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

APPLI CATI ONS [ 0001] This application clains the benefit of priority of U S.
Provi si onsib 2B@vents2 Appl i cation No. 61/042,51 1 filed onPAmrdA2069/0020208,
which is incorporated herein by reference in its entirety. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates generally to non-volatile
menory. More particularly, the present invention relates to anti-fuse

devi ces. BACKGROUND OF ol HizeshNENLE GMN-HQ0R3d. I n the foll ow ng description
the term MOS is used to denote any FET or M S transistor, half-transistor

or capacitor structure. In order to sinplify the description of the

enbodiCRMS$S REFERENCE ¥6 RELATED APPLICATIONSN t hi s point forward shoul d be
understood to include dielectric materials, oxide, or a conbination of

oxi de dielectric materials. [0004] er the past 30 years, anti-fuse
techn(@gg} has fsr?c?ﬂ'%ﬂ'ogicgﬁ‘mﬂ% ”e};{ttcf?/é’ﬁ'f’i'téfr?fHfs-rF’dﬂ‘{ls'Pﬂ%’@rﬂthﬁs, I C
desi gAeplicatinn Noaet/Daz 6ur eled onAprieat 200BUSRich §& iﬂc&rbéﬂéfédﬂ@eiﬁ'bker able to a
conducti ve sta*e in other words, an electronic device that changes

or
st at e TPSHCR S "SSYH&I¥t i ng to conducting. Equivalently, the binary states
can be either one of high resistance and | ow resistance in response to

el ect 4 FeRSE I@M:CIGT a progranmm ng voltage or current. Anti-fuse
devi cg*sé:ltﬁay be a#range‘gﬁf nto a nmenory array, thereby formng what is

commonly known as a one-tinme-programable (OTP) nmenory. [0005] Current
ant i - {QA02] devel dpewnesentingantioemelates @enamty tooh@eblatian sieaoay. Mdren fil m

struc n pal. inter- terials. Such anti-fuse technol ogi es
r equi &)gﬁgglgm,ﬁrﬁ]g%%%r?tdr&veés?ﬁsnlgﬂr;]6&@%%&)055%5@3%@3\{.?%l e in standard CMOS process,
prohibiting anti-fuse applications in typical VLSI and ASIC designs, where

progr mhbmn:@plﬁ@ﬂﬁwghcone problens with ever shrinking device

life cycles and constantly rising chip devel opnent costs. Therefore there
is an apparent need in the industry for a reliable antifuse structures
uti | i 194931 st and&r tedaiowins drsegetion thetBin MAS is ysed iofdeants arfy T orenory cel |

f ikl V0 € j Yol " ' - at . No.
B, 567 08 o B e el B Pl SR BLRE v ore (0 SPARER bkt Pl Ve

ant i - fnesemaedimgNtsy refarenass e DAY Oxidew fpMisnnintifonsstd siiiuihbe umdesstood o t he
capacid ftad BkIecH RAEALS Axde of B_oMBIAIdH Bdad dndiGERE g}?tt%%lsr. Ow program

lines can mnimze exposure of access transistors to rogranm ng
vol t aggypayhi Ch Over the past 30 years, anti-fuse technology has attracted significant

attention of many inventors, IC designers and manufacturers. An anti-fuse is a structure
alterable to a conductive state, or in other words, an electronic device that changes state
from not conducting to conducting. Equivalently, the binary states can be either one of
high resistance and low resistance in response to electric stress, such as a programming
voltage or current. Anti-fuse devices can be arranged into a memory array, thereby

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

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

fuse structures utilizing standard CMOS process.

[0006] One type of anti-fuse memory cell manufacturable with a standard CMOS
process is disclosed in U.S. Pat. No. 6,667,902 (Peng). Peng attempts to improve a
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woul d ot herwi se occur through already programred cells. Peng further

I nproves his array in U S Pat. No. 6,671,040 by adding a variable vol tage
control | iwg 2peooigisam ng current, which all egedly controlPsTidowagoee of
gate oxi de breakdown, allowing for nmultilevel or anal og storage
applications. [0007] Figure 1 is a circuit diagramof an anti-fuse nenory

cel | dissekcqtadr DRAREMNE: ahiuké aﬁh?bﬁ ﬁﬁroauéﬁ@"rg\ﬂmﬂahhﬁe@ W& and

Cross-secti n%l Vi ews respective ?/ of the anti menory cell shown in
Fi gur é’oT.‘erEPet 5FEPagIosANGEE PRralel to the wardfines. i degndieddibe rew pepssamor  access

t r ansilis¢oeanlBirfirize eRpGYUra6f @ccBd Iramst&s té 8 byBMrhGLitRE, RRLh- fuse
devi ce 1f nti-fuse device 12 is consi derﬁhgﬁgéat e di %I eca'?)ri cﬂ%fr] eakdown

based “oh{q AtperuiseRAFHEIOUIR asady Prograemed cellsuBeeaiiurther mpropesdisof access

t r ansiastagin UG, tFat. tNY. 8,674,020, byaiding LiriabR \3it§qd SdritRYR bemaRuPl ed to the
top plate of a ?Ye devi cg 12 r?or progranﬁ?n antli 9}%&; evice 12.

anti-fu . .
[OOOSFUWF?”tc‘é(H'CB@h%@@ FgRisEhe deeree of gatg Oxidehsgakdpwn alipwing fof access
t r ansinafitiével Or amdlo@stbragbpplicEyhee 12 is very straight-forward and sinple.
The gate 14 of access transistor 10 and the top plate 16 of anti-fuse

devi cgoda¥]ar e cGigrs Wes #diravittdiadrd® of aRRINLAYR m&hoRUeY Aisciosdin MHCh ext end
acr oss a}cki ve ea %8 I t‘ge active area 18 underneath each polysilicon

| ayer Vg fgb'r“;rﬁas%a%d ﬁf‘?&wé}h&t ana(; A corps-seclionak Misws respestiveit & toe antectric, for
el ect fuseahéniotysoell showgirt Figureol. Y& aht-fsefmambiy/iel 3EFighR AingRdedder neath. On
ei ther_side of te 14 gil ? di ffusion reaions 22 and 24, where diffusion
regi off?%y o 30%6383@885&05 é%iCPFP'H‘@.a bflipg B de aksttomrnizia of embiise Seviski | | i n

t he aﬂﬂfM:htl-fus_uﬂdﬁbfﬂﬂ#ﬂ(ﬁdﬂ@@br@%@%ﬁ?}[&lm @EWDD Edésgg_afﬁ]t:iifuhs_eas Si gewaltl
spacer, formgtion, |ight ope i ffusions ) . an i ffusion and gate

s!ol i cAgYFTHA W Qhﬂ%\éﬂaiﬁ%ﬂ%&qw pate gl acessy @”é%‘orépﬁ‘bﬂ’é" #PBr&1%3 or and
capacictiplatelditagowtp Bdoapledno trie top @ity olksricfus@déviadn$2 for Progedthmirgnt | - f use

cell is, further q'gsi rabl e due to the sem conductor array area savings that
can b@"BHtS5i9%¥¥e14r hi ghdensity applications. Such transistor-only

anti - should be reliable while sinple to manufacture with a | ow cost
CMOS :.[)@?iss [Mgfbeﬁ?gn Q%F'aﬁ‘rglsg&’}d@thﬁ}%ﬁﬁ}’%m??&%ﬁ BRSISASN devi ces
are gandiangfuseievieei1ys asryatrpigaf-rward aﬁ?; Ringysle €Mmé g"ﬁtﬁfu @%&de@ée tIS rreh
progr mmbleél\/ﬂ'Pﬁgeon vol |€e. nory .deyices in the indystry. Suc
Bt 1 eBdiay 7 8t thedgP gl B9 of SreoReHBrce 14 fikpaeruded it i sAfisual
progr &yerbl lgstticbn oaich eitendhcrass 4Q@S tardavB. e feQittive fichst8 urtlemeirgh vol t age
br eakdovw resqi on and s cong i Bind | ow . o%a e breakdown regl on_ ( ?r anti-fuse

each polysilicon layer, is formed a thin gate oxide 20, also known as a gate dfelectric, 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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region).[0010] Figure 4 is a cross sectional diagramof an inproved version
of the antifuse nenory cell shown in Figure 1. Just |ike the anti-fuse
menory cewb 2069/Rigare 1, Figure 4 shows a two-transi st oPCartA20d9 B2/ NOr Y
cell 30, which consists of an access transistor in series with an anti-fuse
transi stor. The access transistor includes a polysilicon gate 32 overlying

a thi (00192t e oxiFifird4,is 40iosh sbétanbf diagrafsERdmBMIEd VBRIRNAMEAN36. On the
| ef t Elde of the channel _36 a diffusion region 38 electrically connected

. IS , | -
to a BYSETHBOYSH SEEWnH Fighre fh dustilige thesandidfusg memeory. prllp{diowse 1is a cormmon
di f f uFigune #8pPows adwo-sbasiSAr wht-fusk Afenddty icell 86 GvHiEHRESsBIDS . anldtRegNt | - f Use
transistar, incl udeSHE&Rm”ﬁ'?i | icon gate 44 overlying a thin gate oxide 46,

whi ch "RPYERF InSeriey Wi gh Aptiduseeansisiyinthe agsesTHaNYiHPLIRCIY4e%A oxi de 34 can

cor r epplysificdrogdtdaR ouedthd othidk dite Balié 3gewhitRASISE Brmewdivbant RRadda n gate

oxi de ?)16 C?pn cgrre;g?nd to t‘t\z}h used for | ow voltage transistors.

Pol ysi3Pi EBG it side hgchanpeliis paifusipaiesian Igieecisaty epneatedde a

al t er palirevednyact 0. detrROyhesHEdf the chashel BBlieA comffonalifERnGegiBRlgSi | i con gate

32 can, _be co ed to a word]|i whi |l e polysilicon gate 44 can be coupled to
s Frsflse w0 OB

a conthaerYgt ragypLgee@REmys 5L PGYRESFhPERYicoRgatPsnd 42 can

have bBNyirepa 0sgateltixicl 4BawhieR itseleRtforald dvet feashanhel sl Trs Bkl gateloped,
n the desired opera oltaées to be used. Thick field oxide,

dependi.rF] 9 nﬂﬁ ,

or | shQNEBRAEABSERETRIRIIR 15k Upashios High Vakadkatransiptars whie thedPRe1S 8197 sol at i ng
t he maseay coebdpoht atHat Ddd IR JWOItaGé trandgiersOPolgsilicdnCddtési32 &nd 44 ansi st or s.
Commonl 552 filed on June 13,

owned U, S. Patent plication No, 11/762,
5007 el b MHERenerty Rattleqa B eI Brarkhe PONESETa 8FY OBEr. 1O whi o oan be
Pk st e i bod Huda bl i al ot g et
ober s BPeRuBe k'S cOMEER Ee S iRi o Bbl Einianenbet BB and a2 cah ber ween
chan Babvégoné%i@?é,wmidri &mmegaérchéw ?dﬁaaidSor@ifﬁeéth@@béd/, d@ggﬁu{ﬁg bNeheCONnecti on
can e rerterred.to S a conauctive n Qr an -Tuse. an
ant i - PESERRT o ruR DB T tekiante. SheRs Isbeltench KRR 8L h gh
T e Ky o R B0l ORI ot ora
o BTy RBeE Ry Romtany Suied Ui Faram Apafiiat Beot /68 B5Red oS oress
fSt elps O? UJGIh?I_?{S, m7LdeF|Qﬁba&td|t@mﬁ&qﬂvd-tmrS§ | tesrl sohtivad mggo(yr\]&als mjdhsdamﬂ@t
|n'p ants. . ose | e In the rt. w unade Ia t transi stors are
LIPS I e YR Qs alrie JMeait gate G0 AR SN aReE D b RAR B T s or i
t he citieCpriebéncetdiatiageectrzal fiskerin e fsageanming @petdtighahe@pgriating vol t age

f ?gﬁgiralg?egercir? h)b gwg%{gt?\f?g(go%ﬁ’aﬂ%ebre%véehnechlé\r{néIr&nasr{dséo?yrsﬁicgr? Bat%eug?‘ﬁig' LV

electrically conductive connection can be referred to as a conductive link or anti-fuse.
[0011] Such an anti-fuse device implemented in a standard CMOS process
utilizes high voltage (HV) or input/output (I/O) transistors and low voltage (LV) or core
transistors to implement the thick dielectric and thin dielectric regions respectively. The
fabrication of HV and LV transistors includes the process steps such as well formation
and threshold voltage (Vt) adjustment implants. Those skilled in the art will understand
that HV transistors are typically used in the 1/O circuits such as input and output buffers,
or in the circuitry that requires lower leakage and/or higher operating voltage comparing
to the core area, where the LV transistors can be used. LV transistors on the other hand
are typically used for core circuit transistors, or for circuitry that requires high speed
switching performance for example. Accordingly, the electrical characteristics of HV and
LV transistors are different since they are designed for specific applications. In the two-

transistor anti-fuse memory cell 30, it is desirable to minimize the Vt of the anti-fuse
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are typically used for core circuit transistors, or for circuitry that

requi res high speed switching performance for exanple. Accordingly, the

el ectri cavochavactseri stics of HV and LV transi stors ar ePdiridar@mogdnce
they are designed for specific applications. In the twotransistor anti-fuse
menory cell 30, it is desirable to mnimze the Vt of the anti-fusedevice

consi gévidtOcdsishRY &Sﬁgbdlysﬁlféan@éfee4444'her-5\'tﬁéﬂf|§fo?mé@ ubifig bANVafhndRtdrg an LV
transi stor process. As shown in g{ure exanpl e, the anti-fuse device

consi BIOCRRF- 66 Spewy i o @e@t@me 5o G vt denion CPBYRABIGY 88¥siicany pe wel |

( PVELatk i i9forihBadin @aﬁv @bl@@@@rtypé:walc@WE@L LVFBO Eha‘t/haé 5BbgdHt and gate oxide
t hi ckness specifically set for an LV transis pass gate consisting

of pofYEENiraion. gt Emejantandragia ey ttt Céf”ﬂ$sgﬁpe\96'F?'!é(gs@t f?ftay&é/ HRISISIPWEL L- HV)
52 t hahe Pass g?atéiemtmg@ma\/p&r@wgatb 32is\brhdWhaigrhéltage patge @eil de t hi ckness

specifically set for an transistor. Therefore the Vt of the anti-fuse
devi cEPWFH- Y‘Wé 5rkatdare depaptroncentetion, 2 ¥Rt 0f @ galesedethinknessoo12] A

dri vi gebdfRafPeet FGan' 199 4ah&IStoF Thkredre Y VIBTTRG Ynti-fusk IBVIOE AN be MEr ay ar ea.
The two-transistor anti-fuse nenory cell 30 of Figure 4 is a relatively

| ar geSBABE YWl 9 afoER CEQIFIRNE8I 0 si ngl e transistor memory cells, such as
flash nmenory cells for exanple. A single transistor anti-fuse nenory cell

is deE,Qpﬂ?bed i nAc%WWSﬁ?%FOU%@&U@nSCO‘ﬁé’f 8RY MRBIOTY/ISApS MEMSrY AN APAF| gure 5

I S a §hORFo-FERdidIONAILI-MbEWeRTory &I 30 SfHiGUrt Hag airsibiel\Aatde hemerygeiory cel |
di scl osed in common] y owned S. Pat ent l:l\%ba? 402, 855. Antg fuse transistor

60 i nWheeamparggte é'BQ'@ tEaRsision B8N Qg £ellso Y A RSN SeRAY GRS 195 subst r at e

channglah®8i ABinGi tramsRAIr whtilfhseaRerdaty el dsscHiByRinl corpasiey swisd Us.fi el d
oxide region 70 a diffusion region 72, and an LDD region 74 in the

di f f uEptsAt Nagl.662.8%5. A b|t||ne contact 76 is shown to be in electrical

contact with diffusion region . The variabl e thicknes ate oxi de 62
consi HM3bf a t RigKke it 2CERS B%Cttﬁ’ﬁal view ﬂﬁtﬁteﬁtﬂg& %@ﬂsiféorﬁﬂ‘iﬁ AP por ti on of

t he chanistiodedNE cbmfongiaiedd) By Phieeat Nblz:kozmse ApNiifdse teardistdreBOr emai ni ng
portion of the channel Iength |s vere b Fromthis

poi nt INCBidGaAyarighie tIgNGsy dete °659|e BEPe %%8 E%@%Bﬁﬁ%‘ re[gﬂpétd§%1a| -fuse
devi cgoR8iliddndute b6t Sidowalinpheert 16818 fisit @IS(ldéméglofﬁ w6 & difeusinyregioh l72ynid e t he
the SPROED EORAIAER 810 GRETIOT HOBT Y Y TRE I oGaRas SHT9! BN hi n gate oxi de
IS a bREIrREI MNEIEWAX difRsiBh fEdEIOTR. THaN/afiabld ithickiess bbteaimd@aﬁmccmmisdae edge
Gatc ip dERGTaRIBRATS P GFEPUE ) Btk BHEOL e NB ErPT LB 66 and
di ff ugh@sted 8@iHRIMNIER gafe dxdd éwhé@émanmgqmﬁwnmdweamanﬂélusmth is

covered by the thin gate oxide. From this point forward, the thin gate oxide portion

corresponds to the anti-fuse device portion of the single transistor anti-fuse memory cell

while the thick gate oxide portion corresponds to the access transistor portion of the

single transistor anti-fuse memory cell. Generally, the thin gate oxide is a region where

oxide breakdown can occur. The thick gate 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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transistor. Wiile the distance that the thick oxide portion extends into

t he channel region depends on the mask grade, the thick oxide portion is

pr ef er ablwof0amedisto be at | east as | ong as the m ni mrumpCER2hO0£9 hi gh

vol tage transistor forned on the sane chip. [0014] In the presently shown
exanpl e, the diffusion region 72 is connected to a bitline through a

bi tli pereCRIMea2t T4 Qurtrer pF&tétQ'ihé édb% 5f%t|$|§%'é3tfd?ﬁlsﬁ>r%rffoﬁnﬁlgﬁ vekadehe
pol ysilicon gate 66, and can be doped to accommodate progranm ng vol t ages

or cufiarepge or wr%ntdﬁakﬁa@.a)wsvsggupm&eq@nu%ldwﬁ@ Heokan @ 2 saliciee t hi ck

oxi depppddt bRfle Manldeaniréducasd banﬁéuhfélfaﬁfoag&% Sro@éésd@ férther EBadeinbia@r prot ect
t he ed e of anti-fuse transistor 60 from hi gh voltage damage, or current

I eaka@%md&s fregy the GPQ%PB%'%’{Q"&P%%" & TPt O '%wrgﬁr%bwda@ragé%ﬁ i ci de

pr ot e§éllcﬂféhéir‘?pro%@§h ﬁaepiévéﬁm@wa gyﬁ.bﬁgf a.hes.&akggh&m & @b@ﬁ@ﬁ sfto further
space netal particles fromth Ig spacer 68. This RPO s

pr ef ePaliy$ijcongate ﬁﬁfrpfﬁ?gbedﬂﬂes%'ﬁ'pﬁél 'étWeﬂHF”BWBé@§a'fcdﬁedﬁF9é\§§Fﬂr§ A% only a
por ti RRov tod%afvéwﬁqrfén|eraﬁggé)£hd7t%eaé?&eaomr&é%o% vBRAgES ThiCRaVIgphe 66 from

being salicid I's well known that salicided transi stors are known to

have RpeRalicidedadiffipiondraionp T2l Brduce Rpkpoe RIHRRIIRY DI 72438 .Pe e havi ng a

non- sgriid A9 g'trfafngﬁio?é]orr G Ad1tagé tahbiktofLEIUE SorhiRRKRBS tHe falbUss@tihg egi on 72
can be doped Tg | ow voltage transistors or high voltage transistors or a

conbi ma%oﬁﬁ'ﬁ@ﬁ@t qiffigsiaerrafilesng in same or different diffusion profiles.
[ 0015] Once again, it is desirable to mnimze the Vit _of the anti-fuse

devi ct00I81 i ned WC? I"i‘@e’“ffio'lt fsidesiranle {h@inypiRe dhe Ykgﬁhﬁﬁ'ﬂtéf%B d§VIE? the thin gate

oxi de yBfddi @Qh@fpoﬁbﬁ of tHel p’b‘%}sﬂlcéﬁb@t@%&ﬁ/egﬁkﬁhlﬂ@ac&oﬁ@e erh@rli efthee it is
formed usi ng%ke SV transi stor éarr ocess exanpl e, the
g

ant i - Varabley ceRie PXige B4 ﬁfSFey'élslfPré"Eﬁi’ lg%@%a%bVH@E?'StPthOF%?Sn gat e oxi de
porti ag shawh ¢ FBre NbPekHpI¥, Qhé éﬁﬁ‘—fu%etcﬁép@eW@hélstmﬁlﬂibob%ﬂcﬁ] ddwesehas a
dopant concentration,” a Vt inplant and gate oxi de tEk% g{?gfﬁmflcal |y
set f @verdhe thin gﬁtﬁr%l@t%”m?ﬁéorﬁ‘&gé” B VRBIEPPHYe ‘?'yls gate 66
over Hgealddpskt (%ﬁ&é‘ntl%’ﬁbﬁieh POFpl0 afd gét@%x‘d@rth@h’qe%sfsbe&ﬁfdmwSetqa:tah oxi de 62
is forned in a high voltage p-ty ge wel | Lqé:\/ ﬂ&@% %sadopant
concehVtansistor. H“G’\Raﬁsﬁﬁea‘?ﬂ“s&ﬁﬁg Eféhfsé'cwﬁa@ ek ICk 98 P{%€al 1y set for
an HVbRRRAYf ?ﬁleaﬂaB]@Qlﬁ@lf@S@gbféﬁbx\ﬁeGﬁlstfé?ﬁ\ealﬂhbI'fgtﬁ\mltdgypﬁﬁpelwéll be the sane
as the Vt of a core circuit transjstor. \/{I]EJ“}Q]J6rLt(ﬂﬂUrc‘!fortunate:t_rizj5 foundries for
t

manuf EWVEkL-HY 80hpihiasA IR ERRFERIERLIR, S € O8f€ (EPRRsi st or

pr ocegsesfidafy sEBBHARAYUFdNBRt? O HeréfbreCtH 1 obthetdn€-fleenabvicedeV be ¢he wher e t he
Wt control inplant differs depending on the circuit application or

f unct isame asdhe YbARIEIE CIrAEhERP' Vi ces general |y have three circuit areas.
First are the
[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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/O circuits that are connected to pins of the package of the sem conduct or
menory device. Second are the core circuits, which includes any |ogic and
control cowocuwrifsor exanple. Third is the nenory arraypPCriiazhowoed2ades
menory cells. Conpounding this problemis the fact that the anti-fuse is
typically designed on the basis of a particular LV transistor process,

whi ChF?F@&% did1ah 10WSro8els! fol é’&@nrﬂ@é’dhﬁ@lo?ﬁﬁo&eﬁ'& %H%I'uﬁérérﬁ%érpth%raat €

pr oper f manufactured according to at par icular LV transistor
pr oce%@anQChﬂﬁlégyamﬂiry does not have an LV transistor process suited for

t he de5|9 t hen rede5|gn of the antifuse device is required in order to
qual i FBPWT for ORethalRPP'ER releyppidadie addjiuge frageisiPy 0 an%&'1"§ 5P gHaski cant  cost

over hgRhmaMibRbr dssoBarasHihtiRbRAtABALNWENETS Shesd BHdise hetikindugkes a new
generation of the process to accommobdate a new nanufacturing technol ogy

node. F¥He BRARD p&theazﬁr'ﬁbz}e Higeess 9gigoxide Afipsmal Yy sk Aigameef Be dif f er ent
than Bé@m&fs@’mf?(,%'ﬂfnm%crhééﬂsOtﬁyt tB8ich [o@Q/el_{'b8é@@b@%mﬁﬁ%kjémé%lwam to the

anti -fuse transi stor 60 of egure 5 is mask a nnment error associated with

i pl agRigaXisie RortiaRe Y Wo#lef weBd8 %@@&J@r@‘qdkie‘dt?h BR9BORIRPYEPR-i on of t he
vari apy &thfehbé‘é@eét%c@aatﬁec% 1€ pifper §pér6ﬁéﬂ of ta@g.nge&han@istcg RARMAiseer r or becones

significant. This nmeans that too nuch can be fornmed under the
t hi ck Mgatasy 6§’J| e ’%?ﬂ'i‘%ﬁto?ﬁfof’ﬁﬁdl i ttIe of well 78 can be forned under the

thin gate oxide portion. In either case, defect affectlg t he Broper
oper a? Q0381 of thé“%‘ihﬁb!”@‘)ﬂ?ﬁﬁﬁ‘&'éfelﬁﬁﬂ IY.qf Reanis Hﬁ‘f’{ﬁe@%ﬂ'}’ gY' elikely to

be f Oh{aﬁéispe{dﬁ%w théra%m lof {HERRIAgAR oxides TReitisin gatd e qaawyoé affdged@nt i - f use
nem)rg devi ce, nore specifically the quality of t (g Th )ﬂ@le oxi de.
The t VH“eg‘é%”é't'SRlofi@ecﬂﬁ‘éF?F'X'S}g F@W*%ﬁ%”éﬁ 15 coOreNEAiRN AILHIGFMAY under | yi ng
channgbpgii BAEE chafil §@4f&,%nérﬁcﬁi‘m;%htétm daméger ﬁ‘biﬁb r@fnwmmastoaa the channel
surface and i npl antati on damage, nerally,

the nbreaeialindBe M05e RERSCSHHEPS et @ﬁﬁnﬂff%&eeded&% '%éut?lect%gi Zf&‘a%h*’t@g the

hi ghePr&Héﬁlllﬂlrf@tb@'QUuéuﬁg’a B@fecwmupm%d@vwh?fﬁﬁ?del ArE-fasy basfeblSﬂerd@r\yl ce. Since
anti -fuse based nenor devi ces are

g r ammed éHF r{‘anuf ure by

end- u§eyises qre nr@graquaﬂef maguiagire Py eng-Heersdt is difigylttg t &nti-fuse

devi Ceq BRI & aRlPEfas8ddVibe bERGE éyremhitey. qualefdry tind qlﬁdT!B/ dfhmmtrgagae oxi de
shoul d be nmaxi m zed, since an ina vert ntI§ %giﬁrgn{e %I’ltl -fuse device or
an ungXiggshpvidBeanafimized ncepn nadverienty pro @IP’V“ YROFUPEOT ' t he system
I n thengidyrimhame ahf"-‘flbé‘étde)hcewmfke@ éa%lsétﬂéllarellanhéléywerﬁalhalsé aaphmotive
consequences. [0019] Accordi n %%R?Pb is difficult to manufacture a

consi $1dsisiry.ypuL WfW{Ur%ﬁ?W TR & CAPYFIVUEDLTHent CMOS processes.

Ther Ef[(%ﬁ)] . SAcggl%lmrg%/ lt?s (tjl%cﬁlt %Vmgr?ufg&u%nat consm?ently low Vt anti-fuse

device with current CMOS processes. Therefore, it is desirable to provide an anti-fuse

based memory cell that has a minimal Vt while being simple 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
-6 -



based nenory cell that has a minimal Vt while being sinple and | ow cost to
manuf acture. SUMMARY OF THE | NVENTION [0020] It is an object of the present
i nvent i orwoco@briske or nmitigate at | east one di sadvant @ge/@20rev420US
anti-fuse nenory devices. [0021] In a first aspect, the present invention
provides a nmenory device. The menory device includes a nenory array

i ncl UéBrF&p@ndlhglrnathickrYes@fto &t thinf §&3€ o BETAHErS e &r@ﬂﬂnﬁstﬁﬂé%rﬁfe@ﬁﬁ pstor. Each
of the pluralit anti-fuse nenory cells include an access_ transistor and

an anPn-volfage wg(Y,h@@ng FREMEARESRS tth?é‘l'%"ﬁ Witgge walh ArceriingdopMRodERee f or med i n
a hi gbr tMeblca@Rt yeplkkt, tﬂéff‘@én% |F\$lﬂ/ohtrﬁhhtr¥@4|ét6@€foi\h‘@éd in 'a%ofh@ﬁw@ﬁ béingype and

p-type. The anti-fuse device has a in gate oxide formed in the high

vol ta@)@%“?”y idprtical ‘E‘H@ecq'ﬂddjcﬁ%ﬂgeprBQP(H%”Wa{EgrhV‘ilﬁ% Kedce @alidUsehan the thick

gate @é}.é@has@@m@pfrﬁeérfoﬂiwn%@fhahaﬁe Borgatasidtor ARGhé ﬁﬁ@ajuie Bgdén thickness
to the thin gate oxid he core transistor is formed in a |ow

vol t afpeluges pn H‘é‘?fﬂ}?&'aée @’ﬁ%a'f"ilB'@ thig gatRofidgyferAsiteh g ks InterRedigisdi ng to
enbodpygsat s of the present aspect, there are input/output transistors
formed in another well being substantially identical in type and dopi ng

profifop2pp the hhithlehﬂ@amwitIthetmegatetdx.dteU§medﬁmiycgro\ha3>n@ Iower
t hr eshaol d voltagethanthe coretra, sl st or dﬁ‘@t ethlck teo

i ncl ustdstrale suriese peledrst welli 2 B dhie %atf‘ﬁf"ﬁe o5 andRteHR % 1% eover t he

i nt er gRdlirRkRalfXdro®n okide Bélwden tﬁ@ﬁité‘rﬁfed%@@»ddé@mﬂ thetdudstrdte Budadee Iroxi de i s
thermally grown on a substrate surf fi.rst well, and the thick

gate B&E‘ihébemﬁ%q"ﬁ‘&%tr};ﬁ'@‘i"ﬁ?%Vﬂ%?W%ﬁ'@B So%f'réﬂﬁﬁ?ﬂ%’? IRAGNEIGRHEEY oxi de bet ween
the i pbieoRA tatabiteé 88 a@dcdda&nmshﬁirbgba eﬁdtltrfoaﬂ)ecodri@cadftu[rteh&m—feﬁé)odl ment ,
t he access transistor incl ude§@ h F g ffusion re nréel ectrically
conne8eWee. whege theracesss Eangisierdias Griaregie'e yeiiads 9&geo aB YFcally connected
to theaadétor 5r\tﬁlﬂe%ﬂif@&, deviter B thbgredeneshbddiaest Bleamtifase devidertestol d

ater than the core transistor a use .devi.ce. In the

vol t age e
prese M@”E’g’t‘ﬂ)ﬁ‘mkﬁﬁ?ﬁ gatg pYdg hpying adrin (WBUHOBé’OHE%pOé‘QU‘Q%P [Sanﬂ &e? NIAGRHIRs gat e
O)ﬁ | de ah@Wuitiiek Portibh Bors¥pbh@iAg wmree:ﬁt@log@ke ledbosddhahéthh@ vgrédbie tickdessand a

I ck portion corresponding to the 3: ch tlhat the variabl e
{hi ckaBG RIS EREALNIE B ANaR debRLSYSHe SRR s SEPrPUBHobh: e
Fur t hgha&HtRe tHdkASHMRIN 6faBE OAfabiBRknédseydtd1bxitie pAd thertcess trarsisiarthiabl e

t hi ckness gate oxi de and the acce sistor thic at e i de have
subst §AtE oaqlqesthﬁéuggﬁgtﬁS}y theﬁﬁ%%’?"ﬂpﬁﬁr@gf‘ YEhRARS & gﬁﬁ%ﬁ?%h t he access
t r ansizsteds tidnbigtor gadkegX bﬁiee @owrémao@dsa thickepdridrcds aamrrablenmokneasvar i abl e

E 2' gkgg?e?p)%qaﬁ}’ gpgﬁiegqntlffaée dewce t%ln gattfe oxide %ce)XéSCp%nEQ oa Sor?xrl\ gfsthgor responds

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,
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vari abl e thi ckness gate oxide, such that the variable thickness gate oxide
I's fornmed underneath a single polysilicon gate. In this enbodi nent, the
ant i - f usewonamgi2stsor has a threshol d voltage that is | essTidaanodtdoer2access
transi stor and the core transistor. [0023] In a second aspect, the present
I nvention provides a nethod for fabricating a nmenory device. The nethod

i ncl Uﬁ\@ﬁeabmghrﬁ?dhﬁde@webbélﬁﬁg th@bb&orid'oﬁdéml’sMbﬁfaltéls’urfddé@mUton&ﬁ@ﬁrstt he first
wel |l s b 8 one of n-type and P é% Iant second wells in a core
cir cuP’E' the same tme, Sircqeynation ER?%{S eé%"‘%’\ﬁ’e""fqerf@fm'ﬁ%?l S;

for m ickagalté bsitle BKihd @ctsYs tRFER TS . IAIRARIEY, Qtﬁcﬁeésﬂnd inelubiés ermglyl s of the
menory array circujt area; and sinultanequs a second oxi de for

core PrORRg BeseeondOfdronasyriraiepy °8fa“f’h’€d%ﬁ5‘ﬁéthéb? gﬁ??x"?ﬁ 8end for

ant i - e tigRYthee®nibhatibe of ihedirst\Wride an@fthd Hecone BRIy farhiidya Blickcgdté area. In
one enbodi pent, the first wells are high voltage wells and the second wells

are IBW?/BWE@QC‘?%"ItTas“S'SF%SanOt her enbodi ment, the step of sinultaneously
form i ncl ude easi ness of the first. oxi as the second
oxi detd0zee; ng s Retier erBSdente B8 e apeSbravaincs brieffrhgat o oxi de
01;] t h@x;ﬂﬂ%}jﬁg—tﬁ@g%t dend eeshigh thredtiokd aitagd iagrst .mplrmrt] &ﬁ?ﬁjﬂ@tlmgﬂ@ lmdﬁﬁ)lcdeﬁom ting
t he secon e on a substrate surface an the first o t the sane
e Veifage ol s sretrs Rerelon anp St ee deier e etstb e metel fdlers ne &

t hi ck w@&ntd@s @X;bdiﬂlg(lﬁe fifsg wal€ RSs high wssraﬂ@vatagélawsﬂ.atméry foriadfiise@gang

i ncl udes rnmal | rovm t he. secon OXI on,a.substrate surface and

underHHecﬁr}?' Y@taﬂ?% ecﬁ?F tegnsisfres an idusq deviesSie 095 %f the fir st

oxi de crdthel J@@mece;@néswnum? tb mmmg#ge ‘déNu@ekfog mhemmgl ishplanfativhef mecess

transi stors a urt e 0 res nt aspect

ot nobiohdheaaid vaHas Ry et iaeh: Pemhefits el hoRfe o fRREGo 4

vol t ag &%&bﬂ@ﬁvelléﬁd @Rl thesheldjvosddendyj@st inplasttfor @Hjusmhg aghresholt he aCCﬁSS
ces. Alter urt her

transi stors and fu d t he nmet hod .f

ol u4Siedgs 05 S50 TRBS R PN D e s of R ccteh ToBTERB0 4 st
i mpl apw fhesshal wibgdgdjasitimpeabol d vol tage of the access transistors and the
anti-fuse devices while maski ng channel regions corresponding to the

anti - 1[0026] devi cacf:@ﬂmignbbbbméngnbasmﬂnam el sdep orhmprwnm tite firstrvedliol d vol t age

adjust inplant. Alternat e. nmethod furth i.ncl.ud X g the
seconﬂ‘%\v@ﬁ%'“ﬁ‘ﬂtaﬁe?‘éﬁw ‘f'm?aéﬁﬁgtﬂl? 3 ‘?"2861” aa/ O\Jtﬁﬂ %rr?{"ﬁ?rerea Brgﬂtﬁ‘gtl ng a

thr efs lBeJpcbf Yerhiirpe fist okibeinchides sinanahedustysiormihg kres firstoxidet ofmgatm/mptpstjr e of the
antifuse transist

R R Rl R RS RRUE 8 Rafl Hbpb AT, 007
i ncl udesude dapbglmﬁ@mséeyommmbm trg: firsteoxfderof thenmpUtboLitput dnansistote, feut put
cir CUicE>m ma?on optﬂetflrs? 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-



step of formng a first oxide includes sinultaneously formng the first
oxi de of input/output transistors in the first wells of the input/output
circuit aweasoslhelsst ep of increasing can include deposi trmgAzh@/serond
oxide on the first oxide of the input/output transistors, the conbination
of the first oxide and the second oxide form ng a thick gate oxide of the

I nput erNéuQHrtaﬁd tﬂ@ﬂp%"t/@ﬁtﬁ tt?_éﬁéls?érglﬁa@ oSS RRRIEE Uith ATirstRICkERs SHROFIDY the
first wel to reshol voltaeadjust i npl ant for adjusting a

t hr esﬂ@?d’eV'ﬁP @B@@’%‘for? Hé”%%t@@s@"?rgé‘%‘%q%r‘%'th ] F\%C%Jﬁtth'c‘f’lﬁé sgél§'ces and the

| nput {HaKtRafirst fhRAESS The acéﬁ%s%ﬂbu"s!o@@ﬁé th'“'eﬁﬁ;ﬁht!bﬁ cjﬁ%ﬁ@&é@rstrﬁ@e aqrand wel |'s
to a low threshold voltage adjust inplant for adjusting a threshold voltage

of théresold yaltage,ithe éﬁ%ﬂ@&rﬁjeﬂ'ée ihAg ?&eewd therspeld VPHa%P 'FFﬁ frgndg st |t he
pr esemreéH&Yoe\VHltbQ@ A €6@ tﬁbn@BfHP§ Ma ey i thrEBroIoER ghé ISR Mh&@tHenC| udes

anti-fuse nenory cells, input/output transistors, core transistors. The
anti - f'ﬁé@rwwté‘% ?@d gﬁgrqnhfrpmrt sggonddhrgshald H%'F?(Srey array circuit area,
the first wells being one of n-type and p-type. The i nput/out t

trans{®23t s ar eQther taﬁée?t? @8 f%l“le§ O(f)itheaﬂreﬁﬁ'ﬁd'i“/e@d?'bl‘ﬁ‘d" e re

transisiRss c?dilﬁaﬂlljﬂ sRBE® T theeh SipbA ré\w@\WdP ti§e Fdlldivingadéeripticheofsgeeriid wel | s
being a sane type as the first wells, but hawq@gypﬂglfferent profile than

t he fPF‘@PdW”FSsOft%t’f‘&?@ioﬁ‘d”FB”JH%'BBW‘H@H'E%%‘?O“? 'BYCSspect, each of the

anti-fuse nenory cells |ncI udes an access transistor and an anti-fuse

devi ce, t t he input/output transistors have gate
oxXi de?%fﬁ’@ﬁ? Ei'(oe@ ﬁ%b@ wgnti fuse device and the core transistors
have gate oxides with a second thickness snaller than the first thickness.
The aggo28$ tr angnsodimeritslot the p're'sputmw’ttlputwult naw bé seserbeti Aweway 6fi r st

threshold volta e an e econd threshold voltage |ess
than PH%T“P‘PPQV g’ﬁfr]é‘%fﬁr(ﬂnae\})ohf 31 Cheéjn‘%IWﬁ% \@Qﬁ'r%'%t ransi stors have a third
t hreshol d vol t agey. Mesa cirbandiadgrent éfrasDRAKIFgsdahtdfugelcetige and different from
bresent 1 nvent i St b AEb ro s ar LRt VeV pRRERSE B g FBBRLETT ea 1 n the
art upon revi ewrg. 3tifia ctasstsraliongl dewaf ithet DBANH&pGp&tcdee@eénbEidimeB?nt s of the
i nvention i ? anFMtl on with the acconpanying figures. BRI EF DESCRI PTI ON

OF THE DRA 8] Enbodi nents of the present invention will now be
descri bed, by \Amg afis equLsecmﬁayyuewidﬂa tweftmneiatoeantbfushenqmra@huad Fi gures,

her e 1 9; Lei? S b AN M s fisRreRl T Pl 2
cross-sectional Fig.®Aist dldIEVlaRAlVbtquﬂ'aasmtDF antsleise eldmay CGII goewding
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-



along line A-A;, Fig. 4 is a cross-sectional view of a two-transistor

anti-fuse nenory cell; Fig. 5is a cross-sectional view of a single
transi st ovoantyr2itsse nenory cell; Fig. 6A is a plan vi erCwiCA2009/000429
two-transistor anti-fuse nmenory cell, according to an enbodi nent of the

present invention; Fig. 6B is a cross sectional view of the two-transistor

anti-fuse nenor gigCel is Hfowrclatt SurkMatiake theabBritatibh PRCBsSor fdr@ingte i s @ pl an
view of a si ngl e transistor anti-fuse nenory cell, according to an

enmbodi ment a0Y-TusgagIpy &als ¢fifj@ies BRanti’g; 7B is a cross sectional view of

the single trangjgstols #plahviewssr aDFahsEerlangfude @emery/dirdyakeddraheng |ine
CC Fig. 8Ais aplan view of an alternate two-transistor anti-fuse nenory

cel |, accofRmgMPedimgnkefibPiRsaRt iBYenti®y present invention; Fig. 8B is a

cross sectional riy ewiod plal SidwW\eFdn' Adfiadd Mo-Randistbrusf- I8 MehoRearay0f Fi gure
8A taken along line DDD; Figs. 9A to 9G.illustrate CMOS process steps used

to form t hCeeing fQ,8rembagimeEntelithe gresenijnyentig® adecor di ng to an enbodi ment

of the present Epyventd 9pianmedsor aldiyib HahbSior bhtifist MdnsYlaBapr ocess steps
used to formthe anti-fuse mam)rg%gell of Fi 8ure 7B, according to an

enmbodi ment agording thpre@RediMepkeitN®AFesPRt inveNtiP]: a f| ow chart summari zing the
fabrication process for formng the anti-fuse nenory cells of Figures 6B

and 7B_F_TEiIIQEDb?ES'GRIPTI_®Mn view of a two-transistor anti-fuse nmenory array,
according to an enbodi nent of the present invention; Fig. 13 is a plan view

of an_alternate_two-transistor, anti-fuse menmor rray, .according to an
e.nbodi‘fpgrt? of t H—be ﬁ@gameﬁ?%ﬁh? PEﬁ??”‘d%ﬁ”“&?‘”@?gCI@eias‘y Bien view of a
si ngl grdgranmiableaneradryicefl hadngramany-fuserdeyice adtbar idwniresolanolegeodi ment  of t he
present, invention. DETAILED DESCRILPTI ON % 02%&;{? (ﬁg‘oodi nents of the
pr ejseH’tdePﬁr\‘fEﬁﬁ‘_& P ??"_Ei@%“ﬁi R5cess Slufgciing t %l"g g” %Srji}orcrg%rlno aving an
anti - Eéﬁﬁa\dﬁ%/a passhrantsistor a0 drharisthed devics, bagsingledeaisttersplitathaoeie circuit
process manuf acturing technol o A.two transistor. menor I ving a
pass {MEHEY gglgpavgmja gHaISWFlfrlqsagéteacg\ﬁecgfe %Fm%é 0P Vgﬁ)aé;\résvlsegltth?tngpl it
channgked 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 -



menory cell having a dual thickness gate oxide, are forned in a high
voltage well that is used for formng high voltage transistors. The

t hr eshol dwoabesaigeisef t he anti-fuse device differs from rhe/darn@zioei2

vol tages of any transistor in the core circuits of the nenory device, but
has a gate oxide thickness that is the sane as a transistor in the core

Ci r cUirb§ion 142 i8R Ted ihqgt?]éét%rarggifofors m&&#&%%&&%@g%@%%@ g%&e; L(fﬁres fromthe

t hreshol'd vol tages of y core circuit transistor, oxi de
t hi ckrideditlingeoriagtlff snakes sleghigat contast with se¢andtdiffusiorregiond@i Bsth [ 0030] | n

parti | t.S.+: Qf | i hi eve ,.a,,J ow

progr 3%063%?? f'gﬂtggg"éd;@‘?ca@“? %?iﬁggﬁ \%gﬁoéggy\%p % ﬁ%’ﬁ[ﬂ% gr\ﬁ/e%aﬁéi Mogenal mask
| ayer SPecitipatiy the se@mswnsvaligkl4 isahidgheraitege welessikh bayight voitages p-typeiiélled and
mask i L SHYB ; t ' [ own

char a(r:ﬁbazﬁ% gt i csP?g%ﬂﬁlgﬁ%ﬁgef;&gwgE?ga'p%%(f%q % gogéwg%\%\plﬁgsvﬁeof a

t wo- t ICHARNEd afRa (aat showng is avidvakrgateexide. Undeoredimigetpolyaticangatdil@@and of t he
prese j ' b= f ' i | orimed in a
rermor 2k T e chéhneffdor (BEHERAR o%a ] g B bkl bdlzad pledh i

t r ansiferfermingiae aati-tuseds intensledst or, al so referred to as a pass transistor,
i ncludes active area 102, bitline contact 104 and polysilicon gate 106. The
dashedO®3R| i ne FigureéBiimhasrassseatiaratview ofantefusa neémark cgth1@0 takede is to be
forme IS _Ri OX| I Bt ' . i.catjon

pr oce%@”gﬁ/'tr)]?g gp@éﬁ%ﬁ@gpﬁﬁ aﬁﬁg&fasf Eilghéeﬁ%? %Eéghﬁyg%%gn%%gﬁi%%o\ﬁ ioﬁe 107
desi greaaose Cirdwdt traagiston thaimeuls hehfiovkedixithie sare isobdimtd as amtdfusdineenaoryi - f use

" ; . ) o . st
i 11 uceh 100 Sk 8BRSl oEwe BiRc B2 oM Mool SRt B0y <71 con
gat es and@ thindal®exidevhi§ enderseati pdlysilifonugste MO& Jiherdifiubni regibos At@lanch t he

£ . i . i i > 106, The bitli
cont adi2 157 FEP 80iohaBA8hAAY uiddtindbiabE) ARKS <o B Bt Baieln® 15 Botn
t he ad@éswdtl08raidsfiain oxidelsudheasaBiTli 120uad 122ans instuded forésdlatingehtiifusea conmon

| ifi.cal welk i ' . I,
such SEmorEeF 10 R6h A momork B ERERE TN, A1l e Bl B rdBipe” "
Under riéAt Gorernircpibirgrdistorctdd igeudesldpolpsiitoo @ate 13%fotrhed ovaarartbin gateea ( not

h j t hi ck | d&; : | vsi i . 108 and
Shour ke ' Mol o BRSSP LS TR AE°
| ocal iextedimgemkiciotva sfdewafl epadeng adiacantta pdlysiieon gaientIhded.cofddERR)t Fi gure 6B

is a Sr ' Vi : Lt : : . 10 along line
g s T L M
of a opemtiog theunembryaarsdys seh dshantrablugid ob dedamingeldgic fortdxampemandisbst rat e as
anti - ff&%eedrm%ﬂ)ﬂo that is different than well 114. More specifically, since core circuit

transistor 130 may be designed for high performance, well 140 will be a low voltage p-

type well (PWELL-LV), which differs from the high voltage p-type well (PWELL-HV), 114,

[0033] Several notable features of the anti-fuse memory cell 100 are now
described. The thin gate oxide 118 of the anti-fuse device and the thin gate oxide 134 of
the core circuit transistor 130 can be identical to each other, meaning that they are
formed with substantially the same thickness. If multiple core device types exist in 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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cell 100. Figure 6B clearly shows a thick gate oxide 116 underneath
polysilicon gate 106, and a thin gate oxide 118 underneath polysilicon gate
108. The wof2bessizors2r egi ons 110 and 112 have LDD regi ons pexicadiovgoazader t he
si dewal | spacers adjacent polysilicon gates 106 and 108, and field oxide
such as ST1 120 and 122 are included for isolating anti-fuse nmenory cell

100 1 gigmient. *Fferrsd?i%@fwd ﬁﬁhé%rt%d@v%fa%d‘%hétq &ecﬁF&Ptr%n&@F 0Has G ¢

tranS|stor . Core circuit transistor 'i%% i'ncl udes a po yS|aIr|con gate 132
f or rrebV(tj'@é$IS@f Vhimplapi 42 xihaéehaane! 140 detern ikg difusienyreginns 136 a@dd 138. The
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iyt A t HiahRof28

S forrre t hat eren re speC|f|caIIy,
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| f
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one ofhetthis gate exide 418 iAlteoratelythe ekanneliieglverundeetheitie ggist axidsx] tBecanhi ckness

Cyoi 07 "RRe e b barsl St s inein 6" ety eglibg iy o O - and 1o
t r ans agjustrimplankdtionjirgo anshre@mdAbgorgingw thg \Bondetthe thiygate axidediestion18 and 134

at thq1§ Stﬂi\%a{?\ye yié%qomﬂ 5@ LV transistor process. Although the thin

gat es OXl are the sane, the threshold voltage of the

anti - (gﬁ?}]dew Cﬁn%@arﬁiggsgpﬁ fl‘néﬁ%lﬁ}agte A lsSEDhor ﬂr%guéﬁﬁqlhét oréﬁeSO Persons

skill the art un tan re circult trans has an
LV tr &ussirsgroory\ells ispheafact thabhigh V@Ime&M@ﬁmrocmeeSb@mmﬁutzsmtléilyr f u5| on

r egi O@énsjr%rﬁ V\ﬂ‘t‘ﬂqhe1 EQctiroﬁ'&@a&h \MOVJ roﬁ’tghé &‘R/IC@@ FotBse/tThefork O ! | 140.

ons un er th e oxlde 116 and thln gate
OXI de caregiravits mﬁais‘@dtelddwtmvsmnﬁﬁﬂ towamag@ QWOC%S&&‘(F gler tonggtadint st ep,

ther eWpl{)%&J%%ﬁc{P%an& dd éﬁir m\éixhdergg%lﬁ%lﬁ ;@c@?&tﬁlcgﬂﬁﬁ ie differing

t hi cknesses dt'e oxi anne region er neat thick gate
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the V? In/ o@tl‘Ler grﬂ‘gﬁlsﬁé R{eﬁwoﬁ')pcélsq§%quﬁ9d Y& 0w SHAAS o feiel Bhdryefl OF

exanple ann
[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-



underneath thin gate oxide 118 wll have Vt inplant 128 that results in a
Vt being a scaled factor of the resulting Vt corresponding to the thick
gat e oxi d®0o2a®/1203ce again, this scaling factor is rel aPet/dA20a90©0429
difference in thickness between thick gate oxide 116 and the thin gate

oxi de 118. Alternately, the channel region under the thin gate oxide 118
can bgyg m?qsmdmmusegnérh@ryw”bb@&%ﬁﬁé&.n\gc&qhbﬁ&venm%ﬁc i Shhi ﬁhereby
preventing any Wt adj ust | antation i nt I'S region ccor ngly, the
under valigge well sugh e thexigrevgliege indipe well thiaf is Ltsédtfcné/mmmworw Camaono wel |

114. WOP31d cAbatheahross &imHsh Re) h1 b Meuﬁe%e L%eﬁﬁémﬁ%k%gs.ﬁ@dwf acturing
the antifuse nenory cells is the fact that high voltage processes

r emai Qﬁt§@9§taaﬁtcp‘éﬁf|”§i tee phanast argpe (rOtSREWR s ﬁd@ﬂé‘?'ﬁ@ﬁc‘mﬁségéﬂ@ risi®. | ow vol t age
CMOS PhOERT ol}hﬁeqfwrd%f.nésfme*a?ea%% @/hféhraCtHickﬁa%r&d@lQrté 6& dﬁﬁ%ewvta% new
advanced | ow vol tage processes in order to attain Inproved performance, the
ant i - hiskoatepids definition mask duriag thecfabricadipePreapeses that remain substantial ly
constant _from process generation to process generation. Therefore no

r edesi0@37bf t heFigHis 78 §fecragsbrsyiond|viey pfantidhss memonscalliRO0|taken ol t age

procesgRs In‘?é’@ﬂgq:or Egﬂﬁgﬁsoﬁ%r&ﬁ%@gq:@%%'ﬂ@ é?sé WMo ABBES EchtloﬁQIt\hev& Eﬁe menory

cell 100 can have po | icon gates™ 106 and 108 connected to each other and
dri velesame G5 ﬂ'FqLﬁ'féra”é'ﬁtof A89 seawn iBeTiguraidh Mzarpylddeifosredisithyy separat e

wor dl §4ige §uﬁ§§tr\é€eoaé hiteisé Hwér%?g@é] VR AS 78 %além@ﬁsvv@ma'v%h&&e anti-fuse
rrermr%! cell of ures 1 and I n either case, such menory cell may not
be su ‘-‘éﬂe?rscﬁatﬁp(j e yadipesth pepysilieen 93 206 Hubieh Basr@ Fh'fﬁwat%@é'd@f

sem CS&H&?QWaﬁJ§%|h§a{e%er&ﬁté?Vzm Wh@\rﬁé%‘%té@%d@%ﬂﬁbbﬂ 295 A, ?f?‘nggtpri nt. In
such applications e single transistor anti-fuse nenory cel Figure 7A

can besiug e thiphgasoxideginfisliommask 21h) e diffesiproegiend08dias 20L& st or
ant | - fodih SRR Gkl neASdAlisRBodaRiEeRIBAR B battf20ehanfi@ 8Rte | NVent i on.

Anti -fuse nenor Is ty | cal y ornmed In"a mam)réfarra

i ncl ugksh &tstﬁeT'ﬁr%\ﬁ”él?éﬁW@%@ﬂ?% isplating ignt-Tyse meme/cel 208 from ofBerof U. S.
Pat enteMry gellﬁ(?)?c&%%lrcﬁfg buéW%c%@étﬁt t%ﬂs|stc%qg0' @&Ie‘{fﬂ%ﬁt fatdiser area 202,

bitline contact 204, polysilicon di ffusion region 208 forned
in t h&3Geeuges H\eéé‘”mmbﬁﬁ@d iemen r@\ﬁwsé)(:@e%ﬂeqml&!@urélﬁ& Feal contact

Wi th Q%é(ufl Llﬁl‘s‘éefeetgﬂcgﬁtr39§stom0 Cafri’c?éare'ﬁ%%ﬁﬁétlg@bﬂ alﬂ%sls?oré Q&deEd thé @ conmmon
wel | IS a g(h voltage well such as the high voltage p-type well

t hat @@eﬁgéldtsff@fronf?f@ﬂgrt g1esaby §"aBCc§Hﬁ'bﬁS gentrol M@  slgceding logicdaire as conmon
vel | dldn@gt, eﬁdgé’f&mggm waniw@@naoﬁmern%fﬁwénmw%epr&%t aRgnhmevering the

channel area (not shown) Is a variable thickness gate oxide. The dashed

out | i well 240 iscelpwrvelagene-tpearall (PHVEI-EY). whichiddlerglier o higk vPlkaged-be f or ned
Via atype well (PWELL-HV), 210.

[0038] Several notable features of the anti-fuse memory cell 200 are now
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 transistor 130 are
different. As previously discussed, core circuit transistor 130 includes an LV transistor Vi
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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thick gate oxide definition mask during the fabrication process. [0037]
Figure 7B is a cross-sectional view of anti-fuse nenory cell 200 taken

al ong |i ®0Ce®@/12FB2 conpari son purposes, Figure 7B al soPsm@ma0@/000429
cross-sectional view of the sane core circuit transistor 130 shown in
Figure 6B, that would be fornmed in the same substrate as anti-fuse nenory

cel | Ra H¥it@wEistor Bt ﬁwﬁ;ﬂﬁﬁ'ﬂO%’&V@ué«e‘ﬂﬁoN&ﬂu@hb%é Vi GHeeansaée 1% de
underneath\}éol ysilicon gate 206, which has a thick Sate oxi de portion 212

and adgHied \gliee Sush 2i0-p yPits fonexampleTHe ¢hanprl rgaipe upderaeathdhinigale 212 i s

def i ngddéelpbmien2ha vdilhlheﬁ)e \Q%SIaﬁKZZﬁethQﬁfebLﬁltstlh ANtTRRSY 2dckiedTaBtoflbf thesi on
regi on 208 has an i on extendi ng under_the sidewal| spacer adjacent

pol ys[§sttioh Végpréesz@gdmg the; thick 9gle; axd es‘l?@l'P”a%ﬂSﬂm?fSa'antﬂ'S?fS“r& e incl uded

for i sRtcrld Reatédid thé dFRréHREMH thldkﬂbés Béteér Mkcgéf@bx.a@ PBrtiyn 2€2 g or core
circuits,. such as core circuit transi stor Core circuit transistor 130

i ncl ulhedhingpate axide ReripR 2ad '%ﬁeéﬁ?é‘ﬁi’sth%fs@@ﬂr@h%qgip”dé’géf hsdbinigstemxdn e 6B. Once

agai nportibh 214@éleb§|rrrae|4ed dbrirynthé $\OofFankibroARdREt RIMR SRPL ﬁ‘\bfé{f? of all
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as coH'EetVSPt"lgo%ﬂcht(ﬂdJLﬁé@&fﬂﬁ’ﬁ@“‘?"dﬁq"dh'ﬁ6?9'%'%&%?@'”9% g\t LfrIS*PFﬁ?& iR wel | 140
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vari abl e t hi ckness %ate oxide and the th ate oxide 134 of the core

ci r cuMeltage g destbe rangisigy @W'%?Hqswf'a'{yéh%éé eé’?'ﬂ@?te %Ed&“rff‘ﬁb”?%at they are
formed with substantiall same thi ckness. Pat ent ., 7,402, 855

t eachb¥93Bhat t h&NAIFHALR 'Eb‘Eﬂ!mBBt ?f@rtwpéﬁnﬁ'iﬁ” ?Et' Ysedpepy rgliisat t he sanme

time shéWn mlgur@@tAeF@m@s/s |sf@plahvuew@@Stu@ttfyneusﬁfrenmusr@aﬁem&ytdwugh t he
gates oxides 214 and 134 the sane, the threshol d volta e of the

ant i - PEREdiIRG{Q aremRadimeat %de‘% quSPBUPYert“P%ré'?tbfPB? megerapel M ierent . As

previ gisidaly ﬂirﬁn@&ﬁﬁ@ﬁwenﬁﬁy 8rréy raﬁblhﬁcldde@%ﬁ'a%ﬁ:%s tiatistdt@nddmsandiudey transi stor
Vt inplant 142 in the channel between the diffusion regions 136 and 138 to

r ai seTBRESIOE Theggressdrangisiar savbe ieaticd) toihe oneshowmin Fighsg % 12nfegi on bet ween

di ff ugicRides asiivearéd302nskiNel torddd 303 aRY POFSIcdrogdtd 806 AR drv-fisensi st or Wt
adj ust i nplant step, thereby resul t n different Vt ts 220 and 222
due t Hapsielonsan RaveryvarRpiedhiskgss 9@¥e ‘E)ﬁ‘ee \dgpticapiodhe ﬂf‘%ﬁ“@’g@'“g"g@‘e'eom de. The

channeh sRgineNdeNE&RE %@éaf"30$ér€8<p(ﬂ?&l%0ﬁ>gbté63WNfir§rdllel‘?anMeé|bh 31eisHv
transi stor Wt ag})l ant 220 that is used eé%%ustl the Vt of 1/0

t r ansfYEAIN the activeaieaci92\pervren RAlSHicar gat epd 3108 W% The channel
regi oRifdBidRTERGH B12 RifOrBRt iR the active area 302 on the other side of the polysilicon

gate 306. The bitline contact 304 makes electrical contact with second diffusion region
312. Both the access transistor and the anti-fuse transistor are formed in a common well
314. More specifically, the common well 314 is a high voltage well, such as high voltage
p-type well that is used for I/O transistors. The dashed outline 315 defines the areas in
which a thick gate oxide is to be formed via a thick gate oxide definition mask during the
fabrication process. Underneath the polysilicon gate 306 and covering 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, Figure 8B also shows a cross-sectional view of
the same core circuit transistor 130 shown in Figure 6B, that would be formed in the
same substrate as anti-fuse memory cell 300. Figure 8B clearly shows a thick gate oxide
316 underneath polysilicon gate 306, and the variable thickness gate oxide having a thick

gate oxide portion 318 and a thin gate oxide portion 320 underneath polysilicon gate 308.
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oxi de portion 214 will have Vt inplant 222 that results in a Vt being a
scaled factor of the resulting Vt corresponding to the thick gate oxide
portion 2y¢@.20@nmeeisagai n, this scaling factor is rel at edpCo/aareosdivdf2er ence
in thickness between thick gate oxide portion 212 and the thin gate oxide
portion 214. Alternately, the channel region under the thin gate oxide

por ti JRe tick §d okige '3&6 lbpd tHEJthIcR@aié&ld’éVpérﬁ&n@‘i85ér‘érbo\tﬁ déffhet SkingThe ant step,
theretéf(ﬂggreventln Vit ust r@lantatmn into this region.
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nodi fi ed ansistor M inplantation al  gnment error.
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a second .dif Sloqffeé%ﬁo 312 is forned in the active area 302 on the other
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fuse tr i st or alr e or med . Mre

h
speci 138 e 0 EomiEnn oV Su o wel 1 GReVDRpag dodieh PesEEn as hi gh

vol t aggfupioh Y@tfor\810 aid8TI 32 iy ersbskaro tHeQaTrﬁeaH‘Sfltr%h@ié@r viagustamprst out | i ne
315 defin s he areas oxide is to be fornmed via a

t hi ckSgRLBe D’(ﬁ%s”éf@fgl'ﬂpgfeberpt %g@plwﬁ E’ﬁ%gf“i’\ézq qu¢ IchedHierpg ocess. Under neat h
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I C at e, oxl1 ae re 0s sectl! ona W OoT antl -r1tuse
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menor YSRINEEEHEN RN RABIQN §H%€\/g/té{“?'ﬁ”t&3 dagtdegiis

being a scaled factor of the resulting Vt corresponding to the thick gate oxide portion 318.
Once again, this scaling factor is related to the difference in thickness between 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 Vt 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 Vtimplants 320 and 336 will be substantially the same. In the present
embodiment, the channels under thick gate oxide 318 and thin gate oxide portion 320 are

exposed to the same HV transistor Vt implantation step.

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

shapes for the two-transistor and the single transistor anti-fuse memory cells. Other
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316 underneath polysilicon gate 306, and the variable thickness gate oxide
having a thick gate oxide portion 318 and a thin gate oxide portion 320
under neatwopodwyriiseccon gate 308. The thi ck gate oxi de 31@carah2dvnovd2zbck gate
oxi de portion 318 are both defined using the thick gate oxide definition
mask 315. The diffusion regions 310 and 312 have LDD regi ons extendi ng
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oxi demp@idry o&lisIRRingfthé Biteriateisabpes sHoWaKNEsS. RIAéR FblickRioamNd. t he thin gate

oxi de é&z}ﬂ%ftn%jhe core circuit transistor 130 are identical to each other,
meani AQY% Fuey are formed with substantially the sanme thickness.

Al t ho he gate xi d 320 and 134 are th ame, the th ol d, vol t age
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oS i sba B ST irpler Rt e PR eeieith el Be Bitd aRber | abi o
t hi ckmﬁs ed \_e!tl tlom' idenwemleﬁrcmwé_ ; circ&x\y/ittmsvsfwe? m%%dma;] bd:m!cogdmméo?i de

ortio 1 \Y; ansi st or I n 'S US or
P v Eihsiafy, diromalth’ irRiRE Beteinal LERP bRl e see™al 076 vor ts
f or exeltageet inplancdiemthal theebick gateroxelerszadds trdvisist@adr chickkgate fo|saidoet i onf 3t2ﬁ will
ac (0] e

h t i npl ant 8.1 hat I ' Vit . bei l.ed
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this Sﬁ@y dige Emﬁtafagbgtdrﬁba?lﬁtﬁb :nCl)_eittBEC(iﬁtrfoﬂ@]_‘ gnemtiimy tdwet Mg%ﬁAli/c{Det We;anl t hi ck
ate oxide. portion e thin.gate oxjde. portjan . ernately,

Phe o fobienaiiEaL i BRos kP o oPrmplin (PR fhe iR GuPR ob e 3os e MBS hhc ked”

dg_ri ngel_tsmmlowatim f@msés;eﬁE?WBﬁ]nda&B usds éﬁquggmwe$ pmlcethfiﬁab;\zrmamhzeﬁng't Rg ?Ry Vit

adj ust_ i antation jnto this region. Accordin : -under e thin

ga!t e R A8 '?a‘PE?na@Zt © P Ciut F %%s”ﬂa&siVY)@“%/E’G"H&%"V"F'(S’”@JST?S%gg%e t hi ck

gat e ¢herels @ihdnieihgtthefabtcation costoisheséntire semichnddctor deimn. t he gat e oxi de of

any transistor in the core circuits, but has an HV transistor Vt inplant
330 spam@pnt i al IFjgurds=9As an®G abowsivarioDs tstegpis s 8 IGMOS Provess ubed tpdorm oxi de

thi Ck%eesaanffugé e(r)nr<3tr)i/ 8é]ﬁof?f5||‘g;8urg %g g’t]tﬁe UFe iHﬂ%Sat (‘%}te icﬁ‘&ljity trgrg?stor is
formed. Only specific steps are shown in Figures 9A to 9G 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 9A, the ST| oxide 400
have been formed in the memory array area 402, core circuit area 404 and the I/O circuit
area (not shown). An implant mask 406 is formed over the core circuit area 404, and the
exposed substrate not covered by mask 406 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 I/O transistor
structures are formed at the same time. Subsequently, an optional high voltage Vt adjust
implant for the memory array area 402 and the I/O transistors is performed. It is noted
that the high voltage Vt adjust implant may not be necessary if the desired Vt level is
achieved directly using HV well ion implantation. Alternately, the area corresponding to

the channel region of the anti-fuse transistor or device can be masked after the p-type
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same, then Vt inplants 320 and 336 will be substantially the same. In the
present enbodi nent, the channels under thick gate oxide 318 and thin gate
oxi de porwpanosd20isar e exposed to the same HV transi st or PUT/dAIPI9EI00£2D 1 ON
step. [0042] The previously shown anti-fuse nmenory cells are exanpl es of
possi bl e shapes for the two-transistor and the single transistor anti-fuse

MENOT dn§ ErlfSrmikg B BIgRCLRAGY @tmm%afverbeémnspﬁaﬁtbdféms tRER RS YedisH | S can be
used, as denonstrated in commonl Pat ent Publicati on No.

2007/ 8285794 feceivg agy W%h‘é}l.tﬁgﬁ%iaﬁ’légt'maﬁntuo 2007/ 0257331 teaches anti-fuse

menor shape mnimze the thin gate oxide area, Accordingly, the
enbodi/%ﬁls of F‘rég eqbeme ’F‘ﬁ’\‘?@?(tqrwaé%“?)gw%mq RYELL-HRhimPrIIni@8d neror y

cel | shigavbl et\l’tfadj’ﬂsl ﬁﬁm@ﬁtaoar@@%r&iwmasmms?othaatth@ré&pd?séalgubaﬁréten No.
2007/ 0 57331 &g043 I n the anti-fuse enmbodi nrents shown in

Fi gur EXTeSRONdiRg %P’%B'rc%tl q'e? A4 f‘?'aﬁ?é’?'?fjchy@%ﬁk ‘{'Wés Qﬂ’ﬁ‘Paﬁdﬁgé‘"tﬁé’n‘ﬂP? cell are
for neg@ni rbrtfmh|ﬁgammvatagu?uwg%m@dbsemw 4 6% Joltade VoAdjgdempehd can be

the s use /O transistors, Since the high voltage well

is i nﬁ’éﬂ@n‘%‘%r?/ cldi 3R A04 i5 RRATAIMPD ANIGHR SBRVB By Hews ggd?sa‘@é’ﬁio'té%ﬁ/‘r/b es

separ adjast ilplabil412. trhe svuctwmlsaawnm bel% FMkdsult rom StRI Brozass igpHm tt ed.
This results in a Vt that is |ower than any core circuit transistor on the

same SEHHASNAURBEP 1SBRETar do diHeeImpianieq p- tXF’r?e'O%WFh'P gesupslpiede have

channgi teX PYSEYpé Well 324 2A8ENIL\YP-tyi W @0416ViSeboi, aRtintsinedidtB dkidehe t hi ck
gate oxide access transistor_or thick é:;ate oxi de ortlon are exposed to.

Thi s FEEGIGrQwR Rvef tNg syhsirate,Qf both Shempacrny &gy @rg MNFkthecererdGHi t he Wt of
any cerea 40|4rwrct atthlalﬂgat‘étcﬂrde (OB bbfirgbn Madedd05E d@mntrealoheﬁle or relatively

| ower Vit r silicon dam due to the ion_j ant tlon The

f abr 1 EkAe OrvR AU selacks Rans 5T BE TSN SUAY PPN B0 7B and 8B
uses gixdusttarérd(rioMERow) Gerefsfinidb @k ézﬁé otqabs I%téb@gnéé'lﬁ rhadR 4ZO&ﬁ$HeSt ors and
the core circuit transistors w nal nmaski n\c};‘ st eps, thereby

mi ni nPYPEECYHRIeR M5ANE 213t 6R Haseyongee hmddng e e bs Bieg Teieron iev) ce. [ 0044]
Fi gur mowuﬁgtomd%@tahcg/\aemmywsnﬁécﬁms ob(lﬂeal1§M55chéﬁ&ﬂ$}8mu§€412(I ® formthe
£ ansFG05 SUn IPReu0siale 5Lrdisech PrapaGiiep o 4nE SoHwing RS s 9A to 9G f or
of tnOPLaant TrUBHEIoh AdHE SHCEGRE R a6 o0 HaeS PO bW HIERii || od i n
t he aintthe rteray andy bivat402tamartha osreicrtuitancatdod. Tieparatnd difeent ed for
L A L A I
t he | 6w ihGigudre 9D, where the thin oxide 422 is thermally grown on the exposed

substrate surface. In this technique, the thin oxide 422 will also grow underneath the

intermediate oxide 418, which pushes the intermediate oxide 418 up and away from the

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

includes the memory array area 402, the core circuit area 404, and any I/O transistor
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area (not shown). An inplant mask 406 is fornmed over the core circuit area
404, and the exposed substrate not covered by mask 406 is bonbarded with
p-type i one 2b@vi2zisemi ng a high voltage p-type well. |t PPSTr2ed/bbad t he
hi gh voltage p-type well for the I/O transistor structures are fornmed at
the sane time. Subsequently, an optional high voltage Wt adjust inplant for
the ”%Q!EYA Ho% ﬁrng%rél@é ﬁe%atéwonbsﬁl@ohuemé @édé%ﬁed SveP & BIngagie | t i s not ed

t hat the % volta Vit just inp be necessa f t he desired
Vt | e423 an%t gdniFkayd e'iﬂnqdéfﬂ? W'daé"ﬁdnlqm%‘i’ Fjef”‘t?nth? ﬁﬁ?‘é\fﬂﬁéﬁpﬁﬁf "& ternately,

t he agﬁ@ %fl@&pﬂm'ar&té ﬁﬁa’slhﬂZ@B&féB@élterdQ@bﬂébI@cfte& BReagf thefgsse transistor or
devi c nbe masked after the pei ons for ormn ahlgh vol tage p-type

vel | pelyaliagad4; ﬁ%|°&’ﬂﬂ9e‘é?p°§@€ﬁ°?tﬁ§tgafenm§s‘?$%ﬁ Gt ﬁ%q 92 cei ve any high

vol ta?ﬁyé(ﬁcoﬂdizuﬂot béﬂ@ré%y gét@%’a@k 428 |£Fé16hléd?a\951 lédermmsy)farray area 402
wth rT ant’ and hi gh voltage Vt ust n’gl ant ﬁzb 8 is covered
by naBRysilic@ngstesruer Wféo'étﬁﬁbé'@ﬁfr@ﬁﬁ@feﬁ q e%@rtp% AGSY 8"GoT& circuit

ar ea ﬁd?&&ﬁﬁ\é%@dobme%ué%chuﬁarb@rrbarded with p-type ions for forning

a low voltage p-type wel I . Subsequently, a |ow voltage Vt adjust inplant
for tHfagpre ci Fgfdké o kRSwHied @ch%ltéckérﬁ@ﬂutm»gmocnhthles;aséwmwsmcnnlémure 9C as
| ow vol tage Vt a

ust inplant 412. Ihe str cture shown | £ 9C resul t
from §@9e?v‘@| be{ﬂ%‘@é%%”?ﬂ"@ﬁ%a"ﬂ qrep 49 @PF’\?@e fNGt's |°s°r?)8'ﬁubre\£r%%k§o di f fuse

' ”Id)' fhﬂ{ ﬁﬁ\r?%nl NP8 4ren 02 thEkick Bensitipglor ghte dotysfiosrmzdevervhipokidpd22el | 414
an e

pe wel | 416. Second, an._int e grown over
t he s!ﬂd@?ﬁa{)'@%f”a@@lswrldﬁé'c?ryﬁﬁ? 9at§rpr°§&§'l'89%%5‘{;‘3‘?r§??dthf°ﬁém§eéwsg'8* cuit area
404. ThisbA18 % thBiakedatMsRior da cbalabcumefeamam e moﬂaﬁﬁtlmgsofmm ted on
the internmedi ate oxi de 418 in sel ect e tdbray area 402

and t Relysilieonc434quer thin @49% AeR ischign ﬁ?%‘?rtr Oq?ﬁ %ﬁdt'ﬁ?&g'cg(éf% oxXl des. The

absen%ﬁar%le”ﬁﬁ#g%@a ] d‘ifﬂ@loﬁQﬁ&kFAZBQslUép@lite@omanembdyzﬂrraly@réa 402 vol t age
transistor 1s to formed therein. In a f VMDng oxi d step, any

i nt er @adithg %O&%Fldbarﬁighﬁrﬁpy aliRmipafpr ke fr%@ﬂt'o @919’1‘83 %3\/\/?\“’ o the

i ubst raﬁg%ud%%p §§@cér§‘41étf aEarit t@mefg@te pdtymucgamemxmdmeﬂ@ﬁ Naltagen. [0]946] I'n
I gure a thin oxide eX SUDS urface in

he. maropstosy e sESagba 8R40I STEHPD BLIE SHRRAT SRR RPN e Lo

di f f ergpbeddaiBBiratee sre/élpebed M-ipe ldlﬁ&ldloﬁmhplbﬁfalﬂbnﬂgarh'dsrmlrhg”nsourwamib 422. A
first technique is the onﬁﬁjhown

t her mergiy distusiph regiorshier ek Bigs ¥ ngﬁ%ttlF:@gQ °§?Jf'nf Qgé:orel ﬁrc{.u}t]ggeta?ié)cﬁhﬁﬁ%gg 4tzﬁeI >
thin oxéhehgidsD md.énﬂm@rmmgbaaum fdnéhe otvewoitegk Biamsisiorisdetng18, which
The. areoti s AbATRERORN I Eo F ABATarboeebae s SPEUREILT Than in

designed for the low voltage transistors.

[0049] In Figure 9F the diffusion mask 428 has been removed, and the low

voltage transistors in the core circuit area 404 are covered with another diffusion mask

436. Now the transistors of the memory array area 402 are exposed to LDD implants, the

formation of sidewall spacers 438, and diffusion region implantation. Figure 9G shows the

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

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

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

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

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

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

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

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

memory cells and all other transistors is completed, and subsequent process steps would
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areas where there is no internmedi ate oxide 418 covering the substrate
surface. Wiile it is not shown in Figure 9D, the internedi ate oxide 418 is
lifted abwoeotdeisabstrate surface by thermally grown tRCH/GR2D@@00429 second
technique is deposition of the thin oxide 422 over the exposed substrate
surface and the exposed surface of the internediate oxide 418. In either
case, Hehse(eb@téuHdrlfﬁ%lh@bmiﬁe%ht%c%r@%e%én indGorusivd ¢ ckE intermediate

oxXi de | us th ty ovvn t hi n oxi de from under neat e intermedi ate

| ayer "YPTCATEF 'BQ%FE qe¥i¥edn top of the intermedi ate | ayer. [0047]

Si nce émuou nsi s ére | ntended to have thick gate_ oxides, the I/0O
transil ar ead 'UBET & 49 PRABSIRRRXAMRI StereinAaMPSSabsisatien #1®essol | owi ng

t he grievibiming att\he-trfahm@toﬁéhlﬂﬁjsé%?emdi@fcéll BRd ¥ Sdvh lORBe 44 Liul§RASEbEdD over
ich includes the menory array area 402, the core

the e |re ubst a}fﬁ V\/ﬂ
ci rcui “%tﬂans f andying Jou Yqltage F@Fcﬁ'@ﬁ"é‘é@”s'% haygdhin igateraxiflese 9D, t he
gate W@Jﬂ}e‘dl dsirmﬁe4&416lg@téjébmloPrﬁQtld?IV;ﬁ‘bcésléeb&th‘iaOe Wln%aﬂggn@@ﬁeétlbg thi cker

i nter dlat order to define the specific shape of the gate

pol ysill Pé'b%g%‘ﬁﬁ'c“ Q'ﬁﬁé%ﬁcﬁaﬁthﬁf@t'fesh'%w@g?@dNQJ 14 is ialy sUblarled o of t he

gat e [aodoyrﬁhdm high vél?ébe \ainbRM, rbgtrdﬂ@@&tésls%n@iéto? BRd Bl ghtiasKrdedistordl | the
expos ol I con 424 not_covered gate mask 426 is etched away,
Fve Pecseioy

| eavi pﬂﬁﬂ Rt P"’"H?ﬂ’(ediéﬁeé%”t(?\f/%?t'v@h\(tﬁ Mere snesificaliynthertighti at e)

oXi desoltdyel EMPRIMDISYNtahddtltodingareARat thé BRedtiOE &/t 6f the WcteRMtRMsRRE, and the 1/0
Fi gure 9E shows three such stacks resulting fromthe

t
;:a'[ gu;}')‘af’@é ?hq @%’g gé‘fe]c‘?f‘"%&f 7! aSRECIHRY3lde isHCh AR O/MBF §xamriayTherelaredbe and one

bei ng effactivee/tedtre éﬁtlffgslé fralﬁirsﬁ@ i @R4s thdhm (FTBVQTn)ée as gaté KiRAs ‘ﬂ?ﬁnertlh? S]E ack
is the anti-fuse

conS|st| of e i con 424 over
transi Et éei/g’Bé QAﬁ‘ %’a‘ir@”BﬂW‘Q?r tIhE(San @é'ﬂed%t"f fh?e‘?‘m'ﬁi’%e«tr‘irlﬁ’ﬁt@r nedi at )
oxi de céaaelmtsufee fmcméwtr@an@ hghQbltadd VIGRIbRINE ithereby furthBeredldng fthie st ack
consi Sif 8/ 8& atlﬁwd/olt silicon 424 over thin oxide 422 is a | ow voltage

e

transi® Eoreiciey| Fansisipr ipxubipnted o glow \lirge ¥E  a di f f usi on

mask 43Blahts wARROS intétde@ S EnSTREEHY ltéléﬁédlvélW% #AQ%pabiflc t/élee |s/u@1 gsrcuit area,
there%\;&%l ovmn for the formati on of LDD re i ons (fnot shown) and si dewal |
)i

space Oeé?ﬂ‘ e'Hta“b'ﬁaf?]éh%%ﬁsélt'B%P?%‘?“IVPc\,/(SH the angrusq transistorwily vol t age
t r ansiaftk el difdront tEAT atoff ahyilbw a6IRRye4Rfe cilfuitéantigorat i on of the sidewal |
spacers 430, the exposed substrates are exposed to n-type diffusion

i mpl ageeg1on f oFiguresT OWtoSTRG SleovaNvhridugsepslirf 4 CMOD prrgsdused teforad | the | ow
area 404. The resul ti ng LDD regi ons

Xg|2t 2 i o a{l‘gé ?T%ﬂmmqsféb&bﬂﬂgﬂégr@o? %EEE%SW%? P%f&é'rf‘t"bﬁﬁ%’?sésct‘?fr% in the core

Ci rCUIférn%ﬁe@nI‘}'%eaifiesl%b@m sHowni ig FigtirddH 0/atech 0GR illoswatgttiat | ons

speci f lf%?elrlcsés 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 I/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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designed for the |low voltage transistors. [0049] In Figure 9F the diffusion
mask 428 has been renoved, and the | ow voltage transistors in the core
circuit aveaoddrrimee covered with another diffusion maskcaReoddmo4bhe
transistors of the nenory array area 402 are exposed to LDD inplants, the
formati on of sidewall spacers 438, and diffusion region inplantation.

Fi gur girQfie 230564 ﬁ&%o@é’r@ﬁ'b?tn%%k%ib'ls B&ﬁ@arﬂ@@WtM pafhd ioRaYdrigmliddPa Ikgi ons 440
and diffusion regions 442 and the conpleted | ow voltage transistor in the

core ¥Qlfagainrtyas wall. fubsequrntly i lom oaoe BhadiesfimpRNRDthererFiFUliSreh regi ons

442 fepa rs%rfeha&j \am.érﬁggh@mnﬁmgﬁr@r@oasub\wez/on@g@weo@msnwp|aﬁmz4@2 are shown
in Figure have concentrations specifically designed for the high

vol ta@’émt'qf Eﬁ@?@fj@ﬁ this titpe that ghese are diffgrent ‘talﬁ'ét"?r}sdﬂéhes‘f’?”@r Batiaandddyi ce are

subj egiag .ﬁqalamaxleﬁ pkd&k@r&k wwchfth@ b@dl/eadla'%@u%éd%qh@n&clb Iovsabﬁarhb@ i mpl ant ed
dopants and heal any i npl ant damage. Is noted that the anti-fuse

memor Prosess. Fahaxar@we VB sae weﬂlarﬁglﬁgmn Qﬁuqqddarr@t@b%w g valiaee as t he

corr eﬁgﬁa&bﬂ?b&%rém%djugtrﬁérq%@aﬁ@ caﬁ%eruseatm@m&énytm s@phratd use nmenory
cells and her transistors is conpleted, and subsequent process steps

woul dwell snrlents €an Peusedfarithiyowiandhigh Y%ﬁﬂ%é’?ﬁs'gﬁff W8 hetsemy Yonduct i ve

tfaCk%dL@F:Mpmn?rs%eaﬂﬁtdoﬂgwémgtrvﬂé%fweﬁtt@rpdd%leqe%mn{d&amthadwst es 9A to 9G
illustrate exanple steps in brication process for for

t wo- t frepiantst Maxiesm flexipdity sabiaineduhen et loy prAigBIveiRge tERRsists E]%Yﬁ t

tr ansihQwn W&?mﬁ%dts BHE Ot éd,@a%ﬁltaﬁtrs e nidybe dulird@td @aginaaigh RVEIC Ui t
transi stor have thin gate oxides forned u5|n t he sarreoaﬁé &edeformatlon

pr oc e §5cortyigt 0‘?‘9&\?@ well Prl?ﬁleaﬁﬂg péﬁﬁ'f"%ﬂ‘ ¢fdls fragsis ﬂrrtE'EGI*T'BPlag "Bf er
Becauﬁ%xtdéeslt%gﬁdﬁs%ﬂﬁrgBlff‘éFEntt Ag8 vBttéf% trarfsisfork @rd aNdilb@kliya %Hﬁjegﬁt ed to a

common vol t at? | ant’, t he aCCEBS t rﬁnm st O

and the
anti - ih%%foter%ﬁfé‘l% QS?ntH)éQﬂeOftr}‘ﬂf‘ wliage trapsistat may fiavedifferentbyye! @l"“??br ent
ef f echiyV &t Ia?rts Wﬁ@\{)?‘cﬂl@%bgt' éﬁ?&lédﬁ‘?y 4 headjughmprht egepe/Borie@iéxidtingi nt ended

to ensure t fective Vt t he access transistor having the thick
gate odsie Su§hé§ aP-weber iffesion(LRD) ks 'YLOMPE f or exanpl e. Therefore the

effective Vt of the anti-fuse transist Is |ess than 0.6V since its gate
oxi de [0853] hi nnerThesiugiresishaWR E'géfﬁ)lﬂ# FRSHi frome Vel roses ‘ﬂa%sr the thin

oxi de pfeea Qﬂ(lvet-lh%téiﬂ‘é 'peffblﬁﬁédtbféi’fﬁisétirﬁblaﬁtéﬁ pgpé Rk vithimcthé sobstraéetei vi ng t he
hi gh voltage Vt inmplant, thereb

her reducin ffective Vt. The | ow

vol t ademntibediah yalape PttY%?n‘g‘?'kﬂﬁg’?dstﬂgﬁﬂﬂ é@ 8 pttgp%WFﬁ)\?gﬂé %e[cga% A i npl ant ,
whi ﬁh sdtébm%ﬁg@ﬁﬂewswm dvBatheistiBstrité eﬁtbdttdﬁ\el\lhemsweéfr;eey @pes02i c ¥al lﬁe
such as 0.6V for exa [ n case, t e ve Vt of the
ant i - fangdhe ?‘ﬁﬁﬂ@ﬂ‘b‘i‘rewf’% o Wa?gh‘%gﬂ?ﬂ“g?éﬁﬁar ﬂedqu%ﬂ g‘f 2% 1 ow vol t age
core Giehsitdd dr'th8 Fitsrhi¥idiate oxide 518 in selected regions of the memory array area

502 and the 1/O circuit area (not shown) for defining thick gate oxides. The absence of

mask 520 in the core circuit area means that no high voltage transistor is to be formed

therein. In a following oxide etching step, any intermediate oxide 518 not covered by

mask 520 is etched down to the substrate surface in preparation for thin gate oxide

formation.

[0054] In Figure 10D, a thin oxide 522 is grown on the exposed substrate surface
in the memory array area 502 and the core circuit area 504. Since the /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
-20 -



[ 0051] Figures 10A to 10G shows various steps in a CMOS process used to
formthe anti-fuse nenory cell of Figure 7B, at the sane tine a core
circuit twensighors2is forned. Only specific steps are skromwcA2009/iogizees 10A
to 10G for illustrating the differences between the anti-fuse nenory cell
enbodi nent of the present invention and a core circuit transistor. Persons

ski | | @gpasitet bocradelecistrisreas antie lgRR! pdlsiliebn BoA- It E'n@ﬁidrtﬁéﬁﬁe %r‘%‘a‘b?e are executed

for forrgngthe structures of the transistors. In Figure 10A, the STI oxide
500 afECHNSPHadfeioxideIRd thesHg's trapsistor mtb@sgmm%p@ll@npmqqmgci but®04 and t he

|/ O chbsitiori ofahegat(enﬁéskmm)he e bimlnad?éa mm&r@@pwﬂéa%% Rgk the core
circul a 504, and the exposed substrate not covered mask 506 is

bonba?é@ﬂ‘ \,\FtcHrepmlic%@rqao‘}pé qoa?rSfWhﬁhﬁdh'a Oﬁidﬁrf’z@(ﬂ”f’é'@%thﬂﬁkﬁype well. It is

not ed witéra{edtatf@gﬂewmd\écmag@mﬁwmo\émbh of e g’é’:\h,fmbépéié ANMSEPosed ruct ur es
are forrred at sanme tinme. Subsequent | i gh voltage Vt adjust inplant

for tH& erﬂ%‘iﬁ”'ﬁo%ﬁ?‘%@o%"éﬁreg(ﬁ’! %Fﬁjmﬁﬁ‘éf’?@ '@qtqr}fﬁsqm@tyo'leéwf‘@ s{geks ofr med.

Al t er palyglicon gdiés @Veﬁ?mﬁaﬁd ﬂmqmrﬁ@dta@e tdxRics R NaGheh 89 Pray dfed b2, ant i - f use
device portion can be masked after the p-type ions for formng a high

vol t alf¥ ﬁ?r?ﬁ'ﬁé’”t\ﬁé?? 5%\?@"6@%HO| yib#ead, such that thi s regi on does not
recei y hi gh. vol tage Vt adjust inplant. [0052] In ure 10B, the
mam)rlo ay ar gugebko%slgwstiﬁ@ srﬂcbﬁte{;g? f"é@@'”g’tﬂo Egﬁtq Sél'ﬁ?” 568 i s

cover e@pbynd1BsiKg mlifle senidiptarra} gre%mmsa%ﬁ chelsingah ehec€dre FANIEIES 804.0
corecircuit area 504 not cove k 510 |@ﬁbonb rded with p-type ions

For 1 U1 RPREAT 415 PO RS B0k FenTRinD o SR OYBURET T4 G GATORE t hge v

ad] lés 'thmildﬂ‘@ié&ﬂ:ildés)lsw e ﬁme Wévffﬁ”fg.ﬁe &téﬁﬁstaodlew@ n%arlg tbiﬁaﬁt ar}éﬁ 5g1n I st sgovv?
in I gure as oW VO e ] US . snou e note a
L 6 THa Sadhpareiies o e baTHaon B Bt i DTS2 e el H6% BANSaron. and vt
adj ustsédplaBgisiciromt, irexemdle. mF.wlemmet a@m@@wen@&mwedp&ﬂawev&e is one
exanpl e process. For _ex

same, wel | a be used for both
| ow af¥f ')jﬁ"%?%eééé’ztar”gng EP&"&U” #ee @PPP&@@?W”@ °fa{ E’éﬁ!%?ﬂou LR ant's can
bedUﬁ esbiorfdl ( Pt@trsﬂ@h?b ¥nd g@élewcatsﬁswtedhdjadenpﬂoaﬁé gat@am}@mcmlsm {)D&III t he LO}N
an 1 g VO age ransi s r | e_Sa an IS uUse or
Dot i o Vol e saar e rRet el afp S Aeiorar I AEHGREN 1) At o,
Maxi mgpaddreB3®ithd é)}bobéd sl afsChralegpodeatit nltgye @fidsion g’aplméﬁofmqer transistors

have their own wel] i nts and V jLust | ant s. h| S be desired to
Dbt o frEing siraaan B A e g0E or Sl veedH sl BRerSi on of ¢ he

t r ansicpé i arbhH 604, monledeymimg:\m regTdi‘r&;l’BZﬁiw ditussart reaions 534 irerelodi f f erent hi gh
volta e transi stors

re ava roces t herefore each different
{ype. SUagEgRTBI TR Gene Fapo DA APy ST POHRH G| FOEREIVE ad) ust
i npl ?BbﬁcenTr@t@d%Wp@Mﬁcéll@&ies@ﬁédi for eRclpw BithGe Rahsikddrsi npl ant can be done using
exi sting

[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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masks, such as a P-well or diffusion (LDD) nmasks for exanple. [0053] The
structures shown in Figure 10C result from several process steps. First a
drive-in woepyriserforned to diffuse inplanted p-type POmA2DGHI0M2D he
substrate to formthe high voltage p-type well 514 and the | ow voltage
p-type well 516. Second, an internedi ate oxide 518 is grown over the

subst watig befexeotitsd Td?&orﬁﬁﬂ‘@b%n@rcbﬁhéc@r 87 foP depdtti ng;;t%néﬁlftige ‘fr’af;i@tlfofj ar e?h504
i s deposited on the

Thi rd, athlc@ggﬁef\omdeé definition mask

i nt er MEIFRANSC & "BD&ISiondeweRsct ed regi ons of the menmory array area 502 and

the | rcuit _area for def|n|n t hick gate oxides. The

absenfcogsz maskFgﬂf?S{? %gdﬁ\@t@ 1S EMPle sleR f?e%%"qgab”ﬁ%t'ol‘h gh vol t age

t r anspeicoss ﬂosfdrm|n|g€a §mnmadnslaer thtnfusé rmefmdrpbbmmm O¥aikdIShikhég step, any

i nt ernedi ate ox not cover ? 3/ ﬁ'h 520.is etched down to the
rapsistag [hg g

subst PALEXEE 7 dc%?q"‘h" 12aB §Pe: G'GH! pE-Tsgi qRMice F g Sive [ 0054] In

Fi gur gaddidtor zmtT-fUSéerQMO(ﬂﬁcé%dl the wOVEIta@s cbfé&:u@&wqa@astsurbéiert%%awrface in
circuit area 504. Since the I/0

t he marrg arr(‘gx g}a?SOZ a tBe cor
t r ansPEPST Ormed usin 9PtR Qyide formagion grocess jbybRave, Yidmplagisiandnsi st or
ar eaSemb@Itr&bgr@mwﬂnamfféhBebéﬁsértn@dmabeungd&agésMvenl?ﬂhl|§>Wtiagy the growth
of the thin, oxide 522 at 0 SI|I 4 is deposited over the entire
substF%ﬁl%Cem%HOWWEP&‘@g‘ Oﬁﬂie}% g’rorﬂh CACees SISt PORN@Ndithe Ui t ar ea
50|4 a::ﬁdme)delgﬁ@pbmgns)f the@inghd &mst&&rﬁﬁowmbmgﬁi %uzlrzr%vé@rﬁé sérh@hgaL e
ol ysijli | S osit t hi n_0X a t t hi cker
P oy R e beesBS il e Vst Vot FrbRaly’ Srfe Pfagr iamBtt e gat e
pol ySIsI|Tteﬁ@e|c5t2»4ensgr2egaatethaaﬁkctﬁ8&/t bSM@@QS?]sIs&fbr@bs&j’r paﬂioacﬁaeidg aieemgckof t hg f
ate S| o) t the ckness te oxide o
One < PRlexleuS Aa Sidtincyatel pURLARRUTY il Thiisalis SR VERe poni ¢ on
of t hthegattidusrSdviceli6 ldsB thdre0. 6vrsmcents@uteto>@creaatr5&4er Mzarneal&pméfijcal ly, ggte
I de 522 an

k 52

The  ARpRumenh s e Bt i b5 322 o he bR g en BRP B BF e gate

irrgslét Eégwhltgtbﬂ frbh}erggglgoﬁgetgbt ggﬂ Zolpa:yey\ﬂrﬂnpl@fm trﬁ?ébyf?hhm&mcﬁﬁb (3% gaéI et hmasE 526
| ol ysili es _ove n an ic

(i nt egﬁ%ﬂlygmﬁh&?\ﬁggt. e r}a{r}&a% “%}eéhe%gﬁf,slo‘fv%ﬁ?ﬁ?% circuit area

504, mnslarith@hith (9 infehded to erfsaee th[aﬂ%&]ecff\l'eg\dine al @spsditonmldemsusiugh st acks

e R SR A AL S M AR 3 e RGBSRl Y,

ar ea b@J3iffetdie tisinahkt of @ang i Volgge togadireuiptaysstbi. con 524 over vari abl e

t hi ckness oxides 518 and 522 is the anti-fuse transistor device. In core
ci rcuf0o58] ea 50%he fabrication process for forming the anti-fuse memory cells of Figures

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

the fabrication steps shown in Figures 9D and 10D. Step 606 can include thermally
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the stack consisting of gate polysilicon 524 over thin oxide 522 is a | ow
vol tage transistor used in a logic circuit, for exanple. In Figure 10E a
di f f usi orwomedy/ 326821 s deposited over nmenory array area P0Z/Gardostdoes2d/ O
circuit area, thereby allowng for the formation of LDD regions (not shown)
and sidewal | spacers 530 adjacent to the gate polysilicon 524 of all the

Itﬁw vgtjom@getl htertransmte@gggpcssuttdne;fwtﬂ.rm)m‘et;uﬁ eitiefdas)the tﬁfck%éhé‘?&‘d@it' on of

e S| dewa SPacer s r es are expose 0 n-t

i 11 QGBI SRR Mrperes it BIcRIGRS S5d0s AN aleora F a0GhorEg ong f or

itlDID t thickl gaate uggé a’gl(ﬁjallzraaﬁl%pfﬁbe,rtﬁeIpﬁlyélh@Srggﬁt?s fir éﬁtﬁelttra'ﬂs%&i@@a‘b folrh&d r esul ti ng
re an | | ONsS or the Wvotagetran5|stors

T hE B R R0 tar 10 4B R A e ey £l aksitoreand th

concepdreaircaintarsyers fare mhplanted Sihgastres pondsite thefabricdtion $&psIsABwh & Or S.

[00565. I n ;drﬂ-g#ée %35 ”b? di ffusion mask 528 has been renoved, and the | ow

gufesAtE P epe 4 OPr U h i i i

vol ta e core ci rcuit area 504 are covered w th another

di ffusj mask . Now e transi stor array .area 502 are
cxposIF3BL T D0 TPl Ftfess SRRbtetmER e Ay PoIL A 8h4BhT " ana

di f f usthenaritelyise menngry aslisah |acmem6nygmura@ HigGreshaws 14 laee planpledtiagoant i - f use
mem)r@ Ctelt'l hat;i n&l ILDD rfe%lson 540 &II ffu5|g E? &I on, 542, and the

conpl BUREPIEBHCUBHERGS Y m§’t“8FY‘f Fn e REFENE FrRaTImenlsArangsd Mg

resul tier@ry-Bitay.egi on 540 and di ffusion region 542 for the high voltage
transistors in the nenory array area 502 are shown in Figure 10G and have
conce[(068] i ons Figacd 12 isad plgn dlewilgywdofa)twd tendistgtantidlsagentonacei st ors. At

hi d i
ot aMETY pliey atrerihe B G Bame it PEN A B Iet e BRE e T nea
anlytl apti-?:rsb nmlammrgl e eell Immemowcarmylztogitt:s%bﬁm mly8|lmbusftesHM6ra{|ddeBl azd Lg\évs

age

< hown Eoneetiip BoShofer hitafe bR s Me5ibRns AF RolRuk e fON BT A00RL S P ot her
]E r anjsF@UcurssGA snd:@ﬁarpheatctmll to magwt?glromgtyuﬁnite @'ﬁwrgs Oﬁnlstpeprsmd ghtb??ﬁérecut ed for

ormn ne c acts, an
ot or Bdn Atk ol dHe SRS R fe b ERERY MEarPRRRCTONE hOREES | (2
i 'l ustnchide seommgbeae sieepsy callsawldehrealare anaarigm ipadicesew 702 ahdr m ng a 3i ngl e
t t t
b aennr Bt S ErdR R sy AR 04 Mst BB fut BlBIRGAS, Bahe, o) 0
si ngl enti-fusesneahay cald of-rbwI@2nwhiter 3 sewind vsa:mdimeh/éLMws vainealgd tethee circuit

o0 sk Sl 5T 0 P e OO R oo
Becauseniding agay innehich gttmdogataggldpm/\ml e fbved @a arihick gaﬂey)xwtqeéomem to a
ConFm)rr‘na@ UnrYgO!hqubnca ion p ocesr)st In &gtc%nﬁéh?at?o%cs%%ﬁntiﬁ %I&%ié%é’, reagﬁbgiir 8 and the

memory cells from rows 702 and 704 share a common diffusion region 706 and a

common bitline contact 708. Each bitline contact is connected to a different bitline, such

as bitlines BLn, BLn+1 and BLn+2. All the anti-fuse memory cells are formed in well 710,

which according to the present embodiment is a high voltage p-type well. The anti-fuse

memory cells of memory array 700 can be formed using the fabrication steps shown in
Figures 9A-9G.

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

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



anti-fuse device portion of the single transistor anti-fuse nmenory cell
have the sane inplant, but will have different effective Vt's. Mire

speci f i cavbypowheishi gh voltage WVt inplant is intended t@ecemsezi@/ohad the
effective Vt of the access transistor portion having the thick gate oxide
Is at a specific value, such as 0.6V for exanple. Therefore the effective

Vt of arrm;eanh a-firdtsew 802 ane ah@thlaremseet é’ré%rr@nééﬁ Pl 6 ohd Po 804 Ofsde 1S
area under the thin oxide 522 of

t hi nner . n al ternate p@ﬁy
t he vyP'lrdaB? T CRested @%ﬁ‘@ sﬂféorb%‘nteﬁéo? bl §0gvhilesniireeadirlateg t he high
vol t agsitage V(Imhs’a\rtﬁnnebtbﬂft@bté p‘dlystll_b@ﬂi gét@QHOB B8rowt 8022 Af REbhy Rordiine The | ow
vol ta c1ore C 4 éranlsr tor iotée(# ectsd to.a | ow vol tage Vt inplant,
whi ch 'ﬁtcgﬂ'?fepge 19 the oY ‘ioﬁ'aﬂat‘?st frau8P¢ ahile ajsecepd cellgidei ti ¢ val ue,
such eata@eEW:Fﬁor |s@©aﬁ@dt@d td me®BWSm&ﬁﬁgaté§1m86ﬁth80ﬂng@é d&sHel\RitliMe of the

[ device w || ferent than at, of | ow vol t age core

anti - a

o't cubb Befg i aos B rerer Sranim WHER 84Nk Beledededs o bR RITER Ve

anti - hsiek @m%&‘ﬁe@@hﬂuﬁoroifnaﬁk guHrRSth6 FabaiagtiofBbrbSessUMTAE baﬂ@urennoh he flow chart
of Fi gure 1 Vel | Seqfﬁﬁr th antl-fu e nenory _cells in the nmenory array area

and t APYN9Ad9We dPs me@%r Peltsi from %ﬂ%aﬁdoﬁ“?f%%i‘ar‘%%t’@ﬁ‘oéoo whi ch
cgrrearﬁpadrls régfort 866 &b t:@rahqbﬁ_rbrtﬁﬁeemh & 808 Elranhﬁjutw mtﬁﬁnmnw@? A Mt

adj ust i ant is int i nto ese S ter we ion inplantation,
oer olo g IReRAL pl et Mich i dilre LBl BLARL §nd B £z Al 66 AP Else Dt ars. | o
the peeBent fe@madm el 80G wirdH @cc@fdihgﬂt@&h@ ar%@eﬁwmwdghemaé b A Voltagsi stors.

In an alter ahg nF drnent channel |ons der .t lde an be nmasked
Lo ¢ hadrwd? The SR e Tar ey EalE O e Gt A0 Ean boAp s TRLBe vt 1 o f or
the cpibficationGitéds sho®d iRFRyuteydanted, foI | owed by a Vt adj ust |rrpl ant, which
corresponds to the fabrication steps shown in Figures 9B and 10B. Thick

gate [o6dE i s gFigure fois d plen We(&blhyoamsi@tsmgrstmdnstdnenanmesrsemdsr«ym;snstors of
the anti-fuse ne

nory arr.a ea at, step 604, which

cor  CBpamiL T FHedabf atemBdieal T deRtteRT e2ob g "20c. "Thon thi n
gat e gangistot awtguwvnwehﬁrry télein ammorl kgray B0ANhas she pblglamomeﬁte 206, ednenory
array re the core crr uit transi I ch corresponds
fo ¢ asYeBe Rael o R e SR mar et 4 S s® TBaradpe ) aBRoBan | noi ude
t her rrairby/gmammmgolysm&:ohhme fmmrrtbepowsrlntepgaterslma obbatrhanti-flabe nmmcdyecell n either
case, the th ”E’ % a (A(f rﬁrrgv\p Es fttﬁg WAM rl ncraea%g 1 ho | ckness as
et gt e o R 2B emd cell L8 rdY Mol FERE B el ) o
step BRRBidetsheeepadnfisiuéé memopatalis, Wosredbur dréarremgeaisin s of fasteov@0@ed and t he
diffusion re for tg [/ O transi r ntr\éf ceII
Fr ansperBr SO o2t nls® syt 866 Pk fARR DR P prRas WL SRR 2 B
cor r egpyidiiaretcanhéated abihe palysitcorsgaies 26 oimws 90Ei 94, 666 9fY 968 and 10D- 10F.

respectively. The dashed outlines 909 define the areas in the memory array in which a

thick gate oxide is to be formed via a thick gate oxide definition mask during the

fabrication process. In the configuration shown in Figure 14, each pair of memory celis

from rows 902 and 904 share a common diffusion region 910 and a common bitline

contact 912. Each bitline contact is connected to a different bitline, such as bitlines BLn,

BLn+1, BLn+2 and BLn+3. The anti-fuse memory cells of rows 902 and 904 are formed in

a first well 914, while the anti-fuse memory cells of rows 906 and 908 are formed in a

second well 916. Both wells 914 and 916 can be identical high voltage p-type wells, but

separated from each other via STI oxide formed in the substrate between WLi+1 and

WLi+2. The anti-fuse memory cells of memory array 900 can be formed using the

fabrication steps shown in Figures 10A-10G.

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

fuse devices, such as the ones disclosed in commonly owned PCT Patent Publication No.
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[ 0059] The previous Figures show one anti-fuse nmenory cell in isolation
fromother anti-fuse nmenory cells in a nenory array. Figures 12 to 14 are
pl an vi ewbayoui21iskl ustrati ons of nmultiple anti-fuse nemromycazeddmwoazd t he
present enbodi nents arranged in a nenory array. [0060] Figure 12 is a plan
view | ayout of a two-transistor anti-fuse nenory cell nenory array

accor WOZDos7aR4E flea dhMestemder 202007 SHOPD0OS/OY XU teBechdsaRat dnvdmtitiignsi st or
anti-fuse nenor%bé:el | in mam)rébarray 700 has both polysilicon gates 106

and 10%MonARILTAPS yoaRRHNes Pefabricainopaalegtical coecuqn RRtvaeRitss anti - f use

menor yifasibh rddiéh 6f chahesltés voRegslpply. | n order to maintain clarity of the
drawi ng, only polysilicon gates 106 and 108 of one anti-fuse nenory cell

are a[ovsupt ed. Wheempoainieays ofQRe pesemamvention iI0§trate BvGtrindgtbi addise nmenory
re three are gﬁran ed infa first rﬁw 70% and anot her three are
i'H higghol

cells,. . ,
arranﬁ'QaeiEiW”B's EOBHPTY & nganti;THeq deyiges) V! Yolaasdeatdifiaro t he
anti - frosgowwdmage ced biscuitfiraheistor) T hisib iatisie RedsiBCcoRfing@ticliantirRisé\rietdory S

ow 70 shed outline 705

connected to the ti-fuse nenory cells of 4. The
ot 1 nEaRiing el K rigth s Fandir B& oo SrnlCberE s PR CB%1 do 1 s to. be
for rredircuitftraausﬁmrsare]g_atrﬂed)miaieeld@bibauiy_tdseg foraow vﬁnﬁgmgartﬁmré.amﬁés:@t ion .
Pprocess. the contigurati on sho n I gure , a | 0 nmenor cells
Pt om Foue g St ondentana S RaRIBE Bt eleraiag 8 PoyBRidk s8les common
bi t i BrRide aahsistbrs/ 4. thinagde bxitié trassistontiatie memogrutestaeeh, trogiangdff f er ent

ch as bitlines BLn Ln+l a e nmenory

bitline nd BLn+2. Al the anti-fus

cel | spafFBE"%"i'éfr‘Wﬁﬁf‘tf%ewﬁa%‘@f‘b 'iaé'ﬂn%%’&‘g'r"}ﬂlr?ﬂﬁ%?B‘aﬁﬁ%arﬁreé'%?ﬁte‘ﬁ%odi ment is
a hi gborrmst,mée-f@dmﬁw? hginﬁ'ltwo gifferent weks s;t&i@ah frgmakeé biorarhemomed y a{ray ]700
can  for usj ng the fabrication steps shown in Figures 9A-9 0061

i gur §s39vanaggs Hus o 138 TeRBIe B2 S PRRYe PLRETS IR IRG RIS VR BRor y cel |
MENDI gact 6taygr. Accartiiglyga highanqgeatiboith :rrmmé oxifie tdrehepastseine trbnﬂetbt,ioag. ESChII
two-transi stor anti-fuse nmenor e i no array 800 has ipdividually
cont r GBS saVigE Rl Suteees elctin inredhe ™ At es iAo coHEseRH B ur o as
ant i - fosebrakdswh cedrhctd@icof Fi gures 6A and 6B. In nenory array 800, the
polysilicon line formng polysilicon gates 106 and 108 of each anti-fuse

menor y00ss| | ar e lcsummarnyt theahin andehiakyatefoniie omeiatecricrebioss of thelaatir ow. Menory
e Six anti- ree

array,800 is sha to incl fuse Ly cell where th
2 o Mrduer 1 Pra Broetd 168 s ol i R ARG e g s B8 UPRhY econ
row 8prfileAThe cete shouitltramsestols] 1/Odransintves: toe iothpuseha diffetens ivell dopingat es 106 of
row 802 while,a first.cell vV, j .S e .
o, R RSk v o ek S8, e BRRTSI £ b U

the anti-fuse memory cell can receive the same Vt adjust, or control ion implantation, but

the thin gate oxide region and the core circuit region receive different Vt control ion

implantation. The effective Vt of the anti-fuse device will be lower than at least one core

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

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

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

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

the invention. For example, specific details are not provided as to whether the
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W.i+ 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 wozbhed2082] i ne 805 defines the areas in the MeRrOTCA200920p0420 Whi ch
a thick gate oxide is to be fornmed via a thick gate oxide definition mask
during the fabrication process. In the configuration showm in Figure 13,

each @absdiMenERIMBe/inGéttibh deE&Bet PWFeiPar imgqén%meesmé Soffware Tomimedi f f usi on
region 806 and a common bitline contact 808. Each bitline contact is

conneldrdyarerirgulyi rmyeER OF BicPMPRBloR tereChs bitlines BLn, BLn+1 and BLn+2.
Al'l the anti-fuse nmenory cells are forned in well 810, which according to
the ppessnt enbogk absve-deschbdd ghbodrhbagof theliativg ble intEAgedt be f use nmenory

ce BRI e Sl e TS S B S Sl

t r ansémbedimantsibyfthese cresRIlNy tHeedrt witfld typaitiigiyora tieDscbipe @f the iavergiohodi ment  of

the present invention. Each.single transistor anti-fuse nmenory cell in
mam)r‘ﬁyh'ﬁpﬂ%@pf@ﬁgsﬂ'ﬁg}hﬂg‘aﬁgf%? e@&ﬁdgﬁEeéone, and have the same structure

as anti-fuse nenory cell 200 of Figures 7A and 7B. In nenory array 900, the
polysilicon Iine form ng polysilicon gates 206 of each anti-fuse nenory
cell are commopn to all the anti-fuse nenory cells of the row. Menory array
900 is shown to include sixteen anti-fuse nmenory cells, where four are
arranged in each of first row 902, second row 904, third row 906 and fourth
row 908. Wordlines W.i, W.i+ 1, W.i+2 and W.i +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 nmenory array in which a thick
gate oxide is to be forned via a thick gate oxide definition mask during
the fabrication process. In the configuration shown in Figure 14, each pair
of nmenory cells fromrows 902 and 904 share a common diffusion region 910
and a comon bitline contact 912. Each bitline contact is connected to a
different bitline, such as bitlines BLn, BLn+l , BLn+2 and BLn+3. The
anti-fuse nenory cells of rows 902 and 904 are fornmed in a first well 914,
while the anti-fuse nenory cells of rows 906 and 908 are forned in a second
wel | 916. Both wells 914 and 916 can be identical high voltage p-type

wel |'s, but separated fromeach other via STl oxide forned in the substrate
bet ween W.i +1 and W.i +2. The anti-fuse nenory cells of nenory array 900 can
be formed using the fabrication steps shown in Figures 10A-10G [0063] The
previ ously described enbodi nents can be applied to nask ROM anti fuse
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devi ces, such as the ones disclosed in conmonly owned PCT Pat ent
Publ i cati on No. WO2008/ 077240 filed on Decenber 20, 2007. WO2008/ 077240

t eaches twetoe2arsei - f use nenory cell can be programedPoy/dazbrvooad ng an
el ectrical connection between its diffusion region or channel to a voltage
supply. [0064] The enbodi nents of the present invention illustrate

t wo- t ICuUMMSt or and single transistor nenory cells having anti-fuse devices
with threshold voltages that differ fromlow voltage core circuit
transistors. This is achieved by formng the anti-fuse nenory cells in a
wel | used for high voltage transistors such as I/O transistors, while the
core dircuiAméemarnsdestcercdnprieingormed in a well typically used for |ow
voltage transistors. Since a single Vt adjustnent inplant and a single LDD
i npl ant are applied for both thick gate oxide transistors and thin gate
oxbde tr ansnﬁémds@' armay ifofudirey @ piurality Ghand i@ me@Bhyoieis achoF #RtJI@hlity
uncontg tIfe % ant I&oné entrations and inplant damages are elim nated. In
cont r 5¢NHRE MEMALL CelisdndydPSrs using two different wells suffer fromthe

af olrerrentl oned dn&ach@ntaagefbrdﬁﬁngﬁtlﬁialsbatmoiaiblf&'ﬂil BNk aQﬁélﬁh h\'/d"!tg éW|0 or mr)]re

i mpl ant regj o overla ch ot her. Accor y, a higher quality thin

gate OXi deg’ @qﬁ?h@hv ﬁ?gefﬂglﬁ ¢'PARLY Q{ ype&ndéantyge fA"de device, results in

13 owerk Sd ef f ﬁct i ue ahmlmrwvmeg?guggashmt@mmdé fbﬁh@@mhﬂﬂé%rg!dnﬁ Q(lzod g
reakdown char ristics s in and thi ck gate oxide
[?dl el ect MFC tﬁﬁiﬂ”bﬂgted’fx' H%‘@ﬁt%w&gﬁe%%a%@qth%gap&%apﬁ the same

vveII or in the wells of the sane type and dop| ng profile. The core circuit
tran5|stors stors, .or hoth, use a rent wel | doping profile
than the W@ICPEe ?ns{sﬁ%rsq?é‘?ﬁﬂ/gaé‘? Py e&?ré%sm‘f'ﬂ'@gf% hl‘&ﬁﬁ?? todhefinygate oxi de

regi onsde)fthé berearatnsnsfanssemgﬁomtew in@llbw valfageassti NeRirghtsFAeTBpYlasakl ust , or
contrﬁ iy n\‘B Igntatlon but the thin gate oxide region and the core

ci rcul"®" B?%en feceive different Vt control ion i npl antation. The effective
Vt5 of the anti-fuse deV| ce will be lower than at | east one core circuit

transj stor f the s havi ng the sa oxi de thickness.

Lboser” T Th? el ark Abvies SRGaifeh i ulo Rt FepRtiP R b Be. memor y
cel | sahasthemwdeli beity glibstaptibipgidemticacinltgpendrid cﬁnp@fygﬂoﬁlbft@tﬂeth@ﬂ %’It%gét ors are
forrredﬁh"n | ow vol tage p-wells. Alternately, the anti-fuse nenory cells can

be fof'ffed in high voltage n-wells while core circuit transistors are forned
in lowvoltage n-wells. [0067] In the preceding description, for purposes

Hbr ofgh ulBRMETRIUTRGCoP T8 LB AR aree et s Preatel, i

wil | b@ta@ppi@ﬁreumcbmmlsﬂ;cbmled in the art that these specific details

4, The memory device of claim 1, wherein the thick gate oxide includes an
intermediate oxide and the thin gate oxide deposited over the intermediate oxide.

5. The memory device of claim 1, wherein the thin gate oxide is thermally grown on
a substrate surface of the first well.

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

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

5 electrically connected to the anti-fuse device.
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are not required in order to practice the invention. In other instances,
wel | -known el ectrical structures and circuits are shown in block diagram
formin owdepowmiiisto obscure the invention. For exanpl epPCIpebivoosatet ail s
are not provided as to whether theenbodi nents of the invention described
herein are inplenented as a software routine, hardware circuit, firmare,
or a conbination thereof. [0068] The above-descri bed enbodi nents of the

invention are intended to be exanples only. Alterations, nodifications and
vari ai ons! teamemeneigvicerd glain 7; Waergi) he @Grass t@%@ﬂ%rﬁ@ﬁ?éh'ﬁ?m{ fose of skill

in theiag é[gi@aié?%ﬁn HeRrafd tatdistdramyttheasttRRE deficé he invention, which is
defined solely by the clains appended hereto. CLAIMS: 1. A nenory device

conprising: a nenory array including a plurality of anti-fuse nmenory cells,

each @f t MenddiEmdhy devidef of 2iirh ef waeremmera)ﬁn@@el@vic@mag@\rwaae access
tran5|stor having a thick gate oxide fornmed in a high voltage well, the

hi gh thiskpesseaiRrxidebavigg 6%” 8PriQD copesPoRding ¢ V}?éh'”aﬂ%e oHdeArd 2 fhide devi ce

havi nebrfiort &r%sﬁéﬁ&n%i@ #le tﬁ@{ gRe okide! 16 vBiiaBle Hidknagegae lokidetBmgt hi n gat e
oxi de havin ness | ess than the thick gate oxide; and, a core

t r ansfognes U'P%Fﬂ?ﬁjhasdwﬂ%p‘%lﬁ"ﬂ’@”&@ﬁ esponding in thickness to the thin gate
oxi de, the core transistor being fornmed in a | ow voltage vveII havi ng a sane

type as the high voltage well. 2 . The mam)rg device of claim 1, further
ncl uti-ng THOTEMSDt FRHC of R4 & whereiehasgel RIRABHALT th| h'cktf&”ﬁ?@ of

Substtﬁetvbﬁéw tﬂl%@’sé §atk dxiaeta)haeeh@a@be@@nbﬁgst@fmfdklgaté exiddravel gh vol t age
wel | . he rrermr\%/é{aew ce of claim1, wherein the anti-fuse device has

a Iov@lbsi%lt'é'%ﬁéamﬁl ®afhan the core transistor. 4. The nenmory device of
claim11l, wherein the thick gate oxide includes an internedi ate oxide and

the thin gat e oxi de deposited over th mterrreda ide. 5 5. The nenory
devi ctl-of E'I‘%F\W‘PW% ofif'ame FW"QE‘F@CB%S&@WS ‘{rﬁ'é'xlf*rﬁ?t? Xgfown on a

\?vh UpSt 6&&?&5%57 BGethRk pbRRnfdf B/kridmeé khickhess Q'él@ o&ld@ﬁzfn&l tlﬁ@ﬁmtﬁﬂxs@fdembal m 5,
erein

at e oxide i ncl ude an | r i ate oxide and thernall
gr omthﬁkﬁlﬁi@%‘g?\%ﬁgsq%‘gs fhe g'r"hﬁ?ft'a‘ﬂ@ ?l"a@‘ﬂ%{ H‘%@S§9‘H§t°r’(gtee%§urface d

variable thickness gate oxide being formed underneath a single polysilicon gate.

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

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

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

5 type and p-type;

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

as the first wells;

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

circuit area; and,

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

5 area.
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7. The menory device of claim1l, wherein the access transistor includes a
first diffusion region electrically connected to a bitline and a second
di f f usi orwpegioniB2el ectrically connected to the anti-f ese/@euineof9 The
menory device of claim7, wherein the access transistor has a threshold
voltage greater than the core transistor and the anti-fuse device. > 9 .
The nmenory device of claim8, wherein the anti-fuse device has a vari abl e

t hi ckness te i de having a thin portion corresponding to the thin gate
oxXi dqund %Fﬁ‘?%ﬁocg%frcﬂ?'@ﬁ Wheedpbadirsigrells afeigh Meltage gﬂlé apdithfe, t he

var i alkeoridhiglisnes owgaliagewele bei ng formed underneath a single polysilicon
gate. ) 10. The nenory device of claim9, wherein channel regions under the
thick portion of the variable thickness gate oxide and the access

t reansi1st or Theingdth@bdfeclami e wharsh Selsdpstisirmlitanebligy fafig\hclidgal ant. 11, The
nmenory device %f claugll,_mhengin the access transistor thick gate oxide 5
corr eﬁl%?ﬂfg’gt%t IckpesS W i fist iR es Hesgrrnthpdds isikeingdeunemhthe $860a8 and t he

ant i - buige cep¥éppRdingitd adifih @afxd it 6faRs BsPAREcliRe® thin portion of the
vari abl e thi ckness gate oxide, the variable thickness gate oxi de being

formed underneath a single polysilicon gate. 12 . The nmenory device of

clai mél, whengitod breclamtis,; erid harkabing Mcllies depddiirsthelsdcdidiiddeage t hat
is |less than, the %ccess transj stor and the core transjstor. 13. A nmet hod

fof f&BATREIHG SHTAEHIYOUBGITEY xR s e ThpI thacrmginaliansef thefiss i n a
MENor Bxide Ay tiid sebshdl oRitie Formiintpa tHidksdatavekils obBe@costarphistors 5 type and
p-type; inplanting second wells in a core circuit area, the second wells

being a sanme type as the first wells; O formng a first oxide for access
t ransigt or Theméthed &f disim 188 heredf intleasing Miudea tiedally §roWirlg theea; and,

si mul taneously formn second oxide for core transistors in the second
vl | s SEPorRIdh A Sl flafh SR REE afAnagpealh e LN da] Be Shmg e e ot wal | s
of 5t heomBimatioh 8ffthaYirst bxigélahd theddegand dxidd hemirei itk AfatebaddvtliBe Wherein the
first wel Is{ are high voltage wells and the second wells are | ow vol tage

wel | s 8°985S REISIOER - hod of claim 13, wherein the step of sinmultaneously
formng includes increasing a thickness of the first oxide as the second

Xl e b DS RS At REBEP ARSI OSBRI ta figh 1 gate oxide
threshold voltage adjust implant for adjusting a threshold voltage of the access transistors

0 and the anti-fuse devices.

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

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

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

0 implant.

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

simultaneously implanting the first wells in an input/output circuit area.
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16. The method of claim 15, wherein increasing includes depositing the
second oxide on a substrate surface and on the first oxide at the sane
time, thewoanwnatszon of the first oxide and t he secondproXicdeofmomag a
thick gate oxide of the access transistors. 17. The nethod of claim 15,
wherein increasing includes thermally growi ng the second oxide on a

substpat e $HE hreRJNGIaA2E ReSEM th@@teﬁa'd’fﬁrmﬂ? éjﬁ’rsﬂéxn&é]ﬁc@a@@ time, the
conmbi nation of the first oxide and the second oxide formng a thick gate

oxi deSiBultanrouslydergung ingdstaxiier inpytoutput trassistRys éﬂ"‘hélf'éﬁt MeH%Of Péirt her

i ncl ugbigofpReFthgarele first wells to a high threshold voltage adjust
inplant for adjusting a threshold voltage of the access transistors and the
anti-fuse devices. 19. The nethod of claim 13, further including exposing

the fpgst wRé hietidy cﬂcryugfzzt\hn@@mh@lste@ldfa@eea%m uﬁéludéﬁﬁe@abumﬁ@meadj usting a
threshol d voltage of the access transistors an -fusg ?ew ces while

aski FRFOBH EIoTiag fiShaxeo o B8 T PHEUL EANSTRTariD SPuBReta i

i nhi bpfildend el iebad bRfe Afrmirdea thickyatd 6666 tHe WRUYa@BUtAENgRtors. NPl ant . 20.
The nethod of claim 13, further including exposing the second wells to a

| ow t hreshol d vol tage adjust inplant for adjusting a threshold voltage of

the coje tW%mem&r&,c|MIzlzewhé\’@|rhhélstw cﬂéﬁ@@dﬁg&n@lﬁdéé@xp@@hgfm@ﬁstranSI stors
to the |ow threshol d voltage adj thodf{%8 cl ai m 16,
n

whr eWglls oe Ripk Hreshaldynitag |aﬁlj‘s{ 1% ?"it E@ta%i}dé fingsa g‘ﬁ%?'l?g‘b% @R eousl y

i mpl aptddry trahsistord, e aifuSe HEvieds drdabé IMput/Putbutdianeistdrs.ar ea. 22. The met hod
of claim2l1l, wherein the step of formng a first oxide includes

simul taneously formng the first oxide of input/output transistors in the
firstowel | shemdihe dfftRivh/2aufupmer iBEILEIHG exposity the3ecditewsigitbadowf cl ai m 22,

wherein the step of incr jnclu sitin he second OX|de on the
first thseshed Yﬁ'taﬂﬁédi”ﬁﬂmp aé‘u% J“P?%%ﬁg?g}ﬁgdo Vqltﬁge gB{t}ﬁ R VYISt he fir st
oxg de and the second oxide form ng a thick gate oxide of the input/output

transistors. 24. The nmethod of claim22, wherein the step of exposing
i ncl udBs eAJBEMAY daEerPPOISRBI |'s to a high threshol d vol t age adj ust
inplant for adjusting a threshol d voltage of the access transistors, the

anti-fuse devices and th ut transistors. 25. .T od of claim
24, furthePM Hﬁedﬂ?’ﬁﬁry&‘?ﬁ%@ é Qé'ber%or%@rr?gc'tr%u't ar?%\kp%]ﬁrrsg\%%tﬁ d vol t age
adj US beinglnadf nftpde &l pHoipeng a thr eshol d voltage of the core transistors.
260 A nmenory device conprising:

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

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

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

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

includes an access transistor and an anti-fuse device.

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

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

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

transistors have gate oxides with a second thickness smaller than the first thickness.
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anti-fuse nenory cells in first wells of a nenory array circuit area, the
first wells being one of n-type and p-type; input/output transistors in the
first welwe 2069/2ms2nput / out put area; and, core transistecs/daoesoond well s
in acore circuit area, the second wells being a sane type as the first
well's, but having a different profile than the first wells. 27. The nenory

devi ceoof  alhainierdbry d&bes eF BaRRss) Worbhtnikdssd aRiTBIIdnGS | o | ncl udes an

access transistor and an anti-fuse devi ce. menory device of claim

27, WRUPHIPHhEANsisiers bave g At direshoithvpliene. thﬁ |§ut| f@@tq@ytcethraaraﬁesomﬁ s have
gat e @priesiasd %Ité@eﬂesfsl than tHelTir&tkR8Rold ItagENEndBRRGYe (4G5 s Mhvehal m 28,

wher ei n[ﬁ“ﬂ g i -fuse device and the core transistors ave gate oxides with
a secdef s R'Hé’é’ga%ﬁ g}a”t”f'%WSEWEBSPP'Idé’P"@Qﬁ ancheiferegbfirontitee sasendy devi ce
of 5¢l ahressld vogeei N 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 |l ess than the first threshold voltage and
different fromthe second threshold voltage.
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