Frequency Doubling Using Spacer Mask CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of U S. Provisional
Application No. 60/932,858, filed June 1, 2007, which is hereby

i ncorporated by reference. BACKGROUND 1) FIELD [0002] Enbodi nents of the
present invention pertain to the field of Sem conductor Processing. Mre
particul arly, enbodi nents of the present invention relate to a nethod of
fabricating a sem conductor device. 2) DESCRIPTI ON OF RELATED ART [0003] For
t he past several decades, the scaling of features in integrated circuits

has been a driving force phehind S onduct or industry.
Scaling to smaller and s T?%quﬁﬁﬁﬂwﬁs éW%%P%?rsﬁ%ﬁeased densi ties of
functional units on the limted real estate of sem conductor chips. For
exanpl e, shrinking transistor size allows for the incorporation of an
increased nunmber of |ogic and nemor deV|ces on_a mcroprocessor, |ending
to the fabERE RFERE) O REQATED APPLICATIONS,| exity. [0004] Scaling has
not been wi t hout consequence homever As t he di nensions of the fundanental
bui | di ng bl088Ks of riihiy apliestionaldims terboudiitioy Usy. Proasionad dpalichtias Nohe  sheer
nunber of fundanmental building blocks fabricated in a given region is

i ncr eased, 60/93228580fikt Tahent, 2007, vilich is heleby nepipoaatgirtgaetessmse.used to pattern

t hese buil ding bl ocks have becone overwhelning. In particular, there my be
a trade-off between the smallest 1 dinension of a feature patterned in a
sem conductor stack (the critical dinension) and the spacing between such
features. FheWEROUNIF ! ustrate cross-sectional views representing

1) FIELD
[0002] Embodiments of the present invention pertain to the field of
Semiconductor Processing. More particularly, embodiments of the present invention

relate to a method of fabricating a semiconductor device.

2) DESCRIPTION OF RELATED ART

[0003] For the past several decades, the scaling of features in integrated circuits
has been a driving force behind an ever-growing semiconductor industry. Scaling to
smaller and smaller features enables increased densities of functional units on the limited
real estate of semiconductor chips. For example, shrinking transistor size allows for the
incorporation of an increased number of logic and memory devices on a microprocessor,
lending to the fabrication of products with increased complexity.

{0004] Scaling has not been without consequence, however. As the dimensions
of the fundamental building blocks of microelectronic circuitry are reduced and as the
sheer number of fundamental building blocks fabricated in a given region is increased,
the constraints on the lithographic processes used to pattern these building blocks have

become overwhelming. In particular, there may be a trade-off between the smallest



a conventional sem conductor |ithographic process, in accordance with the
prior art. [0005] Referring to Figure IA a photoresist layer 104 is

provi ded above a seni conductor stack 102. A mask or reticle 106 is

positi oned above the photoresist layer 104. A lithographic process includes
exposure of the photoresist layer 104 to light (hv) having a particular
wavel ength, as indicated by the arrows in Figure A Referring to Figure
1B, the photoresist |ayer 104 is subsequently devel oped to provide the
patterned hot oresi st | ayer 108 above the sem copnductor .stack 102. That is,
Phe port i oAmEionRLa Tespie Britesicdiin A dgmieondyitoF SEEK (185 STisepUBESIOD YK ar o
now renoved. The wdth of each feature of the patterned photoresist |ayer
108 is depPRAcHE hshvach such fgatHresy Figunasd Ash lyshate cpst-wresianad yéqyvsireprespnting s
depicted by the spacing "y.' Typically, the limt for a particular

| i t hogr aphiasopeotens sirsicenslugioplithggraphigipracess. aagtordanse avithtthe priiordirtrensi on
equal to the spacing between the features, i.e. x =y, as depicted in
Figure 1 B[0(J0SD061 RRéferringrig Figurd-i 4um gholorésist idyer b it povidediabevesd on (i.e. the
width "x') of a feature may be reduced to formthe patterned photoresist

layer 110 ghAMendudr staekri G0N wekloor ticle K04 RPosifibeedibolé talpheiorkiRslagst My be
shrunk by over-exposing the photoresist |ayer 104 during the |ithographic

operati on_qgp! &1iRhakdbnfd SHESs Irbnuls Bipos BUDBEILRAbLYSt I NTR S, iR (A3 t e ned

phot or esi st | ayer rom Figure 11 Howeve S In‘critica
di rension cones at the expense of. gan increased spagi ng bet n. features, as
ept ot ed by URRE PG T TRRG Pt Rl oS Rl KB e, of

bet ween t he_ smal | est achievqble ginension of each gf the features fromthe
patterned FjER b5 Bhoteragiilayey b %ﬁé“?%ﬁ&“%‘ﬁ&éﬂ%’% towpreNidg dhapatemedr . 2
[00071 Thus, a nethod to double the frequency of a sem conductor

| i t hogr aphipBotogssistlenes 108 abeedhs seaticondpetphstack 102, That is, the portions of the

photoresist layer 104 that were exposed to light are now removed. The width of each
feature of the patterned photoresist layer 108 is depicted by the width ‘x.” The spacing
between each feature is depicted by the spacing ‘y.” Typically, the limit for a particular
lithographic process is to provide features having a critical dimension equal to the spacing
between the features, i.e. x =Yy, as depicted in Figure 1B.

[0006] Referring to Figure 1C, the critical dimension (i.e. the width ‘x’) of a
feature may be reduced to form the patterned photoresist layer 110 above the
semiconductor stack 102. The critical dimension may be shrunk by over-exposing the
photoresist layer 104 during the lithographic operation depicted in Figure 1A or by
subsequently trimming the patterned photoresist layer 108 from Figure 1B. However, this
reduction in critical dimension comes at the expense of an increased spacing between
features, as depicted by spacing ‘y’ in Figure 1C. That is, there may be a trade-off
between the smallest achievable dimension of each of the features from the patterned

photoresist layer 110 and the spacing between each feature.
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3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] Enbodi nents of the present
invention are illustrated by way of exanples and not limtations, in the
figures of the acconpanying drawi ngs. [0009] Figures IA-Cillustrate
cross-sectional views representing a conventional sem conductor

| i t hographi c process, in accordance with the prior art. [0010] Figure 2
illustrates an exenplary nethod of a spacer mask fabrication process, in
accordance with an enbodinent of the present invention. [0011] Figures 3A-H
illustrate cross-sectional and top-down views representing a series of
processes [0087h t he fThvschaethodto @l@lﬁrtbe frequeneynpfi 4 semnicopducterdithegsprhic t or
stack, in accordance with an enbodi nent of the present invention. [0012]
Figures 4 ApBcesk lisdsserdtied hewpr.down vi ews of an exenplary nethod of a spacer
mask fabrication process, in accordance with an enbodi mrent of the present

invention. [0013] Figures 5A-D illustrate cross-sectional views of an
exenpl ary nethod of a spacer mask fabrication process, in accordance with
an enbodi ment of the present invention. [0014] Figures 6A-B illustrate

t op-down views of an exenplary nethod of a spacer nmask fabrication process,
in accordance with an enbodi nent of the present invention. 4 DETAI LED
DESCRI PTI ON [ 00151 A nethod to double the frequency of a sem conductor

| it hographic process is described. In the follow ng description, nunerous
specific details are set forth, such as



I

fabrication conditions and material reginmes, in order to provide a thorough
understanding of the present invention. It will be apparent to one skilled
in the art that the present invention rmay be practiced w thout these
specific details. In other instances, well-known features, such as
integrated circuit design |ayouts or photoresist devel opnent processes, are
not described in detail in order to not unnecessarily obscure the present
invention. Furthernore, it is to be understood that the various enbodi ments
shown in the Figures are illustrative representations and are not

necessari | 9,%(i5(h89i rghggﬁgggsnbodinent, a nmet hod for
fabricatin ot or —Hes ed. A sem conductor stack having
a sacrifici sk apd a, spacer, mask nmay first bhe provided. In a

enbodi ment ,l&iﬁﬁgﬁ sacr Frbedigtentad thepipgspy iguentign §@r‘ﬁ%§fﬂ{ﬂd WO f MBS spacer
mask has spacer |ines adjacent to the sidewalls of the series of lines. The
spacer nmd$Rd pet limigiiops, o Bediguess pf Bigiageompapyispdeawingsacer mask and t he
sacrificial mask is renoved subsequent to the cropping of the spacer mask.

I n a speci f[0#%nbodi Feetes HARE ilhspracerossasitiona vioysmepreipntifig n sonvdetpowl t i ng a
spacer |ayer above the sem conductor stack and conformal with the

sacri fi ci alsefikeiducidrditlspeaphic gragesy, in scceidahe@dvittothppavi 4ie t he spacer nmask
havi ng spacer lines adjacent to the sidewalls of the series of lines of the

sacrificialjpompsk angiduf 2HROGReS HCxbMPlaBiEREL LS sgab& Ak mabricalial mask. A
photoresi st layer is then deposited and patterned above the spacer mask to

s ot ohod” e e ron eI RANE A menl DPOEBRASRMARIOL O, &l mok e o
| thogr aphiQRAL: or nF ik oE- BORETR G el RS P SO L RBE o GRRRY,
exanple, in accqordance with ap enbodi.oent of th resent, invention,. a

epacer  masReS o aiEroe: Lo Mngena Bt Seioplrio Sayseodio ke

sideval s %]::coardance with an embodiment of the present invention.

[0012] Figures 4A-B illustrate top-down views of an exemplary method of a
spacer mask fabrication process, in accordance with an embodiment of the present
invention.

[0013] Figures 5A-D illustrate cross-sectional views of an exemplary method of a
spacer mask fabrication process, in accordance with an embodiment of the present
invention,

[0014] Figures 6A-B illustrate top-down views of an exemplary method of a
spacer mask fabrication process, in accordance with an embodiment of the present

invention.



| i thographically patterned sacrificial mask. As such, for every line in the
sacrificial mask, two spacer lines of the spacer nask are generated. A

sem conductor patterning nmask providing substantially the sane critica

di rension for each line, or the sane feature w dth, but having double the
density of lines in a particular region may thus be fabricated wupon renoval
of the sacrificial mask. For exanple, in accordance with an enbodi nent of
the present invention, the pitch of the sacrificial nask is selected to be 4
in order t [ YR Ovi a spacer mask having a pitch of 2. [00181 In
order to p L1t hat do not wap around the ends of the |ines
of the sacrificial mask, the spacer mask may need to be cropped. Danage to
the spacellHikk dur Areethodtosispbls dhediramenay o a seyicprdysios lighoee@hisprowssi ni ng
the sacrificial mask until the spacer mask has been cropped. For exanple,

i n accor daitcdesetited. knthe &olloodngdeseripsfont mengspesswaeific detaits 3re pet fertls sudheas mask
conpri ses spacer regions which are directly adjacent to the sidewalls of
the |ines ifabrigatgacaondlitionsdndrpatkrial ireptinesy imgrderrto prvideheethomugdls understandimg i ne.
Each pair of spacer regions of the spacer nmask associated with each 1ine of
t he sacri f io€thalprezaknieaticinninegll 8elappatentmyoneakitled in tbhe thav tiggneseat € | i nes in
the spacer mask that are discontinuous with one another. In one enbodi nent,

the porti ofsehiion hiEbSpaceed WBGkutthab specAit REAUNh sither iRdgs e wedlbgokinnes in
the sacrificial mask are cropped in a patterning/etch process. In the

absence of gl fg.s e &iifitdhedRREit &e@@n?fe%ﬁﬁror Bﬁ(ﬁgreg‘@tydeva%mgﬂ\cb?oc%kgeg,i ci ent
integrity to endure the patterning/etch process. In accordance wth one

embodi et 4Bfnd DEHBEH sl Y BI] Ror bICRGNG LDELANnTRR i ned dur i ng

the cropping process in or 0 provide ur al por e spacer
kK th hout t he. .. 6 U ' t he. . & h
M S R e ) SRR

a specific enmbodi nent, the i e of the cropped spacer mask is
P illustrative representartlions an gare not necessarlrly glgwn to Ecafe.

[0016] In one embodiment, a method for fabricating a semiconductor mask is
provided. A semiconductor stack having a sacrificial mask and a spacer mask may first
be provided. In an embodiment, the sacrificial mask comprises a series of lines and the
spacer mask has spacer lines adjacent to the sidewalls of the series of lines. The spacer
mask is then cropped to provide a cropped spacer mask and the sacrificial mask is
removed subsequent to the cropping of the spacer mask. In a specific embodiment, the
spacer mask is formed by first depositing a spacer layer above the semiconductor stack
and conformal with the sacrificial mask. The spacer layer is etched to provide the spacer
mask having spacer lines adjacent to the sidewalls of the series of lines of the sacrificial
mask and to expose the top surface of the sacrificial mask. A photoresist layer is then
deposited and patterned above the spacer mask to expose a portion of the spacer mask.
The exposed portion of the spacer mask is etched to crop the spacer mask. Finally, the

sacrificial mask is removed, leaving only the cropped spacer mask.



subsequently transferred to a sem conductor stack. [00191 The fabrication of
a spacer mask may include a cropping process sequence, through which a
sacrificial nmask is retained to provide structural integrity to the spacer
mask. Figure 2 conprises a flowhart 200 representing an exenplary nethod of
a spacer mask fabrication process, in accordance with an enbodi nent of the
present invention. Figures 3A-H illustrate cross-sectional and top-down

vi ews acconpanying the exenplary nethod fromflowhart 200 as applied to a

sem conduct t ack, n accor dapce t.h an enbodj nment of t resent

i nventi on. [FMO] Ref ?frieﬂl‘be"t%o'?f’pléﬁh%rf‘%%p%?‘ 'ﬁlﬁl‘jl’? QPtbé?d ] %b&é‘%ﬂ%azoo and
corresponding Fiqure 3A, a patterned photoreS| st layer 302 is provided
above & serfPiShEMSR. dfor stireRle, B@esordanceRih enbubpdimsnt ofthrepretsh BEFIMBLBr st ack
300 is conprised of a first mask stack 304 and a second mask stack 306
above a serspewshoask srfaliriegled ha0eg sfaogdines Mnwepadicesnhiedhpsidewnllssfat | ayer 302
may be conprised of any material suitable for use in a lithographic
process. | fithopeaphidatg parented shérifiqia tintask .nAd syathofoo eesy sine inl thy excriBitidl wmagk, be
formed by first masking a bl anket |ayer of photoresist material and then
exposi ng i ttwb@patet ligRlof #RWHpERr mhkiCard gbic@iied: dA phipicondiSios paltedyiag maekk nay t hen
be formed by devel oping the blanket photoresist |ayer. In an enbodi nent,

the portiongoRfing B@osmaamwﬁs ksthe J:nﬂ)ﬁ%fdnﬁ?éﬁ@@@fbrfe&htlhﬁ b 80 sanROREGR ar e
removed upon devel opi ng t'he phot or esi st ayer. Thus, the patterned

hot t fi: I
the BiiiéﬁtW‘“%G‘&.‘% 'd?’v“f"m?ﬁéﬁﬁfﬁé‘“en@%?a“““ﬁ“ pé%hf‘e“"'%?‘@% b BBHRE e s

| ayer 302 is conm [ of a itiv hot or esi st sel ed fr.omthe
oroup consel FTEar SEnS sesfABRELhy FoRRHSHET BleolPhe Mol SPRLFE dng o

phenol i regi grgeggﬁvmw@;%aﬁhﬁéga%%%c.armg;ﬂ 000G SFRY FSTaer kI N0t her

enbodi nent

ultimately provide a spacer mask having a pitch of 2.

[0018] In order to provide spacer lines that do not wrap around the ends of the
lines of the sacrificial mask, the spacer mask may need to be cropped. Damage to the
spacer mask during a cropping operation may be prevented by retaining the sacrificial
mask until the spacer mask has been cropped. For example, in accordance with an
embodiment of the present invention, a spacer mask comprises spacer regions which are
directly adjacent to the sidewalls of the lines in a sacrificial mask, including around the
ends of each line. Each pair of spacer regions of the spacer mask associated with each
line of the sacrificial mask is connected. It may be desirable to generate lines in the
spacer mask that are discontinuous with one another. In one embodiment, the portions of
the spacer mask that wrap around the ends of the lines in the sacrificial mask are cropped
in a patterning/etch process. In the absence of the sacrificial mask, the spacer mask may
not have sufficient integrity to endure the patterning/etch process. In accordance with one
embodiment of the present invention, the sacrificial mask is retained during the cropping

process in order to provide structural support to the spacer mask throughout the process.



phot oresi st | ayer exposed to the light source are retained upon devel opi ng
the photoresist |ayer. Thus, the patterned photoresist |ayer 302 is
conprised of a negative photoresist material in the present enbodinent. In
a specific enbodiment, the patterned photoresist |ayer 302 is conprised of
a negative photoresist material selected fromthe group consisting of

pol y-ci s-i soprene and pol y-vinyl -ci nnamate. 10022] The patterned photoresi st
| ayer 302 may have any dinmensions suitable for a spacer nask fabrication
process. Iqﬂaccordanc with an. e OdlgEH@ of the p resené |nvent|on t he
width ~x' of PULEIPRIMAIE PRAcHE Metke M SETEICHE BaBBRY Peismaved iRipvidponlydhesel ect ed
to substantially correlate with the desired critical dinension of a

sem conductGPPRE spacer mpgaty a spectfiemhadimetdhninee af Sisseapped shacerenids a gate
el ectrode. In one enbodinment, the wdth x' is in the range of 10- 100
nanonet ers. Sumug}tb(dtangfm@dWE?eﬂtMIqqnéectolwtaCKay be selected to optinize a
frequency doubling schene. In accordance with an enbodi nent of the present
i nventi on, [@0EYbsequdintifabrication cfatspaces pasiemayaslade a ctappiretpeckesuch t hat the
wi dth of the spacer lines of the spacer mask are substantially the sanme as

the w dth ~wquedbe, tRaagh Whiah disgericidl RRsPRUEEHBEEH RbAHOsRRULE hRYE SR
Furt hernore, the spacing between subsequently formed spacer lines is

targeted tosph@r ibiet Aiphiea dohprdssa ﬂé@chtahf?_om- éaemng%fekte ngﬁapﬁéths@ewn

Thus, in one enbodi nent, because the frequency ultimately be doubl ed,
the spaci n t . t 302 is
apprOX| mat e pyéleég%a Yg’?@%‘%ﬂ?p%& Lrgéc\@/%ﬂldgnec%%t,h% gﬁﬁ%{?gg&@ %%rgure 3A. The

tch of th tt d t st | | ted t
o Oy B0 AR RO o PP B it pace
| havi h . of t f d t, 193
e oot SR RO el SR I T

a feature width of approximtely 45 nanoneters and a spaci ng between
feat ures of With an embodiment of the present invention.

[0020] Referring to operations 202 and 204 of flowchart 200 and corresponding
Figure 3A, a patterned photoresist layer 302 is provided above a semiconductor stack
300. In one embodiment, the semiconductor stack 300 is comprised of a first mask stack
304 and a second mask stack 306 above a semiconductor layer 308.

[0021] The patterned photoresist layer 302 may be comprised of any material
suitable for use in a lithographic process. In one embodiment, the patterned photoresist
layer 302 may be formed by first masking a blanket layer of photoresist material and then
exposing it to a light source. The patterned photoresist layer 302 may then be formed by
developing the blanket photoresist layer. In an embodiment, the portions of the
photoresist layer exposed to the light source are removed upon developing the photoresist
layer. Thus, the patterned photoresist layer 302 is comprised of a positive photoresist
material in the present embodiment. In a specific embodiment, the patterned photoresist
layer 302 is comprised of a positive photoresist material selected from the group

consisting of a 248nm resist, a 193nm resist, a 157nm resist and a phenolic resin matrix



approximately 135 nanoneters. [00231 The approximte 3:1 spacing:width ratio
for the features of the patterned photoresist |ayer 302 may be achi eved by
over - exposing a positive photoresist |layer at the exposure operation or by
trimm ng a photoresist |ayer subsequent to a |ithographic/devel opnent
process. In one enbodi nent, the patterned photoresist 302 is conprised of
193 nm positive photoresist that was tri mmed post devel opnent by using a

pl asma etch chem stry. Al though for a frequency doubling schene the ideal

wi dth of eagh featurehin.the atterqu Enotore i St Iﬁ¥er_3021jgi'/a t he
pitch of t REUpadirgyRRlfhogpingng sensitizer. | lapaothepmbodiment, ihg pofionsHfdhs ed wi dt h
may be required to be slightly thicker to conpensate for the etch process
used to patRIBIoResishiayey qxg?seﬁﬁ%@étgawugwe retainediupon deveinpingfhe phtengsish

enbodi ment of the present invention, the initial width of each line in the
patterned prsrofeus e patgraed gororesistiayey#2ag coropiieed ioé & Regative ph@eresisd 0. 312
times the pitch. [00241 Referring to operation 206 of the flowhart 200 and
cor r espondi mgeril guthe pre38t etthedimeny elnafspedific grabedimegdthp pettanakpletortsaster 302
is transferred to the first mask stack 304 by an etch process to forma
sacri fici allaysrs82 3k0mpfibal cfladlgphve phsordiBeflatefialtse ROl €om thBgrouprge may be
any process suitable to transfer substantially the sane inmage fromthe

patterned %ﬁ&i%@&ﬁ?hly'—é&%ﬁpﬁ@@aﬂdboﬁ)hein&i-c_fiﬁﬁaxﬁﬂéék stack 304. [00251 The
first mask stack 304 and, hence, the sacrificial mask 310 may be conprised

of any matqphs) or CQ’E’Q%E@% HBforfe: Hg-glgjs(ﬁ rﬁé# AR Ley Eiﬂleﬁ%nsta%itéblé?&” ficial

mask in a spacer nmask fabrication pro accordance w an enbodi nent

O e DTSR, NP BRIl lSeeld 8 RBeP A S LR a2 100l @

material, as'inhdic Si'nglhe”sha A. The

conpositi OMnden IOItl,hd'lé: \iiund?ﬁ sx’%]}“egclhrfggturg% &e%&ﬁ&hedg photoresist layer 302 is selected

to substantially correlate with the desired critical dimension of a semiconductor device
feature, e.g. the width of a space that defines a gate electrode. In one embodiment, the
width ‘X’ is in the range of 10 — 100 nanometers. The spacing between lines ‘y’ may be
selected to optimize a frequency doubling scheme. In accordance with an embodiment of
the present invention, a subsequently fabricated spacer mask is targeted such that the
width of the spacer lines of the spacer mask are substantially the same as the width ‘x’ of
each feature of the patterned photoresist layer 302. Furthermore, the spacing between
subsequently formed spacer lines is targeted to be substantially equal to the width of each
spacer region. Thus, in one embodiment, because the frequency will ultimately be
doubled, the spacing ‘y’ between each feature in the patterned photoresist 302 is
approximately equal to 3 times the value ‘x,’ as depicted in Figure 3A. The pitch of the
patterned photoresist layer 302 is selected to be approximately 4 in order to ultimately
provide a spacer mask with spacer lines having a pitch of approximately 2. In a specific

embodiment, 193 nm lithography is used to generate the patterned photoresist layer 302



304 conprised of a single material nmay be suitable for etching with an etch
process that is substantially non-inpactful to the patterned photoresist

| ayer 302. In one enbodi nent, the dinensions and etch characteristics of
the first mask stack 304 conprised of a single nmaterial are selected to be
anenabl e to patterning during which the patterned photoresist |ayer 302 is
retained substantially intact. In a specific enbodinent, the patterned
photoresist |ayer 302 is conprised of a carbon-based material and the first

mask st ack of .a t | ected fromthe g

consi sting h%?%g |alf?aé%%wrwtb %p roxm}aFEy %{ nad’)?lnﬁgrsawg AhBT %‘ﬂ?ﬁ%ﬂ featufes of

pol ycrystal line.sil ggg g)artl cul ar enbodi ment, the first mask stack
304 is conpalpf’s?éﬁnagﬂﬁ H?'}ngeltegy of silicon nitride and the etch process used

to forn1tq§:§§};|fl h mask 310 utilizes gases selected fromthe group
consi sti ng B§23b0F fpaPRipimata 11 sprstngayidihantie fothe featnise af themetterndde fir st
mask stack 304 is conprised substantially of silicon oxide and the etch
process usddogesisblayet W@ maydeiachieved byryske:dbsing atposilivephgarssst lset ethed from
the group consisting of CAF8 and CHF3. In another particular enbodinent,
the first repdsustepekatist4r by irswningiaphdtosasiss tagert subdeliyerd to anor phous or
polycrystalline silicon and the etch process used to formthe sacrificial

mask 310 utlithdgeaphic/@aslepmemlpeedess] Thoetihb&liBERUhe patehed pHIGr&ist Go2jsand HBr .
In accordance with an enbodi nent of the present |nvent|on t he thlckness of

the first n@srisddark 938 FRANE bﬁ&gresi@ﬂ( th& @ds'iﬂ&ﬁle%t)?crde@élo lﬁerﬁ%gﬁglhg

optim ze the subsequent formation of a spacer In a requ ncy oubI i ng

scheme. The, 1&%%3%&@%} t Rginbidiy %rﬂ@#ﬂ:eﬁ&@ﬁtﬁ:bﬁ#? s hfela‘émyl& hept!y small

to prevent spacer ne- co apse 0 ormed spacer mask

L e T mﬁ@ gl L1 o7
Car get od | et M GUREe L erpdp ek B Gatre fo be sieRly Bitker 6 11
compensate for the etch process used to pattern the first mask stack 304. Thus in
accordance with an embodiment of the present invention, the initial width of each line in
the patterned photoresist layer 302 is targeted to be between 0.281 and 0.312 times the

pitch.

[0024] Referring to operation 206 of the flowchart 200 and corresponding Figure
3B, the image of the patterned photoresist layer 302 is transferred to the first mask stack
304 by an etch process to form a sacrificial mask 310. The etch process used to transfer
the image may be any process suitable to transfer substantially the same image from the
patterned photoresist layer 302 to the first mask stack 304.

[0025] The first mask stack 304 and, hence, the sacrificial mask 310 may be
comprised of any material or combination of materials suitable to act as a sacrificial mask
in a spacer mask fabrication process. In accordance with an embodiment of the present

invention, the first mask stack 304 is comprised of a single material, as indicated by the

single shading depicted in Figure 3A. The composition and thickness of first mask stack



[ 00261 In accordance with an alternative enbodi nent of the present

invention, the first mask stack 304 is conprised of a first hardmask | ayer
304A above a first mask |layer 304B, as indicated by the two | ayers depicted
in Figure 3A. Hence, the sacrificial mask 310 is conprised of a sacrificial
har dmask portion 31 OA above a sacrificial mask portion 31 OB, as depicted
in Figure 3B. In one enbodinent, the first hardmask | ayer 304A and the
first mask |layer 304B are patterned with the i mge of the patterned
photoreS|st | ayer . 302 in two distinct etch operations. The first hardmask

| ayer 304A %90'5@1%96%? siagly reteriah Aipy ba fwablel fosetrhing withfes etchmsonepsthalis h an
etch process that is substantially non-inpactful to the patterned

phot or esi stubstaptipllgom-impacidildo gherpatiernedphoterasistdiyer 3&3. dnonaaubedipint,
characteristics of the first hardmask | ayer 304A are selected to be anenabl e
to a patt ¢rendimgngiorsced stch gharagenstics bf thi @rgp atasiestadkd (dhootmprissi afta sirmyer 302 i s
retained substantially intact. In a specific enbodi nent, the first mask

| ayer 304B n{andtlat regeldeed tocs anidhablt kd pdttelmiddminlg whadtethe §%Medl photoeet i sed of
a material with etch characteristics simlar to the etch characteristics of

the patternggr mm%tﬁﬁt:@gubttameauym&t Ty pectR@nibolidtent MPRSIned | ayer 304A is
used to preserve the inmage fromthe patterned photoreS| st layer 302 during

the subseq ﬁ%re@ﬁ?l'ﬁ%é?fmﬁ tgecof[rt rﬁEd &rtog.yaag d%gét@nan fld e gﬁg{@kgsggg%@ﬂ' ment,

t he patter resi st ye Irst mas
conpri sed a nd th gr 304A is
conpri sed g% CO%% ggée?ilbaa'?lgte“ Se{e tﬁd % Ogjntt tREWP g?’&fﬁl%(gﬁg 3 ’Hgld& "M con
nitride, S|I|con oxi de and a yCcrys line silicon In a
par t1 cul ar OBIHBAA RBMPTORTE PORRLRAH e ke IR b amosd Bsib theda
substantially of silicon nitride and the etch process used to pattern t he
first hardmasksteek/ M isoamprsed spbstaptially of siligen piride artbhe sisbprrcessiused oayer 302
and the first mask |ayer 304B utilizes gases selected fromthe group
consi st i ng feim @eaFR2ifigad maHF310 utiizengaseresclepid fiooutha grapisontistimgtof GHhE:  fi r st
har dmask | ayer 304A is conprised substantially of silicon oxide and the etch
process and CHF;. In another particular embodiment, the first mask stack 304 is comprised

substantially of silicon oxide and the etch process used to form the sacrificial mask 310

utilizes gases selected from the group consisting of C4Fg and CHF;. In another particular

embodiment, the first mask stack 304 is comprised substantially of amorphous or

polycrystalline silicon and the etch process used to form the sacrificial mask 310 utilizes

gases selected from the group consisting of Cl; and HBr. In accordance with an

embodiment of the present invention, the thickness of the first mask stack 304 comprised

of a single material is selected to optimize the subsequent formation of a spacer mask in a

frequency doubling scheme. The thickness of the first mask stack 304 may be sufficiently

small to prevent spacer mask line-collapse of a subsequently formed spacer mask and

sufficiently large to enable critical dimension control of the spacer mask lines. In one

embodiment, the thickness of the first mask stack 304 comprised of a single material is in

the range of 4.06 — 5.625 times the targeted line width of the sacrificial mask 310.
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11 used to pattern the first hardmask | ayer 304A selective to the patterned
phot oresi st layer 302 and the first nmask |ayer 304B utilizes gases sel ected
fromthe group consisting of C4F8 and CHF3. In another particul ar

enbodi ment, the first hardmask | ayer 304A is conprised substantially of
anor phous or polycrystalline silicon and the etch process used to pattern
the first hardnmask | ayer 304A selective to the patterned photoresist |ayer
302 and the first mask layer 304B utilizes gases selected fromthe group
consisting of C12 and HBr. The thickness of the first hardmask | ayer 304A
may be sufP26lent | y Isaedordance withbh elterhdtiyk lembgdiingot ofithe pesdnt inyent@inatheve t o
the patterned photoresist |ayer 302 and sufficiently large to avoid

pi nhol es t fiat maskystach 364 i avld pyisek@esfrst Haedrask ddyerB&IA hlsyve a fidfidihisk layeone
enbodi nent, the thickness of the first hardmask | ayer 304A is in the range

of 20 - 50304B2a0MBIcels by HHAREayers deBRiedan Bigohes S Hbeef ihe Sicriikmatiack 304 is
conprised of a first hardnmask |ayer 304A above a first mask |ayer 304B, the

first mask;loay 86mpied o ¥ackiicEPARIME&DoRion ADK BVESL bkifsidl Al forlich

wi thstand a controlled etch process and a subsequent spacer mask formation

char act e i e ?%ﬁ@ﬁ"f“%’i%%f%?ﬁgﬁ %‘%mﬂﬁgﬁé‘e&’:ﬁ%? RSy R S B "
i ' ' I dth
First masie 8% meip R itan s Punetd BRI LI bt S BB at  or nea

phot oresi st | ayer 302 remai ni ng sybseguent. to the etch of the firs
har dmask | 23/l t‘geés&ﬁa?tétqhé%%amdﬁ%&%@stﬁﬁ@n@%mﬁﬁ%ﬁénﬁ betompuisid of ayer
3048. For exanple, in accordance with an enbodi nent of the present
i nvent i on, anygeaterial seitabla foeetaling pridtas ciedipsecessdthalris Sibstaptial vt iea-imppeiful nask
| ayer 304B are conprised substantially of carbon atons. In one enbodi nent,
the first twabkpdteyed pBOdBsisslayad®pr iced enfbodimming tth dinshsispeangdtchnond- | i ke) -,
spz (graphitic)- and spl (pyrolitic)-

characteristics of the first hardmask layer 304A are selected to be amenable to a

patterning process during which the patterned photoresist layer 302 is retained
substantially intact. In a specific embodiment, the first mask layer 304B (which underlies
the first hardmask layer 304A) is comprised of a material with etch characteristics similar
to the etch characteristics of the patterned photoresist layer 302. Thus, the first hardmask
layer 304A is used to preserve the image from the patterned photoresist layer 302 during
the subsequent etch of the first mask layer 304B. In a specific embodiment, the patterned
photoresist layer 302 and the first mask layer 304B are comprised of carbon-based
materials and the first hardmask layer 304 A is comprised of a material selected from the
group consisting of silicon nitride, silicon oxide and amorphous or polyerystalline silicon.
In a particular embodiment, the first hardmask layer 304A is comprised substantially of
silicon nitride and the etch process used to pattern the first hardmask layer 304A selective
to the patterned photoresist layer 302 and the first mask layer 304B utilizes gases selected
from the group consisting of CH,F, and CHF;. In another particular embodiment, the

first hardmask layer 304A is comprised substantially of silicon oxide and the etch process
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hybri di zed carbon atons fornmed froma chem cal vapor deposition process
using 12 hydrocarbon precursor nolecules. Such a filmmy be known in the
art as an anorphous carbon filmor Advanced Patterning FilmiM (APF). In a
specific enbodinment, first nmask |ayer 304B is conprised of such an

anor phous carbon filmand is etched by using gases selected fromthe group
consisting of the conbination of 02 and N2 or the conbination of CH4 and N2
and 02. In a particular enbodi nent, substantially all of the patterned
photoresist |ayer 302 is renpved in the same etch operation as that used to
pattern thesedtq paftermig first hordmagiplager 3PAA seleptisierte the reftemnpd phatergsistdak | ayer
304B may be sufficiently small to prevent spacer nmask |line-collapse of a
subsequent P92 dndrihetirstpaskelayard §4B atilizes gades seleasert frgm ther greun eongistiig ef criti cal

di rension control of the spacer mask lines. In one enbodinent, the total

t hi ckness ©fFstahe CHF; sin amather particidar3Owbod mmgitsefirsohardmeaskf layes 304 A& dmask | ayer
304A and the first mask layer 304B is in the range of 4.06 - 5.625 tines

t he tar get ednpriseé swds@htial Bf oflafrshd0s bif potyorystalfksilichd anldl HeZ8ch gredes tidedg agai n
to Figure 3B, the first mask stack 304 (shown in Figure 3A) is patterned to

formthe swaitéﬂnqh@ﬁrsﬂﬁa?&mmafe%bgm k&etive td A8 pRBGRAbHTRRKsi 1BEK3@306.  The

second mask stack 306 is conprised of a second hardmask | ayer "306A above a

second misﬁuf ¥ fifst %Qiﬁﬁag&%ogﬁ%i%%%g%éé sﬁ(‘g&g&r f)i?@f;??e gﬁ%ﬁp §&&%‘E\gg prggg iy K |ayer

306A may have any properties sul e secon ayer 306B
fromthe efgch rocess used formihe rificial sk. 310...In cordance
W eh an onbbl: T OERSs TR s daRiRsh et T o e S0, P
conpri sed of single materjal and is etched selective to the second
o | Bkl sSaie Ydhmias B Rub priemedmBoiorr et napehdaiicianty | o
conprised of silicon nitride and the second hardmask | ayer 306A is conprised

of a mat el¥gato deeid pindgles thapimay andpssally exness deifisy nurk daver 3B drcae and

anor phous or
embodiment, the thickness of the first hardmask layer 304A is in the range of 20 — 50

nanometers.

[0027] In the case where the first mask stack 304 is comprised of a first hardmask
layer 304A above a first mask layer 304B, the first mask layer 304B may be comprised of
any material suitable to withstand a controlled etch process and a subsequent spacer mask
formation process. In one embodiment, the first mask layer 304B has similar etch
characteristics to the patterned photoresist layer 302. In a specific embodiment, the
thicknesses of the patterned photoresist layer 302 and the first mask layer 304B are
selected such that all portions of the patterned photoresist layer 302 remaining subsequent
to the etch of the first hardmask layer 304A are removed during the etch of the first mask
layer 304B. For example, in accordance with an embodiment of the present invention,
both the patterned photoresist layer 302 and the first mask layer 304B are comprised
substantially of carbon atoms. In one embodiment, the first mask layer 304B is
comprised of a mixture of sp’ (diamond-like)-, sp’ (graphitic)- and sp' (pyrolitic)-

hybridized carbon atoms formed from a chemical vapor deposition process using

12
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pol ycrystalline silicon. In another enbodinent, the first mask stack 304 is
conprised of silicon oxide and the second hardnmask | ayer 306A is conprised
of a material selected 13 fromthe group consisting of silicon nitride and
anor phous or polycrystalline silicon. In another enbodi nent, the first mask
stack 304 is conprised of anorphous or polycrystalline silicon and the
second hardnmask | ayer 306A is conprised of a material selected fromthe
group consisting of silicon nitride and silicon oxide. In accordance with

an alternative enbodi nent of the present invention, the first nmask stack 304
i s conpri skdiromfboa précussor mateduias kSuchpdiim3fabdedkmgwa ifi threstrt ayas lamlogphens 304B. | n
one enbodi nent, the first mask |layer 304B is conprised of an anorphous
carbon fi | caredrcfiledorydvgasePasetnépt Rith T @PF).hin aepetific embsdigichn) Grdatihe

conbi nation of 02 and N2 or the conbination of CH4 and N2 and 02 and the

second har pg@asio4Bay &Smpiédiof suck @BbeRBuarfn TR 3 etsiRldastiRig ghéeam t he
group consisting of silicon nitride, silicon oxide and anorphous or

pol ycryst aldidcia i ufe%r.lougTJa,ﬁsigtmgcmﬁéc%nmma&iBﬁ_oﬁég mpwm%&bm@roﬁo% may
be sufficiently small” to enabl € subsequent highly selective etching
relative tpyt e el to avoid

pi nhol es tﬁgkgﬁ%ﬁz%nde%i@%@%&hgﬁg%@ggﬁﬁgﬁ?ggﬁgﬁ%hﬁ%@&hhﬁyég&gﬁgB to the etch
process applied. t he

to th irst sk . stack 304. In one, enbpdinent,
Phi Cknese BioRaaish 267 aFtman fyae sRo apsretior e PEp Guosfimas " 40
nanonet ers 00291 Referr| tQ operation 208 of the flowhagrt, 200 and
correspondﬁﬁgmﬁf‘ lﬂ)"‘é%og%, l]"gg%%eg qfilféﬁ“ﬂ%s il%)’eﬂé[ﬂ)&inﬁé eE&ﬁ?‘S‘Ft | over the
sacrificial mask 310 and above the second hardnmask | ayer 306A. The spacer
| ayer 312 pBalf erevsnt acemaskiine-rellapsoef agwhseapsntly formad; spacee mpskhendome a

spacer mask for use in a frequency doubling schene. [00301 The spacer |ayer
312 may besubopntiyslergedd erahic argicalrdimbnssan doatybleoftthe fpocannzask lines. In one

embodiment, the total thickness of the first mask stack 304 comprised of the first
hardmask layer 304A and the first mask layer 304B is in the range of 4.06 — 5.625 times
the targeted line width of the sacrificial mask 310,

[0028] Referring again to Figure 3B, the first mask stack 304 (shown in Figure
3A) is patterned to form the sacrificial mask 310 selective to the second mask stack 306.
The second mask stack 306 is comprised of a second hardmask layer 306A above a
second mask layer 306B, as depicted in Figure 3B. The second hardmask layer 306A
may have any properties suitable to protect the second mask layer 306B from the etch
process used to form the sacrificial mask 310. In accordance with an embodiment of the
present invention, the first mask stack 304 is comprised of a single material and is etched
selective to the second hardmask layer 306A. In one embodiment, the first mask stack
304 is comprised of silicon nitride and the second hardmask layer 306A is comprised of a
material selected from the group consisting of silicon oxide and amorphous or
polycrystalline silicon. In another embodiment, the first mask stack 304 is comprised of

silicon oxide and the second hardmask layer 306A is comprised of a material selected

13



reliable mask for use in a subsequent etch process. In accordance with an
enbodi nent of the present invention, the spacer layer 312 is conprised of a
material selected fromthe group consisting of silicon nitride, silicon

oxi de and anorphous or polycrystalline silicon. 14 The spacer |ayer 312 may
be deposited by any process suitable to provide a conformal |ayer on the
sidewal | s of the sacrificial mask 310, as depicted in Figure 3C. In one
enbodi ment, the spacer layer 312 is deposited by a chem cal vapor deposition
(CVD) technigue selected fr t he oup, consj sting of nol|ecu] ar-organic
CVD, IOMFpBB@&H?@““Eﬁ%”&HBgB?QL % ﬁ@% usgg popygiveieilwg silisent e spacer

| ayer 312 may be selected to deternlne the width of the features in a
subsequent F“%P“FQS erbadigsat die firgiaraskpagk 304 is comprsrdqdspemtiornonn enbodi ment  of
the present invention, the thickness of the spacer layer 312 is

subst ant i awlycwmlhgaﬂhcqsandﬁbe secondhapdmaskdayee 30k ssoumprisdueofsanaterfdlci al nmask
310, as depicted in Figure 3C. Although for a frequency doubling schene the
i deal thi ckelassi fodm thehgogpaneistihgofeilicad Aitfide drdesilkanexale. ihsccoiddbde vaith t he
features of the sacrificial mask 310, the initial targeted width may be

required ten biersdtivgbinbyditldhCdfale presepompenial e figdt niadle statickos ipeoapsedused to
pattern the spacer |ayer 312. In one enbodi nent, the thickness of the

spacer Iaysfaﬁrsa-ﬁaruﬁaacnwémmtaﬁ& a(ﬁilst%sﬁ lapa%oabelﬂ%rf@é?nwdnﬁaﬁ theatspres of
t he sacrificial . times the desired feature width of the

lines in ag@%ﬁ?ﬁ?&?ﬁgﬁ %’c{;\@{{ og%aﬁgﬁgh&E%Ebo$ ﬂﬂf'f’%ichﬁ%f%ﬁf %é;s%f;@%' nto

operation now to corresp igure 3D, the

spacer | ay 2 1S etch roy de th S and expose the
op sur  acemié piel ShEATRE b uf kPRt A RGN OEil&owa*]ﬁwaﬂaéfiﬁﬁ aver
306A. The Ii the acer conf or nal th the sidewal |l s of
the featur@ b?“d{ Reang4Be secped %ﬁrglﬁﬁiﬁa@ié&ﬁrmmmﬁ@r%‘ LPYCHYSEIRTRLs from
t he spacer mask 314 for_eyer¥__ L )

from the group consisting of silicon nitride, silicon oxide and amorphous or

polycrystalline silicon. The thickness of the second hardmask layer 306A may be
sufficiently small to enable subsequent highly selective etching relative to the second
mask layer 306B and sufficiently large to avoid pinholes that may undesirably expose the
second mask layer 306B to the etch process applied to the first mask stack 304. In one
embodiment, the thickness of the second hardmask layer 306A is in the range of 15 — 40
nanometers.

[0029] Referring to operation 208 of the flowchart 200 and corresponding Figure
3C, a spacer layer 312 is deposited conformal over the sacrificial mask 310 and above the
second hardmask layer 306A. The spacer layer 312 is the source of material for what will
ultimately become a spacer mask for use in a frequency doubling scheme.

[0030] The spacer layer 312 may be comprised of any material suitable to form a
reliable mask for use in a subsequent etch process. In accordance with an embodiment of
the present invention, the spacer layer 312 is comprised of a material selected from the

group consisting of silicon nitride, silicon oxide and amorphous or polycrystalline silicon.
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line of the sacrificial mask 310, as depicted in Figure 3D. [0032] The
spacer |ayer 312 may be etched by any process suitable to provide

wel | -control | ed dinensions, for instance, to maintain a width of critical

di rension of the sacrificial mask 310. In accordance with an enbodi nent of
the present invention, the 15 spacer |layer 312 is etched until the lines of
the spacer nask 314 are substantially the sane height as the features of
the sacrificial mask 310, as depicted in Figure 3D. In another enbodinent,
the lines of the spacer mask 314 are recessed slightly below the top surface
of the featlliraBacsr laysie 13 mayibeidepasitedrsnyPprocesnsuitable fo providesiseaiopnat  t he
continuity of the spacer |ayer 312 is broken above and between the |ines of
t he spacer langsin Biesidewalds ofghesasrificialmaskP9, asadppisteden Elgwce ¥hchn anhat t he
spacer lines of the spacer nask 314 retain a substantial portion of the

ori gi nal t rimbediessat,die dpheer $qyacti? ik dysitilR a themdcap aapor depaaitiong¢@Woi nent , t he
width of the top surface of each |ine of the spacer mask 314 is

subst ant i altédghnigne sslevt®l fasm tiiprsplidnsisting dfandleduddriongiof VDD v pRsRFe Mask 314
and the second hardmask | ayer 306A, as depicted in Figure 3D. [0033] The

spacer | ayery3Lrd pRYmALRRAnBR €D ade HcnRtsBritepaRa GRer TBSKa BcdselRicd: -
Figure 3D) with high etch selectivity to the sacrificial nmask 310 and the

second har( i fwidhR thel RatfreR @ 4 LB ALt gg' rificia
mask 3 10 i gﬁg‘g’s"?‘ng?ﬁg nggq}er RSk eandé tLﬁ)e (@enslg;rl% %ﬁﬁéesfg}aggt ?\ﬂjllfsf {}1 is with
respect to the,single |layer.. |n ther particul ar  .enrbodiment, the
Saori f1 o arcehdied oo Shomed AR pErert AR Ben PRSI bartedBiti 1y 1 s
with respect .to sacrificial hardnmask portion, aqr wth, respec o the
Tt erial of R ARSBHRRANY Al ieeR tieayan offieeaties ob s e sk o h S nbodi ment
of the present invention, the spacer |layer 312 and the spacer mask 314 is
conpri sed ckepistegan Bigue 3 Akqughfonafzasuetry donblingrschene b idaabthickpesssf ti on of
the sacrificial mask 310 and the second hardmask | ayer

the spacer layer 312 is the same as the width of the features of the sacrificial mask 310,

the initial targeted width may be required to be slightly thicker to compensate for the etch

process used to pattern the spacer layer 312. In one embodiment, the thickness of the

spacer layer 312 is approximately 1.06 times the width of the features of the sacrificial

mask 310, i.e. 1.06 times the desired feature width of the lines in a subsequently formed

spacer mask.

[0031] Referring again to operation 208 of the flowchart 200 and now to

corresponding Figure 3D, the spacer layer 312 is etched to provide the spacer mask 314

and to exposc the top surfaces of the sacrificial mask 310 and the second hardmask layer

306A. The lines of the spacer mask 314 are conformal with the sidewalls of the features

of the sacrificial mask 310. Thus, there are two lines from the spacer mask 314 for every

line of the sacrificial mask 310, as depicted in Figure 3D.

[0032) The spacer layer 312 may be etched by any process suitable to provide

well-controlled dimensions, for instance, to maintain a width of critical dimension of the

sacrificial mask 310. Tn accordance with an embodiment of the present invention, the
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306A. In one enbodinent, the top portion of the sacrificial mask 310 is
conprised of silicon nitride, the second hardmask | ayer 306A is conprised
of silicon oxide and the spacer layer 312 is conprised of anorphous or
polycrystalline silicon and is etched to formthe spacer mask 314 with a
dry etch process using a plasma generated fromthe gases C2 or HBr. In
anot her enbodi nent, the top portion of the sacrificial nmask 310 is 16
conprised of silicon oxide, the second hardnask | ayer 306A is conprised of
silicon nitride and.the spacer |layer 312 is conprised of anorphous or

pol ycryst aISP*lcﬁ'élaﬁ‘?rlr}ilgb‘rFt%mﬁ ““F‘Lthé?lﬁ??éﬁ thesppesT maﬁhél"sﬁﬁéél?“%ﬁ%\kyp@ﬂaw th a
dry etch process using a plasma _generated fromthe conbi nation of the gases
a2 and HBMeightasdhptepresohtsdperiinial mask 31 G 9s denietedin Fignre e I8 aeatheri ci al  nask
310 is conprised of anorphous or polycrystalline silicon, the second

har dnmask | apbodia@einthedings npihe spatenhaski 18 @amrendstadi tightgnbelewmehetppewfack ayer 312
is conprised of silicon oxide and is etched to formthe spacer nmask 314
with a dry ofthetfeatyrenofhs satsiifingl magd HOMA oglenerenbwrd that ¢ dohémdgof @&F8. | n

anot her enbodi nent, the top portion of the sacrificial nmask 310 is

conpri sed GpacRNRAyEIADSs BrokdHOlbyeE Mk RhldenehSlinds ©Othe spAdiemagcod Thar dmask

| ayer 306A 1's conprised of silicon oxide and the spacer |ayer 312 is

conpri sed Qhacet lal&a12 My e Q&n8MGhich $hat e Bskel AndsUrMd P6ce? RASER 14REn 314 Wi th
a dry etch process using a plasm generated fromthe gas CHZFZ. In anot her

dry et oh Tprocess Usihg A | dted | I anot

i ?cz)nnegxisllé'i%%%lh gé‘@*ﬁ%‘hh‘ﬁﬁfefﬁﬁ%&'ﬁ%ﬁiﬁ?ﬁ%ﬁ%ﬁ%'@i%%%é3‘33'@%“%?@3%?Shoﬁs or
oxi*de. "the"Secor ATS d"cf "amor ph

7o andmebaah ot Vst ErabaREosriloe S s ik AR B O “or ocess

' "Snot hersuBHBATHERBATE HLIE BOaT UF GHEGT: OReSERSFT Pt SF° SN SR &

conprised of silicon nitride, the second hardmask | ayer 306A is conprised
of amor phodwrdsrask iysici0pdy, as dapirsed in Figure 3D.

[0033] The spacer layer 312 may also be etched to form the spacer mask 314 (e.g.,
Figure 3D) with high etch selectivity to the sacrificial mask 310 and the second hardmask
layer 306A. In a particular embodiment, the sacrificial mask 310 is a single layer mask
and the desired etch selectivity is with respect to the single layer. In another particular
embodiment, the sacrificial mask 310 is a stacked layer and the desired etch selectivity is
with respect to a sacrificial hardmask portion, or with respect to the material of the first
hardmask layer 304A. In accordance with an embodiment of the present invention, the
spacer layer 312 and the spacer mask 314 is comprised of a material different than the
materials of the top portion of the sacrificial mask 310 and the second hardmask layer
306A. In one embodiment, the top portion of the sacrificial mask 310 is comprised of
silicon nitride, the second hardmask layer 306A is comprised of silicon oxide and the
spacer layer 312 is comprised of amorphous or polycrystalline silicon and is etched to
form the spacer mask 314 with a dry etch process using a plasma generated from the

gases Cl, or HBr. In another embodiment, the top portion of the sacrificial mask 310 is
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silicon and the spacer layer 312 is conprised of silicon oxide and is etched
to formthe spacer nask 314 with a dry etch process using a plasna
generated fromthe gas CHF3. In a specific enbodi mrent of the present
invention, the etch process used to formthe spacer nask 314 is end-pointed
upon exposure of the top surfaces of the sacrificial nmask 310 and the
second hardmask | ayer 306A. In a particular enbodi nent, a slight over-etch
is 17 applied follow ng the end-point detection to ensure that the |ines of
t he spacer mask 314 are discontinuous fromfeature to feature (e.qg.

| i ne-t o- | i mempoibed ¢feilisan okidecthebecrad kar@mask lajed 086A isRebmarisechof silicooper at i on
210 of the flowchart 200 and corresponding Figures 3E and 3E, a

phot or esi stnisidaekd B2@pacsr Hggdd R tiechnghBudof dneorplpas ef poipaistlide siticori did

exposed portions of the sacrificial mask 310 and the second hardmask | ayer

306A. I n theetchsdsdnim gelpabenmask 3 MheitHhol QIBrédesSisiipka Padnd genkyapidcal |y
deposited before the spacer nmask 314. In certain enbodi nents, the spacer

lines from &dif 11RRBEMinaliBS bf he £aECE MBUMBr. M A CRBBYR R INAEH piEbghbor i ng
lines of the sacrificial mask 310 such as those described in Figure 3D.

However, Sp&‘iﬁsakéig‘ﬁél nrgiss&%g? 6@@3@2 sedBna %u@%?@@%ﬁ%sgﬁ%i -gincogt fig same line

fromthe sacrifici I'n continuous e end$ of each of
the lines of t sacri ici?dr mask 310,. as..depi.ct dg end-porti 316 of
the spacer EuR PeRBet vt e RO mitn ot SO R R b SRS bt P P17, Oy
be desirableto.beﬁ.this. cont i nui get en pairs spacer |ines for
subsequent ?@WF‘E%@E jcgp oyidg japd is eﬁ%‘ﬁé¥% \ré\%sf’?‘%ﬁg‘,ask g“hﬁ’ﬁ@@d’@h@é“ with an
enbodi ment of the present invention, the end- portions 316 are exposed by
t he wi ndow EBSEFStpvIE HRlasras genseitadzom Histess Edliss in aqailege eabodimeat, thedpP ct ed i n
Figure 3E' . [00351 Returning to Figure 3E, a photoresist stack 320 may have
a phot or esimirtion efythe sagificiglonaakid 8ds efmpisgd afanearpldus depely¢ryssallingsiisoci at i on
with the patterned

the second hardmask layer 306A is comprised of silicon oxide and the spacer layer 312 is

comprised of silicon nitride and is etched to form the spacer mask 314 with a dry etch

process using a plasma generated from the gas CH,F>. In another embodiment, the top

portion of the sacrificial mask 310 is comprised of silicon oxide, the second hardmask

layer 306A is comprised of amorphous or polycrystalline silicon and the spacer layer 312

is comprised of silicon nitride and is etched to form the spacer mask 314 with a dry etch

process using a plasma generated from the combination of the gases CHF; and CH;F;. In

another embodiment, the top portion of the sacrificial mask 310 is comprised of silicon

nitride, the second hardmask layer 306A is comprised of amorphous or polycrystalline

silicon and the spacer layer 312 is comprised of silicon oxide and is etched to form the

spacer mask 314 with a dry etch process using a plasma generated from the gas CHF3. In

a specific embodiment of the present invention, the etch process used to form the spacer

mask 314 is end-pointed upon exposure of the top surfaces of the sacrificial mask 310

and the second hardmask layer 306A. In a particular embodiment, a slight over-etch is
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phot oresi st |layer 302 from Figure 3A. Additionally, the photoresist stack
320 may conprise a bottomanti-reflective-coating (BARC) |ayer 322 in

bet ween the photoresist |ayer 324 and the spacer mask 314 in order to
provide a flat surface for the photoresist |ayer 324, as depicted in Figure
3E. I n one enbodinent, the lithographic process used to pattern the

phot oresi st stack 320 i ncorporates exposure and devel opnent of a photoresi st
| ayer 324 having a substantially flat bottomsurface. In a specific

enbodi nent, the BARC 18 layer .i s, a spin-on glass materjal having an organic
group. In a%l?PQ?C& fg}lﬂ‘atnme Wit dsivetion ogasyse hrabthe diney ofdhepreessersk S 1t onpri sed
entirely of a photoresist Iayer.é[00361 The photoresist stack 320 may be
deposi t ed e dissenpperusdiom fraturgiodeaterede.g linettedinglnd the serrbieiakrapski3i 8.

phot oresi st stack 320. For exanple, in accordance with an enbodi nent of the
present inJ@0ddlon, t Refquting wrapstation i elkthdowdmnR0sed comesppitinoFigsies t

| ayer 324 above the BARC | ayer 322 and both the photoresist |ayer 324 and

t he BARC |3B/en 35224 photoreipatick 820 Bydepositpd sbova therspaes sash Bl bamdtther

enbodi ment, the photoresist stack 320 substantially conprises a photoresi st

| ayer whi chexb&sed ppamnt 66thBYacRifieRl firafd13 10NA €iRSRconliRrdidsR18Rr PIGXCEmIhdised to
deposit the BARC | ayer 322 or a photoresist layer (in the case that the

phot or esi sty slaCim AR aRe Mto&gﬁ}%fdcﬁ g2@is%lig%ﬁé%g€ﬁ¥fo&etﬂ@5@arc§r enough

force to topple a thin feature or line in a spacCer For exanple, the

spi n-on prr%s‘ﬁ%ﬁéﬁ?’ceg%ﬁersn?&oﬁirﬁéh%% C?éggepﬁnésqhowg\glsﬁ%c%r ﬁ]taﬁpff4§¥8?ﬁ1aldé ne from

t he spacer nask I'n accordance wth an enbodi nen € present
i nvention, the sacrificial k. 310 is.,retained th hout the spacer

r oppi ng. prineudolt b siRSgud Bes sl e ol 4P AR e Pha v qual
spacer lines fromthe spacer mask 314. In articul ar_. enbodi npnt, by
retaining t serlbgg i1 Figuien) -r#a%\ke@mpaq%h%fa&? SPrssE@ept 34 %Sﬁwgggwh mask

314 are toppled in the spin-on process used to deposit the photoresist stack
320. the same line from the sacrificial mask 310 remain continuous around the ends of each of

the lines of the sacrificial mask 310, as depicted by end-portions 316 of the spacer mask
314 illustrated in the top-down view of Figure 3E’. It may be desirable to break this
continuity between pairs of spacer lines for subsequent semiconductor device
manufacture. Thus, in accordance with an embodiment of the present invention, the end-
portions 316 are exposed by the window 330 upon patterning the photoresist stack 320, as
depicted in Figure 3E’,

[0035] Returning to Figure 3E, a photoresist stack 320 may have a photoresist
layer 324 comprised of any material described in association with the patterned
photoresist layer 302 from Figure 3A. Additionally, the photoresist stack 320 may
comprise a bottom-anti-reflective-coating (BARC) layer 322 in between the photoresist
layer 324 and the spacer mask 314 in order to provide a flat surface for the photoresist
layer 324, as depicted in Figure 3E. In one embodiment, the lithographic process used to
pattern the photoresist stack 320 incorporates exposure and development of a photoresist

layer 324 having a substantially flat bottom surface. In a specific embodiment, the BARC
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[ 00371 The photoresist stack 320 may be patterned by any |ithographic
process described in association with the patterning of the patterned

phot oresi st layer 302 from Figure 3A. In one enbodi nent, the photoresist
stack 320 is patterned to forma w ndow 330 that exposes the end-portions
316 of the spacer mask 314. The size of the window 330 may be any di nension
suitable to crop the spacer nmask 314. The region 330 may expose at | east
the entire end-portions 316 of the spacer mask 314. In accordance with an
enbodi ment of the present invention, the dinmensions of the wi ndow 330 are
sel ect ed t dayel 5 agpyooreglpisgraterigd batingan ofzaningrospc ki 4ri dicadatinaskblifentThus, in
one enbodi nent, the dinensions and positioning of the window 330 in the
phot or esi stthesplatdre32 Gtagk 826G Blcempdaskdtentirehcaforphoassist 1aer.any slight offset in
the patterning and, hence, cropping process. [0038] Referring to operation

212 of the [00315\]vchart TROPhA@siSitdck SRO Al bY démRitediOWMhyPredes Lthdfprovitiliay spacer
mask 314 is cropped to forma cropped spacer nask 48 The spacer nask 314

may be cr ogRetpk¥rfakifolih BhitbREBERack 32D, FEMMURDIL MeacErBRRe iRy tions of the
spacer mask 314 As illustrated, the end-portions 316, selective to the

phot or esi Ste,Hoaskented @B%’ﬁﬁb‘%ﬁ‘g@? @Bﬁ%&k%tk&yﬁo c%%gﬁs@srtﬁ kf’o'{'&\éé?ﬁ' t he 's

not necessary that t e etc e expos ons 0]

i ficial t.h odh
Croppi g ol bt tieee e PR Sher o2 A PIACERbA ‘%g"f?‘?% B Bape "
ificial 31 ted F F. Thu t I d etch
o acess cobiohit] Bh otRiGsd BhtAben b?vge%?ﬁwéheap%@rr@ PR a12 i

associ at i on wi th Figures 3C and 3D may be used to formthe cropped spacer
mask 340. Stask3d Shﬁzéﬁaéfrlafllwm&swa?h@fqrwt bayer which ipedeppigd Rxaspipom and
correspondi ng Fi g@; 3G and 3G, the photoresist stack 320 and the
sacrifici alProrsssk heGpiare preersyawd tortiepssit the BARG dayendleonainhiataassist Fyedi ment  of
the present invention, the sacrificial nask 310 is

(in the case that the photoresist stack 320 does not comprise a BARC layer) may generate

enough force to topple a thin feature or line in a spacer mask. For example, the spin-on
process may generate enough force to topple a stand-alone line from the spacer mask 314.
Thus, in accordance with an embodiment of the present invention, the sacrificial mask
310 is retained throughout the spacer cropping process in order to provide structural
support to the individual spacer lines from the spacer mask 314. In a particular
embodiment, by retaining the sacrificial mask 310, no spacer lines from the spacer mask
314 are toppled in the spin-on process used to deposit the photoresist stack 320.

[0037] The photoresist stack 320 may be patterned by any lithographic process
described in association with the paiterning of the patterned photoresist layer 302 from
Figure 3A. In one embodiment, the photoresist stack 320 is patterned to form a window
330 that exposes the end-portions 316 of the spacer mask 314. The size of the window
330 may be any dimension suitable to crop the spacer mask 314. The region 330 may
expose at least the entire end-portions 316 of the spacer mask 314. In accordance with an

embodiment of the present invention, the dimensions of the window 330 are selected to
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retained to provide structural support through the cropping of the spacer
mask 314 to formthe cropped spacer mask 340. However, once the cropped
spacer mask is formed, the sacrificial mask 310 nay be renoved to conplete
t he frequency doubling mask fabrication process. [0040] The photoresi st
stack 320 may be renoved in the sane process operation as the renoval of
the sacrificial mask 310 or in a preceding process operation. In one

enbodi ment, the photoresist stack is conprised of carbon-containing species
and is renoved in a preceding wet or dry ash operation utilizing the gases
02 and N2. alsp&xpaye @ pertioniof the sappifigial Znagk Bausy arpne embpgimeny theechni que t hat
is highly selective to the cropped spacer nask 340 and the second har dmask
| ayer 306Adimenspne andipastoningtdd terwindew 339 insthe pldtotehist yackS@Atrd seleetet! iton, t he
sacrificial mask 310 is conprised of a single |ayer and is renoved

sel ecti ve taccohimodatedfoparty sighioeffsentashe @dterning adshangé,ergppigggscesoperation. I n
one enbodi nent, the cropped spacer mask 340 is conprised of anorphous or

pol ycryst aljpo3sg si | i ReRrridght opeaanth NasrineHdwdnad 200 3P éortesp&imytbged of
silicon oxide and the sacrificial mask 310 is conprised substantially of

oo B BASLS CSTRLER 0. BB Bl p e splslos, | om 1o
pol yor yet alrageedt ARRCH 4 TpRRerTRES o A A0 OPRS LPEotes URERER Sed o
i 11 con ox PBRERA F SPEETRGEE 8y 72 \WTARS B e RFaPR | BnlERAR Il  rom « ne
group consi sting, of an _aqueous hydrofluoric acid wet etch or a Si CON etch.
I'n anot her pgﬂ‘ﬂf?ﬁish%?&k,npﬁéd theopped hapsimask layppidioAupremovednlins &8d of silicon
oxi de, the second hardmask | ayer 306A is conprised of silicon nitride and
t he sacri f ing¢easarniiekthg ¢ghbs seledtiyeitethe expased portipay ofythesacefroiplhasks’ 16y

However, in accordance with an embodiment, the cropping etch process is selective to the

exposed portions of the sacrificial mask 310, as depicted in Figure 3F. Thus, any material

and etch process combination described for the etching of the spacer layer 312 in

association with Figures 3C and 3D may be used to form the cropped spacer mask 340.

[0039] Referring to operation 214 of the flowchart 200 and corresponding Figures

3G and 3G’, the photoresist stack 320 and the sacrificial mask 310 are removed. Thus, in

accordance with an embodiment of the present invention, the sacrificial mask 310 is

retained to provide structural support through the cropping of the spacer mask 314 to

form the cropped spacer mask 340. However, once the cropped spacer mask is formed,

the sacrificial mask 310 may be removed to complete the frequency doubling mask

fabrication process.

[0040] The photoresist stack 320 may be removed in the same process operation

as the removal of the sacrificial mask 310 or in a preceding process operation. In one

embodiment, the photoresist stack is comprised of carbon-containing species and is

removed in a preceding wet or dry ash operation utilizing the gases O; and N;. The
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pol ycrystalline silicon and is renoved by a single etch operation selected
fromthe group consisting of a C12 plasma etch and a CF4/02 plasma etch. In
anot her enbodi nent, the cropped spacer nask 340 is conprised of silicon
nitride, the second hardnmask | ayer 306A is conprised of silicon oxide and
the sacrificial mask 310 is conprised substantially of anorphous or
polycrystalline silicon and is renoved by a single etch operation selected
fromthe group consisting of a Cl2 plasna etch and a CF4/02 plasma etch. In
anot her enbodi nent, the cropped spacer nmask 340 is conprised of silicon
nitride, the second hardmask |ayer 306A is conprised of anorphous or

pol ycryst al se¢rifeciadimask H0 marl be Frmoved by phy teftmiiquedkat igtiphly selediverto thed
substantially of silicon oxide and is renoved by a 21 single etch operation
sel ect ed f rooeppet epagerougpkSdising thersgeanf]l harinagh kgers3Oepdinhtavedance withdn wet et ch
or a SiCoN etch. In another enbodinent, the cropped spacer mask 340 is

conpri sed aimb®dlne0of b petSentinens@s tetabraickinasdsk BaY BrcodiPbided oF aGiphy | sed of
anor phous or polycrystalline silicon and the sacrificial nmask 310 is

conpri sed SuRehANsirethb¥dQblestivel t6 @i créPpkd biRedRski 30 5LEBY M pfidkeds Si Ngl e etch
operation sg$§ctedrfron1thg gfbup éﬁﬂ%%stgﬁé of a ﬁot Fngaxaet etch or a

Si CoNi etc 41 J ' ' taant i £k Gl sk 310
is conpri Sgbéae%ag ?i I:hsda?(@:re @Pgﬁgﬁ{’%déﬁgg%%%3&85%%@%%%%%@%% mask
portion, as_described in an_ alternative, enbodinent associated with Figure
5 For exanppneobRffs el ekl oS IR P o PR sl at bt s
i TF1 do. 130 QPR TR SN SRS ST ALY PR R B SRTOWRT o ¢ he
sacrificial mask portion is conprised of an anorphous carbon material, such
as the and®phonglc etsh pesratipaselertsd figasthe Byun cprfishiag 6 p Aot X Cuivteheicher 4 r st

mask | ayer 304B. Thus, in accordance with an enbodi nent of the present
i nventi on, SikeN&etols Ieneihem¢mbodiment, the cropped spacer mask 340 is comprised of

amorphous or polycrystalline silicon, the second hardmask layer 306A is comprised of
silicon nitride and the sacrificial mask 310 is comprised substantially of silicon oxide and
is removed by a single etch operation selected from the group consisting of an aqueous
hydrofluoric acid wet etch or a SiCoNi etch. In another embodiment, the cropped spacer
mask 340 is comprised of silicon oxide, the second hardmask layer 306A is comprised of
silicon nitride and the sacrificial mask 310 is comprised substantially of amorphous or
polycrystalline silicon and is removed by a single etch operation selected from the group
consisting of a Cl, plasma etch and a CF4/O; plasma etch. In another embodiment, the
cropped spacer mask 340 is comprised of silicon nitride, the second hardmask layer 306A
is comprised of silicon oxide and the sacrificial mask 310 is comprised substantially of
amorphous or polycrystalline silicon and is removed by a single etch operation selected
from the group consisting of a Cl, plasma etch and a CF4/O, plasma etch. In another
embodiment, the cropped spacer mask 340 is comprised of silicon nitride, the second
hardmask layer 306A is comprised of amorphous or polycrystalline silicon and the

sacrificial mask 310 is comprised substantially of silicon oxide and is removed by a
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conbi nations and etch processes enbodi ed above for renoving the sacrificial
mask 310 selective to the cropped spacer nask 340 and the second hardmask
| ayer 306A are used to renove a sacrificial hardmask portion selective to
t he cropped spacer nmask 340 and the second hardmask |ayer 306A. The
sacrificial mask portion underlying the sacrificial hardmask portion of a
stacked sacrificial mask may be substantially renoved in the same etch
operation that is used to renove the sacrificial hardmask portion.

Al ternatively, second etch operation may be required to renove the
sacrificial Slnﬁé%%cfp@mr#t@ﬁ selepfed fram therBiouP AeBisting Abansagueeys hydeifugra icidor t i on
is conprised of anorphous carbon and is renoved with a dry etch having a
pl asma conprétstel oph Stfadhdistele| v gnesherfembadinteat, grecurppped spaiesmaskgB4dfis t he

conmbi nation of 02 and N2 or the conbination of CH4, N2 and 02. 22 [00421
Ref erring t@mppesdadfisditoR bEideftht keeofid hawddaskt lay2d 006 ik @watprsspoiwhoiphdus gur e
3H, the image of the cropped spacer mask 340 is transferred to the second
mask stack cp@6lyctydtaflide Rilichear! b sitRiFliaBr@skedIOUS cdhigrised RilseneIGE éfsillcayer 308.
In one enbodinent, the second mask stack 306 is conprised substantially of

a single nyfigfk %hd ﬁsrf'gnbv%dq;yca%lé &ch B&'fﬁﬂ(ﬁl@@le@&:@ RofBRK g (P chibisfing bRl € etch

operation. I'n a specific erbodinent, the second mask stack 306 I's conprised

substanti alﬂo?(h—lolgo e@&ﬁa@%gﬁla _sel ected fromthe group consisting of

silicon nitri con ox1 de an annrphous or polycrystalline silicon. In
an altern enbodi t the se sk st 306 conpr.i sed. of the
second har 2@@ Iayg?a‘?, ARG TR Pﬁ‘ E@Eﬁm@éﬂﬁ §éw§§8§p“§ dpicted in
and described in association wth Figure 3B. In one enbodient, the etch
mask 370 i sSagieqklihgrknask Pﬁmﬁaﬁms"ksacrﬂ@ﬁ‘%l sk gomian At dleseribad I 3or ti on 3708,
as depicted in Figure 3H Enbodinments for the nmaterial conposition and

t hi ckness _ofltertativeserslasimentragivaisked| veiheFig@e 6B dintexannieén onhembddimentialbk

portion 370A were described in association with Figure 3B. In accordance
sacrificial hardmask portion is comprised of a material selected from the group consisting

of silicon nitride, silicon oxide and amorphous or polycrystalline silicon, while the
sacrificial mask portion is comprised of an amorphous carbon material, such as the
amorphous carbon material described in association with the first mask layer 304B.
Thus, in accordance with an embodiment of the present invention, the same material
combinations and etch processes embodied above for removing the sacrificial mask 310
selective to the cropped spacer mask 340 and the second hardmask layer 306A are used to
remove a sacrificial hardmask portion selective to the cropped spacer mask 340 and the
second hardmask layer 306A. The sacrificial mask portion underlying the sacrificial
hardmask portion of a stacked sacrificial mask may be substantially removed in the same
etch operation that is used to remove the sacrificial hardmask portion. Alternatively, a
second etch operation may be required to remove the sacrificial mask portion. In one
embodiment, the sacrificial mask portion is comprised of amorphous carbon and is
removed with a dry etch having a plasma comprised of gases selected from the group

consisting of the combination of O, and N3 or the combination of CHy, N; and O,.

22



wi th an enbodi nent of the present invention, the inage of the cropped spacer
mask 340 is transferred into the second hardnmask | ayer 306A in an etch
operation distinct fromthe patterning operation ultimtely used to form

t he mask portion 370B. In one enbodi nent, the second hardmask | ayer 306A is
conprised substantially of anorphous or polycrystalline silicon and is
etched to formthe hardmask portion 370A with a dry etch using the gas
CHF3. I n another enbodi ment, the second hardnask | ayer 306A is conprised
substantiallg of silicgn oxide and is etched to formthe hardnmask portion
370A with [B04Rly et cRefreiipgtoppsmbon & ek tbeitlewehart 208 agd sorpeseondingt iBhg of
CH2F2 and the conbination of Cl12 and HBr. In another enbodi nent, the second
har dnask | ajfethesiowge pEthe ewpped spaepr suask B4hisiteanstprresd toghe sesomd maskrstask 380d i s
etched to formthe hardmask portion 23 370A with a dry etch using gases

sel ect ed f rtofierihibe gich upsk 37 atwivie thy somidGadigtor@iy2r 30/ IntdBe empodid@ht, the
accordance with an enbodi nent of the present invention, the inage of the

cropped spaeeasndmesk sGd0306istcbmprisedanbstatiabylof 4 single Ratdiial sheis ktchal toi on 370A
to a nmask portion 370B in a second etch operation. The second nmask | ayer

306B and, hghk the etdhnBaskBIE irpggih%@@t&%%aﬁén.tms bGhic BRBKIIRERY, TR ¥eddRd
conprised of any material suitable for substantially w thstanding an etch

process us . 07 n one
enbodi ment ﬁﬁ%siﬁgtagtg ?gﬁg%r%rg@byﬁd%@ g%ﬁ%%g%@?% ﬁggbrrp%%@gg gé?%c{ éd%&g }r% 5%%% s carbon
mat erial, such desgr assggiation

s t-he anmprphous carbon material i.bed..in_..
wth an ensoiralR ot ShcPRRAS SheF PR s e SERRL T g8
particul ar enbodi ment,. the thickness of second. mask | ayer ,306B and,
ance. i he SEORNOBT IO /DR GOn REveragt MESkCmBITol e csrond BagBagt 3. 125
- 6.875 tinmes the width of each of the lines of the etch mask 370. The
second mas klayeag,‘z@@A 3058 thﬁﬂacw pagkHayer 886B, as depicted in and described in association

with Figure 3B. In one embodiment, the etch mask 370 is comprised of a hardmask
portion 370A and a mask portion 370B, as depicted in Figure 3H. Embodiments for the
material composition and thickness of the second hardmask layer 306A and, hence, the
hardmask portion 370A were described in association with Figure 3B. In accordance
with an embodiment of the present invention, the image of the cropped spacer mask 340
is transferred into the second hardmask layer 306A in an etch operation distinct from the
patterning operation ultimately used to form the mask portion 370B. In one embodiment,
the second hardmask layer 306A is comprised substantially of amorphous or
polycrystalline silicon and is etched to form the hardmask portion 370A with a dry etch
using the gas CHF;. In another embodiment, the second hardmask layer 306A is
comprised substantially of silicon oxide and is etched to form the hardmask portion 370A
with a dry etch using gases selected from the group consisting of CH:F; and the
combination of Cl, and HBr. In another embodiment, the second hardmask layer 306A is

comprised substantially of silicon nitride and is etched to form the hardmask portion
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formthe mask portion 370B by any etch process that maintains a
substantially vertical profile for each of the lines of the etch mask 370,
as depicted in Figure 3H In one enbodinent, the second nmask | ayer 306B is
conpri sed of anorphous carbon and is renoved with a dry etch process using
a plasma conprised of gases selected fromthe group consisting of the
conbi nation of 02 and N2 or the conbination of CH4, N2 and 02. [0044]
Through various enbodi ments, one or nore nethods to fabricate an etch mask
370 conprised of lines that double the frequency of the lines froma

sacri fi ci al37@Agkith thdry stdbesimgaess selbael friinahegrotp oasistiBy Of Gy, €lhemd be used to
pattern a sem conductor |ayer 308 for, e.g. device fabrication for an
integrated HBmcuit. In accordance with an enbodi nent of the present

i nvention, the etch nmask 370 has a mask portion 370B conprised

subst anti al[bm&pf an aRchRiahk Gl OdmBBiRédt AF the PskMdn@ntieh,ahe M2686S used
to 24 pattern the sem conductor |ayer 308, the am)rphous carbon nmateri al

becomes paspd ¥8pRd spafmask 34@@ tﬁhltﬁnéf%oemh Phd Ha m{gﬁ%ﬁfm AﬁAr{@QS' onality

throughout the entire etch of the sem conductor ayer t hough t he

Fpacer sty A4 Bl U i SIS o FRSIAL T Ssonl hqeaslpgy%r%abna%ggﬁwec ggdUCt or

Iayﬁr 2 e fs a mask f Sul
degrade  ddPy AR TEue e RESe ot HD R OB R TEELA SIS #EAbleor t e

present invent | on, ah i mge of a cropped spacer mask is first transferred
to a |layer Bfiﬁﬂ*ﬁ?t?%‘i ¥ vahsiandps AR elsh PE"&?%G‘W‘H&@B‘?*&‘I‘“HV Paterp g1t r ansf erri ng
the i mage to a sem conductor |ayer, as described in association with
Fi gures 3G samiFopdnctqrdaes108rhia ose smbeditents the steopd masbByamiV6Bes serppiiseder
desirable for device fabrication or any other sem conductor structure
f abri cat i orrflaegmiorphngs @rletmubateridly sigh enthy amordkus daovoneraenmdl describedimcor dance
wi th an enbodi nent of the present invention, the

association with an embodiment of the composition of the first mask layer 304B. Ina

particular embodiment, the thickness of the second mask layer 3068 and, hence, the mask

portion 370B of the etch mask 370 is in the range of 3.125 — 6.875 times the width of

each of the lines of the etch mask 370. The second mask layer 306B may be etched to

form the mask portion 370B by any etch process that maintains a substantially vertical

profile for each of the lines of the etch mask 370, as depicted in Figure 3H. In one

embodiment, the second mask layer 306B is comprised of amorphous carbon and is

removed with a dry etch process using a plasma comprised of gases selected from the

group consisting of the combination of O, and N; or the combination of CHa, N, and Os.

[0044] Through various embodiments, one or more methods to fabricate an etch

mask 370 comprised of lines that double the frequency of the lines from a sacrificial mask

have been described. The etch mask 370 may then be used to pattern a semiconductor

layer 308 for, e.g. device fabrication for an integrated circuit. In accordance with an

embodiment of the present invention, the etch mask 370 has a mask portion 370B

comprised substantially of an amorphous carbon material. During an etch process used to
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sem conductor |ayer 308 conprises any material that can be suitably
patterned into an array of distinctly defined sem conductor structures. In
one enbodi nent, the sem conductor |layer 308 is conprised of a group

| V-based material or a Ill-V material. Additionally, the sem conductor

| ayer 308 may conprise any norphol ogy that can suitably be patterned into
an array of distinctly defined sem conductor structures. In an enbodi nent,
t he nor phol ogy of the sem conductor |ayer 308 is selected fromthe group
consi sting of anorphous nDno crystalline and poly-crystalline. In one
enbodi ment pat{eﬁ‘étmo EHCCB L 1T T"ﬁ\]@]" agtpgPhoy R e %‘b’é’a’@ﬁélrt&éo@%grﬁaisﬁ}’atﬁbpant
inmpurity atons. The sem conductor |ayer 308 may further reside above a

subst r at e. amhis thysiablerta feaipaly image and dpensionaliy ﬂHﬁ\)’/Bh?Ht e eptiresighiodBice to

wi thstand a fabrication process. In an enbodi nent, the substrate is

conpri sed &fmigorfduetor ayer %ﬂSas"tlthoughfdaetspacmaSétLﬂéQthaathe desixed fdimersams ey
conprised of a material suitable to withstand a manufacturing process and
upon whi chtlizipagemingaeadicohductdrdayer 308yehe materia bf therspaietimask Jlanayembbdi ment ,
the substrate is conprised of group IV-based materials such as crystalline

silicon, geliteblitMidktasd b pfORE GRIGFRANR to alsBmanadies: 19¥Ha@ Iaiy defrhd:
substrate is conprised of a lll-V material. The substrate may al so conprise

an i nsul at 'dﬁ'rgné @Y 8ich pld2eQNen 5‘&*3%11&93\0&}: art Qﬁbdd‘lﬁbﬂt%ffm%q)rés%b{ﬁhvén%oﬁqwr' sed
of a rraterlal sel ected fromt e group consisting of silicon oxideg, SI I|con

nitride, Jpéég%%?ﬁaf&% n@%&é& sﬁri’sdffh% Qéxﬂl%n‘éd?'d £l ?&Icro risf% Gh amkﬁ%@ Is to

be apprecia e present fnvention-are n |mted to

R TN e e

enbodi nent of the present nventjon, portions of a spacer mask that
surround slaf‘sﬁﬁlf‘h?rb‘é"ﬂb?’rgé‘Fesﬁﬁ}afﬁ’dI% e-ends are cropped in the presence of a

struct ural Ia/ supportive sacrificial nmask. Figures 4A-B
[0045] The semiconductor layer 308 may be any layer desirable for device

fabrication or any other semiconductor structure fabrication requiring a double frequency
mask. For example, in accordance with an embodiment of the present invention, the
semiconductor layer 308 comprises any material that can be suitably patterned into an
array of distinctly defined semiconductor structures. In one embodiment, the
semiconductor layer 308 is comprised of a group IV-based material or a IlI-V material.
Additionally, the semiconductor layer 308 may comprise any morphology that can
suitably be patterned into an array of distinctly defined semiconductor structures. In an
embodiment, the morphology of the semiconductor layer 308 is selected from the group
consisting of amorphous, mono-crystalline and poly-crystalline. In one embodiment, the
semiconductor layer 308 comprises charge-carrier dopant impurity atoms. The
semiconductor layer 308 may further reside above a substrate. The substrate may be
comprised of any material suitable to withstand a fabrication process. In an embodiment,
the substrate is comprised of a flexible plastic sheet. The substrate may further be

comprised of a material suitable to withstand a manufacturing process and upon which
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illustrate top-down views representing processes in a spacer mask
fabrication process, in accordance with an enbodi nent of the present
invention. [00471 Referring to Figure 4A, a patterned photoresist |ayer 420
is formed above a spacer mask 414 and a sacrificial mask 410. The end
regions 416 of the spacer mask 414, which surround non-linear features from
the sacrificial mask 410, are exposed by the w ndows 430 in the patterned
phot oresi st |ayer 420. This top-down illustration corresponds with Figure
3E' and may represent a different region of the spacer mask 314 than the

| i ne- ends depicendugtor fpyrisgquayesuebly raRisiee Iy amgmbaglirenyuthe sutBtrateiecaprased nask
414 is cropped to formthe cropped spacer mask 440. Additionally, the
patterned pligtoopé¥ibased rhagréals A0 aaonysthhiee sificon, germaniunmasdilicbh@zeanaiurenoved.
In accordance with an enbodi nent of the present invention, the sacrificial
mask 410 i 9n agitiedreeBodiatens thelktibstrabd is SoippAdeld ofAINle/ maeHal. iTRAubshatetrhans of
the spacer nask 414 are cropped. This process enables the formation of a

cropped spagglconBfile AdRsudtin 159@@ RRAE eMmbBMdnd 812 iR/PAMBIAL: RompHi&t ance 26
greater than the spacing of the lines of the cropped spacer mask 440, as

depi cted | i I t tion to
p e Bl Rl seﬁ‘egted ffor? tife g@%h sl e H#Eéﬁgyiﬁ@ ll?c%ﬂfnﬂﬁ?e fAfaR

each of the spacer s 480 iIs out ‘danger |nadvertently

contacti ng nDr fromthe cropped spacer nmask 440 with
{IE’Q ?Bioaolggh %‘%‘Eﬁgctrlc 6& ;

a single cSh ormi Ry a spacer mask, it may be desirable to

retain nor n jus ortjo f a,spacer er that is conformal to
the s dewaﬁp‘i‘&if |V ok erhecPRiec it e BB o rbesn PesioR Gy "be
ret ai ned durln% t he fornatlon of a spacer_ nmask. Such area preservatlon
regi ons mayinyEdie e fﬁlzfl%ﬁ»wfé%m%ﬂnqslamﬂ i§gropRed at reginassuERouRdipg fhegnds
di mension or lines running in two directions which cannot otherw se be
formed fromfthe linsaer sadefiosl masi. dn agegrdanes yidr anethes embpdimentadithd preseat cor e,
such as at a T-intersection.

invention, portions of a spacer mask that surround structures other than line-ends are

cropped in the presence of a structurally supportive sacrificial mask. Figures 4A-B
illustrate top-down views representing processes in a spacer mask fabrication process, in
accordance with an embodiment of the present invention.

[0047) Referring to Figure 4A, a patterned photoresist layer 420 is formed above
a spacer mask 414 and a sacrificial mask 410. The end regions 416 of the spacer mask
414, which surround non-linear features from the sacrificial mask 410, are exposed by the
windows 430 in the patterned photoresist layer 420. This top-down illustration
corresponds with Figure 3E’ and may represent a different region of the spacer mask 314
than the line-ends depicted in Figure 3E’. Referring to Figure 4B, the spacer mask 414 is
cropped to form the cropped spacer mask 440. Additionally, the patterned photoresist
layer 420 and the sacrificial mask 410 are removed. In accordance with an embodiment
of the present invention, the sacrificial mask 410 is retained for structural support while
non-linear portions of the spacer mask 414 are cropped. This process enables the

formation of a cropped spacer mask 440 with the spacer ends 480 separated by a distance
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Figures 5A-D illustrate cross-sectional views representing a series of
operations in a spacer mask fabrication nethod including an

area- preservation operation, in accordance wth an enbodi nent of the
present invention. [0049] Referring to Figure 5A, a spacer layer 512 is
deposited conformal with a sacrificial nmask 510. The spacer |layer 512 is
the source of material for what will ultimtely becone a spacer nmask for
use in a frequency doubling schene incorporating an area-preservation
operation. Figure 5A corresponds with Figure 3C described above. Prior to

the etch process used to patter.n t spacer, layer 512 to forma spacer nmask,
a phot or e$I€" &392}3 S@@‘ﬂng g}th‘éélc])ess’l({}ghcf "g'ﬁp °8§?1°§?'H%Sg‘ @QOVeJQPHéedS'BEEgé'FC | ayer
512. In acggordance with an enbodi nent of the present invention, the

ohot or esi o001 4y 81 Sepdentoubreaprdontet Joatafion [ 6 Al e SP6F TISHSOR t ne
spacer |ayer 512 that would otherwi se be renoved in a spacer nmask formation
et ch oper afidchHated withe dangssaf medrertenthecantasting moggban omeispagsr G Few e r uct ur al
support for the sacrificial mask 510 during the deposition and patterning
of the photwpped spacdrayask 44Qwith asingfseontscesi st | ayer 590 may be conprised of
27 any material and nmay be patterned by any techni que as described in

associ at i o048} h t heln fohmingrapacet matkaitkn32@ desieabldRogetamam@E tlaandusB e, [ 0050]
Referring to Figure 513, the spacer layer 512 is etched to formthe spacer

mask 514. FbeiokpAE eacelayer Hed id ddalosfiasio At ddedailpbes SicviitiaPRakorAe®n 592 t hat
is retained because of protection by the photoresist |ayer 590. The

phot or esi stydsg¥fion¥eBohSmad BRI RIRNEHg AR ofntifioR BRE SFacBBrfiliskd Sdch fref T OPPed in
a cropping process sequence that includes retention of the sacrificial mask

510 thr Ougffs&e‘{s@t?rﬁt%n%@w@m% BEfRd 1o E;‘x‘llintc'ar’?rtrafi‘iqEu’r’d’irfcgr peds AfEOD 'g W th an

enbodi nment e present 1nvention, the area-pteservation %ti on 592 is

al so retai r?ilenqer}smh%lgglﬂgsurhmgiﬁge inctl;)v%pcpl}egtgorpsrwq'ﬁc Scsahnclyzte%ft]%%{sg e ?OQmEH 9dhEa 5C, the

spacer deposited along the perimeter of a sacrificial core, such as at a T-intersection.
Figures 5A-D illustrate cross-sectional views representing a series of operations in a
spacer mask fabrication method including an area-preservation operation, in accordance
with an embodiment of the present invention.

[0049] Referring to Figure SA, a spacer layer 512 is deposited conformal with a
sacrificial mask 510. The spacer layer 512 is the source of material for what will
ultimately become a spacer mask for use in a frequency doubling scheme incorporating an
area-preservation operation. Figure SA corresponds with Figure 3C described above.
Prior to the etch process used to pattern the spacer layer 512 to form a spacer mask, a
photoresist layer 590 is deposited and patterned above the spacer layer 512. In
accordance with an embodiment of the present invention, the photoresist layer 590 is
patterned in order to retain a portion of the spacer layer 512 that would otherwise be
removed in a spacer mask formation etch operation. In one embodiment, the spacer layer
512 provides structural support for the sacrificial mask 510 during the deposition and

patterning of the photoresist layer 590. The photoresist layer 590 may be comprised of
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sacrificial mask 510 is renoved, |eaving only the cropped spacer mask 540
havi ng the area-preservation portion 592. Referring to Figure 5D, the inage
of the cropped spacer nask 540 having the area-preservation portion 592 is
transferred to a second mask stack 506 to forman etch mask 570. In
accordance wth an enbodi nent of the present invention, as a result of the
area-preservation process, the etch mask 570 conprises at |east one feature
having a width greater than the width of the thinnest lines in etch nask
570, as depicted in Figure 5D. The ordering of the cropping process and the
area- preséhXapicHnl 3¢ srayds paigmerbby By tedhyigsn aedesepadde associpiomyitbthgance wit h
an alternative enbodi ment of the present invention, the cropping process is
carri ed ouph@piesist staskt3ge feprmebigurss 8E@nd 3T on process. [00511 An

area- preservation process may be used in conjunction with a spacer mask
process to[e50] mat el Refeoinmto EguensB,ithe spaseiayeoflis kohed myform theapactry be used
for formng contacts. Figures 6A-B illustrate top-down views representing
oper at i ons niagk 814. SPRGphcefBRikk b BOintaads ArdmirbRevatios potion av2 et a&n

area- preservation process, in accordance wth an enbodi nent of the present

i nvention. rd8néDRdke Beb@idctiDg bl thefphSdrRisPRyerd98 PTREphdtBRKisAckr BOY [sNT
area-preservation regions 692 1s formed around a sacrificial” mask 610,

S
descri bed jat] i i ferrir I t he spacer
ook 614 i SLTSRORYRLNE hiP mall SUE ool oA et AU Ty
ar ea- preservation._ reqi 2..and the e sacrificial mask 610 is renoved.
The area- pr”}acz@re \g%ettelnglgn (ragéleg%s"%?g ”W%/gb¢t£l{ﬂu§€ﬁ1§ Clr?ﬂ'pél@prf’%eéf"oﬂu B whi ch
contacts may be fornmed. In accordance with .an enbodi ment of the present
Cvent i on TeEOHBREIY i R R PSR R 8 HEF STV ABHGYed i n
spacer mask formation etch operation is retained in an area-preservation

1 1S also retaine roughou € cropping process. cterring to rigure , tNe

sacrificial mask 510 is removed, leaving only the cropped spacer mask 540 having the
area-preservation portion 592. Referring to Figure 5D, the image of the cropped spacer
mask 540 having the area-preservation portion 592 is transferred to a second mask stack
506 to form an etch mask 570. In accordance with an embodiment of the present
invention, as a result of the area-preservation process, the etch mask 570 comprises at
least one feature having a width greater than the width of the thinnest lines in etch mask
570, as depicted in Figure 5D. The ordering of the cropping process and the area-
preservation process may not be sequence-dependent. In accordance with an alternative
embodiment of the present invention, the cropping process is carried out prior to the area-
preservation process.

[0051) An area-preservation process may be used in conjunction with a spacer
mask process to ultimately form regions in a semiconductor layer that may be used for
forming contacts. Figures 6A-B illustrate top-down views representing operations in a
spacer mask fabrication method incorporating an area-preservation process, in accordance

with an embodiment of the present invention.
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[ 00531 Methods for fabricating a sem conductor mask have been disclosed. In
an enbodi nent, a sem conductor stack having a sacrificial nmask and a spacer
mask is provided. The sacrificial nmask is conprised of a series of |ines
and the spacer mask has spacer |ines adjacent to the sidewalls of the
series of lines. The sacrificial mask is renpoved subsequent to cropping the
spacer nmask to provide a cropped spacer nmask. In one enbodi nent, the spacer
mask is forned by depositing a spacer |ayer above the sem conductor stack
and conformal_with the sacrificial mask. The spacer |ayer is etched to
provi de t hd®@hcer nBsfertingiofiguphd et sacerasashdjl Abaving area-presersitibeval | s of t he
series of lines of the sacrificial mask and to expose the top surface of

t he sacri f iregiens 69adkformed ploonda exrifitial myskr6 10sastdesnribdé posssbegtioandtipat t er ned
above the spacer mask and the sacrificial mask to expose a portion of the

spacer masKiguftisBeRpfesrith todigur@6Bahe bfieershak 14 IBGpped to &ir@hREcloppedr op t he
spacer mask. Finally, the sacrificial mask is renoved to provide only the

cropped spagser FAKGA0IHavihgRRY drkL pledrvATAQEHIORY92 ahitheh HIRPRESRARER]K MBSk
doubles the frequency of the series of lines of the sacrificial nmask. 29

CLAIMB  \Wady 0 Srefnlo ddTBFhel aféa-presefvalioh Rhnk 892 [AQ bl I1d Bhgapduct or

mask, conprising: provi C?I ng a sem conduct or stg@L havi nlbg%lélsegacrl I cial mask
and a spacejy.: i i crificial mask j.s conprised of a series
of |ines, gﬁhd Eﬁgﬁaé’wrfﬁ@a.eg"%‘%?cg? §1é’%br(r’%;ld::al'(lcec‘v(‘)/ P g'géodggg te‘):}?l?ei M&¥ Y dj acent to
the sidewal.ls of said.series of lines; a renovi ng said sacrificial mask
subsequent '?‘E?"g?'bﬁﬁ)loﬁlf nofia §Pagsh laysr tﬁ@é’wuvcg?thqfwger{’ﬁtr%ﬂﬂvegfm &1SBa%H Maskher ei n
the frequency of spacer lines is double the frequency of said series of

| i nes of saPipaigpe chioe?raqlor}-ﬁégq{[gmed In an area-preservation operation.

[0053] Methods for fabricating a semiconductor mask have been disclosed. In an
embodiment, a semiconductor stack having a sacrificial mask and a spacer mask is
provided. The sacrificial mask is comprised of a series of lines and the spacer mask has
spacer lines adjacent to the sidewalls of the series of lines. The sacrificial mask is
removed subsequent to cropping the spacer mask to provide a cropped spacer mask. In
one embodiment, the spacer mask is formed by depositing a spacer layer above the
semiconductor stack and conformal with the sacrificial mask. The spacer layer is etched
to provide the spacer mask having spacer lines adjécent to the sidewalls of the series of
lines of the sacrificial mask and to expose the top surface of the sacrificial mask. A
photoresist layer is then deposited and patterned above the spacer mask and the sacrificial
mask to expose a portion of the spacer mask. The exposed portion of the spacer mask is
etched to crop the spacer mask. Finally, the sacrificial mask is removed to provide only
the cropped spacer mask. In a particular embodiment, the cropped spacer mask doubles

the frequency of the series of lines of the sacrificial mask.
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3. The method of claim2 wherein the pitch of said series of |lines of said
sacrificial mask is approximately 4. 4. A nmethod for fabricating a

sem conduct or nmask, conprising: providing a sem conductor stack having a
sacrificial mask conprised of a series of |lines; depositing a spacer |ayer
above said sem conductor stack and conformal with said sacrificial nask;
etching said spacer |ayer to provide a spacer nmask havi ng spacer |ines

adj acent to the sidewalls of said series of |lines of said sacrificial nask
and to expose the top surface of said sacrificial mask; 30 depositing and
patterninggkéﬂﬁﬁioresist | ayer above said spacer mask and said sacrificial
mask to expose a portion of said spacer nmask; etching the exposed portion of
sai d spacer nas%’ﬂdséhﬁwﬂbaqd spacer mask; and, subsequent to etching said
spacer mask, renoving said sacrificial mask to provi de a cropped spacer
mask. 5. The met hod of claim4 wherein said spacer |ayer is conprised
substantially of silicon, wherein the top portion of said sacrificial mask
is conpri sedAanmﬁddanfa’@hbam@fa semid@héidié mask edogfprigtmgf rom t he group consisting
of silicon nitride and silicon oxide, and wherein etching said spacer |ayer

to provide sadlidiRas SémitBRtclor SREM ﬁa@z&gt)&sgaagf@aldﬁask%@a ceCRask, whbefh @ gas

sel ected fromthe group consisting of C2 and HBr. 6. e method of claim5s
wherein remvi nglcﬁ@abﬁﬁﬂa%asi{u&(ﬁﬁ bt 4 Qi8¢ B @ﬁa%e&wpa% acgPacer mask
conprises using an etch process e &cted from the group consi sting of a hot

H3PO1 wet etch, madk c%ﬂlp%%)e%sspg%r {1 es c)arcén t(‘;Jl ﬁ'n' %1dwe alls otc saldaserles oﬁ{necglglnd etch.

removing said sacrificial mask subsequent to cropping said spacer mask.

2. The method of claim 1 wherein the frequency of spacer lines is double the frequency

of said series of lines of said sacrificial mask.

3. The method of claim 2 wherein the pitch of said series of lines of said sacrificial mask

is approximately 4.

4. A method for fabricating a semiconductor mask, comprising:
providing a semiconductor stack having a sacrificial mask comprised of a seties of
lines;
depositing a spacer layer above said semiconductor stack and conformal with said
sacrificial mask;
etching said spacer layer to provide a spacer mask having spacer lines adjacent to the
sidewalls of said series of lines of said sacrificial mask and to expose the top

surface of said sacrificial mask;
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7. The nethod of claim4 wherein said spacer |ayer is conprised
substantially of silicon oxide, wherein the top portion of said sacrificial
mask i s conprised substantially of a material selected fromthe group
consisting of silicon nitride and silicon, and wherein etching said spacer

| ayer to provide said spacer mask conprises using a dry etch process wth a
gas selected fromthe group consisting of C4F8 and CHF3. 31 8. The net hod of
claim7 wherein renoving said sacrificial mask to provide said cropped
spacer nmask conprises using an etch process selected fromthe group

consi sting ofdepOsidne andppiterning Rbptoresish laggrabrye widpacey negsk apd stidrm et ch and a
CF4/ 02 plasma etch. 9. The nethod of claim4 wherein said spacer |ayer is
conpri sed subst sastifigip] maskfto skipdse @ portiontof saié spageremaskn t he top portion of said
sacrificial mask is conprised substantially of a material selected fromthe
group consi statehingathe sxpgoisabporoen ditsaainghasir iaslow, crepshidwpac&imaskedndhi ng sai d
spacer |ayer to provide said spacer nmask conprises using a dry etch process
with a gas sel eabeehubniadetchmgghidupacepmasist i ng of CH2F2 and CHF3. 10. The

met hod of claim9 wherein renoving said sacrificial mask to provide said
cropped spac&emBRak sa@ IRERRSmdH BPréNdEL GlpRApSEEE mast.ect ed from the group
consisting of an aqueous hydrofluoric acid wet etch, a SiCoNi etch, a Cl2
plasma etch and a CF4/ 2 plasma etch. 11. The nethod of claim4 wherein the
frequency of spacer lines is double the frequency of said series of lines

of said sagrificiagl sk. }2.. The nethod of claim.ll rein the.pnitch of
cai d ser: o8- o Fiefod SF S etk oo ik e Bt B S8 ST The
met hod of %\!hgll'em t%é tcfpuprotrtri](%rofcsg%;cl:rﬁllcri]aﬁ 'masl:cglzs comprised substantially of a material

selected from the group consisting of silicon nitride and silicon oxide, and wherein

etching said spacer layer to provide said spacer mask comprises using a dry etch process

with a gas selected from the group consisting of Cl; and HBr.

6. The method of claim 5 wherein removing said sacrificial mask to provide said cropped
spacer mask comprises using an etch process selected from the group consisting of a hot

H;PO, wet etch, an aqueous hydrofluoric acid wet etch and a SiCoNi etch.

7. The method of claim 4 wherein said spacer layer is comprised substantially of silicon
oxide, wherein the top portion of said sacrificial mask is comprised substantially of a
material selected from the group consisting of silicon nitride and silicon, and wherein
etching said spacer layer to provide said spacer mask comprises using a dry etch process

with a gas selected from the group consisting of C4;F3 and CHF;.
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transferring the i mage of said cropped spacer mask to a mask stack, wherein
said mask stack is in said sem conductor stack bel ow said sacrificial mask
and wherein said mask stack conprises a | ayer of anorphous carbon film 14.
A nmethod for fabricating a sem conductor mask, conprising: providing a

sem conductor stack having a mask | ayer; depositing and patterning a first
phot oresi st layer to forman i mage above said nask |ayer; etching said nmask
layer to forma sacrificial mask having said inage, wherein said

sacrificial mask is conprised of a series of |ines; depositing a spacer

| ayer abovdé 8§ @e@eﬁpﬁﬁﬂmzwﬁr@& ISER VA qaid GRATBiciphmagk tarprevipe said eropped ci al
mask; depositing and patterning a second photoresist layer to forman

ar ea- pr esepppagrinask compliseayoing as aichl pyisesseelettey &om the giobpgonséstidg spabesr | ayer
to provide a spacer mask conprised of spacer regions and area-preservation
regi ons, WHeR@4 wettckud, s SHENi etobga Chplama etodljand @iF 44 fldsenasitchewal | s of sai d
series of lines of said sacrificial mask, and wherein etching said spacer

| ayer exposes the top surface of said sacrificial mask; depositing and
patterning a third photoresist |ayer above said spacer nask and said

sacrificiab TRSketh8d BROIARES Ahelefifshld $alRdvePR cBinpliftQ shbasffa)y 8iiReh of said
spacer mask; etching the exposed portion’of the spacer regions of said

Zgacer mas Km%d%, GheRinSAL fhp pORAHESF B Sheri (R nfa QIR LRGSR Hbsaflalf behal mask.

material selected from the group consisting of silicon oxide and silicon, and wherein
etching said spacer layer to provide said spacer mask comprises using a dry etch process

with a gas selected from the group consisting of CH,F, and CHF;.

10. The method of claim 9 wherein removing said sacrificial mask to provide said
cropped spacer mask comprises using an etch process selected from the group consisting
of an aqueous hydrofluoric acid wet etch, a SiCoNi etch, a Cl» plasma etch and a CF4/O;

plasma etch.

11. The method of claim 4 wherein the frequency of spacer lines is double the frequency

of said series of lines of said sacrificial mask.

12. The method of claim 11 wherein the pitch of said series of lines of said sacrificial

mask is approximately 4.

13. The method of claim 4, further comprising:
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15. A method for fabricating a sem conductor mask, conprising: providing a
sem conduct or stack having a mask | ayer; depositing and patterning a first
photoresi st |layer to forman i mage above said nmask |ayer; etching said mask
| ayer to forma sacrificial mask having said i nage, wherein said

sacrificial mask is conprised of a series of |ines; depositing a spacer

| ayer above said sem conductor stack and conformal with said sacrificial
mask; depositing and patterning a second photoresist | ayer above said spacer
| ayer and said sacrificial mask to expose at |east a portion of the spacer
regi ons of sdrasisgiedhe imaggef said eronpessraces maglp wsetiagiottackowhatintshid spacer
regi ons of said spacer layer to forma cropped spacer |ayer; depositing and
patterning a thmask piektis fresidssentiepndnctowstdolirbelomnsaid marificielseaskasridon mask

above sai d cropped spacer |ayer; etching said cropped spacer |ayer to

provi de a spacewhemsksagionpkissel compsieaadayer sfpiaRpifoudagkbas Ganpr eservati on

regi ons, wherein the spacer regions are adjacent to the sidewalls of said
series of lines of said sacrificial nask, and wherein etching said cropped
spacer |ayer exposes the top surface of said sacrificial mask; and renoving
sai d sacri fli CAdheth@&$for fabficating a semiconductor mask, comprising:
providing a semiconductor stack having a mask layer;
depositing and patterning a first photoresist layer to form an image above said mask
layer;
etching said mask layer to form a sacrificial mask having said image, wherein said
sacrificial mask is comprised of a series of lines;
depositing a spacer layer above said semiconductor stack and conformal with said
sacrificial mask;
depositing and patterning a second photoresist layer to form an area-preservation
mask above said spacer layer;
etching said spacer layer to provide a spacer mask comprised of Spacer regions and
area-preservation regions, wherein the spacer regions are adjacent to the sidewalls
of said series of lines of said sacrificial mask, and wherein etching said spacer
layer exposes the top surface of said sacrificial mask;
depositing and patterning a third photoresist layer above said spacer mask and said
sacrificial mask to expose at least a portion of the spacer regions of said spacer
mask;
etching the exposed portion of the spacer regions of said spacer mask to crop said

spacer mask; and

removing said sacrificial mask.
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15. A method for fabricating a semiconductor mask, comprising:

providing a semiconductor stack having a mask layer;

depositing and patterning a first photoresist layer to form an image above said mask
layer;

etching said mask layer to form a sacrificial mask having said image, wherein said
sacrificial mask is comprised of a series of lines;

depositing a spacer layer above said semiconductor stack and conformal with said
sacrificial mask;

depositing and patterning a second photoresist layer above said spacer layer and said
sacrificial mask to expose at least a portion of the spacer regions of said spacer
layer;

etching the exposed portion of the spacer regions of said spacer layer to form a
cropped spacer layer;

depositing and patterning a third photoresist layer to form an area-preservation mask
above said cropped spacer layer;

etching said cropped spacer layer to provide a spacer mask comprised of spacer
regions and area-preservation regions, wherein the spacer regions are adjacent to
the sidewalls of said series of lines of said sacrificial mask, and wherein etching
said cropped spacer layer exposes the top surface of said sacrificial mask; and

removing said sacrificial mask.

34



