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Background of the Invention

Field of the Invention

[0002] This invention relates generally to the fabrication of integrated circuits and

electronic devices and, more particularly, to fabrication methods and related structures.

Descrnption of the Related Art

[0003] As a consequence of many factors, including demand for mcreased
portability, computing power, memory capacity and energy efficiency, integrated circuits are
constantly 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.

[6004] The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories {DRAMSs), flash memory, static
random access memories (SRAMs), ferroelectric (FE) memones, etc. To take one example,
DRAM typically includes millions or billions 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 is an addressable location that may store one



10004] The trend of decreasing feature size is evident, for exanple, in nmenory
circuits or devices such as dynam c random access nenories (DRAMs), flash
menory, statWe2aAydh access nenories (SRAMs), ferrocl e®CliUS208E8702%envor i es,
etc. To take one exanple, DRAMtypically includes mllions or billions of
identical circuit elements, known as nenory cells. A nenory cell typically
consists of two electrical devices: a storage capacitor and an access field
effect transistor. Each nmenory cell is an addressable |ocation that may store
one bit (bihﬂa(bmadi@it))of daitadastlat RAapbd wiragn toer atlithbegh thotranscelrland tepbigh t he
transi stor angllb S%/S e fead %Cseag} i ng charge in the capacitor. 100051In
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feature. Tt will be appreciated that the spaces and features, such as lines, typically repeat to
form a repetitive pattern of spacers and features.

[0008] Critical dimension (CD) is another term used to describe the sizes of
features. The critical dimension is the smallest dimension of a feature in a particular circuit
or masking scheme. Controlling the CD of certain structures, such as shallow trench
1solation {STI) structures, durning integrated circuit fabrication helps to facilitate the continued

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



WO 2009/ 079517PCT/ US2008/ 087029 100091The continual reduction in feature sizes
pl aces ever greater denmands on the techniques used to formthe features. For
exanpl e, phoVOPI¥NW§tTaphy is commonly used to pattern f&&THSEYS0KPEH as
conductive lines, in integrated circuit fabrication. However, due to factors
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i ncrease the di sighge b%%éﬁ uﬁlﬁg@*agoislkcﬂ%m?@@%@éé i#Qne @?opme thdd Eﬁgure 1C.
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subsequently deposited over the mandrels 40, as shown in Figure 1D. Spacers 60 are then

formed on the sides of the mandrels 40. The spacer formation is accomplished by
preferentially etching the spacer material from the horizontal surfaces 70 and 80, as shown in
Figure 1E. The remaining mandrels 40 are then removed, leaving behind only the spacers 60,
which together act as a mask for patterning, as shown in Figure 1F. Thus, where a given
pitch previously included a pattern defining one feature and one space, the same width now
includes two features and two spaces, with the spaces defined by the spacers 60.

10011] 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.



mul tiplication faces continui ng devel opnent as new chal | enges energe, as the
requi renents of integrated circuit fabrication change. Accordingly, there is a
const ant neddORWPOWEt’hods and structures Tor funning snBCI/USHABFER. Bri ef
Description of the Drawings [0013]Figures 1A-IF are schematic, cross-sectional
side views of a sequence of masking patterns for form ng conductive lines, in
accordance with a prior art pitch doubling nmethod. 10014]Figure 2 is a
schematic top plan view of a partially formed integrated circuit, in
accordance wth @ebzidi nBitis ﬂhumhefbmwmmﬂhomﬁﬁ&ﬂOdﬁﬁﬁﬁgure&iaAman¢ﬂaB are
schematic crqﬁ sqctl nalﬂﬁlde ndltog pl an V] ews of the rtiaLI% f.or med
integrated cf T Eogs AFP GUFB™IE TR %raagﬁ%é CPE ERESHI e ST R

i nvention. L00k&tteQeiras fdicand chbigar acsehiegqtthae ¢ D58sER0ictOMAImSiode and top
pl an vi ews of the artlall for d integrated circuit of Figures 3A and 3B
after form rigd FTusREssiey igmy e WEs- | ayer in an an-ay region of the
integrated circuit, in accordance with enbodi nents of the invention.

[ 0017] Fi gures 5A and 5B are schematic cross-sectional side and top plan views
of the partially formed integrifdegripional thoDrawigey es 4A and 413 after

wi deni ng spaces hgfyeenriiResalip d enthel 05631s8diohAYRE vichd oG SQRERRGE W th
enbodi nents of the invention.
masking patterns for forming conductive lines, in accordance with a prior art pitch doubling

method.

[0014] Figure 2 is a schematic top plan view of a partially formed integrated
circuit, in accordance with embodiments of the invention.

[0015] Figures 3A and 3B are schematic cross-sectional side and top plan views
of the partially formed integrated circuit of Figure 2, in accordance with embodiments of the
invention.

[0016]) Figures 4A and 4B are schematic cross-sectional side and top plan views
of the partially formed integrated circuit of Figures 3A and 3B after forming lines in a
photoresist layer in an array region of the integrated circuit, in accordance with embodiments
of the invention.

[0017]  Figures 5A and 5B are schematic cross-sectional side and top plan views
of the partially formed integrated circuit of Figures 4A and 4B after widening spaces between
lines in the photoresist fayer, in accordance with embodiments of the invention.

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

10019} Figures 7A and 7B are schematic, 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



[0018] Figure 6 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figures 5A and 5B after depositing a |layer of a
spacer mat erWAPWIVHWSHccor dance wit h enbodi nents of the PAFARRI0EHPR7029

100191Fi gures 7A and 713 are schematic, cross-sectional side and top plan
views of the partially forned integrated circuit of Figure 6 after a spacer
etch, in accordance with enbodi nents of the invention. 100201Fi gures 8A and 88
are schematic, cross-sectional side and top plan views of the partially fonned
i nt egr at ed goftodidf b tdnpguie $ay@FAicakave/d Jaddrt @f spea®d\vih nbe arrayerdgioni afghe porti on

of the tenporar ayer to | eave a pattern of acers in the array region of
The i nt eor avettries Xt i Frodater AU R EH EHBOR TRt s of tho | mvent ron.
100211Fi gures 9Ajpmpd 9Brigiires $£ARNBE b@,sclEiREs «sRctdconal sigd 4a enplad Gpwpl an vi ews
of the partially forned integrated circuit of Figures 8A and 8B after

deposi ting PhdteorElydorpet werighdresy of Fighes §p08 58, alithdRed dreeiivtaesiyf t h

enbodi ment s yRfycbhghd AUERL dpBRys, in accordahBOLR e AMEE oF B8 idRkickOB are schemati c,
cross-sectional side and top plan views of the partially formed integrated

circuit of Figur8¥2HA aheuoBléhtaed WBraw ngremafratcter-relionat hée grdier 28 st, in
accordance widh SRQALIRNEna] intddfudaMUENT 41eurd WAL PRAMEL L hink § pduSEhemati ¢,
cross-sectional side view of the partially fornmed integrated circuit of

Fi gures 10A iatd ph@Besfit io rcqordancsfvaihrambgdiznenio pbibaedenpatt er n defi ned by the

patterned photor m%t aﬁlg?rte h? fisszf %égr;lﬁlcf 8’0565[1:681%95 rs!dxivﬂrgf J}%e%a%ﬁ§ f(ln%x(? r, in

accordance wth di mefts o I nvention.
integrated circuit of Figures 10A and 10B after transferring a combined pattern defined by the

patterned photoresist and the spacers to an underlying hard mask layer, in accordance with
embodiments of the invention.

10024] Figure 12 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 11 after transferring the combined pattern to a primary mask
layer, in accordance with embodiments of the invention.

[0025] Figure 13 is a schematic, cross-sectional side view of the partially formed
integrated circuit of Figure 12 after transferring the combined pattern to the underlying
substrate, in accordance with embodiments of the invention.

[0026] Figures 14A and 14B are schematic, cross-sectional side and top views of
the partially formed integrated circuit of Figure 13 after transferring the pattern into the
substrate and removing hard mask layers overlying the substrate, in accordance with
embodiments of the invention.

[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
mvention.

[0028] 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.



00241Figure 12 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 11 after transferring the conbined pattern
to a prinmarWHaEROT%Yer, in accordance w th enbodi ment s PEA/USPESHFIENt i on.
100251Figure 13 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 12 after transferring the conbined pattern
to the underlying substrate, in accordance wth enbodi nents of the invention.
100261Fi gures 14A and 1411 are schematic, cross-sectional side and top views
of the partialIyﬂWﬁﬂnedﬁthegﬂ@heﬂ1@Brmmhﬂmmmkagmsexﬂ@maﬁﬂemmiummﬂ&erring t he

pattern into.the bstr _hard % i n
Pbstrate. viraotBramel frin alEoa reret s fRata oL fT ot Fastis¥ehnr e 15 15
a schenatic4mmﬁ@ﬁsmsﬁebmamahma@deuwmewaﬁﬁmkhﬁgma@ﬁmahbyshﬁm&mthﬂaﬁgfated

circuit of Figures 1 and 14B after filling trenches with a dielectric and
formng a sé& @H@@mBP PEPETEORor responding to a gate stack, in accordance with

enbodi ments of t [p@3dnveRntiens islOORGHNL aHbem ok%aenﬂe%Scem@a}I@fQ RASDSGReMati c,
cross-sectional side and top plan views of the partially fornmed integrated

circuit of Fﬂilegmnédeweaﬂﬁ@fﬁda@so‘gﬁhtem@dnaﬁlas@fébwvwﬂﬁ@ a photoresist layer, in
accordance wi th gghadi nEBLS 1f istNEystey 8RRk %gm\ﬂmu%ﬁ)a%%%9ééc?£§1/dé§€908/ 087029

including a memory device, in accordance with embodiments of the invention.

Detailed Description of the Some Embodiments

[0032] Pitch multiplication has the ability to form closely spaced lines by
patterning those lines using a mask formed by spacers. Because the spacers are formed on
sidewalls of mandrels, the spacers typically form a continuous loop. Using these continuous
loops to pattern a substrate may form continuous Joops of material in the substrate.
However, separated lines are typically desired for use in various applications, such as bit lines
or word lines in a memory device. Thus, to utilize the closely spaced pairs of lines patterned
using a spacer loop, the ends of the loops are typically etched to physically, electrically
disconnect different legs of the loops from each other. Methods and structures for such an
etch {called a loop etch) are described in U.S. Patent No. 7,151,040, the entire disclosure of
which 1s incorporated by reference herein.

[0033] For a loop etch, a protective material is typically deposited around and
over the loops. The protective material is then patterned to expose the loop ends. The
exposed ltoops are exposed to an etch and removed. The protective material is subsequently
removed, leaving physically separated lines. Thus, loop end etching may imvolve deposition,
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.



[ 0029] Figures 17A and | 7B are schematic, cross-sectional side and top plan
views of the partially forned integrated circuit of Figures 16A and 16B after
transferri ngVPR&IBHBt’ern from the photoresist |ayer to tPREUSEYEEHIEE of gate
stack | ayers, in accordance with enbodi nents of the invention. [0030] Figure 18
is a schematic diagramof a nenory cell array of a NAND fl ash nenory devi ce,

i n accordance with enbodi nents of the invention. 100311Figure 19 is a system
bl ock diagramillustrating an el ectronic device including a nenory device, in
accordance with é}mﬁdi nﬁd‘tzmtagéou‘slneiniamoedmmmth PateainibedinBe's of ilptinentiof t he Sone
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descri bed i rPthyr e ipais b ttheNgop that g opaghert e &b pde. dils seps eipeedgrenithifeh i s
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is typically deposited around and over | Gops. The protective material is
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physically separate I nes op end etching nmay involve dep03|t|on
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ci rcui t usi ngofiih GimbotibdehlWieat h®Noops are substantially parallel lines of material joined
together at their ends. The pattern defined by the spacer loops and the blocks of masking
material are transferred to a substrate, thereby forming lines of semiconductor material that
terminate at and arc contiguous with the blocks of the semiconductor material. A transistor
gate is formed on each line of semiconductor material and adjacent each block of
semiconductor material. The block of semiconductor material and the part of the line on a
side of the gate opposite the block are doped to form source/drain regions. The blocks and
the gate are elecirically tied together and are biased in the off state to electrically isolate the
lines of semiconductor material from the blocks. Thus, each line disposed between the
blocks is electrically isolated from other lines without needing to perform a loop etch.

[0036] Advantageously, it will be appreciated that the steps for forming the

1solation transistors are typically already part of a process flow for forming other transistors,
e.g., the 1solation transistors can be formed using the same patterning, doping and depesition
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



WO 2009/ 079517PCT/ US2008/ 087029 [ 00341Advant ageously, in accordance with sone
enbodi nents of the invention, different | egs of a sem conductor | oop arc
el ectrical | YWP3WPAPEH wit hout needing to perform a | oop PETAR2008ER79P8r |
isolation transistors are forned in the loops to electrically isolate the
different legs fromeach other. A gate is forned over the | oop of
sem conductor material and the regions of the | oop neighboring the gate are
doped to form source and drain regions. The | oop region directly below the
gat e functi edétiasl sepsacthcpecasdaw. Macgat, &y bbvifingsledodmettth iegidcestsape t o
prevent current flo hrough the active.area, thereby. electrically isolating
rom each othar<t ol gdrpe areap e ofhisa” TrEt Tinedes &Y kLR 5B ¥t gat e, 1
sonme enbodi nentgputanintsokat i on transistor is formed at the ends of each |eg of
the | oops, for a al of four such transistors per | oqgp. The .isol ation
ransi arors det | HBSHno BIweBRrcBIFPe cuBrapausl BeS oy vednredAauRE e Hh or i a
bet ween eachheRdi the Ghinfrfdn$itSt of e FHIGITbEAPSOMIGADALE 1@ Phtem e virRaps of
sem conductor nmaterial, e.g., doped senm conductqor rmaterial, are fbrned by a
pitch mul ti phPEEEsdaYesT Yudaed hgihe ofdyagpL gy e RorpReAt oh the inuspien gAY a
substrate. AndbRgdioRbr IRSKIVRG APREICEA Bbuti180 AKRF led & RSt 80 S8t Ie@n of each of the
| oops, e.g., a different block of masking material is overlaid on each end of
the | oops in enbt¥P¥ent Belpaseavit pew bpoigde wrike Bewet ahtrallikgnyagal 14r 19 i nes of
mat eri al j oi at, r:hel.r. .er . fi n acer
T0ps. and ¢t he BT BeRe Bl e AR Rl o el RECs Bl M e,
t her eby f or reakg Momesr, of wid dnirrorretasttteat onfe dimitad nunhizet oft featwicn atctrdae nwpld ar e
contiguous W e 1.cQn t,or ial. iStor gate is
formed on e\g%:tnt}iaslt %g %‘Jﬁjg(gﬁe?n“ug%n%%c?%@mﬁ% ’e\gﬁgl}ﬂgﬁﬁgm 5%}&,61%1&6?&602%%%%}%%% of
sem conduct olustreitdfor adse offhigublackd Olustseinm.cdhbiuationnpets ef thale famdetdaebpart  of
the line on a sége of th %a’%eI opposite the block are doped to Mm
sour ce/ dr ai r(?Végel ShE " The BI"6Cks and t he gate are electrically tied together
and are biased i [poB#ie ofnfa Skapiasd @ selheembodidbilty ofi ®oinateiohheask ifew@sesodre
sem conduct or r’rﬁlijerj I fr_lgmthe bl ocks. Thus, each Iine disposed between the
bl ocks is el'&CFPERITY HURIGI%d from other |ines without needing to performa
| oop etch. [0036)036tipAd vanbageadshan of 4 potiidnl of ReapRy REfictdnithatd t he steps
for formng the isolation transistors are typically already part of a process
flow for forcﬁf?‘ﬁb]%)r h&hilg thefgbetigieats OE.”@ invenfien ey Pafed o {FREy dpisFeetan be
formed usingithle .SeMRy PR 4RhHEH 1Y forfORLIRG BN PaRERS Vid08 sSiemss, Usgdmbe form
floating gate transistors and select gates in a nenory device. As a result, in
many embodi rgiicelarly pdvaptagesnyy bhticd Hefdns slewessdiving arasst Gesiigd 46ees nt r oduce
any - addi tj, 9ngle SLERS cLiPaldE (R VBRERSInG hoWol ML BOVER deBYesQRM| ARGV he | oop
etch, the process steps involved in the | oop etch can be omtted. Thus, the
process fl oWRPN osflpghinidioad inghding MNFeda 8 AR dlaghipenory.9r interastslsaguitshoosg 11 n
addition, i i i.Nn r i it | ow t he
m ni mum pi tgﬂgﬁggp %ﬁ{ggﬁ%{rg i%ﬁ%’é’? a%%ﬂ%&ynae]?ﬁéﬁﬁ ubgggﬁ‘{ﬂﬁwggjtq]tnglraglet g% Vari ous
phot or esi st (FB§ar mvinglagsteratedmieriei mempghrant ageeusphery vetbodparentlsgief t he
i nvention al f i 1 vi ng itch .of 09,.nm or | ess
or about 50 G BE TREHAR Fh 1 B ey B <R aHuRh b B on EPReechy SR
Fi gur es, when®iinchhdekethulgr atrsy méfembedded iekeryparang othhrioeghedtircuitthaving | be
appreci ated that the§e Fi gures are not necessarily drawn to scal e. Moreover,
it will be aadﬁgué%riaa%aeeaaniaﬁat only a limted nunber of features, including nask
features and et chmdi]f eatithesnitedredsenbt to Fipures, a vatral rbdines)2, spaserns,is and
menory bl ocks are jJlustrated for ease_ of. discussiaon and.illuystratign.
Addi t1 onal nURBEFE! Bt « pele resi o he B Thr oV %pwe%ﬁéet B fent s.
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



100391l n a first phase of sone enbodi nents of the invention, mask features are
formed by pitch nmultiplication. 100401Figure 2 shows a top view of a portion
of a partialWQ240a8P¥tated integrated circuit 100. Wil e PCRASA4HB I ent s of the
invention may be used to formany integrated circuit and may be applied to
form masks for patterning various substrates, they may particularly

advant ageously be applied to form devices having arrays of electrical devices,
i ncluding menory cell arrays for volatile and non-volatile nmenory devi ces such
as DRAM ROv¥kate, tﬂemtrivelrﬂwiﬁs forme b pdirdgy NANDnoy cNBRwWhich gty e roanged ora
integrated cir U|t Vi n 1 at ar.r [ npl IC array
may be a flef%lF r%iemb ehﬁa %mg?mg feﬁ ﬁ%%emqutg %bréﬁgF%P gﬁ%\lar to a
menory arraymﬁmﬂmaumeﬁmphemyﬂwmﬁhmsmmmwﬂmm@abmgwnaﬂmmhnﬁemmeﬂmkymdbhe

i ntegrated C|rc it.1 . nmenor or. a ocessor ich may
ot ude. bot OBy 1 By Deureibuted a0y o Poghy el sy i e
circuit haviifgeady | agm;ﬁlsar feang@d Qar@érm Ayan R4 1ihWtidh eant 10pued oefeati@nace to
Figure 2, a central gi on %02h t he rra fg@gtrqﬁnded b¥ a peri pheral
regi on 104, ptl?t@h*hf;é?nhpsﬁétoﬁ?f an H‘“W‘t“i“ ‘éaﬂaéqd?ef& PSEREP2TR A 6" t onne(”
integrated GkNngi tircuftfeinathé PoiphB 108 | dechiiPicalebiiche colensalyyorpoRutiafugd W th

electrically conductive line and el ectrical devices i ncludi ng transistors

andi or capadPethdn heperpivantifymaey poeg Pitchandiricttiondifficybyihesas bersrar pl ural ity
of menory celihi$ypidhbCradB¥R JQEJHQWO IpfcPmbgBaAsn. gl'h'agdlﬁéﬁ ts&ﬁ@dé%ﬁceé he
intersection of "word lines and bit [ines. Desirably, pit nmul tiplication may
be used to ﬁ@ﬂwnﬁ%&ﬁmw@@ﬂ§deﬁﬂa§mﬁﬁmsy%@F%ﬁﬁ@“@ﬁC@ﬁ%ﬁ@Féb%@%”ﬁﬁdﬁdwdtapaC|tors
in the arra ) phery 104
typically cgﬁ%@ﬁgggﬁﬁgﬁﬁﬁgggﬁgﬁgggﬁ th E%H%Zyghgﬁﬂﬁ%ﬁ%ﬁgg?a§a§8€%%%nggntiona
phot ol i t hogrsephyases, abdhperiphbran Oﬁ)mtaahtomaint]}apli‘md‘atqu@ﬂ defingd py &ébbr@byoptiorsied t o
pattern feat res. nouc i ireu cause the
Geomet i ¢ ooy AR suRiEBhr i s b Bobitf PGB IRERY 85 Faes
using pitch \mlltta m)recmteﬂd]y tdc fsklilecutamlsanmthetr dageluine poeg:uhsamn@nhednmq]q@'r oél of

array patterns is nd cive mul t Ilca ion. n, some devices
in the peri pRery reun a"%’P H%gﬁ%lﬁﬁg@? fa%4 ﬂh” ?ngpag@ﬁ%¥Y%ﬁnts,
t her eby nakuﬁglmmknhmmmltlpl|cat|on | ess advantageous than conventi onal

hot ol i t hogr aph h devjces. I n sone cases, the her 04
O T T A e A M At M R M T

mul ti pli cat ii@Bgratbd ciaddi 10D.0Naligus PRSIS D lagerd i 1 eREME BSVilA] ztbebat mbarasezatoe it owill
be appreciated by the skilled artisan that the relative positions, and the

nunber of pétltedweﬁyl%bwoaw b Fiafrdaig2orRgi BRE R PR AT BPHSr B it at ed

integrated GideGdid belQP MBYe MREYadd @BobifRh, dRRL&HEaY defl DOR2El QU Redbs $hows a
cross-sectional side view of the partlally formed integrated circuit 100.

Vari ous nasKiaifgnisky@rechsyg. pug 139 evovedist? apsye nesk ipat farehidneelthe | ayers

120- 140 wi | Iunbabﬁtatehﬁdtct&ere&t@{cm%&ht@tlnaﬁgwa%at ng the substrate 110, as
di scussed below. In the illustratéd enbodi nent, a sel ectively definable | ayer

120 overlies a hﬂﬁﬂﬂnaswhe@Wﬁeteﬁbeﬂ@pMY¢ayé@I%BGVWhh%dheG@@ﬁﬁ?ééoaﬂﬁr|nary
k |
masx 1ayer %9 en "M@éeﬁglg@{ %1{) d%%‘ﬁﬁhgf substh F’ltr)e ffaﬂdlf?xo & @&dﬂfoﬁ?‘?cgstﬁéj varfoud-

et ched) throug e materi or t ayers 1 overlylng
t he subst r atmttdm Gorguine and pattern transferring steps discussed herem Because the layers between

the topmost selectively definable layer 120 and the substrate 110 function to transfer a pattern
derived 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



chosen based upon consideration of the chem stry and process conditions for
the various pattern formng and pattern transferring steps di scussed herein.
Because t he Way¥P87%BEt ween t he topnost sel ectively defi R&BIUS200¥YEP29120 and t he
substrate 110 function to transfer a pattern derived fromthe selectively
definable layer 120 to the substrate 110, the l[ayers 130-140 between the

sel ectively definable |ayer 120 and the substrate 110 are chosen so that they
may he selectively etched relative to other exposed materials. It will be

appr eci at ed abhap-3anrBpestealt ldas abon$0 ﬁieefs@rbagelaeleztst abehgzo tiotes prefrerrenicasal |y,

et ched when ch rate fo at materla mes
great er, a#%"iéf out? eigmf {hﬁ%@ Yrenfep maaﬂla i e%s? fms%%%ci? ‘g%olf’ }{eﬁsész 6;éédeat er, or
at | east abQ;uérly-Mg thd prasnia@Bh &k lztylsralmoﬁshab]]cfvo\ﬁzelsdnﬁhﬁimdtrﬂgtomsafcemedauhshat Because a

goal of thela rs 120- 130 over t he r r.140 is to

20T ow viel | - dBFf Kise “p‘@ﬁtbéraﬁgre?ﬁe‘!n e’ %O{r‘ﬁaﬁwﬁaﬁgﬁ’ ”2036'3?% SRS Ohe

appreci at ed shil@tutc@Ne s@fablaRiRr m‘atehﬁle dh@ddl@ﬂh%&; &%meﬁ&»nm@@m ted @or
substituted if suitable other materials, chem stries andior process conditions

are used. ForaBRamice hepvarieieineldigysimategnt @ay by sschwycdihmiavaidhfay be
sel ectivel y gtched 14l &g e é)hﬁlaﬁyhﬁrmm 18R Kad AYehe ddfted bitEpaREhIBEY bhar d nmask

| ayer 140 may be om'tted an atterns may be transferred directly to the
substrat e usipgerdeineiydo Wﬁ§‘P@Slrﬁ§'Eﬁmg1tB@haﬂi@9$4’1}Wl3@ continued reference to
Figure 3A, the Sﬂi(ﬁﬁ]t | nglttﬁ cgr% r}ug@]t%ke?entt?%qfl QA tF E&%eééfﬂﬁ}?é ﬁ er828- formed
of a photoresi st ng any phot or esi st 1rc I ng any posi t| ve or

negat i ve phadt ph@sdesinabldk pawnfoimedt $fea ahdtoreFidy melﬂeémplaey phdiereptiotreiudis sty may be
any photorCS| 3 8 r vel ength
ayat e, 103N GERRLNE PRt B Ln Mo 1 BopplEout pibBley i o POy

(incl udi ng IBotbresisnconpuidi]le ngh hS%ymt mr)mdmeinecrt FomnpearaldngthhoggerapiPt syst ens.

I n addition, naskles I|tho rap skl hot ol i t ho y be used
Lo detine t HE SB EEi eyt nae Iabane 19v Bl avares GFERE b Eats
mat eri al s i nedvidestiargaemd)l oriedeon Aedn) 1ERRSphicV eysphet onesdddiiion,i maskless

phot or esi st sui e for usc w an ArF 1jght ,soyrce, r fluoride
(Kr ) sensi i gRorGrasHEs phboutolimisy sreb b 30 ferdsi e AR IRERe ok 7

l'i ght sour ceaaycAriBophekongsi st %h(&&esmsﬁﬁieﬂmi hnenlmet@gdnt NOGERPOVF 5 Y&isRiNS
utilizing relatively short wavel ength |ight ﬂ 193 urn wavel th I'ight.
Kr F phot or eshP81oEsigh & ey BRYPTGIY HuifaBlger UsiaV el Bé‘n@ﬁl: B h e TR @‘”g‘f}%tems
such as 248 (kiiM SystePhotoldBisO Pe phrirb@distBleStor Lftewiiay &G 1igh s@alde anyr
subsequent resist |layers may be formed of a resist that may be patterned by
nano- i mpr i ntPhPoFRIsgrapHed witlyphotelibageiphy syl Willsins ieehat Yar Yorkee o pattern
the resist. ;1004311 y3sone, L0006 TR Scort fiSioRREE! drdhsdiokint RebardmRak | ayer
130 conprises an inorganic material. Miterials for the hard mask |ayer 130

i nclude si | irbowlibrirdehy(sSitom) suckiat Pfom ostean Brther pebedipely Gcdoat 129574 ARC)
such as a si Y RIhEd S8 redst Sal IGPBE fakiCRed byt SehdEnpdd @ Tilm
t hat has theJ gg‘g{g? it E%S?:Mg% pﬂa??vﬁny rel artebl \}e “to fﬁeeﬁdslpager)él El175npc{r ot her
exposed nat elrthf&*lr@h! Rigg by esi7gy) mofilve mdrdicrdwgke loayiéam h8Gesay al so i ncl ude

conbi nati ons of s of t oati ng
(ARG over adi (tSSt vi B sslRiebblnd ey PR s E AR BB | BblbByc

descri pti on,aniinorgdmée nkiletigt rM;ttaehlseﬁabmdlhminhasktIMer lhw dcludms keonayele (380).i s an
antl-reflectlve coat i reciat dtha usi ng ARCs
for the hard HaSR 1% g?éfie%ver?ﬁ%rﬁgA E§? tSFc(?u ar 1§70na \%gﬁﬁ Cgagx “? as}#%“m ng

patt erns haviidhghitpitié, @heﬁhﬂeﬁr hztshlee desis@l cithi soRcthiitpirdlgivofio tre p;bmér@lli?i bragikeaphi ¢

techni que. The ARCs ca nha sol b ni m.zin refle tions,

t hus |ncrea§?ﬂ§m?ﬁgmﬁ?é@?§vﬁﬁgﬁni %ﬁf ﬁgﬁﬁ¥6ﬁi?ﬁ%ﬂ? ﬁ? FWﬁéSthe edges
of a patter naydtOOARRNiLIE €ONtkiougs whekdreneecchthgFENR®E Si a&ﬁhmﬁcnﬁm‘ts of the
invention may utilize agprlnaéy maski ng | ayer. to faC|I|taE gatt ransfer
to a substrafBCUIs REMEE Hiovd™©r Fie CofmeP ikt R difsTotrated SReedmeyt *5 B%{ terns,
both the mask and the underlying substrate are exposed to etchant, which nmay
wear away a mask before the pattern transfer is conplete. These difficulties
are exacerbated where the substrate conprises nmultiple different materials to
be etched. Due to its excellent etch selectivity relative to a variety of

mat erials, including oxides, nitrides and silicon, the primry masking | ayer
may be formed of anorphous carbon. 100471 The anorphous carbon | ayer may
be formed by chem cal vapor deposition using a hydrocarbon conmpound, or
n1xtures of such conpounds as car bon precursors, Carbon precursors may

o1 N R B [ L o I L i e . o e e 1. . .4 I e . . — 1" L



1004811t will be appreciated that the 'substrate"” to which patterns are
transferred may include a |ayer of a single nmaterial, a plurality of |ayers of
di fferent maV@pan®si7a | ayer or |ayers having regi ons offCA{USRIEPEHI929at eri al s
or structures in them etc. These materials may include sem conductors,

i nsul ators, conductors, or conbinations thereof. In the illustrated

enbodi nent the substrate is fornmed of doped sem conductor material, e.g.,

sem conductor nmaterial containing p-type dopant. [0049]Wth reference to

Fi gures 4A ansk 4ir 180 paintaeti-nefleaivpeoginpgrusipad@SR Or Ittwikhe iygps:c bR, thanhiich ar e

delimted by efi nabl e materi al eatr5124 is formed in the
phot odef i na Ittﬁﬂ/&‘f’ %’?as?hlgyef ?@18‘3 'ﬁ%yy ?Jdvm?t%ﬁ'eousd{ On?o,mglfgda.agems
phot ol i t hogaptiyg itdhBs 248 tameotutid® Bmitd M hlpgdstbhthmgﬂaphhl tedhnigne ITHg/ARC&Zﬁh is
exposed to radiati on t hrough a . retl cle and then devel %ed After

ei.n
devel oped, tREVFEITRIHIRY pHEFHARS Feth BTSCHREE dRys dpcreayfp {5 P s it \WH&h ?

illustrated pgaf@mgbg}@hycm{&ﬁﬁ@thg&@és beadatiegs such as the illustrated lines 124
(shown in cross-section only). [0050] The pitch of the resulting lines 124 is

equal to the sum%fol hewvﬁldt”ﬁmé?d rgferengrdo feareatin cReliFtt of Uot ImsEPHER YRbor i ng

space 122. Tgup ﬂﬂﬂ%}emgﬁﬁngHeHocf%lthbgﬂw LRseoh of ettt eds hataRdvasi ng this
pattern of |ines 124 and spaces 12 itch may be at or near the linits of

the phot ol i tchogeaphiheds et HpisGree RS, dmﬁlalh@enaﬁk @mfbthﬁh@ﬁ%sb'@& HaiE Iayer 120.
For exanpl e1exﬁ(§£d RNQLRL g@%ﬂrﬁﬁhyeawa{v!i};hg'ﬂ%% &ﬁ&cw% taelgmansfteh@ Bibkl of the

l'ines 124 may be about 1 e pit e mnimm pitch of
t he phot ol i tThegrdfbinilgest ae twargortedaniztre e S@pa@epomﬁcsenﬁﬂm Sltf&r,@é@a%@fﬂbw may

advant ageouz%) %ge gah 39 Itc; it ex@glegt\/\ét%}hs%le% T4 It& gbar%t &f%td?ﬂ@t Bltlbcﬁla%gr aphi c

t echni que. ernati ve bécalse in of error for position d feature
Si ze typi caldxyles, mnm&asﬁmmn,tthcepﬂmary ngskafe IQ/eprhm_)tl&Ithllhdg'f apdrplous egbeni. que ar e

appr oached, the s 1 4 may .be f d havi Iar eature sizes, e.g., 200
rimor nore, MOHﬁ e%l?%?hé’u? Olfoﬁgay&)@?w R ysclhez”élgalt\)’?potrﬁgmﬁ 'Res 124.

[ 0051] As Sh%glmhﬁr@dj‘beﬁ c5ﬁp@md 5Bmidtties Sﬁ&ﬁbﬁScoir@BurﬁiB Lasmtalienegehysoet chi ng t he
photoresist |ines 124, to [‘;‘H] nodi fi ed a&?ces 122a an g IineB 1$4a. él'he

phot or esi st qairlfPéé’r%EﬁoréF@yé‘tc %HIOH@FT?QWB SEVPRD PR BHYEE: PURPFRER or trim
those feat ur@gelysui A ahidebCldRsing BRbYHRIsRLCbeRyHS iNGs@bcOKygSnPaanhai ni ng

pl asma, e.g.,_a S07/02/1' 12/ Ar plasma, a CLl2/02/11e ﬁl asnngg 1-11-3r/02Th2

pl asma. The ®XPEAP Bof istivd t‘éf@FPalr% N T T ENE W T T bPMAS | i nes

124a are sunﬁ&%rratai HeYei® B RFerdn@e. t BBomRe Shb&Hn&RAGINEhabUWERH ke foaher - f or med
spacers 175 (Fi gure 7), as will be appreciated fromthe discussion bel ow. For

exanmpl e, the Hs GFbopit jsi ighdy maparey toieht ad s 4Tes SIhSHBROVEDE 0T TI M t o
about 30-70 ﬂ?lmooeﬁl ﬁQQthy%ngQl a%ﬁreﬁng}m WYLRH of Iﬁéﬁ?u%%psuﬁﬁqwnﬁgt etch

hy
allows the |'ines Ig24a to he narrower than V\DU? ot herwi se be possi bl e using
t he phot ol i tPegsidghiedhniqaehini Gumingsed trapspesnt @rhgn cfebe found in A. Helmbold, D.

Meissner, Thin Solid Films, 283 (1996) 196-203, the entire disclosure of which is
incorporated herein by reference. In addition, the amorphous carbon may be doped. A
suitable method for forming doped amorphous carbon is described in U.S. Patent Application
No. 10/652,174 to Yin 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
layers 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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phot odefi nabl e | ayer 120. Wiile the critical dinmensions of the lines | 24a may
be etched below the resolution |imts of the photolithographic technique, it
will be appreeP¥f8®st’hat this etch does not alter the piPCENSYLSMHIRISpaces 122a
and lines 124a, since the distance between identical points in these features
remai ns the sanme. [0052] Next, with reference to Figure 6, a |ayer 170 of
spacer material is blanket deposited conforrnally over exposed surfaces,

i ncluding the hard mask | ayer 150 and the top and sidewalls of the tenporary

| ayer 140. Ehéodipadetheneiisentead fonmayd dfedoaed/ sematoadicalr dvatal, @an saotcomlictar mask f or
transferrin ag ip]attelrn to t?hﬁ? uqderl ying hard mask | ayer 130. Thc spacer

mat eri al magr‘ & RIPHAEP PP on, “silicon, silicon oxide and silicon
nitride. In the [dokyst r atideRrdadioneigies heaspeR; er paeiretdnglrising spaded 0on oxi de,
whi ch provides particul ar adyantages in conpi nati Wi t t.her sel ected
material s ofifhes h@s%’?‘ﬁg R %@R’.“e‘ggbg@i%g‘?‘?g&n?tﬂ?a?geﬁ‘éff:eé Z%ﬂf gof’i“grmdg"posi tion
incl ude at ohSiollcdSslc SORORDT ITAR tre@h s 122UsdyNg famRlly; e.d.i PctdiN@AFROSIHK i on Wi th
a silicon precursor and a subse%uent exposure to an oxygen or nitrogen
precursor t @4 ermrdPh pedishiok Waeh Spdpye 2Pildeeosef dspdietipvbropeh ¢ friighg pd

embodi ment s, &, Qief Q8 S h kb GR M Q& eliPed, hreShihdifiaR phAddeHubl SHAR B PhStbldiG N

hexachl orodi sil ane (1 TCD), is int foduced in aFt ernating pulses with an oxygen
precursor, ductugeted capgdimanty forps gk seluysa pych iy 1hestpled gﬁqsv]éf‘ yshogiyin

t enper at ur s, L Giion Hpler about 200C or under about 100C, which has advantages
for preventing thermal 'damage to underlying carbon-based materials, such as
phot or esi st and #é980lphotliss wkh lvb thelregpbimg lingnl 2dtih equabibdivmenf be wedllenf €al vapor
deposition i.s d deposit t. spac terial. . S| : TECS to
formsi 11 corlsir and ReoLHy 3hintAPeTRERE P A Puyure gt BRedinliE | "o ced
upon t he dedkanges fsimakdhusof tHihgatspad éns 127 5nd $phqgeit 22, HApitciFony lexanplee; thé n sone

enbodi nent s, . the | ayer 0is.d sited to a_.thickne f. .about 20-80 m | or
about 40- 60 FH%Y “?%ﬁ‘r?%"i%%*‘é‘%@‘: gegﬁ?%%dﬁT{/toﬁaﬁ?T AF R/r?\lnofﬁ’ﬁ %%ab}?ﬁa Ys ép Fg’f)ver age is
about 80% orex@hgatier phatdithoErapbatilizi80 ¥4 80um gpieahepitch of the lines PAMDY bWbdut r ef er ence

to Figures 7. A and 7B, the siljcon oxide spacer |ayer. 170 i.s subjected to an
ani sot r opi ¢ ‘P &R *§us dirgiieh @%g&eee? g‘ﬁé’f‘%‘ﬂ“ﬁﬁ ‘BW B{Wﬁ@{q@%}?ﬂgﬁ’ﬁ‘g E?F#‘H@E?“‘?wo of
the partial lfe fReradiuimtagnatestlei heyiatyah@QeousVVBa%00 Pitéh7bdy REThIS2008/ 087029

1005611Wth reference to Figures 8A and 8B, the selectively defi nabl[ e |ayer
120 i s pitch of the photolithographic techmque. Alternatively, because the margin of error for

position and feature size typically increases as the limits of a photolithographic technique are
approached, the lines 124 may be formed having larger feature sizes, e.g., 200 nm or more, to
minimize errors in the position and sizes of the lines 124.

[0051] As shown in Figures 5A and 5B, the spaces 122 are widened by etching
the photoresist lines 124, to form modified spaces 122a and lines 124a. The photoresist lines
124 are etched using an isotropic etch to “shrink™ or trim those features. Suitable etches
mnclude etches using an oxygen-containing plasma, e.g., a SO/O2/Na/Ar plasma, a Cl,/O»/He
plasma or a HBr/O,/N; plasma. The extent of the etch is selected so 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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next renoved to | eave freestandi ng spacers 175. The sel ectively definable

| ayer 120 may be sel ectively renoved using an organic strip process.

[ 00571Thus, YWPLWROMWSIT i pl i ed mask features have been foPkEdS2408087pp8
illustrated enbodi nent, the spacers 175 form el ongated | oops and have
substantially parallel |egs which are joined at their ends. The pitch of the
spacers 175 is roughly half that of the photoresist |ines 124 and spaces 122
(Figures 4A and 4B) originally formed by photolithography. Were the

phot or esi st photnédgindi?d ldyadi 28. pWhidd the feriddrd Wim@80ng efithe Sipaciers nky Pehlanedhg a pitch

of about 10 m.por | ess be . fo It wll be ap ci ated that .because the
opacers. 175 taPa FoEaBlTY g L ShIE heertp Y srar e ARPEE R dR S5 e
spacers 175 eg@neeahdt viltérahd piwhtdiehcoyphdek ne2:0dndtihes pokt efde tf difeat beescor |ines

124a in the nodified gﬂgto efi nabl e Igbyer 120a and, so, forma closed loop in
the spaces 1924 PHBYNSENEHETHEL YA 25058 1Next, in a second phase of

net hods accor di ngos® SORBeMRPRIAREE & Riurt BE: lajty@Nd bioPacebhaeksl iOblan@s K
material are overlaid the spacers 175 and the resulting pattern is transferred

to the substdeesaedieppionpglysopippeser siErenbslufige edareaass AvahtPOgmd the ttaiyer 200

of mask mat ghi dhiewdls 3 the RAYPILBLG140] $rOGRAS hiRHaDRLWRERY ANEAMEB ke spacers
175. The photoresist |ayer 200 can be formed of positive or negative

phot or esi st .actl®oe0WPhirpefeang sauttes (rihgumeglymgAagngaskdser { He bioPedef i nabl e

| ayer 200 i By nBROERl Ak RO GHARN ik & Lo B9 AImher il gl ocks
210, 212 atsht] égme%{cfge%f_ tlwg I00|c§st of sfpa(’:_elr's. 1?5__?&2%@00(;@ 210, 212 extend
across and cbwtralcd coppdsictie tengucoaf mitheal gpaders 018, Wadl ameadpe austioplar t he

bl ocks 210, .212. have di i QF [ .Gl : tterned with
photol it hograé\ﬁﬁ/aggsﬁﬁ C%ﬁ%ﬁ?%&grﬂ ?jg{%e%g%%{ec g %Pﬁe?q%%n galagn. Thus, a m xed
pattern 177 for mpdsaif pMedhdsvisk tspaobi waedal dieproniopiitcthle nntic plykredbposisde, f eat ur es

can be fornmed. The bl ocks .21 12 y be patterned sinultaneously with other
elatsvel y 1 gBnE aat ot R Phestier A e el aEry T g Bt R ike 1 o'
fabricated invegratgsbeen nedinkorl@0brmvVeilhad sxifler andarbided, ngpaiivtah mulséihpl | ed and

non-pitch multiplied features are disclosed in U S. Paten . {,.115,525 and

O Daa, 178 arkroEep oo ADRPT S on RO KBTI £ ST B SR PHERE 5007 by

Di an C. TranHCDhgs gitbinfced i SehesisRlsef wiaghoebent iesfor, ic@HLENG@SALBD can

i ncor porated herei ndbel/ reference. WD 2009/ 079517PCT/ US2008/ 087029 100611Wt h
#

reference t QPRI P1relofiNedy (o3t FBPHAWED dfef IMEFLBY RS HIBERbou g 0°C,

which has advantages for preventing thermal damage to underlying carbon-based materials,
such as photoresist and amorphous carbon layers. In other embodiments, chemical vapor
deposition is used to deposit the spacer material, e.g., using Oz and TEOS to form silicon
oxide.

[0054] The thickness of the layer 170 is determined based upon the desired width
of the spacers 175 (Figure 7A). For example, in some embodiments, the layer 170 is
deposited to a thickness of about 20-80 nm or about 40-60 nm to form spacers of roughly
similar widths. The step 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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212 and the spacers 175 is transferred to the hard mask | ayer 130. The pattern
transfer may be acconplished by, e gt, anisofropically etching the hard mask

| ayer 130. DMHOBPINVEH reference to Figure 12, the pattePRTUBPP/EPanst erred
to the primary mask | ayer 140. The pattern transfer nmay be acconplished by,
e.g., anisotropically etching the primary mask |ayer 140. Wth reference to
Figure 13, the pattern 177 is transfen-ed to the substrate 110 using an

ani sotropic etch with the layer 140 acting as a mask for the etch.

100631 Wth refefionde tW¥itkirgures tdéifangiA 14B5B, theclspackrisfiibblb laadi 20ask | ayer s

310 are for A PROAG EOGARFATE E0CAL Badh Gob ol Bt el ke 107"

contact | at eeladiivylysepaeatd daloagkis sBidQrocdd2. 100641Wth reference to Figure
15, trenches defined by the |jines 310 and_bl ocks 320, 322 are filled with

i nsul ating naterﬂQPHSSOTmEz@W?ﬂgﬁ?ﬁﬁ ﬁmg&ﬁaﬁ?SP@Fﬁ§ﬁbﬁmn?#gﬁﬁﬁIW§8F§1ion

appl i cat i onsmpMaRNRELY the §haker@ €15 En AbRARA 1SS And@sivd QibsthlRBNPHRDIYs whBly be
defined between the trenches and floating and control gates nay be formed over

the active dfeiaged at their enfigodba pikd qhdlierspeferst He 1f wrady Pghthat oftihrePlPi%Etst ng and

control gat §ges PaShaGhcQfi2 & 4340akey o L RGmEMSy $HloRAtHBLpRNdy LAt I Ol
gates is subsg;ugntl&ﬁ?ogﬁegmggeﬁ'the4l?%g§&g¥0, ingﬁ gtinggngﬁgrial 330 and

bl ocks 320, tBephofdFsgtibecs14B)ad p pitehj ¢f] abpied 28p prme eaatred7 hayingtaatch ofrpsstt t i on of
the | ayers i i i prcuit
100, For oxanr U BALARE. HA Okl o s o Bl O gt s
are desi r ed,ontthesideyply of (BARatg@moi Inck U2, thayeacss Appgoprilafodow dre culmefobr mat i on

of these galigs,, L) OROGLe.AF B8 1o WS Bird ph ORI BISRLET 0,988 S0 Siuflesi 1 ed,

the | ayers can 1nc ewer layers, as appropria onnation of the
sel ect gat e.cldsaf loexanid acef dI2atbervemige tile 134l ect gate, the | ayers 340 nay

include a suicide |ayer over a polysil icaon |ayer, which oyerlies
oxide-nitride-oxﬁ%@ﬁ(Chkfmt%ﬁﬁ%§F4 =¥%ﬁﬂﬁé%%%ﬁ%ﬂﬂgﬁg}$P§§ O%BFV§Pﬁg%on | ayer .
100661W t h rigfcafi@)GRckOoffth @k hetckolre avdiikht syaedrs BHO0andshd asumt: owverm it he st ack

of layers 340. The sk |ayer 350 may be a selectively definable |ayer 350
forned of, éﬁﬁﬁ?ﬁﬁﬁgﬁﬁﬁg§FéF}“¥vth reference to Figures 16B and 16C, the |ayer

350 is subsequenfdogojpat tvathnemiendchs rehyes foar fdng, ehgegatad skt hp&ridd2z356. The
patterned el ongated strips 352-356 may be used to formvarious features in a
nmenory devi dBOORESI Exdspstiet bepwren av¢ 95 thespacas 37 plhepliotorsaigdaes240g@hPe el ect

gates for rqghlllle@tokMit{@gﬁﬁé@gi@@g@tg\(e&igﬂ ng to menory cells forned al ong the
lines 310, which formactive areas. The strips 356 nay be used to define word

lines and floati HYolInd Bohtesengardsguraoerandt ! O the hetodpipride latedOtihat t he

strips 352- %jéﬁerﬂalyb)pﬁioto%'fh@gpﬂﬂoefoxﬂ ﬁgékﬁlg material blocks 210, 212 at the ends of the
loops of spacers 175. The blocks 210, 212 extend across and contact opposite ends of the
spacers 175. Advantageously, the blocks 210, 212 have dimensions sufficiently large to be
patterned with photolithography and without performing pitch multiplication. Thus, a mixed
pattern 177 formed of pitch multiplied and non-pitch multiplied mask features can be 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 1s incorporated herein

by reference.
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step, e.g., by photolithography, or in nmultiple separate steps. For exanple,

to increase density, the strips 356 may be fornmed by pitch nultiplication. As
such, a st ackO3f09%HsKi ng | ayers as described herein wi t RCEASOEKTRE9t 0 Fi gur es
3A and 3B can be formed over the layers 340. The stack of nasking |ayers may
then bc processing as discussed herein with reference to Figures 3A-8B. The

resul ting spacer |oops may then he subjected to a |oop etch, thereby form ng
the strips 356. The mask | ayer 350 (Figure |I6A) may subsequently be deposited
bet ween and over [(0hE spad@rsiekis:. o Hearamhbkhd pyem B5dcfised hiethe patcke?2ied, e, g.,

o hing the SUPTpRvaBsage CRrtured G i rbey™ TR 1108 RRRA ITGGt PRt o fin

ease of di sa¢s6doaiPlishas belieSGusis@ebpRelaidhinpaRehaed miNSeaddi ti onal masking | ayers
may be provided between the mask |ayer 350 to facilitate pattern transfer to
the |ayers 340. #}!j'ﬁzlexa}?mhé?f@&ﬁ%,&@é)l/gugyb% PR 15 SVTaEE Pkt Y Beneat h t he
mask |ayer 3pQkand: . @H@Eﬁﬁﬁﬂ@am@@f Ranvt axshphRYd BE £ Qviseeshidany wesng t he ARC

| ayer and the | ayer 340. Such a sequence of Fa ers woul d provi de the

advant ages dhvPrabuy tagdayst 140 2EHh séerast wdiapdle teartiend’ | ayersertdey Bhd 140

(Fi gures 3A1dq Q0O BIW dnhinfs6f & ERGEil AN QYN 8P actif faBNNash (B md i@, pattern in
the mask layer 350 Is then transferred to the |ayers 340, thereby form ng
strips 342-346 i W006hlose WityelesnceThdigitasilfd 284 241348¢ smayere bioraed pold layers wor d

i nes, floaty [ . 1.y , rs.
0069111 w11 BaY BB Bt £ ORGP RPN MR

bl ocks 320, 822 absteeni KoAduchof thratsds, aic lare 3 Hopethc( kiegrlly seatdtedanoaks t ype
dopant) to f%r r’gtzaour ce/drain regions in the lines 310 and bl ocks 320, 322 on
ei t her side J019’ e strips 342-346. In sone enbodi nents, the feature 320 forns
a source and the[doeaf ur avild2icfcacdm Figged B, abnchssalefihdddy the Bues 330 erdsbiécs each of

the lines 310. Siml ly,. on an. opposite end of the. |line 10, .t he feature 322
Lo o sourtd Bhiv et R SRRap e Th: Slcsh O o Skt R
transi stors fpphicag@ash RkmbReec) bdes ad3dd) such\WOIZ AR DA9&T, ARG TH-UBRNISI03:¢029

1007011 n subsequent processing steps, contacts are made to the various bit and
word |ines aR8UENRESANY Teavae dRstanre! gales mpePedomiTe oY 8P P8 us anci | | ary

circuitry to formmsyenmagadevhe Hrmhidn TP MR RERQIhIENS] pdidkes aoRtAGYSs MYy he
made froma | evel above the bit and word lines. In addition, contacts to the

source regi offd BREMBRhe Horthe aa] etel gdS i SeRERbERTIY PrEGdnesE42, 343,
respectivel Ying30ink RdkerbN&3008li83. R0 828 QYs ¢esuOf 4B e I aohathARcikiEAdal SLOrs are
tied together for si r}pl icity of operation and reliability, as discussed

her ei n. compo@Famoffhglgras 349 qap Vg taprapebe garpplydikbrispted ingaNtydf 4igeh 1 ¥feor y
an-ay in a ' rdi LB S Qfed fi€1d,Qvent i on.
The illustr 2?%%%@2%# %ﬁé&gs’g&l‘ﬁfd‘% ’ncIthLl‘(:i:I)Oeagi](?togi&td %P;?}%ggg%LO to BL174 and word
lines W , 0 340 o Mclufhéayhistappropree for L©- BinNEoe et ént gors-all ethertapcagneheahot her i n
a colum directjion, Th rd, l.ine X , (I ther in a
row directioff’ ?ea Riﬁ%g%?}fs esmrrg’n%? };%% %Cagllécgwn%ggggéaeﬁ aggrt%&?arté;%gi stors
402, 404 usefdnfioion 9€lteckierigzat. Qiot ekampds, fokrfoinih@thy stlegigateathe layeh A0 oiapcui try
(not shown) cannect .to the bit lines using,the bit |ine contact The
Gates of ¢ he POne: B RdraEe b sRuPERaIEHh P Rt o R SRS THE Pat ur es
344, 345 (Fi gupesittT1B)r, wha d2draatpolsilicdniimer.i ncl udes a sling of floating gate

i ne ELI 1 el uded bt VY GaicaS AeroRar & RameOmias LR oLl Pag e The |

control gat egy®{ 340 oalkd MELIRL 350 AAE bsSh QEISctil ) dofin6rl Ihwr BFO td@edafre g, ow are
coupled to the same word |ine. Each of the floatin ate transistors 110 forns
a menory cel Phofgrgstst sYVgp &derapeg ik igwey Be %*edllaeaeh%mfﬁa? FePosequrBEHPHE anount
of stored chargs RANINPRIMSAL §uShs' BPI38EEMhe pliRincEXRARIA suORES0I35HD@ LSt at es,
and wherein the one or nore states can represent one or nore digits (e.g.,
bits) of dat#ecd ¥hiempiveriqus fqapisg iy myarecdaviig terexaBrlerdtestops %ﬁQéégﬁ'@é b6f charge.
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[00731Wth continued reference to Figure 18, bit lines BLOto BUM are shunted
together at their ends. Isolation, or select, transistors 412, 414

el ectrical | YWP3WPAE! ndi vi dual bit lines from each ot h@CTRP209$/8878:¢t | ng
current flow to the shunted ends of the bit Iines. The shunted ends correspond
to the blocks 320 and 322 (Figure | 7B) and the gates of the sel ect
transistors 412, 414 correspond to the features 342, 343 (Figure 17B)

1007411t will be appreciated that each pair of bit |lines, which can al so be
viewed as a ukaiap fef sslecﬁgat@m@ucagdmirrga’eaeiﬂﬁgamd wilyg fomodnudecedls foomead alofg thour

i sol ation trans to For exa so at i nsi s 412a and 41
constitute fiF: s% aﬁ'glcgg%%h%ctl ﬁe%% Y S 3§g§?ac¥?)c usedt éeh %W8]hdglmee% %f t he

| oop and |sdkﬁﬁmpmdt@ﬁmsgﬁﬁors 414a and 414b constltute thlrd and fourth

i sol ation transi st proximate an o te_en t he | Thus pair of

i sol ation transi ﬁ’f’g fls nlé;)"”f&«?e ﬁPi?rF‘i‘aZféﬁB?t ‘e PERY g?zcéﬁ(’l Ry Ee “éj 3 ‘"’s?"i‘ﬁ?‘? e bit
l'ine, which g eefro'b?%o@}hhﬁgkbfﬁiyaﬂﬁ irhh)ipRagehrhte|step bomom%ad ¢ o eh@ngat ed
portions of t oops. The isolation transistors |solate t he expanse of one of

t hese el ongaiﬁ%%ryeﬁb? W%%Sﬁr%'nheafﬁm@ﬁ&aw&éh Brlighotiner Abructregekdl shgdted
portions. 1QQ{RLAJestilddhbicAl Gith defrdil O Feyuld 3ALAE 3B GELHRAI Nel BILQRS Of the
select transi'stors 412, 414 arc electrically tied or connected to the gates of
these transiX4Polks darl cAmeskiiedarses may them Rsfrrodsesaes dDeHsPRgorcEnt R aies t e
cycles, the 9816 gﬂdaBt A B yg, &b nqa@nhé%e s@e;&médl 1934 Q nEQppect ed to
ground (OV), er eby electrlca sol al | l'i nes connected to the

i sol ati on tr@wmm%ﬂQSSWAﬁéﬁ ZhﬂHMEuhwm@SQK&sefdpé}a@raﬁgﬂwmﬁbfmﬂhn@mgiors 412,
414 may be i te r,«he S grased
S|nultaneou§% ag&(?éiglo%mF%%ﬁyfaﬁggégggégﬁ%égﬂﬁﬁﬁﬁ%g |§%%%%32%t “there is
no need to u&mhmmqgmﬁdhmwﬂumhrbmkl%mmbﬁ)mébm@é(fmbm@anﬂ mpebﬁﬁnmngnhcperforned
on all cells_of 1 not e bove, with
reference t otrlPsg3 lgure% u%lfi] a[lf Whﬁ]t enOF 211? R %ﬁocr:w “ Yo lscfu%sédrrrléas fromthe
partially fahﬁuﬁaimﬁmmnhegrmbedmmanUmm*hQOa@ﬁﬂn@emum@@mﬁQta&edmbmmgcvarious

systens or devices. .[For exanpl e he circu an be utilized as
sy or B T Qe AT GinslEl Dol B e b oL 5y A R RBrB By

processor 1Q3evidkdUSiRttly BtRhthate nlid 1a6d 3 powar aﬁqufof;ﬂaodsOEarbcﬁxamal sy B¢ such

el ectroni c devices include_conputerjzed devices, includj evi

utilizing a MBHBHYRIFEYP CRCSHERHIHAYE ISt o5 & SSHHEPCF F‘ eésv‘éi %‘W‘g"es'

i ncludi ng Musd LavaPhiRt ehdiddldde wilifaas davd GRSe fot @R ALKt 130iahd 14veFapRE eal at ed t hat
various nodifications of the illustrated enbodi nents are possible. For

exanpl e, whil® illustrated with bl ocks of material for shunting together |oops
of material, the g(ﬁ'ﬁgﬂCkSVﬁﬁr}e@@n&% Eloarls it A %mae mcbqftgmm e nlabk LNPSSo
enbodi nents, contact to individ 'oop ends are

is then transferred to the layers 340, thereby forming strips 342 346 in those layers. The
strips 342-346 may correspond to word lines, floating gates, control gates and select gates in
those layers.

[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 gate of additional isolation

transistors for each of the lines 310.
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100781However, the bl ocks are advantageously for sinplifying operation of the
isolation transistors and (hr inproving process results. By tying all the

| oops t oget HEP 200UV dual access to the | oops is obvi atPed/USRI§EPEEHR)
sinmplifying fabrication and operation of the isolation transistors. Moreover;

t he bl ocks can inprove process results by facilitating deposition of
dielectric into the trenches 312 (Figure 14B). It has been found that the ends
of pitch multiplied | oops can he relatively thin relative to m d-portions of
the | oops. It hal0dso besbsefimungotdsatg daposdnta'cmar@ma@ﬁ teltecvarioss bintod t hese
relatlvelythl ends.can.be difficult and VOI. for

el m nati g LT SR BB P 5 B e e Bk SR el Taceri
it has been reowngdddvhat of sloHeIeﬁﬂ)od)fxwﬁth&hdd’oﬁﬁCthﬁﬁy bamadlnefmmptwﬂaﬁoveltbaidt ng to

i ntegrated circui improved reliabilit 1007911 n,.so nts, the
ol ot pon ¢ cangtost Bpd (B BBOBREER ¢ RSt eGP0t 1 FBgB G o | Al
For exanpl e,comheked the ghmd 812 ad3 ir@p@nuapadtmgetgae;é alfchiouﬁﬁlehﬂiE isopd@son, e.g.
vvherethellnesformngtheloo are all tied und at one end, it may be

unnecessary H8S Y ACART o8B forSHRlC LY, °§f’r6?°“ca€défl 3@? B SHAFYTEEIHt e the |ines

on the end that Fmip edrib e 98 QURGatesHOMBMES .2 NSNID Slafin BrraytiQ he@fompt i on of
bl ock of material at the ends of the | oops has benefits for inproving filling
of trenches deft H¥Rcpydingéo fonfegnbodigncpts og gig|ipventiiqn. r‘?—‘a’?ﬂt‘}@“ﬁé‘kﬂ? BreE s formthe
bl ocks at both lnefaeesemﬁm BYED MR %ﬁqweg aalo 1 %mattmla heb B o BESLSSAry at
one end. 10080& be appreciated that, as used herein "lines" of material
need not extféh:dd pm’afdﬁhlw ope giotigh en dicplenni dyictionr oldghvarh énenViLpeVieXeatsnd of t he

| i nes” SlatieBg ol Wotnd i TALE diBlichS AR ELOBARLLHAUR, By TREGH s AND MY
curve or ot erw se c ange direction over the expanse of "t [iTne of material.
100811l n adclsrzltettoransnstorbdﬁ%' 464 usddefosieepsngj:ebmhnfbed\nhélmellogic trcaribdreneiing a
pattern fro n. ov to an d | I |nvoIv far g
features inerquh%%n & fﬁ%&kqe\ﬁq hlnestlf"f’mtg tHenb ?fm ﬁO%g%sogér/é:sThg a9 ﬁee%)%w ﬁglés in the
overlying | evett traiﬁi)srtoreﬂwﬂlaqorrbipen(platﬂﬁb feétuﬂes ms345r{Firghte wﬁmjerl ying level wll
general ly foll ow f lines .in the ayerl | evel he l.ocation of
Other teatures t HPRe  ahaaR PR eve i (Y e e FREST Bestfon of
simlar featdtesid diaih h@ooxemnply] tngsdce:\ﬂetbn Hid L IpiRa6ds gloshapes tandsitsk2e6  of
features may varé fromthe over gﬁbevel to the undg %%hn% J[level, however .
For exanpl e, “B¥p ﬂH’isr’?@eSuHBF\C%‘FE @fipg ge BRFSeBHdY 01 GHE™ WHEMETPBs of and

relative spagé agslchel e et \ed ifat Rice st honpitng ghb ealsisansfiernsed jpadntey n may be
enlarged or dinminished relative to the pattern on the overlﬁ}/l ng level, while

still resendel Ayt tHEs sahmes i lagk @fﬁéffﬁ@r Whereig dhe-ampupleolsisF PRBMEhES exanpl e

of shri nki ng,the rE[BlEs%;ﬂ f&%kﬁﬁplmk of Poten@&nhRdineat §.dasef hbedudhelaw. Thus,
even with sonme changes in i mensions of features, the transferred pattern

is still corfglﬁfééfﬂefdlet%”@@ (ilg?és (cgahds) phttlar fhabit tsHead iy defeglingghe phspnve of n
contrast, ggelt;]:gomﬁgg%rs around mask features may change the pattern.

10082160nse uently, wi |l be appreciated fromthe description herein that
t he [0073] With continued reference to Figure 18, bit lines BLO to BLM are shunted

together at their ends. Isolation, or select, transistors 412, 414 electrically isolate individual
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
fransistors 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 isolation transistors. For

example, isolation transistors 412a and 412b constitute first and second isolation transistors
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i nvention includes various enbodi nents. For exanple, according to sone

enbodi nents of the invention, a nethod is provided. The nethod conpri ses

provi di ng a SABYYPHEE having a | oop forned of sem condudCoHUSHESRY92Al . The | oop
is defined by a pair of substantially parallel, horizontally el ongated
portions joined at at |east one loop end. Afirst transistor along the loop is
formed to electrically isolate an expanse of a first of the elongate portions
from an expanse of a second of the elongate portions. A part of the |oop forns
an active aneaindftc bhecrdd ofghe boansl sblation HAO88EAC¢ondl High tconsttutrethirérixbdi nent s
the inventi ci'nr,’lr'th 1S(Hatlon%ra SJStors grox maged prE) for(ﬁnopgm? nIIh% raaf:}a?r%f?slo afi uit. The
process conprises provi t ?3}/’ “mandr el s over a substrat e.
spacers are tpnmtordeﬁhyalbe Stllﬁke&’\lad kEctﬁéall@zhmlmmchi@lcs bit 'Ifhe, Whln]drael snatdeby

sel ectively renov rel ve to t cers a terial is
deposi t ed oV ?‘H%g Onz?ﬂtélhfg Poﬁlﬁgi‘ﬁrjrget %)PP qeéso ’LOP PREP T 0 form
first and samatﬂe&k@rnad bfyonS &P }ead @&gble@@kﬁlom‘ fré @n rm&hserm‘taﬁmhaqu tiidee first

bl ock contacting a first end of each of the spacers and the second bl ock
contacting eF"é‘é% RIS of each of the spacers. A first pattern defined by the

spacers and the fdorst apdinaread blaeeks, i Suictans! eiibadrtie 5&19@ uSMREdrE at e.
100841Accordi ng to yet other enbodinents of the invention, gr ocess for

form ng an 42yt acedceicalbiiod of onprebitebg saTrrd ﬂi?ﬁ‘b'é%@m@@ﬁ%f“ie @eeddh 8Vi di ng a
plurality of,elRnga s gréag%?@wﬁfe cGerdsl {hégatégaa%h t1g@§0‘13ﬂ:c'e/%l‘anﬁ\6§1{ bkRGoRingUpstrate. A
| ayer of a second nmask material is provid over | oops. The layer is
patterned tcofiseiel o HPdK0\OF thetsby dedanally Walgkngrﬁélt@rllnaii conpéy¢cdidp Beksolegpit act i ng an
end of each gLl 49008, Mk Rkc RAASRD itethbed:iot B LAPRSmaRd-he bl ock
is transferred to the subst ayer sem conduct or terial 1Is
subsequent | ytdior radvcoare bedatire a;hbstnpaft eslls/me otabelr silnagtmeowfy hees Katrretf ethé al i s
formed over t hgstcs)rg%?oﬂguclr%re\f%t %ere 15 No n e% tOtlgloqate m%y c{uaf é}t pr?‘é[st enrlcr(]?etg to form
one or nore StFi ki teriar e i hg across and con actlng each of
t he | oops. Aameopmmhop&t;tea”mmedeﬁnlﬂne@lsbgﬁhéNamﬂasbmelnsrytul@:ﬂasferred to the | ayer
of sem conduct or eri to.form st of s ter.ial he strips
of seni conduct or | {’]erl gls ngied a E‘I"V&i’v}if‘ 6%5 FiEgFe t8 ﬁ%‘é? %'?l Jma gd?tgg?%%t ures
defined by tdaeuibl@cknatd frhe txepomdymaskal®iRedradd cn‘c\l@l()o can be mcorporated

2009/ 079517PCT/ UusS2008/ 087029 100851Accor di ng. to ot her ef‘aOdl nts

i nvention, aRIMTRGrATEE ¥iKEEFY 96 PPES daeFREd iRt RgHatdr P8 £ Phig fﬂs conpri ses

a plurality fim&Pasednapadd inldhRRSUGR: &1t CONBIGE lcolBltes frédessoAL (3] § 8der DI oCk  Of
the sem conductor material is disposed On a sane |level as the |lines of

seni conduct oPieH#EetHfapnhRaveotusst 1% f i Femrhd ofeck L4581 t958ice Bhildt e strips.

A first plur@ldphiiRb dteﬁ@éasmh&aﬁ aat &Sick stitiPrsedodlcpng:, the o kN SioRke
sem conductor material. The fi rst plurality of transistor gates are

el ectrical | yné emmeekdsdicesoinguging mpst, PhYIpeRYO\GBBEIAEOr di ng to yet ot her

embodi ments the jgventi gny;anece apg,cécfaleﬁalhmdexla&@ GOMREHiShN Ot A isgocat ed
circuit is provi ded The integrated circuit conprises a plurality of

spaced- apar tenthiodigeniofars enisthbmddiot oxanmés evliilgl illujaled ofitta blorkssof emigridffot he | nes
are electri Cs?lllﬁt%ﬁé'rtg%ﬁ] F?J&Ese&t %gte%dthgyoc?sf @b ORRAS] L8ofR%R %ih ' ijpes are

electrically in preventing current from a
m d- porti on tbfsetehbodimeras corpact toandividisd loendndssrepnaﬂw ded. 100871It will also be

appreciated by t ?(Rﬁgl Skhloxlweev%r,itpe glg&saé;et adtvgnqr:[xgegl%ll’yi 1%lr'1§implifying 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 (Figore 14B). It has been found that the ends of
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om ssions, additions and nodifications my be made to the nethods and
structures described above w thout departing fromthe scope of the invention.
Al'l such nodVPR¥aPT9Hs and changes are intended to fall PhltUSMSA¥iE29scope of
the invention, as defined by the appended clainms. | CLAIM 1. A

nmet hod, conpri sing: providing a substrate having a plurality of |oops
formed of sem conductor material, each of the | oops defined by first and
second el ongated portions joined at a first end and at a second opposi ng end
of the each pith tohkipli@idpeps cemietrelabogly @it rehtvatg nodpotitinsod dheyloem. d lsaneo | evel |

wherein the first ds,of .all . .Lhe | oops are.inteijoined : T
conti guous é’f%naﬁ)gré(?g\f%egﬂ%ﬁ%nt ?fe(]éd%%?celrn |%a esgr{?jlatfvﬁg @lelzllc%lﬁggaéln%gdlg}c{l%laﬁ& of the
| oops are i nir@iejtoivaiddohyatian.s 8¢ afichircongd ihgieotds ex paniyeg ofic eondubthilacds pht eri al

and second aVBRBATEE ol breaen S aBh et benet S8R BhIRTF W e 111

plurality ofinkganstisumy sith sopehvepasedligr oxi mate the first ends of the | oops,
wherei n each Iooi)wforrrs an active area of each one of the first_plurality of

transistors and Wlei nPeRpX SHROBRENE: the fsolfion tpnsisiprsgran e pited f5oma opg

el ectrical | Yepii Bt BE CRPNEGHRG il YF R Bxdnthl £ HE O RRGhat@X! B IElinRd ALHeSHr kldghel 00PS.
2. The nethod of aiml, further conprising form ng each of a second

plurality ofredspmrysi-sthsresthpligss Rariag thiidogpisat tsh is o9rnd HerF GBHd! may Bart of the

I'oop form ng, a0..a64 Y ErRl Hasdtiof Aatki@r b bRcSeHOMdIR! HE 8histon B edd @RSt stors,
wherein each of the second plurality of transistors is electricall

i nt er connecttied thyroambt Hevevinh perdehibert thedoemtongl derkodgnatenal pigbpends of 3.
Th t hod j j : OV 6] i
e method qf, gogs! 1?)% Jeotzlilem%lgfn&r&nr%\olﬂglﬂr{lélgf frdAEhes ‘d@nﬁeﬁ I%B Bhehaek. Nas ta\r,i\lﬁ;uit,QPp

conprises formn oop by ‘per g pitch ['1cation, erein

perform ng phtydk dusitabiepd ifgatthoblodorpbdtls Bep chdsr erhengrhere wiepidicd [isobwen istriee

substrate; formn at%*]ésg%cer on sidewalls of the mandrel; renoving die mandrels
S .

to | eave a pnaefffssear Fee- st andi ng spacers; and etching a pattern

defined by the fl@s8ejst andiifigespaceinsd itnd,casansbdytetin Chingsi iod inmgertaheced et conduct or
material. extend in only a single direction through the entire extent of the “lines”. Rather, a “line” of

material is an elongated run of material and may curve or otherwise change direction over the

expanse of the line of maternial.

[0081] In addition, in any of the steps described herein, transferring a pattern from
an overlying level to an underlying level involves forming features in the underlying level
that generally correspond to features in the overlying level. For example, the path of lines in
the underlying level will generally follow the path of lines in the overlying level and the
location of other features in the underlying level will correspond to the Jocation of similar
features in the overlying level. The precise shapes and sizes of features may vary from the
overlying level to the underlying level, however. For example, depending upon etch
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
level, 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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4. The nmethod of Claim1l, wherein providing each of the first plurality of
transi stors conprises doping either side of the active area to form

sour ce/ dr ai Ve aypPemsL7 5. The nmethod of daim4, ReEUSPUSPYA?I di ng each
of the first plurality of transistors conprises formng a transistor gate for
each of the first plurality of transistors directly over the | oops, the gate
defining the active region thereunder. 6. The nethod of O aimb5,
wherein the first | oop ends are a source regi on and wherein providing each of
the first plsemabitteyn of tht matms paiteor. slnconprst, Jemishipatangorggetshdraturgiengour ce
regi on and tcpg:n gﬁ]tf:egﬂem 7. The nethod of Claiml, further conprising:
formng a Iayerg of ¥Sem conduct or material over the | oops; formng a | ayer of
mask material ov@wsilhe Cayenecoly, senlldondpetiaed framahd ddsgrippiat thenemi thg thdhe | ayer

of mask mat e]r‘; al tigcﬂ‘I rm one og ({er S_nlg S, of imaasgi n t Iemreiea o ]xtlﬁgldli ng across
each of the "T6BpE: frERSTeY ’?‘Fﬂg a (%af‘?”é‘?ﬁ e ﬁ%%asﬁy t ﬂlxlg (g Fi'pS’ to the
layer of senhcandiich,ormeridetipalvided Thy M:Gbd tqsprivés Bendicondustrae hamiges i al .
8. A p_rocesslof o&) fg{ r’r} %an i nt erggtat d ci rlcgi t ’%E&quph‘iésai ng:(gprgvi (tjii éil)g a
plurality ofl°tfalfdret € Pty st r&t'8%P Fr G cBr¥odeewal | s of
t he ma-ndr el Sparallel, horizontally elongated portions joined at at least one loop end. A first transistor

along the loop is formed to electrically isolate an expanse of a first of the elongate portions

from an expanse of a second of the elongate portions. A part of the loop forms an active area

of the first transistor.

10083] According to other embodiments the invention, a process is provided for

forming an integrated circuit. The process comprises providing a plurality of mandrels

overlying a substrate. A spacers are provided at sidewalls of the mandrels. The mandrels are

selectively removed relative to the spacers. A layer of mask material is deposited over the

spacers. The layer of mask material is patterned to form first and second laterally-separated

blocks of the mask material, the first block contacting a first end of each of the spacers and

the second block contacting a second end of each of the spacers. A first pattern defined by

the spacers and the first and second blocks are transferred to the substrate.

[0084] According to yet other embodiments of the invention, a process for

forming an integrated circuit is provided. The process comprises providing a plurality of

elongated loops of a first mask material overlying a substrate. A layer of a second mask

material is provided over the loops. The layer is patterned to form a block of the second

mask material, the block contacting an end of each of the loops. A first pattern defined by the

loops and the block is transferred to the substrate. A layer of semiconductor material is

subsequently formed over the substrate. An other layer of mask material is formed 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.
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selectively renmoving the mandrels relative to the spacers; depositing a | ayer
of mask material over the spacers; patterning the layer of mask materi al
to formfirsVOaWAO®Eond | ateral |l y-separated bl ocks of PR&/UEK§HYerial, the
first block contacting a first end of all of the spacers and the second bl ock
contacting a second end of all of the spacers; and transferring a first
pattern defined by the spacers and the first and second bl ocks to the
substrate. 9. The process of Claim8, wherein providing a plurality of

mandr el s conpr i si@885] pr oAdcdiding ta plnoteotbedinsits |ty ewerdwer dnyintegragedt cemporsary | ayer
patterning the. photor.esist.layer to.for hot gr esi st features:. and
Pr imi ng. heRSiBtorBar e easfiR somPuaser BLRTRE R Hnat Bl SPug PR

phot ofF esi's eat ures
formthe mangtah!s.A first blockld thelRmicpridic®s smaRfial @ dsposdl onvihrameiavelps deilidesng spacer s

RSP TN NG A D N R NP R
hori zontal sgufRCESIrdnGsigefitas SPREET Sohs lifkewalkisicaidudihiemphol. oTesfist
features. plurality of transistor gates are electrically connected to the first block.
[0086] According to yet other embodiments the invention, an electrical device
comprising an integrated circuit is provided. The integrated circuit comprises a plurality of
spaced-apart lines of semiconductor material. All of a first end of the lines are electrically

interconnected and all of an opposite end of the lines are electrically interconnected. A

means for preventing current flow from a mid-portion of the lines to the first end 1s provided.

[0087} It will also be appreciated by those skilled in the art that various
omissions, additions and modifications may be made to the methods and structures described
above without departing from the scope of the invention. All such modifications and changes

are intended to fall within the scope of the invention, as defined by the appended claims.
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11. The process of Claim8, wherein transferring the first pattern defined by
the spacers and the first and second bl ocks to the substrate conpri ses:

transferring the first pattern defined by the spacers and the first and second
bl ocks to a hard mask | ayer; and transferring the first pattern fromthe hard

mask | ayer to the substrate. 12. The process of Caim1l, further

conpri si ng: provi ding one or nore additional hard mask | ayers on a | evel
bet ween the spacers and the hard mask | ayer; and transferring the first
pattern to the one or nore additional hard mask | ayers before transferring the
first patt&ERADd: the hard mask | ayer. 13. The process of Claim 11,
wherein the hard magkndia¥ombssid®@r med of amor phous car bon. 14. A process

o e g i Sor B0 =P 0ot Y
| ayer of a secofgéeimskhraineldopd dBver by_tﬂ'iﬂ ah®RPsd elongatedPatib ey jﬂiinaﬁtﬁ kel ayer to
I)]? ' [n h: Plogglg. OfenEi ha%d Sa?%os%gon c?pxlf)osn&t ngl 3fl the tetz-llc ct))fl %g lioc%g,néa%}?tlclmggex?égdiggn d of all
, continuously on a same level, wherein the first ends of all of the loops are interjoined by
a first contiguous expanse of conductive material and the second ends of all of the loops
are interjoined by a second contiguous expanse of conductive material; and
providing each of a first plurality of transistors along each first and second
elongated portions of each of the loops, wherein each of the first plurality of transistors is
disposed proximate the first ends of the loops, wherein each loop forms an active area of
each one of the first plurality of transistors and wherein each of the first plurality of
transistors is electrically interconnected by an interconnect extending across the loops.
2. The method of Claim 1, further comprising forming each of a second plurality of
transistors proximate the second ends of the loops, a part of the loop forming an active area of
cach of the second plurality of transistors, wherein each of the second plurality of transistors is
electrically interconnected by another interconnect extending across the loops.
3. The method of Claim 1, wherein providing the substrate having the loop
comprises forming the loop by performing pitch multiplication, wherein performing pitch
multiplication comprises:
forming a mandrel over the substrate;
forming a spacer on sidewalls of the mandre];
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,
4. The method of Claim 1, wherein providing each of the first plurality of transistors
comprises doping either side of the active area to form source/drain regions.
5. The method of Claim 4, wherein providing each of the first plurality of transistors
comprises forming a transistor gate for each of the first plurality of transistors directly over the

loops, the gate defining the active region thereunder.
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transferring a first pattern defined by the |oops and the block to the
substrate; subsequently formng a | ayer of sem conductor material over the
substrate; form ng an other |ayer of mask material over the sem conductor
material; patterning the other layer to formone or nore strips of masking

mat eri al extendi ng across and contacting all of the | oops; transferring a
second pattern defined by the strips to the |ayer of sem conductor material to
formstrips of sem conductor material; and el ectrically connecting the

strips of sem conductor material and substrate features defined by the block
of the second nfask g grthad of Claim 5, phereipibe Bishloen sndsf arTp ghywrel wgiontsed ei n

transf erri ek §rSRERNE Ak HERA pRRHAILE FraRisdR! @mPise@sHuh @342 hON 1hafdfhct r ansf eni ng
the first pattere;'gdefl nes a source/drain region of the transistor. 16.

The proces$eP 28 GF fA'%4, wherein transferring the first pattern defines bit
l'ines of a nenory deld@ehod of Claim 1, AurthEh@nprigiegss of C aim 16, wherein

transferring the second E‘)Tttern defi,nes wor.q Iig}ej of the nenory devi ce.
18. The process of CFAFE® 1 SUFEHEPRIRBAH TSP Ei rcuit is a flash nenmory
circuit, wherein tré&mgineridyagfidask fatest ovanitle e ofemvadiupat heaens def i nes

19. The process of Ehare i BB AR Bim o of sfE R FhC uros 1n a
peri phery regi onatesfal dirading asséss pashof e opyscui t .

transferring a pattern defined by the strips to the layer of semiconductor material
to form strips of semiconductor material.
8. A process for forming an integrated circuit, comprising:

providing a plurality of mandrels overlying a substrate;

providing spacers at sidewalls of the mandrels;

selectively removing the mandrels relative to the spacers;

depositing a layer of mask material over the spacers;

patterning the layer of mask material to form first and second laterally-separated
blocks of the mask material, the first block contacting a first end of all of the spacers and
the second block contacting a second end of all of the spacers; and

transferring a first pattern defined by the spacers and the first and second blocks
to the substrate.
9. The process of Claim 8, wherein providing a plurality of mandrels comprises:

providing a photoresist layer overlying a temporary layer;

patterning the photoresist layer to form photoresist features; and

trimming the photoresist features, wherein the trimmed photoresist features form
the mandrels.
10.  The process of Claim 8, wherein providing spacers at sidewalls of the mandrels

comprises:
blanket depositing a layer of spacer material over the photoresist features; and
removing the spacer material from horizontal surfaces to define spacers on

sidewalls of the photoresist features.
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20. An integrated circuit, conprising: a plurality of spaced apart |ines of
sem conductor material; a first block of the sem conductor material on a sanme
| evel as the lines of sem conductor material and contacting a first end of all
of the elongate strips; and a first plurality of transistor gates disposed
along the lines of sem conductor material, the first plurality of transistor
gates electrically connected to the first bl ock. 21. The integrated
circuit of daim?20, further conprising: a second bl ock of the sem conduct or
material on a sane |level as the elongate strips and contacting a second end of
all of the |ined- of TeterioesondlClae Snﬁ'iglmihatapsf@m@g the firstzpages dplheplburthd i ty of

transi st or qgadesidh-RQ3ekean@ BB ctshemt Lides:dfonpaai.conduct or material, the
second plurality of transistor gates electrically connected to the second

bl ock. 22. Theapsiirag ihetey Peermdsfineddy tesagepss 20l thedistasi pecpnfebldcky st bl ock
forns a first seungeidaakpshed a first plurality of transistors conprising the
first block and the first pluyrality of transistor gates, and wherein the
second bl ock forns ﬁmﬁégﬁﬁgmg%ﬁPﬁﬁﬁﬂ?ﬁ?We?%?mﬁﬂgﬁfﬁﬂgwﬁWH?ﬁFity of transistors
conpri si ng the =ecomet dhdceglor anihn t hansacongrigigur al ity of transistor gates.

23. The integrated circuit o wherein the |i em conduct or

material constitut e8P f)?]eec}csr ngfeaalggllri}é?%ﬁpifd Favs ‘ve= oA d IW% SE’%%“ &3 st
plurality of tradgicstrdmagdtes agbnstitute pans of word |ines of a nenory
devi ce. transferring the first pattern to the one or more additional hard mask layers before
transferring the first pattern to the hard mask layer.
13.  The process of Claim 11, wherein the hard mask layer is formed of amorphous
carbon.
14. A process for forming an integrated circuit, comprising:
providing a plurality of elongated loops of a first mask material overlying a
substrate;
providing a layer of a second mask material over the loops;
patterning the layer to form a block of the second mask material, the block
contacting an end of all of the loops;
transferring a first pattern defined by the loops and the block to the substrate;
subsequently forming a layer of semiconductor material over the substrate;
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 all 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 materjal.
15.  The process of Claim 14, wherein transferring the second pattern defines a gate of
a transistor and transferring the first pattern defines a source/drain region of the transistor.
16.  The process of Claim 14, wherein transferring the first pattern defines bit lines of

a memory device.
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24. An electrical device conprising an integrated circuit, the integrated
circuit conprising: a plurality of spaced-apart |ines of sem conductor
material, wherein all of a first end of the lines are electrically shunted
together and all of an opposite end of the lines are electrically shunted
together; and a neans for preventing current flow froma md-portion of the
lines to the first end. 25. The electrical device of Caim24, wherein
the lines define nenory cells in a nenory array. 26. The el ectrical
device of Claim24, wherein the nmeans for preventing current flow conprises:
transi st ors pr ok natfee piaesss pf Gleime i, whettar teinsferting thei sa@sd parem @thiésveorar eas of
the transi sihgrﬁtlﬁ%ln\g@q{eﬁw a block of sem conductor electrically connects the
lines at the first end, wherein the block of sem conductor material forms
sour ce/ drai n r el ondhoprogepieo taim ditothsrein the integrated 2iFcuitThellah estwiveatuigevi ce of

G aim 24, fuheleh@fanFOHIRY 18 FiRGard ROkl pRAR FeRL ﬂ&'ﬁg%%&gtkaﬁgst&{s”ﬁ{ §Nirf ! ow froma
m d- portion of tf}é lines to the second end. . The electrical device

of d ai m 27 PE &R HEOB HSHE neans conpri ses: transi stors proxi mate

the second end, 19hemd protde of IONRE MOKiNEBGL Jau@nidf QRS 1aG: Jeﬁl?estf_ém giors and
wherein a bl ock of .se 'hc nngCt or el ectrically connects the lines at the second
end, wherefn’ ﬁrgr?ﬁm(?colg} Sﬁa S CEd ¢t or material forms source/drain regions of

the transi stors20. Anintegrated circuit, comprising;
a plurality of spaced apart lines of semiconductor material;
a first block of the semiconductor material on a same level as the lines of
semiconductor material and contacting a first end of all of the elongate strips; and
a first plurality of transistor gates disposed along the lines of semiconductor
material, the first plurality of transistor gates electrically connected to the first block.

21.  The integrated circuit of Claim 20, further comprising:

a sccond block of the semiconductor material on a same level as the elongate
strips and contacting a second end of all of the lines of semiconductor material; and

a second plurality of transistor gates disposed along the lines of semiconductor
material, the second plurality of transistor gates electrically connected to the second
block.

22.  The integrated circuit of Claim 20, wherein the first block forms a first
source/drain for a first plurality of transistors comprising the first block and the first plurality 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.

23.  The integrated circuit of Claim 20, wherein the lines of semiconductor material
constitute bit lines of a memory device and wherein the first plurality of transistor gates
constitute parts of word lines of a memory device.

24.  An electrical device comprising an integrated circuit, the integrated circuit
comprising:

a plurality of spaced-apart lines of semiconductor material, wherein all of a first
end of the lines are electrically shunted together and all of an opposite end of the lines are

electrically shunted together; and
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a means for preventing current flow from a mid-portion of the lines to the first
end.
25.  The electrical device of Claim 24, wherein the lines define memory cells in a
memory array.
26.  The electrical device of Claim 24, 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.
27.  The electrical device of Claim 24, further comprising an other means for
preventing current flow from a mid-portion of the lines to the second end.
28.  The electrical device of Claim 27, 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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