METHOD FOR PROVI DI NG ELECTRI CAL CONNECTI ONS TO SPACED CONDUCTI VE LI NES

FI ELD OF THE | NVENTI ON [ 0001] Enbodi nents described herein relate generally
to the fawoi2esavidsrssof integrated circuits, and nore speecfiusadiops4sel

provi ding el ectrical connections to spaced conductive lines, e.g. spaced
parallel lines, in integrated circuits. BACKGROUND OF THE | NVENTI ON [ 0002]
El ectrically conductive |ines formmany conmon conponents of integrated

circuits. Dynam c random access nenor DRAM circuitr for exanpl e,
i ncor por MEEHQD FOR BRONVENING Mmf(i?gb (F%@@(E'BI@ES&%P d!qlﬂégp and

bitlines. In order to incre%ﬁg iﬂ?ff accommodat e snal | er devi ces,
there is constant pressure to yﬁ%reaééi%ﬁgﬂgensity of conponents on these

and other circuits. The continual reduction in feature sizes places greater
demands on the techni ques RIBED OB THI INVENTI@Mt ures. [ 0003]
Phot ol i t hography is a commonly used technique for patterning integrated

i it feat i | f hotolith | thod f f i
conduct i ve. | L us: RabedrFaimRoshel BRBTLIAAR S b € BeeRiraaast s
il !J%ﬁt'é%taﬁeq difdufrd, GRd nlofe & Ef?fégfl]y {Prolidfag dI&u3HPWEnRcBoRSbpIRI11, such as a

sem conductor substrate or an Insulating material substrate. For form ng
wor d cbhdesive hines, s @nsmoediparalie] limapsn macgrated cireritseri al s are sequential ly
deposited over a sem conductor substrate 11, including a gate oxide

material 31, a polysilj ial . icide material 37, and an
oxi de top materi al 41.E%ﬁgaggéfﬁgzfngfﬁﬁgwgiﬁghgﬁﬂeposited conprise a photo
patterni ng stack, which may include photoresist anti-reflective coatings

and har dmask [os02¢r | abRctribaly ediauetRsSliks foft Rahptemddn kBMpbengsed for the
phot o patterning stack, including positive photoresist materials (such as
DNQ- Rigfoerateg)citghids. nlayamio sandher aseessimemoryt(PRIAGYS cifaiifen fase30mds,. In this

incorporates multiple parallel conductive lines to form wordlines and bitlines. In order to
increase capacity and accommodate smaller devices, there is constant pressure to increase the
density of components on these and other circuits. The continual reduction in feature sizes

places greater demands on the techniques used to form the features.

[0003] Photolithography is a commonly used technique for patterning
integrated circuit features. One example of a photolithographic method for forming
conductive lines using conventional photolithographic techniques is illustrated in FIGS. 1A
through 1D. FIG. 1A shows a substrate 11, such as a semiconductor substrate or an
insulating material substrate. For forming word lines on a semiconductor substrate 11,
materials are sequentially deposited over a semiconductér substrate 11, including a gate
oxide material 31, a polysilicon material 35, a metal silicide material 37, and an oxide top
material 41. The last set of materials deposited comprise a photo patterning stack, which
may include photoresist anti-reflective coatings and hardmask materials. Any photoresist
‘materials 33 may be used for the photo patterning stack, including positive photoresist
materials (such as DNQ-Novolac) and negative photoresist materials (such as SU-8). In this

example, a negative photoresist is used, so that when the photoresist material 33 is exposed



exanpl e, a negative photoresist is used, so that when the photoresist
material 33 is exposedto |light through a mask (at portions 60, 61) and
devel opedvothw/aswa t hat has not been exposed to |ight PeTAISs&GI0l0s48d1 [ 0004]
FIG |IB shows the renmaining photoresist material 33 after unexposed
portions of the material have been renoved. The renai ni ng photoresi st
material 33 is used as an etch mask for an etching process. In the etching
process, portions of the of the gate oxide 31, polxsilicon 35, netal

sui citelEglthmugh exhask (atqorthas &0 @118 and devdienedathe argstthatdine naldbasy exprsed
phot?rﬁé#§tdnater'al 31 are renoved by, for exanple, wet or dry chem cal

et ch .l KBRS A5RUAVet ch, the remmi ning photoresist material 33 is dissol ved.
FIG 1C illustrates a cross sectional view of the resulting stack. Once the
desired | ayergodagve IeenBrhbive thedmaiinepieanssibahatoniali3dsfleatmaxposedt eri al 51
can be deposited and etched. Any suitable insulating nateri%L 51, such as
an oXOH®NS ehihegrateral havebesn remokgh wEhedsmpaininy RRAITESFREFTal 334 Y5ediRst has

been i er, it ri I 1d. The
oncasd PRI EehRE pRER 18 U Al EPRIES pARI AmELPSL Rakbdd:  TTe a1
35, 31, palpsilidon 3 Onteeal skivtders 7t adhuxidputes nfatarial 61 thangrearot eoncagubhyl tti on

insulating materjal 5 1 over _the materjals 31 3%, 37. and 4.1 can al so be
used Phpooatt mpigsiab3 bk rFmﬁY?dal?X’é?fseXBWPif@WeEPb@é‘ cpemgisat %tglﬁ'uéggft uch as
condugh ¥ rleql%%ﬁl ;ﬁﬁsﬂ)rgﬁ (RRhLR R84 YiSddekas a8, KOMRHRRALRIS Jagiarhi

t echniques. The &6 0 ?lne eatures on an integrated circuit are

conv eidw ofk rgsuttemeticke Doy thehdesired iy ¢rs have bdehphttersed, e edtaptsalatien bet ween an

i denti cal. point . t i ghbor i feat . ..Feat ' typi.cal | y defined
by S EREBAnE G| LaFaBeArPUst BrbRchedn dy SR e E SR T ST e as ¢ he
sum Qf o4 BRI HENbOhised. IFIGE11D 8REWS £ fnulafind InGerihD) 1 @AhdshReniiePdtitef t he

space separating that line feature froma neighboring line feature (y in
Fl G ovD)the Titateriaradrid qtéthied Hron thetsabstratehbl . sTim efcapsuatioa govere the tdp Ak and t he

11 gnool et o BREGOERERGRN: SErdl 7ot oo R el lohi ch 1 e

f eat 4§@sing anBRdapBRation insulating material 51 over the materials 31, 35, 37 and 41 can also

‘ be used.

[0005] There are limitations on how close line features, such as conductive
lines, can be patterned using such known photolithograi)hic techniques. The size of line
features on an integrated circuit are conventionally described by their “pitch,” which is the
distance between an identical point on two neighboring features. Features are typically
defined by spaces between adjacent features, and so the pitch can be viewed as the sum of the
width of a line feature (x in FIG. 1D) and the width of the space separating that line feature
from a neighboring line feature (y in FIG. 1D). The “half pitch” is half the sum of the feature
width x and the width y of the space between features. Due to factors such as optics and light
or radiation wavelength, there is a minimum pitch below which line features cannot be
reliably formed using conventional photolithographic techniques. Conventional
photolithographic techniques, one example of which is illustrated in FIGS. 1A-1D, can form
parallel spaced conductive lines with a half pitch as low as about 45nm. More advanced

photolithographic techniques, such as double patterning and spacer pitch doubling, enable the



reliably formed using conventional photolithographic techniques.

Conventi onal photolithographic techni ques, one exanple of which is
illustratwo20r/BFGS. | A- ID, can form parallel spaced cendiustinvm34ssnes wth
a half pitch as | ow as about 45nm More advanced photolithographic

techni ques, such as doubl e patterning and spacer pitch doubling, enable
theformation of conductive lines with a half pitch as | ow as about 20nm
Exanpl es of these techniques can be found in U S Patent No, 5,378,649 to
Huan dorfrdtiah bé cpuiutévenlineg Withankpl {pigh apdevsas abgst 28nmp Exgmples 8 thsif ey et al .

(space itch doubling).al R t AN [

{ coniubus GndR Ru Ry S PRREVE 3R S F I ERERL MRS ¢ o

f or mppeReNb &3, 3 ZNSHLGHT ovae) Em.sﬁiw&hpiwlﬂlbubﬂﬂé)ler spaci ng between adj acent
:!nes. FOL eXﬁnFLe,_ushng Ploczocopolynerh(BCP) sel f assenbly, conductive
ines with a ha pitc el ow 20nm are_achi evable. FIGS., 2A and 2B
iIlustrate p#808tns Resawily dggqlg@edg@p-lggpgraggg%wgu?seémaal_pg .rrlne’fhe process

of f %l?‘aﬁgmﬁg, B?\?esés%rmhc%jlﬁgﬁstsgb% ﬂ)sfoirrﬂé)%a\flglscotnaﬁctflﬁﬁ%g WinRved s@alldi N BCP
fil mconposed’of, tor exanple, polystyrene (PS) and pol ynet hyl net hacryl ate
( PMVipacirigehcaweerhdjenislimeS- BeRMdjple, Tbing biakfcopdlymed (IByPx delfrassgmbinneal i ng

oo FOR P TG BRSOV GLBES C BN P Bnd T0SCHAPRGLF VR cKness.

an ne%éﬁé}gs gd ﬁ%d u&HE BRV&H! 458 516 RRBARLLY. EFhefrbeesd 6f foh il Je Bt ARSenkTEY
6 F flor med

cylinders conprising, for exanple, PS) in a matrix phase
mat epamdrm8hvobestiridspostiof ofa tiaREPdilEMusposedoef, &u extraple: padysylenaider s do

not 1y aljgn | ical ‘ vay | h b |
ool SBSehpobaruh s ittt TPNEA s eREb o b ENEAT, TSI QISR ot ng
the WsendhmaPXinRANRY aHolE B 1aRliraBlif6h fdntpetdt@ledF theSBERI ThE GaSARY OF thel oW,

chem Tal nanopatterning, or graphoepitax 2B illustrates paralle

. FIG
\?Vﬁac ecsultpygqiattemrdepgnids maarrece8Ocdnglitinng im;éw%gg filr thipknsepianasaling Eatenptflie,
erein surface reli (Lp.th Qr, f .tr.en 4) .] baduce

or | e A ER <HGEusE Gice el TR b gl O T hin ARt ae
sacr ighintddah ateiik phe RiterRA B €EdthHiisink) der dximple PEIVEA). alSticeshatith@r to the
way photoresist material is used

cylinders do not naturally align in a symmetrical pattern. Various methods can be employed

in order to control the orientation of the cylinders, including the use of external thermal or

electric fields, shear stress or flow, chemical nanopatterning, or graphoepitaxy. FIG. 2B

illustrates parallel spaced copolymer cylinders 80 formed using a graphoepitaxy technique,

wherein surface relief (in the form of trenches 84) is used to induce orientation.

[0007] Once formed, the BCP cylinders 80 can be used as a sacrificial
template for patterning underlying materials, similar to the way photoresist material is used
in conventional photolithographic methods. To accomplish this, the PMMA material is
chemically removed by exposure to UV light and immersion in a developer, such as an acetic
acid developer. The remaining PS cylinders can then be used as a mask to etch underlying

~materials, such as a conductive material or (more typically) a hardmask. BCP cylinders 80
can also be metalized to function as conductive lines. BCP cylinders 80 can be metalized by,
for example, soaking the cylinders in an acidic metal salt solution. For more information on

BCP self assembly techniques, see C. T. Black, et al., Polymer Self Assembly in



in conventional photolithographic nmethods. To acconplish this, the PMVA
material is chemcally renoved by exposure to UV light and inmmersion in a
devel operwoomh3assan acetic aci d devel oper. The renai niPAg/UR10MB4sAUEer s can
then be used as a mask to etch underlying materials, such as a conductive
material or (nore typically) a hardmask. BCP cylinders 80 can al so be
netalized to function as conductive lines. BCP cylinders 80 can be
netalized by, for exanple, soaking the cylinders in an acidic, netal salt

sol utSemicondiromidiceodledtominat § bIBMA. Rep SsBey. IS EM W7 bah!- Glhes et dee C T

Bl ack, et,.al .,,.Polyner | f,;. Ly ik i ronics, 51
e Sl ol B g SR P S0 £ RO A o AR OO L2 PP e
Li ne@ﬂatlﬂ&tlalﬂlisﬁingﬁrb @@078,n Silicon, 2 Nature Nanot echnol ogy 500 (Nature
Publ i'shi ng G oup 200‘%. [ 0008] As techniques such as doubl e patterning,

spacer pitch doubling, and BCP self-assenbly enable th reati on.of nore

cl osely spacéQpO(SbndugﬁeV]@Hﬂ‘F‘?ﬁé§?h pgd f@&?é@rm%ﬁa%?gfw&?vf%‘gﬁ%@&ﬁt to make
an el heal ' i.C L j ' Ule BY&E! hBPRIMGE and
shortﬁ%ge%tg%\%ee@ﬁ@%gj%éég{r%t&?e}tﬁgg)? rigglé)g%l?’g I tgcllgél% I i% hogr aphi ¢ t echni ques,
el ectifidreaingbodiffeeailt to makadnsldcaahtamedtivovin agertoktr diot Withouli ovgripprisg are t oo

| arge to make contact with only.a single nductive. line i . f
cl ogép‘}/ S@ﬁ%ﬁeté’é%%@‘ie\?@’lﬁsnéé?ngjlr%‘g _ lﬁﬁpﬁ@ﬁhﬁﬁﬁ@n{%ﬁﬁg C%b(%i gggsonot v
have CEH&CH&? gé&‘éi{eg B1s8 fkna%% E&ﬂactqm?% Iil)ddE ¥ird 180 Rirbdio il @AtdcewiE necessary

to make connection sites for these s er featureés. Thus, there exists a
need ohbra ginglechudugtiee tine mekgroep eftlpsatmbpacehemclucivveslines. Erase® y spaced

conduct ors_and _ whj ch nay al so be used. to K l.ectri,cal ti t
cac S AR AOTR T oE reBfitier dpRbern B Feng-eif o S Noe [ 0o0g]
FI GS.atiéint H%égg@;y {oRnilld d6BhEAR seSRPURES sARRT faheks! Thidpgreanhiigs aet hod of

form'ng conductive lines over a substrate. [0010] FI'GS. 2A and 2B
i | | usieedafor asedhhiqus semoke dletirioglcopngsiopsrsr cloROPIPaped ¢andyetors and which

may also be used to make electrical connections to any spaced apart parallel conductors.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A through 1D illustrate a conventional photolithographic:

method of forming conductive lines over a substrate.

[0010] FIGS. 2A and 2B illustrate self-assembled block copolymer (BCP)

patterns.

[0011] FIGS. 3A and 3B illustrate top down and cross-sectional views of

parallel mask lines formed on a substrate.

[0012] FIGS. 4A and 4B illustrate top down and cross-sectional views of

parallel mask lines formed on a substrate covered with a photoresist material.

[0013] FIGS. 5A through 5C illustrate top down and cross-sectional views of

parallel mask lines partially covered by a cutting mask.



[0011] FIGS. 3A and 3B illustrate top down and cross-sectional views of
paral l el mask lines fornmed on a substrate. [0012] FIGS. 4A and 4B

i Il ustratwotop/dswA and cross-sectional views of parall eCTrsskolod4ses for med
on a substrate covered with a photoresist material. [0013] FIGS. 5A through
5Cillustrate top down and cross-sectional views of parallel mask |ines
partially covered by a cutting nask.[0014] FIGS. 6A and 6B illustrate top
down and cross-sectional views of nask lines after etching angled |ine ends

usi ng the cutl®dldy naldleS. PAReEOR Hystrate mpalwnsmdiressgriosel viewdeh) FIG 7

H USSR RS %te%r%&hﬂ%%gﬂdq}ﬁe%kd?ﬂsiﬁ?%gQhﬁ@\gtmé%tﬂmus{ﬂ%{eglr%%ﬂGm li nes

havi ng—ang aces “and 1sotropi ca gr owfi cont ac ing pad masks.
[ 0016hrotgk5C8 il lustrates a top down view of an enbodi ment with parallel
mask |ines having angl ed faces and ani sotropically grown contact | anding

pad masks. [0017] FI.GS. .9A through 9C il | ustrate petspect.ive

cross- sect i on@S)i evﬁmc7 lg‘t‘ﬁtr@% P Mmoaet“hof%&%? qgim HHE}HW@E@% ines with
el ectrj.cay . i WESD i i nes and cont act
gk e BALAL ol AR Bp Ay ALk KAIAE Pk TP ot e o
cross-sectional views of the formation of an electrical connection to a

cont act | andi[®@i6pad. FIDEi0jstAIaSS. oyl Hewn Wievueffanlendadimenstwitt pargdel spect i ve
and cross-sectional .views of an enmbodj nent wi th single-I|layer, conductive
et S R R R e M S e e
cross-sectional views of an enbodi nent using a cutting mask as an

insul ating mpger7al KIG 9AfthigH90INstRke pastech@ddnd drof2titidaGrichs
illustrates a perspective view of an enbodinent with parallel BCP cylinders

havi 9§ aaegbedinteat esh aallpkwndugivediney with slastripabronred landing pad areas

formed by using mask lines and contact landing pad masks as an etch mask.

[0018] FIGS. 10A and 10B illustrate cross-sectional views of the formation

of an electrical connection to a contact landing pad.

[0019]  FIGS. 11A through 11C illustrate perspective and cross-sectional

views of an embodiment with single-layer conductive lines.

[0020] FIGS. 12A through 12C illustrate perspective and cross-sectional
views of an embodiment using a cutting mask as an insulating material to confine growth of

mask pads.

[0021] FIG. 13 illustrates a perspective view of an embodiment with parallel

BCP cylinders having angled faces and isotropically grown mask pads.

[0022] FIG. 14 illustrates a perspective view of the embodiment of FIG. 13
after the BCP cylinders and respective mask pads have been used as an etch mask to etch

underlying conductive materials.

[0023] FIG. 15 illustrates a perspective view of example conductive lines

after cutting angled line ends in accordance with another embodiment.



[0022] FIG 14 illustrates a perspective view of the enbodi nent of FIG 13
after the BCP cylinders and respective mask pads have been used as an etch
mask to ewohowvidersByi ng conductive materials. [0023] FlI @&TAB2010/08488T1 at es a
perspective view of exanple conductive lines after cutting angled |ine ends
in accordance with another enbodi nment.[0024] FIG 16 illustrates a
perspective view of an enbodi nrent with parallel conductive |ines having
angl ed faces and isotropically grown electrical contact |anding pads.

[0025] FI GS. [0024] andFICr B6iillhstrates atnsrspactexanph ef aenbodiment with pgaliglng

i G BB AT pee Tl S reuoR Al B tss B S g B et
with parallel conductive lines having angl ed faces and ani sotropically

grown el ectrijoeds]conFiss. 17angdngBaddsratd &0&anpHd Echrliud fok fiatning es a
perspective view of another enbodinent with a single netal |ayer formng

condéacinical permestionse Hig cAeriicad confecd danding pads dgmedpn €591 1P gr own el ectri cal

contact |anding pads. [0028] FIG 20 illustrates a perspective view of an

enbodi ment Us[b%rl?agft"lq.ilﬁgllﬁ%%ﬁs%?e?s%%t%i{}ié\kioPQn Bblindiht With paafibne g owt f

of electrical andi ng pa FIG 21 lustrates a

per speaductiee Vinevhavingamgnifactsmad tainisbtr dpipadlyadrbwh eBCRicalddntestetasdingr ni ng
conductive lines with angled faces and isotropically grown el ectrical

cont #3651 andi ng pads. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0030]

Enbodi ments described herein address the problens with current techni ques

for making eljggini caki(rQONBEIIaRRS JetipetiBRa)idw SPACHEerCalWbdihdrt vithines, e. g.
parallel lines with spacing of |ess than 45nmin wi dth, and provide

el ectsiigiamewbhyecforning coodetivh liokvkwing sglestdcesand aoispiyepirdllyegrowrhe

enbodi 105 Ssgtibed figrel n can also be used to |

[0028] FIG. 20 illustrates a perspective view of an embodiment using a

cutting mask as an insulating material to confine growth of electrical contact landing pads.

[0029]  FIG. 21 illustrates a perspective view of an embodiment with parallel
BCP cylinders forming conductive lines with angled faces and isotropically grown electrical

contact landing pads.
DETAILED DESCRIPTION OF THE INVENTION

[0030] Embodiments described herein address the problems with current
techniques for making electrical connections to closely spaced conductive lines, e.g. parallel
lines with spacing of less than 45nm in width, and provide electrical connections to such
closely spaced conductive lines. The embodiments described herein can also be used to
make electrical connections to any spaced conductive lines including those formed using

conventional photolithographic techniques.

[0031] It should be understood that embodiments of the invention are not
limited by the example embodiments described herein and that changes can be made thereto.

The embodiments described herein can be applied to any integrated circuit that has spaced

6



make el ectrical connections to any spaced conductive |ines including those
formed using conventional photolithographic techniques. [0031] It should be
under st oosiotzhar13emwBodi nents of the invention are not | i rCras2p/084881 exanpl e
enbodi ments descri bed herein and that changes can be nmade thereto. The
enbodi nents described herein can be applied to any integrated circuit that
has spacedlines, and is particularly suitable for maki ng connections to
paral el conductive lines including closely spaced parallel conductive

| i nedines,@nd éspariyearlpauitabledpr making connestipnsie Pareel goaductsisderehg of 45nm or

| ess .bet n el arl c I li.pes having a
spacf%%u%§§ﬁ%%%?gbmggggggéﬁﬁggﬁabﬁgﬁgi{%%%%n%#%gg%g§3#§3%¥§egggficularlg

wel | heving@tphéihg apPdring at lesybdt@edtethomy aridanbrrglanipulalycth sash ehyndactive random
access nenmory ( and ot her nenory devjces, which contain clasely spaced

DRA J
accedijies hyang a ﬁEﬁCﬁgﬁf R9ne qrdesgibevesn A g Shese sBbpdwnanisate Paigilagy anp) e

bitli . t i i j : heyde |y spaced
par alv{']egfsuclztgﬁ Jca?)f) f\?'J';e %ﬁﬁggl%ﬁ%%%g?x@%@%ﬁg%%%gﬁ%@ E%?lg" I n%k?gén?o | owi ng
desC(DMP?ﬁaﬂ@étﬁéﬁnérﬁo@rdevkﬂgpﬁﬁth captaratchrselglspaaed taadsse lifiey; fdrabamplat i ng an
integrated circuit, typically a sem.conductor terial, hut.not necessari
so. N@ﬁ%‘%@@rﬁ&@éaﬁ%ﬁwmﬁ@ 18P, if‘ércﬁﬁ@ﬁlggg]aﬁmﬁﬁ?n e pihgeinissrated iUy ayers of g

Sili %&ﬁcﬁtégglggi}lggllolfg;&gﬁg&a%,am | CAREURLQMmeE oundation, can be

sapphire- on-insulator (SO), nmetal, polymer, or any other
materials suitable for supporting an integrated circuit. Wen reference is
made to a serfP@@ducTlor tesulSsibstrate” imthe Helldvohg descnigtide sdets pe fh, previ ous

process st.eps hav ep, utilized to rmregi ons,or juncti in or
over S&%%é’é;@é‘%%bﬂﬂ@&%& %Pn?%ﬁ]ﬁc?gt‘?t(?ﬁr.a _ 5’?’ 15%111% %Séem g%ﬁ‘ur%r%%t s are now
desc i pgsh Vit ot RfcBanBesot A sitRrae eIy Wit -Bdsell hes intladeepitakiake ref erence
nunbers are used consistently for |ike features throughout the draw ngs.

FI GSlaysss efrsili®B suppartadrbatasbase perdisandustar fevnsigton,cen besnphyrdagcdot paral | el

fs gfc & icr(gg-soll(l-ilnlsqut%r If),ox{l&glc,i p81\§ rer,bolr %H)K %{heg gr%%?iia}sesqitgﬁg ?orssbﬁl%ﬁ'tiﬁrgﬁr? rials 90,
integrated circuit. When reference is made to a semiconductor substrate in the following
description, previous process steps may have been utilized to form regions or junctions in or

over a base semiconductor or foundation.

[0033] Example embodiments are now described with reference to the
accompanying figures wherein like reference numbers are used consistently for like features
throughout the drawings. FIGS. 3A and 3B illustrate top down and cross-sectional views of
parallel spaced mask lines 13 formed over blanket deposited gate stack materials 90, for
example, gate stack materials 90 comprising a gate oxide 31, a polysilicon 35, a metal
silicide 37, and an oxide top material 41 formed over a semiconductor substrate 11. Though
shown here over gate stack materials 90 on a semiconductor substrate 11, the mask lines 13
could be formed above any conductive material of an integrated circuit, including a metal
layer. The mask lines 13 comprise a layer of mask material 73 encapsulated by an
encapsulation insulating mate.rial 51, such as an oxide. The mask material 73 may be any
material suitable for use as an etch mask, including photoresist, hardmask, and processed

BCP materials, as examples. The mask lines 13 can be formed by any now known or later



exanple, gate stack materials 90 conprising a gate oxide 31, a polysilicon
35, a netal suicide 37, and an oxide top material 4 1 fornmed over a

sem conduwwoanisIbeBrate 11. Though shown here over gatePsTaskow@s4ssi al s 90
on a sem conductor substrate 11, the mask lines 13 could be formed above
any conductive material of an integrated circuit, including a netal |ayer.
The mask lines 13 conprise a |ayer of nmask material 73 encapsul ated by an
encapsul ation insul ati ng. materi al 51, such as an oxide. The mask nmateri al

0

7ﬁ rralyV@ep%ﬂrtychhmqt@S,i in¢luding phplokithographisdeemicuss and RCRdeqhniquss pafli ng
phot or.esi st I admask n i ¢ . Th k
Prot i By BB B R AT RIS R AL oo, e e
i ncl weivaginietiaphialegimankicadilieehy tuss carddBgRitendmiywdth awiltiokhed s used
to fabricate closely spaced |lines. The mask |ines are arranged, in this
e_nbgdli speeey betryeprathaint dior gk dreehtfornad YRy e deulls PAHAANAG 3B r ect i on 29,
wth a w . I i i
cur r Rt Blch S Bifle B-RARGES WAGLIAEN. haPMah SapTiale ; RSk RIFRS 101 aF
EHIS:‘( rhe:lyr’l&hw\?éﬁ%%%an@ t&ﬂiﬁnd O‘ﬁ:hy)(f Behmpan] 40k (d hahfysitohrenf 2Dempetsiee BAONmM (a

a pitch o nm and 40n a. half pitch of 20 . i BCP | f
gs S eﬁﬁﬁfﬁsﬁeé@iﬁﬁﬁe&]ﬁé%?esaa H”&%lkml‘? Wgﬂ\ﬂ,it?tﬁﬂénet‘&dg? X Iai“ﬁga\ﬁf H‘fstlﬁ"%gn AnG le%gace

et LSS, ptch of 20n b tt d. [0034
St a\rl\ﬁl?e{r%lgyovﬂ %a PE@{CH%XZQ%E%AB& netferergg'rrpl e errbodimm;lf1 nf ore 1P gr m'e;lge [ !

connections to closely spaced conductive lines is now described. FIGS. 4A
and 4B il ust[0@a4¢ t oftadimgrwitinBIGS. Sdsasied,ionn gkamplewmbefimené fqrif@miga, 3B

structure .covered with | i ght it t [ ' .

Bhot GPBaeLET el ras ey bR aEet I Re D dbe e b ap ity o
mat erghalSwh SHE Brogs sdMEh Nk AT h ARG, PRI BB @RIt BIeREl With ik i al s (such as
SU-8)." [0035] Using conventional photolithographic techniques, the

phot cewstiet photaresistanatadalids. delyconimes phaswpysienatedal3ddana bowsethr ough a mask
S ¢ apttecinepBnBRShnoteRESCRRstts (TBR Su Rty Nebgut ard Wit iSRG fo @

unexpose

. materials (such as SU-8).

[0035] Using conventional photolithographic techniques, the photoresist
material 33 is selectively exposed to radiation through a mask patterned diagonally across the
mask lines 13 so that, when exposed to a suitable developer, the exposed (or unexposed —
depending on whether the material is a positive or negative photoresist material) areas of the
photoresist are removed. As shown in FIGS. 5A, 5B, 5C, the remaining photoresist material
33 provides an angled profile and forms a cutting mask 43, which can be used to remove
exposed materials of the mask lines 13. FIG. 5A illustrates a cutting mask 43 that has been
formed at an angle, e.g. between about 5 degrees and 30 degrees relative to the linearly
extending direction 29, across the mask lines. FIG. 5B shows a cross-section at a location
where the photoresist material 33 has been removed, and FIG. 5C shows a cross-section at a
location where the photoresist material 33 forming the cutting mask 43 remains, covering the

mask lines 13.



dependi ng on whether the material is a positive or negative photoresist

material) areas of the photoresist are renoved. As shown in FIGS. 5A, 5B,
5C, the rwoaprwmgiephot oresi st materi al 33 provi des an amgras2@onsisBe and
forms a cutting mask 43, which can be used to renove exposed nmaterials of

the mask lines 13. FIG 5A illustrates a cutting mask 43 that has been
formed at an angle, e.g. between about 5 degrees and 30 degrees relative to
the linearly extending direction 29, across the mask lines. FIG 5B shows a

cross-sect i of0036] a |15ext theareamet eoverrsl Rrbe sviEiag staskd? éy sighedslowide peen

removed, .and FI C.sho -seect | t § o uher enhbe

phot (9?(_éd§itg1? n}?gqr@ﬁlglrerggwp rﬂ%en&%%@ﬁ%ﬁﬁﬁgg@en%@él%gﬁ?éhgpns, agrcl)l&gri ng the
mask ghbesist 33 [O036TenRxl, FIGS. Y @l 6Billsauenesdbyn biecost-tdctignarask 43 is
etchéd down to oxide top material 41, renpving the ex ed Borti ons of the
6rraBs k lvuwe@q the phetolithagaanhihendorioh Broeess dgs begn; C@H,tﬂlfé?ff @E&rﬁw& 2B, 6A and

iLkustr r -secti j :

phot X .%)Sgstr‘ gjﬁ%el(%%l gﬁmg}qﬁth%rcgﬁgl Z&ﬁgggglggehyéggnp Ogééég?hetalﬂ ktlﬁlgs rlgmai ni ng
phot ¢aesbsh cwatekd-aise3Ba Hogbhaigo tiveteaupled rgdn2s kB&Busttas! theangledenoved. The

mask |ines 13 have been cut cross-w se at i agonal, to, create angl ed ends
22. meefHasbosting maskiy) ceeh pragh ﬁm’el%ﬁ bt fﬁ&g%gﬁn%é,y cBEhiaeseth ne 13 is
CUt ok (L LEIER dirddiRRDOY ARG BITA R NLSIARA B FRIE6A
irection 0 e litnes 13. In the enbodinent 1llustrated in FIGS. 6A and
685a][add 88, amkasonergah@plet the sk Rinks hemag Bavay width of 45wh dand the cutSomys and t he
cut forns, an angl e of pr oxi mat el 0, degrees,at the gngled.gnds 22. Th
resula[“iaﬁél_el ﬁ@?rﬁx’@?at?lﬁ38éi§%§%ﬁf tg‘?lé?é%fi@“ﬁigz% g r%BW@q%‘%liﬁ]Of esenting g
SU”_%ggos%HQP bl 6AaDY3 % d8006nnt, RRtk kil dRpAc¥kdhiTicahtl begemak thenes 13. This
provi des a rger surface area for creating a mask extension for use in

for E‘illrigma\nidﬁi eftthe sk liventlacthis prodides a prrger sasfackeares fdysecabag ewaskhan i f t he
mas ines 13 were.cut cross-w se to form square end it , th
over &FFPPEY oW BT f%@l%@a??tﬂ% cqufact 19\%?%?% > PRASSSHPY @3&1 t:hgggfldéér/e cute at
di f f 6hRRYINEESPREE N RO S0 Thiom GyulaheerRiX! aditivgally, teesveedll Rout gfr ovi des a

| arger usable area for form ng mask extensions. )
the mask lines 13 — wherein the parallel lines are cut at different respective lengths along the

extending direction 29 — provides a larger usable area for forming mask extensions.

[0037] Next, extensions of the parallel'mask lines 13, here shown as contact
landing pad masks 23, are formed at the angled ends 22 of the parallel mask lines 13, as
shown in FIGS. 7, 8, and 9A. The contact landing pad masks 23 are formed by using a
material 73 exposed at the angled ends 22 of the mask lines 13 as seed to grow a contact
landing pad mask 23 next to the exposed angled ends 22 of each mask line 13. Because the
material 73 at the exposed angled ends 22 of each mask line 13 is the nucleation seed for
subsequent growth of contact landing pad masks 23, the pad masks 23 are self-aligned to the
line ends 22. The self-aligned nature avoids overlay and pattern registration errors associated
with photolithograpical patterning methods. FIG. 7 shows isotropic growth of contact
landing pad masks 23, and FIGS. 8 and 9A show contact landing pad masks 23 grown
anisotropically. Various methods can be used to grow self aligned contact landing pad masks
23 from the mask line 13 materials, depending on the composition of the material 73 within

mask lines 13.



[ 0037] Next, extensions of the parallel mask lines 13, here shown as
contact | andi ng pad nmasks 23, are forned at the angled ends 22 of the

paral | el weskiisass 13, as shown in FIGS. 7, 8, and 9A. PTmaISec@wniassl | andi ng
pad masks 23 are forned by using a material 73 exposed at the angl ed ends
22 of the mask lines 13 as seed to grow a contact |anding pad nmask 23 next
to the exposed angl ed ends 22 of each nmask line 13. Because the material 73
at the exposed angl ed ends 22 of each nask line 13 is the nucl eation seed
for subsequed03§l owt Forsrample: tetmaskmanteripl A af thegraskdmes {hmaydg amasks 23 are
sel f al.jgane [ s,overla

and SaEhehd: o BEm R &Sl G PR S ER s R
pat t gesu mgterigl ib@gl:SectlEé @epokitiihaas bbérpblé@dudowﬂr hetpblyeiercomnd sed speaiedi ng pad
masks 23, and FIGS. 8 and 9A show contact | andi ng pad rrasks 23 grown

ani s&eR Bpinclded in hsmleenlarstmeuee ofdhe B@Y%édFQrc?X@inﬁlﬁ agpefal é?ngned cont act

| andi th
conp e Tt RectornleT HahoTAR sl A B R Bl e, ¢ he
nmask bitaidarg) at organahethltie fomsionkl grewp b rmylng)a Aftadbyming thsprdynrnasmpﬁot or esi st
material or self-assenbled BCP cyli nd a .seed materi al

for dét BeCreAeoBERbL mpHHr Bak nwe@rre%mé IF?tht% @Cﬁ&g@ﬁ%r&ﬂwﬁy & &eed
Specig ?ecd £8Rri R via n@g%ﬁgﬁlndl Baltifl oma%ge 42 gggﬁrgf:tz&lrténﬁfvei}h?f s@@él ¥i¥Rdrial FOT

exanpl e arrefa rraterla rporated in t'he polynmer structure
as ais m“tgmﬂb}mﬂal ‘Mth thegtodyrer, a §éed lbj'eemmhydq)sel:cptlmlgﬁ@mrcdtaathelmlgl‘e;inct i onal
group After form.n anonetal lic
oy GO TR 43 G oA iR S0 e A iPr, wie g bORBied Py as o

seed JRLRL 'n?e!tena‘l’ 73 at Bie AnglefeRAFI2. bRl B84 Rfaterial ﬁgﬁhl s¥Be %él@&%[}eﬁormed
Alternatively, if seed material is not pre-blended with the polyner, a seed

| ay eonrteg/pdigmseinedt mvtehyl Tlorpestdat thd@géndglnéd% hyesip@ cofivemtighal| | nes 13 by
functjonaljz a er| al to exn osed poI yner
oo ey, TG ik B tet 29 Bt bR B PR
sel egkitvgled td ROBGAHhEA lﬁéaﬁlm@irytﬁseowaﬁ iromRiv@idhahe FlotereRiasReterh] 33hﬁf angl ed
ends 22 by using conventional
the cutting mask 43 is cast. Such treatment may include thermal cross-linking, acid catalyzed
cross-linking, or other commercial “freeze” treatments used for double-patterning

.photolithography.

[0039] In these examples, where the mask material is a seeded polymer
material, extension contact landing pad masks 23 are grown via selective deposition of
materials onto the seed material at the angled ends 22. Any now known or later developed
selective deposition technique can be used to deposit materials on the seed material. For
example, if the seed material is a metal material, then selective chemical vapor deposition
(CVD) techniques can be used to deposit materials such as tungsten (W) or titanium (T1i), or
Atomic layer deposition (ALD) techniques can be used to deposit materials such as platinum
(Pt) and rhodium (Rh) on the seeded material 73. Materialé can also be deposited on a metal
seeded material 73 using electroless plating techniques, including electroless plating of nickel

(Ni), nickel alloy (e.g. NiCoW), cobalt (Co), etc.
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staining techniques. If the mask material 73 is a photoresist, the material
73 may or may not be treated to render theminsoluble in the solvent from
whi ch t hewphotooBesBst nmaterial 33 of the cutting mask 4BCrasSe@sitn34ssuch
treatment may include thermal cross-linking, acid catal yzed cross-|inking,
or other commercial "freeze" treatnents used for doubl e-patterning

phot ol i t hography. [0039] In these exanples, where the mask material is a
seeded polynmer material, extension contact |anding 1pad masks 23 are grown
via sel ecti véﬁw;l)om Theomaskf matatialr 3zt fshomesk kines 13ceuldrisochd ahardmaghe angl ed

can- et WalRR BoRhvPh o Rl IR BRI RE s FufiSRASLLENRBER™ U7,

seed prahRkkad3 b R diblvalvidRietiv@lepobition of elagsialvdireetie bh €& mydpor deposi tion
(CVD) techniques can be used to deposit materials such as tungsten (W or

g i tammama(l?ﬁ)exp@edm@maaglﬁéy@is db¢ maghlipeallB) Foea haidgirsk maiiiahdd used t o
| ded
rm o3 OB il MERORS: Phld BUINGRL VIS of A3 BiThd Bbg B oPEtet 2g

usi n@oﬁb@ﬂicb@bﬁp@lyﬁh@dﬂ Mdl’h@ﬂdlﬁatetiﬂSB epicdxitd sitigoe bepdly sliessgrpivét inag of
nickel (Ni), nickel alloy (e.g. N CoW, cobalt (Co), etc.[0040] The nmask
mat ePEAPEd?3 of the mask 1ines 13 coul d al so be a hardmask mater i al, such as

silicon, polysilicon, or netal In this exanple, the extension contact
| andi ng pad ;ra231nqaé' RSe ;g]e% FRbRthd eﬁ@smeeﬁmtnontﬁémmen al's
directly on t r|a 73 exposed at the angled ends 22 of the mask

| i nedind813 l%mseadddqxodiym&kormhee thaglma#R ntatextal, aoreheapsslatien aisslating swtarial ess
pl ating or selective CVD, .or, ALD, process For silicon or
Dol y ST ot ik s e b it eaziea e oo 8rBeg 6B §con or o h
may REnHHRE Gucle@hldnd! oo RheeaBhEsh &%@&Plaﬁﬁb ﬁ%ﬁﬁ@aski"% gk nimkerial 73
of the mask lines 13 is a seeded pol yner or har dmask material, an

encapsai¢ril 78 nchwsdu Ia‘atﬂlﬁ ngglndueeds 2 0f5hquasif hess 1r3r iFor BGP ehiadphonatrissi st
depos gs!eorgatgrQa St un Hlt ER{P cth%ers coufd alsou& seg to confine growth to the

angled ends 22 of the mask lines 13.

[0042]  Also, in the presented examples, a trim or etch-back may be applied to
the encapsulation insulating material 51, pulling the material 51 back away from the exposed
angled ends 22 of the mask lines 13. A trim or etch-back may or may not be applied in order
to regulate the amount of exposed surface for the subsequent selective deposition and contact
landing pad growth steps. For electroless plating or selective CVD or ALD processes, the
contact landing pad masks 23 may be grown isotropically, as shown in FIG. 7, or
anisotropically, as shown in FIGS. 8 and 9A. For epitaxial silicon or polysilicon growth, the

contact landing pad masks 23 may be grown anisotropically.

[0043] Once the self-aligned contact landing pad mask 23 is grown, using
any of the processes described above, the combined mask pattern can be transferred to the
underlying materials via etch to form spaced conductive lines having sufficiently large
contact landing pads. FIG. 9A illustrates a perspective view of the mask lines 13 with

extension contact landing pad masks 23 grown at the angled ends 22. The mask lines 13 and
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confines nucl eation and growt h of the extension contact |anding pad masks
23 to the mask material 73 exposed at the angled ends 22 of the nmask |ines
13. For BEP20w/i3smers, matrix phase material surroundi n@Crius28@P34891 | nder s
could al so be used to confine gromh to the angled ends 22 of the mask
lines 13. [0042] Also, in the presented exanples, a trimor etch-back may
be applied to the encapsul ation insulating material 51, pulling the
material 51 back away fromthe exposed angled ends 22 of the nmask |ines 13.
A t r iasscoiatest aintdotekdimg pad mavky 2 haot thra uspd ks ebardmask derreteling Bygenghttbe t he

cont dEET R B T ovt h- ot BEC: By RE s G B st BR oo T

P4 ing of selective CVD

or  AldnpleRed &M unldiifORbshlshaeth ghdrshBaK SadlB maRYiaDRasdeoin
isotropically, as shown in FIG 7, or ani sotrogl cally, as shown in FIGS. 8

and g#movsk aepin weilating materioh’ b sughsyssharpe phosgherapnsilieeiglassinafetiall andi ng

pad sks 23 may b rown. ani soet ropi.cal ky. ,I:Q0 . f-aligned
cont }%f g?eélncgep ﬂ%j?eﬁa?h%é%ﬁ? b Clogg‘écrtlggﬁgl,n eSugs(ly’ r%}{l%nélg%P g)pﬁogll%rggglzgse &8 descri bed
abov &yortl Miges; A @%ﬁe GREl 3pad pAKsilieas Qe mdtanslicdd B ahd okide tepnaetetiyl ng
materials via etch to form spaced conductive |ines having sufficiently

| ar geétlc dhe genducsinelings Yheash hpyem capadt [andierned @gea Sderaekeianddy ildgy of “t he
mask | i i & R ' I ' : r t he
gl GleEGuc Syt lnREL SR QeGRD RSk el PR MR TS 33 msks
23 al’aet}%ehﬂaiskl.lS}&:d efsblas thapattemmial of asufficthiln darpheloctgbaltdoatannidedihy pad
materials 31, 35, 37, 41, In FIG_9B, the conbine S attern has been
t r an$ferZeavendthopgh tha gendugtivglings: rmay ke ?}P%??%FR?ﬁ?éj't ﬁge ‘158 FHicARAAas k

mat en} af: r . ‘ i i ; ' 41, ch as a boron
Phos B e D D o e Ll 1 g
conduwohduotivt lines5® bt avhispdeedrayarba syffioient@dodmto poeideslentnich] isolagsn have a
gate oxide 31, a _.poly silicon 35, .a nmetal sujcj 7, and oxide to

et crtpe sherresndri Ve Bhecri Bt bl ged dns #av%lqi EohoRae o i pad area
25 T QR df fk efRtrfRAfcontdie leﬁ‘lﬁﬂig‘%ﬁg%@as Efj ogg%kcohﬂlﬁ@t’ﬁle 13eadlosRlEOB. ve growth

of extension contact |andi ng pad masks

[0044] FIGS. 10A and 10B illustrate a method of forming electrical
connections to the electrical contact landing pad area 25 illustrated in FIG. 9C. In FIG. 10A,
a via 55 is formed using conventional techniques. The via is formed through the insulating
material 71 and the oxide top material 41, down to the metal silicide 37. A conductive
material 45, e.g. polysilicon or metal, is deposited over the insulating material 71, forming an
electrical connection to the metal silicide material 37. Thus, electrically isolated electrical
connections can be made even though the conductive lines 50 are closely spaced. Though
this embodiment is described with reference to forming connections to conductive lines 50
on a semiconductor substrate 11, it should be understood that the technique described herein
could be applied to form electrical connections to conductive lines 50 in any conductive layer

-of a semiconductor device.

[0045] FIGS. 11A through 11C illustrate another embodiment wherein the
mask lines 13 with extension contact landing pad masks 23 grown at the angled ends 22 are

used to etch into an underlying conductive material. In this embodiment, the conductive
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at the mask | ayer enables the patterning of a sufficiently large electrical
contact | anding pad area 25, even though the conductive |lines 50 may be

cl osely swacew/133te@ el ectrical contact |anding pad ar ea®CRAISa016/034831
sufficiently large to provide an electrical connection to the conductive

| ines 50, but are spaced apart a sufficient anount to provide electrical

i sol ation anong the respective electrical contact |anding pad areas 25.
FIG 9C shows a cross section view of the electrical contact |anding pad
ar easna@Fiabpomprases orsthghe otal layeredy whichmay) for esmnplediyprpvideERlong 8 and 108

cont BobE B FE IR0 EhabTSRRF, PAFRLLAS FRRAERORN e difyRely | o2l o

i's f HJidmh B5) U itGonMEstdt anplaybesiiihé spigisondlior viracting. fThemedk iiheolyh t he
insulating material 7 1 and the oxide top material 41, down to the netal
sui civdéh exfensiancen@sidendine Rt wesksIpads23 wredormes ypg the sINGEONER a) | i s

deposited over t I } pal r m-no; i cal connection
to t ﬁee&nnlig%l g (?ess ﬁrirlg(}la Ig gﬁglngllrefeg%cgﬁ ?%5357,’ géa P%E:)tgf |{H(<:: a |1§%1%g(%séd el ectrical
connge dsﬁﬁﬁl, §eﬁﬂ:tiﬁe Qveol ngr ﬁx\lﬁprbh@s'@h ot ¢pdtagmhsilictr srepdlysilémnPowtheas| osel y
spaced. Though this enpbodinment is described wth reference to formn
conn€¥AMPIAS dEReIEBIRICTE Watgriah 43 useg fghﬁ? gkl gh didrc Breieﬁﬂ:??]t oppectep igt

shoul g, pe uﬁ'%ﬁ).rtﬁg Pf%gtrfcglaéongalaﬁlahgiﬁg E'%ﬁ g? ifgastch Redidene wifouk dahe applied

to formelectrical connections to uctrve Iines 50 in any conductive
| ay ettechhigae destribahshovt dn rafeenado HIGBABJA EhdEB)B.11 A t hrough 11C illustrate
anot her enbodi nent wherein the mask lines 13 with extension contact | anding

pad masks 23 h | e 22 are used to,etch into an

under | yi ng cgﬁggf?i3%(%%§%§R§P?81ﬁﬂ?ﬂp§%@ﬁﬁgﬁ@ﬁﬁﬁ?F bﬂgmgg'aégFFbenateria
conPiisSAskaines 19hEthEi@siondbfactidndify pid M¥ks FHroRKandeanglee epds ded al ong
an upper level of a sem conductor device. The nmetal |ayer 67 is here shown

abov ercarsed tsettlairitogn nedeslying materialackiwhiclowier bp asest foawprdliger This t he
e R ELThE R AR L Dy ROREBAE 0l o0
abovef sk RhekianTEartk dottdsBredAvitiBemsagdsltion ingllatdigngatetigictlr dle@s she
photoresist material 33 forming the cutting mask 43 is applied directly over material 73 of
lines 13 and is not removed after the mask lines 13 are cut. As a result, the cutting mask 43
acts as an encapsulating growth-confining material during the growth of the extension
contact landing pad masks 23, so that growth occurs only at the exposed ends 22 of the mask
lines 13. A optional trim or etch-back may be applied to the photoresist material 33 in order
to regulate the amount of exposed surface of material 73 for the subsequent selective
deposition and contact landing pad growth steps. As in the FIG. 7, 8 and 9A embodiments,
contact landing pad masks 23 can be grown using any selective deposition technique,
including electroless deposition, selective CVD or ALD processes, or epitaxial silicon or
polysilicon growth, as examples, depending on the material used for the mask 73. A
connection can be made to the electrical contact landing pad 25 illustrated in FIG. 12C using

the same technique described above in reference to FIGS. 10A and 10B.

[0047] In another embodiment, BCP cylinders with extension pad masks 85
are used to pattern both the mask lines 13 and the contact landing pad masks 23. FIG. 13
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deposition, selective CVD or ALD processes, or epitaxial silicon or
polysilicon growh, as exanples, depending on the material 73 used for the
mask | i newo2810/18m168| ectri cal connecti on can be nade to PhE/UsSkeosissal
contact landing pad 25 illustrated in FIG 11C using the sane techni que
descri bed above in reference to FIGS. 10A and 10B. [0046] FIGS. 12A through
12C illustrate yet another enbodi nent wherein the mask lines 13 with
extensi on contact | anding pad masks 23 grown at the angl ed e,ngefr éﬁ are used
to etsbows atmaskmatariab?d ¢ovesednan esalbassembled BWY materiah Wit BGE ey lings™s #8r di i nes.

Thi mhodi. iLff ' L L
oC 1 AETRREREon b P LRl 4 FRARMEREnalcal % (BhBRGG, 1 Rl et on

i Nsulpaivag. Mk @GRadyldlersidan Be fdrhied pitt Oliafpisch adwe 20ah. Jhe hatnix plgase he
cutting mask 43 is applied directly over rraierial 73 of lines 13 apd is not
r enovieaierial 88 has heenpglertiyely exposed toylight gt an angleacress thg extigndne A ARy “hask 43

acts aspap cgﬁﬁ(gegfy(#%hg ?gbcg(ﬁ 91? %%%Efséfdfg%lagegqiﬁ Shd & arfbidd AgkKt NGehQwt h of the

ext ension c ng pa at gro occurs only at the
expogeheindsh@Ranix ghase matkial §2nie shehdisedaoptitingmask ionguangded badsa@k may be

applied to the photoresist mpaterial 33 in ord to l.ate th t of
expodiehfck .glxlgldgs %t@ﬁrﬁﬁnwgﬂ ﬁ&?rm%%?fénlé&ﬂ%%@h? P@@%%Q%éﬁg&egogr??gn gnd
cont Q:Bﬁv%nﬁ'@ 1%806 iSORRYH 33 SRSve (RSBUP rhiteridtaa cdistind Iﬁm 434 enpgi ment s,

contact 1 andi pad masks 23 can be grown using any Sel ective deposition

t ec hBRueylindas| 80dind gheenerixrdiassmacaplodd dtiapnngls ébriotduyenlgiiz BEPALD

processes, epi t axi siljcon or polysilicon growh S ex les,
depeﬁﬁﬁﬁ%ri)gd? "Wﬁt(ee%:t § g B@%ﬁ?@ﬁ@gﬁ@sﬁ r%f)geﬁol%oﬁﬁ%ﬁ}ei%?fﬁggﬂ be made to
the elgctay GRlonsARkAG et BRAKIFayPRappHicd td W8 bzt e Bhdst nfkéeial $2CTHSI ng t he
same techni que described above’in reference to FIGS. 10A and 10B. [0047] In

anot P eylinddismeapt he BoRed with adestsl, sichtas &kt Wnet Gherpimilarasiiel i89rdardo used to
pattern both t h k lines. 13 and the contact, |. i n 23. FIG
D sh B RAG b e st PRb e S ke BTG S BRB MRS it
BCP oy foltfl @k&nf6n LaePadsHsN@hidhowilleneansed € pdtin Edtae thridthedpadahdskx2phase
material 82 Scorrprl sing, for exanple )

in the underlying material), a material at the exposed angled ends 22 of the BCP cylinders 80,

such as the stained Pt, W, or other similar metal, acts as seed for growth. Selective

deposition of materials on this seed can be performed using processes such as electroless

plating or selective CVD or ALD processes. In this embodiment, the matrix phase material

82 or cutting mask 43 confines nucleation and growth of the extension mask pads 85 to the

angled ends 22. The extension mask pads 85 may be isotropically (shown) or anisotropically

grown.

[0048] Once the extension mask pads 85 have been formed, the matrix phase
material 82 is removed through appropriate etching or developing techniques known in the
art. The remaining BCP cylinders 80 with extension masks pads 85 can be used as a mask to
etch a blanket deposited underlying hard mask material 73. FIG. 14 shows the mask lines 13
with the attached contact landing pad masks 23 formed by this etch of material 73. The
remaining underlying materials, including materials 41, 37, 35, and 31, can then be etched

using mask lines 13 and the contact landing pad masks-23 using the process described above
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PMVA) . The BCP cylinders can be forned with a half-pitch bel ow 20nm The
matri x phase material 82 has been selectively exposed to |ight at an angle
across t hwoextoersgioag di recti on of the BCP cylinders 80, pamaspéiacas3i n a
sui t abl e devel oper to form an angl ed mask. The nask formed of the matrix
phase material 82 is then used as a cutting nmask to cut angled ends 22 in
the BCP cylinders 80. Alternatively, the nmask and cut could be perforned
using a conventional photoresist material 33 above the BCP material as a

cut t imepferarde 03168 Ydand He. Blptrispl pongesieons o ﬁﬁde%qlf@grf@ﬁl?%"klaﬁﬁ‘égé’a_ terial
82 at)san %Q%rgleg%gmg?hegétoc&g Wi¥schiBga BSve Gy kéf&gﬁ{]esto%qGEF l(ﬁgaﬁ‘@%ﬁ.’ if the
mat eri al IS re the nas an

mat ri'X ‘phase noved prior to cut). An optional
trimor etch-back may be applied to the matrix phase material 82. The BCP
cyl i nders nay00#9] st dnredthet éthbadinentaline suedsias fGiming\tleotricak dvatacsi mi | ar

netal in order _to enhance pattern transfer charac i.st.j.c nd provide a
seed l3Ading radf 2P GRn Be RO L b doBAtctvg gy i ekl r@i‘h}’ré’??gegli‘ bads 85
(whi ?)Pg/s}%étfve WSk P1PAINIBETVARRE 36 subRATE NBrd1RMs TRSKS edednplB, théR

unde ng material), "a material at the exposed angled ends 22 of the BCP
cyl i rdedsti8®linssuidrhaae bedrefosmhead miti, Bt oxiy toprmasetiadd 152 mictadsilioisledl’, andt s as

d f . Selectiv, iti terial t hi d b
bor { GETIEOR A oo e aXide dLRRG & SeRBe T aeabis | horis bdebEt L E Vb or
ALD RhLP&ERSE 0 thd cédbueti RBQANARAL, sd 1ASt MBIt rfoRRAB@nERE %Hﬁg pgas ?§ cutting

mask 43 confines nucl eation and growh of the extension nask pads 85 to the
ang| edlléadieczRallirelatod Eomitonsamistndpaids s@Btratgyl 1ber issulpidns waterigl {Yshown) or

ani sot r,opi cal | rown., [ 0048] .Onge, t S| S d e been

f or mSHCh 4570 %‘%’er’ g&caBﬁﬂ%t%S %ﬁt’%art?réaﬁ S@ﬁﬁgg%%vgﬁﬁ? RY ouﬁﬁ%a%%e§§8%§%t e etching
or dewetasd fdnd eGHt duEse kaeMing And Bgacar pitcch HoablgnRinigg:sPGR halfipitdlder s 80
w t h extensi on masks pads 85 can be used as a mask to etch a bl anket

deposif thedingnaew|beibagvdsanbiowesRMdabpyt 20n31. Hriag sellfta%Sﬁm)\),gadtl}@P magk |ines 13
W th tQgtcggéc%%hqglgs,%I?eqlia%ﬁitclllao'}%@@att%ﬁ%d%ﬁéﬁﬁ:tigg’ liggsr ﬁ?ﬁ{e&%e ?ﬁh?ab%h? h of

mat el
20nm and below.

[0050] The conductive lines 50 of FIG. 15 have all been cut at an angle, i.e.
an angle of between 5 degrees and 30 degrees relative to the linearly extending direction to
form angled ends 22, using the angled cutting mask technique illustrated in FIGS. 4A
through 6B to cut the conductive lines 50 and form angled ends 22. In FIG. 15, a trim or
etch-back has been performed on the encapsulation insulating material 51, removing material
51 away from the exposed face of materials 31, 35, 37, and 41. A trim or etch-back may or
may not be performed in order to regulate the amount of exposed surface for the subsequent
electrical contact landing pad 25 growth step. The conductive lines 50 illustrated in FIG. 15
are an example of one conductive line configuration, but the technique described herein can
be applied to conductive lines having other configurations and with other conductive

materials, for example, a metal line.

[0051] FIG. 16 illustrates isotropic growth of an electrical contact landing

pad 25 from an embodiment with parallel conductive lines 50 having angled ends 22 with no

15



remai ni ng underlying materials, including materials 41, 37, 35, and 31, can
then be etched using mask |ines 13 and the contact |andi ng pad masks 23
usi ng t hewpnownesssiedescri bed abovein reference to FIGS. ®?BTAISd019034831

El ectrical connections to the resulting contact |anding pads 25 can be
formed using the process described above in reference to FIGS. 10A and 10B.
[0049] In another enbodinent, |ine extensions formng electrical contact

| andi ng pads 25 can bena@ovm directly on the conductive |lipes 50. FIG 15
i | 1 ustimaretchabagler bybistaneodiment le BAfpile. Eosdaetnsyilipn HsulaBg such as a

wor dlrﬁaggr%atl 055 & ?mg&( 8’?8‘ X?ndﬁc@i@é ?a?soﬁﬂfj Ul de\é&eﬁfoﬂ ﬁgcah@t?égacl? eRRidoyaed W th,

an oxXi op na Sui Cl [1con 35 over a

gat e 28xiréiformtd dndsidg emdriadsekpotdalat shisigicitendd 22, siibleagme @obyxilden 31 i s not
etched into the conductive Ilne patterns, so that the |ater, forned cont act

| andidAg/opgsnetal siiqide Hb agFERRRIFS éF pycqdsgiisptromcpily foavnan elaried sauettor

subsy r apsul ates the
o1 3 G B e 80, B o e hed usi ng
cur r ephdwbtinid hatgpiat s @r thisrsgediceh epmefermpd tsihg dmumSﬁsnglches hiscigeless, the hal f
pitch of the |lines b etween about 45nm and g t 20n Usi n

Dol  PhS0g a8 B VR ALAd BV PSR Agral 53 <ORRRSr 1 e

patt %ﬁ&%&’tﬁf&ﬁﬁ%&%ﬁo'tﬁ@ 1P Y2 b?h& Eféeﬂrﬁgméhta%%ﬁaﬁg%a@seimk self050] The

conductive 1 nes 50 of FI 15 have all been cut at an angle, i.e. an angle
of betigeshtoshdaplabndalid iRlaite pf e\élschrfetraﬁ ihgeseedolay¢refor ¢lﬂ@t&ﬁ¢1y€0@§@§bndl ng

di t t t h l.ed k t ech

11 ot 4 Bl LR Aot s Lo o HRg R e FRE025 ana. form
angl egdywihdpowever, |a'ﬂ dnlsGiropie grévthithdy Ako BS pdifddaed. has been performed on the
encapsul ation insulating naterial 51, renDV|ng material 5 1 away fromthe

exposed face of materials 31, 35, 37, and 41. A trimor etch-back nmay or

may not be pd98%lnedFiGh 13AdkeWS in topgisvaaed | HR SEOTRURICIOSS Sestiopaleie® ar f ace f or
th Th
coﬁdagi Ipﬁggégﬁg ??géfggﬁ(%&kt$Epgyﬂ%gpagggg%géx@%%}égapcgneeconduct|ve

l'ine cﬁﬁ)tﬁf:ﬂ lamtding pad25,Buth dd@e tectwiigtkndeSIG. bed Thet@iductanline 50 has

been cut at an angle, and an electrical contact landing pad 25 has been isotropically grown

from the angled end 22. Using conventional techniques, a via 55 is formed through an
insulating material 71 above the electrical contact landing pad 25. A connecting metal
material 45 is deposited over the insulating layer and the via 55 so that it forms a connection

to the electrical contact landing pad 25.

[0053]  FIG. 18 illustrates a perspective view of another embodiment with
conductive lines 50 having the construction of FIG. 15 and having angled ends 22 and here
showing anisotropically grown electrical contact landing pads 25. In this embodiment, like
that of FIG. 16, an encapsulation insulating material 51 is formed over the conductive lines
50, and no etch-back has been applied at the angled ends 22. The extension electrical contact
landing pads 25 are formed using the same growth techniques described above in reference to
FIG. 16, including electroless deposition or selective CVD or ALD on the polysilicon 35

and/or the metal silicide 37 materials. An electrical connection can be made to the electrical -
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be applied to conductive |ines having other configurations and with other
conductive materials, for exanple, a netal line. [0051] FIG 16 illustrates
i sotropi cworow13swB an el ectrical contact |andi ng pad 2¥BcCrusasian3sabodi nent
wi th parallel conductive lines 50 having angled ends 22 with notrimor etch
back. In this enbodinent, like that of FIG 15, a encapsulation insulating
material 5 1 is forned over conductive |ines 50. The extension electrical

contact | anding pads 25 are formed by usjing materials ex&oaeg at. the angl ed
ends coptactderdinggad Heillysiraied in fEn 18G uging the samrdechuiqhe depsrthed @bQvE ings

exa hsgtropically grow an electrical contact |anding pad
25 ?é@%geéé@p%&%ﬁ?iﬁégdé Bt he conductive line 50. Selective deposition of

conductive materials on this seed can be performed using processes such as
el ectrol ess PG4 ng KIG. 4B lilbotriates atBerambaldinertivathesvndpesiedine®p0 i nsul at i ng

material 5 onfipes nucl eat. and owh to. th ngl e ds, 22. The -

el ecﬂ’?Y‘E&lanéSﬁif’%. ﬂlaéﬁcﬁnﬁatrwagl?}?gogp%ﬁeschqagpqrg?]céganﬁg%tqfflgs Zgg?g‘a end 22,
the leﬁfb'bﬁirméﬂt ofRicE N of B8 floRethe @BfholAYEH of PIG.€l8as iid: BR! conidtaelinkandi ng pad
25 gromth. FIG 16 shows the electrical contact |andi ntlg pad 25 as an

S

i sot SOpbmpgsevit inglh oweal dayer &h ersapsdated py insylabing mataipl al s 4spethsdilEor med.

[ 005 FI.G,. 17A shows i op, view,and. 17B ;shpows in cy.0ss.sectjonal view a
net hﬁg ¢ boﬂ’é’k?%gexéq?s‘gpé’zetcfrf%ﬁ?m‘g%?ﬁf?élgmgd:ﬁ‘df 293“58%‘{}{8%3{ Vg {n%{ee%gg havi ng an
el eclekp&al afMBhASkd AR N oAk Bbtal BYEN6ASs b BeedapRdigetdpically gtewah FI G 16.
The conductive IiTne 50 has been cut at an angle, and an_el ectrjical contact

| andichegtrivabicangach mdingenad 28 ot thepsixpeder pndy efthe Eonshictivelingndf). eXplesive 22, Usi ng
ti onal hni : ia B5 | t ' ' terial
200" SR os SRS IDE s Sl B plrlorh Rl Tolhg AR sBh AHiatkBlesg 0 Rt ert @

nat eplaing4ér sefecBRPOVIE @A DDGiodeiesi FEG! 1B, liRgFIGYIES; slevve thbeleviri@aalb5 so t hat
it forms a connection to the electrical contact |anding pad .[0053] FIG

5.
18 i lepuigetrlanding pahet apRcIspEORicaro Wi rRamREIoNS B BY FEAE [Aine slegiitaics | ve
lh 'e P g%oétgcth%/diﬁ'g péc{%%Sqﬁﬂ'%ttﬁy 8&)‘09& RlcrfpePabdve iARAYL ROFRAYL 04 HRDS 22 and

17B.

[0055] FIG. 20 illustrates a perspe¢tive view of another embodiment with
conductive lines 50 having angled ends 22 with anisotropically grown electrical contact
landing pads 25. The embodiment of FIG. 20 differs from the embodiments of FIGS. 15
through 18 in that the conductive lines 50 are not individually covered by a respective
insulating material 51. In this embodiment, the photoresist material 33 forming the cutting
mask 43 is not removed after the conductive lines 50 are cut, and the cutting mask 43 acts as
an encapsﬁlating growth-confining material during the growth of the electrical contact
landing pads 25, so that growth occurs only at the exposed ends 22 of the conductive lines
50. As in other embodiments, an etch back may or may not be performed on to the
photoresist material 33 at the angled ends 22 of the conductive lines 50. Extensipn electrical
contact landing pads 25 are formed using the same growth techniques described above in
reference to FIG. 16, including electroless deposition or selective CVD or ALD on

polysilicon 35 and/or metal silicide 37, as examples. Connections can be made to the
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showi ng ani sotropically grown electrical contact |anding pads 25. In this
enbodi nent, like that of FIG 16, an encapsul ation insulating material 5 1
i s fornmedvowvery/B3hssconductive |ines 50, and no et ch-backChas2tiemsusappl i ed
at the angled ends 22. The extension electrical contact |anding pads 25 are
formed using the sane growt h techni ques described above in reference to
FIG 16, including electroless deposition or selective CVD or ALD on the
polysilicon 35 and/or the metal suicide 37 materials. An electrjcal

connédaciengl eaniadh éandingerads 25 Heing F@d%@‘?%éﬁ%ﬁb%%bqvﬁﬁmieﬁﬁe%do F5G84 | ust r at ed
in FlG a}% ing the sanme techni que described above in reference to FIGS
17A ané 7%F0054] FIG 19 illustrates another enbodi nent with conductive
|l i nes 50 having angl ed ends 22 and ani sotropically grown electrical contact
| andi ng pads [@#6] TheFl€hid dilustmates ah efbGdinkdt dithfrestalided BOR tydindets @i ment of

FIG 18 . n that .the caonductive lLine 50 conpr y
o GEE SRl ot W Ppe Lo BB rAc A RISt TEGLRC Pt
ext ensdQi %@PBCP %?‘llmd‘e%ng(ﬁfcﬁmlpﬁ@ﬁg NGy Qﬁﬂﬁpl@iase)rf@nﬁéarmqnmx lpﬁagag mat er i al
exposed at the angled ends 22, here the net ‘al 'l'ayer 67, as seed to

ani sanaterpl (8al(¢<yn1g'rsmg for cxhmptar PMMA s foraed dvanal gaig optld n%er&tl 3t hdhexposed
ends of th con ne 5 Sel ectiv sjtion,of materials on this
O A e G L RS e e e R R R SR

sel eckich8inEReOion ¥ PBOPRSHERSers BO,Gnd bhacell ik€siitaBle deSeloptravSornhen el ectri cal

contact | andi n% pad 25 as an ani sotropic growth. Connections can be nmade to
t he @hgled magkl Thomasicformad ¢f thy maitis phsseurdterpl BRas hep vesskasdedittiicoed above in

ref eren tq FIGS. 17A a 0055 FI |II stra Rl pective
i ew SR S bt B saditn e RO U8RI bor o Ter i e iedh 5 BPLE enas 22
Wi t h bamke ﬁ@xtnﬁémlsﬁ?r% 4 G’or@é@t\MhaEblﬁﬁbﬂeblﬁt&hat@ﬂﬂtﬁCdbok/@ﬂﬁlB@P pRtsialhs a The

enbodi nent of 20 differs fromthe enbodi nents of FIGS. 15 through 18

int watﬂngmaswﬁd@ué@ﬁ the BCGPrydindgs 8P anchBie maex whanganatgrid eyt ag apgle for
respeG togx Or ¢ n%n?xﬁgl%tiﬁ%ra'[t?}l;] Sr‘?éie, if thelhefix GRRRGhIERM 82D e RRRE QLGS St

mat erl a e cut
to the mask and cut). An optional trim or etch-back may be applied to the matrix phase

material 82 (or a cutting mask 43), pulling the material 82 back away from the exposed
angled ends 22 of the BCP cylinders 80. The BCP cylinders may be stained with a metal,
such as Pt, W, or other similar metal in order to functionalize them as a conductive line and
to provide a seed material for selective deposition. To form extension electrical contact
landing pads 25, a material at the exposed angled ends 22 of the BCP cylinders 80, such as
the stained Pt, W, or other similar metal, acts as seed for growth. Selective deposition of
materials on this seed can be performed using processes such as electroless plating or
selective CVD or ALD processes. In this embodiment, the matrix phase material 82 confines
nucleation and growth of the electrical contact landing pads to the angled ends 22. A
photoresist material 33 could perform the same function as the matrix phase material 82 in
this embodiment. The contact landing pads 25 may be isotropically (shown) or

anisotropically grown.

[0057] The above description and drawings are only to be considered

illustrative of specific embodiments, which achieve the features and advantages described
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mask 43 is not renoved after the conductive lines 50 are cut, and the
cutting mask 43 acts as an encapsul ating growth- confining material during
t he gromwoahiotisieel ectri cal contact | andi ng pads 25, s@®Crhsoigoswssh occurs
only at the exposed ends 22 of the conductive lines 50. As in other

enbodi nents, an etch back may or may not be perfornmed on to the photoresist
material 33 at the angled ends 22 of the conductive Iines 50. Extension

el ectrical contact |anding pads 25 are formed using t
t echhirgire sMadifisptions @nd seRabitytions Erspesiie congditneg and @aﬁir qﬁgg ect rol ess
de oSy L. e H met al suici de
p z‘?sCCO%nnH (¢ éﬁédﬁ%@g ng}r:]%s&{ézg dqud %Oée)ﬁgé lljﬁ lé%’tﬁlre?ga 8irn(%nt act | andi ng
padS d3§:ripﬁbﬁ|§nd ﬂ‘@wﬁl’ig@pl&ﬁs dlelydrmltbelmyab@mpe of thefappemniee ctaom$:l GS. 17A and
| 7B. [0056] FIG 2 1 illustrates an enbodiment with netalized BCP cylinders
80 form ng conductive lines 50 wth extension contact |anding pads 25. A
sel f-assenbled BCP material with BCP cylinders 80 (conprising, for exanple,
PS) fornmed in a matrix phase material 82 (conprising, for exanple PMA) is
fornmed over a gate oxide material 31. The matri x phase material - 82 has been
selectively exposed to light at an angle across the extending direction of
the BCP cylinders 80, and placed in a suitable developer to forman angl ed
mask. The mask fornmed of the matrix phase nmaterial 82 is then used as a
cutting mask to cut angled ends 22 in the BCP cylinders 80. Alternatively,
the mask and cut could be perforned using a conventional photoresist
mat eri al 33 above the BCP material as a cutting nask 43 to cut the BCP
cylinders 80 and the matrix phase nmaterial 82 at an angle (or to cut only
the BCP cylinders 80 at an angle, if the matrix phase material 82 is
removed prior to the mask and cut). An optional trimor etch-back nmay be
applied to the matri x phase material 82 (or a cutting mask 43), pulling the
material 82 back away fromthe exposed angl ed ends 22 of the BCP cylinders
80. The BCP cylinders may be stained with a nmetal, such as Pt, W or other
simlar netal in order to functionalize themas a conductive |ine and
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to provide a seed material for selective deposition. To form extension

el ectrical contact |anding pads 25, a material at the exposed angl ed ends
22 of thewBCGPIccpbieaders 80, such as the stained Pt, W ecTatShew/0348ai | ar
nmetal, acts as seed for growmh. Selective deposition of materials on this
seed can be performed using processes such as electroless plating or

sel ective CVD or ALD processes. In this enbodinent, the matri x phase

mat erial 82 confines nucleation and growh of the electrical contact

| andi ng pads to the angl ed ends 22. A photoresist material 33 could perform
the sane function as the matri x phase material 82 in this enbodi nent. The
contact |anding pads 25 may be isotxgpgcally (shown) or anisotropically
grown. [0057] The above description and drawi ngs are only to be considered
illustrative of specific enbodi nents, which achieve the features and
advarWhads cldizset dsbedtmdalesiredvb diefpratatte d by Laitets atgst ofithe Doried Setesdpeci fi c
conditions and materials can be nmade. Accordingly, the enbodi nents are not

consi dered as bging I, m.ted t he faoregoin escription d draw ngs, but
is only Iini et Hg?g‘toﬂé’q]&b&?&g%% an e %ﬁ‘gﬁ*&%‘g‘ S@ﬁ“&ﬁ‘ﬁ%gﬁi‘ﬂ@p‘\mat is clainmed
as new and desigif@gtutcQtiRan@hd eshgkify Letters Patent of the United States

is: 1. Anmethod of fabricating an integrated circuit structure on a support

structure, the nmethod conprising: formng a plurali ti/ of linearly extending
lines of at |east ©mainga@pfalify ofdineeilygxtsading kaeseifishleaptipiss at an angl e
relative a Iinq&&%%ﬂextending direction to formrespective angled end faces
at each of the nmaterial lines, said respective angled end faces being
spaced in the linearly extending direction; and form ng an extension of
each of sai d mat erduting saidmattiablueds at ers pegle tolaivarndinedrlgnd f ace.

extending direction to form respective angled end faces at each of
the material lines, said respective angled end faces being spaced in

the linearly extending direction; and

forming an extension of each of said material lines at each

respective angled end face.

2. The method of claim 1, wherein said material lines are parallel

material lines.

3. The method of claim 2, wherein said angled end faces are cut using
a mask and etching process to form the angled end faces of the

parallel material lines simultaneously.

4, The method of claim 2, wherein said angle is between 5 degrees

and 30 degrees relative to the linearly extending direction.

5. The method of claim 2, wherein said parallel material lines have a

half pitch of 45nm or less.
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2. The nethod of claim1l1l, wherein said material lines are parallel material
lines. 3. The nethod of claim2, wherein said angled end faces are cut
usi ng a maekommdsesschi ng process to formthe angl ed endplCaassoiofn34she
parall el material |ines simultaneously. 4. The method of claim2, wherein
said angle is between 5 degrees and 30 degrees relative to the linearly
extending direction. 5. The nethod of claim 2, wherein said parall el

material |ines have a half pitch of 45nmor | ess..6.. The method of claim 2,
wher ei n sai @ pdmgimehodefidaimad. Wherfd S%Q\Péragelﬁa?wgilin@ﬁﬁ%‘fe H0nm or less. 7.

The net hod of gL MR f%®gﬁg}Qf§aid parallel material lines are formed
using a sel f-aglger?g}:eg ock C(S)bol ymer mask. 8. The nethod of claim 2,

further conprising covering said parallel material lines with an
encapsul at i oh iThsuwhebodof alaine, ivaierqin sad parallelunaterig) lsws drepar al | el mat eri al

lines. 9. The thod of claim1l ejn said extensions are grown via
sel ective depogi‘)a"cnil Sge aaseg{lé%fs‘ﬁjél?l\é\?ﬁ%kﬁ?p P P8%ecti ve angied end faces.
10. The method of claim1, further conprising etching a conductive materi al

provi ded belgowsRintbtRet ¥t diftin TBLRldr abmbptiFiag candingesidgrtdllee ext ensi ons using
said parallel material |ines and respective extensions as an etch nmask to

f or m conduct i vandteniesdinpsavith gn eeeapadetiareingylaiing matgrialgyivr det | andi ng pad

g;}gas. 11. The cﬁﬁfn*g‘%%dOJaraﬁfef‘}ane%iQIlix¥¥‘§.erei n said at | east one material is

9. The method of claim 1, wherein said extensions are grown via
selective deposition of a pad material at said respective angled end

faces.

10. The method of claim 1, further comprising etching a conductive
material provided below said parallel material lines and respective
extensions using said parallel material lines and respective |
extensions as an etch mask to form conductive lines having

respective electrical contact landing pad areas.

11. The method of claim 10, wherein said at least one material is ohe
of a photoresist, a block copolymer, a silicon, a polysilicon, and a

metal.

12. The method of claim 1, wherein said at least one material is a

processed block copolymer and further comprising:

etching a mask material provided below said parallel
material lines and respective extensions using said parallel material
lines and respective extensions as an etch mask to form a mask

pattern; and
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of a photoresist, a block copolyner, a silicon, a polysilicon, and a netal.
12. The method of claim11l, wherein said at | east one material is a

pr ocessedwbl2onkizswpol yner and further conprising: etchi rRgTAShESI3488L eri al
provi ded bel ow said parallel nmaterial |ines and respective extensions using
said parallel material lines and respective extensions as an etch mask to
forma mask pattern; andetching a conductive naterial provided bel ow said
mask pattern using said nask pattern as a second etch mask to form
conductive |ines haﬂql?glgrae@@éé‘%tl‘@én%P%ﬁ’FqVé‘éqdl??é‘?ﬂ’é%ti’“Faélﬁdl ng pads. 13. The

met hod of cl a' rn‘ﬁ@ﬁ%'@gﬁ dﬁe%k%gﬁém a@ﬁ%&co%ﬂ%tmgk'télfolﬁp mprises at | east

one conducti ve erla sai extension is an electrically conductive
contact |andi ngomadtlvé.lﬁlnes'ﬂ{wmg&temdumeledtmaimdrﬁactvltfmhm padsai d conducti ve
material conprises at | east one of a netal, a nmetal suicide, and a

pol ysilicon, The d o aLn11 , rein nductive materi al
exposed at Bai 37‘8 @}r}g‘“ efeén Ff’s}&at lﬁgﬁﬁngwger{ag grow sai d
electrically CQGﬂgfﬁés‘é?le%Qc’Hn@%n&&ﬁ% Hﬁte@ﬁﬁ%d’éa@d &8bR¢dd i¥andeposition of a

conductive materi at said angled end . A nethod of fabricating an
i nt egrated cir electricslly oatducaye eanactrsnting p@drrprl sing: formng a plurality of
paral l el spaced linearly extending material |ines;

14. The method of claim 13, wherein said conductive material
comprises at least one of a metal, a metal silicide, and a

polysilicon.

15. The method of claim 13, wherein a conductive material exposed at
said angled end faces is used as a seed to grow said electrically
conductive contact landing pads via selective deposition of a

conductive material at said angled end.

16. A method of fabricating an integrated circuit structure, the method

comprising:

forming a plurality of parallel spaced linearly extending

material lines;

etching said material lines at an angle relative to the
extending direction of said material lines to form respective angled
end faces at each of the parallel material lines, said respective

angled end faces being spaced in the linearly extending direction;

forming a contact landing pad mask in contact with each of

said angled end faces; and

using said material lines and said contact landing pad

masks as an etch mask to etch a conductive material below said
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etching said material lines at an angle relative to the extending direction
of said material lines to formrespective angled end faces at each of the
paral | el waterwabieBi nes, said respective angl ed end facesThseog/os4saced in
the linearly extending direction; form ng a contact |anding pad mask in
contact with each of said angled end faces; and using said material |ines
and said contact | anding pad nasks as an etch mask to etch a conductive

mat eri al bel ow saidmaterial lines and c ct landin Pasks to forma
plurality of coraieral ipes andirentagt lppdige Ry magf%teﬁoefan | ess havi ng

respective condygiiCe GRALGEE a hﬁ?gﬁﬂgﬁﬁfﬂlﬁ? ﬂelgsshat,fn The rret hod of claim

16, further conprising covering s l1nes Wth an encapsul ati on
i nsul ati ng mat e¢spadtiverconducdtioe edthétigndizg phdremtasr i al | i nes. 18. The met hod of
claim 16, wherein said angled end faces are cut usi ng a mask and etching

process to for the an f.aces of the materi al es ,si mul t aneousl y.
19. The metlﬂod ]%ﬂagﬁf%ga"\?\}% rg%{parlg%}:%vepggggfl ag 4" Jegrees and 30
degrees rel ati y@ed Qithhg ehédi‘)@tﬂﬁﬂld/n ﬁgttemg RBtefhr RJrit®@Bchid@ saiine met hod of

claim 16, wherein said conductive |ines have a half pitch of 20nm or | ess.

21. The net hod nutergdl dnes. 16, wherein said material |ines conprise one of a
processed photoresist a processed bl ock copol ynmer, a silicon, a

pol ysi | i co r’@f:met daofclalm 16 w ereltpa?cﬂjaﬁ)glecf:ér?d ﬂké‘s emerei n said growh

i ncl udes us hg
using a mask and etching process to form the angled end faces of

the material lines simultaneously.

19. The method of claim 16, wherein said angle is between 5 degrees

and 30 degrees relative to the linearly extending direction.

20. The method of claim 16, wherein said conductive lines have a half

pitch of 20nm or less.

21. The method of claim 16, wherein said material lines comprise one
of a processed photoresist, a processed block copolymer, a silicon,

a polysilicon, and a metal.

22. The method of claim 16, wherein said growth includes using at
least a portion of the material line at the angled end face as a seed,
and growing said contact landing pad masks from the seed via

selective deposition of an extension material.

23. The method of claim 22, wherein said selective deposition is one
of chemical vapor deposition, atomic layer deposition, electroless

plating, or epitaxial growth.

24. The method of claim 16, wherein said electrical contact landing

pad areas are sufficiently large to form an area for electrical
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| east a portion of the material line at the angled end face as a seed, and
grow ng said contact |anding pad masks fromthe seed via selective

deposi ti omoabitarsswit ensi on naterial. 23. The net hod of elcaiuse@a/,3488er ei n
said sel ective deposition is one of chem cal vapor deposition, atom c |ayer
deposition, electroless plating, or epitaxial growh. 24. The method of
claim 16, wherein said electrical contact |anding pad areas are
sufficiently large to forman area for electrical connection to the
respective condqerdciien [q thesesppeivegpadughiye dieapalare spasad #PT ent anount to

provi de el ect i a5l Akl aNoHANG. LOGEASORAId U EleagL 11 cal cont act

| andi ng pads. ricating an integrated circuit structure,

the nmethod conmedpsiting:eléodidnl ogntactpardied padg. of paral |l el spaced linearly
extendi ng conductive lines; etching said conductive lines at an angle
relative tao the extendi direction of said.conductive lines to form
respecti ve &angl/eBedR Oﬁg%@hca%‘ﬁg gnieented SHIHAED iRemFiAds, said angl ed
end faces bei ngo&?ﬁ?ﬁg: inthe linearly extending direction; and form ng an
el ectrical contac anding pad in contact with each of said respective
angl ed end faces. 26. The nethod of claim?25, further conprising covering
sai d conductive |indermingk phmakiyodpanallelspecedilinsatlnextandingt eri al prior to
cutting said material lines. 27. The nethod of claim 25, wherein said

angl ed end facé’gn‘iﬁc Ve dpes:

etching said conductive lines at an angle relative to the
extending direction of said conductive lines to form respective
angled end faces at each of said conductive lines, said angled end

faces being spaced in the linearly extending direction; and

forming an electrical contact landing pad in contact with

each of said respective angled end faces.

26. The method of claim 25, further comprising covering said
conductive lines with an encapsulation insulating material prior to

cutting said material lines.

27. The method of claim 25, wherein said angled end faces are cut
using a mask and etching process to form the angled end faces of

the conductive lines simultaneously.

28. The method of claim 25, wherein said angle is between 5 degrees

and 30 degrees relative to the linearly extending direction.

29. The method of claim 25, wherein said conductive lines have a half

pitch of 20nm or less.
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using a mask and etching process to formthe angl ed end faces of the
conductive lines simultaneously. 28. The nethod of claim?25, wherein said
angl e i s wetwwersswsdegr ees and 30 degrees relative to tReTIUSR@a0B4831

ction. 29. The nethod of claim 25, wherein said conductive

| ines have a half pitch of 20nmor |ess.30. The nethod of claim25, wherein
at | east one layer of said conductive |lines conprise one of a netal, a

extending dire

nmet al sui ci de,

el ectrical ¥bntldeimethod

t he conducti ve
el ectrical con

and a po

cbh@@cltigé I

tact

h&&

ndi ng

lysilicon. 31. The nethod of claim?25, wherein said
aifledfs WAEESIH B IfR Owgefgfi #@a

i | east a portion of

o%ﬁ%ls?@n@@f’a fREE Afedl SB&He, 889 9r OW NG an

romthe seed via selective deposition of a

conducti ve mat goiyilicoB2. The net hod of claim 31, wherein said selective

deposition is one of chem cal

vapor deposition, atonmic |ayer deposition or

el ectrol ess,  plating., 33.. Th t hod.of .claim 2 Iy id electrical
contact | aﬂgng%gﬁ@h%fggﬂ%ﬁi Ofﬁ“;?S?@F%@ﬂ"%%&%%ﬁ@?é? fo(ra g:e(r:!t (r:iacal
connection to tﬂ&@s LR TResdd B&%sﬁﬂgﬂﬁi’reas@é"f)mﬁbﬁ o PRGRAd@MRE lingasuf fi ci ent

anount to provide electrical

i sol ati on anong the respective electrical

cont act | andi nghpaided @yl fageasi aveedyrand egowing @niclectisabedndachg: a plurality of

said integrate

32.

33,

34.

35.

material.

parallel i neagé:{qir?%%e?cfg(i)r?lﬂléeesleggtVlrai s%l%lc{i% 8%%91%%5'0¥gcbﬁdh%ﬁvé ormed as part of

The method of claim 31, wherein said selective deposition is one

of chemical vapor deposition, atomic layer deposition or

electroless plating.

The method of claim 25, wherein said electrical contact landing
pads are sufficiently large to form an area for electrical connection
to the respective lines, but are spaced apart a sufficient amount to

provide electrical isolation among the respective electrical contact

landing pads

An integrated circuit comprising:

a plurality of parallel linearly extending electrically

conductive lines formed as part of said integrated circuit, the

conductive lines each having an angled end face at a different

location along the linearly extending direction of said lines; and

a contact landing pad formed in electrical contact with each

angled end face.

The integrated circuit of claim 34, wherein said conductive lines

have a half-pitch of less than 45nm.
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conductive |ines each having an angled end face at a different |ocation
along the linearly extending direction of said |lines; and a contact | anding
pad fornewtoiznioel3ewsri cal contact with each angl ed end f &ce/us3&o/03Idsael
integrated circuit of claim 34, wherein said conductive |ines have a

hal f-pitch of |ess than 45nm 36. The integrated circuit of claim 35,
wherein said conductive |lines have a half-pitch of |ess than 20nm 37. The
integrated circuit of claim34, wherein said angled,eng faces are at an

angl e of bettwedheantggigicdsircuibal doine dorwheseinspidiopendtiye {IRES | i near | y

ext endi ng dire?ﬁk@@hdﬁ%ﬁd?@?k&ﬂkﬁgﬁ d circuit of claim34, wherein said
conductive lines conprise a poly-silicon material and a netal suicide

material. 39. The integrated circuit of claim 34, wherein said conductive
| i nes conprike Themetglatadatrenit af clat® 34, Weereintsaigraagked eod fazgs t of ¢l ai m 34,
wher ei n sai d conductive Ii%es forq}at qufg Qne of mordliﬂes and bitlines
of a menory deWed an angle of between 5 degrees and 30 degrees relative to the

linearly extending direction.

38. The integrated circuit of claim 34, wherein said conductive lines

comprise a poly-silicon material and a metal silicide material.

39. The integrated circuit of claim 34, wherein said conductive lines

comprise a metal material.

40. The integrated circuit of claim 34, wherein said conductive lines

form at least one of wordlines and bitlines of a memory device.
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