1 Device Manufacturing Method and Conputer Program Product RELATED

APPLI CATI ONS [ 0001] This application is a continuation-in-part of
co-pending U. S. Patent Application No. 11/352,400, filed February 13,
2006, the entire contents of which is hereby incorporated by reference.
FIELD [0002] The present invention relates to device manufacturing nethods
using a lithographic apparatus, and to a conputer program product.
BACKGROUND [0003] A lithographic apparatus is a machine that applies a
desired pattern Qnto substrat e, suwal Ly, ont o ajtarget spottion of the
substrater Al PO TRUTEARE MeH3U Ry R e PRPEAR BRI\ e
manuf acture of integrated circuits (ICs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, may be

used to generate a circuit LATED APPRIGAFQNS on an i ndi vi dual | ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.
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r adi at i dh352A480,tfileckFehmadrgrli3al0qa, dsi sitiye pmoantdeivbich ihkershisicombmted by

gener al 2 single substrate wll contain a network of adjacent target

porti onge ¥R3%° are successi vel y patterned. Known |ithographic apparatus

i ncl ude so-call ed steppers, in which each target portion is irradi ated by
exposing an entire pattern onto the ta&get portion at one tinme, and
so-cal | ed scanners, in which each taFf§&tD portion is irradiated by scanning
the pattern through a radiation beamin a given direction (the

"scanni ng"-direction) while synchronously scanning the substrate parallel

or- anti [8@2pl Tied pregent infviesitich fedaitd nlevick niaduRctRingas&hdlLusing 4 idbghphict he
pattern fromthe patterning device to the substrate by inprinting the

pat t er n2RIRTAES Aad R PrPgaoulofctor der to i ncrease the density of
devices on an integrated circuit, the pitch of lines and other features is
typically reduced. However, nmany |ithography apparatus operate at or 2

near their resolution limts. VarBAUKGR@WEINEs techni ques have been

devel oped to enable features snmaller than the m ninmum size i magable by a

|'i thography apparatus to be created. For exanple, United States Patent

Appl i cafooos) Pulbttogadph@ apharattdSs 200h3RARA 2Bp BUsSLAREES Rattté}ﬁ oHRS Qbsigaf or mal
organi c polymeric filnms to shrink gaps in a |ithography pattern. fOOGS] As
anot herusegiihente a targetapastion phide substratandr lithpgraphih eppdratuls card bausednfori n r esi st ,
the example, in the manufacture of integrated circuits (ICs). In that instance, a patterning device,
which is alternatively referred to as a mask or a reﬁcle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This pattern can be transferred onto a
target portion (e.g. comprising part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive
material (resist) provided on the substrate. In general, a single substrate will contain a
network of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
entire pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0004] In order to increase the density of devices on an integrated circuit, the pitch of lines

and other features is typically reduced. However, many lithography apparatus operate at or



exposed resist can be treated with an electron beam causing the remaining
resist to liquefy or plasticize and flowto partially close the exposed
lines. Then, lines can be etched into the wunderlying substrate that are
narrower than the lines printed in the resist. To expose lines at a pitch
smal ler than the m ninum pitch inagablg by the |ithographi c apparatus,
doubl e exposure techni ques can be use a first set of lines is inaged at
doubl e the desired pitch, then a second set, conplementary to the first
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reduced_w dth and  pitch. [0006] A techni que nqt usin n.e- 0 print
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underneath the sacrificial polysilicon |layer. The end result is _thin

pol ysi | 1henns§oond sef complewertey @ehe firsy soif isimagsragain stslowbls thedesired pitch

sacrifi i ed in
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2002) to gake silicon fins for FinFETS. [0008] However, the disclosed
techni qli @ have limted application and may sonetines incorrectly inage

li ne- endeo6)3 A %émﬁe/nbmwgl arl é-béa‘in Ed‘ﬁﬂilﬁfsﬁﬁ&:r Q@t%'sfrﬁ&hf‘esfaf)hi%h%hﬂﬁeﬁg

i mproved rret hod for manufacture of device features at higher densities.
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conpri si ng:
Semiconductor Manufacturing Technology 2005 On-line Digest, available at

http://www.gaasmantech.org/Digests/2005/index.htm, no 14.22). In this technique, a
sacrificial polysilicon layer is patterned using conventional photolithographic techniques to
form mesas and then a thin layer of SisN, is conformally deposited over the entire wafer. The
Si3N4 layer is then etched using a highly anisotropic Reactive Ion Etching (RIE) process to
leave thin Si;Ny walls either side of the polysilicon mesas. The mesas are then removed using
a wet KOH etch to leave only the Si3sN, walls, which serve as masks during subsequent
etching of Si0; and polysilicon layers underneath the sacrificial polysilicon layer. The end
result is thin polysilicon fins at twice the density of the mesas formed in the sacrificial
polysilicon layer.

[0007] A similar technique is disclosed in "A Spacer Patterning Technology for Nanoscale
CMOS" by Yang-Kyu Choi et al (published in IEEE Transactions on Electron Devices, Vol
49, No 3, March 2002) to make silicon fins for FinFETS.

[0008] However, the disclosed techniques have limited application and may sometimes

incorrectly image line-ends.



printing an array of sacrificial features on a first |ayer of a substrate,
the array of sacrificial features having a first nunber of features per
unit area; providing a substantially conformal coating to the array of
sacrificial features so as to forma first mask defining a first array of
holes, the first array of holes being iknterleaved wth the array of
sacrificial features and having the first nunber of features per unit area;
renoving the sacrificial features so as to formfurther holes in the first
mask that, wth the first array of holes, define a second array of holes
havi ng a second nunber of features per unit area that is double the first
nunber of features per unit area; PBUMMARY a second mask that covers a
sel ected part of the second array of holes; and processing a part of the
first layer not covered by the first and second masks. [00111 According to
an as peEﬁquI J1h@1H PG deObld RGHEVilE aRTRYNEE nRtIRMLE RafRALACS AN RE

nmet hod using a |i1thographic apparatus, the nethod conprising: patterning a
first steahiréd atihighendendmeessk of a substrate using the |ithographic apparatus

to for jrst array of proj ing featyres.at a first .density;. .

subst anl o3Pl | ResstisRiafn Hechihs MenG iR i oaliord f Rbure REPUALERE o ¢ ne
first aefRY Shgld@ho@ipat bfparahs, RS RSHRM coapiidings at the first density is
formed, the recessed features being interspersed with the projecting

features; di rp@atingral anpyed siarifipial Heatutes on@ fysidpyeriof p gnbsigted thestray 9t eveal

the di stalinsl kaGES: lind NEPLORGS!drILERLUNBY; A0 SO that the recessed
eat ur es ‘becone apertur rough the seco sacri’ficial hardmask;

sel ectively epohidig avebgtantislhpcoifenial ogatirgab uheardyoof seavicialfestuteses as n t he
second sacrifjcial hardmask, and etching a first hardpask of the sybstrate
t hr oughtotiREm & PRt R s P hOl meitjgﬁfearraafé? iles being lmf‘g?ﬁi’?

Accor di g e gﬁmgﬁ;ﬁ&a f*ézﬂﬁreF ?%{fﬂéxiiﬂ% 18 Rurhor BE %ﬁg&dggtuﬂgﬁ}éa?

manuf act uri ng using a ogr aphi ¢ apparatus, t
conpri sing: pantoyimy thg sarifictad feagimes $d asdbdbroh Antheabélenin the Smsisnashttiwatusi ng

the lithographic a at us o forman arr of, projecti |ines_.at a first
o1 tch: SR SRATET ST DL I oF eI RUHRT! HgEL ebBRe SRerRRERt ha dnask
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interleaved with the buried projecting lines; directionally etching the

second sacri fevidingraseaprdmatiothpiecayars & seéectidsnagt ofdhe sesend amdy of holes; and
processing a part of the first layer not covered by the first and second masks.

[0011] According to an aspect of the invention, there is provided a device manufacturing
method using a lithographic apparatus, the method comprising:

patterning a first sacrificial hardmask of a substrate using the lithographic apparatus
to form a first array of projecting features at a first density;

| substantially conformally depositing a second sacrificial hardmask onto the first

array so that an array of recessed features at the first density is formed, the recessed features
being interspersed with the projecting features;

directionally etching the second sacrificial hardmask to reveal the distal surfaces of
the projecting features and so that the recessed features become apertures through the second
sacrificial hardmask;

selectively etching away the projecting features to leave apertures in the second
sacrificial hardmask; and

etching a first hardmask of the substrate through the apertures in the second

sacrificial hardmask.



the buried projecting lines and so that the recessed |lines becone apertures
t hrough the second sacrificial hardmask; selectively etching away the
buried projecting lines to | eave apertures in the second sacrificial

har dmask; masking at | east the ends of one or nore of the apertures in the
second sacrificial mask; and etching the substrate through the apertures
in the second sacrificial hardmask. [0013] According to an aspect of the
invention, there is provided a device nmanufacturing nethod conprising:
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subst anikethbol Yisiag Afl REsERhpHEO appaigud, @hd lethbd kéinpeikingy of sacrificial features
so as to forma first mask_defining a first array of apertures at the
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interl e@"ﬁﬂn‘%%ﬂa}} prl?£€rcﬁx ﬂhessﬁ%rﬁéé;ﬁ{cgl features; renoving the first
sacrificla $ or

array o . atures so as to m further apertures in the first
mask that, widubsttieallyi doatoranailaydepdsitinpes sasond sacei€iciahhardimelc trishirathicay of
apertures, at a_seco nunber of features per uni} area that is . double the
first nﬁﬁﬁévn%lnqw&ﬁ%%%aa@ondﬁﬁﬁya iesessed fipprgtaricay \36%3*6&%@&9 of
aperturgs:tonf ghdp @ second array of sacrificial features; providing a

substantial |y .cor]formal coating to the second array of sacrificial features
so as to for ndiectewdhyctechank thesteandregerificifl haddraaskay resfeabihe distal suriades vhe
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renovi ngctifigasiee@ngkkar ray of sacrificial features so as to formfurther
apertures in the second mask that, wth the third array of apertures,
define a foursclechyelngtebingayayithe bariegt prajesting hngsdo deays apeigires didhe pasengher
unit arga. {1l ubl e the second nunber of features per unit area.

[ 0014] %%é%@%lha&&?%s%an aspect of the invention, there is provided a

conput er pr oghasiingt dehsrthe eadpsf @iery npore gf thimapederes in therédonak sacrifididlogr aphi c
cluster including a lithographic apparatus to perform a device

manuf act#r met hod conprising: printing an array of sacrificial features

at a first deefe&ﬁﬁgfytheeu@stﬁa{ertﬁ}odggﬂw alﬁi‘tu?essiﬂlﬂﬁetsreé&ﬁi sacRfiOMl BirBSadk

substantially conformal coating to the array of sacrificial features so as
to forri0813]i rAdcordamgktodarf dspedi @f thefinvettioar thexe io provpdadt adeyiceanartifectiringst
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printing a first array of sacrificial features at a first number of features per unit area
on a first layer of a substrate;
providing a substantially conformal coating to the first array of sacrificial features so
as to form a first mask defining a first array of apertures at the first number of features per
- unit area, the first array of apertures being interleaved with the array of sacrificial features;
removing the first array of sacrificial features so as to form further apertures in the
first mask that, with the first array of apertures, define a second array of apertures at a second
number of features per unit area that is double the first number of features per unit area;
filling the second array of apertures to form a second array of sacrificial features;
providing a substantially conformal coating to the second array of sacrificial features
so as to form a second mask defining a third array of apertures at the second number of |
features per unit area, the third array of apertures being interleaved with the second array of
sacrificial features; and

removing the second array of sacrificial features so as to form further apertures in

the second mask that, with the third array of apertures, define a fourth array of apertures at a



apertures being interleaved with the array of sacrificial features;
renmoving the sacrificial features so as to formfurther apertures in the
first mask that, wth the first array of apertures, define a second array
of apertures at a second density that is double the first density; and
processing a part of the first |ayer net covered by the first mask. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0015] Enbodi nents of the invention will now be
descri bed, by way of exanple only, with reference to the acconpanying
schemat |,¢_drawi_n Lh_which [ el f lL.s.indicate
corresp N |nr?§l\%55§f%?&5er?d) ei% e ﬁv\h%feétﬁﬁﬁ?g‘gﬁ%% %lggsg"gogﬂ%%%b%?{g? geagn%s{bt%hg%& aphi c
appar at ggausabl e in one or nore enbodi nents of the invention; [0017]
Figures 2 to 8 depict a substrate. at various, stages.in the performance of a
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met hod accor di ng. to an enhodi rpq% of the ipvention, :aggr dd m%rrber ed
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depicts a lithographic appardtus that can be used’in one enbodiment of the
i nvent i wrfortT hdirstppesk alefisingantst areay. ofapeititesiat thatird densitn the f{rst amagriofiat or) 1L

configured to,conditi.on radiation beam.B ,fe.q. UV radiation or DU
COu o ftoted bER ShibtiORefl iR 8P o SR Gl s M ebast ructed Lo
support a patieoRingghéleiciigRial f@nges s 4586 ImMirtlRtagennachekt {6t Aafld thef,
positioner PM configured to accurately position the patternjng device in

accor dawi the fimpt aeyiofjaperiuresdefive 8 seqond apay phrerfusgs a asecqnd dgngilyfthat is abl e)

WI' cons q. ubstrate (e.g. a resist-coated wafer) Wand
connect%@ﬁ%ﬁgﬁgﬁg%%é bg%cl?ti oner PWconfigured to accurately position the

substrat e i n @coesidgagpartwiftie Gt lagermgpasvaered By the famdmaskor oj ecti on system
(e.g. a refractive projection lens systen) PS configured to project a
pattern inparted to the radiati on beam B by patterning device MA onto a

target portion C (e.gBRABFSESCRIPIOON OF THE BRHWINGES the substrate W

[0015] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0016] Figure 1 depicts a lithographic apparatus usable in one or more embodiments of the
invention; |

[0017] Figures 2 to 8 depict a substrate at various stages in the performance of a first
method according to an embodiment of the invention;

[0018] Figures 9 to 14 depict a substrate at various stages in performance of a second
method according to an embodiment of the invention; and

{0019] Figures 15 to 26 depict a substrate at various stages in performance of a third
method according to an embodiment of the invention, the odd numbered Figures being plan

views and the even numbered Figures being cross-sections.

DETAILED DESCRIPTION



[0021] The illum nation system may include various types of optical
conponents, such as refractive, reflective, magnetic, el ectronmagnetic,

el ectrostatic or other types of optical conponents, or any conbi nation

t hereof, for directing, shaping, or controlling radiation. [0022] The
support structure holds the patterninggdevice in a manner that depends on
the orientation of the patterning device, the design of the lithographic
apparatus, and other conditions, such as for exanple whether or not the
pat t er nj ) i I CHERL 4L r: ructure
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For examn) eroMdalhioRSPEATV tRiddln). Proj ection system Any use of the terms
"reticle™ or "mask"” herein may be considered synonynous wth the nore
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be noted that the pattern inparted to the radiati on beam may not exactly

correspond t o subsirafe sable-Harwalertable) Wheonsipefed tpboldjasybyrate 2  dubst r at e,
f le i f it t I St f1 f 'l ed
nosi ot 8 Fecaled WA o JohfEElddE R LORRTLSRORLY P ofifbbeE T atiutlly c2 T OE,

7 corr e thosubspae tin atdoddantenithicertain pasanestersyard devi ce being created in
the target portion, such as an integrated circuit. [0Q024] The patterning
devi ce may be* RPPEAUMR Ster (%8 ATEHREbEiRfRIecsnlpt @@teaf)of’p%ﬁqné%gmeﬁg}o devi ces
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Masks ‘are we kno I t hography, and”i'nclude nmask types such as
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different directions. he tilted mnors inpart a pattern in a radiation
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clamping techniques to hold the patterning device. The support structure may be a frame or a

table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered
synonymous with the more general term “patterning device.”

[0023] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section
such as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in
the target portion of the substrate, for example if the pattern includes phase-shifting features

or so called assist features. Generally, the pattern imparted to the radiation beam will



consi dered as synonynous with the nore general term "projection systeni.

[ 0026] As here depicted, the apparatus is of a transm ssive type (e.qg.
enploying a transm ssive mask). Alternatively, the apparatus nmay be of a
reflective type (e.g. enploying a programmable mnor array of a type as
referred to above, or enploying a reflegctive mask). [0027] The

| it hographi c apparatus nmay be of a type having two (dual stage) or nore
substrate tabI es (and/or two or nore support structures). In such "multiple
st age" od i ;89 JIOM
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to the middeHRl dakRmaghet¥ 4d élét%ﬁtaﬂc ghtichl Reaemdel hﬂﬁéé&nﬁhﬁﬁ&ﬁh@féof as
conprising, for exanple, suitable difecting mrrors and/ or a beam

ex pandeapprapuiatst foe thegxpesure radlas@urb@mgrmyd,be feirothertfagior SUplaa$ thefuse phan
I|thogra h| ¢ ap arat for exa en t ource. | . rrer, u . The
sour oo BrSioh PRI R e e AT DB 0B RPH“ Pt BB ree pRLBe  om
BD if rtﬁtﬂﬂdét@d as wnbaour arttnrmeﬁtot@g@smtdradrpaéjbarbn%y%ﬁlm [0030] The
iIlum nat or nprise an adjuster AD for adjusting the angul ar

i nt ensi {9926]d|/§‘t lrleire é?nletﬁddhe epraratulisafiadrnpaissive Guwde & epploxing ast t he
outer agpgl e J

ot nner s Blselv @Gk 3l FYh Pl app ERIO I daGbSHE Bl SHPRATE
the il Ipmgramtrmblmmdmnagl jofis tyge. as Iretfeﬂddl td atgive, drivenployinga nefletive nask)y

conpri arioys, ot her conpaonents ch as an integrator IN and a
co%enjﬁ?z%o]lh?ﬁ’éhqar? ﬁg{ggartumy ’bf)@}J i’taﬁmgd?(ai(g‘i‘@ﬁtagﬁ)e"rr‘ﬁ?ﬁeati on beam
to haveuBstHesiabRE (4 dr @B iot YRR S pot &Sk iaYes). dh Sht BRkIPR stdbe® hihchines

cross-section.
_ the additional tables may be used in parallel, or preparatory steps may be carried out on one

or more tables while one or more other tables are being used for exposure.

[0028] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so
as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well known in the art for increasing the
numerical aperture of projection systems. The term “immersion” as used herein does not
mean that a structure, such as a substrate, must be submerged in liquid, but rather only means
that liquid is located between the projection system and the substrate during exposure.

[0029] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation

source SO. The source and the lithographic apparatus may be separate entities, for example



[0031] The radiation beam B is incident on the patterning device (e.qg.,
mask) MA, which is held on the support structure (e.g., nmask table) M,
and is patterned by the patterning device. Having traversed the patterning
device MA, the radiati on beam B passes through the projection system PS,

whi ch focuses the beamonto a target pgrtion C of the substrate W Wth
the aid of the second positioner PWand position sensor IF (e.g. an

interferonetric device, |inear encoder or capacitive sensor), the
SUbSt 1 e A udE i CAcREmBONES. & Y i
di fferent ct ar get pcl)rtﬁlp%ns %Dll\én t he pa@%t'S of et e ra ?lgt.@"z‘%%reeg%éé‘t’ -rﬁlarly,

t he fi r ef thpdishagraphar apipktaamsdarartbe taduatmoénamompageﬂhﬁom(thh sairce SOriothe
explicit .depi cted, i.n Fi,gur an be us to accur teI Sit] the
oart er nitignicEb v 4t O 2 Spud ey RE R b bimbRate Ratr s,

e.g. af HRéctip iAol ald/drat tchfVddpahdes) %%tﬁt&%&sektt&r@woe R4y Qéliﬁ ﬂlgegaaﬁﬁﬁr@)f I'n
general, novenent of the support structure be realized wth the aid

of a | othglhogsamhic anpardtes, @Qfo@sﬁslelepwhmthgﬁwrgq lsandelaum@m $he Mcmsﬁm e
(fine p i.ch for r .he first aner Simlarly,
overenti e e M GRONPRLBE beflh dpliPF s iiSh A0 RaRREL rabect f ok
modul e asfdrad 8 Ao B radikiicake steadul e, V\/m ch formpart of the second posi ti oner

PW In the case of a stepper (as ogpposed to a scanner) the support

st ruct uEOé' lyaingt g eomprise aprdiustes Al ke adiusting die angpiar indensiizy be
fixed. t

pat ter it og Eéét*é‘%‘hg AR e SHRD A WL BB ROPPLIB
P1, P2. (cmmﬂmﬂjsgi‘efebrmi tembsstmﬂeremdld-gmmercmpmvle}y) of #® intehsist dhaffrﬁdumcmlmy 9

dedi cat ed .t i ans, | ocated i n, spaces t ween target
por t i onk" P(l‘trﬂ PR B %@e@eﬁ% Hh@@t%%#ﬂl%%%‘ 2y R, | y, in
si tuat i effpuk ath\émaﬂpdﬂehe sdtms@ﬁ%tég@mr S R4 Q%bmsafcch?h@ﬁ%thﬁd%ﬂﬁa evice

MA, the patterning device alignment markers nmay be | ocated t ween t
di es. [loosef ton w@d@tecm tbt: eftﬂlfatpmazﬂamu@ aye ladlebiecduge forinity and ifessityone  of the

foll ow lﬁl) tep node, the support structure MI and the
substr (ltﬁgmgg ?nm\}\ﬁs "é?sé' IP essentially stationary, while an entire

patter rqoomar'rmamaut)ﬂnsemﬁl igrcidenb 6@ el Iﬁtt%ﬁl%gﬁfévﬂﬁ (@13, Ak} Mm,athlapfst ion C
at onetlrre](%{9 . asmgle static exggsure) he substrate table W i s then

shi f t edSl$hoR HE skPRgibstBICTYe §- g o Biaplo fabisy M haindds mﬁwdebnthp@ﬁgemng&evmn C
con, o2 RGPSl BRSBTS TEal s DS CARTRNA, 1

I|mtst 5| ze ortian tatic
ex posurmcue@tloﬂ syseoelS,madeh fadusesshippenni ostoraltaiget gorlitn anst thélaltﬁ;ub)t&twat e table

beam i SVOPORCUY SEBAFETA HEa e P BreibAtien orier Talss Aglgtceghaes |

exposur@yice, inRay &lcogédt ot cﬁﬂﬂ:ltﬁj\té R ILdubbRific IS WL BARbed accurately,
e.g. so as to position different target portions C in the path of the radiation beam B. Similarly,
the first positioner PM and another position sensor (which is not explicitly depicted in Figure
1) can be used to accurately position the patterning device MA with respect to the path of the
radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In
general, movement of the support structure MT may be realized with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine positioning), which form part of
the first positioner PM. Similarly, movement of the substrate table WT may be realized using
a long-stroke module and a short-stroke module, which form part of the second positioner
PW. In the case of a stepper (as opposed to a scanner) the support structure MT may be
connected to a short-stroke actuator only, or may be fixed. Patterning device MA and
substrate W may be aligned using patterning device alignment markers M1, M2 and substrate

alignment markers P1, P2. Although the substrate alignment markers as illustrated occupy



W relative to the support structure MI may be determ ned by the
(de-)magnification and inmage reversal characteristics of the projection
system PS. I n scan node, the maxi mum size of the exposure field limts the
width (in the non-scanning direction) of the target portion in a single
dynam ¢ exposure, whereas the length of the scanning notion determnes the
height (in the scanning direction) of the target portion. 3. In another
node, the support structure MI is kept essentially stationary holding a
progra I [ Ni:n Vi t t 1 or
scanned ?al?egqg}gteg%ﬂlg?sn%%%rgﬁ %%B? Egg(?ﬁjeﬁ)rggﬁ ]%?‘% %ﬁ1 %ﬁﬁ%oggg}:@%tﬁ%d onto a
target psivid &sclibe-lane alipsmemdaarkeige $Semdhdy, iasipudtivas iry wticatmare timnwne did s

enpl oyed and _ the progranmabl e patterning device is_ updated as required
after eldko ¢ DRYEIAIG dyise MlA: e PATIBINGFEYice Al SBRE B SIS ve

radi atig@atgyba%elgﬂlrei#&_a scan. This node of operation can be readily
applied to maskl ess It hography that utilizes progranmabl e patterning

devi ce, [882]h Bs: depprabampareid euld be wed imatrlagst ohe af thedeliawingetadesied t o

above. [0033], Conmbi nati.ons and/or variations on the ol descrj bed nodes
of use or _entﬁnrséqwno‘ﬁq’meﬂﬂ?nme&ﬁﬁg‘gﬂ?ﬁ?‘gﬁwgﬁtaﬁe éﬁ’b%}gﬂt [0034] The
l'i t hogr aRkiG117 BRAGRHrYSWRARY alPéntird pAHIE thpdhed tb thd1Ra1akSh Beam ifElojdiedBnRy OCESS
apparatus to perfornisteps such as etching, deposition, ion |Inplantation,

et c. oratirgebpeitioatd groneGimligna sipglefstabicienpdsyni)n ghe subistrais pehla Nk isfhen syst ens

to auto i cal t rapnsport subst rat es...bet fUs. t or
f op e SRR e/ X e RE RGiecTR 36 M R B AR, ARRA E AR ve Ffoss D O
enbodi neple, @e higmuiy§Bé bDihe ieSpehapy fidle tnii the g 68the target fhrtiwhCdmagdédour es

depict the substrate on which the nethod is perfornmed, at various stages
in the i siee stalis XN98WSod aims to print features in an array at a density

hi gher 3.han VRLe mARK TR subpBR SRAGRINT ikl SlbSrru HIROWAP HeGeARRAT AL LS.
used. I'n sunmary, The et hog conprises printing a first set of 'sacrificial
f eat ur egmeltiroacwdnehily a pattdrn ilpartealfto the fadiatioh Yeatr 33 pregecteanohte h@mgatover i ng

the first ,sef of features with a c ormal .coating so that econd set of
f eat ur eROT{EN éé’f'?'ﬁ‘es&in ?/d}“g’éré@ §§E°SPFF82]E ee‘%@?é’dty\ﬁnfi r‘iﬂ'gﬁtém’f ?]{]@? S@@fra@ftg\?q‘é atures
so as twif QLA G RcERlur® MT RAY UE A8ichANed By ahd@Rniagnifithsh ddwpt of
the first and second sets of features. Directional etching of the

conf or nirlage cxversabchatacteristiog of the prajessionfsystera BS. I scagamodst theapadifiuny tite

feature nd to d n_the secqn et of featupes.th h.to the.underlying
| ayer ey owigion SERE s PreORAR i i peoco Rt TR oBLBHBE hremtFiai R
f eat ur esngdleditlahfic eXpadtredvhaica®thed@eith of B8 sednniniemoties étefnideshi hyightltih S

met hod is described in nore detail bel ow by way of an exanple. [0036] The
met hod the sqapnins dimsefimhehthedargeheortigent j on ai ms to define an array of hol es
na 3 In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror
array of a type as referred to above.

[6033] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

{0034] The lithographic apparatus may be included in a lithocluster, including process

apparatus to perform steps such as etching, deposition, ion implantation, etc. or a fabrication



dielectric layer 11, which is the uppernost |ayer of the substrate 10, for
exanpl e as contact holes. The dielectric layer 11 may lie on top of other
device |l ayers previously fornmed using known nethods. As shown in Figure 2,
a first hardmask layer 12 is laid over the dielectric layer 11. This may
be, for exanple, silicon carbide (Si Qg particularly anmorphous silicon
carbide, polysilicon, SiON or di am)nd-]l I ke carbon (DLC) and may be bl ank or
patterned around the edge of the area where the array of holes is to be
provi deg; p RSk, 4l At r to any

| ayer tﬁlg? : é}sﬂ?@g!@knﬁiﬁﬁgb ginrmg% %ﬁ@ %‘rgocesg ,ahgtﬁﬁﬁglé?gsﬂggg Sphsgt%féé%et chi ng
(whi ch bayeal spabeuy The chedr bofabsngy wesumleetahputey) con@ol.t op of the first

har dmask | ayer 12, a rray, of studs oy projectjng features 13 s forned;
these alﬂé’i"éﬁc%if%maﬁof peegtdipg & ab e{bt&fft%er Fegatgn lﬁﬁswﬁ’feﬁé? biemese z
nat erl atOS%, v&ﬂi’(ﬁf’l‘iﬁgurek BeRBt RERALAR Y wiich el theth68 s PRk at VRdGusishipe§ | I St

har dmas ayer to enable selective etching. It 'should be notedthat
al t hougin thbvmethtoddEhis srdthodrigete pdnt fastdrestimen afresaetr density hipghbstbguaiould

Fi gures, ar shown .squar.e, ..t.he i1l in fact.be printed round or rounded
due o beiedybE ParE P ageble torbeysikh JF sBRPEns ARG chem cal
ef f ect SedniprRe®pBSEeSE BRE set [o® Satfifici Geabirbdlst ald@nditeh € thabf ullinatel P Batiedg t hat
is twice the spacin the ultinmately desired array and occupyi ng hal f of

of
t he cel 4msl thén edvsTing &m@eymﬁeﬁm@dﬂi&h # ggnfomngleoating $rethabdsgepyd sai@ér st ood
by thi nki Q t] l. jI e studs are
11 poslléfi {lager%el%d%ér}l%fi Lﬂ’é’ rggcﬁ%egrﬁs{tegga}aeﬁ%h&%% ?%St%?taoglggislgiéglrgggggﬁmﬁsl%oul d al so
be apprﬁﬁﬁtﬁﬁﬁillheg befeatufs ha&fﬂg&yaddme'ﬁﬂ‘gﬁeé EfaEOSKhH@Tﬂ,anﬁ fseconﬂhetss)ftﬂﬁu&aaci Eg in
two orthogonal_ directjons need not be the sane. T rman array at the
hi ghest Dpestionp) echiahef %,covﬁqéngk%t%t%rpwl &hestpaﬁeﬁthp%r%t speRfeacficidg| | as
can be g i i | : i ng
top | neRPER B ichpn (e bord 1P R s ARAE R e A IE LOBE PR Y
nom nal sehdchverehipg o€ thedirst deeof sppticial fgsturébhresudisst ameray phHapeatustswatitieo t he

next i diate stud.(e.q.,,.the sfud in the haqrizontal r vertical

Gt ect | Smrdesty- Huit Bttt dGonbd et B Bl Rivich o §tmetd) (s 2. p
Pat t er rﬁom}t hEheahétRYA Bf thid difiSodia bRl dTiREBvEN R M FBR RS atrﬁég%ff hbREin a
eventual | y produced array. [0038] Next, as shown in Figure 3, a conformnal

coat i ngiglgctyig laygr dl,ovideh istibe yppegmogtdaysy of thersubsixadenp.dor Sramme aseindast ed
Chem ¢ a J it At Qni.C A Qsit.lo AL or ot her
cnown. Ciolsio PAC ARRRREIM AT iR 1op ROy MRS 1aERIRLibi, Klrerhsfll

har dmasénosundnéthydsbas Bhsken &f Fignavi) arfabichak @hsskdayordntis Ridoverliiy/dicled@Rri N, i n
an enbodi n&n{_ the conformal coating is of a different material than the
studs dArdd- tiis mry e Tor gxampleskligon carbide (SiG).pasicar] yamenpheys spicost chi ng.

By contdfliddbolyificHERION 4rRambRERRS cdrBon (DLC) and may be blank or patterned

around the edge of the area where the array of holes is to be provided. In general, the term

"hardmask" is used herein to refer to any layer that is resistant to an etch process, such as a
gas phase etching (which may also be referred to as plasma etching). On top of the first
hardmask layer 12, an array of studs or projecting features 13 is formed; these are sacrificial
features that may be formed of known hardmask materials, though, in an embodiment, a
different material than the first hardmask layer 12 to enable selective etching. It should be
noted that although the studs 13 in Figure 2, and other features in subsequent Figures, are
shown square, they will in fact be printed round or rounded due to the spatial filtering effects
of lithographic imaging and chemical effects in process steps. -
[0037] The studs 13 are set out at a spacing that is twice the spacing of the ultimately
desired array and occupying half of the cells of the ultimately desired array. This can be

easily understood by thinking of the ultimately desired array as a chessboard — the studs are



ensure substantially uniformgrowh, the conformal coating 14 builds up
over and around the studs 13 until a point is reached that hol es or
“recesses 15 are forned m dway between each group of four adjacent studs
13. These recesses 15 can be regarded as negative features that, recalling
t he chessboard anal ogy, occupy the cenjers of the white squares. These
features are self-aligned to the studs 13, so there are no overlay errors.
The recesses may extend conpletely through the confornmal coating so that

the U”gg{aéiﬂéﬂéﬁ_ih Alendess cffed‘ﬂetﬁ{tﬁéiblagﬁ sqBYes. RisHBUIY afsétb%][ag?%glfa&emxt_ th@t 0 the

conf or coating. [0039] After deposition of the confc coating 14, a
cont r ol heay wkedewt bosmiaret.clthe studspading instvot wthogaed ditetiasaged spidwrthé n

Fi 4. T i rectional h be, for. | i on-assi sted etch
nouht chime oyt AR e bF et HbedledeBint D ubtor e dPRAPRORAERA oy ¢ 0
react tBalt @ ieatteRd With the lithodraphiepparafisGRadtor thepatrhing sepGh proceeds

uniformy away fromthe ion source. The directional etch is performed
unti | t femappeef thestudi kange P is swlistantisllp equal Heths mgadnal migineun eiteh pedeand t he

recesse 5..ha eco thro - hgl i i 14" .
The. ot iPREHURRAETRNTE ab™ PUML iRt b e REERT e, RO M RE0LRE 5%
cont r ol oPfertitas dtectivniratheOthah yhotikidia] didetiohabsiiwis il Bighiev® i 92.Pt he

conformal coating as _against the first hardmask |ayer 12. 12 [0040] Next,
a sel echatteaniag ghe arayiof stugs determines thepayimym damsite pEihe ¢verHelbr PreAuEdat i ng
14" is ,pgrformed to reach the result as shown in Figure 5. The etched
conformal “coating 14' now has an array of apertures 16 at a density tw ce
t hat of (0B8] oNexfi asshosmiid Figile 3 acaffémed] contingpld iadaid bwetthe kmdbl 2bk, fand

white squares of t chesshoar.d. .Fina , .L.he {1 har dmask | ayer .12 is
et ched CHEUGE A [GHBRGH Mt 6 oe SEbpHEon B GEDR e o o LifBRSot o
har d mis@&]i]%)’@ﬂ ot kno@s tec‘?ﬁﬂﬁ!@s.']‘%e%oﬁﬂfrﬁl_aﬁcoaﬁﬂ@ 18Fod P¥ecBhd FReficir es 17 at
the desired density. Note that the spacing bétween apertures is (1/'12).P.

The di ehardmpskcaridapay belmadaef krivem atepplsge sieationss above.vigam, isag. by et ching

or ion | nt at ,on er..kno .Qce hr h..t h tched figs
har d nasirgg(%ag?/leﬁt’ ET% “0 gfoﬁnqégcr?gnﬁ%%s\h,\%fg&lgfgmfs] ﬁ%lafeﬁeg‘ﬁ?‘i‘ gﬁ: : S%fCﬁeanpﬁr gfe 'ﬁf:ﬁ dmask
| ayer I1Rarémaskilay@mi2it ashiaidsdectivatetobing. Byanairer dfabe dégoaitiphtproddsotdt he

substrate by Broc_essi n% t he %arat us_at the stage shown in Figure 5.
[0041] §osusersupstanfiadly vaHomm growth, the sonfpemal qoging | £ 5uilds wepvesppd giouad the

ositi g i I Wl M iret
Par drmel s o] § poify SRackba 0Bl BYICESE rMisel s AT RAGT MG b REl Sl 1
et ched growp of foat adjecnt stgd< 13. Thwesk feasssepks tawesedfded aqueepiativofeatires thaty eal

the apertuyres . 16.in the etched conformal coating .14' where structures are
desi 1 odCAl iR e s ool AglPRs operRYibe figntes OF Bea hils SHUETesel 196 FEAICHRAC!

area ofselthifightd & thO HETS ko 1R E hrelido &lay lefrors. The recesses may extend
completely through the conformal coating so that the underlying layer is revealed, or may
simply extend part way into the conformal coating.
[0039] After deposition of the conformal coating 14, a controlled directional etch is
performed to reach the stage shown in Figure 4. The directional etch may be, for example, an
ion-assisted etch in which ion bombardment of the substrate provides the activation energy to
react the conformal coating with a gaseous etchant. Hence the etch proceeds uniformly away
from the ion source. The directional etch is performed until the upper, or distal, surfaces of
the studs 13 are revealed and the recesses 15 have become through-holes in the etched
conformal coating 14'. The etch can be prevented from etching away the first hardmask layer
12 by control of its duration or by making the etchant selective for the conformal coating as

| against the first hardmask layer 12.



etched, only through which of the apertures in the conformal coating 14
etching occurs, they can be |larger than the apertures 16. Hence the mask
18 can be patterned in a lithography step wth nmuch | ess restrictive
overlay and inmaging requirenents than the original definition of the studs
13. The mask 18 can be a sinple patterfipd and devel oped resist |ayer. After
etching the first hardmask layer 12 and through that the dielectric |ayer
11 with the mask 18 and renoval of the first hardnmask | ayer 12, a

subst r ajg4ay Cﬁeﬁts a 'séllaéiﬁxere%m th® s&hYs 8 g%a?[%'f‘ tHR&tcHeH RBARS gm IT(tHaﬁng' a9 ;€ ch ed
holes 11 a at only selected positions of The grid define By apertures

but t heperfemmeddd meh thecrgsxlhmshmmnn er@é ‘Huhitehedctobnformehveating dAalow has

l'i thogra ch u nmet hod .a r.di n 0, an_enbodi nent

of | tna Ao EereS B ant A iR RS S A SR ARER 1S f%?féuaﬂ%bsuate
20 at vBsthekSblatlogeBwhife iquaredRi fiRGheBbohtdl FindBY,RRE fird haRIM AR layef 12 isnes at a
pitch half that achievable with conventional |1 thographl c techni ques can be

f abri cattebed tirnugh thy ctehed conframal ﬁ@at@gsl&rsqf@attthax‘:wh%ﬁrst herdanadls layerel 2, as

correct [ ed w t hout

affecti %\%vﬁ? %H aciane[Sa}irn %nrrﬁl& rﬂ?rg1 eljitllﬂﬁe fg{thg??ﬁ%?r?% Sé% ?ﬁ’@e %’u‘%%‘? A58 i nes
in a bl baweaaﬁpdﬁmrm@lel/MH amdiclbrse lady antanhsn baprdeessedeéle@nety, vigt hout
the necessity of  devoti {gwpatternl ng devi ce space to optical proximty 13

cor r ect PHFchiBg g fpsim A otk kapwnpEocgs trayeh e ciched firg hardmask
Process b r di ment
and/ or I\/\gf‘rt @kgg\?\%ﬂ?({)net egé’grﬁ{seziﬁ%%ﬁ‘f‘)flf{é‘g ﬁtré}qlaﬁ]he g?f?yeg?%tc%b%b Zt&eggﬁg% for

t he sakpatsfn ares@Erted shphd Bito Asasubstras¢ by pepessingsthe apsaratiis & the stape ghosjrect i ng
| i nes 22 re fabricated on the uppernost |ayer 21 of the substrate, which

may be ¥ Pe substrate or the last |ayer deposited, depending on at
what st mrﬂ]l ruftiths dB4iRE V8 Ey t%fprﬂﬁﬁélgﬁﬁ‘cttﬁ&’éb agce@taﬂlegﬁd:ﬁosmﬁls ehRed1 9fad e
present invention is enployed and wh forns base layer for the present

met hod. Ptag P@ndmh@ lﬂlﬁﬁ@ﬂm@rﬁfdw ﬁmﬁhardmgk iaynslzzﬁsaﬁhewrnonﬁ@mfl the swsk L8 ci al

e 11 s PROAT Py AR BT siiorB it ot P b B bR e IR por Fnlogfialle .

|'i t hogrtap byerame&alrahuﬁe usl&ﬁﬂ. c@ﬁéxﬁfaﬂrbmﬁlgtlhewﬁézb@hua{udsh% SesireaElifdether oduced
lines. Note thﬁ the fins 22 are formed with a length LI that is |onger

than t F@TREgL R ntheimaskd 8 dongt dafive thp exert prsap! deestistbrrdmagielayernt2 thatisd.
[ 0044] dNawel, orfty BRBEM Which %?ﬁ#e: zﬁ)gr%%s i ﬁ{e@oﬂﬁnﬂaﬁ%’gﬂﬂg lﬁaeicg‘lntié ﬁ(’:cﬁtsf kg mask,

is deposited on top of the shown 1'n
mesas 2Z4n bg\kt;gftmgart the apémge? P6.HEnce teanaskgl &Bdaln&)ﬁSpaﬂ&rneﬂ ibgtidegrphykiegh can

be regarded as e, O f.ece sed lines. The eposi tion f t.he conformal
coat § oV g e Rbiel e Sy slebire e ema e ivemanisafer 56 osetmabicniion of

the studs 13. The mask 18 can be a simple patterned and developed resist layer. After etching

the first hardmask layer 12 and through that the dielectric layer 11 with the mask 18 and

removal of the first hardmask layer 12, a substrate such as illustrated in Figure § can be
created. This has etched holes 11a at only selected positions of the grid defined by apertures
16, but these are closer together than may be achieved by conventional lithography
techniques.

[0042} A second method according to an embodiment of the invention is shown in Figures 9
to 14, which illustrate a substrate 20 at various stages in the method. By this method, a series
of lines at a pitch half that achievable with conventional lithographic techniques can be
fabricated, while at the same time ensuring that the line ends are correctly shaped. Certain
lines in a series can also be omitted without affecting the adjacent remaining lines.
Furthermore, the outermost lines in a block can be made uniform. These advantages can be

achieved without the necessity of devoting patterning device space to optical proximity



desired width, in an enbodinent simlar to the width of the fins 22. [0045]
Figure 11 shows the result of the next step, an etch of the second
sacrificial hardmask 23 to reveal the tops of fins 22 and deepen alleys 25
to the top of the base layer 21. Then, a selective etch of the fins 22 as
agai nst the second sacrificial hardnasig 23 gets to the stage shown in
Figure 12 where the fins 22 have been renoved to form additional alleys 26
in between alleys 25. [0046] After that, a nmask 26 maybe provi ded as shown

in Fi GUE&T%%OJ&%@%&@#E%?FeM@% t %ﬁn&eagquf@ﬁ bNeroaLS astatgie | i nes

are desire i n othér wor masks se areas ere no lines are to be
pr ovi dethaterinlsahgarerdislssmeofat it the firstrenbedisgnt eodrbr siellilngwh e thel gersoatskilled ne

l ength..Since it is t particularly difficult to define a w ndow of the
requi r et F?‘ga%?}m“ggg’ﬁlrogﬂéf}:’fﬂ? ﬁﬁﬁﬁweﬁ’@"can be patterned in a |ithography

step cafgoysd AYh RA stepl £3&idAi@MMins Bﬁ?ﬁﬁ&kihgﬁn&m&%ri&%&%ﬂtﬁe Bﬁ%éﬁb& the
fins 22. At this stage, the line pattern is transferred to the base |ayer

21, e. glayen2leafch¢ supstriienwhish rody henibe harsisubgraghor thadast layer dhpositeslecond

sacrifigial ..hardmask 2 ets 1o the conpleted | ayer s shown i.n Figure 14.
Snce. t IR B Mttt Th It Gob D oL AR fEmE BB Ies T MEDSTOE L' Pt e
t r ansf epresdn€ hvektich dehipletdond ifciieis a Base laidtefothd pllésshnbthodsAa s toul d
nor mal If\g@occur may be | ow or non-existent, 14 0047] A_.third nethod

accor di Hist ersbedimeiyty the iins2 e femmediof g saerifialihargmoagkdeaterial gad agg defined by
referen i : 6 yel] : e 31 having a
first o§ ?glggﬁaglﬁg %'t%ggmeg%%/c‘ie’;rlildo f@/@ghﬂ gﬁi‘tﬂn%gk@ﬁ%@@ g d%‘%ng%g& 5’ Z%‘cond oxi deg

| ayer i eappbibiticdefthe Btheygrabhy apparhtut hegl d¢thintinesthe pitch ofldeiubgmateBopradeced or

Cecond. Dotk 5s G T Pnedvit Eleshtn L e Blevess b cnstiothien, 1o

f or m oxjheEar®ultindhtdly Adsired B beliRRicatedt Nese are then slimed down to a
di aneter of P/ 4 using an isotropic etch process, arriving at the position

shown i W0#4]guNed, aGrapemnal goatitig 33, farmang ecpnd baarificidl hdidamask ds depasited om
pitch of P d 3| e pt ce .doubl e ort onal ) f lines in
a posi tﬁoeé)fﬁ%?fnsstﬁ‘ %g Sg?/""%ffglg“ reﬁogﬁ“%%’l i dasaﬁ]fgg%vgpggms%@?st st ack.

Fi gur e 1dovih@alteyR8lin Yeweanohibh gaH B Bardad 6 ASHtive6f teebssal ORG. Thoe A- A of
Figure 15. As can be seen, the substrate has a square array, wth pitch P,
of ~oxi dlePpiitipmekths gonfegyalfgating? 3 weocatroligd fp/epsurg\teat the dleyaAdoke ofdher 33.

[ 0048] cf‘@ﬁ:%h ; i . | the oxide pillars with
a mat erclﬂégfe suc ’3%9’98‘6’1%5’2‘9?&?%8@%?0 @?%gﬁl@a %/fr%@%%t erials as described
above, [0804p] Higuwhéirishalvs thepesultddjihsndxt etep, anldteh obihkisagndah@ificddl 35 i s
deposi ted. to

dopost e o 0eR L Pl R o Tabel) o8, SOR NG, Lg, Lot | SLands, g oune
36 at t1iRn, d MEKSE bichdf IROBAS I20N%: chihst (A8 s@ioh@YacrTitSal HAtERAK LS 8s Y Aids 36
have a di aneter of approxi natel

stage shown in Figure 12 where the 1}1/113 22 have been removed to form additional alleys 26 in

between alleys 25. |

[0046] After that, a mask 26 may be provided as shown in Figure 13. The mask 26 has

windows 27 to reveal the areas where lines are desired, in other words it masks those areas

where no lines are to be p.rovided. It also masks off the line ends, controlling the ultimate line

length. Since it is not particularly difficult to define a window of the required size and

accuracy, the mask 26 can be patterned in a lithography step carried out on a less high

resolution than that used to pattern the fins 22. At this stage, the line pattern is transferred to

the base layer 21, e.g. by etching. Removal of the mask 26 and the remaining second

sacrificial hardmask 23 gets to the completed layer, as shown in Figure 14. Since the ends of

the lines 29 formed in the base layer 21 by the pattern transfer step were defined by the mask

206, line end distortions as would normally occur may be low or non-existent.



P/4 and will tend to be rounded rather than exactly the shape |eft between
four partly overlapping circles. This is shown in Figures 17 and 18 in
which Figure 17 is a plan view and Figure 18 a cross-section along |ine
B-B. [0049] Then in step 4, an anisotropic etch, such as RIE, is perforned
to remove the coating material 35 abpye the oxide pillars 34 and at the
bottom of the interstitial voids 36 to arrive at the position shown in
Figures 19 and 20, of which Figure 19 is a plan view and Figure 20 a
Cross- e ' = t bl ' er i al
35 nal B ho R Rl e Sl o A Bh AR e e RO TR e
i nt er stdftreade to FliglacSE wAd¥G. &x therthird method, & sulstrawedlkhavayger f1380xiHO B56f 3Now,

e el She et h R 55 S b Sohond ik AR i arolide: 85 A PIBRIRR vor o
36. Thgtg;if*&&éﬁne«a}s udtS, SritdBond10stdy FPeSRPMhrk Bt FitBU £ AidmeRAP22ThET Whi ch

Fi gure Is a plan view and Figuré 22 a cross- section along |ine B-B.
Ther e sombukide Hynglsehdregtehedabsing thelresistaridarsas k N8Bk - totfhien pwidaiplliesy 34.0f t he

et ched, coat | materi al .35’ - ich has ertures. on a staggered array with
oi ton Byt Hegfets Tgf aliipned RO adiindRT TP ESBan daoRSH PESn et
or ot h%vﬁfg%%gpo%ﬁidn%bwhhﬁ Figk&00anadd 6AThdarRglof @iltird 6f dikmeef Prargd i nto
the hard mask 33, or other |ayer of the substrate. 15 [.0051]

Al t er npit¢hvafiRcouldhalserbe hedlueecthbhéoyblpesiegenelsxppabe of Hnesgoamesisive 388i%f pitch
PI2. T hi 8. L g, t t ; h
i oo SEpiahR fine YBRRERC Fludtd RS SN Bihic R PORSRE, B Balighets, D1oM

to filhcmkd-setioh BRng Gind A -AoftFiguretiShas carobd $arg, thiaisabstale hada' squdthiafray,s t hen

pl anari zed and etched back so that ,the oxi just fills the vgjds, as shown
in FiYyilhedchB, %frﬂi“‘%zﬁi,’lﬂ@fs Inhenngs a@fr@tez@fg’?sé?‘fﬁq %ﬁﬂé}*@w B gure 24 a
Cross- 1 i : (AAVA i t } 35
provi dgdsB %af g&%@?g JD’ar a?x’q%?’ oxi %ﬁeﬁéﬂpl Igl()%ét}rlge ggﬂ?mp?ﬁﬁgvﬁtﬁltacmﬁﬁgﬁ%%&%%

r epeat polgsiBtap sr Ghanebating materials 43 deseéedrbovn ofm byahemmpbyap@gdémsition. a

dept h appr oxi mat .. 25P,. a set, 0 cond.interstitial voi.ds 39 o

i oot e R0 Beltl ok is dupiuisdh B Arahln A SERR B BIS S RS Rty el s o5
and 26arofidiht BYiRWNark B8 0P YiadRtdi(PMaF 3 xD/58P)] lelving QREREd NAdSIERX the Creates
a layer, the remainder of second conformal |ayer 38, with a square array

of hol eeergiitiappesstiors/ip thephtay. Theini¢ratifiad #oids adpee p dipmpaierolieppropindpaisk or
ot her . i | 0 [ steps 3, 4
and 5 P e by BAREh Be BSuted il aupd olsPu ShRCHRES RO Pl EPERY 1 08251 e
met hodsvepikppihe cipcles amiis is 3Mewh irRigares 1Pkt i18uh ahliich Figefeul7 it apldnhdewandat i on
of contact. holes and vial as well as other devices, such as DRAM Fl ash
RAM efiBBEdSR crasnisFiomplgngtineP-Renory types, that require structures, for

exanpl RogHNtAkh i eB S, ah Bnisotropic etch, such as RIE, is performed to remove the coating

material 35 above the oxide pillars 34 and at the bottom of the interstitial voids 36 to arrive at

the position shown in Figures 19 and 20, of which Figure 19 is a plan view and Figure 20 a
cross-section along line B-B. At this stage, the etched coating material 35' has substantially
the same thickness as the oxide pillars 34 and the interstitial voids 36 now extend to the hard
mask layer 33.

[0050] Now, the oxide pillars 34 can be etched away, step 5, with the hardmask 33 acting as
an etch stop for the oxide pillars 34 and the interstitial voids 36. Tﬁis etch gets us to the
position shown in Figures 21 and 22, of which Figure 21 is a plan view and Figure 22 a cross-
section along line B-B. There is now a single layer above the hard mask 33 — the remainder
of the etched coating material 35' — which has apertures on a staggered array with pitch P/2.
This layer can then be used in step 6 as a mask for an etch or other process so that the

staggered array pattern is transferred into the hard mask 33, or other layer of the substrate.



regularly repeated arrays. Since the defining |ithography step is carried
about at half or less of the ultimately obtained pitch or feature density,
it may be achieved without OPC features and may still achieve better and
nore consistent results. In particular, because an array of features can
be extended over an area |arger than tjwe desired area, which is then cut
back in a subsequent undemandi ng naski ng step, edge effects, such as

di fferences between edge features and central features, may be avoi ded.

[ 0053] @hstpugnerﬁmi,itﬁe mefhRHRRE e FRéale8 tdBSel gl Sria§ 6k pltéh PRETHIE Of
the method in the manufacture of ICS using |ithographic apparatus, it
shoul d 1his, msteed of aslernng thehwagasradouay radiewrshpwd inEigires Heandidiatoohber

li catj n.. h f f o ted opti yst
aur danr8 Rt AT ot BoF BeRHH G Bl B ReF o B SPL coR b e
di spl ay%s'. THi¢ uheh slhyaized afld siehéyBacklsoBhat thd dide fust MlyMgRBEdsCadwads inet C.

The skilled artisan will _appreciate that, in _the context of such
al t er naH1EWES adpnd ehtafovbch kigpra Fhis grplameewandd igya 24 o cregs-sectipnalopmling n may

b i i g  falg. . Of

P Car gott i Kefhoting O MBAIRAE Pl ecelfi B0 U Bhede bl oyt i Hiflars O}
pr ocessEtiwithefpitciePHL. Bafrelmalfiag pepsiB end #rbut @sriﬂm(mpﬂlceccagbn;@ai Kayea 38 hﬁﬁng hat
typi cal | i I i.st to. trat eve s the
exposed alF SrapproraRHoRahy2 H0OF Sty BemPig NSBCD GBI PRerEnzs
appl i cghlag arh}6f gﬁm/qg}gseshb%% F%}gﬁ’éé B, ERGideCavidi e %Qfaegﬁﬂméeg 37

substrate processing tools. Further, the substratwe y be processed nore
t han oricelepedingsiemplcecates adpyksy thegewpivdercofzecand| donfdrepblayei38, sdthtdhat  t he

cont o naoeresPEEP RATeB PR &5 B Bl rioyaligh Gpbrndk EpbPEnce
have bdagyer beatatiedalegiréd It HalseRssbleqi RGRARNS, 4ahd shBoleritedttb PRodule t he

cont ext of opt.cal l\} t hography, it will be appreciated that thé invention
may be aG&¥HOT Bt 2agphi%dat i ons, for exanple inprint |ithography, and

where t o] I ] I M i i thogr . 4N
i npri ntmﬁzﬁ hggl r%g%%%édg Ot(f’\(g%olggljé3 %gﬁ%ehﬁ%l &gg’?{t fé):}lnl h/buggf‘é.\\l/ #‘dg étg%g)fnl%ﬁgén ?¢1e
pat t er montaetdtodes and viassas bvefil ategher Heeictgpogt SIDRAM, Riksh BAM, eribedded devi ce

may be pressed.ipnto a |ayer of resist supplied to the substrate, whereupon

the r e§‘%§’?°r?' and G@Fé@eﬁvikyﬁﬁ%% r@%%ﬁ&ﬁe?‘ﬁ@"?@ﬂleﬁopﬁﬁ? holegnain pressure
or a CoEdUAIBL deBthiddatRAf i N1 I i si st
| eavi ngdgg;i p_laai tegrrtl in ]ﬁ? %ﬁ?ﬁhe{&;ghﬁlgg%@%@?ﬁcﬁ efg?af?{ég%ggﬁﬁlgfft&é;bﬁgf

"r adi atheoHtimatedy objainad piteedr feetued density.chpay be athievedorshait ORE faturesmmgnet i ¢

A e L T
(EW) catbatitemic@ver an 1oy langerahakoie leiadhirdad whitd it aaeu@back-ig@ M. as
wel | as particle beans, such as ion beans or
subsequent undemanding masking step, edge effects, such as differences between edge
features and central features, may be avoided.
[0053] Although specific reference may be made in this text to the use of the method in the
manufacture of ICs using lithographic apparatus, it should be understood that the methods
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion”, respectively. The substrate referred to herein may be processed, before or

after exposure, in for example a track (a tool that typically applies a layer of resist to a

substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where



el ectron beans. [0056] The term "l ens", where the context allows, may refer
to any one or conbination of various types of optical conponents,
including refractive, reflective, magnetic, electromgnetic and

el ectrostatic optical conponents. [0057] While specific enbodi nents of the
invention have been described above, ifgwill be appreciated that the

i nvention may be practiced otherwi se than as descri bed. For exanple, the
invention may take the formof a conputer program containing one or nore
sequenc 2 > :

i Sl oo Rihte TRE MBS ECRR) ol DR WbPH] ERIERRFSLY MOt TR kP toole
magnet i Eurther gpe sdmiragingdy) bdavicergedmote thar ongey f@rexappkgnamiato cedtetaher ei n.

[ 0058] The. descripti.on bove .are intended to be illustrative, .not

e natirRger 1 B e Pher Sk hed BrginahS v befer ' 4 sty tiheacy
nndificgﬁﬁgﬂ§nmm;1@ﬁmagggiggmghe invention as described w thout departing
fromthe scope of the clains set out below 17 CLAIMS 1. A device

manuf aci0f4ingAltbeushadpesifiateforente moy hayhbesnapgsierabovsio thheseel englpdiments
conpri sifng. : L DL rr.ay..of sacrificial...features irst |ayer of
O ohbo ol ime R B Gl BicH) LEREr s i bR BRI b s of

f eat ur emapbé usbd it otte applivatvnd] ifdig:xampldisipiint lithokaph o Hrdrwikdre G@adontegt over
the sacrjficial features and_ directionally etching the substantially

conf or niloWseiftnoh fmitsd feoptigel Hthoprmphy. lgfmpriat Lthegraphyp apography it 8s so as to

forma fJ gﬁg,‘}iéjﬁtﬂ I Lr I { I hol es
being T éttlreﬁ??% ea(\:/e vI\’AE % ﬂggﬁggﬂgrc?%ai}@%{ﬁg zsi]gtgrs}]?%b?zﬁf to%ggfa@rjg?% gﬁcﬁ a'%ér\l}?lfﬁg ‘the
first ndevirermadf bd patsed éso pdayer ofivdsisapaaplied entheisnipstialewhearenpdn thi adsisk &sat ur es
so as to formfurther holes in the first mask that, wth the first array
of hol caredia PRRDIE ElseBrmeE i gadiftio heL A HO% unBheion Hereet. ghe |

f eat ur qsmtRBing/ddiceds BRvbdBht oSthel AUl Ral G of Jaitein IRYHR: (&f rebRAk LAY, Per unit

area; 15 providing a second nmask that covers a selected part of the second
array di0pl ebhe temes “rpdisioers sindg baamanseddicraim endanepsiss alhyspes bt cover ed by

f oat ur XuPReRERRL S SSeana SR N AL AR d g hoRtis IR e it ot
first laybout3s5a33R0480E98, 157 ol 106 AR} HikxaesRNJirididl& (EUA)Tadiatih@(ei n the

first layer is fornmed of a material ) i
having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or

electron beams.

[0056] The term “lens”, where the context allows, may refer to any one or combination of
various types of optical components, including refractive, reflective, magnetic,
clectromagnetic and electrostatic optical components,

[0057] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

[0058] The descriptions above are intended to be illustrative, not limiting. Thus, it will be
apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.



sel ected fromthe group consisting of silicon carbide, polysilicon, SiON
and di anond-1i ke carbon. 25 4. The nmethod according to claim1l, .2 or 3
wherein the first mask is a hardmask. 5. The nethod according to claim4,
wherein the first mask is formed of a material selected fromthe group
consisting of silicon carbide, polysilicen, SiON, and dianond-like 30
carbon. 6. The method according to any one of the precedi ng clai ms, wherein
the second mask is formed in developed resist. 18 7. The nethod accordlng
to any one of the preceding clains, wherein the first array is a staggered
array. 8. gy 1\{ygthod according to any one of the preceding clains, wherein
t he secon covers the whol e of selected ones of the holes of the
second array of holes. 9. A device nanufacturing met hod conpri sing:

printing g first, array of sacrlflc f,eatyres a a flrst unb

Peatures fer uniA dSigamanyfaciming mphp P%‘%Pg Bfitho ‘alrunﬁ

subst ant i ablnprigiapf ormal coating to the first array of sacr|f|C|aI features,
the sacrificial Teatures are studs so as to forma first mask defining a
first array of apetingiresTaytof saprifidialfeatures oheddirgflayesaf asebstipte; themmay af ea,
the first 73] e i he array of
sacrificia &f Igéae@@?ﬁﬁ\}fn iﬁps(? ﬁgb? ﬁ%&g‘%ﬁ%%@‘t%‘é{%n ficial features so
as to formfurt fpemdiﬁgatsutrmwanybdﬂﬁ‘onﬁalmsﬁtmgaﬁkr ﬂieahcnﬁmﬂrfeamsﬁhd st array
of apertures, define a second arr apertures at econd . nunbe f
Feat ur es. GEPUUATALY SRBRET RSB PLAoBTarRE IS8 I (Y6 PP 5P BB uni ¢

-area; fil |f15di‘ﬁ'e§ BSasSB IRt a %&srt%/asﬁfde&mﬁg hlﬁ&ﬁ%ﬁg of REIRY Qhéﬁﬁpma;,aéwes%fmn

sacrificial features; renoving t fTrst provid a substanti al I y
conf od @l lmgdcavn@ with thm@m«e@ﬁaamﬁmalefyatmes gad:hwn& ﬂ@lﬁrsteranb@égf featupgs per
sacrifici aI atures are studs so as to forma second nmask defining a third
array of 'ﬁll’es at the second nunber of features per unit area, the

third array of aaﬁds\hﬂge& sherifitgal fearires ke asviedomn filrtieh boles oothe ﬁastmm,skdiiat

sacrificial, features; i ng the, seco rr.ay. of sacr fi features

so as to FgfnibefrstRERY g‘é‘? Hoéén‘?%selcﬂ%d “E@’c‘%ﬂw?‘?ﬂ?&’ l?kh‘ﬁ“ctfeﬁgft hi rd

array of Fpghledp&nitiedd Mg i§ dbOBIE B BET RN oRRAMIEH RS uﬁit afeaj hi rd  nunber

of features perunit area that is double the second nunber of f eﬁ] l.ir es (Per

unit abea. providing a second mask that covers a selected part of the second array of holes; an

processing a part of the first layer not covered by the first and second masks;

characterised in that:

-the sacrificial features are studs.
20 2. The method according to claim 1, wherein the first layer is a hardmask.

3. The method according to claim 2, wherein the first layer is formed of a material

selected from the group consisting of silicon carbide, polysilicon, SiON, and diamond-like

carbon.
25
4.  The method according to claim 1, 2 or 3 wherein the first mask is a hardmask.
5, The method according to claim 4, wherein the first mask is formed of a material
selected from the group consisting of silicon carbide, polysilicon, SiON, and diamond-like
30  carbon.

6. The method according to any one of the preceding claims, wherein the second mask

is formed in developed resist.



10. A nmethod according to claim219 wherein the steps of filling, providing
and renoving are repeated one or nore tines. 11. A conputer program
product conprising program code to control a lithographic cluster
including a lithographic apparatus to perform a device nmanufacturing nethod
according to any one of the preceding clainms. ABSTRACT Device
Manuf act uri ng Met hod and Conput er Progr#n Product A nethod of form ng
features, e.g. contact holes, at a higher density than is possible wth
conventional |ithographic techniques involves formng an array of
sacrificial positive features, conformally depositing a sacrificial |ayer

so t hat gati eatures are forned [nterleaved wth the positive

f eat ures ?ﬁdi r e\z:i;:i:lfa E)T}]eglfqlé&;cg?rgmgnta 2ppeng at'th Precpdimgiclyms, vehegein drofiishayraitibe
sacri fi cistiggéredtviyes. The result is an array of holes at a higher density -
than the original sacrificial features. These may then be transferred into
the underlying substrate using a desired process. Al so, the nethod nay be

repeatedgto cregt ﬁleﬁ{ordaa%&rﬂﬁgqggﬂy BhObEke gxeer(}gch}llg (e:Isajms, w@egelilrg 81e5second mask

covers the whole of selected ones of the holes of the second array of holes.

9. A device manufacturing method compﬁsing:

printing a first array of sacrificial features at a first number of features per unit area
on a first layer of a substrate;

providing a substantially conformal coating to the first array of sacrificial features,
the sacrificial features are studs so as to form a first mask defining a first array of apertures at
the first number of features per unit area, the first array of apertures being interleaved with the
array of sacrificial features;

removing the first array of sacrificial features so as to form further apertures in the
first mask that, with the first array of apertures, define a second array of apertures at a second
number of features per unit area that is double the first number of features per unit area;

filling the second array of apertures to form a second array of sacrificial features;

removing the first mask; |

providing a substantially conformal coating to the second array of sacrificial features,
the sacrificial features are studs so as to form a second mask defining a third array of
apertures at the second number of features per unit area, the third array of apertures being
interleaved with the second array of sacrificial features; and

removing the second array of sacrificial features so as to form further apertures in the
second mask that, with the third array of apertures, define a fourth array of apertures at a third

_number of features per unit area that is double the second number of features per unit area.

10. A method according to claim 19 wherein the steps of filling, providing and removing

are repeated one or more times.

1L A computer program product comprising program code to control a lithographic
cluster including a lithographic apparatus to perform a device manufacturing method

according to any one of the preceding claims.



