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both the speed and the density. Newer Flash memory cells have been developed that allow more than a single

25  bit to be stored in each cell.

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
reading the differences in the levels to be able to distinguish the bits. If a memory cell using the MLS

30  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
sacrificed in order to improve memory cell density.

35 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

(mirrored) parts, each of which is formulated for storing one of two independent bits. Each MirrorBit Flash

memory cell, like a traditional Flash cell, has a gate with a source and a drain. However, unlike a traditional
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30 The above and additional advantages of the present invention will become apparent to those skilled in
the art from a reading of the following detailed description when taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (PRIOR ART) is a plan view of a conventional MirrorBit Flash EEPROM;
35 FIG. 2 (PRIOR ART) is a circuit schematic of a portion of one of the M x N array cores of FIG. 1
(PRIOR ART);
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Referring now to FIG. 1 (PRIOR ART), therein is shown a plan view of a MirrorBit® Flash EEPROM

20 100, 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 typically 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 (I/O) circuitry and programming circuitry for
selectively addressing the individual memory cells. The programming circuitry is represented in past by and

25 includes one or more x-decoders 108 and y-decoders 110, cooperating with YO circuitry 106 for connecting the
source, gate, and drain of selected addressed memory cells to predetermined voltages or impedances to effect
designated operations on the memory cell, e.g., programming, reading, and erasing, and deriving necessary
voltages to effect such operations.

The term “horizontal” as used in herein is defined as a plane parallel to the conventional plane or

30  surface the semiconductor substrate 102 regardiess of its orientation. The term “vertical” refers to a direction
perpendicular to the horizontal as just defined. Terms, such as “on”, "above", "below", “higher”, “lower”,
“over”, “under”, “side” and “beside”, are defined with respect to these horizontal and vertical planes. The term
“processed” as used herein is defined to include one or more of the following: depositing or growing
semiconductor materials, masking, patterning, photolithography, etching, implanting, removal, and/or stripping.

35 Referring now to FIG. 2 (PRIOR ART), therein is shown a circuit schematic of a portion of one of the
M x N array cores 104 of FIG. 1 (PRIOR ART). The circuit schematic shows a line of memory cells 200, which
includes memory cells 201 through 204 and which together can form an 8-bit word. Each of the memory cells
201 through 204 is connected to a wordline 206, which acts as a control gate. Each of the memory cells 201

through 204 has two associated bitlines with most of the memory cells having a common bitline. The memory
3



Referring nowto FIG | (PRIOR ART), therein is shown a plan view of a
MrrorBit(r) Flash EEPROM 20 100, which commonly includes a sem conduct or
substrate 102 in which one or nore high-density core regi b8BP 28pd one or
nore | owdensity peripheral portions are forned. Hi gh-density core regions
typical ly M#08¥1ne or nore Mx N array cores 104 of liqgfdis%?/‘dﬁﬁl ly
addressabl e, substantially identical MrrorBit Flash nenory cells.

Low- densi te 2€hds QJ@&&@& bifRds 204G 260y B c,efkdrycam@d il esdc:aeysl(ngeatz%d éxb/ 199
circuitr y rngn%)hgﬁ 9(% h%s aissomage‘ilgxthnes:ﬁ 6(; anXle and th? t%emeo(l}:[ c{clYﬁM)Aas asscécxag.ﬁ gxtlm

i ndi vi dua anmng circ ryirst enté n part
by and 252ﬂncludes one or nore Xx- decoders 108 and y- decoders 110,
cooperati ng W bdpentihfupon & 6ghall dn Yhe MdGilifieQind RO EAREIh BOhd $iines SOLMhGRsy cgBbey  and

?L;‘Lgaﬁf §1§cuﬁ£its<$,¥1 e AL dtﬁesrﬁeq\og‘%ag"zéﬁz 5" 2?)45}8 %gb%q)ﬁmir}glrgﬁbgg ynqle&ag%ﬁs T

progr anm o é’éd‘ir?ﬁ‘g‘ 22 g ‘@‘?‘%Pé"t 'f?@‘“" %fr’fd bd@ﬂqcﬂ}‘P'frﬁS [fadised éh'%Vgh %F%*%{@ég to
ef f ect sudiaingpierbaling 2083nd thelsaurde @rtim bitlive 249z Similaly, coars! ofiheblt at lacaiienr2ed imachisvedlef | ned

as a pl an@xrd@ﬁnrcaxlnlzc%&n of e &rﬁ@to% 'EMIQ:Q §d9qm11e smr@ rlﬂhe%ﬁtlme:i& sxﬂﬁduéﬁh@]a&m%emory
sem conduct or._substr

The te
e b ool SR pmioh Bl B g s Bk i b bR e 5§ ust
def i ndf. Tl sresprostammpd casat 4 fipe'and onhitynsmemory'cildq agiiye at a'tifmg wiile P"°$famn|"@c/ver ", "over"
“under", "si deRefeing noub&EﬂGdB(PRICRM&l’I‘ﬁ%ﬂexﬂ%dho%'& Baﬁx&&ﬂﬁﬁﬁorﬁoﬁoﬁdﬂ@&&e ko zont al

and Vert I gr%ly ccRisEf&i ?FIGf h(?]ﬁlbﬁtﬁ.@r "’IR(!,: QELSA% su&ﬁat% I%Egas a [xrgl'i oflléplaqt%(f l;nﬁr%g to

i ncl ude one’or re o oW n eposl sem conduct or
Tt er | al S O4PEKRIRE FSOEER HITHY, ofﬁmﬁ SPPITHOGH 5T walt HG S RIEERTE P
removal , anditpet istlanie@ipiimeg 3043 PheRefdiies 302 gndrbdlives 304 FabdSont:ts(@RRM@RNIETDYs, (ot her ei n
i's ShQWn @ho@ﬁ)rt@%%rg%m“k&tr)prfepr@er&g lidf bagrﬁ Qfdecg&% 0% aﬁdwedecoMrQ(llN ofifiGay Cores
104 of FI %P\%#f . The circuit sc%emat ic shows a |line of nenory
cells 200 '|ncludes menory cells 201 through 204 and whi ch t oget her
can form an 8- Rdfaringagwto FiSa¢ (PREIR ARYR. treesivdy shovme|cross-secign! isopetiuddy of @ 4piak

connect ed MiorBit MRK AléntoRei? lbhg HeNCH-4R€ 6. APREDRCARTY,s@h ag@némoryRRI looofThe he

x%; y g::s%m%o?_lducjfor sutbsnrate 'Il& rlrsn%pocﬂ)ge s‘T’xcon su st[ix% QI?I t%res%dld Jﬂ\ @?@ﬁg J%ﬁfg‘g% of the

03/ 08é916 mpieri) SIS 3/ 85’€Lheéeqslroldzﬂemstrn°aslma%r§ 6991 P&tveef atsFa*q" ks mog eaiyfomt; t he
menory cektin BOEmibdduicassiBedtalBikelDint hssineis the Ord bidhe2ik&hold Jorage steiemenyorcell | 203
has associygfed bitlines 210 and 211; and the nenory cell 204 has associ ated
bitlines 211 and 212. Dependi ng ypon a Si ?nal on the wordl |£§_ and the
connection of fREekIPPRgHectinlayer 4p& ixgpRosiedvpr the semigonduglor sybstrate 103, fhe dhyfes oo o
drain, theamegiielsuic Bldr $0428Mkratiheao brpamRS:d obthee sEpaidyers: offirshiniulativgdayerrt@aeli ng,

and epgsi @lg.rgmriﬁmgalayer 409 GRitals QB 1r3xﬁeﬁmé lWemg Rrhéfd andE&BndQﬁ%amé dersQﬁmfhd’ ab of the

bit at |ocat oxtdﬁgxefegnc suc}?x ats sx%fqﬁn dl%lget& )Caglggg C alé%(f):-rt]ra;ﬁ)mg ayer 40§j 18 of a n&r%ft he

bitline 2088 °and Source 7 “contr ol

bit at | odakimsriudpesilicsn pitki Gilla The PridsuieevirreTEIoin effreﬂ%lymfmeﬁmta&at he
bitline 2@QueasidonkdiRncs Bk BN IByet’ne bitline 208. Al though adjacent nenory
cells share CO?W%DDQI"QA §011 Mﬁ‘@ 3 (}II{I'SR % )%%‘idnt@@m& Yhe G2 Jg!e-t?apgigg Ji'é?erctrik Q}eﬁ&)ﬁ ere

W th %8Ch ot her because th .
in the semiconductor substrate 102 as typlﬁed by first and second conductive bitlines 412 and 414. They are

typically of an implanted n-type material, such as arsenic, and can include an oxide portion (not shown) in some
embodiments. The first and second conductive bitlines 412 and 414 are spaced apart and define a volume
between them with the threshold adjustment implant 402, which is a channel 416.

A material, such as polysilicon, is deposited over the charge-trapping dielectric layer 404, patterned,

35  etched, and stripped resulting in a wordline 418. The wordline 418 is one of the wordlines 302 in FIG. 3

(PRIOR ART).

It is understood that the implementation of each step in manufacturing has associated processing steps.

The locations 420 through 422 indicate where bits can be stored in the memory cell 400 and locations

424 and 426 are adjacent locations, which are independent of the memory cell 400.
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dielectrig,h ﬂ%?ﬁyer %3rggsplg)gwmﬁgn&g&p?ﬁmsgnd stripped resul ti ng in a
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Referring now to FIG. 7, therein is shown the structure of FIG. 6 after deposition of a hard mask
extension layer 524. It has been discovered that the hard mask extension layer 524 can be a deposited inorganic
material, such as a deposited oxide, which has a high density as a result of being a high-temperature oxide or an
30  undoped oxide. The high-temperature oxide would be one deposited from about 750°C to about 800°C and the
undoped oxide would be an oxide deposited by a physical chemical vapor deposition (PCVD) process. An
oxide is used since it is conformal and will tend to oxidize the layer of the ARC 517, which is generally of
nitride, to ease its removal during the formation of the hard mask extension as will be hereinafter described.
Referring now to FIG. 8, therein is shown the structure of FIG. 7 after processing using an isotropic
35  etch followed by an anisotropic etch.
The isotropic etch is used to form the hard mask extensions 524A through 524D by etching the hard
mask extension layer 524 down to the tops of the wordline layer 515. The isotropic etch above will remove any
of the ARC layer 517 remaining on the patterned hard mask layer 519, which will make subsequent removal of

the patterned hard mask layer 519 easier.



As explained briefly earlier, a major problemwith the MrrorBit
architecture has been in the formng of closely spaced wordlines and the
use of materials conpatible with the processes used to f@rsEP 206 wor dl i nes
when shrinking the size of the overall MrrorBit architecture. The

phot ol ithodY%gﬁ‘ﬂséﬁ’li)r ocess is limted in how closely spat@dURHEISH! t he hard
mask can place the wordlines. 5 Referring nowto FIG 5, therein is shown a

cross-secti Onajl"he\ﬁﬁt@%dq;‘lrd%aﬂ%zrlsfﬂ ak%h@faﬁ%ﬁ%@t&sﬂﬁ@!&lthr Lk24D§1@Qsec§&nmaL ar to a
cross-secti.onal view A p-type
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t hr eshol d adj uEternerdine spgstsaii thE0h 53Aare Ivaatleyeshan imgppyentpnad imehey tlevices ahdagfley 504 i s
deposi t ed codedpacinf 6f tfel ok B sBURSEK ab. errﬁQ the wdriife efaalra&espzcrngpemiba@amrodédakr@ct ric

| ayer 04 lg Pelf‘haelwl %lg%gpQCes %O?h rTEn%i%ar?easﬂ Feduceedelrr s?z%%%elg\béyoutaner.s: a first

i nsul at| ng d"a second
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dielectric suc

Si n_nit
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or challoge—fftrm applinegraet &5 itadugh S3Fheuii thel esptive vagllitey 575 threegh [398. AIf fhg wertlling- t ype
bitline SL&Cersamﬁmaoﬁga Ismtrmt o€ fan 4dBonR RAIKGE sk AP bligk e Bl r@Gitel biGadditonal | @y er
and a wordline layer 515, polysilicon, has

504 I fl t he OSBSS (S:(QQIO Vi%é ac ess?o f?q}lﬁ ines.

been depoglf edeover Pthe” Char ge ing dielectric layer 504. Again, it

wi || be noted Fﬁe&‘f“gt“ﬁ‘étW@sélnfhe'F'm’ﬁéEﬂ n @ §irplfied grocepsi Cﬁ%"t@éf’fc‘bf %‘E@b'i“’fei“tf’“bl tline
or gate nahiel ingthdss: ploifing X adipdosiuctNRNbsi&iker 40Tt itkpl@EingAE EreSHOEVMjuddridnt indplent S04, UCt Ur €S

can aljgo las‘poP NEa cﬁar,ﬁ%ﬂa ng'(f’:o%l‘ect @M&F 6&1§npﬂﬁt§%l%ﬁ1ﬁ1’é‘s &ﬁp&%&s&@gﬂ whifE 1a 1%4?%1&‘” dli ne

| ayer 515. E | onal een osited over t hard mask

| ayer 516 %{’ﬁiﬁ““& “ﬁ%‘Bﬂs‘b‘i“‘&é%t“ﬂ“’é{%r“R@f@ MU e 6d%v6?5§’i"§ BRfOBYEF SPHE™ARC | ayer
20 517. Fubwé mek 618hrindying pietquisigtlayerégd: dapositipg/fard niadi3:x@mign talee 6RO Migpead mBE7 have

been proc %ﬁe’%ﬁ@h ol r@novmg b\ﬁch@&%& folhAEEwoRBRS 6&.1@%541@%@1 n'iméslléﬁxdand Rad ek ned,
exposed, e{aensnon &Efg)w ni;-ﬁaehmﬁe 634, n?l”or(murg s acersp g&?t\%ﬁoug alten{atx e seequcng% gd?ti%l% ap 9 t he

hard mask Tayer rocesse
Ref er ri0ng drieanstaghippregess ghart pwhidd kesjopyvigussto @h@\ﬂﬂ' ef jpghegrt from e éﬁ*aéCdG¢ad‘PH afthe gesaiftt er
formati on dedlos@e.patterned hard mask | ayer 519 and renoval of the

conbi nation p h%&{iﬁ?éﬁm&%&’uop‘s e Réﬁotd %y”t?e%se@ﬁﬁ flfe?eﬁtee ec&?nz d%@% apoees;feﬁm?%@d 25

at this point or patterned har

patter ned dprbRigmera kel asclyiisr ure pey bﬁé%‘e"e% e ‘%?i"’t‘ﬂ’?f"dii’@‘f? %Q%p'%fﬁ’ﬂ‘“Yeg“Oﬁsléd t o
creat e t heatdulanid¢ iveetionfs apgliable ®. meRery davicesngjereiobwtitbiss b @al bt celt dnarsa@ifan datssor shown

t he stgsuct,mngat,g,fst&alggi 6 after deposition of a hard mask ext ensi on | ayer
524. 1t has be dji scovered t ensi on an be a
Geposi ted | nor S BE IRERPLY et ki SO bDS R BRIRE * A EHRA e hi gh
density ashaomanggigingtivesf migeficaignsaanth vagihtiotsevritbeer aapagenteto thrse didlied in thaprt3lighrd gped

oxi de. TharoRdHa-deRueH. atz\ucroamwi e iMedéadio Q&b@daeaudﬁ@oasmﬁdesf heumcabRUind 750C to
about 800cv:an%{-I oqs %Q%all w1{gmq %Qﬁ%ﬁ)gc%%w& mcluc%%\qumg X1!3d(lj atgr% F?l(?her té(?o(;le s@y fox% ({) hySI cal

chem cal vap

conf orifal s@mﬂ'"\merlm%wwsﬁawesaam%mteﬁ@teqi ’é)"’é‘l““sffﬁ“"?%@"OAR@’“BQ.S?"“V\:hl ch IS
generally of nitride, to ease its renoval during the formation of the hard
mask extension as will be hereinafter descri bed.



Referring nowto FIG 8, therein is shown the structure of FIG 7 after
processing using an isotropic 35 etch followed by an anisotropic etch. The
isotropic etch is used to formthe hard nask extensions 524A t hrough 524D
by etching the hard nmsk extension |ayer 524 down to thel’ &Fsl8F the

wordl ine | ayer 515. The isotropic etch above wll renmove any of the ARC

| ayer 517 remai ning on the patterned hard nmask |ayer 519, which will nake
subsequent renoval of the patterned hard mask | ayer 519 easier. 5 2 5 SEP
2006 WO 03/083916 PCT/ US03/01851 The patterned hard mask | ayer 519 and the
hard maskCEBAIMS| ons 524A through 524D are used with an ani sotropic
process to formwordlines 525 through 528 havi ng wordli ne spaces 530

t hrough 532. The wordline spaces 530 through 532 are snmaller than in
conventiohal nAmM¢thodiefmansactadnghh egrated s@cuitgagirizthgdof the wordlines 525
t hrou 528. Thus,, the wordline wdth, and spacing can be controlled very 5
cl osely. The wésnositing apshage4rapping, étﬁéwﬂs@,zmaﬁeeglemr ya r SHYeAMIUEtRr sj ze t o
bel ow aboyfpsflenm Referring nowto FIG 9 therein is shown the structure
of FIG 8 aFt er renoval of the patterned hard mask |layer 519 and the hard
mask ext ensi onformpAitshamisgborEliiflinedin thecemgivonducsqraabstratgyer 534 has been

deposited becayse it is required for the peripheral rti.ons of the Flash
EEPROM 100 of S6RpatiBe § wordhs ‘if’ﬂ?&a]w%‘{ﬁfﬂ& dhersc wpping it es e meteitbun ¢ he _
structure of Fiosnghliaafd Ahabberal oRPHELokiNChaRAL! 0 10 form vordl ine

spacers 535 through 538 around the respective wordlines 525 through 528. If

the wdtdline demeiding a3B6torésish npiterizd @venthe hatl niask meatgriakn addi ti onal maski ng
step of the entire core i,s.reaguired.or di ti onal rocessi ng steps to

ot ovi de_ acoessPEEeHE s pRotyESH PR 1ot prgned BT HREREN s chown
a sinplified ppReasmeahehirdofbskomateigl BRS B patteMRAPhBTbres intdleridl b udes:
provi ding a sem conductor substrate 602; 1nplanting a threshold adjustnent
i npl ant 604m a patternegd higrd magk matgtiak ge- t r appi ng diel ectric |ayer 606;
inplanting bit]] 608 ositing wordli.ne |ayer 610; depositing hard
mask | ayer 61Z%en‘gyggn&tggP%tggﬁﬁgp%ﬁ%l%%\é\glp%%éﬁfst | ayer 614; formng a

phot oimask 616; dépokiting@ haltbhmdsk@aénstohSmatedif®Vvi ng phot oresi st | ayer 620;
depositing hard nmask extension Iaéer. 622; formng hard mask extension 624;
removi ng ARC | Bipeessingdhe bardimask eiteasipn awtgpdto foanwhardmask extersiod; | ayer and
hard mask ext | | ey 6 ' 632.
Various alter ng:{&?%/sgﬁggcgggvﬁg(g@’@ xggtg;ﬁ?il gﬁggﬁgn%%ﬂég%a%(f%lggﬁ%&ﬁ%&pr ocess
chart wouthd hasl mbsk extension tb ieraea sdordlinegdandh the art from a detail ed reading
of the present disclosure. V riﬁus erpl egnt ations of the nethod may be
used in differ&Hovél FP%@CC@@J Aideried patihghard mask extensionyi ¢ menory
cell gychitecture may be achieved according to one or nore aspects of the

present invention. In particular, the invention is applicable to nmenory
devi ces wher ei Thd mdthdsi b manufactinadg i tintegdatedaciecuits ad chatmed dt @laim 1

wherein depositing the hard mask extension material deposits a high-density oxide.

3. The method of manufacturing an integrated circuit as claimed in claim 1
25  wherein depositing the hard mask extension material deposits an oxide selected from

a group consisting of high-temperature oxide and undoped oxide.

4. The method of manufacturing an integrated circuit as claimed in claim 1
wherein processing the hard mask extension material forms the hard mask extension

30 for reducing the wordline space below about 70 nm.



25 information storage. Wiile the invention has been described in
conjunction with a specific best node, it is to be understood that nmany
alternatives, nodifications, and variations will be apparent to those
skilled in the art in light of the aforegoing description. AEGEF digpaly, it
is intended to enbrace all such alternatives, nodifications, and

variations that fall within the spirit and scope of the included clains.

All matters hither-to-fore set forth or 30 shown in the acconpanyi ng
drawings are to be interpreted in an illustrative and non-limting sense. 6
2 5 SEP 2806 Thamthad of mamifasturofg amrintegatedr cingitass clatregh &t ethimi t cui t

conprising; 5. deposi.ti har ge-trappi ng dielectric materi.al over a

sem condu%%1 g (S%B’?fmﬁ[%% ﬁ?rgrrﬁ‘?%gex%?"fsg‘?‘ g%tan_gletie(gﬂﬁ{sba} mafeﬁ]@g tha, cqt, Ee

seni conduisb@qspisalg_séwlaadamaﬁ M@fhink Ee Patihcdl A& niBk Mahlal QY fe dHARge-
charge-trappi ng _di I depositing a hard mask material over

dielectric material;
t he wor dl rappingdiglectic:materiddeposi ti ng a photoresi st material over the hard
mask material; processing the photoresist nmaterial to forma patterned

photoresi st material; processing the hard mask material using the
pat t er ned6.phot Dhe snethodref endrakact@ingl o fhtagfatidt eifsa@dad alaindB K clikel i al ;
renovi ng tfhe patterned photaqoresist material; 15 depositing a hard mask

ext ensi oniNgidimg; deposiing aaaafirgtleqiive gartingmatrrialafiendenositing the haxd magk f or m a

hard maskextepsisa: ( ks Qt%ig/vﬁ{ j ﬁ)q%e i i tterned
har d rraskmrrafler’ [ astl' @grl}a%ﬁﬁgﬁﬁ:‘g? g C;Oras ex efrallgl?oon o{hf: nga tr#%e%rh é@’l?enses? and

r enovilng mhteripht foemingd a hgatdrmed sintivedfleciivad cedtthgt heatdmal; danth sémevihgnde on. 20
2. The net hod eaf manyf acturi ng an i,n]'éegrated circuit as clainmed in claim1l
wher ei n JRPEEIe ARl TEHeFtig cgat atgliglensi on material deposits a high-density
oxi de. 3. The nethod of manufacturing an integrated circuit as clained in
claim1l 25 wherein depositing the hard mask extension material deposits an
oxi de sel 8¢t edThe omthad of sugmubshgingt amdntegrated gdirduéinge clatmiede iroxlai@ and
undoped oxide. 4. The. met hod of manufacturing . an integrated circuii as

cl ai med ilﬁcg‘ﬁﬁﬁgnﬁp"sﬁﬂg?@iaﬁgﬁ? SR E R e R Ak depodiing e B PRk | ol

f or ms| 5t hembRigl; MRl B bRASEMtive coating material to form the patterned photoresist

material; forming a patterned anti-reflective coating material; and removing the

patterned anti-reflective coating material before removing the patterned hard mask

material.

20 8. The method of manufacturing an integrated circuit as claimed in claim 1
including: depositing a wordline spacer material;
forming wordline spacers around the wordline; and

growing a salicide material on the wordline.

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

including implanting a threshold adjustment implant into the semiconductor substrate.

10.  The method of manufacturing an integrated circuit as claimed in claim 1
wherein the charge-trapping dielectric material is composed of:

30 a first dielectric material;



30 for reducing the wordline space bel ow about 70 nm 7 2 5 SEP 2006 5.
The nmet hod of manufacturing an integrated circuit as clainmed in claiml
wherei n depositing the hard nask extension nmaterial deposit Saohfet08g i al
that can be isotropically etched without harm ng the patterned hard mask
material or the charge- 5 trapping dielectric material. 6. The method of
manuf acturing an integrated circuit as clainmed in claim1l including:

deposi ting an aghdrgd-8hpfng ineRriaPaddr fit fimt giedhricahdtarialdaposi ting the hard
mask material; using the anti-reflective coating material to formthe
patterned phot®sasend dickgtrigamaterial over therehatgedrappingatielectriamateriebf | ect i ve
coating material; and renoving the patterned anti-reflective coating
material. 7. The method of manufacturing an integrated circuit as clained
in claimil. i nalmehodjot Eendadttringarbinteppited ieddieinptingoat i ng material after
depositing the hard mask 15 materjal; .using the anti-reflective coating

mat er i%al to fo¢erpp§1ﬁ§g Bébﬁl@ﬁﬁ@ﬁpiﬁﬁéiﬂ'%‘?%g? Wem‘teéﬁiSﬂiCPWd?SﬁWg a patterned
anti-ref’ ect! VRrGaal fd0adPLes Aitlindth ﬁ,sq;mwguﬁgst} ¢; Patterned

anti-reflective coating nmateri ore renovin & patterned hard nask
materi al . 20 8depbhitingatvurdlind laparrovkathe whamgeg-tappingtddeatiehyed; r cui t as

claimed in claim1 . ingluding: depositing a . wordline spacer material;
form ng wordli °§‘b‘8€éﬁ’§“ﬂ‘i"6§ﬁﬁy?rr?é(e d’t’qra]é‘,‘elé > growing a salicide

material on th&p\wﬁiﬁgiaﬁlam_i@éﬂle%ﬁ_véf @@ﬁggqm@o@{r BRI GGk 4yl an integrated

circuit as clainmed in claim includirng 1nplanting a threshol d adj ustnent
i mpl akx i nt o tdaposiing ephdioresist layabevear sheanti-teflectirecopingiagerpf manuf act uri ng

ST DL 29, St B8RSR0 Sl RHSH Bl RS SRR 570 0%
SEP 2006 pattefiddphStdrésiR Piyds aftd P&&e@ﬁe&ﬁﬁtreﬂmivfeicpﬁﬁnﬂaﬁé@ct ric material;
and a second dielectric material over the charge-trapping dielectric
material . 11.ptacesimgdhe bardmaaskiflayer wsing ghepatiemesophoterdsistilaysnite faronpr i si ng:
5 deposi tﬁa@@m%d%%&%éﬁfa?@xgi ng dielectric layer over a silicon substrate;
15 removing the patterned photoresist layer;
depositing a hard mask extension layer;
forming a hard mask extension using an isotropic etching process; \
removing the patterned anti-reflective coating layer without damaging a layer
selected from a group consisting of the patterned hard mask layer, the wordline layer,
20  and a combination thereof;
forming the wordline layer using the patterned hard mask layer and an
anisotropic etch process to form a wordline; and
removing the patterned hard mask layer and the hard mask extension without
damaging a layer selected from a group consisting of the wordline, the charge-

25  trapping dielectric layer, and a combination thereof.

12. The method of manufacturing an integrated circuit as claimed in claim 11

wherein depositing the hard mask extension layer deposits a high-density oxide.

30 13.  The method of manufacturing an integrated circuit as claimed in claim 11



formng first and second bitlines in the silicon substrate; depositing a
wordline | ayer over the charge-trapping dielectric |ayer; depositing a
hard mask | ayer over the wordline |ayer; depositing an anti1f§§1ﬁ tive
coating |l ayer over the hard mask | ayer; 10 depositing a photoresist |ayer
-over the anti-reflective coating |ayer; processing the photoresist |ayer
and the anti-reflective coating layer to forma patterned photoresist

| ayer andywgelpl 4o8iaHg I harﬁ%ésﬁ’(céﬂté&%i(ﬁl%%ér% b@¥&n o:RAOSHERE GohNg har d
mask | ayer using the patterned photoresis Iager to ?orn1a patterned hard
mask | ayegroup Somsisting iofi highHempertature nride phduodapsi skideayer; depositing a hard
mask extension |ayer; formng a hard mask extension using an isotropic
etching process; renoving the patterned anti-reflective coating |ayer

Wi thout daragi MiheamétBY®bf ntuchBhgl &P Mtegralcd WircGR S| Hilnkd iRfcidiRe] pat t er ned
hard mask | ayer, the wordline |layer, 20 and a conbination thereof; formng
t he woY dl Whereinagreeessisg e hard masktextansiontayer formeskthe agut maskdesxdensiaanfos ot r opi ¢
etch proc . rdline; .and movi ng the patterned hard nask | ayer
and the hgégmhggeﬂ&%?@%%ﬁ%ﬁékﬁﬁﬂgﬁPutagﬁ%ging a |layer selected froma group
consisting of the wordline, the charge- 25 trapping dielectric layer, and a
conbi nation thereof. 12. The pethod of manufacturing an integrated circuit

as cl ai melP-i n Ehamethod ofymanuiestugiag o integgated sirpeif @S plaimed in chimohl | ayer
deposits L.gh 'R A i . t of _manufac i n

i nt egrat eghgyieglcg%t%g%é k ctpgi)ﬂr?g(g nljaﬁgc%%nrsﬁ-gg@a ‘ge%gSIgEE’ le Jrég &m%%?%? R@
deposi i ngotrbyscdibr etchamis Wwithadtehs iy ki pattetiegdoldrd Imask layérder thel dhatged from a
group consi stin f high-tenperature oxi de and undoped oxide. 14. The

met hod of UFREAS ﬁﬁ??ﬂ ®&n integrated circuit as claimed in claim1l 5
wherei n processing the hard mask extension |ayer forns the hard mask
extension for reducing the wordline space bel ow about 70 nm 15. The

met hod of levanuThe methadgofamanufactyriagesoh mitegrated carsuic laaicheoied rin adlaimml 1.1

wherein de Pti t he hard mask ext.ension | ayer deposits. a nmaterjal that
can b 1601k dfpdsiing S B Gt HOBICHAF HOHGS HE ek Al Pe AR e B rmsk
llayeripr &H@e BAMARK layer; patterning the inorganic anti-reflective coating layer to form a

patterned inorganic anti-reflective coating layer; and removing the patterned inorganic

anti-reflective coating layer.

17.  The method of manufacturing an integrated circuit as claimed in claim 11
20  including: depositing an inorganic anti-reflective coating layer after depositing the
hard mask layer; using the inorganic anti-reflective coating layer to form the patterned
photoresist layer; forming a patterned inorganic anti-reflective coating layer; and
removing the patterned inorganic anti-reflective coating layer before removing the
patterned hard mask layer.
25
18.  The method of manufacturing an integrated circuit as claimed in claim 11
including depositing an inorganic spacer layer and forming inorganic spacers around

the polysilicon wordline before growing the salicide layer on the polysilicon wordline.

30 19.  The method of manufacturing an integrated circuit as claimed in claim 11

10



trapping dielectric layer. 16. The nethod of manufacturing an integrated
circuit as clainmed in claim1ll including: depositing an inorganic
anti-reflective coating |ayer after depositing the 15 oxi dd shHEPd0dask

| ayer; patterning the inorganic anti-reflective coating |ayer to forma
patterned inorganic anti-reflective coating |ayer; and renoving the
patterned inorganic anti-reflective coating layer. 17. The nethod of

manuf act uwheimnprovidigr ieesilicn’ Subistratd Sprobidbeath-Ufped! lifdnt dubstel A Udi Ng:
depositing an inqgrganic anti-reflective coating l'ayer after depositing the
hard mas qu°§$¢@?&¢ ipplangng ep-tnsr theasheld adjustmertt| implany énto ghe iprtypé aitieont o f or m
the pattegpgflaephotoresist layer; formng a patterned inorganic
anti-reflective coating layer; and renoving the patterned inorganic
anti-reflective coating |ayer before renoving the patterned hard mask

| ayer._ 25 é8. ige met hod  of n?nufacturing an integrated circuit as clained
inclaim49 i Kkt methed ok pyeptachigingran iiessated cirewh @e claimed rin it oF mi ng

i norganic 1 : | b GOE i pefore grow ng. the
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wherein: providing the silicon substrate provides a p-doped silicon
substrate; and including: inplanting a p-type threshold adjustnment inplant
into the p-type silicon substrate. 5 20. The method of manufacturing an
integrated circuit as claimed in claim1l wherein the charge-trapping
dielectric layer is conposed of. a first oxide layer; a nitride | ayer over
the first oxide layer; and a second oxide |ayer over the nitride layer. 11
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