreantes idoninallyalensrins difisatyenagt siependndc it matively
can be corfertRIissRARY IRG 0D BeaTBBle TIRIXSIlRPpXERICoB IR e sAHDISSIdgoR Yamyline while

polysilicon gate 44 can he coupled o a.controlled cell plate vqltage (VCP). Both diffusion regions 38
Bnc 42 ool N 2 B8 R O R AeCLS B TaR A S PR AL OBt B ke o the
desired oparticiccyvibiyaiasistdre. usadnbhiglofiekbdxidel atesh AlplicaiortNosdIafi68, 662 llestide 54 and

56 are formgdjRE $6!12009 HaR 658 YRS & U8 BRIRILTF RN RIS 8ReI9 ceRsaHkGHERY, Bansistors.
Commonly owned U.S. Patersltr@gg‘hcatlon No. 11/762,552 filed on June 13, 2007 describes alternate

two-transistSrhifAeR WEaH REX/ATEH 15 BN gRt e 8R-SIMERIGHmBISAAARY the thin gate
oxide 4}6 ighatprededd® ﬁr&ﬂ«gewmmi&w fmlelsmnmgm‘ mcbgrgm@iiegtdparét'eid, duming)ecmamgmming
operation, H%?@M&éﬁ;?EBHo%gtﬁ/'é?%%S{i&?BQH%'&G? &%?@%FH%P&%%%%E&? Bl 42 #pg polysilicon

gate 44. This electrically conductive connection can be referred to as a conductive link or anti-fuse.
[0011]SuchegirisalviGeBWET e GPRPRGIRMERT PP YRIFRIAIY BMOXBreE¥R EninL85thigFevoltage (NV) or

input/output (I/Q) transistors and low voltage (LV) or core transistors, to j ent the thick dielectric
i thin AORER regron PR A o ISR 2R A an STRERSRes the process
steps suchutiizegehlibrieditgn dmd) wreshdloi@itdyO) raraiilostraodtdwplaltage Thibser sidtied in the art

will undersfandidhat MVHABSISHR P &I IKRIRAM SSRGS SR g5 iRl 2% output

buffers, or.in the circuitry that requires lower leakage and/or higher operating voltage comparing to the
core area, RGN U\ ARLILIOIARSISIBES QU NPRORESPSHP T Sy WelhiPEpati9ically used
for core ciamutttnassisitbis)tagéaiVe)iradjitsrieat neglants Migisspkilddsinitbbiag wirioreestaedor example.

Accordnala{1A AERIcal RIS N R I e EIERs e ey SRS e are

designed for specific Ications. In the two-transistor anti-fuse memory ce it Is desirable to
minimize tABIVHEF EHEUAAILAGS ECAUERRE LN 4RaFG D RPBIDSIEBR SRR AINITYRIREBIECITRAfBINed using
an LV trangjskes quiecess, Adsans iV rgidietérdyexasypedthe anfidisser sleniae: eonsisting of
polysilicon_gate 44 s formed in a low valtage p-type well (PWELL-LV) 50.that has a dopant
Concentati DR e et e S i Beg Rb ey s S ERBE The pess
gate consig\tifightfpsyksiivancsaier 823 pienfesandinaiyHhoriggtipatpharaeiiipisaRf HMaNg?2 that has a

dopant copeepiidistraard Uit andeaaie R iaidHeknesspRar gl R3ronAme Yvsansistor.

Therefore the Vit of the anti-fuse devic ill be the same as the Vt of a core circuit transistor.
transYstor anti-fuse memory ceﬁ %‘6 it's esuraabrpe to mtmlmlze the \(ft o?tﬁe anti-fuse
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[0012]A driving factor for reducing cost of any memory is the memory array area. The two-transistor
anti-fuse memory cell 30 of Figure 4 is a relatively large memory cell when compared to single
transistor memory cells, such as flash memory cells for example. A single transistor anti-fuse memory
cell is described in commonly owned U.S. Patent No. 7,402,855. [0013]Figure 5 is a cross-sectional
view of the single transistor anti-fuse memoQ/ cell disclosed in commaonly owned U.S. Patent No.
7,402,855 IRYGSGLRSIRIRGI I RBE AN JeLeHaliBpie ek R X Bat 5188 5 YOFATEESh the substrate
channel regiocesel, As polysiicoRigate 66y sixeweld, spacers 68e aldietd oxitkstiagiohptlyailditiusion region

72, and anLLR0Oi8ALh i IR0 fegiand MRENE cprSRG,TRishayn.Ip be in electica

contact w usion region 72. The variable thickness gate oxide 62 consists of a thick gate oxide
and a thin ¢RiteeoiRICBUR Y PR poieg Y ¥eRYdh BifieaehgRe sl edleretipyame YHIAR g ale oxide and
the remairing pastigaef dbesriiagnsa|densiltin erve sElibiothrthin HpighaxieydpofypEgepoint forward,
the thin g ide iQn carresponds tq the anti-fuse deyjce portion of the single transistor anti-fuse
memory cT TS 10 Pk A B O ety e ol 1 816 TRCRIR e
single transpeEificaiti-agstonmmity\iressisGenEngrsfonedhhiMi piiboriielisea degrmwiheedhsxide
breakdown gap 9seme-\i R dhiskadie R xidrgdge meeting diffusion region 72 on the other hand,
defines an access edge where gate oxide breakdown is prevented and current between the gate 66
and diffusifpotegion 72 ia thifioy ftmtar frogrduninmgedoanbfase rramsigtds W hilentbey distanaethat the

hick oxidermarian ieas e A1 anRe EEAisp danetiies e ask sadenbdygh pride portion

is preferably formed to be at least a e minimum length of a hi tage transistor formed

on the sarM&'@R P TR 2 FPHEPPERMIS AHBRM UX Lol eSURR AAffasid A RTMHN CBYSdLonnected to a
bitline throgigthaBithneimpe teatsi&op b aiitasdneefab Seasing de seHbeatifreBhime My bisiiseu gate 66, and
can be doe,eg tq &ccgt‘ga&oglgge programming voltages or currents. This diffusion region 72 is formed

proximate 1S the thick oxide portion of the variable thickness gate oxide 62. To further protect the edge

of anti-fusgjgagpistor 60-{tpm Biah.GIRES LAY GHIRETYBRKAGRs B SRSIRIALASAIRAGY Oxide

(RPO), also known as a salicide protect oxide, can be introduced during the fabrication proCess to
further sp&d ARRDSEHFOTMANMINBER S &F SARIANC pALOR S ST AILIFRYS fansisterfifly used during
the salicidatotudpsacessdble phinkertn g atel yddecdadoroiedibustensidginpate’ 2hand el poitio6af golysilicon
gate 66 fr ing salici i t salici 1S e higher
akage s T B e T 22 i

reduce leakagPIDREISHA%EYIBA FBuUsiNFeARIpé4 dLIBIRAeARIGE! (FaS ISV dP Mg Hvoltage transistors

or a combigiatpicDichiedyaviastiingin sgive T2, diffefent-aidupiekhpsefiat (XM aeasAgain, it is
desirable tof mlpﬁrrllize thex\l(/jl ofr;[ge rll'H-fu%e dxc? ice dﬁftllqetd b ;[ienp rtion Rf ﬁhelﬁ)or%ﬁylcon gate 66
over the th(?naga &0 ?é%%orﬁoan ofthe VaRisble ﬁicszl%ﬁessaggt OXe’6 2 ThETe1Gre TS formed using an
LV transistsivpredéysthashittogate o riguradbtihg rexaainig, Rbaiemnffinsechanied leoatiisting of polysilicon

gate 66 ovgsibiedlp BRttPXIRERAHENFRIRIME PamBrWaYE tRearintyae Weli& MRigh-LV 78 that has a
dopant concentration, a Vt implant and \%%te oxide thickness specifjcally set for an LV tran?lstor. The

pass gate CHFSFERGDINER AMLSGARVES BOHHIRE HIBL YR LTS IREATH U HBRBPHE thickness
gate oxidevéRédtiertimekl gate bigie\mitige qpirgeponeld RAHeLdctd¥sGeatisitbagaatidomdtbeoncentration, a

Vt implant g5 & aaIs AR IRk R AR elie i aeLor 78 1 HARSNAL Thoiafpiehg vt of the

anti-fuse device will be the same as the Vt of a core circuit tran5|stor.(;,OOlﬁ]Unfo,rtunately, foundries
for manuf%ﬁ@%@ﬁ%ﬁbﬂﬁc%\ﬁ@%%ﬁate oxide edge meeting diffusion region 72 on the

other hand, defines an access edge where gate oxide breakdown is prevented and
current between the gate 66 and diffusion region 72 is to flow for a programmed anti-fuse
transistor. While the distance that the thick oxide portion extends into the channel region
depends on the mask grade, the thick oxide portion is preferably formed to be at least as
long as the minimum length of a high voltage transistor formed on the same chip.

[0014] In the presently shown example, the diffusion region 72 is connected to a
bitline through a bitline contact 76, or other line for sensing a current from the polysilicon
gate 66, and can be doped to accommodate programming voltages or currents. This

diffusion region 72 is formed proximate to the thick oxide portion of the variable thickness
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have set types of LV transistor processes for manufacturing core circuits of the memory device, where
the Vt control implant differs depending on the circuit application or function. Semiconductor memory
devices generally have three circuit areas. First are the 1/0 circuits that 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 memary array, which includes memory cells.

Compound@dg Hide BhiLaitethes Prlef dherRAgn R iAol fuss HiRany ae Ry Rem HPthPBasss of a particular

LV transisttanmigeesscwiaohleagags, thatdistoaptofestindevice (RBMeelsouabiiedatoopdictie properly if
fact i ' } . f LV

ransistor B B B B R v o

qualify it fd¥RE!es HPabIeS P8y, eRAGBNGRCciniS TGS e 53PS dHrINehies is
necessitatgslisigatibvpRizdbe fsrsevg ifiieduEes gonrdi GEfERIBNrefide T2 asassgoragecemmodate a

new manufacturing tec npde. For example, an LV process for a 45nm technology node may
pe cifforer R BB BRI SR e e R e B 1t re

transistor 60QYIFigihays highridRakegeraad tleeretoss kureites awidewn yriiragiohhos Waling 8 and 80.
Because thghinieaii amidRiprrienR 78 fiaEakie BiksaesDRi.pXiEg b7 smalk apysmask

alignment error becomes significant. %I’@EYrgeans that too much of well 78 can be formed under the
I

thick gate Gitf poHRSE, B o5 RS BOSH SIS AR RREAHCINE BYRIEBLISN. In either

case, defeictsaffectiniffdrerpdifiesioperaties.of the single transistor anti-fuse memory cell are more
likely to be formed. [0018]Another important issue is reliability of the anti-fuse memory device, and
more spedf@Afl) the qualRgORIREHHHifs GRRraRRIE THENIRA Biad oXideeqndiityse dgdesed by the
condition efditumgenyiperuhaonelspsircdhe sereeouating anlgangexmisypetunpenissat the channel
surface, and fmd?éqmayon dar@ao%er du%tzto]_ ame a fl%ew actohs. Generall_lv tthe more process steps that

the anti-fuge device 18 gﬁ%ﬁe%%ee 0, the hig er the pr'ts)b%rgﬁ?ty ?8#”8r88ucih5a83' ereQlive ahti-fuse

device. Sifseshariiusd gased hyeprnampie viteaniréipectpdpencedsigtion wprlyaticae gsteRB-users, it is
difficult to Eﬁ/%trfm%thﬁwf%!iﬁé)ﬁ%w@béﬂi@Hik%?ﬁé@ﬂ%l&ﬁf%ﬁa@@sf%mﬁﬂ piveretese theravality of the

thin gate oxide should be maximized %n e an inadverten%gé%grammed anti-fuse device or an

, SINC
unprogranfiRBIERATHERACBURIC iRt IIKTRCAIA hsalR 9 Cehers ShREcAVGIRb I &hdustry,
such a faillketcansibaveltetassophie consietingntpslyfiEba] saeobbingdy tita shiiKigatetoxidanufacture a

consistentla s ATARBASHER WD SHU SR MES BIRRERRES HIRISHALE g dsgiipble to provide

an anti-fuse based memory cell that has a minimal Vt while being simple and low cost to manufacture.
SUMMAR P\WELF Y 80\ FaSQ dopant concentration, a Vt implant and a gate oxide thickness

specifically set for an HV transistor. Therefore the Vt of the anti-fuse device will be the
same as the Vt of a core circuit transistor.

[0016] Unfortunately, foundries for manufacturing semiconductor devices may
have set types of LV transistor processes for manufacturing core circuits of the memory
device, where the Vt control implant differs depending on the circuit application or
function. Semiconductor memory devices generally have three circuit areas. First are the
I/O circuits that 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]It is an object of the present invention to obviate or mitigate at least one disadvantage of
previous anti-fuse memory devices. [0021]In a first aspect, the present invention provides a memory
device. The memory device includes a memory array including a plurality of anti-fuse memory cells
and a core transistor. Each of the plurality of anti-fuse memory 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 vOIRAGE3MHGs Bhk\oP1R5RR 'aha pRR/PdesoRrK-Rede BYiLs AL thiYatBabRidR formed in
the high vatageteatiholdygreddie thin gate oxide has a thickness less than the thick gate oxide. The
core transistor has a gate oxide corresponding in thickness to the thin gate oxide, where the core

transistor ®®fhed in a fswtoeltapbiaIrelavaly i@ Smpntyiveataneisiog 99 elbiguipdiisAvaskding to
embodimenigrhéhedreseslRTReEIWINERMALIRKIIWEN YeRsSBUSHermass hanatgiwell being
substantially.identical in_type and io in rProfile %o the, high.voltage well, th apti-fuse device has a
Jower thre SR BRSO R (ReRis SRS 918 i Ok STl A B TS IS S mecliate
oxide and bieeamesgageitisddé dbisovikedsavet the limtehnobvieltd ® xilebf002RR amdghtredividlodiment, the
thin gate oxigle isitaesBrady, Haws ipMapiRfFaiesH RS RN A tMelhirgdiEhsxibicksatp oxide

includes an intermediate oxide and thermally grown oxide between the intermediate oxide and the
substrate $URYAY ASE FARISSHAHBOUMN KR PIRRS QRELEHPA S 6 SHEIE JERSISIR ARF(IS6N region
electricallyncanogcted decantutbridelntbeosdoondadiffusion region electrically connected to the anti-fuse
device, where the access transistor has a threshold voltage greater than the core transistor and the

anti-fuse dOGt8l In the frecibat Enpvoarhisstalireraiabiiiebeicathiuse emeslicdeNiaeéss gate oxide

having a thidRoenRAIMEERONGNG & the MingEateeslerardinthisk BRARATasRAREIBY to the thick
gate oxide ldach that the varjiable hi%ﬁnes ate oxide is formed underneath a sj{é?rlge. ?olysilicon gate.

Furthermo*?és, R RARH LR e S MRS ARED BB BB AP RS ST AR A HRI B and the
access tradgstoistaidkegehermdbisiace, substapidalistitredsanmageyilust phammea yéewihattoss.embodiment,

the accessizaBRiRlonBiRloRAKR RXCesRYsaRRP RSt ik RRTIRNabRaHAY S igkREShgate oxide,

and the anti-fuse _device thin gate oxide corresponds to a thin portion of the variable thickness gate

oxide, sucRARZPIY {(ARuprveehEsieHine YXiduse Hsviced RIRtR AWEPS RASERBBINNcon gate. In
this embodievizet the prokrturambdaistordmsaatthecsholdi waitagat tisatificlds o tieanftriergccess transistor

d th fransi : inveni i
Fabricating 8 o R B G B B B it e,
the first welASSRELh BeomAyizosh 8IRCE pR INAThIBRERY Ssearrmmensant s deviet R=R8a, the

second wellsphsjrgrarsee PR RsdOAdH Winmisy tamintinfssh ards fsmcrese ansigavs in the first

wells of the (rj’ne{'noré/ agax c|ircuit ar%a' and.si ultﬁmeousl forminsg a second oxide for core transistors
) Industry, such atailure can 1ave catasor?8 ic Gonsequences: )
in the second wells of the core’circuit area and for anti-fuse devices in the first wells of the memory

aray circufpgfap. In onexeEaAgAents el W elaaisdia yelageuRlsaRY nsrRand wells are

low voltage wells. In another embodiment, the step of simultaneously forming includes increasing a
thickness GPYiRe P Skitienh SRS BERrRPRRGIENE BIAMR TdRHERIFRE depsRY Bié¥honding to a
thin gate axadediridraanitdlisead aaice snikirtiais\emhbitelbvieigtsimple and low cost to manufacture.

SUMMARY OF THE INVENTION

[0020] It is an object of the present invention to obviate or mitigate at least one
disadvantage of previous anti-fuse memory devices.

[0021] In a first aspect, the present invention provides a memory device. The
memory device includes a memory array including a plurality of anti-fuse memory cells
and a core transistor. Each of the plurality of anti-fuse memory 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
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increasing includes depositing the second oxide 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. Alternately, increasing includes thermally growing the second oxide on a substrate
surface and underneath 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. [0024]In a further embodiment of the

present aspRESEROFNGIHLE Rﬁ‘ﬂﬁé? IRARRIELESHE NGy RRER 108118 HAFRIRN/SRENEIdkEge adjust
implant forawdpsting avétireshiolfavsitageypithe thedagh treltag stord| aAckthdismtt fesdativieats

Alt tel ' - ' ' I djust
it o R R Vet B L Nl e whik

masking cRéPFiantiatidAerisas upRIR BoRIBRPRIEE Hes e tariianiial MRS of the high
threshold elirgenasja sbweipiarisike voatelw, e metberd fruRestoncindasexpasigdbrisecond wells to

a low threshold voliage adiustImalant for adusting & ueshold veliade. of fhe.core ransjtors, while
inhibiting exposure of the antfuse transistors to ow thres voltage adjust implant.
[0025]Accekiigg 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
simultanedB@RPlorming IREFPHRB:EILBFIMB0Y NRFOINLAHSIQHAS I BRMALY WEINBHPRR input/output
circuit areaubsteasdeudhdecrths figstarlinahuib el dpdsyitg thelsdadndesxadenter el fatst xdde of the
input/outp ' : inati fi i the ide forming.a thick gate
ot of th%“%%ﬂ%ﬁf%?ue‘{%%ﬁ&?tﬁﬁﬁé#%%%ﬁéﬁgo'ﬁ‘g?x‘é?ﬁ%@c%%%_ai%%ﬂg‘x%%%%ég?ﬁ?mﬂ? 10 high
threshold JoltaRiecaadiMeipIdRe RECRSRISARGHNRAKERE aditelgdifbrine geiessladrsabors, the
anti-fuse dgyinesteatbtbilNAYAPUiR setiansGiUSioARaittIaatistp edrawpsing the secané wells to a

low threshgldvaliage adiust Implant for adivetinga teshold xaltage, of (e, sqre ggsistors can be
included. [g%\ﬂ%?rn A thir aspect, the presen hoention prow(}eg a‘memory device. The memory device
includes aisistohaachthy aelitdusepdaritapln thamsesent capgdiorent; dheigthirisEr@edic-Naseamemory

cells are in dfabalioRh S emOBYae ANAHS W Areg o UistNBUAIRG AREhyiiPB ARel p-type. The

input/output tranﬂ%ors are in the first wells of an input/output area, The core transistors are in second

wells in a ORAIPEHRYEaN F"ESRERL NIRRT S SRS PSS 1AL WRIIRPEIPISK0RSS a different
profile thagatediigevecitsm&daordéngetz reansiodiensoiysitiddh g dtérd-agpechoeacthahtietragiiiase memory

cells iInCludRIANREHRSS SERRGHSEP TR AT hitiGR 4oy e b BRiAREeRR 685 transistor thick
gate oxide have substantially the same Vt implant. In yet another embodiment, the
access transistor thick gate oxide 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, such that the variable thickness gate oxide is formed
underneath a single polysilicon gate. In this embodiment, the anti-fuse transistor has a
threshold voltage that is less than the access transistor and the core transistor.

[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,

-7-



transistor and the input/output transistors have gate oxides with a first thickness. The anti-fuse device
and the core transistors have gate oxides with a second thickness smaller than the first thickness. 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. [00SARHAGIRSETJ5ResilARURSSSPaNE BRARAR A CUREBAIGAVERES A Q5ARSto those
ordinarily slidiechirtiibearteuron, e eandditihédolbd wiadirdesgidptn dfisgectic exibe domentsof the

invention if eQilCARTHDS ACKATORNNIBR TAHLRS: B B PERGIIBTIN O LijF DRAWINGS

[0028]Embodinients of the present invention will now be deéscri ?/b%vay_o example only, with
reference S5ANESIRRRBEPPTLAFES NhRsBsiral Judaserediv anegraribing HIRANIASBé that-fuse cell;

Fig. 2 is a planatfidayqHb ebiBildRA\bitynefinsttokitse Helltaé Kighoitixide gy ia tiekogstsectional

view of the DRAM-type anti-fuse cell of Figure 2 along line A-A; Fig. 4 is a cross-sectional view of a
. otX|de o.thie" access transis PrIE‘ . : . . . :
two-transistor anti-ruse memory cell; Fig. 5 is a cross-sectional view of a single transistor anti-fuse

memory CelipFag- 6A is gRialneNeRTBd AU HEAIRIYBah{use SBEMRNMEBRIbARFRI M Iudes
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. Alternately, the method further
includes 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 device for inhibiting implantation of the
high threshold voltage adjust implant. Alternately, the method further includes 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 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-



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 memaory cell, according to an embodiment

of the predEHSIRAKhNe InRElPUHRLIdTANSISIY S BRYB FALS RIPES Wt R HHRGSI6P St fudBmemory
cell of Figuvee3detade aral ding dore Pabyistors Rigge §atd@dtetluitiatadchia hjplomasssatalisr used to form

the anti-fu Iﬁ;‘ﬂé‘ﬂFXt%@l&fe'é@"irﬁeﬁa%c'é“é‘éﬂfﬁi@ﬂtb‘? é‘ﬁ‘d‘%ﬁgﬁgl% of IR AEsRH Pé%”ﬁi@f‘?

10A to 10 strate CMOS process steps used to form t ti-fuse memory cell of Figure 7B,

according tyesiehreiferitorficiresevicavastaecond thrgshaldygligew lerartt a0 arting the
fabricationigstess Jorigenind the esvé-tusaigieroeneellthed Hessiasblorage 18ss than the

first threshold voltage and different from the second threshold voltage.

[0027] 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

[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-

Figs.



Fig. 12 is a plan view of a two-transistor anti-fuse memory array, according to an embodiment of the
present invention; Fig. 13 is a plan view of an alternate two-transistor anti-fuse memory array,
according to an embodiment of the present invention; and, Fig. 14 is a plan view of a
single-transistor anti-fuse memory array, according to an embodiment of the present invention.
DETAILED DESCRIPTION [0029]The embodiments of the present invention describe a one time
programmable memory &8 halF19% ShartssaRaieowis RGAINB M8 THitsde REe BRdent of

core circuit processtirhaseufisatuingdtsbhblogresfoBuamtt aBsistor memory cell having a pass transistor

and an anti-fuse device,F(P 3 O%i@g‘;epgﬂqﬁ' o({f%&%ﬁggwpgﬂm%}/ﬁgvo M}VQ&QUQJ:ég@ﬁ%eSS gate

oxide, are formed in a high voltage well that is used for forming tagetransistors. threshold
voltage of the anfifa8eHdEaH & < roRregRItHMERAHIA voltages of any transistor in the core circuits

of the memory device, bEiyhas i@ gaiaroviele dnigknessitaticothiarsasns aataftiksistesindhaycore

circuits. The pass tranaisto has a t@rgsholg vql;[a e that differ% from the threshold voltages of any core
S . aceording fo an embodi er’kof e Rresent nvention anc{ : : S
circuit transistor, and has’a gate oxide thickness that differs from any transistor in the core circuits.

[0030]In particular, the drithddiin@mioivipg pfastinglieransistoaehicluse tsmers@aaymed anti-fuse

device threshold yeiaamyvithantamboantiioppiHapsksavenEdAOS process steps. Furthermore,
mask layout is simplified and mask misalignment and mask-dependence of the gate oxide breakdown

characteri?ﬁAﬁ@iéu%é%Eﬁ 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 arr?aggand includes an access transistor and an anti-fuse transistor. The access transistor,

also referrfPt9khs a pas i &TROIM R RIERIRRE B BY AP NRRE1RD AQBE 162 and polysilicon gate
106. The qashesnmubireeraeivesshivingraasrit-vbichieniteioktgateaxidedhdnl belfageed via a thick

dashed ol T e S R R R anarstor
includes aegldaieg APRIEHEPSIFSITiend garnlidesadmiee)ifnsisnatimnaisonspitaiamnethe active
area 102 habwrep ealysiliseraarigs it asslgHis oxbieassrerrd fiffusigivoltage well that is

used for forming high voltage transistors. The threshold voltage of the anti-fuse device

differs from the threshold voltages of any transistor in the core circuits of the memory

device, but has a gate oxide thickness that is the same as a transistor in the core circuits.

The pass transistor has a threshold voltage that differs from the 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 -



- 10- region 112 is formed in the active area 102 on the other side of the polysilicon gate 106. The
bitline contact 104 makes electrical contact with second diffusion region 112. Both the access
transistor and the anti-fuse transistor are formed in a common well 114. More specifically, the common
well 114 is a high voltage well, such as high voltage p-type well that is used for I/O transistors.
Underneath the pgl@//smcon gate 106 and coverlﬁg the channel area (not shown) is a thick gate oxide.

Underneafl§9R0 JdRSiicomehir headig assr il ardnsmaihse siegditn oeHs8IRA Rae ¥ gate oxide
where locallzedittineatataac 104 forkeseitzntHuseast witnskednd B2 FoguenioB 14 2. Boiss-sectional

view of anfifuse. Memanicel 100 ikERAAN0IR B LOSATRATSABANIBRSER HIURAB 2ls0

shows a cross-sectional view of a core circuit tranS|stor that wou rmed in the same substrate as

anti-fuse niBAIsANItheooERarveH EikhitadHewiaarrglhriehige 198 \H@emRARDWE/Silicon gate
106, and anbirbgm@dq&idﬂ)ltlﬁn@@lﬂmﬁibaaﬁéwﬂimp@a,@lfbeﬁ gﬁtwmﬁ‘lasi@admiagsthblo and 112
have LDD rﬁé’rﬁ 5 exte dlnéhund r th ew §P r? gﬁlllcpcoﬁates ;l@g and 108, and
field oxide such as @?I an\émii are i {oF |sor]a?ng antl emor o"flom other
memory cegasingofte sireuing) &mnra@@mbcw@uﬁ aHrigigaie 030eqhereinssalizeanyietsdaR®0 includes a

polysilicorygais rhitg iaimegiyeiaitiiRdaie oxide 134, and diffusion regions 136 and 138. The
diffusion regions have LDD regions extending under the sidewall spacers adjacent to polysilicon gate

132. This ¢0082jircuit trafigisto6B3E a:ambeseurmmwm@rnalfmmmwmd(mniae@nore circuits for

operating e RARCETRY SHEh A SONBhAIS Aeerig onisdr sramaley and indgred n el

140 that is rent t since core circuit transistor 130 may be designed
for high peﬁff@?Fﬁéﬂf@é't\kiéﬂslﬁgr\lhﬁl‘béoéﬂlﬁ)ﬁﬁ\férﬁ@@ - {K}ﬁém S(P*WE_E—EE‘\B”WW% @%%Wrom the

high voltage|p1omeriyele(BS\diddy-Bhbvid 4 g eavasal NBabigfestirasonsiheoarfatsiseenemory
cell 100 are no descrlbed T h|n ate oxide, 118 of th -fuse device and thet ate oxide 134
ot the corc R 1 e B b AN S AR e e i Tl e R B e T Fedls, o
substantlaﬂyaﬁ@&h@hﬁﬂtﬁ@%gxwmmﬂplédﬁﬁr@@éﬁ@@&%é@@kﬁs@ﬂiﬁmtmmm@@@é@ln the case

of triple gaiﬁ@éfﬂﬁl@@%%ﬁﬁéﬂﬁoﬁﬁi@‘ S5 thinsateedAe iﬂ@%@ﬁ@%&%‘ﬂﬁ&ﬂhiﬂé%%@@x'de of
one of the core tranS||s §R§iewce Furthermorc? the gate oxide thlcEness 116.is usu ’23%/ different than

that of all 8F8'Q P’cﬁ‘ﬁ' %rg AN RBYCH B R RCHE YR, G BB GHRERAELEEHHE 1/0 circuit
transistors13i€ iseaciteitechsigrondtg robibes m gaysilmademtel Barickhed avehe Samgatame by using

the same |\ JLASASION PERRRSSH FAHINI N6 AR IR BAAS AR 1BANL 1E0 A B BIRGNE: the

threshold voltage of the anti-fuse device and the core circuit transistor 130 are dlfferent Persons

skilled in tﬁétﬁ?ﬁlﬂwg%ﬁ%ﬁﬁeﬂﬁ%"&ﬂ@@fﬁcﬂ?’d%ﬁ%ﬁ%|Q8PW§UJQ9£@§FPL‘\?‘?rJﬁ§s‘%8FG\R'rﬁH‘HIant 142 in
the channaiahé&tbemeemrﬁmedéﬁusmtmg@GSallaﬁaaaudtd&&rswatsmm@okét truitthiemative Vt due to

well 140. h e t 118 are
exposed tlt_)é%\ré}le% \éﬁ%ﬁj{'ﬂ@ %%Esfor V#ﬁ (ﬁ ; <|’romﬁ';1n(S C% %%éﬁﬁg]éé%f?ﬂoq %%]ﬁﬂ ré)ﬁ éﬂ[glmplants 126
and 128 dimsehe Wb?ﬂ@tﬂﬂbﬁﬂﬁﬁé@bﬁ%‘@@@ b&l(%%f e‘ﬁﬁ@%ﬁ%ﬁeﬁwmrﬁrﬂéﬂﬁbmh thick gate
oxide 116 wdhdistee 139 tapsstaesignarianhiyReErriisansedvien adniatingcthaodt @iiidgetiansistors to a

nve vt I ok R A A g o L IPISERLPOR O PECRIN U AlboHing o the
thick gate pyds) 116. Ongs aapifbiiR SeiNedarFine isHietateria e Aillprieg inbipkness between

thick gate oxide 116 and the thin gate oxide 118. Alternately, the channel region under the thin gate
oxide 118 SeffHRemhANR I ARHE il ﬁ&ﬁ%@ﬁﬁ%%Wlﬁﬁgﬁttg?eﬁ“’i@’@tﬁ%'ﬁﬁevéﬂ@ﬁg any Vt
adjust imptaatasiercirigtthissegior 30 ceordnglyntibel Yo eustestie, thisagaig tridegostieon 118 will be the

gﬁﬂﬁ’e Ve oteth Lt Q0R QY ARAYGALES Y RIRBIY USRI GRS G758 Rl Mpuacturing the

same wafer (as in the case of triple gate oxide process) the antifuse thin gate oxide 118

would be identical to the gate oxide of one of the core transistor devices. Furthermore,

the gate oxide thickness 116 is usually different than that of all core circuit transistors,

and is typical the same as the gate oxide thickness of the I/O circuit transistors. This is

achieved by growing both thin gate oxides 118 and 134 at the same time by using the

same LV transistor process. Although the thin gates oxides 118 and 134 are the same,

the threshold voltage of the anti-fuse device and the core circuit transistor 130 are
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fuse memory cells is the fact that high voltage CMOS processes remain substantially constant with the
introduction of each new low voltage CMOS process. Therefore, if the core circuits are fabricated with
new advanced low voltage processes in order to attain improved performance, the anti-fuse memory
cells will have characteristics that remain substantially constant from process generation to process
generation. Therefore no redesign of the anti-fuse memory cells is required as the low voltage

processestHlRgE BEosFrHdIsB v e aheerRanrn SRR HERRRred P9 68%aM have
polysiliconLyaties difo avidriplartoid2ciotéck ichaachl ddebetna alritrendifiuaiovoretiines dBéhaydcan be

individually giyep.siag SRR waEHpa R Bl MR Ber (6 PAIP ek A fupgransistor

anti-fuse memory cell of Figures 1 and 2. In either case, such a memory cell may n e suited for high
density appnegtidiestistesats pidrbiQaRdhitaftcontdR thi8ired XRetpArads $AMMYing the memory
array footpriisikiosuainajopticapRns stbe, Hiagde\inwasisty iarlifeisatrempnitet 26 kigl1ed A can be
used. [0036]Figure 7A. is.a plan view of a single-transjstor_anti-fuse memory cell, according to an
hedime s L R e B e T e B AR o ey,
and includestenexigelittush dewelibetiansikiond/ thraetd 2ntesdiddsest orsdpatne the Vr @f02,855.
A_”ti'f‘_Jse mm%&%k@ﬁpd@@wémmcesaeﬁ%% WWQ%P@Q%I@Wh@@WW%@%@_ 206 and
diffusion region 208 formed in the a jlg%\@rﬁ%z .. Th bltltgg) ontact F0,4 mszﬁﬁ;s,electncall ontact
with diffustSIPe 5213 5UhAB ORAR-H] SN SIAGY LINPARTY | LIPRYIS WBRAMGIPNEIRSE8 SRhich is a
high voltagamelbsthTes_utlmNghwcﬂtacgmqumtmethtdagmmseidddnBm@asigm&m}nmmon well 210
can be thassaihg PRl HeRiGige it hitndssieai thamobislicangatpgah gnd covering

the channel area (not shown) is a variable thickness gate oxide. The dashed outline 211 defines the
areas in whigHU AR §E M N HE o hfeeherns! sty 4ndenioe HETaRie kI8 the
fabricationperocesed Q03gRigLr/ TRiISiatcrassdiastipnalhviasepf tietiebiseravemiory 26/\R00 taken along
line C-C. Fgr. cqn i ur ,Flaure 7 h 0SS-SECH [ew. me core
creut rar s, TROLTaah TREES ol e R A IR R SR L e
memory cdl®ud! keghreatveldadyeowelkhddyariable thickness gate oxide underneath polysilicon

gate 206, which has a thick gate oxide portion 212 and a thin gate oxide portion 214. The thick gate
oxide portit I 242 is defiﬁ@@%@ﬂbaﬂ?eoﬂﬂéwgﬂgrb%’g@%'ﬁmﬁ% fit riff%wf‘ﬁ@@?ﬁt}g%ﬁ%gion 208
has an LDDsegiementenling thedecttirasiigwalltsgea cviQdjpcecegsel/sticain galbst20irlgnd field oxide

such as ST} 246 AnchR 1 are JRBLARCLIVSR IALIDGL AN IS BRIBSHGEUR09HERmAhFRmemory cells

or core circuits, such as core circuit transistor 130. Core circuit transistor 130 includes the same
numbered QENTERKIH PECIRREISALREWIB I Th 3R ITECEBO WHRIEAG G A CTS ST PR HIRUIP Akl stor 130 can
be represerigitvedpatidransiciodises i the anteycisisinilainpeadiagtthstine tharyeaty, such as

| logj ing logi i in well is di h Il 210. |
e preseo g I R B e R TR e e gt
voltage p-fipsesiasqHvpENt-fyss mamo[yceisde reatipd ebiBS M eRERRIOSRRAAS S A Mory cell 200

are now
[0035] The above example two-transistor anti-fuse memory cell 100 can have

polysilicon gates 106 and 108 connected to each other and driven by a wordline, or they
can be individually driven using separate wordline and Vcp lines in the same way as the
two-transistor anti-fuse memory cell of Figures 1 and 2. In either case, such a memory
cell may not be suited for high density applications where a minimal use of semiconductor
area is required by minimizing the memory array footprint. In such applications, the single
transistor anti-fuse memory cell of Figure 7A can be used.

[0036] Figure 7A is a plan view of a single-transistor anti-fuse memory cell,
according to an embodiment of the present invention. Anti-fuse memory cell 200 is
typically formed in a memory array, and includes the previously described variable
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
-12-



described. The thin gate oxide portion 214 of the variable thickness gate oxide and the thin gate oxide
134 of the core circuit transistor 130 are identical to each other, meaning that they are formed with
substantially the same thickness. U.S. Patent No. 7,402,855 teaches that the thin gate oxide portion
214 is first formed at the same time that thin gate oxides for LV transistors are formed. Although the
gates oxides 214 and 134 are the same, the threshold voltage of the anti-fuse device and the core
circuit tranG8{er 298 AUHRS BIRMRY Sl AR0S QIS Lba CoBra i uRl #2RsYRiEN18E Blldes an LV
transistor Vbltagsdamt| 1<l maidh eherdgined ieyes penpih eveliffhisi as uvsgidos IAC & amgis 138, toaaiserthe Vt from

e ooy ME BRSO IHE SO PR PRI oD BAABAN RN IICP o

exposed to the same HV transistor Vt adjust implant step, thereby resulting in different Vt implants 220
and 222 d@aitoXMeaneénme iMdkASSEN B arRaBAEHIEWRICR Y3 GRIE BiGHBSIHEAENANAEI region

underneatitibigkspate e RottgsTiRd2thalbleayentihidRasisEX J4tdaRlas i o ririaaesad for
adjusting the Vit o{ I/Q.transi t(?rs to age ired Yhal e sucih as 0.6 volts for example. The channel region

underneat hﬁ\klrgaaetgxc')x? eeﬁro"r{?onnﬁia_ts Wﬂpﬂ%vee\/?%%a}é%? DPP®RA results in a Vit being a scaled

factor of theggsplting VisgonesaeRANGJestae iRk GalR KR RESHINCRIG Qarenaaituhis scaling

factor is related to the difference in thickness between thick gate oxide portion 212 and the thin gate
oxide portidRELINeAtern BRLIGOPRAGRAMREIPESRSN ﬂ%ﬁ@r%ﬁé‘%ﬁrﬁﬁ%‘f@ SRS PSRIORA X 184rPhe masked
during thethiy/stiamsisti@r difcaid jush sisjoland 6 tavith éndbiyupecd@ nting venydieattjusechiplastation into this

egion ACearing REUNIEG e A9 5368 BRIRDAIA IR s gatve v

determine doping of well 210, transistor Vt implantation

the w
due to ma@%ﬁ@ﬁﬁw@ﬁ?é&‘ﬂﬂ? TReRAE A PeiYAIIER O8O RrtDicR SR diticlyMakR RSHer than the
threshold yeltegea2thacangil gassteidbdonrds2rgtaniathidhgfamadbipogaie 2xXle Hynheess.
[0039]An alternate embodiment of a twa transistqy.gnti-fuse.memary cell own in Eigure 8A. Figure
B 1 & a0 B B e R P R 50 2O SR ER o e present
invention. RatPluedendintrpdel tBosidewallclaceo adisgentpotusiiery aatay2thanddialicexisle access

transistor apehads At-fHeraanaisiar Hok AseessisHImigtantALBesRBHEabibIEdnNe sthewn in Figure
6A, and includes actjve area 302, hitline ?fontact 304 anﬁ E%QéYSi”c\:iﬁlqg te 306. The anti-fuse transistor
n

can have & CHIBIEHT LIS YHa BxRISH AR THGH SiRS BUPECHA ARG Hiiudes active
area 302 ardf puliysibsdhegeamE08 mivdhest didfusion pegrmud{ Oésdoberboh iRigheeddiveraea 302 between

polysilicon.gaies,306.4Rc30% #ehilesh,see8nd ik RipREedian317 i (ARRYR he.agiiyesarea 302 on

the other side of the polysilicon gate 306. The bitline contact 304 makes electrical contact with second
diffusion r&§I§rF5APtSHBtIPRRERHEE RS MRS B d SHENARCATRO HARISi SfHesIIHSFiiPa common
well 314. Mgamplegeific aslyoriheCionasiomagetz3 1ldisfer trigthdalieg e2n@llirsiel pass biglexatipie p-type
well that i vl istors. .T ling,\315.defines t reas,| ' lick gate
oxide is tm ?ﬁﬁgdé 3?&3’@%&%&%&9%&%& @g\ﬁl n%%nnr??ég@ ﬁ%ﬁﬁﬁéﬁ&%ﬁ&%’?ﬁgg . Underneath
the polysili¥8f YyateBYEbkdi¥ov&Hhg the channel area (not shown) is a thick gate oxide. [0040]Figure
8B is a cross-sectional view of anti-fuse memory, cell 300,taken along line D-D. For comparison
purposes DL 85 alsIerE R 2B ERLETO Al AT GH T BRRNCERL 2RO A AMistor 150 showr
in Figure &E,SMMOW Uérfga’rm«»b(idetlperﬁam&1M§hgt@datﬂe1thfcjsmasegaterp>déq Smﬂ)IEgure 8B
clearly shays gfiigkidatesaifea Mgl Rapthdralysideen grieR0g Ml dhersiabisfhigkness gate

oxide having a thick gate oxide portion 318 and a thin gate oxide portion 320 underneath polysilicon
gate 308. HRERICR§IREORTIB 1 BsiatHRlYHRK W%ﬂ%@%‘t%@ﬁ@tﬁ%%tﬁﬂ%ﬁ% using the
thick gate @eiciecdefiaition tmagkB1exiddpotifuian retisns@idanthad kamaveneDixregiogsiextending
under the g | r ' ilic S fi ' as STI 322
and 324 a?ﬁ%%ﬁéig@gfﬁs%%géi%%g%%?m% 'rr/?eltt]rhngo8 %ﬁ%&%%ﬁ‘%%f%%%ggﬁ%ﬁﬁr core circuits,
such as ci@mgsdhn theesislevoltaoeorheirtliftrerdeyios 880 iRelcRIeCirseisHATS IAlomMb¥édeelements

previously fieseiipeakiBrelaslia olis004dd Sevreratnaiablesisniures ntiweaniriusesnemerweell 300 are

now . . e : .
implant 142 in the channel between the diffusion regions 136 and 138 to raise the Vt from

the native Vt due to well 140. The channel region between diffusion region 208 and STI
218 is exposed to the same HV transistor Vt adjust implant step, thereby resulting in
different Vt implants 220 and 222 due to the differing thicknesses of the variable
thickness gate oxide. The channel region underneath thick gate oxide portion 212 will
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described. The thin gate oxide portion 320 of the variable thickness gate oxide and the thin gate oxide
134 of the core circuit transistor 130 are identical to each other, meaning that they are formed with
substantially the same thickness. Although the gates oxides 320 and 134 are the same, the threshold
voltage of the anti-fuse device and the core circuit transistor 130 are different. As previously
discussed, core circuit transistor 130 includes an LV transistor Vt implant 142 in the channel 140
between tHYRRLBATRERING 13813 P34 inlsetHonAdksHNEhE R 98 KR Hasssiraiado. The
channel redgeindaeraleensdifusson 6 egltnf@léxamg S TTIR2éhenarpasgehtoritienseatiethiV gedasistor Vt
adjust implay: : ng'!ngi i ? i : - ,t%q ii ing
thicknesse@gfeiheg%étﬂgg%%ﬂ?cﬁgness @ Agc)ﬁ){%%é\_ﬁé? gf%&]%ﬁ%ﬁgg Iﬁﬁge%@gﬂ t ic %eg oxide
portion 318eRHIIAAVE FPIresneadiey (st a2 hédeasian 1%?2&6?@%@% VoAt gansistors to a
desired vajagoBiicieiaged. @ Yod slifsreneampliickhe s wetRebrediier gadeasxiaatbotiith @t andde portion
320 wil hay f Yt mpIans 333 Nl seaulls 3 M Reing, 3 sealed factor ot e [esuling Mo
corresponding to the thick gate oxide portion > Once again, this scalihg factor IS rélated to the
difference PetinoldiEssancra emskRit e BRIt pemiRini@1¢ adi shisnpirngsirpoligeePwvrtion 320.

Alterately, 5 iRNaR) G RIGIDIN I8 TEE ORI IR AR B AR i e HY
ransistor adjust Implian ep, re reventing an ust impjlantation |\Nto IST glon.
rcording P B P o6 AT P S T TR g Pl OB 0o L0, The thick
gate oxidevalR2d0tietguutshytraodiistdrioy tiedk¥rithasidtoe \Gatepxidiaion alog tramsistalignthentore
G, b S A YD S BRI R S BSIRAll D% 53 Al iRdrapistor. Since the

gate oxide thicknesses of portions 318 and 316 are substantially the same, then Vt implants 320 and
336 will be'QliRLeRtaRPBiR EaMTISI9R RAYNG SERRtERHY AR SAMBNBIBIAIR AHATHISKIRER gate oxide
318 and tjg,qaje oxide porion 320 s Xposed (0 s Same IV upnsisior i impiapiation step.
[0042]The'prevrously shown anti-fise memory RIS exam[ﬂes of possmefe sFYapes Yor the
two-transistovanin thigw §ié frisnsistdy isratiriaseview eicryiweirogier antbiugpormsinlersisapes for the
anti-fuse mepeiingHTRAMBBHIERM: BFtHEMRISHBIRAE HA GOAMPRIYAWERE ) cal Bagast Publication No.
2007/0257331. ﬁ;§ Patent Publication No. 2007/0257331 teaches anti-fuse me% cell shapes that
[

minimize tA@'GANY JRIREX 0 PETREEBRYNGY! THEBRTHIURRERRS BRAREBFEh? {15 can be
applied to matisfsise Menamoese s hsisiogctre b tidamdiea sStaihe osh@ivomin 10 . SgiatéAt Bublication No.
2007/025 £l 4043118 AILISoaNBifiRe RN A8 hEHOPMRGNEHRSYE) Thé o588, 7B and 8B,

all the transistors of the anti-fuse memory cell are formed in the same high voltage well, where the
high voltad@IRHULRBEIME 4ARIDRIS thicHirstgal P dRdraHsR o e RigTiBitage well is
inherently desigiaaddiadeinaatize irak392 hetvywedysidchacrint GO casise pifasth byghl 3toeis/t implant of
the anti-fu ice omitte. ' lts.i that i any.core circuif transistor on
the same S o e Lol e e 0l e O e ot 0 the
same highdif§igiere 'ogipRptddisiepnedintibealeivgaiedvRRRAchesetirltidasf BietRrRiXseeNoxide portion
are exposgdttpsc'fé!i$m%wﬁﬁértan\€ciqx" ddlnmalraéisfu@%tﬂ@ai%ﬁtm gl/}fﬂel@tr&m alﬁlnwg@fr@gwrcore circrl]Jit
transistor, ulting ip better contro or relatively lower Vt,. and/or lower silicon damage due to the
o e e O et SR Bl AN T T S e e R B el o6 usoe
existing CRIBS\roresscifieply fthdaonvatingvie3tdis arigitonitagel wed, corh eisdughirenitsigeors without
any add'“gﬁ?}:g‘%@ﬂ'ﬂ%ﬁ@eée%ﬁm faindigiagThe dabrisationicosh 8Tdbmentive srimicpnductor

device. [0044]Figures 9A to 9G shows various steps in a CMOS process used to form the anti-fuse
memory c&NENAJHIk Rt SinleifREnedyia ifudl SRR fetbiioadnesifYREiRe steps are
shown in Fatpuiczsi Ao &S Sad ntisstredihg b e diféd et gatb 806emTd they antigftrsecmamelirgreall
embodime@topglmgl %sc?@ﬁi@v&%o&%g_d a core circuit transistor. Persons skilled in the art understand
that other non-illustrated steps are executed for forming the structures of the transistors. In Figure 9A,

the STI 0Xid§4@?0hhave P@%ﬂefel?’ﬁ@a Mdi@s@@mﬁay\ﬁévgwfamagﬂean@m@witmmﬁm 3”?1 the 1/0
circuit area (not sho . An implant mask 406 is formed aver the core circuit area 404, an e
fieNs SRS R i

exposed s Qgeﬂée NS WERHEE TS Y r%’é? th ﬂ‘ﬁyﬁeaigrr?ﬁbsref: nﬁw 'high voltage
p-type welthé $emetee eratclittizigsisiotthde shoypeineigioe b thot wankisterfetroeturethare formed at

the same %}ﬁe§H9§?&H%t_|é{mt@ﬂ19@ﬂ%}ﬁbW%IVQ’H@QQ%\OP@@B’%HQ? IaRbiRY AheiReaRyaGERY area

402 and the /O transistors is performed. It Is noted that the high voltage Vt adjust implant may not be

necessary3f S deUIRANMRANGUPRN A31R928 aRd G YRIRE RIVCIPRS O RIREI AR & HUGKY, the
area corregptenohitg foottiencBittaed re thongatdruxida tpduitentB20sisideroe ate\poy siicoh ey aba308d after the

p-type ions e



for forming a high voltage p-type well have been implanted, such that this region does not receive any
high voltage Vt adjust implant. [0045]In Figure 9B, the memory array area 402 with the PWELL-HV
implant and high voltage Vt adjust implant 408 is covered by mask 410 so that the exposed substrate
corresponding to core circuit area 404 not covered by mask 410 is bombarded with p-type ions for
forming a low voltage p-type well. Subsequently, a low voltage Vi adjust implant for the core circuit
area 404 i PRHIRAIC RS 1 QABH I RRFate ©idepr iR AR Ve daiidsindmsire ene
structures ibliuhvgate dSageree%itr@suh'aﬁlom SeVeeadifitsteseegteps 3F0sina Aligdanetd)Ds performed to

difuse mplARted B e AL OB GYIPLALEAR tOALIE KIY BrbmeuRl 468 nd 366 LV p-e

well 416. Se ond an |nte ate oxide 418 Is grown strat otht e memory array

area 402 e?fﬂﬂ’tfl'ﬁédc@@%ﬁéeﬁ aved 1842 7Rt 324 AR ingHECD iR ds DY definkRmmeaK ¥ 28llis deposited

on the lntesommmw@dméﬂc&mc@l@@t&fbr@glmﬁ@f@f@ e BPEYCREEY HRIRasiI 21 80.d0be I/O circuit

area (not show for df thick att% OXIdeS Th ab%er]ce of mask 420 inthe qore ¢ circuit area
ircui nS'SP g INc u S numbered em?nts X ?lwous deSé:r ¢
means that no age ranS|s OF 1810 Be Tormed theren ollowing oxide e chlng step, any

|ntermed|a‘fegumcﬁi3418 not covered by mask 420 is etched down to the substrate surface in
preparation for thin gate oxide formation. [t0046]|n Figure 9D, a thin oxide 422 is formed on the

exposed s thte surfae8VRI#hBIROIR P HF?&PE@%%%%’W@E&&%I&% AeAA04. There are two
different teddutidioess mlnmibemﬂed)mndommmhewnabkmlé%bs% §est ecbaianeetisethe one

shown in g5 SRy aerexbe iR az i Uisanedy rowa RN BXBRSRALeYSiAIpurface. I

this techni thin OXI so grow un emeat the interme ich pushes

e
the interm hi@edﬁé%fﬁﬁqgﬁ’@ﬁ&m“f@m %%\J’%%@é%&&é@hWéFW%@‘@%%mh the

intermediadadxBleaAd this é@m@r fivathrashias suagEcoitEcasinadpigsmesliale myiderd birqavering the
substrate §urfac<tao[:/,}/€ﬁe |t ot sp%wn in F| ure D, the (éntermedla OXIde 41{335 |“ftﬁd above the

are djfferen reV|o ISCUSSE circurt.trapsistor %ﬁ
substrate surface erma y grown In OXI secon n| ue'is GDOSItIOH in oxide 422

over the eﬁpdééﬂaym@ﬁaté gnmfaetewﬁdrtmee;h@@g@ﬂHﬂmiweﬁnﬁquﬁwemm@wﬁﬁmd|n either

case, the reggiting;siahcoat e aride Wikibe @t%@t@fweﬁf1Qi?rﬂ%déﬁ%ﬁ’é'@'@gRJH%émﬁé@@”y grown thin
oxide fro derneath the mterm J|1ate layer or ;tﬁ\‘}!n oxide deg%&ted on to fthe mtermedlate layer.

[0047]Sinéd %qr'@e[g%ﬁg%ng RAdS S¥BHEMNK R d@sfﬁ@ ﬁ%{H§é aPtas would
already hastephtnénébymeslititegoridiéferedt FoitoplamdstB26cron/828 tietthiineakiftkeid@2, gate polysilicon

424 T depRIGRQE/ i SOl SUIRERIE-WHIRD IRIIHANR HRmOB B BHAAR ANFnine core ciru

area 404, and any /O transistor - 17- areas. As shown in Figure 9 e gate polysilicon 424 is
deposited W@r%@eﬂﬂﬂrtﬂb@ﬁﬂ”m erd\rieraist erVh‘l‘@BléfE W&@%i%“ﬁ?% Bb?‘ilb‘%téi‘ﬂw@%e specific
shape of the gfal© palysisicentd Zdesigede anasicdebas depasiteidrayenssliectad aieasstéhpgate

polysiicon 454 alpuing desashionsiaega\eimasi 424 il asa%ssr salfchicon 42¢ no

covered by ate mask |s etc awa avmg stac Icon gates over thin or thick

(mtermedla@')‘%ﬂlé@%'@ﬁ fﬁ@t%QMB‘N%}WQV‘&%%CQUQSWJ?%%%H@JW @l&ﬁiﬁ)ﬂx'gﬂmﬁ@ﬂ@ércwt area.
[0048]Figuna SEaghmviid ARl SIRGK SR sedtiogHeaMERengatn RAEKEIHEO BN thick gate

oxide portion 318 and the thin gate oxide portion 320. Alternately, the channel region
under the thin gate oxide portion 320 can be masked during the HV transistor Vt adjust
implant step, thereby preventing any Vt adjust implantation into this region. Accordingly,
the Vt under the thin gate oxide portion 320 will be the native Vit due to well 210. The thick
gate oxide 316 of the access transistor is thicker than the gate oxide of any transistor in
the core circuits, but has an HV transistor Vt implant 330 substantially the same as an I/O
transistor. Since the gate oxide thicknesses of portions 318 and 316 are substantially the
same, then Vt implants 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 Vi 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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step, two being in the memory array area 402 and one being in the core circuit area 404. In memory
array area 402, the stack consisting of gate polysilicon 424 over thin oxide 422 is the anti-fuse
transistor device while gate polysilicon 424 over the thick (intermediate) oxide 418 is the access
transistor. In core circuit area 404, the stack consisting of gate polysilicon 424 over thin oxide 422 is a
low voltage transistor used in a logic circuit, for example. In Figure 9E, a diffusion mask 428 is
deposited BRRFRIRFHBRCSIPAY 5 8RS MG TR RS SIcaN G L5C thaRES ARG IR the formation of
LDD regioosninairsiowngdbidSsiBeteat Ryizicat® A B0 a2)aca3tdte Yabe PabysiiRudniciidroNall the low
voltage traysi j icyi [ - ' r , the

9 55 G SRS é?Hf-‘ff’i‘éS%‘égﬂ ol .£ﬂ%fp8§ %P%%%%Wealhﬁwoggge a%?

exposed substrates are exposed to n-type diffusion implantation for forming sou 1d drain diffusion
regions foREFRHCRNFISIbaJBRRRALERS TS 1Ak REQSRET IMMPB HONRANTPR 3RRIAEHE RMIDURyions 432
and diffusigriegioes 4 Baogthe W vatagraisansistas i e, Frre mirutissganig. are shown in
Figure 9':’@'69 a?g%%qncentrations specifically designed for the low voltage transistors. [0049]In
Figure 9F the dl usion mask 428 has been removed, and the low voltage transistors in the core circuit

area 404 aipggyered wilh Anathendilfusiarmast ABEmNIMBR Y aRSIRIORFRI IR BSmEaYATay area

402 are exposed to LDD implants, the formation of sidewall spacers 438, and diffusion region
implantatiét?: EliHe GRELHGFLIHRSC MR MamPRnse!AER B ed i HAGI ST DB YA 40 and
diffusion regibnshéde teantighescltagpletdiclmwoeatiagatiars sher dndhsabfer cictit@iend04. The

resulting LQP%EG‘@@H@ ﬁ‘},&f&gg Q}éﬁF%ﬁ{haéﬁ%Hﬁg%ééérf% {eHeRYe |E%?%%:éa%at§%\ﬁgﬁ é%j%%,tiqemory

array area 402 are shiown In rgure | ve concentrations spe ly designed" e high
voltage trefRGBTSeRAtAIRDBIN® AtRse Vi iPRRMO A BreRetHiivR defesscljdeecMmibieft/fESimplant
diffusion apyaealing dovaeimatadhertralaaigcterparisianshitsite oy saplarkaacaagecttiris noted that
the anti-fuse memory, cell and lgw voltage transistor of Figure 9F are the same as the corresponding
ones shon R B b i TR G SR o G B R ReE SR o
completedvelind e b svglrahsis trishadbiskaniriordecsetasetidosistenini skl sricontts and

depositingpfsiigiye tracks for THe RIS HIROANS RO SIHAU S visase IAQPAIFIaLIRHINVOC
illustrate ei)%(f\)%n le steps in a CMOS fabrication E)rocess for formln%f two-transistor anti-fuse memory

cell and a OHAGSLOHE EARRIR Y2 F R BP R Q- FRCY A RH SRS IS AN A YHRWS Ty WoRRG8 core circuit
transistor haver tiiicqgatamagkdfetmbt isingtentdine §atefaxidationmatienaptoitsssnbotonave Vit

implants apd) e e HRhaldmRch fler  Becarsi e ARE S RIBbLgse b Weliddhis nitially

subjected to a common high voltage Vt implant, both the access transistor and the anti-fuse transistor
have the sAMEGYRABFBIHSANM REROGFE RN EIRSIRIOR WiloviciaypdiiiraalynaskinggtiaRsitage Vit
implant is thtesoe ehisiramy ehd &ldheaatiechgeol tief éharacreesisdransisiaidwdng the thick gate oxide is
at a specific value, such as 0.6V for example. Therefore the effective Vt of the anti-fuse transistor is
less than d®¢4ince its higteresiit tie Wirshewsrvaiinaistansdeanbivenecass ghesiefamder the thin

oxide 422 githriantidusentspeisiv FEyuRedBhikitRg &ore ipreingrihg-bighalags Kt implant, thereby
further reducmg its effective Vt. The low volta?fe f,ore cwgsxlt tra§5|stor IS sub eﬁ?e;d,}o a low voltage Vt
d Bct aPa I'Iéé—’ fl

implant, wiIEASE RN FRE 0 HERRARA 1RV CHid $A BV LY 8%Pfor
example. Ipeamgecabe, dhi-iesuttion affectiven\todintieataritinke pectamssten il ahg aysobe aitigtent than

that of any lowupifape, cOrs Skl RS SHOlmEPSLRAGHEES RO G SN YRLIgHS Steps in a

CMOS process used to form the anti-fuse memory cell of Figure 7B, at the same time a core circuit
transistor RRFARGIORTIRS difcsiererarers BRI IRIGHdE TR o & fo? NIl iR e differences
between the\aniiekis o mesa oryhesthemb9 dimsnirebthe2p iese tirdiveniamen ciedaneel Or cliduitansistor.

Persons skilled, in t r e. non-illustra t ted for ing the
Cruetures S L O e e B A e L T e
502, core ExeofesredstiatangtirevFeEhtmesrcA0histasanaiier wirh SrayRenerk BB fagrAed over the
core circuihigfedoRBde PRYdEEXNPREbRIPEEAIANNHRANRERE PVtyRakcHA6r ithbomhalsiastavith p-type

i for formi high volt - .1t i d that the high volt -t for the 1/10
ransistor SR EApe SR A e o O S GBLB A CELAT DB a0 Lo h AL Fhpiant or
the memoifnplaal/ferte Soorad ahey/ O eeadlRstostie pédftsamgistors isrperfolyn ede hieaatedresponding to
the channgl zegiomighthsiagliWsaidavinp IR CRR RerEasker) aftelthesRdYRg jons for forming a

high voltage p-type well have been implanted, such that this region does not recelve,an¥ high voltage
Vt adjust iRfRISYEGGtESTN igarE M e RB IRRIAYRN AR A SIRELeE0 G et S RPOBR M A Sdjust

channel region of the anti-fuse transistor or device can be masked after the p-type ions
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implant 508 is covered by mask 510 so that the exposed substrate corresponding to core - 19- circuit
area 504 not covered by mask 510 is bombarded with p-type ions for forming a low voltage p-type
well. Subsequently, a low voltage Vt adjust implant for the core circuit area 504 is performed, which is
shown in Figure 10C as low voltage Vt adjust implant 512. It should be noted at this time that there are
different variations in the well formation and Vt adjust implantation process, of whjch the above
described QE{RIEHEE %W%V%%%%?Sdé%h%’fﬁl%%m@a%dsmJv*@i ¥hﬂ%f§ﬂtoéhﬁ’1°6§ Rled for both
low and higiteiokayy trighsisttzge Mitdjtfsrenplittadjustment implants can be used. Alternately, two
separate well implants can be used for the low and high voltage transistors, while the same Vt adjust

implant is [24Por both (Rdligure PRytesareB ISR aRAADR Wiktiia DY\EdiLdr Mripelats. andximum
flexivily s ghtainee reaspaiiipisansbbianyoliaaey ansikiat 83 Rcinals oypouuelimplanis and V1
adjust implants. Thi be desweii/to Obt@ yn athl Iev of cop t I oﬁ th§ ‘%II pr fllei){and
precision SPIFEHERUIIIP £7E RN Aie, Al e sigy BY ok aI PRI A R age
transistorsiere faviiiablegia BWroTEss; mbpm‘melleauham{meﬂu ty@mfﬁtggwﬁtta@e&ﬂanslamr may have
different well ajadb¥iaditst matm& id BN %%@@'QW@F\@&QJE@é@m%ﬁ%@é’@tdone using

existing masks, such as a P-well or diffusion (LDD) masks for examp e. [0053]The structures shown in

Figure 10@%&!%%‘9%@%?8&9% %”Eé&@“ﬁr‘é‘t%{%‘rﬁ%’%r@% éoﬁéﬁ%\f%@cPEBC&r‘rﬁJ%@%planted
p-type ion$ wgthinltlhe-sLdistr ddeptoffommadhe dithise otip@tpeypiypeat sl wituhdtHeesldstuaage p-type

well 516. § %ﬁ%ﬁg@%ﬁ%%ﬁ&%@@&f \eA{RE (oﬁ g%gﬁeﬂﬁ%éﬁ%er%grzagw array

area 502 an the core it area 504 a th k gate oxide nition mask is deposited
on the inteftfeigigfewxRre 5T 108 e toef Féﬁ'ib*f'i@ sreRemMarrga AP K SRRl EHeUllo circuit

area (not spewad4oTHefiniNgithigealciax(dis) Idwisbee negsR UITRKRRBJiIciercoie Circuit area

means that ohgtyﬂ oltage sisto be form thereln In afollowm |de tc step, any
nermedia e At Rae e O SEAIT S e ol A AR R

preparatloﬂlmﬂtﬁm@éﬂ@t@h@éﬁbi@ﬁéﬁﬁwng)tbmi‘] PR Xides0 Dhe abaersedd BR3K4Pcwen the

exposed S&@%@F&:ﬁ%@&@n@hﬂlﬁﬁﬁ?ﬁ&%ﬁf\@h’a@@ﬁ‘aﬁ%%t%ﬂ%%%6%%&&%%%@@ iAQ#- Since the I/0
transistors {e intended to have thick %ite OXIde the I/d%;ransstor areag would alrgé g have the
|

intermediald 0Y/A2 298¢ RIGILIA T SRR l?eetﬂ?ﬂ 318 BILCYHERBK TIREEN 8L K is deposited
over the eptireesutisirate thehscivsirabedesidove menepsyaivaya b 522 thededoensatiunt area 504, and
any /O transistor areas. As shown in Figure 10D, the gate polysilicon 524 is deposited over the thin

oxide 522 94&he thickd? igHa SMatcliRiguda 422 ivierEas Qetiferosp siRSYRiHEUNRER gate

polysiliconib ik mgateyaasl a2saisodepastetovetiarieaied 4oaa$m£rt=hergm pafgedigon 524. It is
noted that th varlable (ﬁkne S %ate ?XI e of th m&le traéwesﬁgr g L{ﬁfehmemo ceII iS now
0

defined by ?ﬁe p%snso (e yate mask R'558' ﬂﬁe core Sireuit area r%“s“peécu |caﬁy, gate mask

526 in the Wmlmﬁi@@%&%%h@mé?g inoridetAR? dxiberBRdY-gi@ WheothibReipReBHediate gate oxide
518. FOHO‘QUBQt%B%WQ&OHHﬁQ%%W bl dhaeuposad &l?éegﬂﬂlbﬁﬂﬂ"é?ﬂeﬁﬁtﬂet covered by

e AR B T T T e
substrate surface. The growth rate underneath the intermediate oxide 418 is lower than in
areas where there is no intermediate oxide 418 covering the substrate surface. While it is
not shown in Figure 9D, the intermediate oxide 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 /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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[0055]Figure 10E shows two such stacks resulting from the gate polysilicon etch step, one being in the
memory array area 502 and one being in the core circuit area 504. In memory array area 502, the
stack consisting of gate polysilicon 524 over variable thickness oxides 518 and 522 is the anti-fuse
transistor device. In core circuit area 504, the stack consisting of gate polysilicon 524 over thin oxide
522 is a low voltage transistor used in a logic circuit, for example. In Figure 10E, a diffusion mask 528
is depositei e FmERYR A MG D0 Jale PRVFHCOR AR P SeAPRIRD G QIS FPLHE formation of
LDD regioa2q matishewrigken thsdeedidtspaits < 580 radjdeett dafihe ihatepeoliisiticapesi4hef all the low

voliage rauisiars 140F G2l PLEH'AIER B0 ALBH A alen ol b el spacpr 530, the

exposed atés are expose o sion implantation for forming sourcé and drain diffusion
regions foPalYeHiEBF3bIEE WA SIeRA!AN9E tereatsranask A2 sautherRxPESERiARI® DD regions 532
and diffusipslysiionsi23hsoconerk by Qtag tienazBoseioHEE £089, (RUHPseRkdSf are shown in
Figure 10F, and.have concentrations cifically designed for the low voltage transistgrs, [0056]In
Figure 10P T KT G ek BAph e e S e s AT X core
circuit aredhs0W i cisoniettat With andtther |(ieisioi aeek 536. Now the transistors of the memory array
area 502 are exposed to L DD implants, the formation of sidewall spacers 538, and diffusion region
implantatidf%%fyure 108 SHESEWEHIPIBRRHARSIATES FREYHIG LM (AR ARILRAY SUGREHEEAD and
diffusion regpontivd hedmylithia e oraplete driaw areliatf? tiad sistobéinthia tdoreaiectirtaiteacz0404l he
resulting L, ian iHySi ' i transi ' ory array
area 502 aﬁeﬁiigév% ﬁ%?g%ﬂ%%ﬁ(t)j‘g%gﬁd{ %%;‘?g %%)én%c@gg;%%g l@%/lgét} i@l%éﬁ&ﬁo@fﬁghlg voltage
transistors'SATAStHBIRR, NG ARisR 1 Be Sriciedidlisps %ﬂjé&%%th%g@ﬁﬁﬁfﬁ%ﬂﬁﬁusion
annealing iRigsima e tite opdreteardenants aowk @rbeiahany40%p et Hacragasiitingetedtthat the

anti-fuse memor ceu d Iov¥ volta%e H sist(?r of Fh%ure 10F are thedsam as the cor esponding
po%s on ver thin oxidé ég:ls a ?V¥ VO nqe transis Tuse In ? (t)ﬁlc ircul Pr X
ones shown Igure 7B. Fabrication of the anti-tuse memory cells and all otfer transistors is

completedexaiarseidsduaieist ProaeibusiepsnastAdhic drpesited tyefaneTitgbitiiay a®a408, and for
depositing senAdItI RS AL INRLEMIRGIAG fiaiEraRRiRbAericep JBRITIAaRIAN t0 10G
illustrate example st PS ina CM%S abrication grocess forl,forml(r%% a S|Eg?e ranch,tor anti-fuse
memory AN DARE SRARE AR RAIZCET AR B BRIC AR IIGGP A0l AL MR BERsistor. The
anti-fuge clemixsa’stgfrssha ﬂ;iagkemraj_rmiﬁtermm;s%tmémglioelbfaﬂmé tdeloall sphages 48k ttigcuit transistor
have thin gaie,oxides, frmedysiog te same ot RIde fAHDANRNPRAGRRSAHG BBYRY Ligplants and

effective thresholds which differ. Because theentire high voltage p-well 514 is initially subjected to a
common HGARBItGOVIsRIBNS L N hiIe W volag ] RN I H BHIBR Cre BeulRIsadI%4eViCe portion of
the single teangistpr BDtdyvRAIRand ektiusivrerdytonsa®inptastiobutoiidigeavendifterem gféective Vt's.
More specifical igh,¥al Vtimplant is i r , fecti t of the access
transistor Sé? onnr%[gﬁ?%%tﬁé%é?&%gg}gﬁ;&@Fj%'%fr;%eg‘i?%%%wg%é@%ﬁg g%%ﬁ ﬂgrgn xample.
Therefore dssighRE iRz lomMeliaas-Rassigviice is less than 0.6V since its gate oxide is thinner. In an

alternate embodiment, the area u r the thin oxide 522 of the variable thjckness gate oxide can be
it 1 U Y et D v
yoltage qoveltagajitarlaimgcjn if1swbecteduid aade W0 Hegen e redpléhtandifciy t!;'ffus&mdra.emtb ensure that
its effectiva gt R haRRAIISALS 15HERARA SV 19 TRRme AP LR BB ARG gfiective Vi of

the anti-fuse device will alwags be different than that of any low voltage core circuit transistor.
[0058] The PABIRERAS PRSUELsRAMRITRAS fid SifRiR RRiRdRIRkNEEATEiGigs BB shirwvedhe
summarizedritpldedlantidhastroémigyreel havitle)ls DD tbgianiidasanveiffosionelgiththwizemery array

area and the t istors,in the.l ircuit med | , Which ds to the
fabricationng?eégsﬁﬁ%%vﬁlﬁwggﬁégg%;%?%ﬁgf@A%%g\% 2 iﬂcgt?t %%%1%@% ﬁ%ﬁ&ﬁ%ﬁ%n o these wells after
well ion inviseiansi#? anbeitusiovreginns M ianths biskiyabaorkARSISIRRAY e BRI TARNe
lo;lesentI emlfoz%eevgtﬁ&svanadd@@ngﬁ, @F&ﬂ&bé@%ﬁ&?ﬁ@ﬂi&i@twclﬁbéﬂy%wgﬁ\% ﬁmh%dimelnt,t N
channel regigns ynder thin.oxide can.be masked so that the not receive any.Vt adjust implant.
cto 602 JTET R e TS B e A atace] 7 RO o LA e
correspontipeintpafiiitasion stmeslstwin@dtiveiguhesioplanddidmpantscaddochezidaysgptanh for the
/O transisipys anpd he AseessAransishara. el the Aol Mseamemnorale itismes ey aE ay area at

step 604, which corresponds to the fabrication steps shown in Figures 9C and 10C. Then thin gate
oxide is grateri 1B SRTRC ARG RO HSFRISINY QDR ENAYA TSP BriRPHration Ry the ¥didUSFeuit
transistorsnedratep €45, antdieh cihwresposidte itheofapiitadicmdtsyissshosvn pnoepsreeSHOwanti10D. Step
606 can include thermally 18-



growing the thin oxide or deposition of the thin oxide. In either case, the thick gate oxide grown in step
604 is increased in thickness as the formed thin gate oxide is added to the thick gate oxide. Finally at
step 608, the polysilicon gates for all the transistors are formed and the diffusion regions for the 1/0
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 sHEWPERRHRH e L mIBIHNESR3SH AR BAT BINORANFIG RS S cells in a memory
array. Figunesrdihtedtihquaepleamsistor Bauoeddliustrations 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-transid@¥58hti-fuse frigriBROAEP Pleriop)ralie Sxpett dirgadan@ida fbréationtheeresent

invention. 5&%}%@&%@%@&%%&%@%@@' é@llﬁﬂﬂ“@%@ﬂf@ﬁa@@%&@%b@&h pahsdispn gates
106 and 1 Econn?cted to each ota?é,%a[nd ha]ve the same sguctur.e as anti-fuse memory cell 100 of
I

Figures 6A Jrd BEURT SRS HALANR QMBI G SIiHE "SARISEI)E R SA Ty 3RS YEEnd 108 of
one anti-fUsemadmsing ted samagattardde Menaignarrese?oig Shveyittoniplahideusikedlietitivese memory

cells, wherg ies ArGAEFRANGH RISt IRWSFRRANGHARMARY SRR 81 AITARGRFSMALEREARM row 704.

A first wordline WLi is_connected to the anti-fuse memory cells of row 702, while a second wordline

WLi+1 is RARREERY R ¥URES L TRERL RPERIRE AGRRSARNSITIR" RRSHEE BUvE /B8 isiNes the
areas in theanecihmosaae dyplanthizh ailhekegdiiéccent efiedivbe/fariviedevspeciitakygdtie loigide definition
mask durin fabrication.pr t igurati in Eigur e ir of memory
cells from ‘r’g\'/{/%%c?g gﬁg@&%ﬁ%?@?ﬁf&&%@ﬁ?ﬂ%st?wtt)énér]ffe%%%%%@ﬁg gcgc‘igrsr?rﬁ(%n Fé|3(|5rr1e contact 708.
Each bitlin@2¥Bistifee i8iek sattRxiPRia alifradistinbe saeph s N ersrATBlen FhefRlPEBLIAG 2. All the

anti-fuse regEgine orllss are datmeskitramelsior (s weiahaco®isigds ithgsaecenat ambpdinant is a high

voltage p-type well. The anti-fuse mempry cells of ry arr n be formed using the
fabrioator L LA e LR L e ORI 1Y g 2% o s e st

anti-fuse neambeyrdullitedramreceiynacierdial Yolkage Mdouirigntherehy fwerimeriaingin. Each

two-transigies ARH-(HSEHERMORYIGRIL Pl RERYsEHGhab pstdddalbgorsfadrdspolysilicon gates
106 and 108, and hﬁ;@ the same structure as anti-fuse memary cell 100 of Figures 6A and 6B. In

memory a0V SR IDSREEH &Y HRiHb G iGN L3 GeeBRANO Sl SUR @Ri-fuse memory
cell are cotmdvoiiortexairtple.dntafysmseethengadtisgéffeet e tMEtne antiitese @D IsEmovih to include six

anti-fuse memon el ABIRANRS: 3F6AZRW voltage core circuit transistor.

[0051] Figures 10A to 10G shows various steps in a CMOS process used to form
the anti-fuse memory cell of Figure 7B, at the same time a core circuit transistor is
formed. Only specific steps are shown in Figures 10A to 10G for illustrating the
differences between the anti-fuse memory cell embodiment of the present invention and a
core circuit transistor. Persons skilled in the art understand that other non-illustrated steps
are executed for forming the structures of the transistors. In Figure 10A, the STI oxide
500 are formed in the memory array area 502, core circuit area 504 and the 1/O circuit
area (not shown). An implant mask 506 is formed over the core circuit area 504, and the
exposed substrate not covered by mask 506 is bombarded with p-type ions for forming a
high voltage p-type well. It is noted that the high voltage p-type well for the 1/O transistor
structures are formed at the same time. Subsequently, a high voltage Vt adjust implant for
the memory array area 502 and the 1/O transistors is performed. Alternately, the area
corresponding to the channel region of the anti-fuse device portion can be masked after
the p-type ions for forming a high voltage p-type well have been implanted, such that this
region does not receive any high voltage Vt adjust implant.

[0052] In Figure 10B, the memory array area 502 with the high voltage Vt adjust

implant 508 is covered by mask 510 so that the exposed substrate corresponding to core
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arranged in a first row 802 and another three are arranged in a second row 804. A first wordline WLi is
connected to the polysilicon gates 106 of row 802 while a first cell plate voltage VCPi is connected to
the polysilicon gates 108 of row 802. A second wordline WLi+1 is connected to the polysilicon gates
106 of row 804 while a second cell plate voltage VCPi+1 is connected to the polysilicon gates 108 of
row 804. The dashed outline 805 defines the areas in the memaory array in which a thick gate oxide is

to be formECYh R RRAREOXRIEHRYMASH PASR BETRG IR It L8R jorstiedoimipRaiitiguration
shown in RgtagelS3tygrchgiaid udsequmpatly, celsvraitammig 80Ristrich @84t strattee z@emimoit diffasion

region 80%aadkpERENNGS RiIPiC NI ROBGERC TR Ds6PARSLE ANRAIRTIR R didofent bitine.

such as bitlines BLn, BLn+1 and BLn+2. All the anti-fuse memoryce in'well 810, which
according $92HE predeidahihtiimeriha heigReonEgeepLiaiatiens. imHeciril fosaaiiemdng Yélls of
memory agaysi0R slant e Fopraedsdstivien el igpdien siefihslauqUENTIDIreacékfpIE0062]Figure 14
s a plan view ayout of.o sipgle iransisior antiiuse memory cell meman anayaceerding o an
embodimentSf the p?rre%)éanq] Avention. Each singer{ransis or anti-fuse memaory celf'in meﬁ]ory array
900 has otiapsideiticout giterono taadiustivernthiepiamie sanbrirsess Alienateriwacapaeate00 of
Figures 7A@ H%ﬁm@rMs%U%rQQQI&W%H@'N@HQ@M@&?QH@&?&Q%@Q@@ SaHes\206 of each_
anti-fuse memory cell are co r;non t%all e anti-fuse n‘gmorg gjg[ls of the row, Mﬁg@;}/ array 900 is
shown to iﬁgIH%te?/ L éfﬁﬁrau%rebm WS JLIRANRER 36 ROSFP'SGHA QGULCR UL K I AHYSE row 902,
second rovm@Ghtshivhxomw 906 ahditiograione8 0d1eWbothitas aNd inigfLvellay¥liialsator NaveS are
connectedia {15 RAUHERIARIERPPLATNM A9 308 A0 LA S5 oS BIlR . TdieiAshed

outlines 909 define the areas in the memory array in which a'thick gate oxide is to be_formed via a
thick gate BXIBER MYROIFARKRIANAS B¢ RIBRSIALA Hisdeesisioth el yRIRIsSHER I Figure 14,
each pair afapeeeityaeisinorereaitctad higl 9Otagbaranaisiosae adifiadienragarcdds) and a

" e ; . o e -~
B B Ech A er b Y g e el B R o s
well 914, \AHikstireriatisuTe imerescesiisiirieorls 904 afiuTBriretiermBe deredEion@Rin®16. Both

wells 914 and ikl 6 eandaenidendiral dighsientagsm-typsRitedrisigparated 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 b¢oRi8jed usingbetabticatichsteps By I0G-igsudsroOvsadEl (006835 stepreviously

described prapadifenie ah Dpannlicio Bt TMLARY JSBARHC GRra G 3R i0ER0Gs disclosed
in commonly owned PCT Patent Publication No. - 24 - W02003/077240 filed on December 20, 2007.

W02008/0P7P408duen ¥R RRR BiVRAVRISEIhERDINECRN vatiage pridaieied BySeticaiiy an electrical
connectionnpaiweadiaté s xdeus51@is epiomn aveharnaliietaieodiagestigniye it g 4f Faneapaabsoiments of the
present invention illust two- istor and singl (0 I i nti-fuse devices
with th resr\ég\% 1‘3&%’329‘5 ?%%aﬁ\lé?ﬁgﬁ@rﬁ%d@ ’vgo@a%%%g?eggﬁ%u@t@gggﬁgﬁfg Eﬁggg%c%éved by forming
the anti-fuserAgiiag Y darRsIteEMedirissedde PR N velRtiRIraasiRs 5B dReaOCRtFANSIGBrS, while the

Cg'_'e CirCUi5g@ﬂ|ﬁiﬂﬁ§l@%if@ﬂﬁ|‘Q%géﬁdﬂ@l#dﬁﬁ;q@"lﬂé\‘f{ﬁﬂgfﬂ’ﬁi&@ﬁ@'&ﬁlﬂégal YRdSE0 _ g%n@é"_@\e a Sin%ltht
a justment Im and a singile lmp ant ar | or both thic te.oxide transistors and thin
o i TR T e R e A T Rl Vo e o e ol
concentratiogreianth il lvticamddre stahing liieinaaoy inteuoadiabe, xivte B nediesiserd biging two
different wells suferdiaahiieBlnespRlQnRs slisadnaniagssaipiR AR knisaliopment causing two or

more implant regions to overlap each other. Accordingly, a higher quality thin gate oxide for the
anti-fuse tf3HBRIBP: or anti-fuse device, results in lowered effective threshold and resistance, thereby

providing ?8894?reakdo%&%lﬂéa‘%ﬂi%iﬁh oxide 522 is grown on the exposed substrate surface
in the memory array area 502 and the core circuit area 504. Since the I/O transistors are
intended to have thick gate oxides, the I/O transistor areas would already have the
intermediate oxide 518. Following the growth of the thin oxide 522, gate polysilicon 524 is
deposited over the entire substrate, which includes the memory array area 502, the core
circuit area 504, and any |I/O transistor areas. As shown in Figure 10D, the gate
polysilicon 524 is deposited over the thin oxide 522 and the thicker intermediate oxide
518. In order to define the specific shape of the gate polysilicon 524, a gate mask 526 is
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[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 W%B?ﬁ%fjﬂﬁ%ﬁﬂ@ﬁ{%@ﬁe%%f Ureaalrobsfigan flﬁé‘%'l?é%@%‘hﬁé( Fthan at least
one core dinathih désangastarxiddius bansia g st fordnid ise seenegatellazideviideknes ©y[0R66] The

previously SRERIAL AMPIE ARBBE RN ho AN E NS BIETIOR: salifemmeg n iy olege

p-wells while core circuit transistors are in low voltage p-wells. AIternatyeI e anti-fuse

memory cof® &WB@Q@&MW%I%@@M&EW@ eIt ANFARSI SN Chre formed in low

voltage n-yiedisn R0 hatthexide Gagirepliespigdigsb Siab h ofpps eatel MApkeBRBICIl, the RIgiesksddetails are
set forth in o der row%eﬁ@d;( rougrhéj der tandl 5‘}f the (?r’ﬂbgdlmenfs of the |n\{(ent%on However, it
K

will be appgarerﬁ(%g one s TREZF )c(dgt?hgsrgasspec:l ICdRals are Ho erae\(/qlﬂgreoaln order to practice

the inventip@lysiieRndaiestanect nandihslhdrRraiadi@terodaas B Al ortmdars ar@sbBmarbl2block

diagram fop® #3rergesuncirin Beacarey the INveNian drex example, specific details are not provided as to
whether the embodiments of the invention described herein are implemented as a software routine,

hardware {11]@551] firmwaFégwed cbrsimnation thetesfa¢kd 6eillingpibavetdegarinedysiidandeornts of the

invention g iniEdadg R XATRISS ARl Aleraess BCUEAIRS LSRN sangE effected o

the partlc ar embo In the art without rting from the scope of the
invention, KGNSy &Y, W&M%}}Hﬂété%ﬁ@ﬁﬁﬁ@ﬁ@éé%@l@ﬁs"'con 524 over varlable

thickness oxides 518 and 522 is the anti-fuse transistor device. In core circuit area 504,
the stack consisting of gate polysilicon 524 over thin oxide 522 is a low voltage transistor
used in a logic circuit, for example. In Figure 10E, a diffusion mask 528 is deposited over
memory array area 502 and the /O circuit area, thereby allowing for the formation 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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CLAIMS: 1. A memory device comprising: 5a memory array including a plurality of anti-fuse memory
cells, each of the plurality of anti-fuse memory cells including 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 10well, the thin gate oxide
having a thickness less than the thick gate oxide; and a core transistor ha,vin((};r?}alF ate oxide

correspon$AYIPIRAIGTERA Pt TR PG tRagR: RBA ArAraSRiNgetAgdLrie 18K voltage well

having a sameectypechthbditginsislagievieds. 15
[0057] Figures 10A to 10G illustrate example steps in a CMOS fabrication
process for forming a single transistor anti-fuse memory cell having a variable thickness
gate oxide, and a low voltage core circuit transistor. The anti-fuse device of the single
transistor anti-fuse memory cell and the low voltage core circuit 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 Vit 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 Vit
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 Vit
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 /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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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. 203.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. 25 5. The memory device of claim 1, wherein the

thin gate XN HEHDPHBRNIGRISLGRG e Nirrqxor the iRt RER: 18° ek ednBK Bevice of
claim 5, wheyeinithetdéphi6R4)aten creiaise thitl ubiekrexs S3@snte oed 2de i ighet e oxidb és raddiyDimtkie oxide

between t'ﬁ%él@tﬁé{@%‘}i%‘? Qﬁﬁigﬂﬁ, %Pgtgbeﬁﬁgpﬂéaﬁglwﬁ@)%egates for all the transistors are formed
and the diffusion regions for the I/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
-23-



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 35electrically connected to the
anti-fuse device. - 27 - 8.The memory device of claim 7, wherein the access transistor has a threshold
voltage greater than the core transistor and the anti-fuse device. 59.The memory device of claim 8,
wherein the anti-fuse deV|ce has a varijable thickness gate oxide having a thin portion corresponding to

the thin gaRE 968 MR HSHIRW ABRRMANIPHGIJAHRFHD IHEMRK B&é%%% "oMe804riAdiEthickness
gate oxidevwaedligdohhied corterctedtio éhsipglesiiotysijaes §e6cof0MBIRsvhieradirgtdelip@ataf claim 9,

wherein C%ﬂQS& r\?@iﬂ% &Ww%rc{gg lrtplrﬁié B8f§§lﬂ:8rf1 gates 108 of row 802. A second wordline
WLi+1 is connected to the polysilicon gates 106 of row 804 while a second cell plate
voltage VCPi+1 is connected to the polysilicon gates 108 of row 804. The dashed outline
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 cells
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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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
15corresponds 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-fuZéQRAOGA6F 4 eehpa At BBebAE Hai18Aa804 4R teaches thahar@itidHgahe core
transistor. m8manmneth edridrefabsiratingeal nefalotyaiieyice etripsingnnection etplaatiitg first wells in a

memory a{{ﬁ’f}ﬁﬁgﬁlﬂg ﬁ%r%ﬁ@l %eél§lgggg t’ﬂ@@' 5voltage wells of one of n-type and p-type;

implanting second wells in a core circuit are cond wells being low voltage wells of a same type
as the firsoalf; The embodiments of the present invention illustrate two-transistor and

single transistor memory cells having anti-fuse devices with threshold voltages that differ
from low voltage core circuit transistors. This is achieved by forming the anti-fuse memory
cells in a well used for high voltage transistors such as 1/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, I/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 Vit adjust, or control ion implantation, but
the thin gate oxide region and the core circuit region receive different Vit 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

- 925



30forming 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 35area. 14. 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 gxide corresponding to a thin gate oxide of the anti-fuse
devices. 5STEOFIREHIE P HNUEIHP AeRH BRI RTErR A5 RISTIBRIS YRR BT 3R "SEEBRd oxide on a
substrate sarthearanlonit, thenfirstepxide adrtivinationetisrenfthe combination of the first oxide and the
second oxide forming a thick gate oxide of the access transistors. 1016.The method of claim 14,

wherein in G@@]'_ng inC'_UfP'l@ééBS&@@H&Q{&é’Mi@%H&iﬁ?&ﬁ@%ﬁﬁ@%mmﬁﬁt@wéw@&%@nd _
underneath the first oxide at the same time, the combination of the first oxide and the second oxide

forming a ﬁﬁé@@@%o&h&g?{ﬁ@ﬂécg@iﬁ&ﬂé‘?&fb?g_d variations can 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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1517.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. 18.
The method of claim 13, further including exposing the first wells to a high 20threshold 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 device for inhibiting implantation of the high
threshold adjust implant. 19. The method of claim 13, further including exposing the second
wells to a low 25threshold 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
implant. 2Q. The meiBRRkQf &Ik LamphgHin the step of implanting the first wells includes
30simultaneously implanting the first wells in an input/output circuit area.

5 a memory array including a plurality of anti-fuse memory cells, each of the plurality
of anti-fuse memory cells including
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
10 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.

15
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.

20 S 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.

25
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
30 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

35 electrically connected to the anti-fuse device.
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21. The method of claim 20, wherein 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. 35 22.The
method of claim 21, 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. 523.The method of claim 21, wherein the step of
exposing includes exposing the first wells to a high threshold voltage adjust implant for adjusting a
threshold ®oltageToiethemcee sk viesn sistizie Tevaateiiu st decesstemdither imrud dugxritoltansistors. 24.

The methqd pfclalin 23, MR BEIIAABPSING RS, ART000 gl to a low 10threshold voltage

adjust implant Justing a threshold voltage of the core transistors. 25. A memory device
comprising:
5 9. The memory device of claim 8, 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 corresponding to the thick gate oxide, the variable thickness gate oxide being

formed underneath a single polysilicon gate.

10 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

15 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
20 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 high
25 voltage wells of one of n-type and p-type;

implanting second wells in a core circuit area, the second wells being low voltage
wells of a same type as the first wells;

30 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
35 area.
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anti-fuse memory cells in first wells of a memory array circuit area, the first wells 15having a first profile
being one of n-type and p-type; input/output transistors in the first wells of an input/output area
having the first profile; and 20core transistors in second wells in a core circuit area, the second wells
being a same type as the first wells, but having a second profile different from the first profile. 26. The
memory device of claim 25, wherein each of the anti-fuse memory cells includes an access transistor
and an anti-fuse device. 25 27. The memory device of claim 26, wherein the access transistor and the
input/outpadtransisi®radiave gfatieioxide svinitieia firststbrkhsissultaBedisty foemiagyiatevdzs of claim 27,

wherein the aRtise davice ang e e AL LAY AR RS it SR ghigkness

smaller than t t thickness. . . . .
oxide corresponding to a thin gate oxide of the anti-fuse devices.

15. The method of claim 14, wherein increasing includes depositing the second oxide
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.

10 16. The method of claim 14, wherein increasing includes thermally growing the
second oxide on a substrate surface and underneath 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.

15  17. 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.

18. The method of claim 13, further including exposing the first wells to a high

20 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
device for inhibiting implantation of the high threshold voltage adjust implant.

19. The method of claim 13, further including exposing the second wells to a low
25 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

implant.

20. The method of claim 15, wherein the step of implanting the first wells includes
30 simultaneously implanting the first wells in an input/output circuit area.

21. The method of claim 20, wherein 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.

35
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29.The memory device of claim 28, 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 5threshold voltage.

10

15

20

25

30

22. The method of claim 21, 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.

23. The method of claim 21, 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.

24. The method of claim 23, further including exposing the second wells to a low
threshold voltage adjust implant for adjusting a threshold voltage of the core transistors.

25. A memory device comprising:

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

having a first profile being one of n-type and p-type;

input/output transistors in the first wells of an input/output area having the first
profile; 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 second profile different from the first profile.

26. The memory device of claim 25, wherein each of the anti-fuse memory cells

includes an access transistor and an anti-fuse device.

27. The memory device of claim 26, wherein the access transistor and the
input/output transistors have gate oxides with a first thickness.

28. The memory device of claim 27, 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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29. The memory device of claim 28, 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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