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One memory cell structure involves the storage of more than one level of charge to be stored in a
memory cell with each level representative of a bit. This structure is referred to as a multi-level storage (MLS)
architecture. Unfortunately, this structure inherently requires a great deal of precision in both programming and

30 - reading the differences in the levels to be able to distinguish the bits. If a memory cell using the MLS
architecture is overcharged, even by a small amount, the only way to correct the bit error would be to erase the

memory cell and totally reprogram the memory cell. The need in the MLS architecture to precisely control the

amount of charge in a memory cell while programming also makes the technology slower and the data less
reliable. It also takes longer to access or “read” precise amounts of charge. Thus, both speed and reliability are

35  sacrificed in order to improve memory cell density.
An even newer technology allowing multiple bits to be stored in a single cell is known as “MirrorBit®”
Flash memory has been developed. In this technology, a memory cell is essentially split into two identical

1



Fl ash menory has been devel oped. In this technology, a nenory cell is
essentially split intotwo identical 1 12 SEP 2006 WO 03/079446

PCT/ US03/ 01855 (mrrored) parts, each of which is formulate Jmporing
one of tweyhgsigpenpdent bits. Each MrrorBit Flash nenory cgb 3/6‘1%5561
traditional Flash cell, has a gate with a source and a drain. wever,

unli ke a traditional Flash cell in which the source is always connected to

an el ectr (mhRbred (@h&fscéhcl@-ﬂﬂwl{ld'&Qs ﬂ)’hﬁdﬂﬁed t%r ﬁ&rﬁ@)bﬁe &QRH %ﬁép@ﬂ]eﬁt Rt rEacl?mﬁ{crﬁll fiad

drain, each M I‘I‘lO(}BI t p,%ngm)l ﬁ can have t connections o

sour ce anﬁ1 R l?\fetl;ag‘&&“a Ve idiiof aogﬁ?r"é acfﬁ“rfeoa“f)éfhi‘?mt Hopevess ke ﬁé‘a‘B‘F"“ﬂl

bits. TheFMhrelbin Bhich Bk smive ivelvayscomebitd th arselatris s Rdued mliLii dedin is Al S e@heteditd 4

i erl ant edel@c@rf&gl%:élﬁ ¥ hqvllllt‘rhljBﬂ%ﬁs fofemc;I}' Letll clax"f‘*f St th%t Qr{ng(gigns Oﬁ}flg rédurce%}cme & glgdcvgr(s)edas
"char ge-trappi ngd ect I‘IC med. 0 e Sem conduct or

substr ted“f%%}’e@ﬁ%’rtgé‘if{“ﬁ&'ﬁﬂwﬁgOéli“@lbé%tr| c Iayer can general ly be corrposed

of three separ '&ﬁeﬂ\&h@mrfﬂ!‘ash ﬂexﬁdri &11 has arksluic@i‘dhd&g ULy wuhc’imﬂmza G&ua&@mmneg A
| ayer, and second Jinsu ove t he charge

107 e app! YTAREFEREs PR et W el iPUe S aGr F PR v b
ci rcui t r ysubstiater ohs changs- tbpnng @ectricelnyer ban geaquplyytierrgmpossl @friake tepardth &ysoradfirstne,
whi ch act ﬁls%ngla&? rhtdh%e—%fnﬁg lafEn dan@b?éa&fd%ulgﬁntglliygewg g&?%'f&ﬂecﬂ SHGHe dhat

one t is stored sour ce. and drain belng connected I n one arrangenént

and al'‘tonfstPRire dielsitje éiyif peigendicglaral thy biflifgs- Pé‘éﬁEﬁ“H’é“EaﬂHmH}‘ 890HOlH 8y npjts per Dcell by

i nt er chang@ing A sigfed tchibe wardlinaNGEIRRNE as Deoags @ﬁfmaﬂgclﬁﬁglrtgmmlrﬁ ebdnedﬂ&ns such that one

igcgggl)ls IStQi?Q [hl@g Q)P%u% Qr%cd‘i“an?&m? annec%e%qxll Qfg &!’l’ gnﬁg‘nqg]g)glg a conggﬁmenta%%{t ILIS SE re% by(ghn

M rrorBi tS%E?ﬂd@@étQQWél%mE@’éha@F*@W\?@P@@t .as the menory cells are scal ed

down in size oprogrbmmg ofihél celNOidcorflibtedl if She QA BorSInd kda@ifl & QccQ.ﬁ,]Qfdﬂed Bl WaRfbnt he

bi tl |f5es l)eaS e 1nwh1cl}1tlsux%tranq data and | noperabl e nenory ce Thi s

appears t FPhe f ST eh ing froma "silicide" process to a
"salicide" pr 601@5;8 propigm Prith dictMigrnidit| aychitectyes hg§ e ilishevepdas ths gehars ciber suded

in the ”awna@&ééro?s}ﬂfnﬂalﬁﬁh&%@ﬁhav@@t@x@eﬁ td QFur bltGedn M bRGEScadhn® tol Bfupted data and
pol ysilicon rd i nes. hﬁus i cide process involves the co-deposition of a
h

ot 2l andERTPlgmSR iy BB Bt R5Rub P! PHENS b rlsiEoRPestdo aHUCHTSt
commonl y proeessed silicide is tungsten silicide (Wsi). However, the

el ethd cal r es"{ﬁﬁlﬁl&&ﬁ, ﬁlt: smé’fcﬁ g‘c‘z’:&g ﬁ&s%&n%&ed 'm%éjrﬁadufl&Px% %ﬁtﬁescogtgc% Sr&fs fcﬁ‘

contact areas get sndller because are
" enough t oodsRobsHieng ‘@E%"ée Thgy Sléﬁ“%eoﬁr?%ﬁ lwob(w therpredepesitign pRacingpal H‘P‘b ﬁbqon onto the.
el ect ri capol@flicdnes kit tsAibhSubsiatd MEHe ln@kt (ﬂﬁhﬁbﬂﬁﬁ)rrﬁdﬂ&ﬂkfﬂéxs |tlﬁlg§ﬂingﬁlaﬂe MﬁrHowever

Foqul ¢ et S MK AHRSE MRS BB RO WD L 50HeSd bl EXRECL Y,
to differ&nps ‘Pfé'ﬂeallnat@ial pre |laa@§noqsh it ¢russ esistagaeip lelsgtron dlow ﬁ"he Slalz‘@b' highgr geptrical
exhi b1 | puGinceh Onillet deicesr@BltsSh RBCEpINet BquBRdntsCdnd SRy RAL he zBiRfhtionith rARNEST
silicides silicide (CoSi), titani um si l'i ci de (Ti Si) and nickel

silicide ¢ e@f’%%ancyrkoééhé TEMPY & tdes  are deposited uniformy over 30 the
sem conduct or Weefhigheretegtricdh eesistarice hasipeanpted 2 wivitch todifférent owisl silividess whiticlgme srialiler
process hasind §8s /d ‘é@-&thﬁg ‘ﬁmklhe?éctrfcﬁl resi@fallxcL: wih LMalltanoJo%c? bhebds Ofnd ﬁéﬂegiglht:lg§ e cobalt

pol ysi licqn. of l'i con sem conduct or substrate
so the s?‘ll'ci‘d&((&ésg %f?’é“‘ﬁ@lﬁcéq%éf‘lsﬂ) a’éde‘f“fkelaﬂl’icijﬁ%s‘?m rf*ﬁﬁ?{fthc’fi?f‘é“erﬂ%%‘ﬂ“qdd‘f“f‘ﬁﬁb’lﬁvﬁg
Thus,;3Q hethpseoresctbrswaiahidatt metdl sadts wikhde “grpwsd o siiconf The @adeds-had thegidethtage that@ de
- process. M]fo%ytf&{-ﬂlashﬁ dXs on th&epoﬁ@xlh&o%'og fhe Wofaﬁx?esdﬁ ﬂ%cm%&)té%% sg'nlnéo%d&{o? ?l}bgt%te%o the

pr obl em been di scovered
SlllCldeS are generally self-aligned w1th0ut the need for maskmg Thus, the process is called a “salicide” process

Oli\%acts

for self-aligned silicide process.
Unfortunately, the salicide process advantage also creates a problem. It has been discovered that, since
35 the metal is deposited uniformly over the semiconductor wafer the metal often leaks during deposition down to
the silicon substrate and forms silicides where they are not desired. In particular, silicide between the bitlines
causes short circuits and results in the corrupted data and inoperable memory cells.

A solution to this problem has been long sought but has long eluded those skilled in the art.
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(PRI OR ARP¥18& 3 circuit schematic of a portion of one of the Mx N array
cores of FIG- 1 15 (PRIOR ART); FIG 3 (PRIOR ART) is a plan view of a
portion of one of the Mx N array cores 104 of FIG 1 (PRROR ART); FIG 4
(PRIOR ART) is a cross-sectBRIBBEDESGRIFHONIOF THEDWRAWINGSt ypi cal MrrorBit

Fl ash nenory cell along the line 4--4 of FIG 3 (PRIOR ART); 20 FIG 5 is
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cross-secti On&dIG\&l(BMIORaAmgsbeﬂﬁxt5cher5anb Bf Shdaiondr 6RPr @R MRN arral b&zes & S 1t he
strucltsur 5 after formation of a hard mask and renoval of the
photoreS|s arﬁ ’he optional ARC layer; FIG 7 is the structure of FIG 6
af t er processifi{g 3(3RIAY ARTeishalan vimmela pprtior afom ofithe M x Nesgy co2610FbIEIGE (PRIORhe
structurearaf, FIG 7 after deposition of a spacer material; FIG 9 is the

structure of E aliciding, and FIG, 10_is shown a sinplified
process chart F{S&“t&g‘% éEZHE % FRIBIEH OB somprervigofe ﬁ’@%"‘l(%{ﬁ?{‘?ftrﬁésmm"m?"

| NVENTI ONlorgthelinei4ngofifdt X BRIPRART); (PRI OR ART), therein is shown a plan view
of agW rrorBi tdd)s iFl %Q-SEEEMW gfoa p%lqgly pmésgga e y lz{?% }1&1&§ setional view

sem conduct or substrate 102 in which one or nore en5| ty core regions
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FIG. 7 is the structure of FIG. 6 after processing using the hard mask to form wordlines;
25 FIG. 8 is the structure of FIG. 7 after deposition of a spacer material;
FIG. 9 is the structure of FIG. 8 with saliciding; and

_ FIG. 10 is shown a simplified process chart of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1 (PRIOR ART), therein is shown a plan view of a MirrorBit® Flash EEPROM

30 100, which commonly includes a semiconductor substrate 102 in which one or more high-density core regions
and one or more low-density peripheral portions are formed. High-density core regions typicé]ly include one or

more M x N array cores 104 of individually addressable, substantially identical MirrorBit Flash memory cells.
Low-density peripheral portions typically include input/output (/O) circuitry and programming circuitry for
selectively addressing the individual memory cells. The programming circuitry is represented in part by and

35  includes one or more x-decoders 108 and y-decoders 110, cooperating with I/O circuitry 106 for connecting the

source, gate, and drain of selected addressed memory cells to predetermined voltages or impedances to effect
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material, such as boron. The threshold adjustment implant 402 provides a region that is more heavily doped
than the semiconductor substrate 102 itself and assists in the control of the threshold voltage of the memory cell

35 400.
A charge-trapping dielectric layer 404 is deposited over the semiconductor substrate 102. The charge-
trapping dielectric layer 404 generally can be composed of three separate layers: a first insulating layer 406, a
charge-trapping layer 408, and a second insulating layer 410. The first and second insulating layers 406 and 410 |
are of an oxide dielectric such as silicon dioxide (8i0;) and the charge-trapping layer 408 is of a nitride

40  dielectric such as silicon nitride (SiNy). The oxide-nitride-oxide configuration is frequently referred to as a
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act as the.b é}%gogﬁn ition_ fromthe conductive i con

of the coﬁsfsg(‘}(ie W bt &Sﬁ&“a}% € sodler pgster slicide ﬁ‘é‘ta‘étdreéseﬁ%aé’P‘Emﬁﬁa“é?fS‘ZaaSﬁEﬁc aI
and si |l i cornsefituogsteheiligidd apd ihe gmmmresxﬂ@le%wtohaem&sd Ermﬁghbﬂ el3triodl Edsiktance teldts et al

and i i | ysilicon. The nopst
cormglrsll yq’?g? p%gpréqn%n%% afdssqfﬁacﬁ'&gth %n&g?r%@glq (%lgr ; wever, the

icid
el ectrical ms:q §§'§'Pﬁ5§ leciicak mrsistapeerigs prampied 4 ﬁwéfhdé d'ffFfPRi‘ mstgkilicides, arhigh fogrs sruatler
cont act aize asamg&sttheyrmé Hepositlaie CWitls ﬂlctsﬁlaﬂeh @1 ag.r site ntﬁey&thnbxh e weBélediical re@dta@cel @dge
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tungsten silicide contact areas are
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the silicon of the semiconductor substrate so the silicides are generally self-aligned without the need for

masking. Thus, the process is called a “salicide” process for self-aligned silicide process.
Unfortunvately, the salicide process advantage also creates a problem. It has been discovered that, since
35  the metal is deposited uniformly over the semiconductor wafer the metal often leaks during deposition into the
silicon substrate and forms silicides where they are not desired. In particular, silicide between the bitlines

causes short circuits and results in the corrupted data and inoperable memory cells.

After much investigation, it was discovered that the metal is able to leak down to the semiconductor
substrate 102 because the charge-trapping dielectric layer 404 is sometinies “damaged” during the

40  manufacturing process. The damage often consists of small openings all the way through to the semiconductor
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si |l i con dliglstrie sutheas silicon nitride (SiyN,) to form an ONO layer. It will be noted that the present invention is not
limited to specific dielectric or chérgc-trapping materials.

35 The bitlines, as typified by a first n-type bitline 512, are implanted under the charge-trapping dielectric
layer 504 in the silicon substrate 501 and a wordline material 515, such as polysilicon, has been deposited over
the charge-trapping dielectric layer 504. Again, it will be noted that the present invention is not limited to

_ specific bitline or gate materials. For example, NPN structures are shown but the structures can also be PNP.,
A hard mask layer 516 has been deposited over the wordline material 515 and has not been processed.

40  The hard mask layer 516 can act as an ARC or an ARC can be deposited as a separate layer, such as an optional
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layer and the bottom oxide layer to protect the semiconductor substrate. With no access for metal to the

semiconductor substrate, "therg will be no short-circuiting of the bitlines.
35 Referring now to FIG. 8 therein is shown the structure of FIG. 7 after removal of the hard mask 519.
~ An inorganic spacer material 534 has been deposited because it is required for the peripheral portions of the
Flash EEPROM 100 of Figure 1.
Referring now to FIG. 9, therein is shown the structure of FIG. 8 after etching of the spacer material '

534 to form spacers 535 through 538 around the respective wordlines 525 through 528. If the spacers 535
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543, suchPddrapHHigrpies. I“i‘oé’if’ﬂ*ié“’"st e aYh‘i‘auPHSs‘Y“? Petrgaent &*r thpe kil % fop o frfight o the-
contacts aoregobig defcriptivd. r Aepebklyyie is tandeddioi aaeacH A stdhr exgdrtives? Godiitatioe, tukie
nmetal sil I Ay, t i de
spacer s, ‘:’./%ﬁhﬁﬁ ot f%ljbaﬁlliné E)h(r%t Ixﬁ;ﬂ;g :s{hﬁc gfr(]ﬁg &EIQdeWﬁr{n /@l rln%{{e hqﬁcr QcHo{;a sgt forth or
sel f -4 i ghewn g hepprempaspias frpwingiaresobiappicied i %wa{apwesd nqn~l@mng§ezpq cide will
be grown. Referring nowto FIG 10, therein is shown a sinplified process
chart” 600 of the present invention 10 which includes: providing

sem conductor substrate 602; inplanting threshold adjustnent inplant 604;
depositing charge-trapping dielectric |ayer 606; inplanting bitlines 608;
depositing wordline |ayer 610;



depositing hard mask | ayer 612; depositing ARC | ayer 614; depositing

phot oresi st and form ng photomask 616; form ng hard mask 618; renoving
phot omask (and optional ARC | ayer) 620; form ng wordline 622;bé$$pﬁ@pg

hard mask 624; form ng spacer 626, and grow ng salicide 628. '
alternative sequences, additions, and 15 deletions to this process chart
woul d be obvious to those skllled inthe art froma detailed reading of the
pr esent dlsg%g;%%f' Various inplenmentations of the nmethod may be used in
different el c devices and especially the dual bit nenory cel
architecture may be achi eved according to one or nore aspects of the

present inve t| on L\ € apl-i cable to nmenory
devi ces wher b‘%ﬂ?nrb (f?n}ar?ﬁgkc FE‘E"%:B‘ Wgﬂgchs 13 ?%r data or 20
~information St or vadtﬁlgldsémidmdudtmewbmte (@2 (862 descri bed in conjunction
with a specific best .node, IS nder st 0o man rnatives,
modi fi ctions, arRfPOHHPSE BlifégWPﬂ’P‘ 5 ettt &04#“’5% ﬂéﬁ(is%n@%&ﬁﬁmf he art

in light of. ghg description. Accordingly, it is intended to
enbrace all %@gtﬁat@p%?@ ?ves nodi fications, and _variations th t faI I

within the spiri tfoaansfb@p@doﬁct)Webtﬂﬁ@F (i) in: thej semicondyctorubsirate (1

hi t her-to- fO{gfé fet forth or 25 shown in the acconpanying drawings are to
be interpret n an illustrative and non-limting sense. 8 12 SEP 2006
CLANVS 1. A met hoodepbsiting uf wotdline AayenifS INtover theechatgiertmapping cielpririaileygr

provi d| éﬁ @?&duct or substrate (102) (602); 5 depositing a

charge rapp 83 ectric layer (504)over the sem conductor substrate
(102) (606); forrraegesxﬁhg ithaadldzaslemed(iiﬁj bi:emehe mmeilmye:melsge(ﬁizaouhductor
substrate (102) 08); deposit. nfg alv\ogé)% % elrhdt he "

char ge- t r apphasg WEI‘@@F#G paferisl oqpplgt ”(3'83 Yaae 55’5? vﬁﬂ PR mask

| ayer (516) Wegﬁ&w&ﬁ&&émm&ﬁ;&) (612) the hard mask | ayer of a
mat eri al formul at ed for renoval by ocess whi eglp. goSt) mage the
char ge-t r appi ng diie@P@e{lgli@hfPtaVéhS“aXf‘é D PYSS ea?”?fﬁ@‘t ¥ERP)(Gldy (518) over
the worgdline laye,sﬁ %é.ﬁ%ﬂ(e%@}oremlﬁy&r@m%mﬁ éﬂm&ﬁ&kwm(@tﬁ)l ayer (518)

to form a phot onas processi ng the rd mask Iayer 16)
usi ng the phot onmyhm(ssmg)thtt baxﬂommkala}'gr(élﬁiwk!g(mWOWés G réﬁ‘b\f‘i’rﬁbat he

phot omask (5& % ggl)g &V\gcesa ng the wordline |ayer (515) using the hard
mask (519) t &7 5 % rdline (525-528) (622); renoving the hard mask

(519) (624) wi t homtnosingrhe pisptomaskdhEN§&202),appi ng  diel ectric layer (504);
and growi ng a salicide

processin %g )Wordline layer (515) using the hard mask (519) to form a
20 wordline (525-528) (622);
_removing the hard mask (519) (624) without damagmg the charge-trappmg

. dielectric layer (504); and

L

growing a salicide (628).

25 2. The method of manufacturing an integrated circuit as claimed in claim 1
wherein removing the photomask (620) is performed before processing the wordline

* layer (515).
3. The method of manufacturing an integrated circuit as claimed in claim 1

30 wherein depositing the hard mask layer (516) deposits a material selected from a
group of consisting of oxides, nitrides, and oxynitrides. '
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25 2. The nethod of manufacturing an integrated circuit as clainmed in claim
| wherein renoving the photonmask (620) is perfornmed before processing the
wordline layer (515). 3. The nethod of manufacturing an integrated circuit
as claimed in claiml 30 wherein depositing the hard mask Iizgﬂ,gﬁ§6)
deposits a material selected froma group of consisting of irdes,
nitrides, and oxynitrides. Af61132 BBD3431 HRWis w fi kdhm CE 9 AMENDED
SHEET: 1 Z SEP 2006 4. The nethod of manufacturing an integrated circuit
as claimed in claiml including depositing an anti-reflective coating

| ayer (517) after_depositi the hard nmask | ayer (.51 i har d
magk I gayer) ($16) The g\é’ I d![ an? @Wqﬂgc%&%?g tCH‘é&é éﬁmﬁﬁ PISE: ?‘ve
coating | ay_e{mfui‘éil.@defésit_i@ﬁ\ ARi-RIR Ve cRANE RGEU(STMpaier depbsitineathechaod r cui t

as claimed in clarm i ncludi ng deposjting an anti-reflective c i ng
| ayer (517) wesk lagerdil fdgherein she hard mask layeq @ésk%é?sﬁﬁ%tgﬁlg?c?ﬁﬁ%%f ore
processing the. wor dl | 7%9). 10 6. The nmethod of manufacturing an
i nt egratsed cFHEU] te&g)serlg?tgn%@grlin gl aim1l including perform ng a pre-netal
deposition strip. 7. The nethod of manufacturing an integrated circuit as
clainmed in clLaim 15 Wherein gr ow g b GhrdSit a8 YeBliméP 40 cladt3)

i ncl udes gro%i ng ?%ﬂ%\ws‘h o ﬁ%\@ﬁ%rﬁﬁ{ef@%ﬁ?i ne {525- 511218) (628).. 8. The
met hod of napfiAGicUddpositiag ah Nindgefdorisle coatngi layars(StDadndetpmoving| & rAnk-

i ncludi ng depositing a spac r (534). and formin rs (535-538)
around the M%W%leﬁzgﬁég}%(%égﬁes @@?&oﬁ \?\Al%g{%ﬁgfsal i ci de |ayer
(540-54g) on the wordline (206) (418) 525. 9. The nethod of manufacturing
an integrated circuit as clained in._claim1 including inplanti a
threshol d adpust nEhg mesindagf mamyasturing an apfesratsd; AsHY tcdlf’fq}r)mcgé'tl sct[flg?tlrat e
(102) (608). ;18 4 The fAEhhed pal mernedmsition tAg an i ntegrated circuit as
clainmed in cfnz]ac?lﬁ%m Wnerelgnpt he charpge-t rapgi ng dielectric layer (504) is
conposed of a first dielectric |layer (506); 30 a charge-trapping |ayer
(508) over the figgt dieliest habufa@he bR QRberaidl Circait S8 Ciliishedlii@|ckdinr 1 ¢ | ayer
(510) over t?'e chgﬁ‘%e-trétjp(g)[lt ng lIlayer 508§:g$AF01 t, 32 8833,31 HRV| Qnhs as
Wed Junis 16vherkld grhBiTR tlBHElTIde layer (540 (543) includes growing a metal s1 cide on the

wordline (525-528) (628).

D}

8. The method of manufacturing an integrated circuit as claimed in claim 1

including depositing a spacer layer (534) and forming spacers (535-538) around the

20 wordline (525-528) (626) before growing the salicide layer (540-543) on the wo_rdline
© (206) (418) 525. o :

9. The method of manufacturing an integrated circuit as claimed in claim 1

including implanting 2 threshold adjustment implant (502) into the semiconductor

25 substrate (102) (608).

10. The method of manufacturing an integrated circuit as claimed in claim 1
* wherein the charge-trapping dielectric layer (504) is composed of:
a first dielectric layef (506);
Z;,O a charge-trapping layer (508) over the first dielectric layer (506); and
a second dielectric layer (510) over the charge-trapping layer (508).
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