METHODS FOR | SOLATI NG PORTI ONS OF A LOOP OF

Pl TCH MULTI PLI ED MATERI AL AND RELATED STRUCTURES
woredoenegsee t o Rel ated Applications [0001] Thi SPCT/US2008/087029

application is related to and incorporates the

following by reference in their entireties: U S

Pat ent Application No. 10/934,778 to Abatchev et al,

filed Septenber 2, 2004 (Attorney Docket No.

M CRON. 294A); U.S. Patent Application o. 10/931,771 to

Tran et al, filed August 31, 2004 (Attorney Docket No.

MLCRON. 295A); U.S. Patent Application No. 13/216, 477
MBTHODS PORAISOEATENG RORFIONS ORACVDORIOB PHEYHEMEHEIPLIED

No. M CRON. 3SMAXERIAU. ANB.RIPBAFED $PRUCTAURES No.

11/ 214,544 to Tran et al., filed August 29, 2005

(Attorney Docket No. M CRON. 316A). Background of the

Invention Field ofpdifig,ceyRBGicaMPNRLs Thi s i nvention

rel ates generally to the Tabrication of integrated

ci r WMk aftisedppbitationiic rdeed tesndamdorpamtes the following by reference

i 88 st ' nslel BP0 PP BB MR b G0y it September

2, mm&%&hmamﬁ&@wz&mm@%&& ﬁiﬁ;ﬁ'ﬁ%ﬁﬁ’oﬁc ®b. 10/931,771 to
i ncreased portabili tf{% 7 nputi ng power,
fit

Tragagiaeh t §ledndngsnie p iy 2 (éﬂ@yDOFkﬁté‘@@aW@R@ 29310 U.S. Patent
onst a t C h
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MICRIONIB 14A); 8ndU,S. ?bl@ﬁﬁA}prﬁhtlcdﬁNb clas? 1arsd4 i Tehepan ditéd August 29,
lines, are al so const antlé%bel ng decreased to

209 %A orReytRocke No- MURONd @A) on. [0004] The trend of

decreasing feature size is evident, for exanple, in

menory circuits or %V!I rfgfs!d l+(ﬁ|1’l as enqlly)nam c random

access nenories ( , Static random
FichCeREs Iiveniynl es (SRAMs), ferroelectric (FE) menori es,

etc. To take one exanple, DRAMty PI cal ly .i ncl udes
m | 19983k orlhisi Invediag rfé@teff grastally &0 |f?1m§?ft10re<|>féﬁ‘§artﬂ§?d circuits and

elew@rﬁ\@ d§§ceg§m) M¥or& ?!.njt]éulaj‘ﬁ/ gi%fi}(atfbﬁlnlletllic)ﬁe 'aﬁ@h:lléfed structures.

consi sts two elfectrical devices
capacitor and an access field effect tranS|stor Each

menor Il 1s addressabl e | ocation that may store
2&%&@@%“) of data. A bit may be witten to

a Cﬁj(]l(}?,} hr ough E(Q‘Ee u'éﬁ&s'o?tn%nyapafét%ympﬁdﬁlga@en%d for mcreased

sensing charge in the capacitor. [0 I n~anot her

poratalig) eymfutiag powenorenary pipecity gnd mtgycté&mmdyl intgsatagf circuits are

flash . . L . .
Constanﬁy being reduced in size. The sizes of the constituent features that form the

integrated circuits, e.g., electrical devices and interconnect lines, are also constantly being
decreased to facilitate this size reduction.

[0004] The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories (DRAMs), flash memory, static
random access memories (SRAMs), ferroelectric (FE) memones, etc. To take one example,
DRAM typically includes millions or billtons of identical circuit elements, known as memory
cells. A memory cell typically consists of two electrical devices: a storage capacitor and an

access field effect transistor. Each memory cell 1s an addressable location that may store one



menory cells containing floating gate field effect
transistors that can retain a charge. The presence or
wab®ents1pf a charge in the floating gate det eP@i/nszm08/087029

the logic state of the nmenory cell. A bit may be
witten to a cell by injecting charge to or renoving
charge froma cell. Flash nenory cells may be

connected in different architecture configurations,
.each w.th different. schenes.for readi | hS...ln
o TR 0 e R B BB SR gl oo pad may be
rcad Oy RtRthgt Dargke i the kehpeit@nd may be read individually. In
a "NAND' architecture configuration, menory cells are
al i Y1088l i n I angthey gynple, Besh) miemgng ypiralinngtedgsi pilljoppeof flash

. . ' q : : ¢
B U1 GhRRHP 1OSRERAT T Re0BRlo OB, S0 U e
préstige of alodendeCd]a dharsic G shetfiating gats deternhigesthabogdy state@lf khe memory

and the sizes of the conducting lines that access the
celfre APl Mg VTR0 eifdr Yy isRESh AR OE TRRAENE FarBedrom a cell
Fle{f%ﬁ' Fhdrh@ ey mr@t@er éﬂﬁef?@%'dﬁf‘fe?&t %it@&ufen%n%gﬁr%%ﬁy cach with
itting nore nenory cells on a given area in the
diffeeend sehedey f@asadifDPG7 | In Bh&Ihareptecmfe @infighratiary cheé memory cell

. use 0 descri.be one aspect aqf. the.sizes of f, es .
is SR A bOFalBh Or BaY (ot MOV or J deviaa” arhitcctur
coftidubdliohs nfdgforned)asret NEntl St ancgrifet veedsi dentah Ckire bit line is

points in two neighboring features, such as features
activatedrio agaespdatanimiooh obithe stipgio€ a¢llsy arranged in a

rep ing pattern. These.features e typi [ . .

e FRBAT'D, A8 eEed welerme e sedne hEabiiPed Betgipfat consitutea
mcPRAE 881 AlEtht ¥RECEH thy chidub@sh BesahMBt&k$ e m&mtet) calss, & memory
insulator. As a result, pitch may be viewed as the sum
deytestthey b dtafe ehallerf Seddianaindsierhis rpadifien mappe fipecased by fitting

[ X f arating that
o ERERR o 3o Sleabl g sl B BO8TL 2L TP e
app{Eorpt edhehahcdpher spacesy apdséEat dgs@she GICHRpas of the sizes of
lines, typically repeat to fopn a repetitive pattern

featipress e idezaier! Flaatiuvel as poaBqy cevics-c Arclisnshigrdas the distance

bel(v\g@ ideﬁti@z@%ﬁ%ﬂ%intt@ﬁ@efﬁﬁgg—ﬂ Ofegtﬁﬁ:g,rgugﬁ al ﬂ%tu?éfslzig%?%ay, which are

feat ures. e critica nsion is the sm

typdéahtg restaogedoin a réeating pattenn.a Hasd fatlrar areity@ualty dafined by spaces
maski ng schferre. Controlling the CD of _certain .

belSyepR I, Teatian A s Ewater SREATY Bt Pod pagprigl such as an

insRfaf HC LAY £Fosul Wil IndyHeCOERELE @b sGMidf RARIAIEBF h @hture and of the
helps to facilitate the continued size reduction of

wifitht dgthatspabecon oud side by the fgiture sepuatingghpdr kdivot Bibinea neighboring

ircuit.perfornmanc 0009] The ntinual  reduction in
fefshy RS B ITEE L O DE hasro ottt S A Bcal? repeat to
forLE RPLBAUR DalSAG T bghchkid FRrdseat ures. For exanpl e,

phot ol i t hography is commonly used to pattern features,

suclP98] cortdriiel dandnsinasCnis| mpEgF draduedr @udascribe the sizes of
feeﬁ&}&(' PR LRl éﬁ&‘é\’ﬁéﬁ% is tﬂg SmbiPest dimension of a feature in a particular circuit

or masking scheme. Controlling the CD of certain structures, such as shallow trench
1solation (STI) structures, during integrated circuit fabrication helps to facilitate the continued

size reduction of integrated circuits by, e.g., ensuring predictable circuit performance.



factors such as optics, light or radiation wavel ength

and avail abl e photoresist materials, photolithography
wao e@biigues may each have a minimum pitch or cPCT/USEINS/ 087029

di mensi on bel ow which a particul ar photolithographic

techni que cannot reliably formfeatures. Thus, the

inherent limtations of photolithographic techni ques

are obst acl es to conti nued feat ure size reduction.

[ 00 " Pi lcatl

one g]p iy 8]' r]e%urcu(gn i, fegtluF]egs%eﬁ g‘aggs ey, gre‘%ere%emapds on the
tecﬁﬁi@ﬁ&' ds%@@(gf(ﬂ@lhﬂh@ el H@ﬁ&aH@Y@@:ﬁotbhﬁbgra yisnBéfMmonly used to

pltch A pitch nultiplication nmethod is 1llustrated in
patrg degiges, Augh gs cgpducliss Bpesp Erintggralpdseirgpgtlabricatign. However, due to
facgprg’ %ﬁ ohgé? ’é)ph?ss\l}'\% t h]o Ireléd?%gg\?f%%} g th ]élﬂﬁ a@ﬂ%ﬁle&;hotoresmt materials,

phetefigbgnagle; iidifud ehgr enteate aEn@uﬁan | pAtch ar matltze rdimedision below
llines 10 is photolithographically formed in

whighot Preisuler Hhavérhogx&ﬁhléﬁewqel gt Telighly fzven dfatyfigs-  Thus, the
1nh% E{ﬂﬁgt?e Sna{;ﬂéolt tho&%&%ﬂ&{:@h&ﬁ%g :'.‘eré)&t?sE]Aé:legZo %g}thnule?l] feature size
reduhleaorphot oresi st | ayer i's transf erred to the layer 20,

t her eby form cehol ders, ndr els, 40. The

phoiwﬁh. st Pfts[—]héeu%gar% “Biteh ﬁBJé%P KAGOT 1S RErTPRINGd fpthod for

@h bigch RO FREAIH ik antfcb 8L Ra h. A
exne({ﬁag orl&%a&n%n re&g 4Ct) d%ag shown (Iﬁ]ﬁ Fi )\gﬁlre ellrcfnuxmum pitc
pittlaymﬁlrﬁw@atum spghekrs ifrattetddan Fuglr@ub‘séljuemi{:s)mtl@bmswﬁeﬂatem No.

5 8P RO LONRCE e PP DRIBG HMRishds iRBPRGHS herein by
reffRRBeS PAGS retbRhFBHI 198Ut $A2S F&tfﬂ?ﬂm bBhed 10Ys pibiarenhpiadally formed
etching the spacer mat erial fromthe horizontal
in guhbtacessst Toenrdhigo ovabesshdunr PO Olﬁuag lﬁieendEoleThféenal which in turn
d
oGS R AR SN PRES TR e IR S BB aver i

tra@iﬂzﬂi‘@f 1ol the layas 26 hiueby fbnlﬁixgmle:ehadeﬁhusmam@lg e40a Phe/phivtoresist
pitch previousl y i ncluded a pattern _defining

linfodP e SHiRped Bt shadendidhe Qe cihad Ho rfaweerﬁdbadiééartCﬁdvetween
e Spac def i

bR RAIEIS, GRS AL PRl APl i

suHsmlmﬂedy idapdshed evmmpﬁ maadyely &), amsh@vmed llFegLIr@le nSpactcthO are then
i s conv nt| nal referred to .as pitch _"doubli

formstle oy dhiers eﬁﬁ Bt BARATE| 40 p) T EhasH formpfig. o Hecomplished by

préfé}@l\{@ﬂty' anal t}ﬂe spa@'&l ﬁﬁét@rl]dl GRh 88 nefizdtdl Gl tRYs @O Qﬁ‘d @128 shown in

factor "actua i nvol ves reducing the pitch by that
Figuaed br Tha reenam)m/@nndrolﬁ éD ateethm wmoagy 1¢asmgé16h1md edlythe spacers 60,
er Ct

T EREPEE 2hd R P RO TP B R AT adba where @ given

pitel PEdvivikIIndleual OpHiRAt ddSiMpeMcabablceng @5 SFREJBe s@fic width now
the requirements of integrated circuit fabrication

incdwden o feabuesra e shacesheid thesspacas daBradrty theggcsspo-

et I?&ﬁ%} While the pitch is actually halved in the example above, this reduction in
pitch is conventionally referred to as pitch “doubling,” or, more generally, pitch
“multiplication.”” Thus, conventionally, “multiplication™ of pitch by a certain factor actually

involves reducing the pitch by that factor. The conventional terminology is retained herein.



and structures for formng small features. Brief
Description of the Drawi ngs [0013] Figures 1A-1F are

W@ ehvenetsiT cross-sectional side views of a seqRerU£2008/087029
maski ng patterns for form ng conductive lines, in
accordance with a prior art pitch doubling nethod.
| 0014] Figure 2 is a schematic top plan view of a
partially fonned integrated circuit, in accordance

Wi t odi ts,of .the.invention..|0015] Figures, 3A :
analEPE T e IR Bt gk YRl Brre” s PRl S B gy e

muti 28t O fatddecoRBfidih@biéeldpaiciest hdv eglishRd chiefcdelhd thefrequirements
Figure 2, in accordance wth enbodi nents of the

of jrigesnied evcuil GbNGliomichetess AmorkneyBhee és 3 cprsiat nged for methods
- | | .Si top plan views of the
ana;%]?lt%ﬁlé%e@} #Oglgﬁlgcfaaﬁ?%agé}g%ed circuit of Figures 3A and
3B after formng lines in a photoresist |ayer in an
array region of the integrated circuit, in accordance
] ' ) : Y] Figures 5A

with enmbodi ments diial Rescriptign of the Drawing
and re i - Lonal..side.:
o el T R e S e iR flence of
maktigy pesrdsifoa by afridectiveiltieniingecepdnes whktavyeon alt ipitels doubling
i.n the photoresist [ayer, in accordance with
MeE¥Bodi ments of the invention. [0018] Figure 6 is a
schesmly) C, 1$4RSS- ReFtdRpalic 34BN G O 4 BEHRRS Akl Yntegrated
form !nt egér ated circuit ]Cof pglﬁéiur es HA aﬁd 15%r after miegrate
cirdep osaccomlgne Withyanbogfmentspabemvesttoar i al , i n accordance

with odi_ent s_ of i nvention. | 0019 i gures 7A .
o loo D S P S ind 3B st YRR b S ienah SO 5 o blgn views
of He§ARiafl fRdRAEE bRl e kiObMidulent §04RLRAGNE! vviqy%ﬂﬁb&fimems of the

~ Figure 6 after a spacer etch, in accordance w
mventyadi ments of the invention. |0020] Figures 8A and 8B

are mati.c, Ccrpss:sectional side and.to | an,vie :

of “ARBOEaT Foiry AR R 36, PRt 0T R T o g e views
of Ty padalfBfafieglinfeeMdi digud dferRbRs BAPeEd BBNafRf fbM@ng lines in a

tenporary |ayer to | eave a pattern of spacers in the
phefpresivt lapeyite An afray 1eaiop of dipripiearledicirewt.in agoerdapedih gbodiments

It diments of the invention. |0021] Figures 9A

Of{aﬂﬁgmgg{@?e schematic, cross-sectional side and top

pl anota7pws Fofurésh®A pad bBalrd yeHemati® drobNicegomalt ede Ghd Copi plan views

of Figures 8A and 8B after depositi ndg é)hotor_esi_st
of the partially formed integrated circuit of Figures 4A and 4B after widening spaces between

lines in the photoresist layer, in accordance with embodiments of the invention.

[0018] Figure 6 is a schematic, cross-sectional side view of the partially formed
integrated circurt of Figures 5A and 5B after depositing a layer of a spacer material, in
accordance with embodiments of the invention.

10019} Figures 7A and 7B are schemiatic, cross-sectional side and top plan views
of the partially formed integrated circuit of Figure 6 after a spacer etch, in accordance with
embodiments of the invention.

[0020] Figures 8A and 8B are schematic, cross-sectional side and top plan views

of the partially formed integrated circuit of Figures 7A and 7B after removing a rematning



bet ween and over the spacers, in accordance with

enbodi nents of the invention. [0022] Figures 10A and
wagwIaresischemati c, cross-sectional side and tPQI/pEzNs/ 087029

views of the partially forned integrated circuit of

Figures 9A and 9B after formng a pattern in the

phot oresi st, in accordance with enbodi nents of the

i nventi on. [0023] Figure 11 is a schenatic

I 0S ectional |devewof t rtia ormed . :
PofiRp oy B dH BB ot KU AR NS e Siop o PP ey resion of the
intédrABS Lieduit MChcBor@A1FR m@mﬁinedn& slehd Rechidy. t he

patterned photoresist and the spacers to an underlyi

ng
har POFbkk [Fagpess 94 andi@RB ereoshematyd, ciosepdsbanalside gndfon plan views
of kh%\é)ggttjzhlo (r:}. mfnepdo %f%ra égéjm:ult 2f ]5'1 rgs 2k atng%ﬁ gﬂefr depms C}mg photoresist

S i"Onal & Of 'tHe par

betwategidd R eliheispdist mcafccd?ﬂgué Wlﬂﬂenﬂfoﬂﬁ;ﬁentsrcﬁmlﬁef iardnog. t he
conbi ned pattern to a primary mask |ayer, in

accHl%d2hce Figures Hibeal ndRx areofcherglic, siestrepcsanal 9dpend top plan
wet@ﬁg#'iﬁe @a%u fyyfﬁpgr ne%%};altet%ecd{ég e?r%%fégh nal ééF?ged»‘r’déj%%gfa pattern

in @tk bﬁdﬁtofe&ﬁﬂ&f ficoidagetviech @otdimeads pixhe ewemtto(n t he

under | ¥I ng substrate, in accordance with enbodi nments
of {4023} nvérawoh! iy perhemalt. giaseseciianal sily vionsohihg partially formed

: C
o SERET B TS ROCINR ofel o PPl S o] WFincd by he
pattaranispletsresig anfl ehstat@s mo amoddriyengshuod tiraslt éayanadn accordance with

mg Vi ng g]rd mask | ayers overlying the substrate, in
Bt P RI®kbodi nents of the invention. [0027]

Fi 9}0’0@4{15 'Fi" e $8 mkﬁatl& rc%§-s§:%%ﬁél%ﬂﬁ'w§if geih¥ g%ﬂiaﬁ{z formed
the partiall y formed integrated circuit of Figur

mtegrated 4Bcaf véFidurd (1 rv@let tremdéresg Wid bombidéd pattrn ite aggrdnary mask
formn e ayers correspondlng to a gate

loyef e B 1 R SE R o of Che
i nvegspn. HAR23T idFi ahestid @Avss 2B didkBAev@bEthe partially formed

schematic, cross-sectional side and top plan views of
integyateg ainepig|of yigwe rﬂ@daﬁmtt@uﬁ@n@w Bier emtinadf paticgu tee thpsunderlying

suk%trgte 3SR cpr e'mtc{acm n@% LR ol}lt}?ean n? ﬁg toresist |ayer,

n-accordance di'ment s 0 € invention.[0029]

Fi gwoas] 17 Aianek MABari;H B4 alResRdn Lic, GbASSciw@al §idhald top views of
side and top plan views of the partlally f or med
thej w@@imt%@eéﬂm@ﬁawd@rcmt gﬁ riEgure R i teeeferfngeihe pattern into the

Sul;slilrgt%s Inﬁir élﬂ(gvlltl$ GaRP L nla&err? r@vterfnf htﬂé Os(lﬁs%la 111 aé’c%[)rd ce with
€ sequence of gate stac In accor ance
embotiadnieiitis: infentibe | nventi on.

[0027] Figure 15 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figures 14A and 14B after filling trenches with a dielectric and forming
a sequence of layers corresponding to a gate stack, in accordance with embodiments of the
vention.

10028] Figures 16A, 16B and 16C are schematic, cross-sectional side and top plan

views of the partially formed integrated circuit of Figure 15 after depositing and patterning a

photoresist layer, in accordance with embodiments of the invention.



[0030] Figure 18 is a schematic diagram of a nenory
cell array of a NAND flash nenory device, in

waewondance Wit h enbodi nents of the invention.P¢D0SH08/087029
Figure 19 is a system block diagramillustrating an
el ectroni c device including a nenory device, in
accordance wth enbodi mrents of the invention. Detailed
Description of the Some Enmbodi nents |0032] Pitch

B OG0T LS 38 b S S R e

vieSBE @le mﬁ@@mdtlh@gﬁl&a@%m af BighRet med 08 16B Ql:ﬁwatlrmfemng the
of mandrels, the spacers typ |callg forma continuous
£

patfes FromUdieribiotonesise layenid haciaeuanenph eits siask taviers, & accordance with

em@&@§k£§ gﬂﬁﬁ%ﬁ;g&p1contlnuous | oops of material in the
substr , separated lines are typically
des|00g0] f oFidise]8 B v@héBat digivhh Ok nfSory SelCiiTBSfRINNAND flash
lines or word lines in a nenory device. Thus, to

megiory device; maceqrdyse yildsabednsats th mysnhies. pat t er ned

tjys/lp)[t@aﬁ v zf@%e d@%g ap%gsgl el ckoﬁla Iteéglt rl?fcgg?tr@r fin electronic device

mctlidegonmeatrydielicerieatcoldags: with Eﬂnhodmmms of thermweatdn.
ot her. Methods and structures for such an etch (called
a loop etch) are described in U S. Patent No.
7,151, 040, thp.Ntd hEcApSS ASHE SoRE EUBLEheLS
i ncor porated by reference herein. [0033] For a | oop
et cl032] pr dbtelctrmviephetion i kel ihs abyiiy c &l Ifqmdehxsslytmaced lines by
around and over the |l o rotective terial
PafSRIAL BHASE SRR e aaealag(gmfﬂ 31 SBES e A USFHEE s ES dee Tormed on
sidEQRRSo fHh S dFAD AREDal D5 ARicEHE orANHcdnBARURdoop! Nsing these continuous
protective material is subsequent |y renoved, |eaving
IOOphytgl palelty as etgbairat eday |f0ms comhru@us Ilg(ax:p ehdnaéftr@hungthnwlbstrate
HoRY G Y5 0RRASEL A0t Leralng. a0 : bit I
Oﬁeé%ssepf"iﬁ i 1'F° H& >’a"b‘% %8?%‘&88 t‘ﬁ%iﬂ ‘f"iﬁ‘é’“ia%l%pﬁ‘é? hf’“?fgs“%]% EpHnes
or WBM lirfkY @ ¥ eheRREY OvideN T HRR QD atilitdiag E@@ﬁ% sipdeeld gaﬁmﬁfumhes patterned
of protective material to |light throug mask.
usipg @ $hape lnerdée ends pbHicoloppy H’@s@p%]@p§tch‘?ﬁt0 ,@%sqaﬂysyelectncally
dlSE&]%G(t,tl dTﬁ'er@StelggsdoiI l%eti&?)gsfﬁj% %:ac% &#%StMn?t}l dsbaﬁ]'ﬂvg%%au es for such an
cessi pment to pertformthese steps, the 1% oop
etcht(c}ﬂlled anommetels)l zrrakibsy:rl&ﬂﬂmtld) St heteititi e 7ardd ,(donghk extifeyisclosure of
i.nvol ved in, ., fabricating an integrated circuit
Wherélllﬁ@wgﬁppatﬁdrﬁw?femnp%léwlan [0034] Advant ageously, in
acc ce e t t
i T B R TR Rl a5 S NS b e around and
ovel hetlodpsal The bsmcatfedlavﬂriah outhengademed t® cpmrsé oarlowp ends. The
quP et ch. Rathg |soL éon trangistors are forred %n ]
expoe? [OgBDH & e FPRTL LS AT ES FP° IS81VaL e CREMUT Y RIBITA Bgyscduenty

rerh& Q) RAG R ?ﬁ}@?ﬁﬁ]ly ﬁspgl%e@ 1inSs.f PR Rop el clhiBg R Riive deposition,
sem conduc nmeterial and
patterning and material removal steps It will be appreciated that the patterning step may

tnvolve performing photolithography and exposure of protective material to light through a
mask. Due to the time needed to perform these steps and, possibly, the time needed to
transport a substrate between processing equipment to perform these steps, the loop etch can
undesirably add to the time and complexity involved in, e.g., fabricating an integrated circuit

using pitch multiplication.



the regions of the | oop neighboring the gate are doped

to formsource and drain regions. The | oop region
wa@leeentdsy? bel ow t he gate functions as an acti VRCHUSR08/087029

The gate is biased in the off state to prevent current

flow through the active area, thereby electrically

isolating fromeach other the parts of the | oop that

lie on either side of the gate. In sone enbodi nents,

?29'[00%? ft g daf%ﬂtélgne%:pz'l? o}é z{cg’?rtiol{cge\hq hg%)rn%egeﬁn& S 1}1%11%58 ?g ?‘G invention,
difpgént l@Qf aTshﬁndoﬁ@llw&iﬂ]@dSp hre ansirihly sothedd wighduMaceding to perform a

electrically isolated_ | egs of sem conductor material
logpetitle e RaBshisplation AR s famsd ip doskps fo glspsically isolate the

f?éf@g %g RPeach %ﬁlek og%%{qu f(ﬁ'ﬁl@i 89&qfljecf08é F&%E%ﬁ%ctor material and
oped sem con materi al or ne y a

thqmeg]ohs nﬁxlhé nquanresghbmngahe g&s are dopacer fohmepscanel droihmedons. The
on a | evel over ahg rate. A bl ock of mmsking

logRgePh direqtly bty H1ogi ot P ACIBE 4] TGreafia biased in the off
f I

stalée\?tgﬁﬁevegt &mregggﬁ% éﬁﬁﬁ%?fhte%(lgf?%gzggi tﬁéﬂg %{9: dﬁ@il o n%grreom each

otltehehd popsofathe Isefbgtagmitical ¢ithepaidaldf éhe gatneslncsbnmquahents, an

. J ol ned t.ogeth a eir .ends.  The ern defined b
*S%]&ns}‘fﬁaé‘é "% %e%%’ ‘i\ﬁb&m&dwg&%& g O%%Oﬂas %F?‘gﬁ of'four such
trafdiGofs! fE¥SIBpr €aht As@afiPehiiiGs ddHBE @l El@étﬁ‘b:ﬂ%r boRRRH Jegs of

of sem conductor nmaterial that term nate at and are
seigyondugios arstanial petvhen daklopiisolgfansiserseni conduct or

e B bucbo AR B S Pate Al SeuErP B GL AP V. doped

seiiRBh@RIA U htefial Mafceforbd by e pidHoskiltlic SRAM ﬁr@E@HCtﬁfacer loops are
material and the part of the line on a side of the

foxgmemoqob@@u qver ¢ BebsERiecld bloek g@bpeskirpmpisriah is oueidiad @n aisgetion of
he b oct rical '
ea{ ?E%oplnagg a!fjl gﬁte?glggmgm?( nrb%tr%a%kﬁlggaq?rgab gscfﬁ\%k’lgf’a clny each %Qd of the

lo@ls aﬁtdnhtﬁﬂhi]f;mﬂ Skt @e tibeps| mrBesﬁbﬂintﬁH_mpﬁﬁlﬂéluﬁﬁ@r of matena] joined
material . frogmthe bl ocks. Thus, each |ine disposed

togstenabibeirtadpl Sk gatn éﬁ@adrlryc@ﬁwyaqeg 108t apd fheohipistadmasking
mﬁtérﬁ?ﬁrevwrénlgf%%d @(?g@hﬁkgra{e tHe E;pr o festemon[ilgcqgiﬁlllatenal that

Advant ageously, 1t wll be a that the steps
terframatd alramdrage témighswol \aﬂth i HHecknsi ﬁtecsbmlcaanéudtgrpnmmet y A transistor

art o ess. fl r farmn
cafty il @ @0y iR RE SRR ispndicutr bl po Diaee g block of

sehROABA 1 ThA&idl herhs IRk Rﬁtster%fcﬁhdﬂﬁtorméﬁlﬂ afd¢he part of the line on a
deposition steps used to fopn floating gate

Slder(éﬁlsq gitto pppaaiied thediledt arg dopsst torfomn ﬁW@ra@GVEIQES Ake blocks and

d G i cpt iR L TRIPRLE Rt v DR By sota e

ling¢ epserthRobRtPIAAESS fidioWae MUCROV @ls, tBécl@be atidpagkd B@ween the
| oop etch, the process steps i nvol ved in the | oop etch

bleskpstsdccsiiatly @alateﬂﬁw othpelings Hbew! Mepdng losPesionp ileanech.
and [WB%feSSAJ\QEQg%Ql% 1‘[I Vcﬁfll& %%rzﬁ)%ls'e%gated that the steps for forming the

1solation transistors are typically already part of a process flow for forming other transistors,
e.g., the isolation transistors can be formed using the same patterning, doping and deposition
steps used to form floating gate transistors and select gates in a memory device. As a result,

in many embodiments, the formation of the isolation transistors do not introduce any



[0037] In addition, in sone enbodinents, |ines may be

formed having a pitch below the m ninum pitch of the
w@babordsthogr aphi ¢ met hod used to pattern the REF/US2088/087029

photoresi st layers illustrated herein. Advantageously,

enbodi nents of the invention allow the formation of

l'ines having a pitch of about 100 nm or |ess or about

50 nmor less. [0038] Reference wll nOM/be made to

adc{ ﬁonafst%%rtt%sthfi %g&g 'ﬂ%gvel l\ggrer e lé)?!)bﬁf e[t }rleT ]:?8%6‘ E thP Iprocéss steps

invalved I’h@thel’leﬁ]ﬁﬁﬁﬂrcmh Ye drnatml tThsChk @rod&’b;rﬁ@;v&r snnlphﬁWl bhd process
be appreciated that only a |imted nunber of features,
throyedpyids Ki§' stk f eat ures and etched features such as

bi t b A .
Dl hd()'t}r " eéﬁ\?fl(ﬂugﬂ nlﬁssb?’l% : Scuﬁnen‘ﬂ]qmg?%?ybe #oprﬁ%ﬁs 8%;11% a pitch

il edse 0 sston and 1tlustra
be]Ad'dthtelmnﬂhumumhﬂar sf dfe pliesieéhbégaihic estlagnuded tpr paticteche various
nbodi nents. [0039] In a first phase of sone

PRI, Ut 4 Mo ém%eﬁflvwgeﬁﬁ%& PERRES o Benpypign allow
the%nﬂtﬂ)% Ry m'ﬂéstHaP b %q:tlt'cl? bf ab[oglo 14(9)] nnf bIMELor bSR3 WS nRol 18R,

view of a portion of a partially fabricated integrated
cir [11038] 10Refdirick evill hew et ne tesFigfred, daerenvidt numnerals refer to
m any i.nt ated circuit and ma

l1kfél‘8%rt uvf gtfté?]ﬁfvﬂlgg)ﬁ &p r8?1atﬁ§?l{aé EHESS, G18YESS s ot necesgan}fy drawn to
scabl NIbe8Y 8 Sit wﬁlhsyegagp;?eld@&fﬁlhm}ai liviredNaRtR Qe Rk, BEluding mask

applied to form ces having arrays of electrica
featimes m@setclmcﬂe@tdreﬁguﬁembly liped, [wead diags spasersy andatiemenahlgeks are

illqr,%g%;e# g)rae%sL?Lq &&Clﬁsé}roﬁlﬁﬂé ter%asgéu?{]délé nm%;r%%ﬁtﬁerse fff':a?usrgs can be

provile@9f adedersbddeMbdis having | ogic or gate arrays. For
exanple, the logic array may be a field programmuable
gat B3P} ay Ig FFFG«)phhﬁwfrﬁ@n@ @ehodinagniagf B pivicaion, agk features are

ﬁﬁg% géng{#ﬁﬁmﬂg%xﬂ peri phery with supporting | ogics.

uen € integrated circuit 100 nay be, e.g.

a NEwaoy ClRighroD sRowd 96SEOK of whtoalvnray panddllydebrivated 1ﬁegrated
| ogi ¢ array and enbedded nenory,  or an% ot her
B

cirgit beft atMrlecthe embedimgyisry the Flbf@m&nomara aped gy fogy any integrated
c1r£199%1:l'<1 ;{%}2{}6 %ﬁglﬁédn%e@orﬁxeilﬁgl@q?& ;‘Sé?tef':d dl? rvgmgjs legt?ﬂésr eﬂley may

regi on rray, I'S sSurroun
palmenllaﬂj?lad‘&lntage@isbnbél@ppheﬁ he f&rpede\ptmriyiﬁ/mg dntayﬂ\/bf Elefzeical devices,

reC|ated hat, i.n y, formed. |nte
mC@‘?‘ﬁ%ﬁ“Fmﬂh‘? aﬂrwa@fqdﬁlﬁq prideRagrvolayly Mg ‘aﬁé’é—‘ﬁ/ such as DRAM,

RAARY adEdebyNinlhugnk N ARb oY Ne0 HiitrhMBory] &eint@ ted circuits having
el ectrical dévices, "including transistors and/or

logtapagitt @rgys. | Foraexmppisr thddodic erra}z h@yéaleeacﬁcrld eaderdewilde gate array
o Tl 1S Pn G R o FERER kP B s loses
CoRbequeit, Hengggatd dictit I1 00 @sy Hees k! abhdmorPichBhor a processor, which
may include both a logic array and embedded memory, or any other integrated circuit having
a logic or a gate array.

[0041] With continued reference to Figure 2, a central region 102, the “array,” is
surrounded by a peripheral region 104, the “peniphery.” It will be appreciated that, in a fully
tormed integrated circuit, the array 102 will typically be densely populated with electnically

conductive line and electrical devices, including transistors and/or capacitors. In a memory



mul tiplication may be used to formfeatures such as
rows/ col unmms of transistors and/or capacitors in the
wW@ewap79502, as di scussed herein. On the other Perts20081@87029
peri phery 104 typically conprises features |arger than
those in the array 102. Conventional photolithography,
rather than pitch nultiplication, is preferably used
to pattern features, such as logic circuitry, in the
h t e [
de\Hce glt}% e?‘,[:‘%{%%‘,@ ;ﬁg\u%‘%gg g plh!ir;}g]tn% oqq;gérn:jdprﬁ g?i?s'r%]&g@ﬁ %{y Bl arranged in a
regu&l“ N@idpiphtedin mul the phiesaétionn oflividri didet an\dhbﬂt dass.t hBesirably, pitch
ular grid typical of array patterns is conducive to
muﬁrp?leﬁl%mw gici 185@ it rfomp feargt SPgh 2 SQRECUEIRT @§ trapsigiplg and/or
r [ e ri [
co P ST, SFRUATE LORAELQORUER | 67 (1WOP ISKECHE L ERbnery 104
typadilant@agpaes ﬁhammndmganﬁhmna&oghohohmihngwaﬁhy f ofonventional

such devices. |In so t he peri pher 04 mu
Ph B SP ya FR HEPGT R NS BRF ST TB BBEtee bipuliE Braes. sueh
as hdgiéﬂ&%ﬂghxn A Riphely 104! Béd%hée%fe Igeaneth@ c@ﬁ:ﬁle&h?%ﬂd@c circuits
possi bl e differences’in relative scal e,

locateprie dicapeegphbry H0Hensics bbingl peh madtiplic At dlffe:u}t,ewhtrﬁ:asethe regular

DLl th 104
e §ioal ' Ticines atas Ryp REupfBsbuoR nl Gty e devices
in fhle rp@Hpﬁer}lQteuHayarg@rgxo&é@a@ thado dlepi@l eshstrhifR4@krebl Gibkehg pitch

shows a cross-sectional side view of the partially
mllﬂtmlwﬂepn l@s%gtiham@ae% rtleany tonywlon%ph%@ﬁh%mn@r sughedeyices. In

soriaﬁan& th"é“q%p&}) e (?nagbci(%)\xl]?af PatVems/cn%r(n?? %gpncdtl%y bétﬁ%%n\%nt]onal

che

litHobfipby asd pidembiRlicadndils ausised (O pdwible dhﬂfeieh&s in relatlve scale, it
il lustrated enbodi nent, a selectively definable |ayer

wil] 7y percigteis by thﬁaﬂﬁ“?ﬁh%ls%ﬂh%tt% TRIBHYS, POSHFEP, a@othe number of
@m B RVEHHES 1 16 R M{?fn\/ g %@%@ﬁc&e%qmegﬂkmém 100 may vary

r'lies the ate f processe
froet thiteitpictddr ough a mask. [0043] The materials for the
| ayers 120-140 qver]ying the substrate 110 a chose
bas##4&bon Fégwsi3 d\erg‘{ FPssrieliene midt Ylﬁ“’aﬂ{ie']&r prBaly formed

mtsgm@& uraﬁtsld(p FvidiRs Vkkinl SayRat 1280 1of08 ongeét@go&ag §i8kihate 110.
transferring steps discusséd herein. Because the

?hbayﬁwsIb@ﬂW@enHﬂheﬂtbﬁnmsﬁﬁmeaemmkwbtymmﬂﬁmgab¢@ukayerO as

120 ubst r at 0 function trapsfer. a .
disgirorEPlotodn JEaT b G FRosl St 1 S0y el RRSHTE Fsy 0 overies
har83BaskOot &6 &UFSW@@U 80, ]\734@6}1 bhetiésay Biirfiard 3Rsht 48P 10)REHch overlies

the selective def i nabl e | ayer 120 and the substrate

thetspbstegte! KHo be mr@essmhﬁﬂg tdhypd hifigough agestslect i vel y et ched
rel ?!fdéiggt egl‘hoet r%%tren S%je ﬁTa%rers ll?d P40 overé/\nmggef %:ubstr?te 110 are

appreci rat’er’ al considere

ché¥en Pagdden@nt ¢aabidyratiet ohest m&ﬁstfyhaqcﬁb@hesﬁ; abedifiess fodahe various
material is at |eastabout 2-3 tinmes greater, at | east
patigsp dermine pnchpaitegy BansEyringhitensel sy SiiremoPecamssthe Tayers between

theQEBﬁﬁBﬁ rselea{veﬂ/t delifasit layer 120 and the substrate 110 function to transfer a pattern
dertved from the selectively definable layer 120 to the substrate 110, the layers 130-140
between the selectively definable layer 120 and the substrate 110 are chosen so that they may
be selectively etched relative to other exposed materials. It will be appreciated that a material

is considered selectively, or preferentially, etched when the etch rate for that material is at least



about 40 tines greater than that for surroundi ng

materi al s. Because a goal of the layers 120-130
we@@ploysny the prinmary hard mask | ayer 140 i s POI/EE1008087029

wel | -defined patterns to be forned in that |ayer 140,

it wll be appreciated that one or nore of the |ayers

120-130 may be omtted or substituted if suitable

other materials, chem stries and/or process conditions

oo e A A obB, BURBLIGER g, or o
abdugh@timeegrt et theh Rarrer ﬁ&SKn&@kﬁﬁteﬂeﬁ@ Betclme Iargbﬂ&ifmeh@refi; 120-130
mask | ayer 140 rmay be onmitted and patterns may

overpieghepiay dridaeask javeol e tostipery A defiged P?é‘eﬂﬁéo hf‘afoaned n that
1ay? lsﬁh‘) 1t¥§lr b%%;g)re(,ll did'ﬁﬁlatv }é]\f ;gr ) I%Léafm‘lg (iiq 1}%2]?5?38%&% omitted or

sulf@hmteﬁdléfsumnﬁ etheem@terialf,ochemiktiods audjoln qi@ire%d:(ﬁlﬁ;tlons are used. For
i ncl udi ng_any photoresjst, including ¥ 05|t|ve or

exHeRatThres BR étﬂeﬁré@ﬁ%felaﬂw%ﬁmlﬁ R Selgele Iy eichp glative to the
hm?ggasﬂh%);e? ig%‘ tﬁﬁﬂ%@hﬁr@%ﬁp ﬂg&ofﬁﬁsﬂf& CORRRL! Ak %am:rh@ may be

nm or 365 nm wave ength systens,
trafl g3 realndinvetetoghg sdbsnram_emsg g hslylsh shdayeexit.ene

uItravioIe systenms (i cludln 13.7.n t

sysitiig) orVEN Setinget ¥OasACE 4 @gfea%}nt? V@%ﬂf%ﬁ@%@&?ﬁble tayer 120
is ﬁﬁ&bééﬁ‘ﬁ@ble ”P@klf&*?&edl bt Q%B@F@gﬂzt iR€ludBS I@ah?sﬁjotoresist, including any

phot ol i t hography, may be used to defihe the

poseleaticgatlive phefdresad) lsmovayie rthelm) F@xexapipls thef photoresist may be any

hot oresi s S ude on fluoride E
hEBRSRL TR Grbds Lo 1B MTpAR APoi 0 B ablbeh gysioms. 193
niH S@avWchfth anfiedkioh| gﬁﬁenﬁo%x@@meaﬁﬁrakfoi’d@t 8RtehlsUahildging 13.7 nm
(KrF) sensitive photoresist, i.e phot or esi st

wagelengib| wsfepys) ugeelsbtron deun thhogrhlphlgoﬁus@@ls Arlp addition, maskless
1n1%29@\tpﬁr ec%'% J Pveﬁﬁﬂo# Oé@ %&t Ql ‘e{i‘?cg ld?ﬂé’%{th@e@%&ﬁ(ﬁeiyggeﬁnable

eng
layim l%ve|Ba6@bhs|¢fgbhotoﬂé§1& phedralsesickids apen Lfﬁjbddwi (W‘ﬂF) sensitive
| onger wavel engt h photolithography systens,

phgt@@ﬁﬁwé;y PhelREesist siigbleelor erfoth FBrtS, by EOUrey @Fd §p@ton fluoride
n I,
%elg%?ﬂf\tfi%%%ﬁbsee b ?(%Egltre%lgaé{@é}ﬁlﬁgﬁ%u% n%fitfl? rzlir'fgjq: ﬁ’éhtasoulce ATF
phbﬂotelsxsgraphysed evi. phdsylithisgraydy asystoind wilizmgciebii dal shbio rwelength
.10 pattern the resis [0 one e
ik LY Por VYA (htas kT SURPSS0 EOAPH ST lapter wavelengt
phbﬁﬁ{hgg%FEy PRI @leh AMAEHH §erﬁ§ rlnto‘ﬂ?er RAGHELRSK, haYEEtr 120 and

130 i Acf ude silicon oxide (Si O ), silicon or an
anzamhsecn@m I@@Btl lwr@may be Qor(nﬁ@z@) a r@u‘@ Fhabwap be piticoand-byi ngho-imprint
on o or._.a film

R R st o S P SERLER P PR fie o e

Spaggy4s) 175n QbmO eMBEAiAPOSBE BRI forhise Hard BH4EILI1a¥d) 130 comprises
The hard mask | ayer 130 may al so i ncl ude conbi nations

angforgaye mstastal. ridagrialy for the lgard mpsh diveb i Ginclude silicge pride (S102),
silfe8f E)r g}gm&sﬁﬁgtw% Scritln% {QIR%l) escf_ltcﬁ h§a é\ﬂEM ﬁéﬂ Sﬁéd o%‘(ymmde, a silicon-

rich nitride, or a film that has the desired etch selectivity relative to the spacers 175 or other
exposed materials (Figure 7A). The hard mask layer 130 may also include combinations of
layers of materials, e.g., a bottom anti-reflective coating (BARC) over a dielectric anti-

reflective coating (DARC). For ease of description, in the illustrated embodiment, the hard

-10-



coating (DARC). For ease of description, in the
illustrated enbodi nent, the hard - 0 -mask | ayer 130

WO g00a07Emt i -refl ective coating, such as DARC. PCT/ub1008/087029
be appreciated that using ARCs for the hard nmask | ayer
130 may be particul arly advantageous for form ng
patterns having pitches near the resolution limts of
a photolithographic technique The ARCs can enhance

r.esol ut,i.o tions,..thus . .
SS90 Yo Bt AR 30l B v
AREBNof @fe Med ek e@@esmﬁna@ Heaphdredularhy{ Qﬁéﬁhgéﬁbt for forming patterns

continued reference to Figure 3A,  enbodi nents of the
havipg, pitghicp Aegrethe gesplution llallﬁrqfr?aiﬂ}pt%hq&r%@lq ylEtayeo The ARCs can
enhagge llegél%(% Hrﬁﬁﬁhé%ﬁl@ﬁ @@ecﬁ i9nt g?ﬁ&éa@ g reB9R Qvith which

€, S0 rans errlng rns,
ph&t@lﬁthogrh@mmﬁ efriedtht bapesinflepdtyeing substrate ar e exposed

to etchant, which (% wear away a _nask before the
pat 109861 ¢ r Y¥idls egntipucdistepinge & FW@@»@ gmpedipgnisjog hegpyention may
[
uif AR} ShMET e BTaSHERHRES (RATRE LAAh I AL ficd sbove, in
coreinoh rseheistafuranyferrgigapattemst both thamaek ynd)ﬁhenmderlylag substrate are
i ncl udi n OX|des nitrides and

con e
exppged o el ¥ MR DA eV §45 AHaY adf‘a%rmﬂaﬁdh%%&ﬂg&ﬁﬁefy is complete.
Th[%QQﬁ‘fﬁcu]T e ARMRLROMST FREDAR duBMBe BRYprREs fArPRAGiB¥rent materials
chem cal vapor deposition using a hy rocar bon
to boetploadn dYucoo ityicxtalicrtsetdf sedestimity mhqmaruds vagly empignals, including

recur.sors. rbon [ecur sor.s I n u
ox@%%ﬂ '3 oD St gt P St SATEHG A ous carbon
ace e. I YHEOORRQUSy GRmlRan
I ay!ar syrs @gcﬁ?{ogg%uf ﬁir%&rgla?égg?aem No. 6,573, OsovaBplor deposition
USIIﬂSsﬁubEﬂrt)@ﬂﬁm eqrapqundepr atixiugs Jusish FonROOEIs, tah caghen precursors.
iR 8RS iy UHE Bk BB bR Sle Mg pcien o

acdtlyie. fm:m:tﬁasd TaHRiaY SmeathboN cdrb@i layas hd @fﬁbrybed in U s Patent No.
transparent to light and that offers furth

6,57RHP O Remassied fooFaiibRie 6 &l iognivene %%%é‘renaﬁw disparepf which is
cthJo'iﬂgd ﬂ@rglﬁlbgrggfﬁ%%c@f 1 dofHienliR@EN SR ¢ du@REBBA is a form of

osition t ues for formng suc tra spar ent
an&ﬂﬁbﬂﬂc&h@xhetﬁmumﬂﬂmmqﬁnmﬁbbhbmhmdtmnoﬁbmenbmlmﬁhanemsﬁn
Solid Filns, 283 (1996) 203, e entire d
pheio ahigneRnt &Y birs P aﬁe@dto ?@faﬁﬂs@g ?Se?g[i%md@c‘J f% such alignment

egggh(t)ﬂ QBhnifie f&%ﬁﬁﬁg %§C}P@Jnk§9ﬂem¥rb€ﬁ c&oBehundin A. Helmbold, D.

ulrtabl e nmethod for Torm ng doped anorphous carbon is
Mdewser, | Do ScmhdJFSmsPé?tSéntl99\@)p|19@@03,0rherxlgnhrmomscazsulcmft which is
i re._di

GBS N AT B by ' TGP RS “PBAAY (oG Fohs doved: A
sufdHN¢ Rieihadl et thiadhg BHRd anRivhiE 8irBon isldescwBed i P8 PAEM A pplication
Noar1e0/6tﬁr2alrlf’§lf t%r {f?nd ef al., the entire disclosure of which is incorporated herein by
reference.

[0048] It will be appreciated that the “substrate™ to which patterns are transferred
may include a layer of a single material, a plurality of layers of different materials, a layer or

Jayers having regions of different materials or structures in them, etc. These materials may

include semiconductors, insulators, conductors, or combinations thereof. In the illustrated
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may include a layer of a single material, a plurality

of layers of different materials, a layer or |ayers
whawpngsiegi ons of different materials or struRCT/USR08/087029

them etc. These materials may include sem conductors,

i nsul ators, conductors, or conbinations thereof. In

the illustratedenbodi nent, the substrate is fornmed of

doped sem conductor naterial, e.g., seniconductor

emga(#ng{e]étﬁl&}ée % Etstgalten ﬁsn%gg%kx S%Pe ‘réll%con Ct Oé'%]ﬁatg]%%jme g 3 serrélconductor
mafRAC&RtMing peRei®part22, whi ch are deI imted by
phot odef i na I e rraterl al features 124, is forned in the
pho[‘)&d%lfl ndbite r¢farpase T HiguRAA e st POETIREMpESing spaces or
e r
trerhc%e\{ri? %%13)?‘1111?%3@“1&'6%%“?4} % ng(g[er 1%‘4&&61{)}31 ggagJéEHT]ﬁ istPmed in the

phétadhifiabblenayehn dhgMhatesdhieec 122 avad bk hT@ﬁhedehyeb apetotofhbgaphy with
bei ng devel gped, the remaini ng. photodefinabl e

24%aneti 4P nphgtlomeieh thedayen 2§ is eiReRes (@ EOEHID dfirfrag a reticle and
the%%%ga W@ﬁ l?g{eggéﬁéect | 95] tﬁt?yeg'rﬂﬁ't\ﬁ 5(fe gﬁg? Jtn'c lfﬂyl%ﬁoresmt n

ther i asttatddngmbadivaent 1fodms maelq teatur¢sosuchas ﬁwﬂioﬁtralddelmms d£s (shown in

of a line 124 and the wi dth of a neighboring space
croposectigy oRlyhi i ze the critical di mensions of features

for Si o8N 1ikdsnes id iifbdh%@ﬁﬁ’q%? 2%idth of
the@??}éh gl?lyégglcztopg{re ngea;]%I tlwesl i m]lté(fuél | ! idth ot a

linpl24 aihd tHeogidtpdli cndigitloning a;wcasléa flo lplatlmec ﬂletdmélcal dimensions of

def | nabl | f.or .
reie B eEh BT gy ePio Sy LS AR G INnish gy appr near the
lmﬁ!@%f |th@ﬁl§otél?tﬂog%1@ RcRRgLH usk8 Qo Piterd ‘ﬂ&bsphoftchﬁﬁﬂélﬂé: My&8Y20. For

be at t m ni mum pitch of the photollthogr ohi ¢

exmzvih,rqug@t@lﬁbogrhélysméé@g 2panmelight.dhe pitehse dhdléncs w2y be about
d h |
10? ¥ an[t%l? e(fl) ds Og 7 a/p%e A ﬂf%: entg g H{ngrﬁ gﬁ%iﬂg? {lbﬂH%ﬁ’;&hﬁ& QC]%IIQUE and

thdogﬁaérslﬁt&hﬁdlﬁarsgadnbmw efidyoddvhsthg sl tha®h a E;ﬂtdh foeRtauthe minimum
size typically increases as the |imts of

pitphef dhg Ph@ightaaﬁiaehlﬁ deHAidYere %IF‘@H%WBWOQEW@%F thepygaygitn g error for
poéﬁé n TRy fth%ref Qf@'@?]cm?ﬁvlhagaslegﬁgﬁE hﬁ]ﬁl@tolf' %?)hgﬂol?z {gra ig 'technlque are

nm or nore nimze errors in on and
appiozésd,ahe tihe 124 nes bEZdumdd0@sib} |Aserdbouva sizns Eigg 08 sinbek more, to

and 5B, the spaces 122 ar ned by etching the
mIBWB%?Yé‘gﬁg’cmFPﬂ%‘é‘“ﬂ@ SIZ%OJ‘F@”?ﬂP *fied spaces 122a

and (4dsigs  1R4gowhnig m@ggsoss%hétszal 'tHEeﬁ)aé%‘]QQra?e %&ﬁs@lby etching

usmg an i sotropic etch shri nk or trimthose
thd gatarees linSui 2da bl bnetmxrdeféed smcteadéZmrElHe@S Udan gl hgmphotoresist lines

Xxygen- cont.ai nin | as A SRZ
AL & FOpf oG e B SRR e Sl ciche
in@¥dcehclisihP an 85 Ehneonisipl@Ghifehaso gt habf,mmzmld[smﬁnpfa Cl/O4/He
the lines 124a are substantially equal to the desired

plaspacirigH BeOvibe mlasme. |TAeexicnbeivbg cebde selectad7s that the widths of the

lines 124a are substantially equal to the desired spacing between the later-formed spacers 175
(Figure 7), as will be appreciated from the discussion below. For example, the width of the
lines 124 may be reduced from about 80-120 nm to about 30-70 nm or about 50-70 nm.
Advantageously, the width-reducing etch allows the lines 124a to be narrower than would

otherwise be possible using the photolithographic technique used to pattern the
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(Figure 7), as will be appreciated fromthe discussion
bel ow. For exanple, the width of the lines 124 may be
wo edgoed1f r om about 80-120 nmto about 30-70 nPCDDS2008/087029
about 50-70 nm Advantageously, the w dth-reducing
etch allows the |ines 124a to be narrower than would
ot herwi se be possi bl e using the photolithographic
techni que used to pattern thephot odefinable |ayer 120.
oo BB R Vutl TEIFURTp ep kg 4 A rAR 12 BE e
belpBah®tasbI06T Buplis 6f the htkohthegrapliic Wchhighe ipPIrecipptihted that this
that this etch does not alter the pitch of the spaces
etch zipgs aotchlter Heieh o4 thessmgess ke 2ad dingm b apeinsrelyg distance between

-] I.cal- [ ' res remai ns the sane.
1dekuﬁ%@§ﬁn %&?}%Eé\;\fe?ﬁ%}%ger%lgﬁgﬁgég%gFi gure 6, a |layer 170
of HpsZer MRkeritl refcserdt ahktirede pdsyar @00 oD Rfaoemhteal is blanket
over exposed surfaces, including . the hard mask | ayer
deposticdagrontaraally geramaosH quiieaes.dnddips dechgrpbasy &ﬁy‘rraﬁ/ﬁ&and the top
ol .
o B RS0 oT BHL Y O P b PRt co
actunndemhsk fog thasferinpskpatteyen HS0ndefimgdpatmpskiayer 138l The spacer

may be, without limtation, sil.jcon, silicon . oxide.and
maigria) S ‘F=tY"_ftE‘@'}t. R e iSqFB’%’ft PYEd OF o?ﬂ%n?éh’f?" PHAT In the
IhRRACE iR R tHeSsp%l:tl:r! ﬁlgfén'ﬁ’lxEsd%iip(!fﬁ"o?{fﬂeﬁm\fdhdﬁﬁwides particular

particul ar advantages in conbination with other
adgelaget inombinatipmivgh ofhet $utectesighiteniplseidbkmagkinsaick.

Met for ,spacer material deposition include. at om "
| ayﬂ%gg]fep oé\flitﬁgﬁ,tfoas%éc?r ngleﬁnalegepgéll lon nthl"F{:et :#ﬂ]alcaltayer é:eposmon,
.1 RBRS lalsbPNiMithD depckitlon &AM PIHBEIA I ursdRthPa SHRSREBMRBosure to an
exposure to an oxygen or nitrogen precursor to form
oxydehj @ontrogdnderscpa e form delsconr esagns canidviginides, | nespeeirecly.  In some
adi frent to..for iLlic ' il ' s
eoSERRLATT P S T Rl Ay R ks

(HTDY,rie eHiadeddnn aliéraatiat jul@s pithseSxvdnprévirdxkgenas H,O. ALD can
precursor, such as H20O ALD can be perforned at

be perfariedet yelpiht npEmReaeEs, cg. gnderivaer 208t ot updrekout 100°C,

. ' f .

R L L e Y AR D lfbopbased materials
sudindsephoabresistsand hanasplpius tearbes ilsteranth atirer ghbubmess,bdmemical vapor

| ayers. I n other enbodinents, . chem cal vapor -
deppsfios; ¢ Ui 1osdepeEt! ospa%ewgat?miheeg-sbﬁ% 3Bt diC (o form silicon
oxfled., using O3 and TECS to fopn silicon oxide. [0054]

The thickness of the layer 170 is determ ned based

upofPOSHE dd&dicrtiBdknbdofthotaythE/ Osip determsindd7Bas¢d-ippur the Aggired width

For exanpl.e, .i.n s enbodi nents, the layer 170 jsS .
of B 61 Ea Lo TP PRnebs SIaloR S0ReB B e g mver 170 is
de@n&@twmm&ﬁe% B SaC 20-80 &in HOMII Y00 Hnk & fodnphSers of roughly

he step coverage is about 80% or greater and or about
singGyeadthe r Blag séep, coverage 1s about 80% or greater and or about 90% or greater.
[0055] With reference to Figures 7A and 7B, the silicon oxide spacer layer 170 is
subjected to an anisotropic etch to remove spacer material from horizontal surfaces 180 of the

partially formed integrated circuit 100.
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[0055] Wth reference to Figures 7A and 7B, the

silicon oxide spacer layer 170 is subjected to an
wW@niosotysopi ¢ etch to renove spacer material frpeT/US2008/087029

hori zontal surfaces 180 of the partially forned

integrated circuit 100.[0056] Wth reference to

Fi gures 8A and 8B, the selectively definable |ayer 120

is next renoved to | eave freest andi ng spacers 175. The

veI I)(’}gghe’feﬁer}%}bclﬁ g%izlcg}{retg 8 ns'@y seISe %ﬁle\f‘e ﬁB/lg layer 120 is

ne)ﬂlrélﬁbve@ibtléaﬁ)b ifieektaa SEQ@PQJI’H»S mvSelebﬁe@my ﬂamasl@ JayeR 120 may be
the illustrated enbodi nent, the spacers 175 form

Seleqhdﬁlga@ré@quo@wg ap REZARKVEIPSIBESaNt | al |y paral l el | egs

sp a@ﬂ’ 2]r 17 8}3&?}4}{* 51 |r$£]5?( aa*tur@? h&htb%hlll]o ngltrt_e!iégln tthe illustrated

embbdi@gnt] 2% s@ﬁlﬁrssmq'@ﬁn &Bﬂga(t&] l@blﬁﬁld%vﬁﬂﬂbsﬂﬂ)ally parallei legs which
originally formed bg:!p phot ol i t hogr aphy
al’eﬂﬁ@% @b&negtenﬂﬁi néle niteh ofgle gpagere diRS é?foé}%]é‘wthalf@@ﬁ‘ rﬁ’ﬁqthe photoresist

iR 5%, 123 AL B BN AR RGP
thespimoeessst 1inbs §24hddoa prch ohaliohe 2@l dmwaidcs*s df75 thheng a pitch of about

features or |lines 124b the s eral |
10§ BY 56 FBY BB ETTRE: GG SRRt 11 Decautapawags 7 formed

on 1—]?84&.@&\1@1115 %?tMtﬁﬂe@gr ]ﬁ’f%tiggﬁfth@%te@S h W%&neﬂa@l 3ol the outline of

forma closed loop I n the spaces 122a between the
thel pattasl of Z&durey @068} 1 Naxh thel modifiskploneticfihadelagér 1264 huodiso, form a
aceor ding to sollrE gnbodl nt s fz{%the i nvention, bl ocks
clost ﬁﬁ%ﬂl R4 8’“"6’% g {418 spacers 175 and t he

res U\? pakt 8 B sdcond ?I%@,é bEMEREAS R bt BShE 8hBodidlats of the
[ 0059] th reference to Figures 9A and 9B, a | ayer

im2eGom blavks ki rratslemamnal wegverlph theotpesirs 175 prd theposiltingdpattern is

t ween .and, Qv e spacers 175. The photoreS| st
tra{lg%erdet%lﬁf @3% ormed of positive or negative

photewsepi stwith %fé@ﬂlce\%t]h Jref ek eng et a 145ego®st he¥k madrial, e.g.,
108, the photodefinabl e %a er 200 is patterned b

pholREsish it drogsiteg rbytvte@n fiog mqﬁmﬁpﬁ@erﬁﬂ% r THe1 phiglosesies ¥az102,00 can be

ps of spacers 175. The
fmé]]ea EE Sgh% o%%%gan% reglgt?oss and contact opposite
endspﬂ(mf)] t heWsma@felreﬁceltB%ngaﬁAe@éd@B yhe phveodelindis layer 200 is
212 have di nensi ons suffi ci entlm | arge to_be

Pa‘iﬁ%ﬂ%‘i’hé@tw{‘%rﬁﬂbﬁ%lfP% sye'dpayaisg! Rockothl: gét fdblhﬁi s of the
cg)fs Ogitg zﬂ?‘é}stﬁgl ' tBiQ&s gb Uy é{téﬂdxﬁ:gose %}13 %Sﬁ{a&z_égi&%%gs of the

ch mul tip |ed and hon-pitch nulti
spdcemt UﬁesAdyamap@uf;lgr medbloclfhélblli@l&@va dlﬁnenszﬁs ueff]cibﬂat y large to be

atterned Ita €eo th other at | ar
pa ggqchwg}gp}a%i) Qerp ué \%gﬁubﬁ%&vn%d}n&h nBJIIltY K tion. "qus a mixed

pa?%}l;l iz akdhed @bﬁﬂtc@ﬁhﬁﬁplhé?ita%g mBhQelcie inufiiplita HAG: feMBERRESbe formed.
The blocks 210, 212 may be patterned simultaneously with other relatively large features
formed in the periphery region of the partially fabricated integrated circuit 100. Methods for
combining pitch multiplied and non-pitch multiplied features are disclosed in U.S. Patent
Nos. 7,115,525 and 7,253,118 and U.S. Patent Application No. 11/831,012, filed July 31,
2007 by Luan C. Tran. The entire disclosure of each of these references is incorporated herein

by reference.
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conbining pitch nultiplied and non-pitch nultiplied

features are disclosed in U S Patent Nos. 7,1 15,525
wW@ea9/p7358, 1 18 and U. S. Patent Applicati on NoPCT/US2008/087029

11/831,012, filed July 31, 2007 by Luan C. Tran. The

entire disclosure of each of these references is

i ncorporated herein by reference.|0061] Wth reference

to Figure 11, the pattern 177 defined by the bl ocks

2104, 05, AL, EFORLPY BB o 21,

212660 MR shadeed Byis n@ndermedaditbBOhdraphcRNdyYr €30C hTHEQDatttBﬁl transfer may
hard mask | ayer 130. [0062] Wth reference to Figure

be agcomphishaddiv egnanisotropyakly efpline thedgrd maskHayepd $Grar y mask
lb;ly ?(L()ﬁéfo Rﬁ %}? te}w%rtg Ptl [0 %1‘2 Che gy’g%(%nq 9 7;7‘(1"59 9%@1‘%& 6‘(9 the primary

ani so call et chi

mdsRYSkr 146). THN]iahelﬁletf“@Eﬁﬂ afythe eEl:@ﬂﬁS]%h&&by,t (h@ @ﬁ&dtﬁﬁaftally etching
177 is transferred to the substrate 110 usin

(hpriTasY sk e L. o b ofenced Breuats, SistnarigmadT & rasferred to the
sutyfc' 178 58h6 o anilRple ot Dk BLRDER dfublihiif B i,

ove I[OQbB]’l g tWih sefbsheeatbFidites Bt anemB atle spictiel 75 and mask layers
ied lines 310 are formed in the substrate 110.

135&@%&5@@%%&? suhrate 1 Qare remeyeds Fotch giltplied ligpe p Hf qrg formed
in HEPAHALEM 19) 0LKS, R 2P thetZend OI,[ @Q%Ls Wd Bori&d § SAEREP sdflrated blocks

Igure 15, trenches 1 nes
32B)3@@8ks 320, 322 are filled mnth |nsulat|ng naterlm

330, e.g., i icon oxide, f r.en Jat
ool o &b reigad e b GachesdsBRelBei ot 3 land blocks
326' 2SN OBIBY Yith TRN1RRe Aehd RSP %tgﬂ%%%obfb% de! ﬁ)‘?%ﬁﬁﬁtré}ﬁﬂ isolation

floating and control gates may be formed over the

applidatives. aMeasory fO0&Sive Assapanth af lor HesHf mcmam may (qf: dt:fnreed between

floatin d.cont,ro ates

g b RgRe RR TR ey A s Bt POy e @ Eibs digtunt y
f or ek gverAg Pt bl (He forddfon dMNBY FdtinAGnaREGFI] 2hted ABARDS layers
bl ocks 320, 322 (Figure 14B). It wll be appreciated

34pHar farmengc thepinsiing end epntech eawayeﬁ@smntbafwma@ ypveicthgdmes 310,
méu?a%rrg%ngterﬁlll |3¥0 a?ig rbloc% %90 %e&li@trg q4§jo ?%1?] ?ppre: ?arted that the
exanpl e, in sone | oa

cog@biifiel otk esycar EOdﬁﬁlvhgﬂacrdS@ ¢hd redlsy faléiﬁbaﬁa’dnnlegl@iddd:@rcun 100.
| ayers appropriate for the formation of these g
Foy grasuilenn apBadcasnBris; <& poth flgaiing aézd%méq!tga@&ﬁré dieered the layers

34863h 1 I?qul)d fefré QIXpFrB b ﬁ)rQﬁtann?lﬁJééi‘p Fh@é’%e%atésay[ﬁrcﬁher%%as where,

appropriate mation o ect gate
e. e xanph eclefiqpatef iodmiireg, thhéaysel Zﬁl@tcag a:tceudet fheeﬂ layses, sis 3g@opriate for

TR S0Vt Fas B O AT Er PH S B0 kel S ot 340 may
ind 1AYES silivé herOURF b b&ISsiRcdAhY ! Whiel Bvérﬁé’s%n oxide-nitride-oxide (ONO)
composite layer, which overlies a polysilicon layer.

[0066] With reference to Figure 16A, a mask layer 350 is formed over the stack of
layers 340. The mask layer 350 may be a selectively definable layer 350 formed of, e.g.,
photoresist. With reference to Figures 16B and 16C, the layer 350 is subsequently patterned,
thereby forming elongated strips 352-356. The patterned elongated strips 352-356 may be

used to form various features in a memory device. For example, the strips 352-355 may be
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[0066) Wth reference to Figure 16A, a mask | ayer 350

is formed over the stack of |ayers 340. The mask | ayer
wazdnep1be a sel ectively definable | ayer 350 POF/D&008/087029

of, e.g., photoresist. Wth reference to Figures 16B

and 16C, the layer 350 is subsequently patterned,

thereby form ng el ongated strips 352-356. The

patterned el ongated strips 352-356 nmay be used to form
use\él?? f(%ﬁ]ssgg:z? %ag%sefsﬂareggan%rg cg Xg dg&r/ vrvnrqtg 1 Forelg(g aesh eﬂormedea]ong the

linéseTal, &thdhgfohﬁaﬁtlﬂgaram Thd bthipg 35® nm@rmmse@ed Hsﬁrfeowmeldhnes and
along the lines 310, which formactive areas. The
ﬂO@t%laﬁQC%@lﬂﬁTﬁs be used to define word |ines and

falpg 67T egtd?rﬂppé %}?]’Arecq %cl?%isat %Oﬁéé%ﬁﬁ g\ﬁdDJn f g;: rl;%xglc—:d in a single

stefl 8@, ysplemolitkog@aphypyr phaiubliplé h@}gfrﬁﬁh}eps oerrnemz{tﬂptd pb encrease
For_ exanple, to increase density

separate ste
dewgqiys the St3ipe 3&5%%@%@%@&%@}*@& PRAPHAHIPR-pr s SHED: &rﬁta%)f masking
layéllé%g deséflﬁéc?ﬁéfelﬁfuum}&&ge {oalyﬁg{n%s 38 8 §Ercja}? B? f(t}ﬁ{e 0er the layers

erence to Figures 3Aand 3B can orrre over
340.h¢hd stydr of Baing Thershactcobe pmskssmg as d;seugedrht;remhzém reference

o Byl &SR B FSnlang SRR orer wpulheh eauhECRLP 1 e . thercby

forfil BR1E5hs! P262 TROMaS fer VLR hOA h&% SLELPS deposited
O35 Thsg%ﬁask | ayer 3 : SOB}%rFl gu{fggﬁ6A) );rqé{/&gs?ubsequezt yepOS]le

betlwerdeapésmteedhbapa@em 1dhd Eb@erShelanpaé@& ss 1@, pathned, eg., by

Phﬁz}ﬂ@?swﬁf RIS niask EoBRaS RN Brinsd of pheieris, iy fogping the

E'Q%tSQfB@S'(ﬂ uréshﬁ‘,l’B?kéMd fl@\/\?;ﬂ NPl Qo6 HsPReB I &S of discussion, as
Fi gures 16B and 16C) ile not illustrated for ease

disgisse] hereigsomsror maere diddigonal enskhiag davars rapyebopropged between the mask

laygggi()t ognéirlta%%tlelql An@f”eﬁot ?%Sa 4Br % g?aqnﬁgta\ﬁeﬁﬂ r may be

aCI ern ran

prdvagedr &re&ﬂ@ behedth axampse, lagh 3ABCuldaye ranfipyhobe cprbox i ldﬁ may be
directly beneath the mask | ayer 350 and an anorphous

Provael STy S ARG 1Bt pidotbe Heer 10 a2 eeensre! aygisvopdprovide
the{ alllt 68 and 40uwd BU ‘t‘lhhf’edsﬁﬁ%ﬂ%ﬁcagog fok %QE)«SEréNp}d zg1dplr4@v(Ffé§res 3A-

antages and could be utilized as noted above
13f.or the | ayers 130 and 140 (Figures 3A- 13). [0068]

Wth r fer ce to F| ures 17 B,. the pattern
¢ he Mgk % rofgins o (RS @éhéfg‘e%e&]w“ﬁ éﬂﬁ'a%lﬁ%player 350
is gl trahﬁ@xrr&pi&) th@rlg}e?g?a@@ [thd?Sby3fbemapOstlifb MQO% 12¥8E&Stayers. The

The strips 342-3 may correéspond to word |ines
stripk 3423 nglatcesrs%pemhtq wbrdgmteeéloamg sdtsecontighpass dndl select gates in
thth se layers. [0069] It will be appreciated that the
°é§<%t¥§§d parts of the lines 310 and bl ocks

[0069] It will be appreciated that the exposed parts of the lines 310 and blocks
320, 322 of semiconductor material are doped {(e.g., with an n-type dopant) to form
source/drain regions in the lines 310 and blocks 320, 322 on either side of the strips 342-346.
In some embodiments, the feature 320 forms a source and the feature 342 form a gate of
isolation transistors for each of the lines 310. Similarly, on an opposite end of the lines 310,
the feature 322 forms a source and the feature 343 form a gaie of additional 1solation

transistors for each of the lines 310.
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320, 322 of sem conductor material are doped (e.g.,
Wth an n-type dopant) to form source/drain regions in
wa b@obiases 310 and bl ocks 320, 322 on either sPABUST008/087029
the strips 342-346. In sonme enbodi ments, the feature
320 fornms a source and the feature 342 forma gate of
i solation transistors for each of the |lines 310.
Sinilarly, on an opposite end of the lines 310, the
fea t
gat Lﬂl&ﬁ g“ts [ on eﬁt él%Fl ?1%%%&% r a%gfag gaﬁé;hg,ggé‘ogtﬁe%% fs bit and

wokdBndsi #d@ShSbit @nd %7@]mdsrnrs ubsraren viaiocassilag csmemr to form a
contacts are made tQ the various bit and word lin
megogy devacenilp sene e dMEntdle spatHmALbt Bgds %O%?rlr-tﬁlz sf;lbove the bit

an(?%k“(!l hALy &l 5& Libd ycohelctfs 96 M),& Sgﬁgprm éﬂ?vj,ﬁ)e 32% Rar? Y electrically

iments, e contacts nay roma [eve]
comiamt@ td e gantets Iﬁ@mmmspbame]sz sd thaaddi gates rand cant@cdfsthe dsolation

t he source re i ons can_be lectrically
trapsgiiore @rcdipd tt%g 5 f fﬁé{f@gwm %ﬁ&elonraeg bf‘i!@@weﬁdlseesqdﬁﬁfem
the@aies s PNRESES a bIdEk b ININO Fablf ﬁ’a@ﬁbﬁl QF5 iR 8nemory

tied together for sinplicity of operation and
devied #@biadcbidyng mesodle@ml:@émmbntﬁewfethﬂ inve@@nl | The igjustertetiBflash memory

illustrates a bloc Al
s pgeit Red BB o A e SR o TR Iht B s firo-Bim
extefY BRail@No cHaGarbtheH$t h abRehd BRGHAE M YwaHINAXs IWCH- WIS extend
bit lines BLOto BLM and word lines W.O to WLN. The

paiglle!l toj mesanBiher BLMrew tdivdiqar Ah¢ NAND sl nzmwrnerray alsg includes

sl L P e 8ok DSt ARy e
(ndt |sB&Hn)TERARICY toPHhE BY liALSBsind Gk biaHhe 26hBaL 406.aNd St @ & the rows of
402, 404 used for selecting a bit line. Ancillary

selpq driapsigiprg 492K cerespand joylhg f?@turesrﬁéwﬁ‘lSdque'clﬂBﬂo t he
bi t (Ld’)’?fs L]'i%l glt thP eé !\ 0&n 8958‘35[%1% gﬁ%&fﬂ;ﬁp{gmgﬁ{l E‘d 11 Series,

of ! ranS|s ors corres
sotirfe fo@raine atou reﬁﬁn;ﬂé&he 84ond bit gt BL1 AR} 1uddsGéRhe Fae krabmsttors 110
line_includes a strij n of fI pat i ne% gate transi stors

CORISHISH bSqris-sBRY cogirolasiis 06 Doy el ranggiore A ce,s 1p i same row
areic%%ﬂl‘%g Qe s'alan SvoRHind. NEAcH %@aleffh&ahg Ge %ﬁs@sﬁgr’é qmé kthRMSnemory

connected in series. The control gates of floating
celga%tae stor@ns tlsirgr ©r 33ackod! Cdletge$ whw:renmeh@almlmt ofystared charge can be
oupl ed to e sane word |ine. Eac floatin

us%]at[oer e?rleéfi’i%lftg]f BHALIPLe F1F OF OIS SIS ?m at’s ?d?%g stples can
refrOREOS { Bm@eld@EK (Bh , BRI @ata. VRRNGI R rLAELRIR AN Qlﬁe absence or

stored charge can be used to represent, for exanple,
prospreeof chroge st ates, and wherein the one or m)re states

can esept. on re di bi_t :ﬁ

The PRI 72 a0 RRFr i Re i R Lt Gt shove
togihee Bamhge end D 0éahtidl, bh s&@ﬂﬂttram@@rg@ﬁzenwelecth@alﬁl 1g814t€ individual

18, bit lines BLO to BLM are shunted
bit lines from each other by preventing current flow to the shunted ends of the bit lines. The
shunted ends correspond to the blocks 320 and 322 (Figure 17B) and the gates of the select
transistors 412, 414 correspond to the features 342, 343 (Figure 17B).

[0074] It will be appreciated that each pair of bit lines, which can also be viewed

as a loop of semiconductor material, may include a total of four 1solation transistors. For

example, isolation transistors 412a and 412b constitute first and second isolation transistors

-17 -



together at their ends. Isolation, or select,

transistors 412, 414 electrically isolate individual
whriooh7ases from each other by preventing curreP€T/UE1908/087029

to the shunted ends of the bit |lines. The shunted ends

correspond to the bl ocks 320 and 322 (Figure 17B) and

the gates of the select transistors 4 12 414

correspond to the features 342, 343 (Figure 17B).

prc{xs é"]on!: ten(YVI ﬁk hqug;FQJpJ Es% a{’}&? graltld;' Qs qﬁﬁg arqc?4¥4bo£0ng liite third and

fommhcﬂ@titdm&rﬁrstdmpmmn&ite amaypdsne bnﬂjef aletlmpal Tiofs, & i of isolation
i solation transistors. For ex |solat|on

wapssprsi BROPS Whe indearigaly BOHET iﬂtsmgée Pitrlge, aféchs ggolqgmed by
t
s BN el TS BT G Ty Kb T < PRRo hsiston
isodtel theautpartse iof ohabl tresd elangitat urSorpr fooh rmtegparse op pnmhetre)f these
end (g@othe | oop. Thus, a pair of isolation transistors
IREYCHROTYPHY i zed to electrically isolate a single bit
i nﬁ?OTS\{” Cmﬂflﬁstrfa%qﬁﬁlggye @u%tsaﬁ%é/ﬁiaﬁyregﬁﬁébf tﬁE select transistors
hori zon el ongat ed “portions of the 1d6ops. The
412,gdH atd e:}mmcraﬂm $ed boraanedal attkes gavs oéxlpams’@scstors;mei ay€ biased mn an

hes on orti ns from an, expanse, of. anot f .
o RS OBTHEAl 8 BorEras P b Rl wircebiin g egen oating or
cmﬁiegﬂéa 2 un& Rﬁfgstﬁlaireﬁyeél@&tﬂbdllyﬁ&ﬂétﬁﬁsa nafit 1R &)l to the isolation
transis 414 are el éctrically tied or
tran@mr@cfitlédéltﬂo Dhengataéfs opdratidres e ttraapsiost HiZs 4hhdnayrhe in an “on”
off state. read .and ite . cy
softn o TfieEr et of Btinortiarso Rt el Sy e ye of e
trafdist6RNMNeCcth el ist BrefvantNthefeO¥)no Hdrarehyiat ecdiviigaltitylines, since the
isolating all bit lines connected to the isolation
same gpfsftemos Berlprmed gn all celisiof Hig T‘éfﬁ%l?eﬂaéb Sreaorobleck.t he

ot agﬁhﬁ or SAS41:I'(§ed %&Afew{hbr%fe'rgﬁcg% ré t] t g fulgﬁgﬁﬁ% 'integrated

bec e all cell's are er ase ’tane

cirblie 181 &irﬁledffrchh ﬁld pa’ﬂ'tﬂ]yﬁabrﬁ&teﬁlﬁtegfbléﬂ d:]ﬁcuttr (0] @M anrtincorporated
there is no need to isolate individual bit lin

inig | VAgans; HECHA e d5Eat B FxrEPISethe I g ar 1§ER b pilized as

m% RANR, il g%%ﬁ aRl¥ o Qéfvlce[ ﬂﬁﬁﬁlrm@% By a&@¥§0r 103 a user

reference to Figure 19, a fully fornmed i1 ntegrated
inteifaccul @4 204 pooraresbufaeo i) heEpanplﬁsaldfystfchbq:lacuam@d devices include

CO{?E{’H%%@t dgﬁ% :}éc b‘i‘néglg’ 7t bhgléllz{lll%)%; gt echﬁlglrt] tsuch as data storage

anl PROLPAESES hAidihg Hldic (iﬂl@tobﬁldﬁgr ividc8 @ehias, memory for
storing data in an el ectronic device 102 having a

compff7ét pribcedsbe EIID’BBCI%EQJS]M vaviows f medifiegipnanef peselustrated

rce 10 les of s Iec ni
erRR T CRrOLr 2 S0 deorbes Raniig Y e cof materia for
shiltink | 3¢ dligkr Ao s NI HateHidl CthletbioddsiG:ﬁn afe‘ (ﬂlﬂttéd s esrdgemdbdiments. In
retrieval devices, |nclud|ng musi ¢, photo and/or video

thf&é@iﬂé@@mew@m]mw ingiyidug doopppeleeicanads: t hat vari ous
md'|6d7§?t : %&NBQIEI', tl]heebloLllsua% a\tra%gageously for simplifying operation of the

isolation transistors and for improving process resulis. By tying all the loops together,
individual access to the loops is obviated, thereby simplifying fabrication and operation of the
isolation transistors. Moreover, the blocks can improve process results by facilitating

deposition of dielectric into the trenches 312 (Figure 14B). It has been found that the ends of
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enbodi nents are possible. For exanple, while
illustrated with bl ocks of material for shunting
wo ogenrst7 | oops of material, the bl ocks can beP@m$10081087029
in sone enbodi nents. In those enbodi ments, contact to
i ndi vi dual | oop ends are made. [0078] However, the
bl ocks are advantageously for sinplifying operation of
the isolation transistors and for inproving process
pltch mHitltSD 1{3 %\{)Hg & n&% rgialnéélgg'm!] 998%69? Egﬁl’og% s ¥ cg)lf)gl It has also
beénafﬁ)ﬁhdl at @Bp(&ﬁ@n(lﬂ"&ﬁﬂédtﬁﬂ i thdae rd:l&ﬁle@t ithiMends can be dlfﬁcult and
transi stors. Mreover, the bl ocks can inprove proce
f d)locks of

prongde Vel fymetion | By &imvirgting plrse epdnbn pvalviieelbe ends w
r
e SRERRLACRE SRof S Bl 1 fPle o e TERREEM PO of JF cading 0
intédratad cieduatt wth imprdviadiremiabmt}ons of the | oops. | t has
al so_been found t hat _depositi.on of dielectric into

t hedW7Pk| ath §aIN§ cRPgMEAts thed OISR £ opitsdgfrom one
end 8f 1@ '1&)#@ F HBfekian- Fo@léxe@;llﬂlmvﬂﬁe}é L) n&ali@éﬁls%ﬂﬁiﬁe@ﬁbgether fO{ another

over|yl ng the ends with bl'ocks of masking material,
redam; dyeewhdro ulmdlindsabrrhing Ithm@mpfard hlé tied émeghvead @annfbend it may be

roved,. |l eading to inte d circu t.h i nproved
b EFRAD, P1TRSP of GOSPS AP eNBBaT HERee (st SR A gi that is
ticll i@ BRuRE OHRWeRR, RenAfl 1BRE, the GRNEn BNBI0EE of AGtekigoAIhe ends of
of material. For exanpl e, where the material is

theskeapst bas bteoq’etﬁ esrimfoepvirg Bine of trsachsh defancd. by thp dpes. t Aga resull, it

maé/rpé:ed%ﬁlfz%i%n‘!?n%gn Elﬁn}ge g§ d gg)otheigo]:f %I}dr%d Vtﬁr? rgoue{l] egctnca] Mfation is not

ne&g@agm&h@endo electrlcally isolate the |lines on t he

end that is tied to ground. However, as noted above,

t he [408Phmt ilowilbfe Hppteriatst thels @f jusgd Agromhdingnde! BRtepigknced not

e I N ‘s

exlggg A(]% R@ﬂz 3 efcaoJ %%Jsgmﬁ@&tng eiteé.t gk ngg dggaﬂ&sF line” of
mdt€riafl &ram dl(h@atbﬂ ﬁﬁk@“ radterd tifid map pureél dﬁothﬁ’\mﬂ& ohireseealirection over the

el ectrical isolation is not necessary at one end.
‘KPQGQGﬁmPPn%PPFmﬁ@iappreC|ated that, as used herein '

! ' nICt 1L ta&fl ﬁrl n'flgsﬁdofqﬁ’é st@ﬁéttﬁ%ble@h&&lnytr%sﬁeﬁﬁgé a?pattern from

dir roug ‘the”entire extent of the [1ne
anReetgng }afel td selindsflymatlevd alvohss dornehp ﬁegmr@dmrtbﬂ uodierlymg level

mat eri al urve or. ot her ge directio .
) et e oBEPHRL B (1 SOY DR el 1 A OB i of incs in
th@ ey, 1edd vﬁﬂ)’geﬁ&afi@%lﬁ}\ﬁf?ﬁ Faser l;%dmhtﬁé QBying level and the

transferring a pattern froman overlying |evel to an

loqmdrepfythqg fdabwes! inj thy ohdeslyingdevil vgll feomewoed 1o thetlh@ahon of similar
er | ner al,l corresggpﬂg{ eatu re

in
fez#we; Hoths 9 gFrl)g/n%levFi eafl}egpr&cdse Sélx %qng SIZE [esgpay var Sfrom the
ovetlyihfl@ewenderthy ivigedgvellevd,| hovgreer a—’rdryexfa@llpleov&epmurgabbon etch
of Iines in the overlyln? | evel ~and the
chemistries and conditions, the sizes of and relative spacings between the features forming
the transferred pattern may be enlarged or diminished relative to the pattern on the overlying
Jevel, while still resembling the same initial “pattern,” as can be seen from the example of
shrinking the first resist mask in the embodiments described below. Thus, even with some

changes in the dimensions of features, the transferred pattern is still considered to be the
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| ocation of other features in the underlying |evel

Wi Il correspond to the |ocation of simlar features in
wo b@oovsit yi ng | evel . The preci se shapes and sP@BEBESD8/087029

features may vary fromthe overlying level to the

underlying |l evel, however. For exanple, dependi ng upon

etch chem stries and conditions, the sizes of and

rel ati ve spaci ngs between the features formng the

oy | NP
o PURRESE T ALY BARPET AR EREH e PR s
cha#ipt lHe pargenbl i ng the sane initial "pattern, " as can

be seen framthe exanple of shrinking the first resist
mas OB t hé&oBRgBEn ety I&aesmﬂrwaedo@wawge SGEPlieR, Brfein that the

inv}%t‘i(ﬂ] @91‘5@63%%9?%5&1%@&&1 'FPPE‘)EAHQ:{?% BlorfigatY5&ERe chbB&iments of

ransferred pattern 1s stil ered to be thesane

thepatdngion, @amethod is piovidad. gat hethmd dompeises prasitlingfaoulrstnage having a

spacer round sk featuyre change the pattern. .
locpoa}T ChRSBGLRHEIY, PHETl | Fh SRRy GOE 28 1 POl rebstantially
padBSC hbklohQily REdigh@d pBalons RndMEAUERN oh& Klopdea. VATirQUsansistor

enbodi ments. For exanpl e, "according to sone

aloggiiisdione it Boroéd toheedtrsadlmtiscdme am expanbool @ Srsp pbiic duigate portions

The net hod .conpri.s provi di ng. a substrate having a ..
Frop G BTk o OF B8 LEIIEL POREL s A OTfiG G i fh active are
of efiiraednMtoa pair of substantially parallel,
hori zontal | y el ongated portions joined at at |east one
| oofPO8AH. Ackprdg torotls icabedimgnisribe ihentieop Hrecesoismsevided for
to electrically isolate an expanse.of a.first of.th
forga g atel Gt Srke r T B e SRS b il T prptioy(F mandrels
ovelengatesPaet Napscersarp providell at Sigedadiopf fHemimdadls. aiteivahdrels are
area of the first transistor. |0083] According to .
selgetively Tempvel rRatvs 1o Hie sPaseent Adaver &f Frasl Bwicriak 1Sgicposigd gver the
f-or.m ' -at. ' -
o Tiedae o Bl ERE A Bk oltprT It BEPRRER lafcraty oeparated
blaks ubgie madsk makerghabefist Aloek powvdtoecd fast sidddwadt of thé spacers and
ndrel s. The mandrel re s%l ctively r
hof g5pbroTdpe

t he nmoved
the 4] QEch EPHH5NE BAEWPE ek of B80T IR YRS 1t B Bteydefined by

thdQRASE HRAROFRY ald\@cGRAIEKS arc tRBstAYEI (BE sukBGlic. Mt er i al
IS patterned to formfirst and second

| at ¢008H] v- separdatgeth brooksr embolienantis ki et arvientign, ttherocess for

f fi.rst bl ock ﬁontactiqﬁ %k%ibﬁf end of each of Hpe lurality of

OIBE ap SMHAA I CWE SORE G IS GRESKET FIRPTECS BEBHEM B AFIUTality ©

elMoa®@ bR Iof tahErs6 PROEMSteriA SieiSingPatitRiRe def @by stdddd mask
spacers and the first and second bl ocks are

maleriphds provisigd rogen the leamssthatlayer [1p ggipmedcledpan ngtledk §lethe second
ot her e Lents. of the i i roc
o B Rl Y ERe 5 SEASER B g o
lo&RNREI 1Be DIRK aY itdhdferal @ tiealbdtipteof Aclagsigdt ethidond@soromhaterial is
a first mask material overlying a suhstrate. A J@yer
subyeavendly doed pygkthe substrate. Asi other layer of mask material 1s tormed over the
semiconductor material. The other layer is patterned to form one or more strips of masking
material extending across and contacting each of the loops. A second pattern defined by the
strips is transferred to the layer of semiconductor material to form strips of semiconductor
material. The strips of semiconductor material are electrically connected to substrate features

defined by the block of the second mask material.

-20 -



material is provided over the |oops. The layer is
patterned to forma bl ock of the second mask nmateri al,

wao b@brwsek contacting an end of each of the | oPEEUSA08/087029
first pattern defined by the |oops and the block is
transferred to the substrate. A layer of sem conductor
material is subsequently forned over the substrate. An
ot her layer of mask material is formed over the

Semlpg ducE\(cho HH rl,}%r rg'o%{ner emho 01’1:](?1“&{ tillea%%gntloﬁ Ql?tl}ltgéljg{%g circuit is

one
pro®Me@ nﬂh@ﬁlte'g@dt@iiﬁroandoﬁ@ﬂée‘é@tplﬁ}gl1@’&!? bp@fed et lhrﬁ';@ p$ senficonductor
second pattern defined by the strips is transferred taq
materjal. | A fiest block oF Hicesmprgadisiorragtendl &y digrpsshothd s I5kel @p the lines
[ T, C t
of SMGRAAE LIRSS c&hﬁtyahggsﬁtﬁg% BE caln SPMHCAAME! Qfips. A firs
plufae@t oif @snsideiri gﬁ&d iDyispdied bloag kheofinet lné sﬁﬁmcmﬂlctmaiatenal. The first
mat er i al . [ 0085] Accordlng to other e odlgggts t he
plurqlf\t»é?ﬁtraaﬁstoaaatﬁ%ﬁr%@F%}ﬁé%l YEOPREHd tp &h The
i nt t ed t C 1d
apal 01 D ASL O o CATBILE SRR apt W PlioBPRE Gyl device
comyprisirpears mmgeapacicdris pBIvaiedaIThnesntdgmmds:erdmomraprwam plurality of

| evel as the |ines, of sem conductor i al. and
SpagGlrtRaE g P S GRISE TR of L ik B ﬁ&fgf’@thgﬁwmfe cjectrically
1ntJr&:Jn§1Ect9c!l Uhdlahtor 8f opgornsSkad oF t]gaahﬁé 48 LHCBRABE Shi@kONEcted. A
he T1nes of sem conductor material. The first
mepmdbamﬁtgﬂmgcum@mﬁpwﬂbnnganégoameOéﬂ@dm®$®ah¢§mtﬂKhSPKWKhd
connected to the first block. [0086] According to yet
ot her enbodi ments the invention, an electrical device
CONp A NG 1@Ryill dIegHat %r&he&é‘cﬂ'b& ihosdPsRVIE@IEE . thEh@t that various
integrated circuit conprises a plurality of
omsvp@os dddipans and medifigftiosemay badude br thaatedads hnd sifvctuggs dgscribed
nes._ar I a
aboaxlfﬁ 8V1%1|0}1t (geg)arélrl]lg grb)bnotélle 0p% Hgthgflg\fehébrﬁi J%ie%uég?{é&[lﬁgﬁgﬁsc egn%cthanges
arcGhtegdetite adli »yn}luﬁtl%rgagfmﬁnme@lven%oﬁpmﬁﬁﬁ@rbmhey@&hamlaims.
current flowfroma md-portion of the lines to the
first end is provided. [0087} It will also be
appreci ated by those skilled in the art that various
om ssions, additions and nodifications may be nmade to
the nethods and structures described above w t hout
departing fromthe scope of the invention. Al such
nodi ficati ons and changes are intended to fall within
the scope of the invention, as defined by the appended
clains. 1ICLAIM 1. A nethod, conprising: providing a
substrate having a | oop forned of sem conduct or
material, the |oop defined by a pair of substantially
parallel, horizontally elongated portions joined at at
| east one loop end; and formng a first transistor
along the loop to electrically isolate an expanse of a
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first of the elongate portions froman expanse of a
second of the elongate portions, wherein a part of the
wo owp/0fBInEs an active area of the first transi BEDUS2088/087029
The nethod of Caim1, wherein the first transistor is
di sposed along the first elongate portion, further
conprising formng a second transistor along the
second el ongate portion, a part of the loop fornmng a
1 cfgijive area of the second transistor, wherein the
—first transistor and the second transistor are
di sposedApreﬂ)ddnah@dshg | oop end. 3 . The nethod of
Caim n the elongate |on re 0| at
an” opposTPUER SHPNTHE TR SHED PUPKHEF SCBlgH NI ateria. the
f or popAefinddiy dlpdiF &%bﬁ&ﬁfall?lpgﬁgelt H@hzfohfaﬁ? el%lngeﬁgdif.)&‘tlons joined
portion proximate the | ooped end and forning a
t r asisit agona lapgntwdsecond eIongate portion prOX|nate
t he oppog ite en
or ovi a e s st A EES e 7 oBR e BhoPREs g bapanse ora
f or fisngr tHeeibaR MEiaE Rith G eXPAdst RF hGaddndrbf the elbhigate portions,
nmet hod of C aim wherein formng the | oop using
pi t WhRerel anan af dlag lp@mf%’@ﬁﬁn a@é@ arqagyt Hiq{gstérmmﬁ@r el over
t he%r?glbshge:&r}gt\l}oé F ﬂ’] A lawzlgl% ?t%lagg %l I S %osed aef?ng the first
e]oﬁgﬁepsﬂhaﬁ dfungersmq&rsmg mﬂﬂmgtacfebmﬁ atalﬁﬁtdraﬂdngdeé Isdét@dd elongate
y the free-standi ng spacers intg | ayer conprisin
pO‘i“H’é K Bi CE A OB OTRE f F5Fve §E8 PhEenEE SRS aWhﬁ"’im the first

traﬂgtk%r%ﬁ i s%ydn%' stJB? are lﬂﬁ%{eﬂ#ﬁoﬂ@! erﬂ%eeltgg}g?ll(? op

conpri ses provi ng a pl
send.condliet ercthudt eff Cdin mhamamnnlhedbngESpanemeammjmnaiatan

oplgq%gé :eg(g og]; ege}-ﬁéy ﬁ%{t q?f)g%psf‘gfrgg oggﬁéaaotmﬁggt%%%%r aﬁ)ng the first
elof‘ngeftérb&ﬁoﬁ %@oxn’nﬁt%tthé lRpad é&p;indcfaﬁﬁfng%%uﬁ@ RaRGst& IR the second
de of the active area to form source/drain

ebngﬂ¢mn@ogpﬂﬁhmmﬂﬁmhmgmmﬁemﬂaln17 wherein fornming the

first tr nS|s rises formng .g transisto ate

ai vt | yTBVBFOEHT GRn 6 e Gap ok o SRRl IR e toop
c01ﬁ je®forin tﬁé‘ﬂﬁ)@rusmgpltJmﬁuHﬂlbﬁ@nOf G aim 8, wherein
e_l ooped end Is a source region and wherein formng

t he>f i r sthamaihsd of blaiwohprhicsss f@ﬁﬂ‘i’ﬁ thadoqroganchpitch paltiplication
compese regi on and the gate.

forming a mandrel over the substrate;

forming a spacer on sidewalls of the mandrel;

removing the mandrels to leave a pattern of free-standing spacers; and

etching a pattern defined by the free-standing spacers into a layer comprising
the semiconductor material.

6. The method of Claim 1, wherein providing the substrate having the loop
comprises providing a plurality of lines of semiconductor material, wherein the lines are each
contiguous with a block of semiconductor material at the loop end.

7. The method of Claim 1, wherein forming the first transistor comprises doping

either side of the active area to form source/drain regions.
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10. A process for formng an integrated circuit,
conprising: providing a plurality of mandrels
w@@plysny a substrate; providing spacers at sPCEUS100%087029
of the mandrels; selectively renoving the mandrel s
relative to the spacers; depositing a | ayer of mask
materi al over the spacers; patterning the | ayer of
mask material to formfirst and second
| at eral | t : :
v St bl Aeaua) S o P i OB SE TR LRRfongobitfises forming
a trspaﬂargateadmhctlh eves doonadp, haoge Mmmhe urgwa regp@othcreamidr.

of each p nd tran g first
pat tern g@a ‘?fc&{‘?ém @a‘é’@?@lﬂa f"%sfs & ygurce region and
wh§1%ﬁ‘9ﬂ9mmgoﬁg~°ﬁr§totr&tnl§ﬁto§ %Qﬁbﬁ%seshuﬂéng] fBF&hG—r 8e %&ﬁ'c@f‘egion and the
Claim 10,” wherein providing a plurality of mandrels

gateonpri ses provi ding a photoresist |ayer overlying a

te rar ayer atterm t hot or esi. st Iayer to
f or RepnoksrEbrder PRbbErR R eahliS e Prah RGPt

phot or eSp@tndf@aipm@ﬁty SRR dafyih g b REmReaehot or esi st
features formthe mandrels. 12. The process of Caim

10, wherpovidpEoPRuTY sslowalby of the mgﬁldiélﬁ;al |s of the
mandr el Sse e%Wely%e 0V11"p ltﬁg %%hdreﬁ;@%% ng'e toghe % agéfgr of

spacer materi ar over ot or esi st ures; and

r enovi ngddpbsitiPatatr dmﬁa%klnmterfaﬂ OVGrhlﬂarsz@ﬂst al surfaces
to define spacers on sidewalls of the photoresist
f eat ur esbatteingriee fiyeic o5 dnask wptgrish oo forgpn Bpstjand second laterally-

tr aEl?;%xZa’iéf'd' HIGekk a8+ OFT o hak %xf. ‘Pgtﬂsﬂfsg 'b[bﬁﬁ' c&%g&{ﬂg A RE&%RE DS each of

and irst an secon e Ssubstrate
conpheispasrs dnd alfsdeesind bi@pktdtbﬁtaf:iiﬂ@zt sepaiid adrof dadhi of ede sipycers and
t he spacers and t first ﬁ second bl ocks

mask | ay&nsicapg tarfgfﬁ’sf’@}cf‘i ety tiCstPagias t"“%ﬁs r'ihq‘ Fl f'na“d second

thebf&@ﬁgoqpesgﬁbg@sxgr to the substrate 14. The process
of Caim 13, further conprising: providing one or nore

addit t.i on&he pracads pSkin df.evlsron prvidaned ploedeefmardesls comprises:
Firet pabPoIRPPHE TRy st Yo bt BN har o mask
| ayers patterning the photoresist layer to form photoresist features; and
trimming the photoresist features, wherein the trimmed photoresist features
form the mandrels.
12, The process of Claim 10, wherein providing spacers at sidewalls of the
mandrels comprises:
blanket depositing a layer of spacer material over the photoresist features; and
removing the spacer matertal from horizontal surfaces to define spacers on
sidewalls of the photoresist features.
13.  The process of Claim 10, wherein transferring the first pattern defined by the
spacers and the first and second blocks to the substrate comprises:
transferring the first pattern defined by the spacers and the first and second
blocks to a hard mask layer; and

transferring the first pattern from the hard mask layer to the substrate.
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before transferring the first pattern to the hard mask

| ayer. 15. The process of Caim 13, wherein the hard
wore®kr/orayer is formed of anorphous carbon. 16.PdmES2008/087029

process of Claim 10, wherein depositing a | ayer of

mask material over the spacers conprises depositing a

| ayer of photoresist. 17. A process for formng an

integrated circuit, conprising: providing a plurality

of on : Tl -ypterial overlying

a subst ?]gr{eg?o%%gmlgl#g%éﬂ%%éf 0 éﬁ%econd mask

mat er i al providingtdne draops; addatchelr hirdgnasheayeay en at levéldretween the

a bl ock of tiihﬁ ﬁecop? mask, material, the bl ock

contPaeds iyl AR MA@k RS AGS the | oops; transferring a

first pathgrfndedtnsd IpaYtanh%f thOQRS oa@,%lr& aediﬁblgﬁ MatdPmask layers

the substrate: "subsequently formng a |ayer o
senbafordueosforingaltechnstpatiemdp thelwmrémbsit laptre; form ng an

at B ol TRt B TGP b U Ty o s i GGGyt amorphous

carB®{ € strips of masking material extending across and
contacting each of the |oops; transferring a second
pat t@r n Hefireesss oy Claime L &twhasein depasiieg|adgyer obmask material over the
sem conduct.or t erl al orm.strips of sem conduct or
peft e dpeDPb i pRt el o' Biiect | hg the strips of
sem TondalgtqREssTat Rihidl adMtegties tiralie chapiduiges defined
by the bl ock of the second mask material. 18 The. .
process RPVidingi hphmlity\pbelengnted loars e ¢ ifing nask maagh@verlying a
patgﬁ%@mgefines a gate of a transistor and
transferring the first pattern defines a source/drain
regi on ofrotidegtaiaysiofs escond Masklinetepilavesthe tfop&l ai m 17,
wherein transferring the fir attern defines bit.
li nes of PaCHMpiNg 1awit%é9%?sb§frf§ ﬁrtgﬁé%fgméfméﬁ atripg  the block

Wne&ﬁmﬁhg%méﬁ@&ﬁéaagoﬁtﬂszo%sgond pattern defines word
lines of the nmenory device. 21. The process of Claim

17, whereinsfantive: 4 fitseppttredkiced buyihe loaps and theblockemtiepubstrate;
circuit, er el ransferring the first and.the second
pat  or nsHer R PIBRE P ot s v oaar G pREel over BESRRe
forming an other layer of mask material over the semiconductor material;
patterning the other layer to form one or more strips of masking material
extending across and contacting each of the loops;
transferring a second pattern defined by the strips to the layer of
semiconductor material to form strips of semiconductor material; and
electrically connecting the strips of semiconductor material and substrate
features defined by the block of the second mask material.

18.  The process of Claim 17, wherein transferring the second pattern defines a
gate of a transistor and transferring the first pattern defines a source/drain region of the
transistor.

19.  The process of Claim 17, wherein transferring the first pattern defines bit lines

of a memory device.
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in an array region of the flash nenory circuit. 22.

The process of Caim17, wherein patterning the |ayer
waledovnes1t eatures in a periphery region of thePdT/ES1908/087029

menory circuit. 23. An integrated circuit, conprising:

a plurality of spaced apart |ines of sem conductor

material; a first block of the sem conductor materi al

on a same level as the Iines of sem conductor nmateri al

andZ(? Ontﬂn% &Jr&%]gsaoff ('Hﬁﬁnfu 153 e?ém ﬁ?ﬁgerﬂfm M&%&Jﬁgﬂ&érﬁ defines word

strips; rst Ity o transi st or gat
IHMﬂd§ﬂﬁﬂﬁﬂn@@@Bgcéhe Ilnes of sem conductor material,

the first plurality isto ates electri.ca
conlect ebhet BOFs o iG! §1f“ TotReremahe Frigeraise YRt &2 tlakh memory
cir&iit! GHbeinOante®idP @3 firdt Yhd Iﬁﬁ:rsegﬁm%a'tt%hl@ gleﬁl?essﬂ%ﬁﬁﬁg gate tran31st0rs

bl ock of the semi conductor material on a sane | evel
1nadnmayhqmgahhhsﬂaﬂunmnmndccontact|ng a second end of the

[in of __.seni cond nd. a second .

ol i) (YRRt cagtey That bt inefiSbiod BF GRG" drnce fhpbwes in a
perithef/8ELi60 BEHNE 11aSh MBhBFH Bcuitt he second plurality of

transistor gates electrically connected to the second

bl ozk. 25n lnmtﬁmtleglrtac%@r@mgew t of daim23, wherein

the first DLORKIRRM Bl liSlorsOMLeRt AL JaE @ first
pIuraIit@p8p'3? nei st 6f d%ﬁpr|5|ng S5 bl ock

and t he { ifks thigUkUsfatht tsymR@bnductitShstedl cgaaﬁ 8&me 8@l as the lines of
wherein the second bl ock forns a second source/drain

f or senie@eigeiar Prigrial and gorgactingarfypisngd o e@bmﬁ theslongatersiips; and
db
gates. o6 TRt O vRIARCe Rt Rest by MR B Sbmicgnductor

t hembierigls t}ﬁfﬁrgepmml@trg @ crblmistcnfagae:s icRttricalibsdonhetti@l tbitle first block.
I|nes of _a nmenory device. 27. The integrated circuit

%ﬁalHﬂ?@nwﬁﬁ%¥%$ﬁ“%H%CFFP§§3%F@W§PWP9$8$ transi stor
gat €s Coeggécbﬁdjfﬂ%c]p@f I8 Bhid gg&&tér' SR ond BRI as the elongate

devi ce. el ectri cal vice conprising an
| nt ggpasreitoniariing 4 secbﬂnbendntf dlgrlatee df snmcaidtictor material; and

conprisin Iur of . s aced .

Sem condtcon aiDh otrisBP SEs Gfosts atpathe Lfesgfgergjeonductor
t heplichRes uay &c&lde hfa‘h%@bﬁ HarlsRE@ e RE RREERAPAGmAEd f the second
an opposite end of the lines are electrically

i nt bloglonnect ed;: and

25.  The integrated circuit of Claim 23, wherein the first block forms a first
source/drain for a first plurality of transistors comprising the first block and the first plurahity
of transistor gates, and wherein the second block forms a second source/drain for a second
plurality of transistors comprising the second block and the second plurality of transistor
gates.

26.  The integrated circuit of Claim 23, wherein the lines of semiconductor
material constitute bit lines of a memory device.

27.  The integrated circuit of Claim 26, wherein the first plurality of transistor
gates constitute parts of word lines of a memory device.

28.  An electrical device comprising an integrated circuit, the integrated circuit

comprising:
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a means for preventing current flow froma md-portion
of the lines to the first end. 29. The electrica

waleavo®sof Cl ai m 28, wherein the |ines define PENDS2008/087029

cells in a nenory array. 30. The electrical device of
Caim?29, wherein the integrated circuit is a flash

menory device. 31. The electrical device of Caim 28,
wherein the nmeans for preventing current flow

conpri ses; : 5 t :

whor el o T RANSE Sl LBl AT RohE b m BB, hgrein ll of 2
andfisherdesfitha libksoark ekttrisaild monchmmtaed etdedl of aabpppsite end of the
conpect s the_Ignes at the first end, wherein the bl ock

of @Eﬁ?ﬁﬁﬂﬁﬂ?ﬁ Y e dredediagH s source/drain regions
of the ty ﬁ@éﬂs%&nﬁ{rts,venggg et ﬁb@cﬁ(ﬁﬁ S‘Mid—gr@fﬁoﬁ%f e 1fde@idhe first

28, further conprising an other neans f preventing

curer@dnt flow froma md-portion of the lines to the

et n T EISRia] IR QBT < BREriffip SBp Bemory clls n

meRb@Xd-AHt € the second end, wherein the lines fopn

active areas of the transistors and wherein a bl ock of
sem&ondihet dectatad glevice af |Glaioo Ahewherenhibe |intpgrated teinchig 1s a flash
second. end, wherein the bl ock of sem conductor
MEPRPErS 5™ for ns source/drain regions of the

tramsi St;eSelectrical device of Claim 28, wherein the means for preventing current

flow comprises:

transistors proximate the first end, wherein the lines form active areas of the
transistors and wherein a block of semiconductor electrically connects the lines at the
first end, wherein the block of semiconductor material forms source/drain regions of
the transistors.

32.  The electrical device of Claim 28, further comprising an other means for

preventing current flow from a mid-portion of the lines to the second end.

33.  The electrical device of Claim 32, wherein the other means comprises:
transistors proximate the second end, wherein the lines form active areas of

the transistors and wherein a block of semiconductor electrically connects the lines at

the second end, wherein the block of semiconductor material forms source/drain

regions of the transistors.
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