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Enbodi ments of the invention relate to integrated circuit fabrication
and, nore JAEIHOBEIOK FORMRGHSOLAKED CTIHE ARENS TRENCHESUAXD on

sem conduct or ' C | ' t he
asymetric feé@gﬁzghygéﬁgigﬁEééﬁkﬁﬁﬂﬂeEﬁﬂﬁﬁé&gﬂg%ﬂégéagﬁggyg?ﬂﬂany
factors, includiSEMICONDUCTOR STREATURDS INGRUDING THESAMENQ power ,
menory capacity and energy efficiency in nodem el ectronics,
integrated circuits are continuously being reduced in size. To
facilsitate this size reduction, the sizes of the 15constituent
features, such as electrical devices and interconnect |ine w dths

t hat forkECHMNICATFMEIdG circuits, are al so constantly being

decr eased. ' . | L0, f | ever
greater denaﬁ%gbgﬁygg%%ﬁﬁ%E%%h%éggﬂﬁ%kﬁg?%@Fﬁgﬁ%gggﬁﬁgﬁﬁm o@qgignple,
phot ol i tshegfiegiliyytoimsethods af Veningmsamnraidfsatums opathieomhngr Seatwreemd
such as conductive |lines, on.a substrate. .The concept of pitch may be
Used 1 o SHRREPOTSEpsHres skl (B aVIReits (RBECS Bl oh i s def i ned as

t he jdi st ance between identical points in tw nei ghboring features
These features are conventionally defined by spaci ngs between

adj acent BACKGROVND i ch may be filled by a material, such as an
i nsul ator. Asg dofsddlibnceRiF bizly FRYrD Saofl ENEGerRimd rEnSHRL @ porkdbling dt h
of a feature éhd(%%ﬁtﬁgwmﬁdtﬁyof gﬁe‘%pace separatPng tﬁg? eé ure

from a reinghtingriomgt, imemany eapadity anf enatgseffinicncytin modem elpnizonicigintagfates
feature ang.tOC 4 laﬁ)%élr %%@g?%hé‘e% ifi §OF T%qgc?lit?’{e il §zd) %ﬁ&aﬁ%ﬁltﬁ‘ecs?z%% of the
feature. Wever, due to Tactors Such as optics and I 'ght” "or

r adilat i @nnstiaeat feagtel, sugihamtetdcirichiaigriagphand irgedoingerdsie hédtles thatform thiem
pitch bel ow which.the ﬁarticuufr Ph%tolit ographi ¢ techni que cannot
rel i abl y PRI FER B sogpagenty Rl IR RS pi t ch of a

phot ol i t hogr ambientin@eleiebien FrfatutdHide RS BV pfdal® dErBAHAE bh @thniduésch
doubling, or pitch multiplication, techniques have bheen proposed for
ext endi ry@ec{ tgdorm the features. For example, photolithography is a conventional method of patterning
features, such as conductive lines, on a substrate. The concept of pitch may be used to describe
20  the size of these features. Pitch is defined as the distance between identical points in two
neighboring features. These features are conventionally defined by spacings between adjacent
features, which may be filled by a material, such as an insulator. As a result, pitch may be
viewed as the sum of the width of a feature and of the width of the space separating that feature
from a neighboring feature, or the distance between one edge of a feature and the
25  corresponding same edge of the next adjacent feature. However, due to factors such as optics
and light or radiation wavelength, photolithography techniques have a minimum pitch below
which the particular photolithographic technique cannot reliably form features. Thus, the
minimum pitch of a photolithographic technique may limit feature size reduction.
Pitch doubling, or pitch mulliplication, techniques have been proposed for extending the
30  capabilities of photolithographic techniques. One example of a method of pitch multiplication
is illustrated in FIGS. 1A-1F hercin and described in U.S. Pat. No. 5,328,810, issued to
Lowrey et al., the entire disclosure of which is incorporated herein by reference. With
reference to FIG. 1A, photolithography may first be used to form a pattern of lines 10 ina
photoresist material overlying a layer 20 of an expendable material and a substrate 30. As

35 shown in FIG. 1B, the pattern may then be transferred by an etch step (preferably anisotropic)



30 capabilities of photolithographic techniques. One exanple of a
met hod of pitch nultiplication is illudtrated in FIGS. 1A-1F herein
and descriR@thobdhz¥s® Pat. No. 5,328,810, issued to LowqYysBhooRsores
the entire disclosure of which is incorporated herein by reference.
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VI EW6 OF THE DRAW NGS FI Gs. 1A-1F are schemati c,
cross-sectional views of mask lines forned in accordance with
conwénti onal pitch doubling nethods;




FIG 2 is asinplified plan view of a circuit |ayout for one
configuration of a 6F2 5 nenory array; FIG 3 is a
cross-sectional view of an enbodi nent 3o0f a work piece at a

prelim nar XN?E@Q&W.& pr ocessi ng; FIG 4 is a pl %T}ﬁis oy -1y
enbodi ment of "a"Work piece at a stage in processing step subsequent
to that illustrated in FIG 3; 10FIG 5A is a top view of an

enbodi me BRIBF DESCIIPQYONUOT ATHIE SEVERWIEVEIWS BFKTHEBD R AWANGS

cross-sectlion vi ew. of an intermedi ate sem ¢onduyct of devl ce;

FIG SCis a @Gésls%- BeERERUS, PR S5 02l A SRR S OB Ao Rt or
st r uct ur Qi toreioddSHittNdRIbREESShaE; subsequent to that illustrated in
FIG 5B; 15FIG 6A is a top view of an enbodi nent of a sem conduct or
struct ur e andFiE Gis agBnpified plan 8- e cirduitigbutforne odnfighetisefaéBhduct or
struc ureei%r Fl 9 6. A taken al ong the dashed |ine | abel ed A

FIG BC "§"39&6%s-sectional view of an enbodi nent of a seni conduct or
structure at HGSB &geross-sqtiond siswofjaséndpdisnehtsefe werit pits at dyatliminary stage
illustrated in.FIG 6B, 20FIG 7A is a top view of an enbodi nent of a
seni cond Y% uct ure and FIG 7B is a cross-sectional view of the
seni conduct OrFIst 4 iseigkinevief offdn Embddmbimtioenwalk@itge ithstagamlpaitedsing etep

| abel-ed A I 8 is, a.cross-sectional view of an enbodi nent of

a senm coﬁ@wwt%&ﬁ?t%ls'ﬁ?t@f]&&@'%tage in processing step subsequent to

that 191 | ustr atjgdshns Eltgi‘b vieR: o@aﬁfézn%od%nlaxﬁ_o% 2t é?sﬁuy&nﬁ}%tglf st nctl?rgtgzg&itl’?@nt
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of a senjconductor structure at a stage in _processing subsequen

that il 1US{54EReF Fe5tippatviey of an interpediateigmi¢onductengewdeew of an

enbodi nrent of a sem conductor structure and FIG 10B is a
cross-sectional view of the s?m' conductor, structur.e %f FIG 10A taken
al ong the dasHSd*t isferasgrtian! Hew ghan amboqimant of 2 senpigpndyqtensirugure pf a
enbodi Mefligeqh pRcEanE SORAUGT B tha iidedelig FRNGBFI G 11B is a
cross-sectional. view of the sem copduct %Sst,ruct ure of FIG _]]A_ taken

al o nés the d asq{gdsqx iisnaetop Xis™ @an g{nbochment of a semiconductor structure and FIG. 6B 1s 4
WO 2009/ 3 3651 BEeTal 569 891he 3i8chductor structure of FIG. 6A taken along the dashed line

labeled A;

FIG. 6C is a cross-sectional view of an embodiment of a semiconductor structure at a

stage in processing step subsequent to that illustrated in FIG. 6B;

20 FIG. 7A is a top view of an embodiment of a semiconductor structure and FIG. 7B is
a cross-sectional view of the semiconductor structure of FIG. 7A taken along the dashed line
labeled A;

FIG. 8 is a cross-sectional view of an embodiment of a semiconductor structure at a
stage in processing step subsequent to that illustrated in FIG. 7B;

25 FIG. 9 is a top view of an embodiment of a semiconductor structure at a stage in
processing subsequent to that illustrated in FIG. 8;

FIG. 10A is a top view of an embodiment of a semiconductor structure and FIG. 10B
is a cross-sectional view of the semiconductor structure of FIG. 10A taken zlong the dashed
line labeled A; ‘

30 FIG. 11A is a top view of an embodiment of a semiconductor structure and FIG. 11B
is a cross-sectional view of the semiconductor structure of FIG. 11 A taken along the dashed
line labeled A;



FIG 12A is a top view of an enbodi nent of a sem conductor structure
at a stage in processing subsequent to*that illustrated in FIG 11B
and FI G 1¥B2bdn8766 0ss-sectional view of the sem condugdy@isaGdofosdsbiir €
of FIG 12A taken along the dashed line labeled A, FIG 13 is a top
vi ew of an enbodi nent of a sem conductor structure at a stage in 5
processi ng sHiGetiifeista thpviehval an bhbslimaitefla samitddductdPducture at a stegeGn 14A

is a top view of an enbodi nent of . 1.con structure.and FlI G
TR s R P R ek fba R R b A
14A t akeRe @nBshduber slasehed of FIte 1RARGAA]Ng the dashed line labelldd A;1S is a

cross-sectional view of an enbodi ment of a sem conductor structure at

a 10st age i n ii@obs aitepyvieyioEerppmabadinent phamsemicandegiorsitaeime st Fitage in4B;
FIG 16 J : j bR . a sem conductor structure
at asstgéice%#g%?g%éggﬁt%m?& hgs?é%gﬁlt télﬁ’at illustrated in FIG 15;

FI Gs. 17 and FI8Al4k & 4 top vievestsinginbedipwai ofniesniaindyetni gontoeirorFIG, 14B
structur.es during various..stages of fahricati : I 18B i,S

or oos. st PRGN Vi §1 B SR erBhabAEt pORI, 3K siRep pleRe 1 ot
al ong t hedaghddr;l i ne | abeled A, and FIGs. 19 and 20 are top

vi ews of enbodj ts of sem conductor sfruyuctures during various
stages of fa%?‘l!} nﬁ{ipaﬁl_*os%gpct%na view of an embodlilmento asenliicond%ctor strugfurget a

2009413 10RGEAUS2A0RA3RTAT, BTALLERIREEERI ! ON The fol I owi ng

description provides illustrative exanples of enbodi ments of devices
and net hods &1Gt Heisiarigewenad anembodisteat efmsemicondordtraoiuregst a si8gein
descri pt} i i I . es only and is nonlimting to
t he sco%’g&g?slilfgns&g%eﬁgéedrﬁﬁsﬁo’{lltaﬁﬁlsﬁgtegmbﬁg% presented herein are not
necessarily di@Gswi7tod $&4laee doydvieweoimibodtbengd ofisemimndtictar spractifes dhdng
sem conductor stru r.e or fabrication process thereof, but are
merely i'@egTS SaeES ngﬁlé%aéﬁ?flati ons that are enployed to describe the

embadi nent s @IG! 8B isRvedksisedtiondiSvievn dLihs taaidomductor PREGEHS 0OFIG. 18A taken
along the dashed line labeled A; and

FIGs. 19 and 20 are top views of embodiments of semiconductor structures during

various stages of fabrication.
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ordinary skill in the art, other enbodi nents of devices and net hods
may be inplemented in 10 accordance with the invention. Seniconductor
struct ur esypneloddii@ at | east one asymmetric, sub-IithegraRBis/39793
feature are disclosed, as are nethods of form ng such sem conduct or
structures. Pitch doubling processes may be used to formi sol ated
active PEPANORDDESORIPEIAGN The asymmetrical features may disrupt
the symmetry between |ines and spaces on the substrate. As described
in detail 15 herein and as illustrated in FIGs. 3-10B, nasking

mat eri al s MayrHR &olfcAiREasaYfion PR iRy DRkIERLE eI RIF LAbOBGetfofdekictsind
direction on the substrate to forman active area pattern. An active
ar ea magkethady obthefnyenien witurefuence tothe diawingss Swphtdsseription i for illustrative

per pgndi WECTCITNOTaRT oI R, T-POAV e}y M AT W= Talo IE : - '
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during sumdbseaquestaridy diavwmgo scale ogtard notsctubl dewhels mardculasesitobbictoeen

the spacers to i sol.ate active areas on the substrate. .
SubsequeTT e o Sk auh Srofes efhel B Ty HeRliER B Ry ines P8 on
t he subsiipidRd td\8csdibeth Redodimed8loRtle ilRnEbA ARGnREstdddIbyatpedbeef i N

FI Gs. 11A-15, nultiple mask naterials may be fornmed on the isol ated
active r&axy sl inthea, ofher embpdimepts ofdeyidss andynetaels py e dnplempnted g
maskgmater s aif medfigtiot.enoval of the spacers, the mask materials
may 85 function as masks during subseguent etching to formthe

sub- 1 i t hogr afkinicondetietrssictuRy ingdyding atdenst onieraAsymmgirisxsubpdithogramhdc feature
trenches be .RAD . or
wor di 1 ndts BIGEARgrt HERpAESe rolmie SIS Rna Aoy, PAOTERE e

gat es ofprécessepniay bausaitofayn isbiated hetifecremdnarsubduates Bhs dsyatnetricad features

described ip detail herein and as illustrated in FIGs, 16A.20,. . .
al o1 natiI e baBEF e PoPESiS SBLUBF SR BSFOF rRa SRdoet ipflgad

t r enghe hepfitlariPdstimish@ckd id meﬂlﬂBmhﬂﬁﬁ%in&eﬂﬁly ni§ be EsAned dvarte fildbgtrate
spacers may function as_masks during subsequent etching to form,

connect ia9A patiegnedia arfprahfizgeiion on the subpiyate £, for g agH ¥retea FAFETo MAAHYE des

speci fi G dehak!iSay 52U6Hn Rbrhed intays%amﬁng?e@mﬁaﬁdiﬁaﬁqmﬂhe
processing conditions, 1n order to provide a horou%h descri ption of
35enbodisubsitats aad retevadrafienfarmation-gspacers, adiacprtiiheseto o he spgicera mpy dwactipn

inthe art w]l d g& . % /
71 5 i LB o e DU e
pr acii cdsblate adtbgtarcanph dhel sapsttabrese specific details. | ndeed,
enbodi ments Qf . the invention may be iced, in _conjunction wth
convent | onal Fatshed; GresebiRry eeeSt el FFi e rashk ued SBi oyed
in the isgusid YAs dirided it Baaieh@ein and aeilekateER@EIGREd A- 15, gl mask
herein. In addition,_ the description
materials may be formed on the isolated active areas and patterned. Spacers may be formed
adjacent to the mask materials and, after removal of the spacers, the mask materials may
25  function as masks during subsequent etching to form the sub-lithographic trenches. By way
of non-limiting example, the trenches may be RAD trenches, FIN trenches, double FIN
trenches, or wordlines of a memory array.
Conductive lines and grounded gates of 2 memory array may then be formed on the
substrate. As described in detail herein and as illustrated in FIGs. 16A-20, alternating mask
30  materials and spacers may be formed above the trenches and patterned. The mask materials
may be removed.and the spacers may function as masks during subsequent etching to form
connections to the trenches.
The following description provides specific details, such as material types, etch

chemistries, and processing conditions, in order to provide a thorough description of

35  embodiments of the invention. However, a person of ordinary skill in the art will understand



5 provi ded bel ow does not forma conplete process flow for

manuf acturi ng a semi conductor devi ce. @he seni conductor structures
descri bed R{er8ionseqe not forma conpl ete sem conduct or gMiR8eno/d7¥s
those process acts and sem conductor structure structures necessary
to understand enbodi nents of the present invention are described in
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gener al khe hahbdsaletaibed heeinass lem@ed/inatleticd 0 6F*WRAM device configuration
2009/ 137210PCT/ US2009/ 039% I%éch bitline 118 also follows a
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lines 1 |th de of.c uctive lin

e TG 1 SHEF A Sl dfbnedh e bt BT b Rk Fickevaa

COI']dUCtIVG I'nes run su sta y or

the act gwﬁe&a&vﬂaf% poksH o ait@hic E@@tﬁsfowsﬂm%gﬂéﬂ}?%gh R¥refohBOLS

menory cel'ls in accordance with thé 10 depicted y array are
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Continuous active areas [12 are conventionally non-linear, ollowmg a serpentme path across
the memory array 100 in a substantially horizontal direction. A plurality of buried bit lines

118 are shown as hatched areas extending generally horizontally across memory array 100.



15 and the correspondi ng sane edge of the next adjacent device or
feature Accordingly, with respect to The nmenory cell 125, the term
“'m ni mum piloGlge/isHigbout equal to the small est di stance@iysdodojosSos
wi dth (such as conductive lines 120, 134) plus the width of a space
i medi atel y adj acent the conductive line 120 on one side of the
conduct iBaeh bithe: 1RGdodbileena tdngentan plmhtabmes inemerylk#y a0 wittetha estpentine

adj acent conductive |i 120.in are . pattern thin 20 the
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by aboutcogfmi@dashstivk Rkkas PTAVI di ng a consuned area for a single nenory
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may be qggpnected with ground or a suitable negative vol tage

Al ternativel field oxide isolation techniques may be utilized, The
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of memory cells 125 is provided by intervening conductive line 134, which, in operation,
may be connected with ground or a suitable negative voltage. Alternatively, field oxide
isolation techniques may be utilized.
The memory array 100 depicted in FIG. 2 may additionally include capacitor
30 containers 136 and bitline contacts 138. Capacitors may conventionally be formed within
capacitor containers 136 and may be coupled to active areas via storage node contacts 140. In
particular aspects, the storage node contacts 140 may include a conductive material which

extends to a node portion of an active area.



15("SA ") substrates, such as silicon-on-sapphire ("SOS") substrates
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The masking materials described herein may be formed by any suitable deposition technique
including, but not limited to, spin coating, blanket coating, chemical vapor deposition
(“CVD”), atomic layer deposition (“ALD”), plasma-enhanced ALD, or physical vapor

30  deposition (“PVD”). Depending on the specific material to be used, the technique for
forming the masking materials may be selected by a person.of ordinary skill in the art.
By way of nonlimiting example, the substrate 110 is formed from silicon, such as a
silicon semiconductor substrate. Insulative material 250 may be deposited on the substrate
110. The insulative material 250 may be a silicon oxide, such as tetracthylorthosilicate

35  (“TEOS™), silicon dioxide (“Si0,”), or a high density plasma (“HDP”) oxide. The insulative
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rate of at least approximately ten times greater than that of another material exposed to the

same etch chemistry. As such, it will be understood that the expendable material 212,
30  insulative material 250 and etch-stop material 260 may be any combination of materials that
enable selective removal as described herein.
The selectively definable material 210 may be definable by a lithographic process, e.g.,
formed of a photoresist material, including any photoresist material known in the art. Since

photoresist materials and photolithographic techniques are well known in the art, selecling,
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substantially vertical sidewalls 265. As used herein, the term “substantially vertical

sidewalls” means and includes sidewalls having a slope angle of less than approximately 5°

35 1o the vertical, In one embodiment, the width of the expendable structures 264 may be F.
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214 may be formed from polysilicon, silicon nitride SisNy or silicon oxide (“StO ).
Referring to FIG. 6C, the spacer material 214 may be anisotropically etched,

25  removing the spacer material 214 from substantially horizontal surfaces while leaving the
spacer material 214 on substantially vertical surfaces. As such, the substantially horizontal
surfaces of the modified structure 264a and the substantially horizontal surfaces of the
underlying portions of the semiconductor structure 200 may be exposed. If the spacer
material 214 is formed from SiOy, the anisotropic etch may be a plasma etch, such as a

30  CFs-containing plasma, a C;Fg¢-containing plasma, a C4Fg-containing plasma, a
CHFs-containing plasma, a CH;F3-containing plasma, or mixtures thereof. If the spacer
material 214 is formed from silicon nitride, the anisotropic etch may be a CHF3/0O»/He
plasma or a C4Fg/CO/Ar plasma. The spacers 268 produced by the etch may be present on

substantially vertical sidewalls of the eiched portions of the modified structures 264a. The



areas 230 with a relaxed pitch and feature size. The active area 230
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formed on t heTisamdieddtrottae 264a mot thenghe2@aved by conventional methods, leaving
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the materials underlying the modified structure 264a. Alternatively, multiple dry etch
15 chemistrics may be used to separately etch each of the materials underlying the modified
structures 264a. For example, a first etch may transfer the pattern of the spacers 268 into the
underlying etch-stop material 260, if present, and a second etch may transfer the pattern of
the spacers 268 into the substrate 110, as shown in FIG. 8, forming trenches therein. Etch

chemistries suitable for etching these materials are known in the art and, therefore, are not
20  described in detail herein.

As shown in FIG. 9, active areas 230 of the semiconductor structure 200 may be
patterned with an active area mask that includes openings 221 to isolate active
areas 230 with a relaxed pitch and feature size. The active area 230 is illustrated as
extending in a substantially horizontal direction across the substrate 110 while the

95 openings 221 of the active area mask 220 are illustrated as extending substantially
perpendicular to the active area 230. The active area mask including thie openings 221
may be thought to extend in a substantially vertical direction across the substrate 110,
The active area mask 220 may be formed from carbon, such as amorphous carbon or
transparent carbon. To reduce the dimensions of the openings 221 in the active area
mask, sacrificial spacer material (not shown) may, optionally, be deposited on
30 sidewalls of the openings 221 and trimmed to expose the active area mask 220 such
that the active area mask 220-openings 221 are flanked by spacers.. . The pattern of
openings 221 may be transferred to the substrate 110 to isolate the active areas 230.
The pattern of openings 221 in the active area mask 220 may be transferred by
conventional etching methods or by methods described herein. In an embodiment of

35  the invention, a 70 nm pitch active area 230 may be formed on the semiconductor

struciure 200.
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substantially parall rientation relative to the first trenc es
222. Thefdeesdngaeddlndabl e material 312 may be deposited at F and
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pitch “doubling.” It will be further understood that embodiments of the invention include piich
doubling in only one direction, for example, either the width of the silicon pillar 232 or the width
of the first trenches 222. In an embodiment of the invention, the width of the silicon pillar 232

30  and/or the width of the first trenches 222 may be sub-lithographic.
The semiconductor structure 200" of FIGs. 10A and 10B may be subjected to further

processing. By way of non-limiting example, the semiconductor structure 200' may be
subjected to an additional pitch doubling process to form trenches in gates of a memory array, as
shown in FIGs. 11A-15. With reference to FIG. 11A, second expendable material 312 may be

35  deposited over the active area 230 and patterned as described herein. The second expendable



chem stries may include, without limtation, CF4, CFH3, CF2H2, CF3H.
A spacer material 314 may be depositeddover the patterned second
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t he secsid aex}p‘wndaﬁ‘[@ 14A. The second trenches 322 may havc a width of 1/2F. Due to thc
spacing of the second expendable material 312 and sacrificial material 313, the second trenches

30 322 may be positioned asymmetrically on the substrate 110. The substrate 110 may be etched

by ion milling, reactive ion etching, or chemical etching. For instance, if the substrate is
formed from silicon, the substrate may be anisotropically etched using HBr/Cl; or a

fluorocarbon plasma etch. To etch a desired depth into the substrate formed from silicon, the
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trenches) with array active area patterns, as shown in FIG 14B Thus,
pitch doubling has occurred for the second trenches 322 in the gates.
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subsequent trench etch chemistry.

25 Referring to FIG. 15, after forming the second trenches 322, a gate oxide material 370
may be grown by conventional methods. Next, various blanket transistor gate materials may be
formed by conventional methods to form the semiconductor structure 200" of FIG. 15. The
blanket transistor gate materials may be formed from materials of suitable work functions, such
as doped polysilicon 372 or a metal, i.e., TiN, a conductor 374, for example tungsten, and a

30  nitride capping material 376. The semiconductor structure 200" may be subjected to further
conventional processing to produce transistors in the second trenches 322.

The semiconductor structure 200" of FIG. 15 may be subjected to further processing, as
shown in FIG. 16. By way of non-limiting example, the semiconductor structure 200" may be
subject to pitch doubling to form connections to the transistor gates via wordlines (i.e.,

35 conductive lines). A first expendable material 412 may be deposited over the semiconductor



5conventional methods. The thickness of the first spacer material 414
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Si noe the. add GRS 16 SRR BT RSN Oy PR P ST ar o

convgnt i;q0&Hion td@ 88 tRCIchidnBudied stiess D@ boon 200t aThe MeMmeHdescribed
herein accommodate pitch doubling of 6F” architecture at array gate patterning. The methods
described herein accommodate the 6F architecture to be scaled significantly without scaling
the lithography required. As such, sub-lithographic features may be formed independent of
photolithography and etch trim capabilities. Further, the methods of embodiments of the

30  invention provide for pitch doubling of asymmetric features on non-equal line space. 1t will

be understood that the methods described herein may also be used duiring other fabrication
processes, for example, to define the linear self-aligned contact features, such as capacitors,
digit lines or other sub-lithographic features. The semiconductor structures 200", 200", 200™

may be subjected to conventional processing acts to produce the memory array 100 shown in



The invention is susceptible to various nodifications and alternative
forms in addition to specific enmbodi néits shown by way of exanple in
t he dramnnggzagg gggcribed in detail herein. 5Thus, thqx% &Ehﬂﬂmis
not limted to t e particular forns disclosed. Rat her e scope of

t he invention enconpasses all nodifications and alternatives falling
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transferring the pattern of second spacers into the substrate to form
trenches between the second spacers. 2. The nethod of claim1,
further conprising trimring the first expendable material to a
sub-1ithographic w dth. 3. The method of claim11, further
conprising filling the trenches with an insulative materi al.

4. The nmethod of claim1l, wherein the trenches have a
sub-1ithographic w dth.



5. A nethod of form ng sublithographic trenches in a sem conductor
structure, the nmethod conpri sing: form ng an expendabl e
material on a substrate, the substrate on which the expendabl e
material is formed conprising isolated active areas prior to form ng
t he expendabl e material thereon; patterning the expendable material;
fornming spacers on sidewalls of the eiPendable material; formng a

sacrificial material adjacent the spacers; renovi ng the spacers
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f or mi ng S&bgtr@idl ity of transistor gates within the plurality of
trenches. formingoa Préeret AbEasond SiPRCsrs et t sidewadapef siheg second
f or m ng expendphtemategaliave a width of less than a mininmumfeature
si ze. removinigetheeséerndbexpeadabls, matesiali Anflorming a plurality
of trenches iranstesriggbiite aadecoir sexand spaca itpl icastbgtrate to form
r ecessedrenshieseb elaaeretite epetied spacers. 12, The nethod of claim5,
wherein etching the substrate through the plurality of gaps to forma
plurality of trenches therein conprises formng the plurality of
trenches asyfmet rTival ipthpusiafi okdoh rlel wrthes comphising diriammahgadhevirst
areas. expendabh® m&tedahtuda clubk-brhmigngpleiondigiti ve | i nes on a
sem conductor structure, the method conpri sing: formng a first
expendabl e nat er i Bhe anethxlilodtelaine tommthei wgrmdiag efilliagt ihee teeneass
and sublithagrinphiiativgaheatdrisgnches; patterning the first expendable
material; formng spacers on sidewalls of the first expendabl e
mat eri al ; 4. The method of claim 1, wherein the trenches have a sub-

lithographic width.

5. A method of forming sublithographic trenches in a
semiconductor structure, the method comprising:

forming an expendable material on a subsirate, the substrate on which
the expendable material is formed comprising isolated active areas prior to
forming the expendable material thereon;

patierning the expendable material;

forming spacers on sidewalls of the expendable material;

forming a sacrificial material adjacent the spacers;

removing the spacers to form a plurality of gaps between the sacrificial
material and the expendable material; and

etching the substrate through the plurality of gaps to form a plurality of
trenches therein which individually extend across multiple of the isolated
active areas.



form ng a second expendabl e material adjacent the spacers, the second
expendabl e material and the first expendable material defining

openi ngs over the substrate; after formng the second

expendabl e material and after defining said openings, formng a
sacrificial material w thin the openings; renoving the first
expendabl e material and the second exp@endabl e nmateri al ; form ng

trenches in the substrate betvveen t he spacers and the sacrifici al

Ta. The ;rretaﬂgflurmgtqﬁg e Tt e R BRI S et e
BB% ¥g esré

20 w.th.eﬁ‘ PER E%r%@afﬂ. g poEl ¢ SPAPTIRRL LG qpame
over isd& regi ons adjacent active areas on the substrate.

15. The net hod of__cl ai m 3 wherein form.n s ac rs..on sidewalls, of
the {17t exfendzFiS e ?%Pfcs | Sos MBI 4IRgtE o E'a ERpendable
substantm%elrfé‘ 8 CE{ ip Fﬁﬁ' GHHBJF Sag 4 B4 ﬁé%e“‘?'?‘?[ﬁe
A teral Snc e Sadiiciel AASEp okt 1ie 8 PHAGTRSES A Anofphous

second @ﬁplé%a%%smrte&hcarb%'aj Rel¥stlicoRe S%‘é’@e‘i"'é’x&%ﬁf‘ijs"é'éc%ﬁ%ﬂﬁ ng
t he second expendabl e material on the spacers and trinmm ng the second
expendabl e nt eriHie tBedwrd gé q]ﬁ'é” Whﬁ?”hﬁtﬁ dhgi snlpstrate through
substantth%tlpl“y"aé"f)frpf gapsdodoina RIWrlithef &gackes therein comprises fRAMHAE
of f or menkluEdYRStsieon iinedndhepubskiaienduct or structure, the met hod
conpri si ng: formng a first exPendabI e material on a substrate
conpri sing i 8ol atEe aeeihed of edmahd el caTGrieptg cogaing @ rdueHBy of
pat t er nitregsister Kietes wathie taeupleraty f r@INChesr ni ng spacers on
sidewal I s of the first expendable nmaterial; form ng a second
expendabl e nd@eriEhe abtaodmf alhin Spdeehser cpﬁwr%@@rﬁ@rr@mgetﬂil@amaecers to
mat er i alhagada whidthf ¢ lessdkporad atinienumt feritwe ¢feki ni ng openi ngs over the
substrate; formng a sacrificial material within the openings;
renovi ng thelf.irskthexpghddbifeclabn &, ivathe rainl foie ngez piheradikyp oh tr@vicbes in
mat er i althe subsirdter mongplisencloeming ahelsabisy ret aebesswdnactiine spadees
and thetsamchiesi cial material; filling the trenches with a conductive
material; and
12. The method of claim 5, wherein etching the substrate through

the plurality of gaps to form a plurality of trenches therein comprises forming

the plurality of trenches asymmetrically positioned relative to the isolated

active areas.

13. A method of forming conductive lines on a semiconductor
structure, the method comprising:

forming a first expendable material on a substrate comprising isolated
active areas and sublithographic gate trenches;

patterning the first expendable material;

forming spacers on sidewalls of the first expendable material;

forming a second expendable material adjacent the spacers, the
second expendable material and the first expendable material defining
openings over the substrate;

after forming the second expendable material and after defining said
openings, forming a sacrificial material within the openings;

removing the first expendable material and the second expendable
material;

forming trenches in the substrate between the spacers and the
sacrificial material; and

filling the trenches with a conductive material.

14. The method of claim 13, wherein forming a sacrificial material



further conprising form ng the sublithographic gate trenches in the
substrate prior to formng a first expendable material on the
substrate. 18. The nmethod of claim 13, further conprising
formng the isolated active areas on the substrate prior to formng a
first expendable material on the substrate, and separating the

i sol ated active areas with isol ation 2@gi ons having a
sub-lithographic w dth.

within the openings comprises forming the sacrificial material over isolation
regions adjacent active areas on the substrate.

15. The method of claim 13, wherein forming spacers on sidewalls
of the first expendable material comprises forming the spacers substantially
vertically aligned with underlying gate trenches in the substrate.

16. The method of claim 13, wherein forming a second expendable
material adjacent the spacers comprises depositing the second expendable
material on the spacers and trimming the second expendable material to
define the openings having a width substantially similar to a width of the
spacers.

17. A method of forming conductive lines on a semiconductor
structure, the method comprising:

forming a first expendable material on a substrate comprising isolated
active areas and sublithographic gate trenches;

patterning the first expendable material;

forming spacers on sidewalls of the first expendable material;

forming a second expendable material adjacent the spacers, the
second expendable material and the first expendable material defining
openings over the substrate,;

forming a sacrificial material within the openings;

removing the first expendable material and the second expendable
material;

forming trenches in the substrate between the spacers and the
sacrificial material;

filling the trenches with a conductive material; and

further comprising forming the sublithographic gate trenches in the
substrate prior to forming a first expendable material on the substrate.

18. The method of claim 13, further comprising forming the isolated
active areas on the substrate prior to forming a first expendable material on
the substrate, and separating the isolated active areas with isolation regions
having a sub-lithographic width.



