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photoresists used for pattern delineation have become more and more

demanding. In particular, requirements of sensitivity, transparency,
aesthetics of the image produced, and the selectivity of the resists to etch

conditions for pattern transfer become more and more strenuous.

Chemically amplified resist materials have been developed through
the use of acid-labile polymers in order to meet the above-mentioned
criteria. They have shown great promise in increasing resolution.
However, chemically amplified resist systems have many shortcomings.
One problem is standing wave effects, which occur when monochromatic
light is reflected off the surface of a reflective substrate during exposure.
The formation of standing waves in the resist reduces resolution and
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to provide etch resistance.

In the typical bilayer resist process, the undercoat layer is applied on
the substrate. The chemically amplified resist is then applied on the
undercoat layer, exposed to deep UV light and developed to form images in
the chemically amplified resist topcoat. The bilayer resist system is then
placed in an oxygen plasma etch environment to eich the undercoat in the
areas where the chemically amplified resist has been removed by the
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2 WO 2004/ 027518 PCT/ US2003/ 029677 devel opnent. In a
subsequent step, the exposed substrate is plasm
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process. SUMVARY OF THE | NVENTI ON Thi s invention
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thenslenfaceyefrthedindedlayer most be reprephradt, Gecatited Vithi prRAbRG st
Iﬁyer co r+si ng siljcon adjacent to the wunderl ayer,
ap éem%’ggs %H%SP@F yepten sverpomss themees)togentaasss e
S . [
e Step R Podh 20t bRt cUBRHah FEl g FriRess.
I magi ng | ayer renoval solvent thereby formng a
substrat e/ underl ayer stack, wherein 30 the imging
E TION sel ected fromthe group

consi sting of: glycol ethers, ketones, esters,
| actates, dinethylsulfoxide (DVSO), dinethylformam de

g R’YEZE": ihedritRRYSHoOlieE Pobdddel toBrbBM lithSG Ryt ff ur an,
overcome the mistakes made during the process of lithography. A first
embodiment provides a rework process for removing an imaging layer from
a substrate stack, the stack comprising a substrate, an underiayer adjacent
to the substrate, and an imaging layer comprising silicon adjacent to the

underlayer, the process comprising the steps of:

(@)  contacting the substrate stack with an imaging layer removal
solvent;

(b)  removing the imaging layer with the imaging layer removal
solvent thereby forming a substrate/underlayer stack, wherein
the imaging layer removal solvent is selected from the group
consisting of: glycol ethers, ketones, esters, lactates,
dimethylsulfoxide (DMSO), dimethylformamide (DMF),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane,

3
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-4-acetate, methyl tetra %/dropyran 4-" et hanol
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acetate, and any conbi nations thereof; (b) renoving
the imaging layer with the inaging Iayer r emoval

sol vet, toetaeting mersnbs:araae staekiwith 84 WNAGIG IRSr rehrits/al

(c) renovi ng th g | ayer renoval solvent from

the subs®eXeRl M& 5"}53@? the arkipgansisting ©f; ghieplmihers,
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(f) devel Ia er. 30 The present

i nvent i on ag'g @?@\?Rg @Xﬁﬁ t @hyﬁmﬂ@%ﬁ@&ﬂss for
e 08, S e ROy MR Rck, L
t o t he submethaxod, tetrablydnopiyresgd-onel aymtyl acetate, n-amyl
acetate, and any combinations thereof;
(b)  removing the imaging layer with the imaging layer removal
solvent, thereby forming a substrate/underlayer stack;
(c) removing the imaging layer removal solvent from the
substrate/underlayer stack after the imaging layer is removed;
(d)  coating the substrate/underiayer stack with a new imaging
layer;
(e)  exposing the new imaging layer to radiation; and

) developing the new imaging layer.

The present invention also provides another rework process for

removing an imaging layer from a substrate stack, the stack comprising a

substrate, an underlayer adjacent to the substrate, and an imaging layer
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(d)  baking the substrate/underlayer stack to remove the rinse
solution.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a graphical representation of the imaged critical
dimension (CD) versus the nominal CD on a substrate processed
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides processes to overcome mistakes
made during the lithographic process in mulitilayer imaging systems.
Examples of mistakes that might require reprocessing again include, but
are not limited to, incorrect film thicknesses, poor coating quality, and

incorrect feature dimensions. To optimize manufacturing efficiency, it is

5
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[ aya)r entaap g G2 adthd fyef iR Pl Bl
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renoval sol group consi st
of : gl ycotetrahydrapyran-4-methanol, tetrahydropyran-4-one, n- butyl

acetate, n-amyl acetate, and any combinations thereof; and
(c) removing the imaging layer removal solvent from the

substrate/underlayer stack after the imaging layer is removed.

A second embodiment of the present invention provides a
lithographic imaging rework process for correcting one or more defects on
an imaging layer on a substrate stack, the substrate stack comprising a
substrate, an underlayer adjacent to the substrate, and an imaging layer
comprising silicon adjacent to the underiayer, the process comprising the
steps of:

(@)  contacting the substrate stack with an imaging layer removal
solvent selected from the group consisting of: glycol ethers,
ketones, esters, lactates, dimethylsulfoxide (DMSO),

6
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cont got i ng g | ayer
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imaging layer comprising silicon adjacent to the underlayer, the process

comprising the steps of:

(@)  contacting the substrate stack with an imaging layer removal
solvent;

(b)  removing the imaging layer with the imaging layer removal
solvent thereby forming a substrate/underlayer stack, wherein
the imaging layer removal solvent is selected from the group
consisting of: giycol ethers, ketones, esters, lactates,
dimethylsulfoxide (DMSOQ), dimethylformamide (DMF),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane,
tetrahydropyran, ethyl tetrahydropyran-4-acetate, methyl
tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl
acetate, n-amyl acetate, and any combinations thereof:



10

15

20

25

30

30 tetrahydropyran-4-nethanol, tetrahydropyran-4-one,
n-butyl acetate, n-anyl acetate, and any conbi nations
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resists are chemically amplified resists. Examples of suitable chemically
amplified resists include an alkali solubilizing group blocked by an acid
sensitive group. Examples of suitable alkali solubilizing groups include, but
are not limited to, carboxylic acids, phenols, hydroxyimides,
hydroxymethylimides, fluorinated alcohols and silanols. Examples of
suitable blocking groups include, but are not limited to, alkyl groups
containing tertiary carbons, and alpha alkoxy alkyls, and arylisopropyl
groups. Examples of suitable blocked alkali solubilizing groups include, but
are not limited to, t-butyl esters, alpha alkoxy esters, alpha alkoxyalkyl
aromatic ethers, t-butoxyphenyl, t-butoxyimido, and -butoxymethylimido.
Examples of blocked alkali solubilizing groups can be found in U.S. Patents
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_I:IEI n. The silicon content may be 15 contained in the
BG \AFR ingosperaied By reteence hefetrh el B siligon epaiast cray be

ot FneB® WEPPalBis 145/ LG =ph 158 pBORh e br h

polpmer maiydn@dllyuartedeifwe}maﬁn@asﬁl tl. E{a Ilﬁlamlm N:O?f6|3ea§ 99208

ok} 81 DS ML P BEARISCHG SHoiGRRE (S7OR 11 ol o
conpri se photoacid generators. Any suitabl e phot oaci d

gener at or conpound nay be enployed in the radiation
s endhtddgitigyhiot thessilicon-cantaiobig paymer, hempicaky amplified

Pt RS sy PAIBBE s ARG RiCatb Gptrecisn hoyii i ™
géféré@rs Mh?%uﬂ%léfmﬂﬂéad:l& bh@rdiéﬁé@rﬂ?@u@cﬁ mdyobé ehfployed

yield acids; 25 oxinme sul onates robenzyl esters
indhe é@dlﬁtm/ seasitive phpiosesist eamprsitiens yExamplesddsugable

Prefe
PrERBR L BBhef R BBl e, B SRR Ry IR RRioglfy el or
other Gsium salts, which decompose in the presence of light to yield acids;
oxime sulfonates; nitrobenzyl esters of carboxylic or sulfonic acids; alky!

halides or gem-dihalides, which release halo acids.

Preferred photoacid generators are those generating sulfonic acids.
Suitable classes of photoacid generators generating sulfonic acids include,
but are not limited to, sulfonium or iodonium saits, oximidosulfonates,
bissuifonyldiazomethane compounds, and nitrobenzylsulfonate esters.
Suitable photoacid generator compounds are disclosed, for example, in
U.S. Patents No. 5,558,978 and 5,468,589, which are incorporated by
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Sui tabl e cl asses of photoaci d generators generating
sul fonic acids include, 30 but are not limted to,

wa doftoziisusn or i odoni um salts, oxinm dosul f onat eRCT/US2003/029677

' d s . . .
BB DR CPAHRTRLAP RSPyl odonjom s
ofdromgedaids ootmpoylndiandalkyllidiatkydegt or trialk ghsatmptitited n
5,558, 978 and 5, 468, 589, which are

Ld, S. Pat Emﬁ @g}

sylionim salks aisyipnioagidsooo4/ 027518 PCT/ US2003/ 029677
reference herein. Particularly preferred are di-aryl
or di-al kyl iodoniumsalts of strong acids or triaryl,
di arSlultﬂhkybxarnplﬂskoyﬂ mqibamdrgeheralbltsyhclﬂdbsbut areaubt

ingec, R Tierg sy BB Brermidee e yisufoBbEn FapTos i e
tnbﬁen?léulf&?ﬂi}wlé&iHéOﬁip%GhPFsgﬂbﬁ@m ﬁék&lﬁ@%ﬁkﬁébh@fé um
hl oride, triphenylsulfoniumiodid

trlphe@ﬁ@lﬂmwwaﬂwmwnaj@;f@ph@mdﬁtdfcmnum

R R A B SRR o5 o

phi;nm?ﬂ)fh@mlybsluﬁbhfuﬁm chiorigs) phdz:@t&;ylté@ahyd rothiophenium
"E‘W enacyl di met hyl sul f oni um chl

éym'freph@wt@trﬁhwmwpghemumn&hl@rede and 4-hydroxy-2-

t ﬁﬁﬂgnlunn chl ori de, and
'“ﬁ?ﬁ3ﬁﬁﬁgggg?ﬁ%é?ﬁiﬁgﬂﬁﬁ%ﬁﬁgﬂa ydr ot hi opyryl i um
chl oride. Additional exanples of suitable photoacid
gene ors for use i | ude,, but

ar e |t|cpq%eg(@a1 &0 q;w%piew%g@lpgé?gnqtﬂﬁ?gtc;rsn or use in this
inPEIdriALRAe! BRCHE A MRlifed to! tipheRYaMbRiaR U

per f1 uorobut anesul f onat
pafﬁtlcbtxabpiaeayulmnﬂ‘(en’gyiphehylsuIfcnmum perfluorobutanesulfonate,

mﬁ&vm%‘éi{ R R0 R PEHIUHORARESHIoBER anes ul f onat 6,
le&wnhﬁh%@\‘ﬁhﬁ#bé&ﬁhé@lfonate 4-n-

erfp uorobut anesul f onat e,
butexypéenyldmmm&mlfpnmy|p§cﬂtfomlbw1anesulfonate 2,4 6-

iR BRI AT darfudioRiiapenyiionate 2 e

trlﬁmeﬂhﬁphéﬁyldmh@Wlﬁhlmurﬂl HHreRY bSUdrIte, Lo 6-

2,4,6-triisopropyl benzenesul f onat e,
tngwg',tmhqny@ﬁ lwlfgmw| %ﬂ,]GfﬁﬁlfﬁqpﬁprlbenzenesuIfonate

P AR TP P RL ABEnP S cimebibBhadroyprie.qed. et
butylpeényl)s2ffohiuhy peifRinyboctahésutonate, tris(-t-

b ﬂp%%ﬁ@qﬁ‘g&@?ﬂegél q%,r:],&g&anesulfo(nate tris(-t-
butyifnényifsuifS AR BY B5RiLE B YIdeARBh Esulfonatd, ths(+-

butylphenyl)sulfonium benzenesulfonate, and

phenylthiophenyldiphenylsulfonium perfluorooctanesulfonate.

Examples of suitable iodonium salts for use in this invention include,
but are not limited to, diphenyl iodonium perfluorobutanesulfonate, bis-(t-
butylphenyl)iodonium perfluorobutanesuifonate, bis-(t-butylphenyl)iodonium
perfluorooctanesulfonate, diphenyl iodonium perfluorooctanesulfonate, bis-
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but yl phenyl ) sul f oni um benzenesul f onate, and
phenyl t hi ophenyl di phenyl sul f oni um

w@esohiemsiooct anesul fonate. 30 Exanpl es of _sui t edi/852003/029677

(-8 RYBREHINBEbA ] ?énié?%shﬁoﬁé‘tbsblsf(‘f%ﬁiyl&ﬁbﬁyfb%dﬁi’ﬁam but

fimte di phenyl 1 odoni um
2 4qeqtfilsopragylieszenes dlfonate, arsl diphenyllogopiupmday! ) i odoni um
rfl uorobutanesul fonate, bis-(t-butyl phenyl)iodonium
m%ﬁp)gl:{%‘zg lg?{@i%l fonate, di phenyl iodonium
per fl uorooct anesul fonate, bis 10 WO 2004/ 027518
PCT/ US2003/ 029677 (t-butyl phenyl )i odoni um
benFeiiben examates, of suiable phatoagid depeyatetdier yae in this

m\é’ngﬁgﬁﬁcﬁh%%cbq{t%ﬁ%%8?%?%@3&;#&% :tngul 1? ggate 5 Further

tolaémlmypﬂlazdmétﬂdm mlmhglaqlf@h;g@nerators for use in
this invention include ut are not limted to,

tolge@%%lfwlwmhmw Faelasmuisviagy-1rEb Ayl sul fonyl p-

e

dirdéimtétm/lstnfqhyﬂs)dldzométb\dlheleml(ﬂt-hane bis(1,1 10

mc%b{lm g%)ph\éﬁlﬂ{g%bé@%&&g@ a «'Efée y’Isu?flonyl}dlazomethane 1-

p- t%hgrfé\é9|f8ﬁ‘ﬁ>qyl:ﬁf+ﬁé3&%a)rﬁbrﬂﬂ@l bi@ftanel 2-methyl-2-(p-

enesul fo 1-cycl ohexyl car bonyl di azornet hane,
to|aenesmgdnyap(qmonheln@eaeguhemaye;gdfqrm dphethyhed-

m%@%???ﬂ%%%ﬁhéﬁ t(Wyl 2: (p-toluenesulfonyl)pent—3 one, 1-
dla&o41 Jméthyisuﬁom 4t;9ﬂuwmsyutfaﬁamé)wyc1&e&waraonwz (p-

di azo- 1- iret hyl’sul T onyl - 4- phenyl - 2- but anone,
tolQeOQwabﬂmp@aebd)fqvploileé%lsukf@w}enes ul f onyl ) pr opane,

t1oyohEs b bl Mt adnd L Fy g Y LT e oS BT nane.
durﬂaemyazcxodtanﬁdnel -{ddfigRb byl €1 RiithetHyicnylbdiféhyd-8lBraitdesthyl 2-

but anon

buiangns, ;ﬂraCFiXIﬂ-h’em%ﬁh)é?ﬂM%ifpﬂWWﬁ;‘émﬁm Aztiazo-1-(p-

tolglgﬂé%ﬁ "&pﬁg% %e@y&Z OPuta{\%n(? Ed@zg a1nbenzenesulfonyl -3,3-
dlrﬂxemyﬁzcbdarb@ia em@lazul#—(p?tdlue%ésulfdnyl)}Bhy)éHw-mblﬂamme

toluenesulfonyl) 3- 2 .ano
cy@lpbpzswe%cmaz#d m%u@qswfpawmg’fm f%?ywbw)v' Zé;
beh‘iéﬁe&ﬂf%?%gfgtézlgag ng?ﬁaneézatf-? )éh@&ﬂ?oﬂy?acetate

I SOpropy I az'o- acet at e,
cycly;hlenjﬂ@eylIaza-mbamr@sh&nzyﬂaeshalé dambaméﬂamzo—z -(p~

toluenes&ForX/‘)aceta m%roggnzyl p-toluenesulfonate, 2,6-dinitrobenzyl
p-toluenesulfonate, and 2,4-dinitrobenzy! p-trifluoromethylbenzene-

sulfonate.

The photoacid generator compound is typically employed in
amounts between about 0.0001% to about 20% by weight of polymer solids
and more preferably between about 1% to about 10% by weight of polymer
solids. Preferred photoacid generators are sulfonium salts. The photoacid
generator may be used alone or in combination with one or more photoacid
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25 tol uenesul fonyl)acetate, 2-nitrobenzyl
p-tol uenesul fonate, 2, 6-dinitrobenzyl

W@ 2aoalozrsne s ul fonate and 2, 4-di nitr.obenzyl_ . . PCT/US2003/029677

ég;%r@feé]fc Q8stid

geﬂgl;]egctr)gét gﬁ% npound | s typlé’r‘é{%’t{ng&a%neﬂigr O ar#ounts

gebetaﬁeemm‘tbmms ®e00&dNn sboat HA6UL aDOUt BYYonefi thatiotad
ferabl bet ween about 1 %

| lid d
phBESaS e Sty e e SPGB AC I GAMeARIOr BRERERS oo
indhidd aBeiico 98 Qﬁbxﬁybﬁo@b%m%’éﬂé?atd#@ Sakh $nixtlA8s may be of

phot oaci d generator nmay used al one or In
the samenclasoar differend @@sgesmlﬁxerrmm oﬁpﬁecﬂerraciwxbures

4/0 7518 0034029677 to
indii it 258 Pl e R BREA SaBS BRABR rn i Brsmsthene
co n@l%oéulfﬁrm!imfs%ﬂs laﬁdbﬁﬁd@ﬁﬂfoﬂbtéekt ah8 Hvb @uabRiuim 88146,
the total phot oaci d generator m xture. Preferred

phot oacid generator mxtures include about 2 or about

3 p o) e
< and Her it BPER o e TR B S B BfcBhuion's
thérem u:@@nds rprnhurrbelly butthatypeoft fuhctma&n:ies mco‘spldnfad:asd irm
wi. th bi ssul f onyi di azonet hane

the BeKAPUAPORTIEY WM aiaad GEPETAPLNIARE SRS IABRT um
Th%aédél %ntg?\%ufd“&% ﬁ%rtotshﬁﬁffl cﬁﬁolvé’ﬁp ‘tﬁl@cb@ﬁ%h@ﬁt s/iAYGE

e concentration s principally
photorehist, tsjmlcbrﬁotfunmletrg@ aal ichesdcal memt;mrmrwﬂﬂeme compbrents

cid | l e ner, the photoacid ge ator, and the
and Uk B e RBRC AR R oL O B B TS ABIA SoldRgs o
théjﬁﬁé r¥§s?&émb5§tn&?éﬂé§ﬂﬁﬁlﬁ§le' But &8 ndMAiRHes) ﬁétones

not under go em ca reaction with t
etlwmmndeesters anch shmettybethylecatensvabthy! sobutyy katg)naff Per
h ating. Suitable solvgotsfor ééthcﬁf toreslst
op  CYGRPHIGNPAG QUFLNSXFNORP e~ RN PRYST TRIGPYIGNe
acéfﬁt@%tho@bhﬁl Scéatk eﬁh@‘tl%x;ﬁ%ﬁ’o aGBidhe/| 1 eidivlethoxy

ketone, methyl’ isobutyl ketone, 2- heptano e,

ethang, @I@wtamtai@, cellpsplyr@cetainepropylaneaysel menegihyletaer

acBfeip Bt oG BRI B py R Bt AhObdcRicHat,

etifg3-eehosgp &ﬂﬁéﬁ’été, Nnﬁeﬂwll-errﬁyr@imeﬁé, TardIexdns, oﬁéth?l‘ene

20 acetate, nethyl pyruvate, eth pyruvate, nethy
glysohdimetaybetber. @mttee liket AN rr@ilyps dherenkit e,

N- et hyl - 2- pyrrol i done, 1, 4-di oxane, diethylene

gl ycol di nethyl ether, and the i ke, or any

conBazat aduivdshaag dk.added to the imaging layer. The purpose of

the base additive is to scavenge protons present in the photoresist prior to
being irradiated by the actinic radiation. The base prevents attack and
cleavage of the acid labile groups by the undesirable acids, thereby
increasing the performance and stability of the resist. The percentage of
base in the composition should be sighificantly lower than the photoacid
generator because it would not be desirable for the base to interfere with
the cleavage of the acid labile groups after the photoresist composition is
irradiated. The preferred range of the base compounds, when present, is

about 3% to about 50% by weight of the photoacid generator compound.
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Base additives may be added to the imaging |ayer. The
purpose of 25 the base additive is to scavenge

Wee@torsipresent in the photoresist prior to PE/IR003/029677

EBTRUTibIN B350l T Tk Mol BT SPpEET
cmhdmmgbbesalds ?S?yr?rdmedehxyns [ S_i}ﬁntaﬂe |e|xgn1rjl& @H?és@i) gr;gce
t e e e e o0
aify G Mol B Pes ST ok 2B HIAUGRRAIS, | ower Lhan
trﬁé@r@g@bm - a%aﬁﬂaﬁﬁﬁ@drym’fé‘%:@ -dibmiei

desir for the base to interfére wth itsjlrﬁe cI eavage
2 G5tniphenylinidagsle, ée@amuplwmmmummdmme aadilsh-

ad| ated. The preferred range of the
dl‘éggggiél%fg#&on élr‘? present, is about 3%to about
50% by wei ght of the photoacid generator conpound. 12

WD 2004/ 027518 PCT/ US2003/ 029677 Exanpl es of usef ul
base¥nfgadayrre ussiu lrams inyentiomiate: arganic films/tasininres,

prfered efcipeft, ondhs Sy Bhua GFtE! biRordigp e
umderiatyeds trojud llmlnhg'bomi dakehesolubllity, YRRUTMN fafthing.
am nopryl dine, 4,4'-diam nodi i phenyl ether, 5

Pf@pﬁﬂse% raidb %'HWW'VH themreing laypasnd yio inlesiRgvith the

IMEKARE FEEE e the SnaBnBRR ¥ Brdedksdd” GO0 SRSt sqbilly
is meful fompmdupt elieéfrlrfedmelrrbmbvm&nf madaridl Iﬂte)msméd@ ef

raI C aract rlst f the. 10 under]| ayers i ncl ude
V§®| ubié 9p9d sglysat selHpl i(/oareﬁ Ag

mfé"rﬁﬁb@hé 'p?éperﬁg!‘,‘@?é ﬁ/@ldﬁllmlﬁleﬁlt d@&*\l@%en @Lan%%s

intermxing wt ayer
avaigy mterrelxmgonr@blmns thbuddedaymns f@qUebtly cntqsshmlaawlsyef ul

|f Lif d f f
anslaBd o Glrattigttiank pEaSp iratibM it Heal c i Tod e good
erfBbARENtS OhehblrbétvedRde and 2bsBHHEAB S BHARSS fdrEfﬁe

are typically difficult to achi eve sinmultaneously. To
patlieilar wWevelengih efgexposbre by adiusémentief napemer structure and

o ERMIEGS. B PR 4N R RBhA ST URle flost SeBEI )
h@thgdjlmiﬁaohthc%tﬁ.llm@fé/ﬂ@\mw@ phbitR¥siaRtoaigividmpsataeaand

jmzed for particul ar wavel ength of exposure
Cfegslﬁklﬂeq RARErsHOMRTIFING hydioxyslytene. afditaite exampies pbn.

r@@e@é@%f@fd.s%%s%a% . 8NBEIGREND. '67524/987 161954 2RBePar ed
5,985,524, 6,610,808; EP1048980; EP1172695; and U.S. Published Patent
Application No. 2002/0028409, each of which is incorporated by reference
herein.

The underlayer is typically applied by spin or spray coating on
coating track equipment with automatic wafer handlers. About 0.5 ml to
about 5 ml of the underlayer is applied either before the wafer starts to spin
(static) or while it is slowly rotating at spin speeds of about 100 rpm to
about 1000 rpm (dynamic application). The substrate then is accelerated
to a final spin speed of about 1000 rpm to about 5000 rpm depending on
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heati ng di azonapht hoqui none/ novol ac photoresists to
hi gh tenperature and crosslinked polynmers conpri sing

whyanoxpss yrene. Suitabl e exanpl es of under coBCHUS20083/029677

in’e‘F %ﬁiésé’rﬁ’d U@s#éosun&’éﬂa%/é? Silrhehickness3, 'ﬂ%kneﬁas@ﬁ%ﬁégpend
85, 524; 6,610,808; 'EP1048980; EP1172695; and

orptlrm speific aaplmtloasbmpwll tyriealyrange flzmzabogtz&a@grﬁ @ach

f

b, TCHRASAIOE 0l SRS RE G Cheyt
T4l spin Gmescaratdbdat R0 @@&omtqomm 40 §ét;of|ttdtso rAdriher

waf er handl ers. About 5mM to 30 about 5 nl of the
dryiigendh guring & ﬁmaseoofa ¢Res-lipkalledindedlayal @aydear t s
aéc% Ls'ﬁgg dpﬁ*f Q#Fa%k h%{i p%%%ft&@g%@t@%g‘ﬁf é?é%ﬂ?dp ?toaébout
3(001’@ i’imterrmgpéiycﬂte @nybngl Oftthe muuetlaymet;amga d'tr)eeL 5)())/0

erate o a fina of . abou m

cqryestioneadng it amoa@a&ﬁaﬁyﬁé RPN g8y A pYge. THI

p'f%i m&sﬁ\%ot < /%@J@(HI ck r stckSoR IS Pro Sk erI ayer

ness sses wi | depend on t
specific application, but will typically range from
about 150 nm tg

ong ERb e E fderéydh L spttite. dRmapidialfr s
a;?;_bll&ﬁmaé §|nﬂfé?lﬂéslﬁc9n S??&Bé’lsbék‘é cditifiorsOfop ﬁ@m@ﬁ?glng layer

curing in the case of

dyingerd Aot sem@sug@bput@o secondsahismpsiatiren ok

2o o Rl R BO e cOblertut etk et

difhgiRMGVR Yo tmvg»@nedqn theatt ey ibe esmpl@yea ThidprebBres
curing in a mcrowave oven. This ﬁares t he

theupthstrate/undedayerfimaginodayer Back mrtfue ehPI9SessNgg. 10
After cooling of the underlayer coated substrate, the
imaging layer is applied in a sinmlar fashion.

Typi The dubktatepuniddriagosiniaging heyer stapkniy dxppsed imagewige.
are about 30 seconds tq gbout 120 second
The Agyan AMACEYISY eXABRIE 0@ ades b RPORRRIHAUG fot

pﬁé@%slﬁgq}ff |gﬁfq:é( ?E@ede‘?é‘r%ngﬁ PasteR yegéé lﬁlkﬁlnte%%f g0

0se s art may be enp
comepieresntiiofied dadesﬂaeatreMdmfelsl rapeed owegihegsurfagerofshack
for further processin

catlBd SUREURIm FRPORY BN MBI & FayBHSIEoRiralled slestion;
b&AMEEUhE @xposure by means of X-rays or UV rays through a

corresponding mask.

Radiation sources, which can be used, are all sources that emit
radiation to which the photoacid generator is sensitive. Examples include
high pressure mercury lamp, KrF excimer lasers, ArF excimer lasers,
electron beams and x-rays sources. The radiation is preferably of about

248nm or less.

After exposure, the imaging layer is commonly subject to heating
and developing steps. With the aid of this heat treatment, known as "post-
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The term " i magewi se' exposure includes both exposure
t hrough a 20 photomask contai ning a predeterm ned

Wai0te27518 exposure by nmeans of a, conputer.. coneCOUBm®A3/029677

expB8ie BAY viriaf chbmplaly 88 QR oflthe a%iH E81E gPbugsf the

coated substrate, exposure by neans

pamelutesin withtthe lacistigenassteddry tme@msuam@ aohheraut ety

o BRI 258 135ahRE B o' R SRR helke G VRIS Bba
ISR aep & essenitially M tAk 'f@tﬁbﬂdhawfé§8f ﬂw@%&%ﬁbpﬂé@lrﬂ the

gener ator 1s sensitive. Exarrp es incl ude
tyrgﬁ ekacid ganerater pnd fipthe woncendsatian of these éwo/saompémmﬁer

T (TGP o BP0

ab%t 850 eBAOPHT8w JeRBnHEBDA R Infivartes. SI'H‘GPFFE?@rlréd Peby ect
heati ng and devel opi ng steps. he aid of th

expeauret bades isefnam dbooiB0%S 0 postt- 130PCVibr 20041 H2@BdiRds ’to

2003/ 29677 exposure bake", virtually conplete
abPQE\@HS@FPCB'f‘ $he acid labile groups in the polyner

resin wwth the acid generated by the exposure is
achi eved. The duration and tenperature of this
postAfarﬂmgewism&mmm anad anyiheat trebtroant ofl theinateriak
end ssent the, functio iti,es
thg SRS ed RN o T prdlerbet o oIV RiaRd 8 ¢ ne
devBRpRR! Tak! Pdidd of theSRrlioia CRSRIGREH dependB DrethBaFES of
resist is typically subjected to tenperatures of bout

photwesist; iapanticulmooTtteonatyre efihedudyraer tasimor the photolysis

prits SBpelatEa DB ey s 15G 108 Bl Selfigh 8T .
ba3es 16 egfidiergatic é‘émémsldrmimég tIRfBOBIMEY hiIVe ey ARRId.
treatnent of the materi al t he exEosed areas of the

Pasticilary preferrad dlevelapeesiats agieaus alkalie sojutions. These
| .
S48, GP Sk )R05Es0ih R oP G e sEEh o0

s on I'cul ar on
phbbpha@tsphwdmkuddsarmbd:amanateesbm iarpartieulahot tetrgsi s 15
roduct ner ated. The devel oger can i nc|l ude aqueous
alkylamm (:hydrom es, and more preferably tetramethylammonium
hydroxide (TMAH). If desired, relatively small amounts of wetting agents

and/or organic solvents can also be added to these solutions.

In the manufacture of devices, problems invariably occur which
require correction. Examples of such problems include, but are not limited
to, having incorrect imaging layer thickness and having incorrect
dimensions for lines or trenches. In such situations, the imaging layer
needs to be removed and the imaging step repeated. Preferably, this is
done without significant loss of underlayer thickness, loss of adhesion
between the underlayer and the last imaging layer coated, changes in
surface energy or index of refraction of the underlayer or imaging
properties. Moreover, depending on when the problem(s) occur during the

manufaciuring process, the imaging layer may be unexposed or may have
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waelewelopses s are aqueous al kal i ne sol uti ons.

bases to which organic solvents or m xtures thereof
may have been added. Particularly preferred

been exieosddio t@tlaaﬂdne(and@@e@b@eaw WHhetRér &f natlthk@liraging
| i cates,  phosphates, hydroxides and

'@&?@Iaﬂ%b@@n HRPSed W;Hb@f:taé@ the selvericarbiend of solvent used to
@n‘fa«}eamqmag@ IQ}"QF %bﬁ&ﬁele@g dth@ﬁr%gﬁi;ge falagbpée  ust be

tetraneth Ium roxid
®rdlralzedelhj?h|srmgardarmunts of wetting agents and/or
organi ¢ sol vents can al so be added to these sol utions.
In the manufacture of devices, problens invariably

occur Nt GroeSsd SIS iRvERIIre Hhe : Phlagi ﬁg@é&{érﬁéﬁavox%tfﬂy

probl ens include, but are not I'n
Gartaeting-the imaginglayay with i uma«m layed rdsraovaigsahrunbr rect

ArBSacPla Rastom Salen! FFSET Fom iedie cane Rtindding
gyl etedpeaketdneb! eéeraMitatesNimndth lsg%b@dév'(lbmw)
S|gn|f|cant | oss of underlayer h|c ness, | oss of

mnesayitosmamige (WM, tetiehydivieay@HRnmeting tetsahydrofuran,

SRS o MR EORE B MRS R g AR
tﬁﬂahwmvmn Wbﬁémmbl (StRIBACFYTa - W‘ﬂ@rh-bt]ﬁjl BESRLE HR) n-

occur during the manuf act ur | ng process, the imging

Jraylaceiale. pkhis Repiske dlase Heanneies subsemienidation waa@e

B S GE R 559 OB S Sy s,

nabxp.(rete dhemelolf ndjst:OﬁthqutdmemohvtmhpeggEgbgﬁ elDfs C&ﬁ%b@ for
0 repoye ss

SHebo e BPITEa g ol s(thak abigyt S0 Sed Sifiebia Bhaging

léﬁg%?nov%l LBIvERR & s%en%5¥ §h615]¥%l;]‘§g§ ;R%eth:érr}@&ghngg

I magi ng | ayer 1's renove cont ac
Iawemtlkutm@nflcarﬁgilss@mtm}nm‘f the nodetlagal Wehen tiie opdédager

8l 3 B o AR B o
rb@@?l@kﬂéss @hem%ﬁ @%' éﬂhé %ﬁbﬁ'\%l G ]ERCkn?SISHF)

di met hyl f or mam de tetra ydro uran met hyl
t et rahydrof uran, d| oxane tetrahydropyran, ethyl

t ot r Sy P SRR RS AERR R R e st imited e,
propylené ghrel Aidho mBthyhether (PGME), and various glycol ether
esters such as propylene glycol mono methyl ether acetate (PGMEA),
ethylene glycol mono methyl ether acetate (EGMEA), propylene glycol
ethyl ether acetate (PGEEA), and propylene glycol mono methyl ether
propionate (Methotate).

Suitable ester solvents, which are not glycol ether ester solvents,
include, but are not limited to, ethoxy ethyl propionate, n-butyl acetate, n-
amyl acetate, ethyl tetrahydropyran-4-acetate, and lactate esters. Other

suitable ester solvents are lactate solvents, which include, but are not
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anyl acetate. This may take place at any step
subsequent to the image |ayer coating step and prior
w0 e00a/0pisesma et ch step. Suitable solvents or 1BCT/US2003/029677

e 161 Ricthlanoeke Ay 1Rtald, oM HobRORITIREG Hhf 2
ethylhpsgdactatm about 250 C. Suitable imaging |ayer

renmoval solvents or m xtures thereof should dissol ve
the imging |ayer wthout significant dissolution of

t he Suithdié R¥@he SHIRhts %lw@'%ruk ayehot I .t{a&gy 5, Jeetdte, |

etch mask it is desirable that the un

metRyberopyhketerned MRS 2t heptaramw., i clohexamong, nal

HEREDIRe, MR MG B, Highyeairog laibne
(NHBKQJ aref imgithyd tettiey! keREAMER)Nd vari ous gl ycol ether

esters such as propyl ene glycol nono nethyl ether
acetate (PGVEA), 25 ethylene glycol nono net hyI et her

acet-rzHGei t et h acet ate

( PGEEA) n{ﬁigﬁ @Poe @%'Sﬁ'@%&it Hn%}nbe 2 {)ﬁé}F

mipiLe ioh twid ©r @mmntabm) sohinits ahtienayp beradhiedted fdsspatdficc h
et her ester solvents, 3 |nclude but

. t gl I
'mgéﬁ'gH%Ye'g'U\ﬁl*%{g@ayﬁroco@l?%t)aﬂseﬁﬁgi|pf1a%‘-iﬁ of@ativen- but y|
coRe&itpdtPnsof tABLIARI MentE Y h'lnxtu e £an range fromahoyt

t et rahydr opyran- 4-acetate, and ate est

1% tn abolte9¥%t er sol vents are | actate sol vents, which
i nclude, but are not 16 WO 2004/ 027518

PCT/ US2003/ 029677 limted to, nethyl lactate, ethyl

| aCPaéf%rreI@if iy #%@@F&no@%ﬁivén@%‘ﬂe l@é’cgnés esters, 2-
| act 0 e,

et hyl hexy Sui t abl e ket one vents
heawoaeeme@hyunrﬁpylé@wrm, PGMEoRGMEB, emyhjacmeopw

| ohex
Cyééy@ openr{gD Lét%r %@%{%% ??q%wﬁi@r‘f%f’a)%gyfﬁfekydr ofuany |
glycsbmpoopydthés! ang mikdr&&pt k&Bﬁe@%V E%ier@toﬁ“)éﬂ c'é?{;%%ether
The i magi ng | ayer renoval sol vent
SO'&%I"&""@SP@&W@E@ qthefigolventBur e of two or nore
suitabl e solvents and may be adjusted for specific

i magi ng | ayer, underlayer conpositions, and process.
Rel bldre prefeomdentagirig agsr @maé\e ssviehadinglwR Z/-ﬁBbfadoﬂea

cyc%hexan%n%aﬂ tgué}yl aceftét%mPaGN(l)gt PG%/I[;?\t l?etggg llj‘rtnxtures where
the ketone comprises > 50% of the imaging layer removal solvent, glycol
mono ether solvents where the glycol mono ether solvent comprises > 50%
of the imaging layer removal solvent, and ternary or higher mixtures of

ketones, glycol mono ethers, and glycol monoether esters.

Most preferred imaging layer removal solvents include 2-heptanone,
cyclohexanone, n-butyl acetate, PGME, PGMEA, a solvent mixture
comprising a ketone (70%-90%) and a lactate (10%-30%) , a solvent
mixture comprising a glycol monoether (70%-95%) and a lactate (5%-30%),
and a solvent mixture comprising 50%-70% glycol monoether, 1%-20%
ketone, and 5%-35% glycol monoether ester.
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15 Preferred imaging | ayer renoval solvents include
ket ones, esters, 2- heptanone, nethyl propyl ketone,

WEGNE2BBVEA, ethyl |actate, cyclohexanone, nP@TIU§1003/029677

acetate, tetrahydrofuran, nmethyl tetra hyd rofu ran,
gl ycol nono ethers, and m xtures of ketones or esters

or Qbytactingthe ihaging lserwetit we\mﬂdgl@lsayer rernoealsohent
soIv nts, 20 I\/br referre

&N #Y Saitabe %@e cO ' d 5}28@&@ f}?atcm yl

ahe, P
eX%ﬁﬁ'%he imio sgéi"ﬁé‘a%‘%‘ﬁé"?ﬁ*ﬁa@". Z‘F'ﬁ%ﬂ%‘@@%fﬁyﬂ Aok nto
a ceotaimstt Gorgainoy theriagingt lager eohaai sslvehtr €éhehe gl ycol
n t her, so nt ' > 50% 25 of th
o B0 LR R 35 o 88 T SRR,
solgééntelfgy%eégzltﬂéd &P lsta'ﬁ@ '&i@mﬁé i %on@%tj peliyeoln gRewEt her

referred g’;ﬁ‘g Iyer renoval sol vents
embadinieat, mawetmwatﬁ/@ndedwr gingolaper staskingay be easing,

on B 8554 T shutR gtta Mot GprgtatRIRbER 8. ® (7 Pire
sulféifé@éﬁu@déﬂa?e@lhm? yBpstatR My Eé/eofﬂléi}ﬂedamkaaell actate

(5% 309% and a solvent nmixture co |ng 0% 70%
pegpepgisularoabat vy othﬁyeazgl%wwéfwct imthet )@@50 \6?3

mmségl ng %@W‘ﬁ%‘é?@@ yer W t%ﬁpﬁ gl ny@ggy
sta%n@tﬂﬂab@heﬂNdsrmyuerndude p}punagn,ystmammlgl er spraging. the
e contacting ma i
solyeint HRiod B S AT ST RYFUAdiEg qugrf%% Bewck Tnio
sugs{faSRRCRLAgErERTAY PRP %‘WA P8 et Y i AT
chask.t he i magi ng | ayer renoval solvent may be agitated

or static during the contact period. In another
enbodi ment, the substrate/underlayer/inaging | ayer

st agke Wg?fobr I’é?éF ifé’h@ova‘l’ QONénﬁéﬁ@\ﬂB e ih@ontadiwath the a

sem condu rack
imagmgtlamrefouadme agmd namﬁsagy farnybe irsagic laysr todlissolve

in g iie FFEeBoral BRERE" B DR g Pelbogei tgigbous

10@RRbhEs! ubtto AMBUIRD MeiAutes. tF"r@ferred contact time periods are
substrat e/ under | ayer/i magi ng
about 30 seconds to about 5 minutes depenc}/ ing on the contacting method
used. At contact time the imaging layer removal solvent can be at any
temperature as long as it does not contribute to changes of underiayer
characteristic and the imaging layer removal solvent is in its liquid form.
Preferably, this temperature is room temperature or about 18°C to about
25°C. During the contact time, the imaging layer of the
substrate/underlayer/imaging layer stack is preferably fully immersed or in
thorough contact with the imaging layer removal solvent. For one
embodiment in a bath environment the imaging layer removal solvent is
provided in an amount to allow full immersion. In another embodiment, for
semiconductor track applications, the amount of imaging layer removal

solvent depends on the duration of the solvent application time and the
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stack. Suitable nmethods woul d include pouring,
stream ng, or spraying the solvent onto the
WG iwgoemte/ under | ayer/| magi ng | ayer stack. ThePdBUS2003/029677

bstr at / der |
ARG S AL e e BN SRS g 10
hemoval sol vent should be in contact with the imaging

l'ayer for a tinme period necessary for the imging
| ayer to dissolve 20 in the inmaging |ayer renoval

seconseitieht i st it dBe BRaaTa i e BLso e
wiglt thedisnaryigg /e theIRagirOags: fePn@RA8bivenfittuthRing the

dependi ng on the cont act| ng nmet hod used. At cont act
q1$%vq%@namagllwr|ray@rber@m@d fsonibatesutante at any

ST 6 T L, o B E eOH B oo o
ocmmjnatyori eﬁlmetm@:mw&ltaﬂﬂé westhods of rerhévaal lincludelspianing the
Pre this tenperature is roomtenperatureo

bl
Statindaner Skt bout 0P elaaesk SODepm e
ﬁmg '10%6'C6E85 t@éba 1 acgg@é& I N a3 9h WAL raRb AR e

ayer stac imersed or 1n
|mgmlgpecmmml smivtelmt bhuetanrrmthtgd issyleed imagingl layer may

i o 7B AU Epbek s S
rﬁﬁiﬁ’ld@tdotn% B SRYof tHd miﬂﬂ'?j %gﬁf‘rerhavé}%wé?ﬁ cSHfé%f’h‘l&;?Bds

for sem conductor tr I catl ons, the anpunt
desatjbed abayer ln ertbw@lemb@dﬁmem; thie preagieg dayer removaksalvent

of . t.he §§Iv licatipn tine an q1§\ﬁo .
OB g 7Rg ST 19 Gﬁﬁ‘ayd*?%b%ﬁ%e y @ rinse with
wateh.CR & YourtH SRBOBIfYRY HABSreMGViAG r@é)% iAY 1dy2r 39dval
100 M. Subsequent to t he cont actl ng I'magl ng

sohipt cpataiviag the Hissatvedimagiry laler byraginngwg amiverttm

ATBE RS NP RO R E8h 4 ekt DLt Bbinspupath. The

watetbt ssiventigkivhinatigiamees bathewitls talbkequBhit sefiliy bﬁé(&)
pl ace by _any suitable nethod or conbination of

f?'féttlﬁ‘ib%% Eroiiglamiatenet sabant snustdieovead iofuilyinemepsenthieng

BTl eF St B A, i s ety 14 leH T

sobemi dentdcn nesthbde desarived abve, mhi®e used.

Subsequent to the removal of the imaging layer removal solvent
containing the imaging layer, residual solvent or water should be removed.
Suitable methods include, but are not limited to, spin drying, ambient air
drying, baking in an oven, baking on a hot plate, baking under an infrared
source, and flowing of a gas, such as air or nitrogen over the surface of the
wafer. Combinations of suitable methods may be used. If heat is used,
then care must be taken not to thermally alter the underlayer of the
substrate/underiayer stack. Temperatures used are typically between the

boiling point of water or the imaging layer removal solvent and the cure
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I magi ng | ayer renoval solvent containing the dissolved
i magi ng |ayer may be renpoved by a rinse of additiona

w0 pagioe§is ayer renoval solvent. This nay be dp@iEUR3003/029677

any of the imaging |ayer renmpval solvent contact
rRIature pfdbe Updariaysssed|in the substtatempderiavenimaging

' i I t.ai nj b °

R e R s Ble Do B 00 g 205°6

water. In a fourth enmbodiment, after renoving the

R RET AN 1 MR s G A——

e dihg Héﬁ%s@nﬁ%c%%é@éﬁged -EB'O?I?.C &Fhé’ﬁr&%ggeé Bf ﬁ%e
ath. T v s dr rom

dunp Tinse b he water or solvent al ned
inMentien may e repdated madtiple éfrids unty thedesicedesuitod the

MR ero e et tnaer | ayer stacke

Al ternatively, any of the imaging |ayer renoval

sol vent contact met hods descri bed above may be used.
Subs eljuxsitanatherrmpegigeat obthe inventiemyisnepatay subsisatey al

SanYffha e SAPLTAR N helBfe TREION AVRY Slck RS ! nycthe
processl desbribedhiretheaiecbhdriehssbdimentigi shviliionetl, ambi ent

air drying, baking in an oven, baking on a hot plate,
baki ng under an infrared source, and flow ng of a

gas, Al j . r, .t he
v or T Bpis M BetelAE BUP KB b BB 1 1hE “Fchlind o

éxarhglas in svhictethe Sdrtd o perventagest areebyt wisigiht, Niledsd
tBerrr.allt% al.ter the underlayer of the

ANEEVISE PRGBSy | ayer stack. Tenperatures used are
typically between the boiling point of water or the
i magi ng | ayer renoval solvent and the cure 19 WD

EXAMRIES18 PCT/ US2003/ 029677 tenperature of the

<gnderlI er lésed in the substrate/underlayer/imgi ng
qPeralHrRcedUsR di or r ed tenperatures are between about
100C and 205C. After cooling, the

substrat e/ underl ayer stack is ready to recoat an 5

i meRibairateduededeyerdmaginglayedprapairdtiah: above. The

{1 s Thac e RU8euar ABRh o0 an B sHERH el (Rybs Bl ey

is ObépinrtﬁbétinbnfO{IQWeawé‘QFomHg%iaRé% eQhpbide most of the

i nvention, a coated substrate 10 conprising the

subst Fasiinapelsentgngd themgiingrasayliak the acklepaygratedoRC for

the 9 seconds on a DNS 80 coating track. The underlayer used was
TIS 248UL-01-50 commercially available from Arch Chemicals, Inc.
The spin speed was adjusted to achieve a coating thickness of
5000 A after baking. The proximity gap on the DNS 80 was 0.15
mm.

2. The imaging layer was applied onto the substrate/underlayer stack

by spin coating, followed by a proximity soft bake at 135 °C for 90
seconds on a DNS 80 coating track. The imaging layer used was
TIS 248IL-01-23 commercially available from Arch Chemicals, Inc.

The spin speed was adjusted to achieve a coating thickness of
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process described in the second enbodi nent is
envi sioned. The invention is illustrated by, but not

wo pevsneT$18 o, the follow ng exanples in which PEEURANG/E29677

and : '
SpecPRRITTABSANE o iRty o gt e aRsEs vl oo

Subsmmmat e/ under | ayer/i magi ng | ayer preparation: 1. The
undecl ayer appl jed onta an 8" sil,icon fer .
(SRR e RRH g8 e b ek 8 ARG WISR «
bake ekPo@é’cﬁﬁﬁ%h 3 Bcli®skp&durthfraycRE4amsatitioh omnd
thermal ly cross-1ink the underl’ayer at 205 C for 70

secofds100rEX46 Bieppeo usingtd/A @nnutarikllurmination wéth| s emerisead

was Tl ULs 0125 rciall VAl

Ar on BT ST b 5" R RETRIsMals dof RO B 4otk i
achi gysskecaraihingledual theepacetest p@errs with eimbadiong .
The proximty gap on the DNS 80 was 0.15 mm 2. The

i magiagingjiem gﬁ& tapBP9 8- offter gaiag through a five times
subs r Kt i j

ol | SHESIERS B s fetits R iageder fo ,250
secongsonithawaiés Bénazoat i ng track. The inmaging | ayer
used s TIS 2481 L-01-23 co rci.al ly avail able from
Ao TORGHROSPY SUpHERS e GyPTigaIag st STRRKIRSROT
achi ' ' ® i
e BB PR e 2 1R5 2 ey SR seennuofp ety hot
gap piateloa DRSIBB0 dagelopitaakmilheprofinity gap on the DNS 80
subslhr gt /unde\rd ?%er/i magi ng | ayer stack was pattern
wi se ! Q%&%@’@s tHh™f ocus exposure array to 248 nm

r gl %qua@ﬁhgala?eﬂﬂr’tﬁé BBs6d QRN oftpeng 2/ 3 annul ar
illTumnation wth a Numerical Aperture (NA) of 0. 65.
Ex posubsisatgésnsedeyer/imaging layer tack wasramoveghky a 7

e "t ;
i e nePoRE SRR PGS BBV o BRI Brogdsb Mt gy ng
t hr ogghtralldd wenpdraRfe of 6uct ising IGPD 262, hvAHapper

this results in imges of 100 to 250 )
developer commercially available from Arch Chemicals, Inc. The

development process was performed on a DNS 80 developer track.

Examples use either Rework process A, B or C.

Rework process A — batch process

1. The unexposed areas of the imaging layer were removed from the
substrate/underlayer/imaging layer stack by dipping them into a
beaker containing about 1 gallon of the imaging layer removal
solvent for 5 minutes at room temperature (21 °C). One or two
substrates at a time were placed in a wafer boat and the substrates
were completely immersed horizontally. The boat, however, was not
completely immersed and was moved by hand in an upward and
downward motion by about one inch at a frequency of about 30

times per minute providing gentle agitation.
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10 nmon the wafer plane. 4. The exposed
substrat e/ underl ayer/imagi ng | ayer stack was post

wezaesenses baked (PEB) at 125 C for 90 seconds PQI/ES2003/029677

PROXTHE WatdiAioat I%bﬁia%ig%ﬁe BhiSsBReflmvrtaper stacks frEﬁﬁsteg
proximty gap on the 80 hot plate was 0.15 mm 1

5. Thweresgbsegueniyrtransfemed intp prinae stationfeom

b .elund ' [ I k d
by o iAetg Legice. I BahpERRLl By foE ot RS ap ATRES A
Pr oC@§Mpainsd cohRtePbf FmERIIME frt sitfre AfafdBbéatinidey OPD
262, a ?MAH type devel oper commercially avail abl e

f r onionized verieRi raingng thechatinswlicidy fregethehabiom jr lssedlkan
wa : , :
vee STTnGHE Al 3P e By BhiAiho Updizpd WAGPHER,
I- bathehtoprad ties bathéI In;r trds fj{heper.agiw do-paizedf watkee is sprayad
ayer were renoved fromthe .
su%s‘?\_‘%&tbﬁ oyier IP%%IeWY‘?fa%JF’N\Qng ﬁ'ﬂﬁe?ugﬁt%@s /9% ppi ng
tBeMhasAodratBRMEHIafa ¢ @bk REnPARET deRPlhMteREd IR a
i magi ng layer renmoval solvent for 5 mnutes at room
t enp8eatitookbsifid 1in€ dr@rewlberet they varbsinsad egait with deae
were, placed in a.waf er. boat d t b t
conpioBiBE R e UE GO RIP 2 RODTPY foF RamBuLes SRS dEser

was INfrbGe fé rend 1509 emi¥pr BBl
in aﬂﬁﬂ%rm%éggwmg%m&g%?mﬂ cl;n bgﬁggout oﬁrg [ Bch at
a freiugasy of about 30 tines per minute providing

9% rhBe R s e BaN o AP RG TORL GRS A BT A E o
st acigmbyadhy hiehidition SaKesEsI B bivity Tt plae recdulstie

a dunp rinse station from Plastic Design. Then they

vent thenPdI$®0 goating teackeHatugierqanditions are dgfiped imthe

Con: SRR, ThE RS ARG JaprorP fid BRSO bt HaRwel dFs Fam.
b@. t PR istbk®ste/drtRAayer stasks aeralisery @sdd fdrireégmulbimgbat h

by spraying de-ionized water from the top of the
bath. In this fill operation de-ionized water is

Rg{%ﬂyﬁpocess B - single wafer mode

1. The unexposed areas of the imaging layer were removed from the
substrate/underlayer/imaging layer stack by horizontally spinning the
substrate on a chuck at 1500 rbm while streaming about 50 ml of
imaging layer removal solvent at a rate of 2 ml per seconds onto the
center of the substrate. The coating chuck of the DNS 80 track was
used for this purpose.

2. The substrate/underlayer stack from step 1 was dried by spinning
the substrate on the a chuck at 3000 rpm for 20 seconds.

3. The substrate/underlayer stacks were then used for re-imaging.

Rework process C — batch process, similar to rework process A

1. The unexposed areas of the imaging layer were removed from the
substrate/underlayer/imaging layer stack by dipping them into a
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over the wafer boat, never allowng the substrates to
dry. 3. The substrate/underl ayer stacks fromstep 2

waowrgog/0esasferred into a 10 Semtool spin ri NBET/U820083/029677

wher ebddkey comtaining Re@dghdbging layerdemadvensaRenti @srtically
while rotating at 500 rpmfor 2 mnputes and dried
underimieefisePNs swhsiptaiundedayeriimpobg layear stagk &t atsopfor a

rpm f M ! ape/ erl ayer

slto ac ktg{a]‘l %%@n@é&géﬁ%& m Eesrﬂ‘g%gwgg?ir bs}'l%enovéd by a
d(ra]hy obws'gmte/baﬂerlayerﬂmpgm layélysltbok V\lﬂlsatocln;enmthw fnmersed
t he coating track. t ate conditions are

def i Ef’é'f?ai@ %@F@ndéﬂ%ﬁm d 21_1'%8 St sﬁr@g\bed)ﬁovh@ems
80 hqhﬁr?ée%ty%%rgoé% éHNerﬁbyB“u‘ﬁir@%Hét rat e/ under | ayer

st acks hen us ror resimaging. 20 Rework
pr oc eslbsBate/andeslayarbdiagingddgeristadh oulinex pextied! apwarsls

f the | [ I : d.f t h . .
substTaie7 Adhe PN Traargniayeimatetaed o the imaging
hor i ZapéalehyovePsBRERE Hdehe PatAaMGRE Bf B ithadMS layel
1500 rpm whi l e stream ntgeéabout 50 M of imaging |ayer

r enovgmayal imet thetsubstratedunderiayer/ipaging dayaidgasgentiyt he

ons aErethy R Ry A YegiGE MoRineds el 1"
substgidiseratardedémarr/ivbghlg hyerstatic Mdstvatshdimagdingyayer
spinning the substrate on the a chuck at 3000 rpm for

20 sa¥anrmogd fram henshsialy/undritaygyiénagingdryenaiaek
t hen d{ﬁ'ﬁ]%stﬁ%rfiréﬁq gg&g&%rk 30 Rework process C - batch

pr ocess, process A 1. The unexposed

ar gasTi stibstratofpidedal@ystachviiag reeinee dron e irhgging layer
substrat e/ under| ayer/1 magi ng | ayer stack by di pplng
t hemPRIQYahsolyoniiathang eid smdepestngapnebiieianzed water

beakeélloﬁ@i}f FHS/é“\iNIE’EérQB YA RIS thdXide bAIHRVéHbstte Nt

to vert mMrer se one

substocated withdhé aydeflayefontvd minutes taciksatoffahkiimagingr
a tqtal of 2 mnutes af roomtenperature (21 C). The
subst' R SURIBINGHAIN hEEMAYR SOMEREK was

coBpl SilelubtF R Substrate/underlayer stack from step 2 was dried
by blowing the water off the substrate with nitrogen.

4. The substrate/underlayer stack from step 3 had residual water
removed by a de-hydration bake on a proximity hot plate module in
the TEL ACTS8 coating track. Hot plate conditions varied and are
defined in the examples. The proximity gap on the TEL ACTS8 plate
was 0.10 mm.

5. The substrate/underlayer stacks were then used for re-imaging.

Re-imaging
1. Substrate/underlayer stack from the rework process was imaged as

described in substrate preparation steps 2-5.

Inspection
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5 for a 10 seconds period and then conpletely renoved
fromthe inmaging |ayer renoval solvent by pulling the

wa aegoeaie/ under | ayer/i magi ng | ayer stack out PEIT/ES2003/029677

. ' ey d
o et saNes isre FRiarOll ABSS] Efloit B mbded FORR
For t Heenobesj spldtercoatdrbwithrawid) anddyspected luedér/alfield me

e T A T S R

the syelgbn @W@@ﬁSENﬁfdi@fl}rémré‘ %b{afi‘ﬁ(ﬁf teeRlateMhRt pifile

the imagi ng | ayer was renoved fromt
subst roaedifyu mqmw}tm wiege medsayed asd gsokipaded togaskdrench

first The substrat e/ under| ayer stack
R S oreietig

was re ?'ﬁg | ayer renoval sol vent
bath and held under a stream of de-ionized water

aEIovvi ng.the water to flow mainly over the side of the
ve ewi th the underlayer for two m nutes

to rinse off the imaging |ayer containing inmaging

| ayer renoval solvent. 20 3. Subsequently, the

subst rTzh]seéxmdplel exarninesaithodrapiiic HefRvidr vhthedr i ed by

wat er off the substrate with nitrogen. 4.
B\Aﬁa‘%ﬁlﬂﬂfg’@mmﬁ@@g'ag davefSiagk withpntavnggone) rough a
TEofk BcletHi et S HE the Kubsifiaink By i s
torepdratibio anglirgEedtionditepoobGeneiat 8 roced ume o Woredsdifdiaskd.

in the exanples. The proximty gap on the TEL ACT8
plate was 0.10 nm 5. The substrate/underlayer stacks

\g;(a@né@grn_gsed for re-imaging. Re-inaging 30 1.
ubstraterunderl| ayer stack fromthe rework process was
i maged as described in substrate preparation steps
2-5. | ) e ti 3 04/ 027518 PCT/ 03/ 029677

1. subeeRies s taledhe Yol iasete WP siereherocedure
|1'\‘BﬂGﬁfe?&ftﬁ:‘habfr@“lﬁ?éﬁaenﬁ&#ﬁlts%fveﬁ%a'F%ii tl’{és@e%ﬂlesqg@ork

I nspect ed under a
process A with a de-hydration bake of 100 °C for 90 seconds was carried

out.

Table 1: Imaging layer removal solvents used and results

Example | Solvent Solvent *ACD of 140 | Profile
# Ratio nm trench
[weight %] | (1:1)[%]

Comp. 1 | none N/A 0% Square
tops, no
scumming

1 PGME/PGMEA/ | 69.5/29.5/1 | + 0.7 % Square

MPK .0 tops, no
scumming

2 PGMEA/EL 90/10 +21% Square
tops, no
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em ssi on type scanning el ectron m croscope (FE-SEM.
section views of SEM pictures were obtained to

Cr oss-

weraknoztses | i ne profile 5 quality. Trench w dt hBCTHES103/029677

Teasured and conpar ed to nmask tfrench —w dt hs@frh@ing
st epper| reduction. Canparative |[Exanple | 10 This
gxanpl e PGMEAMSPKI t Nd@g/dphi c beh48i%r of [heoting
substrat e/ underl ayer/|i magi ng | gyer stack w t hout
havi ng gone through & rework cycle. Ther ef 37 , only
the substrate/underlayer/imaging |ayer pregaiaiigd
and i nspection steps lof General|l Procedure {1 were
ger f or tEBGMHEA Exanpl |et00- 8 Exanpla$e1-8 i| Fastingt e
the rewprk process wijth General| Procedure F% &or
different imaging |ayer renoval| sol vents. Pt hese
exanpl es rework ZOQﬂéocess A with a de-hydsaimaiingake
of 100 C for 90 sec s was carried out. Tabhle 1:
Brmagi ng| Cyglohexamuneal | $&0 vent s usddB ¥nd r estptare
Exanpl e} Sol vent Sol vent *ACD of| 140 Profilg o E)Qgti 0
nmtrench [weight %4 |(1:1)[% donp.1 none k& 0%
Square {tops, no scumm ng 1 PQVE/ PGVEA 6Ds&drmfhitg 1| +
0.7 % Sguare MPK .0 tops, no scummng 2 PGVEA/EI
@0/ 10 +| 2etrabydigfiras | 10®s, no | 24.0 2004/ Savens
PCT/ US2p03/ 029677 scunmi ng 3 PGVEA/ MPK 99 @op*'slﬁ%’
Footi ng '
scumming
7 n-butyl Acetate | 100 +3.8% Square
tops, no
scumming
8 PGMEA/DMSO | 70/30 +4.0% Square
fops, no
scumming

* Difference of trench width to comparative example 1

These results illustrate that lithography after rework is affected

differently by different imaging layer removal solvents.

Example 9

This example illustrates the rework process in single wafer mode on

track equipment readily available in a semiconductor fabrication plant,

without water rinse or de-hydration-bake.

General Procedure 1 was followed with rework process B and

PGMEA as imaging layer removal solvent. This process resulted in after

rework images similar to comparative example 1, without scumming or
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and scumm ng 4 PGQVEA 100 +12% Footing and scumm ng
5 Cycl ohexanone 100 +1.8% Square tops, no scummng 6

w{ edonabipas of uran 100 +4. 0% Square tops, no SPUNTBI0G3/T29677

. | e 0, 1
Rty TIREE\ RS 08 SIS o T e
Drereesceint reef Treneh avidthi aft 14 Q omdoemrheatsfiee rexarkplverslwithin

se. results i strate that |ithography after rework
FOR S HAEFERE it BRUHBISuBIK ormeative BrigPRy 1) ayor
renoval solvents. 5 Exanple 9 This exanple illustrates
the rework process in single wafer node on track
Oreadily available in a seniconductor

fabrication plant, 10 without water rinse or
de- hydrati on- bake. CGeneral Procedure 1 was foll owed

W th reekampresesiBestite r&dfik/orasedd A ARYH dotffdration

renmoval solvent. This process resulted in after
ARMPRERIHES-si mi | ar to conparative exanple 1,

wi t hout scumm ng or 25 WD 2004/ 027518

PCT/ US2003/ 029677 footing. There was, however, sone

noi se GenarhePipredas1 avad fotlbwad withat@sosk process A and
PGMEA as imaging layer removal solvent. A 70 second dehydration bake
at 205 °C was employed. The dehydration bake condition was chosen to
be identical to the curing conditions for the underlayer.

Acceptable profiles were observed after re-work and the trench
width difference to comparative example 1 was —0.7 %. This shows that
higher dehydration bake temperatures may be preferred for some solvents
(compared to example 4).

Examples 11-15

These examples examine various single component solvent systems

for the imaging layer rework process.

General Procedure 1 with rework process A was followed with a 70
second dehydration bake at 205 °C. For these examples underlayer
thickness loss due to the solvent imaging layer removal step was measured
in addition to trench width after rework.

Table 2: Single Solvent imaging layer removal

Example | Solvent *ACD of 140 underlayer | 140 nm

# nm trench (1:1) | thickness line Profile
loss [A]

11 Ethyl Lactate | -13.5% 16 Square
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P$,

DS

tops, no

scumming

* Difference of trench width to comparative example 1

Figure 1 shows that all solvents tested were useful for reworking

trenches with trench widths equal to or larger than 150 nm. 2-heptanone

and PGMEA are preferred when re-imaging sub 150 nm features.

Comparative Example 2

This example examines lithographic behavior of the

substrate/underiayer/imaging layer stack without having gone through a

rework cycle. This example employs thicker underlayer and imaging layer

coatings.

Substrate preparation from General Procedure 1 was followed with

the following exceptions: the underlayer was coated to a film thickness of

5500 A. The cure process for the underlayer was 205 °C for 105 seconds.

The coating thickness for the imaging layer was 3000 A. All coating and
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tops, footing (150 nm lines) 13 2-Heptanone 0% 21
Square tops, no scumm ng 14 MPK 9% 82 Square tops,
wmeo0o4m215m81i ng 15 PGVEA 0% 18 Square tops, no PGDURIWDIICRI6TT

de\Aalcﬁmﬁg erscesebs Wetd chrddibht éroa TEIPACTBI coatiagargoke All
gure 1 shows that all solvents tested were useful

baﬂng eperatipAg onshisrtearkrraplayed a 0-dRcAmapraxinditycgrial 248
Jollile vﬁ A3 dore &%n%ﬁé‘l@lﬁbgﬁggﬁ 50% adj PV E8ifventional
u nm

rre en re-i1mging s tures

Mmmmw‘t@hlvwm Enarrmr@aﬂaé@rtms of ®B83aapt sigwaof 0c5 This
| ithographi c behavior of th

%ﬁBB@W‘H@%PHW&‘@F‘IMVb@OﬂF ﬁ’ﬁ&}%@dlu&%'? lesgek wi t hout

havi ng gone through a rework cycle. This exanple

enpl oys thicker underlayer and inmaging | ayer

coat i Murelﬁd@mkailtanm!es pt epimatri oeus motheBpoentd energy
e follo

el R 200 Rl (i8hee N ehes dere. BStelined & Biarass-

éé&tu@hﬁ?.?éOEfJFl\/ﬁé@@ﬂASETl\'n? cure process for the
under |l ayer was 205 C for 105 seconds. The coating

thi ckness for the inmaging | ayer was 3000 A All

coatin 2 2004/ 027518, P 20 7

dovel Dty St Bl HaNsIs f neaiiaglio B R38 fone op =

19ia¢Hi DR0DISEM -to NeternPa | 'nﬂﬁg@@ airéhdtss R 200 rimtissiated

a‘g)l oyed a 0.10 nm proximfy gap. 248 nm exposures
dedemtiearhasPVESIA 1aNgs0T/SXpOsYepiRIgioniany focal positions.

conventi onal

Examples 16-18

These examples studied the influence of dehydration bake
temperatures on 200 nm trench image quality after 248 nm bi-layer imaging
layer rework. A mixture of 69.5 wt% PGME, 29.5 wt% PGMEA, and 1 wt%

MPK was used as imaging layer removal solvent.

Processes as described in comparative example 2 were followed
with the following exception: the imaging layer of the substrate
underlayer/imaging layer stack was removed with rework process C in
General Procedure 1 and re-imaging before inspection was done following
the substrate/underlayer/imaging layer stack preparation starting with the

imaging layer coating step.

Table 3: Influence of dehydration bake temperature on image sidewall

profile
Example | dehydration bake 200 nm trench profile
# conditions rating (1)

wkkdk

Comp.2 None
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illTumnation with a nunerical aperture of 0.63 and
sigma of 0.5. This 5 stepper was outfitted with four

wao pemme2715egluct i on | enses. Feature side wall angP@BUS1003/029677

nm-denseltrenches were determ ned on a cross-

dpt i mum f Q0uwscands @MAOSWICE enerlgy conditions for |200

déct i onal] 99Eecond @469 € SEM (15° 1 n addition, tog

fgwm anat-gsi e i ' " d oma
f I't achi Q?BIC?%C %@3?@%% ?nﬁgeé\’aai :;Inlgl ons fgr

21)0pr6ﬂ1el Bhgoesideatdll S8gsiofidePBENAD M Slengh! BRYgs Of
exposure energl es and focal positions. 15 Exanples

%UWBGM&%Q ex88i8 es studied the influence of
dehydrat| on bake tenperatures on 200 nmtrench i mage

qual i after nm bi -1 ayer i magi ayer rework. A
m xt u érQﬂ‘s'r@ch b%‘f’ %@E’%ﬁ/ﬂh ¢ H&?%%%P@w
& ?52%@%@29332;@Pp&’eﬁ‘q.“%@é‘?n%ﬂfgﬁ"ﬁ% Fhhgebimgoed
suctovesl with the followi ng exception: the imaging

| ayer of the substrate underlayer/inmaging |ayer stack
was renoved with rework process Cin 25 Ceneral

Exaapling 1 and re-imagi ng before inspection was done

ofTowng the substrate/underlayer/imaging |ayer
stack preparation starting with the inmaging |ayer

¢ ompelts Seahpie MBS bl A R bRy Sl R Tele
sisdrgtiond fdm mﬁm Bﬂ&y@ﬁsgstem %nfv%ﬁrzéogfﬁggg ;wgrfg PGMES29.5

i Fab6 A0d

ﬁOQ%’Y’f% M%Kgm%@@%ag ingadiog layersempvapsolvent.
seconds @150 C *** 18 90 seconds @180 C **** (1)
profile rating of side wall angel of dense 140 nm
t r encthe fridges wére generated in the same manner as in examples 12-

14 using a dehydration bake process of hot plate baking at 180 °C for 90

seconds.

Overlapping exposure latitude (EL) was defined as the percent of
over or under exposure that can be tolerated in the image generation
process while both dense and isolated target feature sizes of 200 nm
trenches resulted in actual image sizes in the range of 180 and 220 nm.
Similarly, overlapping Depth of Focus (DOF) is defined as the allowable
defocal range resuiting in 180 to 220 nm isolated and dense trenches in the
imaging layer. An overlapping process window is defined as the area on a
focus/exposure graph that results in 180 to 220 nm isolated and dense

trenches in the imaging layer.

Re-work, re-imaging, and inspection was done a total of three times.
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W@ eioeeitss8 used | nproved the sidewal |

equi valent to 90 angle Increasing the dehydration
bake tenperature above the boiling point 5 of the

Tble B OHerlFSiHG IRORG/ERpasutewliddWs Biter muktipleeework
studi es |ithographic behavior after nultiple rework

cmm‘ramn@ns for a 248nm bi -1 ayer system A m xture of

w36 PGVE; Wi 70 used
§3"Pﬁﬁg| ng | ayer ﬁY%mpgs@ventm%m

papSBFded i n the same manner as| in exanples 12- 1% 14
using a dehydration hake procesls of hot plate-baking

Eomsexanpls 290 10s%conds.  Over | [ZpABREN exposur e

latitude (EL) wWas defined as the percent of over |or

under exposure |that can be tolerated in the inmage

geRsvdbrkpn 20 [process while boIth dense and i sol atjed
It

target featurelsizes of 200 nmitrenches resultedHn

adm%@ i mge si|z Z8% n the range ®A0180 and 220 nm

nitarty,—overt g Deptit of { § (DOF) 1S defli ned
24"9%% al | owablie 10" ef ocal range Or_'g's ting in 180 tlo
33{nmeen i sol at ed A%, dense trench@$1igmt he i magi ng

I ayer An averl appi ng process window i s defined t he

oo o e S

area on a 25 focus/exposure graph that results in 180
t o 228imimarisellapgidg mdc@ks*wmdomaocﬁmapamtive Examgle 12y

| ayer. Re-work, re-inmagin nd i t|on was done a
woteousd aﬁﬁr@@cml%@%ess'%g%a@%&é@g

PCT/ US2003/ 029677 Tabl e 4: Overl appi ng Focus/ Exposure
w ndows after nmultiple rework operations # tines
CoaipanpivedExdmplecd | appi ng DOF  rewor ked Conp exanpl e
2 10 %0.46 pm (no rework) I tines 10 % 0.40 pm 2
times 10 % 0.43 pm

This example examines lithographic behavior of the
substrate/underlayer/imaging layer stack without having gone through a re-
work cycle. This example utilizes a 193 nm exposure wavelength to image

the imaging layer.

Substrate preparation from General Procedure 1 was followed with
the following exception: The underiayer used in this example was TIS
193UL-51-50 and coated to a film thickness after cure of 4000 A. The cure
process for the underlayer was 205 °C for 105 seconds. The imaging layer
used in this example was TIS 1931L-51-23 and coating to a film thickness
of 2350 A after baking. All coating and developing processes were carried
out on a TEL ACTS coating track. All baking operations on this track
employed a 0.10 mm proximity gap. 193 nm exposures through a bright
field mask were done on an ASM-L 5500/950 stepper with conventional
illumination with a numerical aperture of 0.63 and sigma of 0.5. This

stepper was outfitted with 4 X reduction lenses.
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3 times 10% 0.51 pm Sim | ar overl appi ng process

w ndows to Conparative Exanple 2 5 were found after
we@2oh/opiseeessi ng step (see table 4). Conpar at i RET/US2003/029677

Exanpitgatdre Site vaaiediies arapiram fochsagd apbsuteedasrygr

of the 10 substrate/underlayer/imaging |ayer stack

aginditians feadbAgMglansetlinedpgisepais-wensrdeterfined orh ross-

| g R m exposure wavel ength to i nmage
%%ﬁggﬁﬁﬁiﬁl@[q JI@§§?’6"%%‘\“? ate preparation from Gener al
Procedure 1 was followed wth 15 the foll ow ng
exception; The underl ayer used in this exanple was TIS

5 193ulinsaddifiom P gewD @nalsisot hemagingaygs wapdoneql} @

" . : I I
Tt e of Gl HelmiRe R85 Uineldlpng RE a0 R scdEd |
andadphse lee/sfac paiklovéla 2thgeof expasurgenergies andfocal
thi_cknesl§ of @50 fagér baking. Al coating and
RRSIESHi gy fssHiteseeda carried 20 out on a TEL ACTS
coating track. Al baking operations on this track
enpl oyed a 0.10 nm proximty gap. 193 nm exposures

10 Examgpdés 20822 ght field nmask were done on an ASM L

5500/ 950 stepper with conventional illumnation with

a nunerical aperture of 0.63 and sigma of 0.5. This

st eppPehedExatHples stittleditidlinfiudnE€dRaEhRtati@nBaRe 25 30
WO 2004/ 027518 PCT/ US2003/ 029677 Feature side wal l

templarstuses optaquahlifeispaceinpgspealily aftentPFpntbilayer ons

for . d i - d i
- iptdd B PR ATRRI SRR S i Biies 2§ I B CBIER
15 4P 1900% PRI Wad Ss&d at haabimadhper lepysial ¥aivenione on a

Hi tachi 9200 SEM to determ ne | nmaged di nensions for
150 nhTqcessas ea degpiiPesbifseomparalive sxamplg 8 yvesedellowed

enal ; ositions. For
\{ygﬂg% @J'@g‘@'?g?g’g‘f%@ﬂ % @?aaq{i:ﬂp?gﬁggkgfomese exanpl es
sibslige/unberlaydrlimanirg lajedstagk masi remdvakevith rework in
General Procedure 1 and re-imaging before inspection was done following
20 the substrate/underiayer/imaging layer stack preparation starting with the

imaging layer coating step.

Table 5: Influence of dehydration bake temperature on image sidewall

profile
Example | dehydration bake 150 nm line profile
# conditions rating

kkk

Comp 1 none

20 90 seconds @ 105 °C e
21 90 seconds @ 150 °C e
22 90 seconds @ 180 °C i

25 " profile rating of side wall angel of dense 140 nm trench. ***** is

equivalent to 90° angle
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tenperatures on equal |ine/space inmage quality after
193 nm bi-layer inmaging |ayer rework. A m xture of

W@ 08025180 PGVE, 29.5 wt. % PGQVEA, 15 and 1 w .PeIVPR00E629677

used afcrcaBRigte Y artiBADAK: téﬁ{p‘é‘?é‘ﬁjre a?éﬁﬁ%si?ﬁlhﬁ Pﬂint

described in conparative exanple 3 were
t iethesialvants ysed aproved the lsedawaalg@mglesa)j e od-imaged
gﬁpﬁﬁﬁﬂge/underlayerllnaglng | ayer stack was renoved
Fework in General Procedure 1 and re- I magi ng
before inspection was done follow ng 20 the
substrat e/ underl ayer/imagi ng | ayer stack preparation
ith the imaging |ayer coating step. Table
5: Influence of dehydration bake tenperature on inage
sidewal | profile Exanple dehydration bake 150 nm i ne

pr of i [Tehis &éxampld studies litrdgraphic behaeimp aﬁeﬂ ﬁﬂﬁtl & ’fewaﬂk
90 secon **x 271 90 seconds *kx

SBLBIATor B B Ebi-ayer sysiep fiTBhiute K §O% Wk EGME

336 et EERM B 0T S EK e ed s g BBl e Fimo

sabveahsi ng t he dehydrati on bake tenperature above the
boi Il i ng point of the solvents used inproved the
sidewal | profiles of the re-imged structures.

Exanpheditha %%&é%’e%t%ﬂqﬁ'tﬁésé %hﬂ%ﬁ&%&n%@%’(ﬁl@é 16-

after nmulti rework operations
Bi8-usiyeA dﬁiwﬂmn/bakemrocessnﬁ Ik (Batet beirRGvE] 80°ZDfds 90
%% GVEA, and 1 wt.% MPK was used as imaging | ayer
%/ 10 solvent. The inmages were generated in the
same manner as in exanples 16- 18 using a dehydration
bake process of hot plate baking at 180C for 90
Overlapping exposure latitude (EL) was defined as the percent of

over or under exposure that can be tolerated in the image generation
process while both dense and isolated target feature sizes of 150 nm
line/space pairs resulted in actual image sizes in the range of 135 and 165
nm. Similarly, overlapping Depth of Focus (DOF) is defined as the
allowable defocal range resulting in 135 to 165 nm isolated and dense
line/space pairs in the imaging layer. An overlapping process window is
defined as the area on a focus/exposure graph that results in 135 to 165

nm isolated and dense line/space pairs in the imaging layer.

Re-work, re-imaging, and inspection was done a total of three times.
Similar overlapping process windows to comparative example 3 were found

after each processing step (see Table 6).

Table 6: Overlapping Focus/Exposure windows after multiple rework
operations

# times Overlapping Exposure Overlapping Depth of
reworked | Latitude (EL) Focus (DOF)
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seconds. 15 Overl appi ng exposure | atitude (EL) was
defined as the percent of over or under exposure that
w@a0v4z7510l erated in the i mage generati on pr oRE€EES2003/029677
weh&e boilg glense and 1sol ated tiagge yheature sizes of
150 nm liine/space pairs resuLIedeln,actuaI image
§HKHGS|n Be range of 135 and 165028LWM1 S|n1larly,
r\r\r

oS WY S

af Cape
DCpt || Ur fUEuD ( Uucc1 |—|1CU ao |. ||

Agﬂ"Bﬁ%bl 8d@focal range resulti %b?ﬁlﬁ%S to 165 nm
BYphes €0 (gl dense  Tine/space pgbRymN the Thaging
Cayer. Af over| apping process window is defined as
the area on a focus/exposure graph that results in 135
to 165 nmisol ated and dense l'ine/ space pairs in the

wne eI Baue St ARG Ret SOt pRRSGLBBREN! g
HEVrEascMVitl @0F ifvengonpitistbl beeciesaypheetowy that thendame

after each processing step (see Table 6). 30 Table 6:
@@esuwsptlhlg tesemerenp shanges\ppRSt i erg shilled inpthe art.

e | . .

HR s, R By fo beTfliod  haRAAR ST RS desoribed
@Gﬁknﬂ&o@oﬁﬂ@%fﬁbﬂ?@b&ﬁ%&ﬁ%ﬂ%@ﬂ%E@meﬁwmmn&ﬁe

0. 033.P tlnes 8% 0.033 pm 2 tinmes 8%0.033 pm 3
$GaResoidoe @rpended ?AIMe. we have shown and descri bed
several enbodinents in accordance with our invention,
it is to be clearly understood that the sane are
suscepti bl e to nunerous changes apparent to one
skilled in the art. 5 Therefore, we do not wish to be
limted to the details shown and described but intend
to show all changes and nodifications that come wthin
the scope of the appended cl ai rs.
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33 WD 2004/ 027518 PCT/ US2003/ 029677 WHAT 1S CLAI MED
IS: 1. Arework process for renoving an i nmagi ng | ayer

w0 e@azrsstibst rate  stack, the stack conpri si ngP@r/US2003/029677

WHAT 8 eLAamED per | ayer adj acent to 5 said
substrate, and an inmaging |ayer conprising silicon

adj acent to said underlayer, said process conprising

e 5 bR AR08 ke BT gtk
sai d istack, ige bRicRIcomprisirigrh GubBRale) nlunefay&iyatent to

sol vent thereby formng a substrate/underlayer stack,
wher eiS?id sebsirdtasafichgn impeingrlayencamerising silicor adjacent to

sel ect . IStk :Ql | et hers,
ket onesgf‘,qjd gé?%ﬂé , T, it g %%efs%ﬂﬁ%ﬁéé"#ﬁ%ﬁ% %%%P%g’?( DVEO) ,

di net hyl formam de (DVF), 15 tetrahydrofuran (THF),

net hyl tetrahydrofurap, dioxane, tetra hyd ropyra n,

et hy| (?Ietrai?Oﬁ;vﬂft'Ps substrate stagkavigh ardmaging layer removal
t et rahydr opyhampt-4- met hanol , tetrahydropyran-4-one,
n-butyl acetate, n-anyl acetate, and any conbi nations

t hler edb) f aﬂdmumgr&aid)v’ma%ingdayabr}wiﬂgsailg ilnagiTg Iangm?hoval
sol vent fraom sai 20 substrate/u rlayer stack after |
sai d i magi ﬁ@‘ﬁe %&per?lgy ?qre}%g/@&ljbﬁﬂa@@ Bk Sifcc wherein
of claim 1saiiny fFef rémBear ifent $s §§b€fétd% 'th&@Group
the group consi st ng of : silicon, nitrides, ox”Hes,

oxyni t ri desonsigng ntrgyal ethirs| ketoheg estdrssiactates,

coat i ngs oLy e orRice o .
material s, tGRatyIROPREOTISF), 'n@é’tﬂglot%géﬁ%ﬂﬂﬁﬁ,ddi%&éﬁ@;

and any conbi nations thereof. r ewor k
process of terahysirapyraneeibyhtetrahyidiopyean-dsesetate, methyr

gocfrfUgrz882?%(5%y§iggpyrgﬁ-4%e%@aor%l,Ot%?rgﬁgdropyranA-one, n-butyl
acetate, n-amyl acetate, and any combinations thereof; and
(c) removing said imaging layer removal solvent from said
substrate/underlayer stack after said imaging layer is
removed.

2. The rework process of claim 1, wherein said substrate is selected
from the group consisting of: silicon, nitrides, oxides, oxynitrides,
inorganic derivatives of silicon, coatings of nitrides, metals, low k
dielectric coatings, copper, aluminum, tungsten, low-k organic
materials, carbon-doped silicon, carbon-doped oxide, and any

combinations thereof.

3. The rework process of claim 1, wherein said underlayer is one or

more organic films.
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4. The rework process of claim1, wherein said imging
| ayer is a chemcally anplified photoresist. 5. The
WO emmbsm ocess of claim1, wherein said imgi POI/Us3063/029677
ns
zfr) adi athe, re%vc%H ?)%c!eas"seof%ﬁ ﬁ‘m 2@@%@% 8%@@%\% fsoa
sai d dhengcally araphfiedphsterebistsubstrat e stack has been
exposed to a radiation source and a devel oper. 10 7.
The rework process of claim1, wherein said inmaging
ayer t

4 22O pradletot, S BSIgFRITIR 898K soic

5 pr opyduhsﬂ'atmetacll?m noPGREA expbbed td cectiation.
cycl ohexanone, n-butyl acetate, tetrahydrofuran,
met hyl 15 tetrahydrofuran, glycol nono ethers, and any
& 0mbi T kéw&ktda@é&%fef clﬁm Thﬁhé.@m&dnmgﬁ@m ?ér 6h &af
1, whereln sai ing layer renmoval sol ven
sel ed@tmte)aﬁach@agﬂm@p ePposeditp ﬁgadratloasl@elm%a@d]@
cycl ohex none, n- butyl acetate, PQGWE, PGVEA, ketone
m xt (FEE'RF " where the ketone conprises greater than

10 50% of the imaging |layer renoval solvent, glycol nono
et her _sol vent where the glycol nono _ et he( sol vent
Tonpr The ewerk aresesshelitlaiond ovherain paidgmaginclpyer removal

’ E?E\rﬁ%@vg’rg'% gg'%ti}ﬁtglﬁ%&%rtﬁﬁ grm% QQ%ISHW\%BP krgrf)or?%fgt gsters, 2-
est erfigptaNch@MietgNpiopy! ketoae ! PGMBTPGMERA, SthiHactate,

r ewor k process of claim1, wherejn said ina g layer
r enovaclohaxapene, n-Hulis peetate; tetrahydra r@?‘omﬁﬂ'%n& sting

15 PGIVE,Zte "ﬁg}gn @é&lrﬂeﬁé%ﬁﬁ’é@ afd QH??P@‘F&E%‘% thereof.

nt m xture about
to about 90% ket one and about 10%to about 30 30%

| actate, a solvent m ture COngI si ng, .about 70%to
%boutT@g%W@]kﬁgpeﬁﬁ)ﬂo(é@mr rejgsal IZgiRg layes removal

about “GUHtF SRR ot e rodg ERnsigh ol 20hbpiaRthe.”
2004/ pldiaRche LUsdo6s Aeatse, PGME, PGMEA, ketone mixtures
20 where the ketone comprises greater than 50% of the imaging layer
removal solvent, glycol mono ether solvent where the glycol mono
ether solvent comprises greater than 50% of the imaging layer
removal solvent, ternary or higher mixtures of ketones, glycol mono

ethers, and glycol monoether esters, and any combinations thereof.

25
9. The rework process of claim 1, wherein said imaging layer removal
solvent is selected from the group consisting of: 2-heptanone,
cyclohexanone, n-butyl acetate, PGME, PGMEA, a solvent mixture
comprising about 70% to about 90% ketone and about 10% to about
30 30% lactate, a solvent mixture comprising about 70% to about 95%

glycol monoether and 5% to about 30% lactate, a solvent mixture

comprising about 50% to about 70% glycol monoether, about 1% to
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about 20% ket one, and about 5% to about 35% gl ycol
nmonoet her ester, and any conbi nations thereof. 10.

wa b4z k process of claim1, wherein the coPCEHUS$1003029677

step tgth;oéf 2% 11615, arfd &@csdt@/é t@HEoE’ﬁ%ﬂ%'&g&g nisndihéd

from the group consisting of I MTer si on position
on a estrkandaoy anmba:mthnnlsa*hemmft hereof. 11. The
rewor k process of claim 10, wherein said contacting
means is disposition on a track and said substrate

gback ThasedBriopidRBES o BRim 0 vifisinitRe cBhPalBtlh &t eB’F‘Qtep

consisting of: parallel, per pendi cul ar, ng
with f@dpestriadout by aoneansselatted fronotie gmwmmsxﬁtmg of:

"< appThe R GoRadfoh b2 Badt sy feBlflon ereer

consisting of: 15 streaming, spraying, and any

conbi pation thereof. 13. The rework process of claim
11, wlbedeworap@wcssn of Eiaira 9 adereig saicheantarting mesamisds

track

2k s R el s A8 SRR R
sai d seegtetdfréraythe grempeahsisting vk parallehtpespendisuldr, or

I magi ngglleg yer for about 30 seconds to about 5

m nut & gvifsrespret 1:a8PR- pr ocess of claim 1, wherein

said i maging | ayer renoval solvent has a terrper ature
bet ween about 18C to about 25C. 16. The rework process
ae. cl %mr&wonlhprm’ees sﬁbmmélrﬂovsddersihaaiobﬁnangm@ l4y@x removal

O o AL LSS o
th 77 17. Th
er egfreadthg/&h ?%@tﬁg/{ ana %@/ E&Fﬁk@%gﬁ%&%%ﬁ €

r ewor k process wher el n sal d spinning
means conprises spinning said substrate/underlayer

k-at aboyt 1000 t bout .5000 m, f
18" <odBRaBVBH nigee obBRLmdnadierer s SiiRrate sk s
pr ocegstafiig 6h 3l ek, ‘@‘B@t‘ic,ebﬁ‘ sBRd tthdk, BRH Gy BRMSination

conprises water rinsing, additional inmging |ayer
r enov Hiereel. vent

14.  The rework process of claim 1, wherein said imaging layer removal
solvent contacts said imaging layer for about 30 seconds to about 5
minutes.

156.  The rework process of claim 1, wherein said imaging layer removal

solvent has a temperature between about 18°C to about 25°C.
16.  The rework process of claim 1, wherein said removal step of step (c)

comprises a means selected from the group consisting of: spinning,

rinsing, and any combinations thereof.

36



rinsing, or any conbinations thereof. 19. The rework
process of claim1, further conprising after step (c),
wW@2002027%1&p of renoving any residual water, reRCTUS1003/029677

01,V ethe @b EOGRILAAN M1 §615HRGEi L8 g[H?] ingpeans

substrate/underlayer stac y a neans s
t he groocmortsessspmmmg safd sudstnatalupdenpyetstackat alsdut 1000

dr in baki,n fl er a ur f ace of said
St Zen Toup sty sopfibRtir et fi Seethdle diput Jie Seconds.

r ewor k process of claim 19, wherein sai d baki ng neans
is selected fromthe group consisting of: oven
bldki nd henewosk precassiafmigim 16 iwharein mﬁlrlng;ngzméaas:y

conbi ewor k proce

ol ai miob e BtRr BhenBnadtiony Ime e uBaTRaa Sqtvent
t enperrinsinge obahyeemRaitnsiiiBfecind 205C. 22. A

| ithographic i magi ng rework process for correcting one

or nore defects on an imaging |ayer on a substrate

B TR By e o s ).

and astéprabiengoVviny any cosipuaisvater, Srbbidgahs@ldémcaﬁa t0

sald under | ayer  sai d process conpri sing the st
W&mﬂ i thgreofifepna fhessybstetaundRrayarFtapk by a

|rmg| | ec

ar oup“ﬁ%%@%'?%téaﬁ?&“ the BB RIS FoER L, phblen

| act ataefsdrymgnbahmgsﬂd)Wmvgl algag Bbt@@ surfdcemaf byidfstacw rande

(DVF), tetragh drofuran THF), nmethyl tetrahydrofuran,

di oxaRBY Bk é et hyl 37 WD 2004/ 027518

PCT/ US2003/ 029677 tetra hyd ro pyran -4-acetate,

met hyl tetra hydropyran-4 nethanol,

26t r afnerrepyriaprobeseef ciaimwta;lwmeihaetaéd bakiagyheans is

e SRiegToHG TPy ine GIBR SonRatng.aF anibalta. MokBIL basing
?ol) Ve"HfrarbBQfa‘ng AETHAY o BiHRgSAAheréptder | ayer stack;

renmovi ng said 1magi'ng | ayer renoval solvent from
said

21.  The rework process of claim 20, wherein said baking is carried out at
a temperature between about 100°C and 205°C.

22.  Alithographic imaging rework process for correcting one or more
defects on an imaging layer on a substrate stack, said substrate
stack comprising a substrate, an underlayer adjacent to said
substrate, and an imaging layer comprising silicon adjacent to said
underlayer, said process comprising the steps of:

(a)  contacting said substrate stack with an imaging layer removal
solvent selected from the group consisting of: glycol ethers,
ketones, esters, lactates, dimethylsulfoxide (DMSQ),
dimethylformamide (DMF), tetrahydrofuran (THF), methyl

tetrahydrofuran, dioxane, tetrahydropyran, ethyl
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wowah/ozsmew | magi ng 10 | ayer;

substrat e/ under| ayer stack after said imaging |ayer is
renoved; (d) coating said substrate/underlayer stack

i mgi ng | ay aﬁyfﬁrbﬁg‘a‘ﬁu %Ee a?en%e g ’ﬁ%\ﬁ? R)gil Vigh-aai d

new i magi ng ayer t'hogr ng rework
process of mdathanDlZZetram@wmwas-dMne ]lﬁbstylbat:eiatez ri-amyl
selected fro the roug cons Ilnala silicon,

[

nitrides, B%iEsand )i compiations r&&ﬁn c derivatives

of si |(b)00n,reﬁ@%tr19“éhﬁd FhagiRytlaytepith Qﬁiﬁ%ﬁglﬂgol‘é(ybr removal
dielectric coatings, |lowk organic materi al opper,

al unmi num SeieHt.d eram/rfganma@a%@bsisata/elndedamtadped

71 1 hoghapni g B3 st BB sef{iron Haid

wher ei n saisdbstratéglinderkiver staeRafter sarlihagfigdiyer fd | ms.
25. The i thographl c imging rework process of claim

22, wher ei R@&Vvad; 25 i magi ng | ayer is a chenically

anpl | ‘&a)g‘rjO@gggﬂ%%ﬁlq%ubs%%&elaﬁﬁerjl e};eE%%&RDﬁﬁ a! {9 1HSging

r ewor sal d i magi ng
| ayer on s#aykrsubstrate stack has not been exposed to

radi ation. 30 27. The |ithographic im r ewor k
proceé® of %PQ?'HQZS?' ﬂﬁ%’r"é‘ﬁaﬁ"@al?ﬁer ‘?Q‘ﬁégiq{@nb apdr on

said bstr d to a radiation
sour ce’and dgwgg\?ﬁe ope %fﬁ% %%3%827518
PCT/ US2003/ 029677 28. The |ithographic inmagi ng rework

Ry deathaaPRIcdia B Tk pemasi BT Sonaiein Fal

of k%h@@t@éte |§%b%c‘§ed ?rbhﬁﬁbfﬁ?ﬁﬂ‘ﬁ coﬁ?&ﬁﬁ{ f’rsﬂ%ln nitrides,

ket one, act at e, ohexahone,
n- but pkl@@epaymtrldesemomﬁc deuvan/esrtdtslﬂy:lon coatings of

tetr ah%néé’é ur%gpdls qO\Xﬁ( Iefg)n’l% ceotart]l%g Iow-lg o?é]a}/nic material,
copper, aluminum, tungsten, carbon-doped oxide, carbon-doped
silicon, and any combinations thereof.

24.  The lithographic imaging rework process of claim 22, wherein said

underlayer is one or more organic films.

25.  The lithographic imaging rework process of claim 22, wherein said

imaging layer is a chemically amplified photoresist.

26.  The lithographic imaging rework process of claim 22, wherein said
imaging layer on said substrate stack has not been exposed to
radiation.

27.  The lithographic imaging rework process of claim 22, wherein said
imaging layer on said substrate stack has been exposed to a
radiation source and a developer.
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conbi nations thereof. 29. The |ithographic inmaging
rework process of claim22, wherein said 10 imaging

wo ag0e0275880val sol vent is selected fromthe greCpUS2003/029677

consi sting of: 2-heptanone, cyclohexanone, n-butyl
acetate, PGVE, PGVEA, ketone mixtures where the
18 onel hevlithpgraphicjimagieg rewerk Booessf of ¢laien REpghergin said

I : J h I t wher,
t e e BB e Pl fdlan sBVERfls SFiReT B8 1CoREP caliarting
50% ofof! ketoASs,| Bi@isN 3-Hep¥Riories WA 8byedtond P ORME,

or higher m xtures of ketones, I | nono ethers,

and gl ﬁMIEAr@ﬁBIétW@ﬁtee§V@PB$Xm%a%;€UWbmﬂtﬁ@ti ons
$ ARl
of Cor driratiirofiitn eIy GroB, QHchES, BR855ARd any

sol verombinatirecthecedfr om t he group consisting of:
2- hept anone, cycl ohexanone, n-butyl acetate, PGQVE,
PGVEA, a solvent m xture conprising about 70%to

glpout T?\%O'ﬁth.@é%ﬁiﬁﬁ@a%rﬁ)%odﬁ%%&&sa%%ingg%\I\/ﬁ%lteggg/gid

a solvent m¥Xture co si n bout to abo
gl ycolimagingdayer reama b $6lventib mele @8d4roat thet group c@bsisting

I ' i Si b % t b 09
ol ycolT: BRBtAnGaR, SHuBTH-RoRE, b budd oo, BoMP CHIEA
about kalericomplgtds wiRsriak k@wne{rﬁ}ﬁsﬁ&% %l%%tté‘"thaﬁ@g"/%v

conbi nations thereof. 31. The ographic I magin
r ewor kheinaagisg layeraeaiovabsqiventeglyical mand et3ar solvent where

cont agt | f . Ste a), is carried out, b S
sel ec?'i%ang§Iﬁ%%I‘ﬁeet§ roﬁopﬂ\gec'ﬁr??%qr IS5 %thgrwg&éwﬂe

di Spoﬁ‘hb%m? Iagerﬁremcﬂ%sol@éﬁ‘t Magﬁ@ﬁﬁigﬁéﬁ hideutdiesa@hones,
39 WD 20047027518 PCT/ US2003/ 029677 2. The

| i t hogheehmenoneihersy and\ghirdel pranoethersistelisaand any

wher ei i d. ti:ng neans i s disposition on a
trackcgmégfog]%ghggeﬁate stack has an orientation

sel ected fromthe group consisting of: parallel,

rpengi cul ar, or angled wth respect to a floor. 5
5 TH8e|litheggphisHmadingigvaik Peerass §ficbaes22 ovhereln said

32, WiR5§HhE 18§k demoval solvent is selected from the group consisting
of: 2-heptanone, cyclohexanone, n-butyl acetate, PGME, PGMEA, a
solvent mixture comprising about 70% to about 90% ketone and
about 10% to about 30% lactate, a solvent mixture comprising about
70% to about 95% glycol monoether and 5% to about 30% lactate, a
solvent mixture comprising about 50% to about 70% glycol
monoether, about 1% to about 20% ketone, and about 5% to about

35% glycol monoether ester, and any combinations thereof.

31.  The lithographic imaging rework process of claim 22, wherein said
contacting step of step (a) is carried out by a means selected from
the group consisting of: immersion, disposition on a track, and any

combination thereof.
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i magi ng | ayer renoval solvent is applied by a nethod
sel ected from the group consisting of: stream ng,

w@piay2msegg and any conbination thereof. 10 34pPCTg82003/029677

éﬁit hom@ﬁmogrém@irﬂagihg\%@wbrwm@éggy optlafh @ 1Mwdrein said
erein sal substrate stack is rotating on said
t r ackgordaating means as disppsitien caraitraply and saisl sifastigte stack

th f. 35..The. lith [.Copd ' ]
of - cls P8 Srenppair e d TouE e B RS o gfe
sol vepérpepaicafdrs osangled WG regpeeytera flosr. about 30
seconds to about 5 mnutes. 36. The lithographic

i magi ng rework process of claim 22, wherein said

%éeT? \% ﬂe i{@ﬁ@{raﬁ@g‘ﬂ}fg@n@gagg%P@%&Q 0 @Qﬂ_ﬁ_rhiigi WHeérein said

| i t hogiagihg tayeragimogal soheerit ipapplasbyf raetiot sedected from
wherein sald repopval step of ste c) C ri ses.a ..
o anchecdBHPEOTRISg O StErsIg. SIAXIG) pRY o cofbifation

spi nnt] of i Nsing, and any conbinations thereof. 25
38. The Trthographic imaging rework process of claim,
37, wihe dithrographic impgingi reyonie procese b cladms3% pihaieingsaid

aid bstrat e/ ynder] ayer st ack t
2bout SRBRE AT TaElE oAt SashelC dhatlt Hadh rcCany
secondsmBthaidn thBgedri t hographi c i magi ng rework process
of claim 37, wherein said rinsing nmeans conprises

wat er rinsing, additional imaging |ayer renoval

lve rinsing,. and any conbi i r &9f,, : ;
3804, SbosiibHeTncddaalRTsRTE bRtesSH it £ rndiRin i
| Mgi gagifylateertREPsile® cnmdie saldindying yepforsabuyt
after step (c), a step of renoving any residual water,
r esi d3@Isesohdeite aba BoMPRat i ons thereof fromthe 5
substrat e/ underl ayer stack. 41. The lithographic
i magi ng rework process of claim40, wherein said

36. The lithographic imaging rework process of claim 22, wherein said
imaging layer removal solvent has a temperature between about
18°C to about 25°C.

37.  The lithographic imaging rework process of claim 22, wherein said
removal step of step (c) comprises a means selected from the group

consisting of: spinning, rinsing, and any combinations thereof.

38.  The lithographic imaging rework process of claim 37, wherein said
spinning means comprises spinning said substrate/underiayer stack
at about 1000 rpm to about 5000 rpm for about 10 seconds to about

120 seconds

39. The lithographic imaging rework process of claim 37, wherein said
rinsing means comprises water rinsing, additional imaging layer

removal solvent rinsing, and any combinations thereof.
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resi dual water, residual solvent, and any conbination

thereof is renoved from said substrate/underl ayer
waee@ek213y8 a neans sel ected 10 fromthe group CRPCEUSI0031029677

of: spin drying, anbient air drying, baking, flow ng

of a gas over a surface of said stack, and any

£@nbi The litgraphie maging 4ewolkherdcess of caini2e, furimg

ean<oREPUSRB A et SRR Bleg, QUG S ey Sl

baki ngysidlisoRleft, %n@%n‘ﬂﬁinatléﬁsfﬁfefﬁébﬁfﬁdmmlﬁb and any
conbi nati ons thereof. 43. The rework process of claim

42, whiebsiratekmidariayarisiach.s carried out at a
tenperature between about 100C and 205C. 20 44. The
l'ithographic i mgi ng rework process of claim 22,

yher eTReSithshrapliv/imegiaigmewosly processf ictadm 40, Mherein stfid
The |ithographic imagi ng rework, process.of. c G‘tﬂ?f
f ur t heasidwal yeer, .r@$lﬂ@al Séﬂﬂ\f%]i anggny &?mﬁfr?é'oélttgﬁf

baki Dﬂaaggg%ﬂgm ém%bﬂ&r%t@yﬁ{derlaﬁgr stﬁq& bg'é H\%ﬁh@%@lé‘c’ted

i magi process in said

baki ngroft e gidupaonsisting of: spim dhéngyembiabbair daong, baking,
seconds to about 120 seconds % 7 Thg I'thrﬂB BP &
i magi AgWIngNR & 9pF GYRIS3 SHFaER Bf RAAIaGH &NG; HIVsrgeinations
baki n%etﬁrggg is done at a terrperature bet ween about 90C
to abou 50C. 41 WD 2004/027518 PCT/ US2003/ 029677

48. The lithographic imagi ng revvork process of claim

wher ej n sai newlmaln er [ 0
Aﬁage\ﬁh@é'th‘PQfaQ{q@ﬂm@S ng &S5 %ﬁ’iﬂ& %ﬁq%h‘?rﬁg]gﬁ{d
rewor R@%ééné’fs £i@dtBY Frdm ‘M@Qﬁidﬂ) &orisiktingasti @vérobaking,
derlveg om a radi ation source selected fromthe
gr oup hot pteté baking, mfrared akipgeard esy eenthingtionsriperaalr
exciner |laser, ArF exciner |aser, electron beam
X-ray, and any conbi nations thereof. 10 50. The

wll?t hoqfl‘%qjé'\nfork PSRy of elrmki Datsem sHid bakingi@ 2arried out at
erein said

a temperature between about 100°C and 205°C.

44. The lithographic imaging rework process of claim 22, wherein said

new imaging layer comprises silicon.

45,  The lithographic imaging rework process of claim 22, further

comprising, after step (d), the step of baking said new imaging layer.

48. The lithographic imaging rework process of claim 45, wherein said
baking step is carried out for between about 30 seconds to about

120 seconds.

47.  The lithographic imaging rework process of claim 45, wherein said
baking step is done at a temperature between about 90°C to about
150°C.
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radi ati on has a wavel ength of about 248 nm or | ess.

51. The lithographic inmaging rework process of claim
woeo4mbmsiei n said radiati on has a wavel engt h BET/LSB05009677

or 248 nm 15 52. The lithographic imaging rework

process of claim22, further conprising, after step.

4%), The lithogpantic imaging rewptk prseseaf Hlain 22nigergn said

| ayer, 2 The. I oy [ rk process
of o1t fimadng Tafer i SRR ihfocWTRE, RGEEYEL ¢ PLocee:
for between about 5 seconds to about 300 seconds. 54.

The lithographic imging rewrk process .of .claim53, .
der eiTmeslgh@grapblcbmagH@ gqvwkipéog%ﬁ?eofﬁa@ %iﬁ% SIgin pad
bet wegn,: o1

i t hoﬁé?’a\%ﬁ’?t‘g iaﬁﬁg‘.ﬁ%30?“3%3?‘%3%‘?@%@3@2?6'%{5‘3? fropy the group
wher egonsistirgy oftBighl rpsagresneu(y Jarsprifnt exsimeh lses,e bt
an aqueaqus al kaline 30 sol ution deyel oper.,.5Q. T

i t hoBXEReT aseher]PHEON BRBM XgAY ALl apyY %BT”Q"?ﬂq@é‘?qﬁereOf-
wherein said aqueous al kaline sol ution devel oper
conprises aqueous solutions 42 WD 2004/027518 )
BT/ USRE ligioeashia imagingaewerk proneshof glabn @2 wisireini said

of : alkali netal silicates h e dr oxi des,
car borrdietion b p ARyl TR0 AP B AR Pl e

t et ranet hyl ammoni um hydr oxi de (TMAH), and any

conmbi nations thereof. 5 57. A rework process for

pénoviTheg lithographjt inyapinggeworie precessss claimo0, yherrin said
id st i si |
201 actatet ReRn R L ToR T o 2adiing [ayer

conprising silicon adjacent to said underlayer, said

process conprising the steps of: 10 aiﬂ_cont gcté}é}g
52i d Jhedithegraphic ORI WK PRRGFSSPTICERIBr2%, dWi

comprising, after step (e), the step of baking said exposed new

imaging layer.

53.  The lithographic imaging rework process of claim 52, wherein said
baking step is carried out for between about 5 seconds to about 300

seconds.

54.  The lithographic imaging rework process of claim 53, wherein said
baking step is done at a temperature between about 50°C to about
150°C.

55.  The lithographic imaging rework process of claim 22, wherein said
developing step (f) comprises the use of an aqueous alkaline

solution developer.

56.  The lithographic imaging rework process of claim 55, wherein said

aqueous alkaline solution developer comprises aqueous solutions
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waamge@ie/ under | ayer stack, wherein

solvent; (b) renoving said inmaging |layer with said
i magi ng | ayer renoval solvent thereby formng a

| ayer salecteddtons they grdup sorsidtat efdakalh methksiticaiep,
et hers, ketone sters

o0 Lo basPhatets TGS AU RS Y HITT B Ran de
( DVF) hydrbgide8 Mg é{ﬁgﬁn{l{w‘f hRn Il'?%rBMHet(?MAﬂW ahafaHyan,

di oxane, tetrahydropyran
tetr abgrnbm‘qajaoasltheraofat ate, met hyI 20
t et rahydr opyr an- 4- net hanol , tetrahydropyran-4-one,
n-butyl acetate, n-anyl acetate, and any conbi nations

ther eAfrewofld pfdcBss e redlindrBaiiMegingY8yer fRdm \eeubstrate
sol vent fromsaid substrate/underlayer stack with a

ri nsestagkiaaid stagkieomprigiag aiswigirate, Raywderayeeadipegnt to

v et A Bno T RS TSP RERb oot ABeeyp
cl ai ns4id, uﬁd@ﬂé@erﬂ s8Rl froseds tompeising tﬁelseeqise@f fromthe
group consisting of: silicon, nitrides, oxides,

oxynitrides, 30 inorganic derivatives of sili con,
coatipgs o ' -

Coat 1S bl S s B EH S oo
tungsten, salvéon- doped oxi de, car bon- doped silicon,

and a conbi nati ons, thereopf. 43 V\D 004/.02?518

PCT/ US2003/QiB967g Salsimagiag o KNSt k820188 Y&l "rineyal
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5 60. The rewor wherein said
i magi ng | ayaid uinagmg lapenienad\a) salveht ki setegiad frone e group
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ol o m 57, A O Y RGimAt RESMP),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane,
tetrahydropyran, ethyl tetrahydropyran-4-acetate, methyl
tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl
acetate, n-amyl acetate, and any combinations thereof;

(¢) rinsing said imaging layer removal solvent from said
substrate/underlayer stack with a rinse solution after said
imaging layer is removed; and

(d)  baking said substrate/underlayer stack to remove said rinse

solution.

58. The rework process of claim 57, wherein said substrate is selected
from the group consisting of: silicon, nitrides, oxides, oxynitrides,
inorganic derivatives of silicon, coatings of nitrides, metals, low k
dielectric coatings, low-k organic material, copper, aluminum,
tungsten, carbon-doped oxide, carbon-doped silicon, and any

combinations thereof.
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substrate stack has been exposed to a radiation source
and a developer. 15 63. The rework process of claim
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sel ected fromthe group consisting of: ketones,
ters, 2- heptanone, thyl propyl ketone, PGVE,
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t et r abyels 8fdirddsiintet hyl  tetrahydrofuran, glycol nono
et hers, anogla;nylconbi nations thereof. 20 64. The

rework process of claim57, wherein said imging |ayer
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PGVE, cH¥rvicAlly BRIpTEd phyidtesist, Where the ketone
conprises greater than 50% of the imaging |ayer 25

removal sol vent, glycol nono ether solvent where the
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hi ghegubstestelserkdfaskeitdees, explogedto mdiatioret her s, and

gl ycol nonoether esters, and any conbi nations thereof.
30 65. The rework process of claimb57, wherein said
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conpri sing about 70%to about 90% ket one and about 10%
to ab¥eMeloRErWD 2004/ 027518 PCT/ US2003/ 029677 30%

| actate, a solvent m xture conprising about 70%to
about 95% gl ycol nonoether and 5% to about 30%

bact allee rewstl prea¢ssofkdlaine 57 cwhprdis saig intaging BYes tamoval
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process of claimb57, wherein said rinsing step (c)
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64. The rework process of claim 57, wherein said imaging layer removal
solvent is selected from the group consisting of: 2-heptanone,
cyclohexanone, n-butyl acetate, PGME, PGMEA, ketone mixtures
where the ketone comprises greater than 50% of the imaging layer
removal solvent, glycol mono ether solvent where the glycol mono
ether solvent comprises greater than 50% of the imaging layer
removal solvent, ternary or higher mixtures of ketones, glycol mono

ethers, and glycol monoether esters, and any combinations thereof.

65. The rework process of claim 57, wherein said imaging layer removal
solvent is selected from the group consisting of: 2-heptanone,
cyclohexanone, n-butyl acetate, PGME, PGMEA, a solvent mixture
comprising about 70% to about 90% ketone and about 10% to about
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67. The rework process of claim57, wherein said
baki ng step (d) conprises a baking neans sel ected

WO p@ai0215¢8 gr oup consi sting of: oven baki ng, hPCT/pEzNE029677
baki n3Q%ila¢tate, edstlukninyixtenecoamyrislitg abati FRbitormbout 95%

t her egf . The rework progcess cl.aim57, erejn

o o Been fondalfel B s B aboicarth ol a St iRt

bet wegsmpising abB050% ubsut 209 glycdOmdhoether, about 1% to
about 20% ketone, and about 5% to about 35% glycol monoether
ester, and any combinations thereof.

66.  The rework process of claim 57, wherein said rinsing step (c)
comprises rinsing said substrate/underlayer stack with water,
additional imaging layer removal solvent, or any combinations

thereof.

67. The rework process of claim 57, wherein said baking step (d)
comprises a baking means selected from the group consisting of:
oven baking, hot plate baking, infrared baking, and any

combinations thereof.

68.  The rework process of claim 57, wherein said baking step (d) is
carried out at a temperature between about 100°C to about 205°C.
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