13 DECEMBER 2006 WO 2004/ 027518 PCT/ US20031029677 A METHOD FORPHEEMBERARRL
OF AN | MAGL NG LAYER FROM A SEM CONDUCTOR SUBSTRATE STACK 5 BACKGROUND TO
THE | NVENTYER00402758 0| § of the Invention The present invBATIUSHO03829%T%s t o
deep W | i t hdyMEFHODSEOR THE REMOMAL OFANTMAGINGULAYERAFROM e

particularly to rewor k SENNCONDUCTOR SUBSTRATESBACKYStens. 2. Description
of Related Art The continuing drive for mniaturization of sem conductor

devi ces has caused an increased rigor in the photolithography used to

del i neatse t RCK&?& RS TREN NJMG devi ces. The demands for finer

resol ution 5 I magi ng wavel engths from 365 nm
(high pressure nercury lanp) to 248 nm (KrF exciner lasers), to 193 nm (ArF

exci mer Iaser,sl and beyond. Because of this, the traditional |ithographic
materials, 1s th di azonapht hoqui nones, etc., are unsuitable
platforns for 2 ' rali . cture and
beyond. Thus, |gmgob{?%reh?@glgpﬁ@?ﬁaegggggﬁgﬁI%Hfh%:%g%/%ﬁ‘gﬁg%i@ new resi st
materi al s vddrhicbmauctoptiapafacisey atd AlorapdriulacRores @R iof mtilfilagsr wer e
needed. As the patterns and wavel engt hs becone finer, the nmaterials

pr oper t10es RItotengsist sMefEMiSesi sts used for pattern delineation have becone
nore and nore 25 demanding. In particular, requirenents of sensitivity,
transparency, aesthetics of the inmage produced, and the selectivity of the
resi sts to ZtDbscrigtivth ¢f RelatddoArtpatt ern transfer becone nore and nore

st renuous. Chem'fal I% amplified resist materials have been devel oped through
30 the use of aciRe FaMINUWENGEIyearMinRlYizationqf segaicontctahdewuceent i oned
criteria. T Fe1 Xl 11| P ' S ' However ,
Chem cai |y T/cdlReR AT BN IR S EhaBIBEIAR) (bd (A deittpline TH1Er™T <

st andi My weire pdtterns of thdsecdevicasur Thihdememds édr fimeatresolutioghavé s ref | ect ed
off the surface of a reflective substrate during exposure. 35 The formation
of st andi nfFanseddhe shiinkage of imagingiwayelepgiis fremabunen (high pressure

mercury lamp) to 248 nm (KrF excimer lasers), to 193 nm (ArF excimer

lasers) and beyond. Because of this, the traditional lithographic materiais,
such as novolaks, diazonaphthoquinones, etc., are unsuitable platforms for

20 ultra large scale integration (ULSI) manufacture and beyond. Thus, in
order to utilize deep UV light wavelengths, new resist materials with low
optical absorption and enhanced sensitivities were needed. As the
patterns and wavelengths become finer, the materials properties of the
photoresists used for pattern delineation have become more and more

25 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 ampiified resist materials have been developed through
30 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.

35 The formation of standing waves in the resist reduces resolution and

1



1 13 DECEMBER 2006 WD 2004/ 027518 PCT/ US2003/ 029677 causes |13REGGEMRER 2006
vari ations. For exanple, standing waves in a positive resist have a

tendency #ap b@sMbisign a foot at the resist/substrate intpef/asmosnpduci ng the

resol ution eéuste@qmt%ﬁﬁiﬁﬁ{ vafaftﬁz%‘é.eq*éryexaﬁﬁé,%?réﬁéﬁ V@%ﬁ%ﬂﬁ%’lﬁ‘?ﬁ a thin

antirefl ective coating to mnimze such pr chem cally
anmpl i fied resisthape aftehdenantd ressitlinti foot atethe resistg s sinate irdefabst r at e

oi soning. Particularl hi s_effect ,occurs en .the "substrate has a
Pt de | ayduoing therediinticn bt fiesesiste Faiierl s resiatagre BRRSHOYS, de 11 1 m
deactivate hanapkifbiRkitdeoing IdfffffiSludnbebidne. For a 10 positive

resist, this results in an Ins e area, a elther resist scunmng, or a
foot at & he resist/substrate interface. Furthernore, |ithographic aspect

ratios require the chemcally lified resist. |layer be thin, e.g., about
0.5 mor |ower, G‘oacﬁ?ﬁ'cfﬂ’ CZ‘GB%/‘@?@BnngLh#@é%@F%@?S %Hijée??fui"ﬂl’ﬂ MMequires the
resist to h Lleh res) | | mage
features caﬁwfne tran!éc{‘a{"sé\'ﬁt?ssehl dm I Nt0 tpﬁgéh%ﬂggtr y%&su gféﬁ%éﬁ One

appr oach t othecdubistrgte has aestlidedaydn. ghisriedieved tloat rasidubl HH &bols i20 resi st ant

resists. inyolves, the use of |tilayer resist syst . In_this approach, a
thin, silic @ﬁﬂ@a’ﬂ'ﬁ‘l qt'NﬁEﬁ% a4 @?thesm lé%(f@?[\éiﬂﬁg&%?e-alzofﬁi cker

pl anar i+ ng ades i I r : deep WV
i Gnt ot onpasaE el il il in BintOUl VS prRpSRIAToRRT Sl
prevent s deacaifowttatdine ofsistheubestriate cdeddigest at the resi st/ substrate 25

i nterface. Furthernore, the underlayer can contain sone aromatic groups to
provi de etch resistance. In the typical bilayer resist process, the

under coat | ayer 5By EiMRard o SubaLiAics clpReaiETheRitaD! i 11 od

resist is then applied on't coat l[ayer, exposed to’'deep UV |ight
and devel oparplified cagistilapardse thin, ¢ lge abiovatd Salrhyordopeér, to ednt sgbh §t18 opcoat .
The bil ayer resist systemis then placed in an oxygen plasm etch

envi r ont®ent rbfeaiwrgst ABISUIRdEPE trguites thagesist to have excellent plasma etch

resistance such that resist image features can be transferred down into the

underlying substrate.

One approach to solving the need for high resolution and high etch
20 resistant resists involves the use of multilayer resist systems. In this
approach, a thin, silicon-containing imaging layer is deposited over a
thicker planarizing layer (underlayer). The underlayer absorbs most of the
deep UV light attenuating standing wave effects. In addition, the
underlayer prevents deactivation of the acid catalyst at the resist/substrate
25 interface. Furthermore, the underlayer can contain some aromatic groups

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
30 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 etch the undercoat in the

areas where the chemically amplified resist has been removed by the
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areas where the chemically anplified resist has been renoved 13PEGRMBER 2006
DECEMBER 2006 WD 2004/027518 1' CT/ 11S2003/ 029677 devel opnent. In a

subsequentwghfRn2idig exposed substrate is plasma et chedeciiosooxonszed

resi st and r.coat. pr.ovi I efch resistanc he substrate
etch. 5 Exa#%{%gg&ggmbi a@gvgﬁ@%lnﬂaﬁe?y@?%%p%f\%s%éi@t%ﬁs@?‘aé’@d in comonly
assi gned U.ich&it Fnk odalized, rédfet 4Ad thd/ubdefddbepiovidd plsifbeteB2;, and U. S

Pat ent Application Serial No. 09/576, 146, which are incorporated by
reference Hesistancelto thpspbgjratBe@ielnuf act ure of seni conductor devices it may
become necessary to redo photoresist inmaging steps because of m stakes or
equi pnent probl ens. The photoresist inmaging | ayer nust be renoved and the

surfacebof the uBxmnpleyef bilasr ibagirepseans have eeeptdisclvéédirphot or esi st and
rei mged. The present invention overcones the need to reprocess the 15

under I ayer ,cqragontyi aggigned o Ratent Nei BA46 598 B $. Ratent Blor 6ri6&kbPtocess.
SUWARY OF | [ ' ' ' , |
SR G 55 Tl S S 6 AR o AL

| i t hogr aphyby Refétagnet hesthodi ment provides a rework process for renoving an

I magi ng |layer from a substrate stack, the stack conprising a substrate, an
under | ayer adjacent to the substrate, and an imaging | ayer conprising

si |l i conpadj acent r , e | Sl steps of: 25
(a) coﬂt0 acting t%QR@@L@%rpéﬁ@ﬁgt@%EJfV%ebﬁ@oanE{u%%gg]%Hgb%@gg@w%&t&%? sol vent ;
(b) renovi ngeddseatymagedg phatresist infagihg siopedidtaukayé mistakeyar  sol vent
thereby form ng a substrate/underlayer stack, wherein 30 the inmaging |ayer
removal sol &&Hbmiest peibiarmed The pfoteresist Haduiee faves murg bsr rempyesbandt her s,
ketones, eShelRirfdcB%f M SnderilySr Mt b eBrpired B A teddhilif bRYIQLER™M de

(DVF),

and reimaged. The present invention overcomes the need to reprocess the
15 underlayer, resulting in a more efficient overall manufacturing process.

SUMMARY OF THE INVENTION

This invention provides processes to enable lithographers to
20 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 underlayer adjacent
to the substrate, and an imaging layer comprising silicon adjacent to the
underlayer, the process comprising the steps of:

25
(a)  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
30 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,
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tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane, 3 133MEGEVRER 20966
WO 2004/ 027518 -PCT/ US2003/ 029677 tetrahydropyran, ethyl

tetrahydr guyh@ndsaget ate, nmethyl tetrahydropyran-4- metpetok003/029677

t et r ahydr opyr an- 4-on -butyl acetat n-anyl aceta an ny

conbi nati ons t her eof fétéﬂa’%f%%ﬁﬂ%&tﬁ\&‘?‘ﬁﬁémﬁ@ﬂ‘@- @Cﬁgé’rmﬁ val sol vent
fromthe 5 SUbStrateE&F&%P@Sﬁén-&tﬁ@&ﬁo‘lﬁévéﬁ%rb%ﬁ%h%ohé}’ﬁbet?! removed. A

| i t hographic inmaging rework process is also provided for correcting one or
nmore defects on an i megiate) n-apwt acsiate, sudsanyatambinations theseefuesdr at e st ack

| Si trat deri dj t.ta t 1 bstrate, d
magi ng 1 ayer cOipr | SeGRERNE SheGHp LRl et ek SV DR, ¢ he pr ocess.
conpri sg ng the steps sopstrat@ureihgsr $t8k biter febRidaiiFlaybARkremdVepn | magi ng

| ayer removal solvent selected fromthe group consisting of: glycol ethers,
15 ketones, esters, |actates, dinethylsulfoxide (DVSO, dinethylformam de

DVF), tetrahydraf THE) . .met hyl . tetrahydrof ' .
Lot r ahydr opyr an™ pRGReh g Rk ArSoA S et Pl e for EBMBE D@ opyr an- 4-
et hanol , bAgIcR M6lEARMELAB oh A fnading Whdr ACALA6Srate HRK, (RO acetate, and any

conbi nations thereof; (b) renovi n%ﬁ he imaging layer with the inaging |ayer
removal  séubsirate staek epyprisingiangubstralt an undgriayeeadiagent kxthek; (c) renoving

the i in r reqoval solvent from.the .substrate/underiayer stack after
the | nii ngupSae. AT AneBiNo 85k (oPLY D SIE ORI L T i) Cncer | ayer ot ack
with a newyhga@hyd, tHeaRicess @dmPYBRYItRE stéyss oew i magi ng | ayer to radiation;

and (f) devel oping the new imaging |1ayer. 30 The present invention also
provi des anot her rework process for renoving an inmaging |ayer froma

substrate st aCk’(a)t he c%%%%lﬁnﬁ ?hr@rsb étpé]teastack with an imaging layer removal
solvent selected from the group consisting of: glycol ethers,
15 ketones, esters, lactates, dimethyisuifoxide (DMSO),
dimethylformamide (DMF), tetrahydrofuran (THF), methyl
tetrahydrofuran, dioxane, tetrahydropyran, ethyl
tetrahydropyran-4-acetate, methyl tetrahydropyran-4-
methanol, tetrahydropyran-4-one, n-butyl acetate, n-amyi
20 acetate, and any combinations thereof;
(b)  removing the imaging layer with the imaging layer removal
solvent, thereby forming a substrate/underlayer stack;
(©) removing the imaging layer removal solvent from the
substrate/underiayer stack after the imaging layer is removed;
25 (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.

30 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



substrate, an underlayer adjacent to the substrate, and an i M3QECFEMERR:2006,
13 DECEMBER 2006 WD 2004/027518 PCT/US20 0 3/0 29 6 7 7 conprising silicon

adj acent twobbeyouamder| ayer, the process conprising the stews2006/0296%)

tacti t.r. at t .t h ' [ I Lal I t; (b
Femovi ng ¢ RRTPRRY ATl e e RieaRe, PRRPYSs 6OTRSbaent  nor cby
form ng a stépstdrat e/ underl ayer stack, wherein the inmaging |ayer renoval

solvent is selected fromthe group consisting of: glycol ethers, ketones,
esters, lactates, 10 dinethyl sul foxide (DVBO), dinethylfornmam de (DWVF),

ethyl et rahydr SByr akoaEND e SOEAE SR A0 B0 By Rl
t et rahy8ir opyr an- 4- onepolvenbutyl acetate, n-anyl acetate, and any

conbi nations thereof; 15 (c) rinsing the imaging |ayer renoval solvent from
the substrat e/ (fder regpervingtthe imaging layeriwithetheomadiog laver eemeval i nagi ng

the rinse soluti on “20°hkEEqchGH SR U E SRR ek fifErei®, <72 °
gr aphi cal repr esent atheimading tyer r@gedalagoivdritas seldctenBomthé giduper sus the

nom nal CD on a substrate processed 25 according to the present invention.
DETAI LED DESCRI PTI ONCeRrsisfipg pRgifee| exterhdsionase @stravidstateh provi des

procesggs to over comg; ﬁné%la : mag@ Tl ’ hic process in
mul til gger | magi ng rsT;r:jé ens. ﬁg'gégpes o}%gp\g&fggﬁ?@é&%ﬁ? require
{ﬁprlc()cessi ng again i mf’d_rahgeiroﬂ:llm_r; (e, gmthyliteiralaybrbﬁnah,n@ioxam,t film

| CKNESSES, poor Co?etlrarl‘gyd?ggyrzlan}/ éth?\ntetrahydropyran—4-acetate, methyl

tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl

acetate, n-amyl acetate, and any combinations thereof;

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

(d)  baking the substrate/underiayer stack to remove the rinse

solution.

20

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

25 according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

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

incorrect feature dimensions. To optimize manufacturing efficiency, it is
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i ncorrect feature dinmensions. To optinize manufacturing effi ci3dERGEMBER 20965
13 DECEMBER 2006 WD 20041027518 PCT/ US2003/ 029677 desirable to be able to

renove theyd aRsbA¥ey (an imaging | ayer) without having tgactesRésessecoat,
and usual | c;ure the bottom | ayer (undercoat or underlayer). 5 A first

enbodi ment IgHEPIQIS aabéemt-_qwsnm\&:@gsm@vqré%\wagmadaverarwgth@gt| ayer froma
substrate ﬁé\ﬂﬁ#m é%%osp%e'xéayg,p BurtURE it | (HH@&EQQN& adj acent

to the subst an I nagi ng conpri sing | i'con adj acent to the
under | ayerundehlaypr)ocess conprising the steps of: 10 (a) contacting the
substrate stack with an imaging |ayer renoval solvent; (b) renoving the

I mging |layer wwth the inmaging |ayer renoval solvent thereby formng a

subst ra el under\gy&r orhb8gimeMRERUEs alr otmc@gsk&y@haﬁgéﬁ' sol vent is

selected fromthe group 15 consisting o ' ycol ethers tones, esters,

| act at es, inAgieg layles didnoai sibs{rBlEeack, ctheﬂstaq}d (ﬁannpnsmga gubidfate, an
xane, tetrahydropyran,

t et r ahydr of TH t r ahydr of
Cthyi 7 et rdRdsTE AalcRTE o e SbRE A 41 PAsDR e e nanol
tetrahydr Oﬁﬂé&ﬂaéj‘a\%@ﬁt td‘th@ﬁﬁderl%?era@ﬁé Bffes8 c%Pderlr?ﬁ&th%t ﬁep@@?‘ any

combi nations thereof; and (c) renoving the imagi ayer nmoval sol vent
fromthe substratel underl ayer stack after the imaging |layer is renoved. A

d, enbodi f th d h h
g i 1 cvor k- D occGa RERG B Bt Siek b T ae P RS AYRT | magi ng

| ayer on a substrat esgﬁ,@ﬁk the substrate stack conprising a substrate, an
under | ayer adjacent to thé substrate, and an imaging layer conprising
silicon adjacenfb)to td!moumgéheayaglngtm@rmlﬂt’é&lmagm layiengemheal st eps of : 30

(8) contacting the SUb venfjl {heréstgs? ﬁ)rmYHgt Q sibst a{c”%%n%%riayélegtacﬁnv?lﬁgrem

the imaging layer removal solvent is selected from the group

15 consisting of: glycol ethers, ketones, esters, lactates,
dimethylsulfoxide (DMSO), dimethylformamide (DMF),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane,
tetrahydropyran, ethyl tetrahydropyran-4-acetate, methyl!
tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl

20 acetate, n-amy! 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
25 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 underlayer, the process comprising the
steps of:
30
(@)  contacting the substrate stack with an imaging layer removal
solvent selected from the group consisting of: glycol ethers,
ketones, esters, lactates, dimethylsulfoxide (DMSO),

6



sol vent selected fromthe group consisting of: glycol ethers,13D&XEMRRER 2006
esters, l|actates, dinethylsulfoxide (DVSO, 6 13 DECEMBER 2006 WD

2004/ 0275 $ol/432P03/ 029677 di net hyl f or mani de (DVF), tgéyasoeseokizan
(THF), nethy tetrahydrofuran, dio tetra ro et hy|

t et r ahydr opyr an- 4- acé’{@? ,Vﬂﬁﬂ'f’ﬁm'dq ﬁf\ﬂghﬁa@%ﬁéﬂ"ﬁmﬁ@? hansiny!
tetrahydropyran-4- On?et(%;)ﬁﬂ%&draﬁ,ct%férﬁa, 1rdPogyraRcemyp, and any

conbi nati ons t hereof; renoving the imgi'ng lT'ayer with the imaging | ayer
removal sol vent, t héetehlyydropyrianed-acstalts; tmethyl tetrabydrapgrarstiack; (c) renovi ng

t he i magi ng | ayer renoval solve t({[romt e substrate/underlayer stack after
the inmaging |ayer is np%tﬁaog@;tetré]@/ QByrﬁB'gf(?rl’ﬁ'; Rt ﬁ%%tﬁp%trbﬁwgfgerl ayer stack
with a gew imging |peefte 45 afyREA{DIAIONS tAeWoF:Magi ng | ayer to radiation;
and (f) devel oping the new imaging |ayer. 15 A t'hird enbodi ment of the

Pr esent i Bvent i db) pr mimawgathedm?glmg lpyeceils the)ima%'ng\)a'ayeg ramoiva’agi nlg | ayer
roma substrate stack, t st ack. conpri s a, subst r at an under| ayer

adj acent to the substSPé\Vte@,t’etQﬁEP nfOVFF‘W&g‘? F@J%%%;%/Iuntég Y?rse‘ﬁﬁk'si l'i con adj acent
to the underlaygg) themiiee inRRIRY kbeN@ndrl SbRBAt Rbm # (a) contacting

t he substrate stack with an imaging 1ayer renoval solvent; (b) renoving the

i magi ng | ayer with tiseibstratg/wderiayer stask@igr thesionaging lavesriemeovedii ng a
subst r gt,el under |, gyer stac erel he i i ng, | ayer .rempval sol vent is
sel ect 3@ fromt f@ gr 586%53@%%%@8@%%8}'%% Sq%‘%ﬁ@'ﬁg ,a RVINEINGest er s,
lactates, dinethyl suhjerxi de (DMSO), dinethyl forman de (DVF),
tetrahydrofuran (THF), nethyl tetrahydrofuran, dioxane,

() exposing the new imaging layer to radiation; and

( developing the new imaging layer.

15 A third embodiment of the present invention provides a 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 comprising silicon adjacent to the underlayer, the process
comprising the steps of:

20

(&) 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/underiayer stack, wherein

25 the imaging layer removal solvent is selected from the group

consisting of: glycol ethers, ketones, esters, lactates,
dimethylsulfoxide (DMSQ), dimethylformamide (DMF),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane,
tetrahydropyran, ethyl tetrahydropyran-4-acetate, methyl

30 tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl

acetate, n-amyl acetate, and any combinations thereof;



t et rahydropyran, ethyl tetrahydropyran-4-acetate, nethyl 30 13 DECEMBER 2006
t et rahydr opyr an- 4- net hanol , tetrahydropyran-4-one, n-butyl acetate, n-anyl

acet at e, ewgig{% £ gbi nat [ ?)ns therieof X i 7 13 DECEMBER 200§C.|”\;\‘@20%9@f9(6§)727518
e ssoo AR a0 b B PR g R Vo e

substrat e/ under| _ _
renoved; and (d) baki sgbéthetehmasiaprediaeinithayeisssaiation aftbereve the rinse
5 solution. The substrates useful 1n this invention include, but are not
limited to, those usB@AYIAYIYArdDFRINEYSSE amdnuf act ure. Such substrates

oxyni tri dee, or (3 o REPT P GHRFEaRofer L8k W Peibl M nstl noe of e

nitridesh oxides, oxgolutiohdes, other inorganic derivatives of silicon,
metals, low k dielectric coatings, and the |ike. Exanples of suitable

metals include, but are not |imted to, copper, alumnum or tungsten.
Exanpl es of suit | @l L€ L | r ' terials,
Such as s LK (DounenunsafSs SRS Rt MuAE Dot Fe He AlEd W 1 O,

based mat er ttadse, usadcih sesnicSiadwdtor ihbiauzicture) St Siltatiatdd menad (Appl i ed
Material s). Vari ogl'ﬁ, em conductor  structures may al so have been produced on
t he subst r al@fergyWhicasmay sempsisgailicon. wanals mifriges, oxglesnaynigidesyer s (al so
call ed Si ' : ' ' i ] e 1 hose

phot oserd ¢ P dioBaRleHaRT3d ob Lol of Euctiled o B FRHHEE, Bides Wy s

conpri se si bkgmitridesnotheplirdrganiedezivhtivksteigilicdn) enetatss il & diglecteibem cal |y

anplified resigsts. anpl es suitable chemcally anplified resists
i ncl ude an SPQMQS’@JEQI"}‘% %‘a&%%ﬁ)ogtﬁlﬂ@pgd"@}aﬁﬁn%{w b az@Ret t i ve group.

i Fed to, NTHeA0, codbe St bt e kB ipte O SiRabl b KL Py i des,
f1 uori nat eddsleciticlceatimgs wicliaiecdrganiExaateliak, efich asiSibKI(Bobl Oh&miwal)gr oups
I ncl Ude‘IS butc:ar roen—g&t)e (i»r(?clga,egar 8h-daolpié%|silﬁzro%%assed materials, such as, Coral
(Nevellus) and Black Diamond (Applied Materials). Various semiconductor
structures may also have been produced on the substrate, such as, for

example, metal lines.

20 Imaging layers (also called resists or photoresists) useful in this
invention are those photosensitive compositions whose components,
typically the polymers, comprise silicon. In a preferred embodiment, the
resists are chemically amplified resists. Examples of suitable chemically
amplified resists include an alkali solubilizing group blocked by an acid

25 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

30 groups. Examples of suitable blocked alkali solubilizing groups include, but
are not limited to, t-butyl esters, alpha alkoxy esters, alpha alkoxyalky!
aromatic ethers, t-butoxyphenyl, t-butoxyimido, and t-butoxymethylimido.
Examples of blocked alkali solubilizing groups can be found in U.S. Patents

8



containing tertiary carbons, and al pha al koxy al kyl s, and ar y13 REGEMBER 216
groups. Exanpl es of suitable blocked al kali solubilizing groups include, but
are not | iwotews/ews1st - butyl esters, al pha al koxy esters, parfulszooabdsxyal kyl

oot o CNIEEsHaRIPHIRRO b B e dRe Sl e YL o,
8 13 DECEMBERGIUR whith 209 #HdoPpSrabed By (4iSPR8/He &I/ 7 No. 5, 468, 589;
4,491, 628; 5,679, 495; 6,379, 861; 6, 329 125; and 5, 206, 317, which are

i ncorporated by reference herein. Suitable polyners for the i magi ng | ayer

are those whi chseRabRidiAb 7 156 hago Bb: BHORIE Rhich! dorpsh 4B ' 2 9

groups. Suitabl e poly are those I con content o about 5%to

about 39% silicon and yookeidgdikali E’olenb&nzrngcgroppé ySBltablenmlyrheﬁseamthbscSI l'icon
content from about 8% to about 25% sijl s of suitable

phot or esi s WiiGiligercontent qf@h%ﬁﬁ&"’?%abﬁ% 30%&*3'6%%3’!%9'98" 19efeed 6, 165, 682;
6,340, 734, pWs%@th&&mﬁh%ﬁ%og%%n@erﬁ%nﬁ%@utﬁ o%.a%%@l&ZE"/nl 126, and

5, 985, 524, are i1 ncorporate erence herein. er suitable
pol yners asdlcdmsEkaaﬁnbs bbsuntatﬂephetoremst palnerdudan bedourirhiredtS. Appl i cation

001576, 146 RIS BOBTIER 655, CaRp ot BT rtas hoFe SRS of or ence
ner ei ngg The, &ij bR 6011598t STY P %ﬁdfzﬁ@éﬁsﬁs%h%hté}s BT B(O

coat i ng as I'n the 'above referenctes or d after
coati ng as referdncs. heraire nDthexsuitebR0go!pa6rs amedjlﬁcldéé)d Efaﬁexamplah irar e

ool ybr . cIHL BHbISpesoRtert Apigaiomtboraasi e debians 0 EBBERD Mvent on
w1 also ¢papphfft ?‘fﬂl@@ﬁdf?’Se 5!’@63@95?6 186%n3YAZAR) 19 14885041 d gener at or

conpound may Dbe enp I n t e radiation sensitive photoresi st
conposi ti oN&lcfEamipbeEpanat&dby eﬂﬂaﬁencph@r@ac Ffdjlegﬂlmmmﬂent mal bee, but are

lipgLted .1 pdani I ' I ch d
" he Thr e Sonfindst N Rg Biel bafise Ebefio oSk B OB eTaRRERR BPHE r obenzy
esters of gafnthig belsiiité@aiter sskify ashiuls. F3bhid9%.%,306Bodi hal i des,

whi ch rel easé halo a
and 6,110, 637 whnch are incorporated by reference herein.

in addition to the silicon-containing polymer, chemically amplified
20 photoresists suitable for this invention will also comprise photoacid
generators. Any suitable photoacid generator compound may be employed
in the radiation sensitive photoresist compositions. Examples of suitable
photoacid generators include, but are not limited to, iodonium, sulfonium, or
other onium salts, which decompose in the presence of light to yield acids;
25 oxime sulfonates; nitrobenzyl esters of carboxylic or sulfonic acids; alkyl
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,
30 butare not limited to, sulfonium or iodonium salts, 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

9



Preferred photoacid generators are those generating sul foni c 13AE§EMBER 2006
Suitabl e cl asses of photoacid generators generating sulfonic acids include,

30 but arewpioohdsiged to, sul foniumor iodoniumsalts, opdPisesidbenates,

bi ssul fonyl di azonet hane conpounds, and pitrgbenzyl sul f gnat e esters.

Sui t abl e pﬁ@teéﬁ'&q%hﬂgﬁbré? 'PUEaé'NﬁHﬁ%dée pie @T%‘l%scﬁrﬁ'kﬁé?d@kawpwts in US.
Pat ent s No. et [ re.d : y 9 13
DECEVEER SSietenp At dttad ki, SBIGR R Br RG] BAbSIERSY |

Par ti cul ar Isplfpniehesaltsdofeauifodic- acigs. or di - al kyl | odonium salts of strong

acids or triaryl, diarylalkyl, dialkylaryl, or trialkyl substituted
sul foniumsalts of sulfonic acids. 5 Suitable exanples of photoacid

generatgrs incl @ﬂab@%xaﬁ‘ﬁﬁle@@tfrpihbidﬂéi@ggﬁfl}atéréiiMS@é’lt%g!gr@’?{dt'm brom de,

tri phenyl sul f oni um chl ori de, p heny oni um 1 odi triphenyl sul f oni um
hexaf | uor opimitgshiat iphenylispliemiyhsiidnuide ripherys uiforiosr cdadde,

ey oMo L8 B BRI g BRG] = o om

phenacyl t ettfighesiiQiifohRiph BBk #ioreB <l triphenylsulfonium
4-ni trophenacyl t'et r ahydr ot hi opheni utm chl ori de, and 4- hydr oxy- 2-

met hyl phenyrifiécramethanesuippate, dipheaylethyledforiidichiarit®, exanpl es of suitabl e
phot oaghd nerat qr s r dse in thi 5 invention, inclyde, but are not

P a0t o PR ARG bR bR chBhe Ay B DR RRSTiuRoheny! sulf oni um
per f | uor obighpsreiel Ui MiRahifenacyRER%h pdYemibph g HIb AR ighd 4-hydroxy-2-

perfl uorooct anesul fonate, methyl phenyl di phenysul f oni um

per f | uor oodnatiwiphenyhaxahydrothiopyiy iy shéatidedi phenyl sul f oni um

perfl uorobut anesul fonate, 2,4,6 20 trimethyl phenyl di phenyl sul f oni um
per fl uor obut anesul fonate, 2,4,6- trinmethyl phenyl di phenyl sul foni um

benzenesul f onat Additichab examiples biysuitadiy baotpaeidyderidraons Esnuse in this
2,4,6-triisopropyl benzenesul f onat e, henyl t hi ophenyl di phenyl sul f oni um

4- dodedyi bdRvaHIon inglHde, Ritiare WﬁiﬁﬁtedﬂobiﬁWEﬁwéﬁwf)lgm f oni um
D o oo iR ERBk Dotk SmhermebHbLALS R Ust oot
methylphenyldiphenylsulfonium perfluorooctanesulfonate,

methyiphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
butoxyphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-

20 trimethylphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium benzenesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium 2,4, 6-triisopropylbenzenesulfonate,
phenylthiophenyldiphenylsulfonium 4-dodecytbenzensulfonic acid, tris(-t-
butylphenyl)sulfonium perfluorooctanesuifonate, tris(-t-

25 butylphenyl)sulfonium perfluorobutanesuifonate, tris(-t-
butylphenyl)sulfonium 2,4,6-triisopropylbenzenesulfonate, tris(-t-
butylphenyl)sulfonium benzenesuifonate, and

phenylthiophenyldiphenylsulfonium perfluorooctanesulfonate.

30 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-{i-butylphenyl)iodonium

perfluorooctanesulfonate, diphenyl iodonium perfluorooctanesulfonate, bis-

10



but yl phenyl ) sul fonium 2, 4, 6-trii sopropyl benzenesul fonate, tri 43 DECEMBER 2006
but yl phenyl ) sul f oni um benzenesul fonate, and
phenyl t hi oYee8g/@7plgeny| sul f oni um per f1 uor ooct anesul f onateTIBR0BWArGY es of

sui tabl e '(tlﬁgfvubﬁérﬁﬂ)'lédbrﬁlﬂﬁ béhehBsiifnatd fb‘(@('ttb ghaﬁymeeomutwt are not
limted to, gheny I odoni um Eerfl uor obut anesul f onate, bis-(t-

but yl phenyd,#iotiisoniapybenzanssulionatee sot diptenyliodsriuttd-but y| phenyl )i odoni um

perfl uoro phenyl i odoni um perfl uoraoctanesul fonate, bis-
10 13 mcéﬁ%%\%@ﬁﬁé%%ﬁ%%&/ 027518 PCT/ US2003/ 029677

(t-butyl phenyl )i odoni um benzenesul fonate, bis-(t-butylphenyl)iodonium
2,4,6-triisopropyl benzenesul fonate, and di phenyliodoni um 4 nethoxybenze nsu
| fonat®. 5 Furtinéthenqyammies @fS@tﬁtﬂ%nh@tq@ﬁ&mratog%mmné Bor use in this

i nvention . { bi s(p-
t ol uenesul ‘2%’1% dﬁngzotr?é?RF%'%%Ot “HH%OE@I P%Fﬁ/ - tol uenesul f onyl di azonet hane,

1-cycl o- hemwesswsf_.tm.yyl Aohmécthadeé nm@hw;gu]f@y.yspu fonyl )di azonet hane, bis(1,1 10
di et hyl et hyl sul f gnyl ) di azonet hane, bis(1- net h}ll et hyl sul f onyl ) di azonet hane,
bi s(cycl oHe ?isﬂr@@ruff oy finacmethanen dreyclorhexylsulfonyl-1-(1,7-

p-t ol uene onet hane, 2-nethyl -2-(p-
t ol uenesul onwgwksﬁ%fgh@ﬂﬁﬁd'ﬁg%fwhégggﬁl fonyl - 2- net hyl - ( 4-
met hyHiohi Qﬂﬁ@mh eh@mmany!&jlézdméﬂwne%(sm.t ol uenesul fonyl ) pent-3-one, 1 15

di azo- 1-neth sulfon dphen yl - 2- but anone, 2-(cycl ohexyl carbonyl - 2- ( p-
t ol uenesul"f‘@ﬁwlgtbw}ﬂ Pray!)di: tbﬁéﬁy‘P@(ﬂYﬁl@h?W'ﬁ“‘ onyi)d|azomethane 1-

cyelohexy e RERAIARTRLbERE s a e on - . S
but anone, tﬂnhmwsxalfehyllpleprephgrh@iénﬂ aﬂtlﬁmndu)fdnﬂ@n‘@th’g&dé— 1-di azo-1-(p 20
oy RSP Oohe R, 2 e BT AR, bt dnone.
LT et e e
toluenesulfonyl)propane, 1-cyciohexyisulfonyl-
1cyclohexylcarbonyldiazomethane, 1-diazo-1-cyclohexylsulfonyi-3,3-
dimethyl-2-butanone, 1-diazo-1-(1,1-dimethylethylsulfonyl)-3, 3-dimethyl-2-
butanone, 1-acetyl-1-(1-methylethylsulfonyl)diazomethane, 1-diazo-1-(p-
20 toluenesulfonyl)-3,3-dimethyl-2-butanone, 1-diazo-1-benzenesulfonyl-3,3-
dimethyl-2-butanone, 1-diazo-1-(p-toluenesulfonyl)-3-methyl-2-butanone,
cyclohexyl 2-diazo-2-(p-toluenesulfonyl)acetate, tert-butyl 2-diazo-2-
benzenesulfonylacetate, isopropyl-2-diazo-2-methanesulfonylacetate,
cyclohexyl 2-diazo-2-benzenesulifonylacetate, tert-butyl 2 d:iazo-2—(p~
25 toluenesulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-dinitrobenzyl
p-toluenesulfonate, and 2,4-dinitrobenzyl p-trifluoromethylbenzene-

suifonate.

The photoacid generator compound is typically employed in
30 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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cycl ohexyl 2-di azo-2-benzenesul fonyl acetate, tert-butyl 2 di a¥bPBCEWRBER 2006
t ol uenesul fonyl )acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-dinitrobenzyl
p- t ol uenesmbhonakesisand 2, 4-di ni trobenzyl p-trifl uoronet pytlerweoss77

sul f onat e. yed in 30
anount s beqeﬂéi%t%p% Eﬁg@%ﬁ%‘gﬁ%ﬁa bpéaﬁgﬁggegg)d@e&%&gﬁﬁ B%@%F%er solids and
nore pref ejereratob aliveess Rlisstivebftabouthow toldour o btk tefalpol ymer  sol i ds.
Preferred phot oacid generators are sulfoniumsalts. The photoacid generator

may be usdUCiPafid generFoE miELIeat Pisferpd Rheinacit denaratasmakees d 11 13
DECEMBER %lchﬁdei\égo%%ﬁ%% o8 Hﬁﬁg& gg§&%¥&'§77§ucﬂ%% £Qhsay A%y PEr cent age

of each photoac generator | gener ator mx ures s between about
10% t o5abdhée s&&% ofast lve diffetremt clwwsan:xaingleemf@teferréd xhixhees Pref erred

phot oaci d (hg or m xt ir es |ncI?de about 2 or about 3 photoacid
gener at or dicly @ ﬁ‘ﬁ"‘)(rted?cé tpesfoniumisalts yfith issfonyldigraretnene ¢l asses.

SEgﬂrgl \(/a\nst ﬁﬂcotgthssurﬁ g{fghlﬁi‘nuéﬁ and'fFhidd8uir sara‘?td"(wo duifShipd shits, Sul fonium

I azone hane conpounds,’ sultonrumsalts and
i m dosul fonates, and two sul foniumsalts. The choice of solvent for the
I magi ng | ayer, and the cgoncentration 10 thereof, depends principally on the

the of Ijunctlo choigg 9 ﬁ@U?B P&ﬁ@%lmggmg@ye&@r&d fhgssances Iayﬁﬁ(rj bt e
oot o4t BERAon IR IGER! 00, ELE oSS pbeba g o be 1 nert

hot or esi st not under go
any chem dhk acichtahilerpolyrmér, trkreprhmpmdegErreramn,damtblel abatiegmeethedovabl e on

drying aft r coat i t abl or t he phot oresjst conposition
maz igcl udee gowe C%‘Wﬁ‘b”bpl'ﬁ? &ﬁ@éﬁﬁe %d b?ers rrEuch as
met hyl et otJSFés?ﬂesh&ﬁ& t uh Bteénﬂg é?f‘én%ﬁl’ re%c%&?ﬁﬁtﬁ@ﬁé‘%ﬁn@b?\leﬂ&e”t anone,

cycl ohexano 2- net hoxy - prop acetate et hoxyet ate,
1- et hoxy- emcbsbqnyd tm:na—mvab]@emdmng@ﬂ}ar ceaﬂlmg']eSmtatﬂqBoh{eetsafoe cel | osol ve

acet at prop ycoI noet h t 0 acet.at. h yruvate, ethyl
or uvdSe, e A TR ROR AL ineTudks bnf ArS M B betanddy o
N-met hyl - ZstRgrd hd defits, shich44 1otif ettt ReIBNES Afethy! isobutyl ketone, 2-

heptanone, cyclopentanone, cyclohexanone, 2-methoxy-1-propylene

acetate, 2-ethoxyethyl acetate, 1-methoxy-2-propyl acetate, 1,2-dimethoxy
ethane, ethyl acetate, cellosolve acetate, propylene glycol monoethyl ether

20 acetate, methyl pyruvate, ethy! pyruvate, methyl 3-methoxypropionate,
ethyl 3-methoxypropionate, N-methyl-2-pyrrolidone, 1,4-dioxane, diethylene
glycol dimethyl ether, and the like, or any combinations thereof.

Base additives may be added to the imaging layer. The purpose of
25 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 significantly lower than the photoacid
30 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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gl ycol dinethyl ether, and the like, or any conbinations theri@dfECERBRER 2006
additives nmay be added to the imaging layer. The purpose of 25 the base

addi tive | obfosedignge protons present in the photoresig¢rpkioesoiserr bei ng
irradi ate | r adi.at,i The ba prevents attack and cl eavage
of the aci E%Hﬂtﬂq?%og %%Hgb%ﬁﬁst'ﬂgugﬁo@gﬁ’ﬁﬂ zF%t?§§° ?'E\élraéﬁ‘;'i'esl ncreasi ng t he
perfornﬁnc@y@@aﬁﬂlﬁb'drlsbﬁs of h?d?@x;ﬂé%ﬁé SW@OIQ%&@ LﬁQSf E’ése base in the
conposi tion should be significantly Iower than the photoacid 30 generator

because it addilivesingiude hidsire apl linited ta, Remisthydimidaialeerfere with the

i ad ot earibagreR b onf SRn B oF 4 BARh G Rl e sent - | <
about 356 t o ABAHPhOWNaXEIE Hetrabiity Ihmw@&maw@oﬂa@%ﬁtps- compound. 12 13
DECEMBER 2006 WD 2004/ 027518 PCT/ US2003/ 029677 Exanpl es of useful bases

i ncl ude, bdiazabicyels{4 i3 Gnoed-ere. al kyl anines, cyclic anmine, or salts of
hydr oxi de 1 ons. Suitable exanples of base additives include, but are not
limted to, 2-nmethylimdazole, triisopropylamne, 4-dinethylam nopryidine,

4, 4" - di am nodi phadriageheiisefdl na,tﬁiswemtbhewIdr@ﬁd@mhecaétem@butyl anmoni um
hydrOX| de and 1,5- diazobicycl o[ 4.3.0]non-5-ene. Underlayers useful in this

i nvent i on arefepiegameodimant, anuthe substrate. pBeneral shamelssisties of then t he
SUbS” ﬁﬁgg%g%rsﬁ{?@ﬁﬁgthggibﬁ qd%ﬁ Ivéd}esold]b(?htg etﬂfdd ﬁx‘ﬁfozmé@c | ude having

good so ven FOrH A on with the

i magi ng | apespertids) ruuhemmmtmtmlmg‘h%udwer andiegs mmrhaxia? withethvet he i magi ng
I ayer is processed Good sol vent, sol ubilit Is useful for product shel f
life and r BRBYWY layenuben the imadng {ayer&jer@ceﬁse%uﬁepﬂépé@n@éab@l ¥ad

removal).  Ees0RRfhrPLGA SR UDA [amB0s AhAShi G Thalageoper ti es are

typically to achi eve sinu ‘%/aneous avol erm xi ng
probl ens, ehbsuatdasr(bdgetbeaa rémegaknThg gﬁodsedlveﬁtedhmmty apﬁlnocat i on of

e o BBl Rt e el JoRL e bk dmeageriad ont s, the
of exposur gBig RHtkMIkFE BroREnE FRGRdSTdYeF id4r&q@Hly crosslinked by
application of ultraviolet light or application of heat. In preferred
embaodiments, the refractive index and absorbance are optimized for the
particular wavelength of exposure by adjustment of monomer structure and
20 composition. Examples of suitable undercoats include those prepared by
heating diazonaphthoguinone/novolac photoresists to high temperature and
crosslinked polymers comprising hydroxystyrene. Suitable examples of
undercoats are disclosed in U.S. Patents No. 6,323,287; 6,054,248
5,985,524; 6,610,808; EP1048980; EP1172695; and U.S. Published Patent
25 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 mi to
30 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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20 conposition. Exanples of suitable undercoats include thosel3PEGEMBER BY06
heat i ng di azonapht hoqui nonel novol ac photoresists to high tenperature and
crossl i nked@gobyemass conpri si ng hydroxystyrene. Suitabl e mqaRbe&%020877

under coat s | id ; , : [
5 985, 524 “éﬁ”%&%‘?%?é‘?’ S%F%iﬂggs%ﬁé’% 'ag%@%%é%eggd&ﬁ%@éﬁ Prfdepetit | s

Appl i cat i ownNbe spesificcaydiaaiion, dait wilbfypigally hange froocoaboutat&niytor ef er ence
herein. The,u rlayer i.s .typical.l lied by spip or, spray, coating on

e M SeBIPSThRNSH: Tt ARl PRELd e e B aBhEo 119, O
about 5 m Tgbidahepinines aveabbst APSbidisabidhRiut RefsRicentifeFyrher starts to
spin (static) or while it is slowy rotating at spin speeds of about 100

rpm to Sabdilying@rd eusing(it\ihe sase appicresa-iinkable Thdedayartmay bet hen i s

accel erat ed final spj eed. of, .about _.1000 m t.0 abayt 5000 rpm
Gependi ng. areadlsheiacadk BBt B RAa oI MOS80 vt er
size and degeored Alaativaing thé idrythg bF Hen@sderlalier eknessgsnaby | depend on the
specific application, but will typically range from about 150 nmto about 2

m crons. TIEPEVEEtnD hegling insan eyep enbyifh cuang it ﬂirﬁiICFQ)W%Nq/Ol;]@fe Tlnism Typi gal
crons - .
clring i FHesalsdt st RREAIR el Rk A REEEP s SHE "acconpl 1 shed on a

track MOt plate at tenperatures of about 100C to about 300C Alternatively,
the drying of the underlayer can be done by convection heating in an oven
or by IR curi ngAfterLosling ehtireuadasiayerppatedubstiaie thadmagivgtlaygrdsunder | ayer

subst r at e, USR8 T TRClEHans Rl paRe Rtk BRI o el bake
condi ti ons drgingtdte aboagB0getends to aboutnRlaserondedt tdMpersardsoft o about 120

seconds at tenperatures of _about 90C to about 150C on a hot plate. Qher
convent i on@Pob8RsCde abguhi §9 KgorAdV Matet Ketber srnyentipnahmeaas &t may be

el ovad. Ty RgRCRRR finobDSIRMTH i S HAPEL BHIOISBITRR frayfesst ack Tor

further proc
the substrate/underlayer/imaging layer stack for further processing.

The substrate/underlayer/imaging layer stack is exposed imagewise.
The term ‘imagewise’ exposure includes both exposure through a
20 photomask containing a predetermined pattern, exposure by means of a
computer controlled laser beam, which is moved over the surface of the
coated substrate, exposure by means of computer-controlied electron
beams, and exposure by means of X-rays or UV rays through a
corresponding mask.
25
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
30 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 substrate/underl ayer/imaging | ayer stack i s exposed i mageldiRRCEMBER:2Q08r m
“imagew se' exposure includes both exposure through a 20 phot onask
cont ai ni ngve 2pedddzEIer m ned pattern, exposure by neans of PAT/USRIP2ISr7

control | edegxssere Bara, vikliah) dopnpiBeadaelic of the did f1me Gbupdm theoat ed
substrate, exposure by neanS of conputer-controlled electron beans, and

exposur e bpolymensesin withrthesaaid generiatgd by theoexyoaure is ackipvedi Abenask. 25
Radi ati on . ich can be,used., are all,sources that, emt ,radiation
to wni on  AElEBnd PRl PE S BoueRere i oA e ety WP Rbed 1 gh
pressure nghdlabd ldepRnd EsEehtialiyd tHeARAtBonlitiEs OF HdTBOIyh T 9ESin, thel ectron
beans and x-rays sources. The radiation is preferably o0f about 30 248nm or

|OI essl. A t elypeah sis gelqraﬁoriamgcvrmfﬁwa %ymentrgti@@nﬁﬁmw twebparoponentdeat i ng  and
i i . i. i " - 14 13
DECEVBER 3056 ERies ShlebidS RiCobie bR R estp G AbITSE o1 B D Botec "'

virtual |y sesmle0e q RRH fels@orldaRoacleth haRits JhoysieldtfiRt pol ymer resin

with the acid generated by the exposure is achieved. The ‘duration and

t enper at ur expafsurdrbake ds froaxalosutrad Gababoat 1803 for dduut Styezadds to mi t s and
depend essentially on the functionalities of the polyner resin, the 5 type
of acid geﬁ'é‘?tﬁt WPNES- t he concentration of these two conponents. The

exposefpresist is typically subjected to tenperatures of about 50C to about
150C for a few seconds to a few m nutes. The preferred post exposure bake

is from about 8Affet madewite BXHOstrerarabany héatstesatndmt bb theatmatdriad00 seconds.
10 After i@égeevm' se ex osugﬁ_@gnd any heat treatnment of the material, the
exposed ar XPOSEAArBAS Oh e PRetorgsist atasomgved byidissalianiR a n a  devel oper.

T i) Ceqeleiths PONE b o phec dspsnier gLt LB S 410t o s St

photoresist; in particular on the nature of the polymer resin or the photolysis

15 products generated. The developer can include aqueous solutions of
bases to which organic solvents or mixtures thereof may have been added.
Particularly preferred developers are aqueous alkaline solutions. These
include, for example, aqueous solutions of alkali metal silicates,
phosphates, hydroxides and carbonates, but in particular of tetra

20 alkylammonium hydroxides, 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

25 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

30 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

manufacturing process, the imaging layer may be unexposed or may have
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15 products generated. The devel oper can include aqueous sol UBIDEGEMBER 2088es
to which organic solvents or m xtures thereof may have been added.

Parti cul ar,y .paohehg€d devel opers are aqueous al kaline sp&pukfRsnebhiese

i ncl ude, fo t al el L S,

phosphat es, Bﬁ%rgg%ﬁeé%@h@q@rﬁgﬁgtdgg,@%@%@'i n péb?{]@tﬁgrtﬁ%f'mg Q{nﬁa 20

al kyl ammoni layehpds teedesxposed wih dietgte diiesalibyt deblende! kplvantrosgdito hydr oxi de
(TMAH). If desired, relatjively sma)l anmouynts of. tting agents, and/or
organi ¢ sol (REHPE ﬂ%'”&ﬁ’%lad@r'aﬁlﬂgﬁéhtel?sﬁh e'”?lﬂ'rﬂﬁmfacYﬁé .Sgl"ﬁgh mustRAuf act ure of
devi ces, prgpﬂi,ﬂ@édiiﬂ\{ﬁfsi,@?byd.occur whi ch 25 require correction. Exanples of
such problens include, but are not limted to, having incorrect imging

| ayer tHdckness and having incorrect dimensions for lines or trenches. In

ch situations,,the imagin ayer pee to be renoved and the inmagin te
I e e e
thickness, Lgs@chh mﬁﬁa@ggwy&%wmﬁé@nw rlrémaggq\/éﬁ}e | ast | magi ng

| ayer coated, changes in rface energy or index of refraction of the
under | ayer oompnagd of at aspeneiselyentvbeleciedfrond dipe gdd upmcomsistingoft he

bl i th facturi .the i i | b
P ponsd offEalehErs Matoiss. sEmHacesn BBl ks g oM BT Seoots) 090877
been esteﬁirﬁ@thw&inﬁléh% (mmplz,@!@w&%m@m}an (’ﬁ?ltﬁ%etﬁ?l fethndieriramgi ng | ayer

has been exposed” wi dictate the solvent or blend of solvent used to
renove t he dioxgoe) tefmhydremeancttbyldetraropyrgndracetade, methyknt nust be

ove the e dremye givicbeipte, melhyént must be
Payer 1ol ORpSTaB A Mt A BN R EPRsaphe, mt el e R ayer

renoval sol Y& acERHEr THRAMAY takte bRRS bt BAE st YIeqiRhefd Be iag® t he group
consisting of:” glycol etherS, ketones, esters, |actates, dinetChylsulfoxide

(DVSO), 10 tHyeechatingstemane p(ioMe)a plastheagtghstéur SnitalTiesplvents ay |

et 1 2y of iilres HePEB st 65 A4t 55H WmpEHihike 554 HALULRABICRGY 4~ 2cetate,

each to have a boiling point of less than about 250 °C. Suitable imaging
layer removal solvents or mixtures thereof should dissolve the imaging
layer without significant dissolution of the underlayer. When the underlayer
is used as an etch mask it is desirable that the underlayer loss due to

20 rework is less than 10% of the original underlayer thickness.

Suitable glycol ether solvents include, but are not limited to,
propylene glycol mono methy! ether (PGME), and various glycol ether
esters such as propylene glycol mono methyl ether acetate (PGMEA),

25 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,
30 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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t et r ahydr opyr an- 4- met hanol , tetrahydropyran-4-one, n-butyl adétDECEMBERRROAE
anyl acetate. This nmay take place at any step subsequent to the inage |ayer

coating S%ﬁ@z@oﬁﬂzﬁ"lﬁ or to a plasma etch step. Suitable sptiwgsioss eed
m xtures théfe nus roomtenperature and it is desirable for

.e,%? %beliquida‘t

each to halBlted Kbimethy! igsiate. Gyl lasiaie, pippy iRsieter botutlactale; 8B €-i nagi ng

|l ayer remy@line@lMahiage Or M xtures thereof should dissolve the imaging

| ayer without significant dissolution of the underlayer. Wen the underl ayer
is used as an etch mask it is desirable that the underlayer |oss due to 20

K is | han ,10% of t I.gi nal der| Lt hick . Sui t abl
CFveel etner 2ok UEAa Ve e ShiAAE A 47 L Banb1S S55m.cne b1 yco
mno ”BEtheﬁWEgop(ﬁﬁB@ne WK%{?-?@&anaéw%mbﬂsﬁonésters such as propyl ene

gl ycol nmono net hyl “et her aceta et hyl ene gl ycol nono net hyl
et her acet exydogapGuE)e, meihylisehatyketooe (MEBKY ImethykisopropiyhketofPGEEA) , and

propyl ene gl I no tl’%l et her pi onate (Methotate). Suitable ester
sol vent s, %ﬂ‘ﬁ?ﬁ 3’?@%@'& X'dfetg?%gwggg't er solvents, 30 include, but are
not limted to, ethoxy ethyl propionate, n-butyl acetate, n- anyl acetate,

ethyl tetrahydropyran-4-acetate, and |actate esters. Qher suitable ester
sol vents are | athaimagiogJayersremevat Rolvet ray berrisingleesolventi® al3 DECEMBER

2006 2004/ 027518 PCT/ US2003/,029677, | 1 mj to, .neth | act.at e, et hyl
Factatt pPOE TReeodhoreorata SpRPEt Ayt agiRteor RGO o/ SLi abi e
ket one sol eqgisg ldyelr UGiederfiyer abmpasitiohs BricPrdcess acréRfAge 5 methyl propyl
ket one (MPK), 2-heptanone, ‘cycl ohexanone, cyclopentanone, nethyl isobutyl

ket one (M 8K)centrgtings of Yupsuitahle Relvents in@unpiyre cardrangeyjomeatioywt ket one
(MEK). The,} | I r renoval solvent may be a single solvent or a 10
m xture of1{{@g&83rWsuitabl e solvents and may be adjusted for specific
I mgi ng | ayer, underlayer conpositions, and process. Relative

concentrations of the suitable solvents in a mxture can range from about
15 Preferred imaging layer removal solvents include ketones, esters, 2-

heptanone, methyl propyl ketone, PGME, PGMEA, ethyl lactate,
cyclohexanone, n-butyl acetate, tetrahydrofuran, methyl tetrahydrofuran,
glycol mono ethers, and mixtures of ketones or esters or glycol monoether
solvents with one or more other solvents.
20
More preferred imaging layer removal solvents include 2-heptanone,
cyclohexanone, n-butyl acetate, PGME, PGMEA, ketone mixtures where
the ketone comprises > 50% of the imaging layer removal solvent, glycol
mono ether solvents where the glycol mono ether solvent comprises > 50%
25 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
30 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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1 %to about 99% 15 Preferred imaging | ayer renmpval sol vent s13 REFEMBER 2006
ket ones, esters, 2- heptanone, nethyl propyl ketone, PGVE, PGVEA, ethyl

| actate, wewxioolexamone, n-butyl acetate, tetrahydrof uramcgilayinzee77
tetrahydrofuran, glycol nono ethers, and m xtures of ketones or esters or
gl ycol nonoether solvents with one or nore other solvents. 20 More

preferred i magi@entaelnrg the mpaghg %)éw&hfthé mﬁlagﬁ@ ldy&eRindh\Ril Solvent
cycl ohexanone, n-butyl acetate, PGVE, PGVEA, ketone mi xtures where the
ket one corfpaY beslonesimany syitable magney Ths epniasting anaysbe dene, fogl ycol  nono

g ng. | e e By Snhge bt e KR IR e A ql e BT RRCk 8k ones,

gl ycol Smonocetitaiist.containiigttelimagingeayresrivarl SolvdhistThe ef erred i magi ng
| ayer renoval solvents include 2-heptanone cycl ohexanone, n-butyl acetate,

PGVE, PGVEAbsHatgiundataygrimagindsleyeictipek ef g imaging leyel ®weedyy and a

| actate ( 9 . ' 1,5l . ] yco et her
(70% 95% J%Or@aég {?‘%%?Sts%'t%g‘%g %%%'ﬁé Hing’ g@%@éﬁ&%ﬂ u'(rheénc(gﬁ%fi sing 50% 70%
gl ycol nonamsbbdimerit2hz08abstiet«e/onderiaydr/biadibdolgyerctbclmnyaicristingt er. 17 13

DECEMBER 2006 WO 2004/027518 PCT/ US2003/ 029677 Contacting the 1 maging |ayer
with the i¢mET AtashEbIo R ShHGK PN SoiaRIRPNAYRIQT thackiohBei n any suitabl e manner.

The c act.] %gé}ﬂ ' ' t he

subst(r?’g elcéudr%grrafgg{égpﬁl gl Hﬁgafg??{a%/lgf s{a%‘ﬁn}a&%,%é gﬂgﬁ%g%élgﬁ%r cont ai ning the

i magi ng | gy@Ependiculaa| osal agnothem hrgle withstaspeet tontierfloay e Thersadiend | ayer st ack
or the imaging |ayer renoval  solvent y, be agitated or static during the
contact pdPp¥ .equlfﬁ@ﬁot?\h@w m‘or%ﬁts,ﬁ%?“@teék‘}%@@r EIMadiBeIaYRsr / i magi ng

| ayer sta y | : ; conduct or
track, - The AECL atpo@anp s ol IR IEENRRTIE oBoaind, BRSO O o

paral l el , sghesiemio dhe aubstoateAindergyatimagiraniglyer sisck. Méwgpect to the fl oor.
The S01|5venstubstrate/underlayer/imaging layer stack may be rotating or static on the

chuck.

The imaging layer removal solvent should be in contact with the

imaging layer for a time period necessary for the imaging layer to dissolve

20 in the imaging layer removal solvent. Suitable time periods include about
10 seconds up to about 20 minutes. Preferred contact time periods are
about 30 seconds to about 5 minutes depending 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 underlayer

25 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

30 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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may be applied by any nethod to the substrate/underl ayer/i magl3HREGEMRER 2006
stack. Suitable nethods woul d i nclude pouring, stream ng, or spraying the

sol vent omve) dobgossest rat e/ under | ayer/i magi ng | ayer st aclectily@oct®29677
substrate/underl ayer/i magi ng | ayer stack may be rotating or static on the

chuck. The HifRgNAEY ratey dypicallyydispense voltimasoanedbisait 29 mbletabkaut APPh t he

I magi ng Iayﬁﬂ for a tinme period necessary for the imaging | ayer to dissolve
20 in the inmaging | ayer renoval solvent. Suitable tinme periods include about
10 seconds up to about 20 minutes. Preferred contact tine periods are about

30 seconds to abgut 5 m nutes depending on the contacting nethod used. At
contact tine theSUREEAYRNttAyES coriasting Of ta/isrmging lavies remo¥ahsolatiper at ure as

ong, as bt GARSNAGaGABIAIOU R, KadhATARS 1ol Rl Ao R tpact or st

and the 1 magin val sol I'ts orm ef erably,
thi s tenper dissobvedimaging lkaqefpmt be eemovead dom tHGesaltabiout  25C. During the

contact tine,, the i n L t he subst rat e/ under | ayer/i magi ng | ayer
stack is préPQ?té?}leﬂi‘% |[a§er ?rtﬁﬁ\‘sg- isgnay fake piges lyrAmosiitabie Wempc?ﬂ"e i magi ng
| ayer remv%bnﬁ%é{%ﬂtof rﬁ?trhoage S%@taﬁl@ﬁ’i@t Lof rBrfovaRing lﬁi@"épﬁrﬂﬂf@m the

i magi ng | ayer renoval vent i s provi I n an armun ul |
i mrer si on. mtaubsﬂnete/mdmlayeeaﬂapkfababos’em)fm)mcbcb about $@00 mppfaercat i ons, the

anmount | a I I t d t he d t f th
col vent TppPPEHt TBRELHS Gbeitd D Peronte ENBRRNE08T oM P00 D2 7518
PCT/ US2003/ bout 20 m
to about 108%3%?\.@ %@ggﬁ"?ﬁ! e%‘ge? %ﬁc}%ﬁwggtthlegdd %@V@cﬁnrﬁé’%ﬁeﬂnﬁa erOlrJem)vaI

solvent 5 ‘bietrbrrtdvedibm'rmgeIoaaddliuonalemagu@g layel ssreovaleobrent. $hisvent
nust be repmoved fromt esul t ant

containing the dissolved i
cubstr at of ulik bgERe By S SPaafiaiad g 59 ehf Carteetmebads nod. or
conbi nat | Ondfé%cﬁf?éd‘ggéve St & ahtLemBbAREENtOfhe I ldg@? ri6vARIONENY the
wet substrate/underlayer stack at about 1000 to about 5000 rpm for
15  containing the dissolved imaging layer may be removed by a rinse with
water. In a fourth embodiment, after removing the imaging layer removal
solvent containing the dissolved imaging layer by spinning, a solvent or
water rinse may be employed. This can be done in a dump rinse bath. The
water or solvent is drained from the bath with subsequent refilling one to
20 five times. Enough water or solvent must be used to fully immerse the
substrate/underlayer stack. Alternatively, any of the imaging layer removal

solvent contact methods described above may be used.

Subsequent to the removal of the imaging layer removal solvent

25  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,

30 then care must be taken not to thermally alter the underlayer of the
substrate/underlayer stack. Temperatures used are typically between the

boiling point of water or the imaging layer removal solvent and the cure
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10 about 10 seconds to about 120 seconds. |n another enbodi metdDEGEMBER 2006
i magi ng | ayer renoval solvent containing the dissolved i maging | ayer may be

renoved b f additional imaging |ayer renoval se@kyRiRbeosbhbueS; My be
done by a&agpb@%zﬂ?rmgi ng | ayer renoval solvent contact nethods described

above. | n atérhperhtardotiiheriideriaber iigarpintbe saystratemieilayepimgging 15
containing the dissolved imaging | ayer may be rempved by a rinse with
water. In al3ysistacke nbaierediemaes feﬁ@lﬁ%éPM?th@bQLﬁa@ & ang S 1enoval
sol vent containing the dissolved imaging | ayer by spinning, a solvent or
water rinse may be enployed. This can be done in a dunp rinse bath. The
wat er or sol vent Afterdicalingdhtrsobstrate/ratcniayet stask issesadgrto reedatldri ng one to

20 five tinmes. Enough water o ol vent must be used to fully imrerse the
subst r at %/ uifpesingla e‘s%‘%l@ﬂ.“’@é‘?% ﬁﬁ??ﬂpédya,sboé’ﬁy EEEGM@C@%%@@MW ayer renoval

sol vent. contiiinihhag beleseridaluABR nERInAgu Bl roBybssRYERe Lo the

renmoval of the 1 magin renova ol vent contal ning the i magi ng

| ayer, resi imabirgoproerts @ obiaired. shoul d be renpved. Suitabl e et hods
include, but are not limted to, spin drying, anbient air drying, baking in
an oven, baking on a hot plate, baking under an infrared source, and

flowing of a gas in3utBnthet miRidibht GURE iRKRHiDhE oBMidPEhdiiats he vl er

Combi nati ons of sui'table nethods nay be us I's use 30 then care
must be10ak eommising thehsubsitdtg/uaterayearfimaginddayarystaclopragesed by the

substrat e/ underl ayer stack. ,Tenperatures used.are typically between the
boi | i ng poi MOBFSSRE 'f‘ﬁ@e%%@E%QGF&MU‘QF%@Spvem and the cure 19
13 DECEMBER 2006 WD 2004/027518 PCTI US2003/ 029677 tenperature of the

under| ayer used in the substrate/underlayer/imging |ayer stack. Preferred
t enper at ures ar e He inventiah tuillusteied aydbatost limitek ter theotllowing t he

substrat e/ underl gyer stack is ready,to recoat an,5 imagi ng,layer using
net hods des ngﬁg%%Wb!c &?F@@é{ds%%f%? a0fa are Wéﬁ‘ﬁ'?@{m uﬁ}ﬁﬁsbe repeat ed
mul tipl gsti iRRemntd kpbbifiedesired result of the imaging process is obtained.
I n yet another enbodinent of the invention, a coated substrate
EXAMPLES

General Procedure 1

20 Substrate/underlayer/imaging layer preparation:

1. The underlayer was applied onto an 8” silicon wafer (Substrate) by
spin coating, followed by a proximity bake to evaporate most of the
casting solvent and thermally cross-link the underlayer at 205 °C for
70 seconds on a DNS 80 coating track. The underlayer used was

25 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/underiayer stack
30 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

20



10 conprising the substrate/underl ayer/imgi ng | ayer stack préfﬂ&F&E""E&RﬁH%‘s
process described in the second enbodi ment is envisioned. The invention is

i |1ustrated"QBE %ot linited to, the following exanpl RE/PROGHI2EEH Tt he
parts and percenRab@d after takingei T praxithitg gap n the2NSislewap@cis i ed.
EXAMPLES General Procedure 1 20 Substrate/underlayer/imaging |ayer
preparation: 1. THB- underlayer was appl | ed onto an 8" silicon wafer
(Substrate) b I e€vapor ate nost
of the CaStl?’ng Zgé\r}gﬁteﬁg{r?/ efrl%[nal'qu cr eps%?k{(lﬁéeé/ erl ag@/er at 205 C for
70 seconds on a BiSsSal wdlaalfogus emaure'laeragrrtd®418aynrrad|a&dnmsa 25 TI'S

248UL-01-50 co rcia abl.e f Arch. Chem ¢ The spin speed
tas adi Bsted o bePBXe Hedrer iy e /e RRBUGT BT BN Aith imeHeEhg The
proximty gap on 0 iRl s applied
onto the substraf‘ /aﬁcH%a ef\r@g?agé( O%‘(ﬁ)%b V??srg;larﬁgoatl ndg?ahéyl@f;%leﬂ’a by a
proximty soft bmaskaaoniasmgéqmal MB/SB@Qﬁ)tﬁﬂ;paﬁemSDN& Slmemﬁmnsng track. The
I magi ng | ayer used was 8 1-23 ormerma I |Iable from Arch
Chemicals, Inc. NG fo H‘é&@ Jr%%(gn%“/ﬁ ‘?re%o'f‘%ﬂ&r@HéB Ae WBEFi ng t hi ckness
of 20 13 DECENBEPecﬁRQi@n 142 iH0RE/s %ﬂ&h%qasumemg@@mmw after

baki ng. The proximty gap on the S 80 was 15 nmn
subst r d0e/ under | ageen thewyafey planer stack was pattern WI se exposed with a

f 248 6 [ 2/ 3
il ar 11 umhal XA SoRPeeh By (BB Stk v posur o wer ¢

done through a dékboéurelbbkeamag@nﬂasHcrfar satéébohdélaﬁ%q%%rmgsﬁotpatterns
wi th dinmensions ranging from500 to 1250 nm After going through a five
ti nes plate on a DNS 80 develop track. The proximity gap on the DNS 80

"\

hot plate was 0.15 mm.

15 5. The imaging layer in the exposed areas of the
substrate/underlayerfimaging layer stack was removed by a 7
second stream/58 second puddle development process at a
controlled temperature of 18 °C using OPD 262, a TMAH type
developer commercially available from Arch Chemicals, Inc. The

20 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
25 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
30 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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reduction lens in the stepper, this results in images of 100 1»DECEMBER 200f
on the wafer plane. 4. The exposed substrate/underl ayer/imging | ayer stack
was post wapmesasisaked (PEB) at 125 C for 90 seconds opcauN2006ig3bd7y hot

plate on a . o 1} hot plate
hes 0.15 mm o ¢ FAErPeat LRI e LA M8y st foipter
subst r at e/ under ayerd supgpqagnthayransirackintes dumpoiress dtation fronsecond

streani 58 secon guddl e .dev_FI 0 nt process at a controlled tenperature of
18 C using OPD oSt Desap w@t %W@nb%équm?'ewr Aympaisesbife from Arch

Chem cal s, Inc. ”}@ ’ i t; : . DNS 80

devel oper track.‘d ‘ g‘ﬁ%?géﬁﬁ%@t‘ﬁﬁ&%mpﬁglgé’égr%ﬂggéC. Rewor k

pr oceszI Sf\r ;)mb?L ghmggdmag;:, ?i;eg%ﬂ/mg ntggg)i%mqer/dklarfm tknsf botiemi I?ﬂ@?g\dnﬁyer were
renove subs el u er/inmaging | ayer, stac i ppi ng
theminto a bedkBYNUEneRA RN bz P2 %W@Mﬁ'@fg?’f%‘){%%\d?% Toﬁer renoval
solvent for 5 mtﬁétté’éofifherl%ﬁm ﬁwetﬁl%eﬂgﬁédblétrﬁtei&@@e%nizé@ﬁla‘?ér its%ra)f%lfs”at es at

atime were placed 1n a wafer boat substrates were ' co etely
i mrer sed hor i zordver ltlye wafer boadtnevenatioeing thasubstraté@ toatpl et el y i nmer sed and

requency of dbathe S tatEkRECuR S stads HER AR Revafe MArSTaltad RS an 5113
ECENBR 2006 VO A004/ A7 BAs: BYTEs \RIBHAPRE idsed Bl aboal _cont ai ni ng

t he substrate/underl ayer st s fromste wer e subSequently transferred
into a dunp ri ndenigedtwater Whiterrotating at 60Dguhdar 2 Thieutestasyd dwed t hr ough 3

cycles of dunp rinses. A, du rinse consisted.of i sing t entire wafer
boat in de 5 ioﬂrfgﬂ?\ﬁéfeé*&ogﬁ?ﬂ HRW%\@R'&V%‘ %tk%mgqrhi‘giﬁottom in
| ess than a m nyimiesnd re-filling the bath by spraying de-ionized water

from
4. The substrate/underlayer stacks from step 3 had residual water

15 removed by a dehydration bake on a proximity hot plate module in
the DNS 80 coating track. Hot plate conditions are defined in the
examples. The proximity gap on the DNS 80 hot plate was 0.15 mm.

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

20 Rework process 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
25 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.
30
Rework process C - batch process, similar to rework process A
1. The unexposed areas of the imaging layer were removed from the

substrate/underiayer/imaging layer stack by dipping them into a
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the top of the bath. In this fill operation de-ionized water 13PEGFMBER 2006
over the wafer boat, never allow ng the substrates to dry. 3. The
subst r at e/ wolmol/eyers st acks from step 2 were transferred rgmwus2803/0k07%en t ool

spi n rinse dryer paReechitaihiNg eAoligMiREgIAG YR eiByEesollent r while
rotating at 500 rpmfor 2 mﬁ}‘\%t e(s) %nd r‘i gd yféunder heac% e%ml)tlég{/é\)irg\%é"glitrogen

whi l e rotating atimnsgeeopmsubstrateZBnderiayer/ssaging layes staticat atigleuiodar | ayer
stacks fromstep, 3. h resj dual, water 15 r by..a dehydrati on bake on a
proxinmty hot pl aﬁ?gl ﬁgém@“fi attrﬂ8"ﬁ%§’%at8g‘gw‘ﬁgb(ﬁ§@k. Hot plate

condi tions are defubrettd/inddiayephnagnglayetiteadk wis BbinplaaR ifiméfedDNS 80 hot
plate was 0.15 mm 5. The substrate/underl ayer stacks were then used for

re-imagi fg. 20 MRenBrik sacopds Perod asidihea cpaistelydamaovediremihexposed ar eas

of the imging | [ ey f he rat e/ under | ayer/i magi ng

| ayer stack by hg%% 6%'3&?{/%%2%38&%%@%E{]J@g?ﬁ%te on a chuck at 1500 rpm

whil e stream ng Mtra@umﬂerﬁyerﬁirﬁﬂ?ihggaﬂre?mckr eutin al varataaijwatsa rate of 2
m per seconds onto the 25 center of the substrate. The coating chuck of the

DNS 80 track was Mmateniapgdthemwihiut-gsssonds reriiemesnd inde haiimargingyer st ack

for 20 seconde. Ve EVREEATeRR fehlfy BYRTHGE, R BB BIeECCE 1 or T

re-imagiidg. . 30 Remwvkl thmeqass:?,uﬁstrammrl@yeﬁmagingIer;ierast?eﬁt@MDrk process
A 1. The unexposed areas of the imging |ayer were renoved fromthe

subst r at e/ under | Agdiatedaypralihgjeenta! apd veitical prIvRRaNeRf iR o a 22 13
A 2000 VUL B Y S A N RO o

i magi ng | ayer renova 0 Ve ner se
substrat e/ under | ayas femagdiiohathersublstrate/atdertayenindgingdaydradtack of 2 mi nutes

at room tempera udruerin(gzt%lecf;l)rét 1T0h§econds.

15 2. The substrate/underlayer stack was removed from the imaging layer
removal solvent bath and held under a stream of de-ionized water
allowing the water to flow mainly over the side of the substrate
coated with the underlayer for two minutes to rinse off the imaging
layer containing imaging layer removal solvent.

20 3. Subsequently, the 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 ACT8 coating track. Hot plate conditions varied and are

25 defined in the examples. The proximity gap on the TEL ACT8 plate
was 0.10 mm.

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

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

described in substrate preparation steps 2-5.

Inspection
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substrat e/ underl ayer/i magi ng | ayer stack was conpl etely i merSFGEMBRR 20080
seconds period and then conpletely renoved fromthe inmaging |ayer renoval

sol vent bywgubdiddssighe substrate/ underlayer/imagi ng | aygpraisaglsosdty in a
vertical upwards ' theqr}Hm.t hin 1-2 seconds re-imersed into the

npt,i qn and
i maging | ayer et "%E%P"(?éﬂtc.ar flraved thirHab theimaged deageng | ayer 10
removal time the gahgidsatsud&sdtay Slithi [ d e : agi tated by
smal | horizontal and yeftlgcal noygdnerlltthsd%?’ dt}%emgéﬁ%tset rat%?[ﬁi‘jéemrjl ayer /i magi ng
| ayer stack. Mostemissidretypasganyingasiectromenicroscapee tFE-Sk). IGross-
substrat e/ underl| ayer{i in r.stack during the firs 0 secgnds. 15 2.
The substrate/ und%?ﬁt{%?g’?g’%? gf:%%?'qiérﬁﬁmeﬂ%ﬁﬂ?ﬂéo Pﬁﬁgﬁa&%ﬁp%ﬁ’&?fﬁe r enoval
sol vent ath and dj@llﬂ{iuﬂéﬁéh WiGths SRAsReTheArb8 BinBRSNBAIEH t %%Mr@ﬂcﬁ he wat er
to flow mainly over the side of the substrate coated Wltﬁ the underl ayer
for two minutes tWidih aer steppeheedudtighng | ayer contai ning i magi ng | ayer
renmoval solvent. 20 3. Subsequently, the substrate/underlayer stack from

step 2 was dried by blowing the water off the substrate with nitrogen. 4.

The subst r at gowistatios Examplekq from step 3 had residual water renoved by a
de- hydrati on bake on a proximty hot plate nodule in the TEL ACT8 coating
track. Hot plate conditions varied and are 25 defined in the exanples. The

proxi m tyn gap on lLat e.,was 0. 10 mm. 5. The

subst rat1)eb/ under | aﬁ{/@s e}gh’gﬁ%@%@&ﬁq%@nogggglcfjlg)qharVéqri%B? ng. Re-imaging 30 1.
Substr at e/ unﬁwétm«%ngéﬁ@@mm@ﬁgﬁ@yéembkvmhegﬁﬁévmg&ohma% q described
in substrate pre%aratl on steps 2-5. Inspection 23 13 CEMBER 2006 WO

2004/ 027518 R@OrYSYde3lbessae, enlyShestubstrate/undaslayar/imaging layasaved t hr ough
the imaged dgRSS ation and inspection steps of General Procedure 1 were performed.

15
Examples 1-8

Examples 1-8 illustrate the rework process with General Procedure

1 for different imaging layer removal solvents. For these examples rework

20  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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trenches,
type scannin

pl ctures V\éy

g eI ect

sputter coated with gold, and inspected under a fielld PECRMBERZQ06
ron m croscope (FE— SEM . Cross-
2i1¥8d to evaluate |line profile 5 qualityPCTU8HOH0MW6TL hs

section views of SEM

wer e neasur ¢d and cpnmpared to nmask trench width after sémﬁﬁ@mﬂnductl on.
Conparative —E;@&H@Le—#@—m—s—exa]mgl—e_exam vior of the
subst rat e/ under | aye'PﬁM%N‘\é Kayer Yack wi bugh a
rework cycl e¢. Therefore, only the| substrate/underl ayer 5Hﬂ&g| ng | ayer
preparationjand inspection steps pf General| Procedure Ll were perfor med 15
Exanmpl es 1-8 Exanpl =s 18|IIustratethe re er al
Procedure for—different | maglng nese
exanpl es rewdrk 20 Bﬁi\d%és A wit for 90
seconds was|carried| out. Table 1t gﬁgol vents used and
results Exanple Solvent Sol vent 7 tio nmtrench
[weight 94 (1:1)[% | Conp.1 none NV A 0% Squ i Ng
PGVE/ PGVEA/ |I69-5/29.5/1 +07% Sgquare—MPK . O miNa PGVEA/ EL
90/ 10 +2. 1%5 quar e | Cyplghexgnone H@OQ)ECEI\/BER" 360% WO pSauatR751p
PCT/ US2003/ (029677 s¢unm ng tops, no
scumming
6 Tetrahydrofuran | 100 +4.0% Square
tops, no
scumming
7 n-butyl Acetate | 100 +3.8% Square
tops, no
, scumming
8 PGMEA/DMSO | 70/30 +4.0% Square
tops, no
scumming

10

* 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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3 PQVEA/ MPK 99/1 +18% Footing and scunming 4 PGVEA 100 +129A% 0815 R A
scumm ng 5 Cycl ohexanone 100 +1.8% Square tops, no scummng 6
Tet r ahydr oVQren/02T08 +4. 0% Square tops, no scunmmi ng 7 nPEOUSI00KEW6Tt e 100 +

3.8 % Squar &ootiPSThete ws WoWeler, &ontdvhoisPWPfe/Hod8ss 4n8%Ropallddferd OPS, no
scunmng Difference of trench width to conparative exanple 1 These results

il lustrate twere squmiigeapranchiwigth ebidl hm tsenghiesafied rewprtis weenwithinby
diff toi [ ' |
11 st rat es T de B6ER MBI RN Lo SR 8RR 1 ack equt prent

readily available in a sem conductor fabrication plant, 10 wi thout water
rinse or de-hydration-bake. CGeneral Procedure 1 was followed with rework
process B arfeXa as imagi ng | ayer renoval solvent. This process resulted
in after rework images simlar to conparative exanple 1, w thout scunmm ng
or 25 13 DECEMBER 2006 WO 2004/ 027518 PCT/ US2003/ 029677

This example examines the rework process at a high dehydration
bake temperature.

10 General Procedure 1 was followed with rework 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

15  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

20
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
25  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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footing. There was,

however,

some noise in the process and not3 BFSEMBER 2006

were scum free. Trench wdth of 140 nmtrenches after rework were within 3%
of the trewORoM/THI8bef ore rework (conparative exanpl e 1pCTRISZ803r0p$637 10 Thi s
exanpl e exam nes thg rework process at a hi gh jdehydrati on{ t e tenperature.
10 General |Procedurd 1 was folloped with reworlk process Aland PGVEA as
i magi ng | ajjer renovgl solvent. A 70 second dehydrati on bakéglopgd 205{C was
enpl oyed. Thg dehyd & bake T S emto be i to the
curing conditions far Iylﬁe under | ab&earhb%%ge\at abl'e profiles \Ngﬂé}obsetved
after re-wgrk and the trench 15 wldth dlfference to conpatadgd,ve exanple 1
was -0.7 %] This shgws that higher dehydratign bake terrpEratures mgy be
preferred flor sone solvents (coppared to exanple 4). Exa Cé'sE‘Qll 1 20
These exanpgl es examiine various s|ngle conponent sol vent sys} idTﬁ or the
i magi ng | ayer r ewor K process. Geperal Procedurie 1 with re/\gr p'?o e$s A was
fol lowed wijth a 70 |25 second depydration bakg at 205 C. Fhned)hese exanpl es
under' ayer tJf_H{:lznnee |JJSS Tcl»_[w!_ejt‘_ )t hn Qn| vent |rn:\r1| Dﬂ |,’-\ =4 rempval. St ep was
measured  i|niadditi dre-r6PEaaRen WPdh after revdrk. Tabl e| Bausréigl e| Sol vent
i mgi ng | ayer renoval Exanple So|vent *ACD of {140 under]| aVFC; slzlllg nm# nm
trench (1:1) thicknegss |ine Prof{le loss [A] {11 Ethyl La¢ A" 13 5% 16
Square 26 {13 DECEMBER 2006 WO p004/0275] 8 PQT/ US2003/ 02 D6Zdmiipg, | sl oped
14 MPK 9% 82 Square
taps, no
scumming
15 PGMEA 0% 18 Square
tops, no
scumming
* Difference of trench width to comparative example 1
Figure 1 shows that all solvents tested were useful for reworking
5 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
10 This example examines lithographic behavior of the
substrate/underlayer/imaging layer stack without having gone through a
rework cycle. This example employs thicker underlayer and imaging layer
coatings.
15 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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12 DMSO Did not clear 23 Square tops, footing (150 nm |ine%3 DEQEMBER 2006
2- Hept anone 0% 21 Square tops, no scummng 14 MPK 9% 82 Square tops, no
scumm ng 1wWOPRGMAR78% 18 Square tops, no scumming * D feeerssnesoedert r ench

width to COGB@éI@Eiﬂgepr%@éﬁésﬁNéré:éé}ﬁéé olt SAAEL AU TSLbatifY taek SAfiest ed were
useful for reworking 5 trenches with trench widths equal to or l|arger than

150 nm 2- hbgkigomerations eolEs\track epridoyed ad. hen peoxXimiyiony. A48 150 nm

benavi or - of TThERoLtises WelEFBNE o A)AFR RS o ePod A0 cohlrBRIRRL. M ng
gone t hr ouglluaninatawith eyRbraeriddli sheeiAEBF 6.63NYignahbfaker Twiler | ayer and
I mging |ayer coatings. 15 Substrate preparation from General Procedure 1

was f ol | Dwegtempen wastritfited with fguicttoep reduriionderesasnder | ayer was coated to a
filmthi ckness of 5500 A. The cure process for the underlayer was 205 C for
105 seconds. The coating thickness for the imaging | ayer was 3000 A. All

coating and 27 FaabirEEbRakangles\¥ ot 2deuiBaraxpissife 3nerpo 77
devel opi ng processes were carried out on a TEL ACT8 coating track. All

baki ng oper &enaifens feri4iGnmdansedmiichies veredlelerminedh 06,a@ Rioss- gap. 248
sectional JEOL JFM-6401F SEM.

10
In addition, top down analysis of the imaging layer was done on a
Hitachi 9200 SEM to determine imaged dimensions for 200 nm isolated

and dense trenches over a range of exposure energies and focal positions.

15 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%

20 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

25 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

30 profile
Example | dehydration bake 200 nm trench profile
# conditions rating (1)
Comp.2 None ok
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nm exposures were done on an ASM L 55001750 stepper with convEHRECHABER 2006
illumnation with a nunerical aperture of 0.63 and sigma of 0.5. This 5

st epper wawoobdd/e27sd with four tines reduction | enses. Peatuszessesia7 wal |
angl es at dptg num folcg@sgmo@@om ecener gy* conditions for 2P0 nm dense
trenches re _determined on _a cross- sectional JEQ JEM 6401 SEM 10 In
addi tion, tlop’ down an%@?gq?@dﬁf@t‘r@l@agl ng [dyer ~was done on A Hitachi 9200

SEM t o det erygne—t nq urrTE: 1SEO nm+sotated—and—dense trenches
over a range 18of expo Wg@e@ foca positions. 15 Exanples 16-18

These exanp m@ma}@@q@ras.a@wau [ 6f dEIS T T &+ @per at ures on
200 nmtren i mage quality after 48 nm bi -l ayer 1maging |ayer rework. A
m xture of 68YWEValentteAE, apgle5 wt % PGVEA, and 1 wt % 20 MPK was used as

i magi ng | ayer renoval solvent. Processes as described in conparative exanple
2 were followed wth the follow ng exception: the imgi ngplayer of the

substrate underlW@ﬁﬁﬂﬁ‘é@‘?ﬁQhYQ{ﬁ’BPné’@KéﬁeW@a’f@m%hﬁ QlDPRINr ocess C
in 25 Ceger C | done

fol |l ow né fetﬁé(t}bgé?ﬂg u%%d;‘d Pgea ?ﬁ&#’g@ﬁéﬂ ?élfﬁeeér Bg %ck pr e%@orsati on starting
with the mﬁgmtgrelsayer coating step. TabI e 3. Influence of dehydration bake
tenperature on inmage sidewall 30 profile Exanple dehydration bake 200 nm
trench profile # conditions rating (1) Conp.2 None **** 28 13 DECEMBER
2006 WD 20 PCT/ US2003/ 029677 16 90 seconds @105 C ** 17 90
seconds @1%@3‘&@‘1{)2 18 90 seconds @180 C ****

10 This example studies lithographic behavior after multiple rework
operations for a 248nm bi-layer system. A mixture of 69.5 wt% PGME, 29.5
wt% PGMEA, and 1 wt% MPK was used as imaging layer removal solvent.

The images were generated in the same manner as in examples 12-
15 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
20 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 resulting in 180 to 220 nm isolated and dense trenches in the
imaging layer. An overlapping process window is defined as the area on a
25 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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(1) profile rating of side wall

angel

of dense 140 nm trench. 13-PECEMBER 2006

equi valent to 90 angle Increasing the dehydration bake tenperature above
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exanple 2 10 % 0.46 pm (no rework) 1 times 10% 0. 40 pm
Similar overlapping process windows to Comparative Example 2

5 were found after each processing step (see table 4).

10

15

20

25

Comparative Example 3

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 underlayer 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 193IL-51-23 and coating to a film thickness

of 2350 A after baking. All coating and developing processes were carried

out on a TEL ACT8 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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2 times 10%0.43 pm 3 times 10%0.51 pm Sinilar overlapping P OEESVBER240%s
to Conparative Exanple 2 5 were found after each processing step (see table
4). Conpar ¥Q 3084/B37aHp| e 3 Thi s exanpl e examni nes |ithogr aphimusedsaederr of t he

10 substr at e/ undefdayry dideragll paglesyat ortingurs fodidand ekpysute enangy t hr ough a
re- work cycle. This exanple utilizes a 193 nm exposure wavel ength to i mage

t he i magi ng CRGRIoNsIaH P deppe HaL/SPAER PRI WarR feteiMired OB AFESE- was
foll onwed w tsgcgaﬁilt Egkk@#m gwpti on: The underl ayer used in this
I 9 -51-

exanpl e was and coated to a filmthickness after cure of
4000 A. The cure process for the underlayer was 205 C for 105 seconds. The
i magi ng Layer wused jn. this exanpl e was T%S,193,1L-51- 23 and coating to a
filmthi ekness df aﬁ%‘ﬁ@”ﬁ%ﬁ‘?@?’n BaRIVat. of Ahe IpaaINORYRIMAEIEPBE &Pty processes
were carri eqy; ' : [ ations on
this track qé‘%%hg?gg@a% %\q‘ghﬁﬁgﬁ?\o&xﬁ?ﬁqéygg{p&%l}jﬁﬁhmggﬁgg%rogésig?hr ough a
bright fi elashdndesthseinedspimeains euer ASkEinbe of @Rp oS lrestrepgies avd focabnvent i onal
illumnation wi,th a umerigal ertyre of 0.63 and sigma of 0.5. This

st epper was ROSHtANS: dPripBuisSeR &6t i on | ensos. 25 30 13 DECENBER 2006 WO
2004/ 027518 PCT/ US2003/ 029677 Feature side wall angles at optinum focus and
exposure energy conditions for 150nm dense |ine/space pairs were determ ned
on a cr 68s- Bamplesa0-2200 JFM 6401 F SEM 5 In addition, top down analysis
of the imaging | ayer was done on a Hitachi 9200 SEMto determ ne inaged

di rensions for 150 nmisolated and dense |line/space pairs over a range of

%f’g;”r e energi esTdyd dRffples BRRIIdd HSinfiliéicd SddHyRratfsh dakd € 5. 10 Exanpl es

temperatures on equal line/space image quality after 193 nm bi-layer
imaging layer rework. A mixture of 69.5 wt.% PGME, 29.5 wt.% PGMEA,

15 and 1 wt.% MPK was used as imaging layer removal solvent.

Processes as described in comparative example 3 were followed

with the following exception: the imaging layer of the
substrate/underlayer/imaging layer stack was removed with rework in
General Procedure 1 and re-imaging before inspection was done following

20 the substrate/underlayer/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 "

Comp 1 none E

20 90 seconds @ 105 °C i

21 90 seconds @ 150 °C e

22 90 seconds @ 180 °C b

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

equivalent to 90° angle
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These exanpl es studied the influence of dehydration bake teM3IRAEMBRER 06
equal line/space image quality after 193 nmbi-layer imaging |ayer rework.
A m xture of 8@ - % PGVE, 29.5 wt. % PGVEA, 15 and 1 WpcHo\Bkosiwass7eised as

i magi ng | ayer re al solyent. Processes, as described in cogparative
e B o T oehas S YRR Dotk teiRalobie ARove e SOIRG R ayer of
the substrabp{Hegaivesarsel ﬁiﬂﬁid%d' @é%ﬁdéké%rdﬂ?e% 6ﬁﬁ€‘f§Qm‘éfng rework in

General Procedure 1 and re-imagi ng before inspection was dofie follow ng 20
t he substr at lruplées.ayer/i magi ng | ayer stack preparation starting with the
I magi ng | ayer coating step. Table 5: Influence of dehydration bake

tenperature on image sidewall profile Exanple dehydration bake 150 nmline

profile &# cgﬁgggq' leng rating 1~) Conp 1 none 20 90 seconds @105 C *** 21
90 seconds * 22 90 seconds -@80 C **** 25 profile rating of side

wal | angel of dense 140 nmtrench. ***** js equivalent to 90 angle 31 13

bake tenperat ur o MISVACTTR S, hRARIC Beti ! A TRRRER BRI ouea (he

si dewal | pr ofpdrations fore19BnimBidager Sjsteint U Afixtufe 5x80Bl\et RPENE exanpl e
studi es |ithographic behavior after nultiple rework operations for a 193 nm

bi -1 ayer sysZ®mWibRMRA avd bt S0 MPKovaevised a9irsaging Jayenvemovahd 1 wt . %
MPK was 1t0sed§§\2 ['imagi ng |layer renoval 10 solvent. The i nages were generated
in the sane eF1t|’ as in exanples 16-

The images were generated in the same manner as in examples 16-
18 using a dehydration bake process of hot plate baking at 180°C for 90
seconds.
15
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
20 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.
25
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).

30 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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18 using a dehydration bake process of hot plate baking at 18HXPEGEMBER 2006
seconds. 15 Overl appi ng exposure latitude (EL) was defined as the percent of
over or un¥Er200xpsisre that can be tolerated in the i mnageCyamn20@i020577
process whi[gof@th degsg and isolated targgig dFR[Y € S1 zes of | 150 nm

| ine/space pairs resulted in actual image dizes in the range pf 135 and 165
20 rim Sinf4mes oy8i%apping Depth of Fod l!DSOi{fimFl) is definefl as the

al | owabl e defeeal—+ahge J|"Cou'Jrl.l‘rlu HA-—135—+t¢ Am-+-sol-at-ed—and dense

| i ne/ space p%?ﬁbp%esi n | RePi magi ng | ayer. An Q\peq?%lﬂﬁ\ ng process|w ndow is
defined as fB@napfLa PPog focus/exposure gragm{pgf resurts inj 135 to 165 nm
i sol ated and _dense line/space pairs in thelinmaging |layer. 25 Re-work,
re-inmagi ng, and inspectlon was done a total of three tinmes. Simlar

over | appi ng process w ndows to conparative exarrpl e 3 were found after each

proce55| ng step ( le 6 30 Tabl e 6; erla Focus/ Exposure

w ndows after \SE‘B‘F %%OV&)QP tdieﬁﬁgb%{)/ %B&g 'ﬁ@"]ixposure

Over | appi ng d%%?dlarﬂf #IEWOF 9entiad, it idds b@%éarg}pﬁnweré@@ﬁ)th%thé%%@\/BER 2006
WO 2004/ 027518 PCT/ U82003/ 029677 none 8% 0.0 times 8% 0.033 pm 2

times 8% 0. B8 susceptiole fh@gusmfm%cthmeﬂﬁpwrmt tbanr@ sHilleshindhe adescr i bed
sever al ts in ord u nt i to.be clearly
understog’d ?ﬂ}ﬁre Ye: ‘Qﬁr‘fig r"\ﬂs 6%58}%7'%@0 ﬂae ﬁﬁ%’é‘?&‘ﬁ?""é‘rﬂ?ﬁg‘i‘?c&m rent to
one skilled g ihteAdasishow alleHatgesaindyRodficamdndihafcoPeifittih td ed to the
details shown and described but intend to show all changes and

modi fi cat i orgcopkeaf the smppanded alairme.
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scope of the appended clains. 33 13 DECEMBER 2006 WD 2004/027518

PCT/ US2003/ 029677 WHAT IS CLAIMED IS: 1. A rework process f &} DEERMBFRE0%h
i magi ng |l ayer froma substrate stack, the stack conprising a substrate, an
organi ¢ uw@eiobayess 5 adjacent to sai d substrate, and arpgImESHOOZOR6TTEN

conpri sing w}hm-qg ci m@ .to said organic underlayer, said process
conprising the steps o contacting said substrate stack with an

i magi ng | ayer renoval solvent 10 (b) renoving said inmaging layer with said
i magi ng | ay sol vent thereb anlc

al for
subst r at e/ uﬁde r\ér""%rkféﬂcesﬁl\fﬁéfeﬁ'ﬂﬂv' W@@%[}Yﬁéy@m Peroval solvent is
sel ected fr @Ubétlf@te ga&unhégwéédnﬂ .&f(ﬁﬁ a sq)b\.fﬁgor mnIMWereSt ers,

| act ates, di nethyl sul foxi de (DVS nmet hy
tetr ahyd5 of adjaceqTteryaidraaibisirate, @mdaﬂ'fymag‘lmg tayer dooxuiséng silieema hyd ropyra n,

et hyl tetrahydro acetate et rah dro ran-A4-

et ahyar opgHiAiFaat breaid praapp ndelayel said Siarare GoaPlel deFergof

conbi nati ons thereof; and (c) renoving said i maging | ayer renoval solvent
fromsaid organic 20 substrat e/ under| ayer stack after said inaging layer is
removed. 2. (dhe comtackingsaitksebsirate istaak with ahdmegingslayer emevalate i s
selected fromt Igsh%b up consisting of: silicon, nitrides, oxides,
oxynitrides, gani c derivatives of silicon, coatings of nitrides,

met al s, 1d)OWE$) dl eeRBUINGCs 1@ AhbGBg. lagar e saidlj méma bHPgAbEAl, | ow-k organic
mat er i aI S, ((:ar bon- dop egcsm | i cog gcaféi:))fon dop edﬁ?)?l ,yand anij conbi nati ons

thereof. 30 3. Tﬁ@lveamebywéyag an Qfgammsybsma/@mﬂﬁrweds rlayer is one

or more organi ¢ fud 0% s4id imdgig trydiremiovaPsolvent is selected from the

group consisting of: glycol ethers, ketones, esters, lactates,
dimethylsulfoxide (DMSO), dimethylformamide (DMF),
15 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; and

(c)  removing said imaging layer removal solvent from said organic

20 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,
25 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.

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

more organic films.
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WD 2004/ 027518 PCTI US2003/ 029677 4. The rework process of cl alhPECEMBER20QP
said imaging layer is a chemcally anplified photoresist. 5. The rework
process of W€l 2404921518wherein said i magi ng | ayer on said Pcaasdesabs7st ack

has not beegﬁ expeﬁ]%q.emﬂ{ @"ycgéigfdaﬁn 1T%e{£&ﬁfa%?l E‘éﬁggﬁégkai m 1, wherein

said i magi ng | ayer on sai rate stac 0 a radiation
source and a decheoyeally ahtplified Phetoresist.k process of claim 1, wherein said
i magi ng | ayer renoval solvent is selected fromthe group consisting of:
ket ones, esters, 2- heptanone, nethyl propyl ketone, PGVE, PQVEA, ethyl

lactate, crsc'oh%m%r%r&egybfe@%gggvhér@ihr%%ﬁﬂ%iﬁg@erwwp By The

t et rahydr of uran, gl ycol no ethers, any c t hereo

rewor k pvocess ofsubstiatestackihas rotrbesi dxposrgi togadiajien. r enoval sol vent is
selected fromthe group consisting of: 2-heptanone, cyclohexanone, n-butyl
acetate, PQVE, PGVEA, ketone m xtures 20 where the ketone conprises greater

than 50% of gt he HiRYeMrt BiXREss 'b?HFéYrﬁ't%\ﬂ{éf@iﬂtsaicglrb{&@hg?%&dﬂ@eﬁ& sol vent

where the glycol nono ether solvent conprises greater n 50% of the

i magi ng | ayer r enbstidtesshhackelnas been sapgseart tand gadiation souncesandfa ket ones,

gl ycol nmono ethers,, and gl ycol nonoether esters, and any conbi nations
thereof. 25 9. Fﬁgépgﬁbrk process of claim1, wherein said inmaging |ayer
renoval {gsol vent is selected fromthe group consisting of: 2-heptanone,
cycl ohexanone, n-butyl acetate, PGQVE, PGVEA, a solvent m xture conprising
about 70% t @. aboUthedewokic pravesaof clavout, Wiereinsaid iuagiag Iagreasvat e, a

sol vent m xture conprisin bqut 7Q% to about.95% _.gl ycol nobnoet her and 5%

Lo about  30% | acCRMEN & sledefron e obuP SARsISIEn of aiBtes S5 S0 Zabout 70%

gl ycol nonoet her hepltghone, Mty Propgyl KeSAVBIEMEOPEMEA, ethyl lactate,
cyclohexanone, n-butyl acetate, tetrahydrofuran, methyl

15 tetrahydrofuran, glycol mono ethers, and any combinations thereof.

8. 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, 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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WD 2004/ 027518 PCT/ US2003/ 029677 about 20% ket one, and about 5858 About 35%
gl ycol nonoether ester, and any conbinations thereof. 10. The rework
process ofwolad4m2is518wherein the contacting step of step PET(mpoGM28arri ed

out by a nmeans seliRfk oo h 1S f oyl i

di sposition on a tracg,gka&%%%ygg%%gpﬁgl‘?@% @%g?gg?o. g'ﬁ{)%‘é@?@\%rk process
of claim 10, wheresiter, aad@nyaonauinationsibensofi s di sposition on a track and
sai d substrate stack has an orientation 10 selected fromthe group

consisting of: parallel, perpendicular, or angled with respect to a floor.

12. The re pr ' Wwherei iHd A j val
sol vent ismgfpdp(il i eﬁﬂ&f( ﬁ]‘géc?@s%fljoé%lpﬂg’ \?b%%ﬁ?ﬂ% égdr}ﬁﬁ%tﬂ@o%\s gatfis{t] of: 15

streami n®, sprayi(@yis cardedioyt bpabineans selectest fearh.thé grodimeonsisbing ofir ocess of
claim1l, wherein_sai d.suastra e stack i[S( ?Egptatin on said trgck, static on

said track, and dMMLSIAN: ASPPSHONALR LIGC 30y cembinAtiAy WefRAcess of clai m

1, wherein said imaging | ayer renoval solvent contacts said imagi ng | ayer
for about 30 seconds to about 5 mnutes. 25 15. The rework process of claim
1, wherein sHi.d i Hgyfavprk gyecesseofmlaim 168 ovkerein said contantingrmeans ibet ween

shout 19C 10 800Ul g5t o105 SAPESLREHSE ShothBbArrlSish D, ¢

renoval step of 1

consi st iypg of : smélé&t@afron%er%milpr&nsmmgwy 8081 pafgerifcdifeogof . 36 13
DECEMBER 2006 WD 20041027518 PCTI US2003/ 029677 17. The rework process of

clai m 16, wher ei rAngiediwgbiraspery ter@afteor. conpri ses spi nni ng sai d
substrat e/ underl ayer stack at about 1000 rpmto about 5000 rpm for about 10
seconds to about 120 seconds. 5 18. The rework process of claim 16, wherein

sai d rinsi ngpareanphe rework process of claim 11, wherein said imaging layer removal
solvent is applied by a method selected from the group consisting of:
15 streaming, spraying, and any combination thereof.

13.  The rework process of claim 11, wherein said substrate stack is
rotating on said track, static on said track, and any combination
thereof.

20

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.

25 15.  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,

30 rinsing, and any combinations thereof.
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cbrrpri ses water rinsing, additional imaging |ayer renmoval solW&RCEMBERSI0NE
or any conbi nations thereof. 19. The rework process of claiml1, further

conpri si ngodobpa27sisep (c), a 10 step of renoving any resigtsdooieber,

resi dual solyent nd onbi nati gns .t hereof from.the. substrate/underl ayer
stack by a l1kanghgé?weﬁ%ﬂrqcﬁﬁﬁogﬁ%’@rﬁu&’?’&’ﬂgisﬂé AG'NBING QI§ARSdr yi ng,

anbi ent air drytogpribekisphnidd 84idnibBtraRfurRIERayar St bg stack, and
any conbi nations thgreof.ﬁ15 Zdo The rework progess ()cg(aééleagbf#]t?ge)gmherei n

sai d baki ng neangm4o abeut60@Q rpmder abeutgilotgrondsdp abioud 180:sesopds.baki ng,
hot pl ate baking, infrared baking, and any conbinations thereof. 20 21. The
rework process of claim20, wherein said baking is carried out at a

t enper at8ir e 18et WEFas reWotk piddess D1 dIAN56, whereif Jaid AASharRkans magi ng rewor k
process for correcting one or nore defects on an inaging |ayer on a

substrate stack, CeRPHSEs MAtenliRsiBg s2dditiorml invaging dayey remausd splyest an or gani c
under | ayer adj acgpt..i0 | , an i magi ng | ayer conprising
FpgCoEahf B PR gt -

silicon adjacent ayer, process conprising the steps of:
(a) contacting said substrate stack with an imaging | ayer renoval 30

sol vent selected_fromthe group consisting of: glycol ethers, ketones,
esters, |actlt esThﬁirﬁwpﬁypmeﬁﬁﬂf&@”(ﬂv@@%?efcﬁqmﬂ*ﬁmg G¥tenatape(c).VF) |

t et r ahy4s of ur an  refRVN, r - ] r ahydr opyr an,

et hyl tfe'?rahydr oég/grazarf-r&- acétda?éﬁtrér%‘{aﬁ%"?{tg{'3§?{9Q?§%@9§% %ﬁﬁet hanol , 37 13

DECEMBER 2006 \\eo2bivHtdndtheraETiodsiR0SURatE indetawnstacioly an- 4- one,
n- butyl acetate, n-anyl acetz%te, and any conbinations thereof; (b) renoving

sai d i maging | ayBteanstselacted fiar dhagraupeansisting Rl sPigsinvieg: ambiiteby f or mi ng
P on ST e PGSRl ool 6ha SGTRLA BRoR dabiTih 0 | V"
any combinations thereof.
16
20. The rework process of claim 19, wherein said baking means is
selected from the group consisting of: oven baking, hot plate baking,

infrared baking, and any combinations thereof.

20 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
25 comprising a substrate, an organic underlayer adjacent to said substrate,

and an imaging layer comprising silicon adjacent to said underlayer, said

process comprising the steps of:

(@)  contacting said substrate stack with an imaging layer removal

30 solvent selected from the group consisting of: glycol ethers, ketones,
esters, lactates, dimethylsulfoxide (DMSO), dimethylformamide (DMF),
tetrahydrofuran (THF), methyl tetrahydrofuran, dioxane, tetrahydropyran,
ethyl tetrahydropyran-4-acetate, methyl tetrahydropyran-4-methanol,
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substrate/underl ayer stack after said imaging layer is renmovetdPRGRMRERA9%Rg
sai d substrate/under|ayer stack with a new imaging layer; (e) exposing said

ngzgna_?_i]g,g?!z@%ﬁ& e radi ati on; and (d) devel oping said g)f//dmz%g 0%174 ayer.

ographi ¢ i magi ng rework E@é)cess of claim rein said 15
substrate is sel é@iréBY¢TtQPNTQmé Qﬂe(ntﬂlpbldiu afateng-amyl adetatepandranyr i des,

oxi des, oxynitri d&ﬁ“b'haﬂé gterl vatives of silicon, coatings of
nitri des, net al s ¢7% ¢ coat i ngs, lowk organic material,

copper, al uni num(bounmmln@eahqma@mgaﬁ exivth, sa¢carnb@gin§9@ﬁ§i refidvafon. and
any conbi nations thereof 20 24. The Ilthogra hic imag 8 rewor k process of
a

claim 22, wherei e, therely fosgung i saerQHBIC maéﬁ/gade yerstack; 25 The

1\ hoar aghi ¢ | g @HINnPLSRTR GG B8l frdval SR ol FRep g S
rework process ofswsaam/ﬂﬁdemratableaﬁt@l' sanma@ggllayarnsaemaed substrate

stack has not been exposed to. radiation. . The | ithographic imagi ng
rewor k process of(gz:l al‘?ﬂag'ﬁ‘g mﬁebﬂr%tsltwderlﬁw $tgck withra pawSEIaging lyefat e

stack has been e er. 38 13
DECEMBER 2006 Q?oow’@?@'fé%%smﬂg%&%g%&aﬁﬁ’\(% hogr aphi ¢ i magi ng
rewor k process of(dyl aidevelpingeaid mewandgingragemg | ayer renoval solvent is
sel ect ea fromthe group consisting of: ketones, esters, 2-heptanone, nethyl
propyl one, PQVE, 5 PGQVEA, ethyl |actate, cycl ohexanone, n-butyl acetate,

tetrahydrofuran, nethyl tetrahydrofuran, glycol nono ethers, and any
conbi nati ons thereof,

23. The lithographic imaging rework process of claim 22, wherein said
15 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.
20
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
25 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.

30

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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29. The lithographic inmaging rework process of claim 22, wher ¥ PEGENBER 3496
I mging | ayer renoval solvent is selected fromthe group consisting of:

2- hept anon@0 094020518xanone, n-butyl acetate, PGVE, PGVEAPCTIUSZMSM2967%kt ur es
where the ketone conprises greater than 50% of the inaging |ayer renoval
sol vent, glycol npno ether solvent where the glycol nono ether solvent
conpri ses gré&t er Thadithogwaphie impginggewadgpiogesapecelain @y wheseinsaid | ternary

hi gh ' s of. D0 , h
cstore, and any  TRnd T TEmoydl A5 BT 0eRle i 480 B ERG 7 evor i
process of clai m 3R kewyseiestesd Zhe@non@gnathyl Byl ketepeaPGMiEvent is

sel ected fromthe_group consisting of: 2-heptanone, cyclohexanone, n-butyl
acet at e, PGVE, Pd?/%ME . ety lastate ngyelahexapenpri-biiv ageleie, 70% t o about 90%

ket one and about % S ] r i Si ng
about 70%to aboheﬁ%%?%ﬁ?“%%éﬁ@f&g%g%@ {'acl)ﬁgﬁ%ﬁ é@%‘ﬁlﬁa‘@%ﬁ%, a 25
sol vent m xture coombirgtiogs dlseneof 50% t o about 70% gl ycol nonoet her, about 1

%to about 20% ket one, and about 5% to about 35% glycol nonoether ester,
and any conbi nations thereof. 31. The |ithographic inmaging rework process of

claim 22, whgpel ”Tﬁéiliﬂhoeq?gpﬁie%%gfd'sqﬂﬂwéwﬂro%feséto‘FBIaﬁlﬂ)zi WHeALih! Sk out by a
nmeans sel ected from group consisting of: 1mersion, disposition on a
track, at@ any cindgingtaysr reimavabdolvelf isl SelbEfSAMBNR tRO @oup\ED XIS P27518
PCT/ US2003/ 029677 .. The lithographic imgjng, rework ocess of claim 31,
wherein said conP'ér'i"?@faH@Bﬁscho%éﬁ%'ﬁrt'?’ng’bﬁC%"afer:A%éMgm%@ﬁEﬁ“subst rate
stack has an ori i 1S bl ‘~fparal |l el
per pendi cul ar, or Rggﬁgfgerﬁ&tw&?h%f%é% Q%ghg%foﬁ‘odg}ré.gs?qgﬁéﬁdgg?%hcggr aphi c
i magi ng rework prtiecistaging ¢ yer mei3dyahsobresit glgeol dnonoretiien golvepewheesrov al
solvent is appli eﬂmebglygolnn%wg%tﬁeerl s%?vte%gcg&%rr?ses greater than 50% of the

15 imaging layer removal solvent, ternary or higher mixtures of ketones,

glycol mono ethers, and glycol monoether esters, and any

combinations thereof.

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

20 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% lactate, a solvent mixture comprising about
70% to about 95% glycol monoether and 5% to about 30% lactate, a

25 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
30 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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the group consisting of: stream ng, spraying, and any conbi nat P3AFCEMRRR.2106
10 34. The lithographic imging rewrk process of claim32, wherein said
substrate SWAGRN4027718t ati ng on said track, static on sai dptragkeos@assrany

corbi nati on gher ephe n_a%gr;bﬁicliﬂnhgm@n@ww@Pim’srw clANPEK vﬂﬁé}@ﬁ?sa-aiaf claim
22, wherein said 15 inmaging layer “renoval solvent contacts said I magi ng
| ayer for about gGOntaestingdseans ialiiaposiioniotua dérackamd sid substratgradathk ¢ | magi ng

rewor k process of ' er gl id .imging |ayer renopval. sol vent has
a tenperature bet Qé%%h%ﬁ%pat@bée‘i%%eﬁgro%&ﬁ gg)_é)@gc?f?{&'ﬂge‘%t Pl aphi ¢

i magi ng rework prpegrhdidulsl ar Bhdldd witefedpactrl 8l flobenoval step of step (c)
conprises_a neans sel ected fromthe group consisting of: spinning, rinsing,

and any @nbi nations thereof. 25 38. The Ii t hogr aphi ¢ i magi ng rework process

of claim 37, er eL.n sal .nni [ .SDL NN '

substrat e/ un ‘Méﬁ aﬂa‘g I'@a‘ﬂepﬁfgt'%gé%%ggp?%%%o&g%ﬁﬁ%d@%?%ﬁgr about 10

seconds to about iMagingdaprdenmiNabsolvdiitds labplied bgrhinethdtpselastetigshk process

of claim37, wherein said rinsing nmeans conprises water rinsi ng, addi ti onal
Pl

i magi ng | ayer reth®/aloupotansigtingidisstrepmingdsiaying @pdrany ensbinaierof . 40 13
DECEMBER 2006 \Aot*‘?elqgé\fh027518 PCT/ US2003/ 029677 40. The |ithographic imaging
rework process of cldrm?22, further conprising after step (c), a step of

renmovi ngi@ny34esi Whé“itw\?raf)hic imagirduelwosk brsdtiss cfithieoBDRivitedrepnsaitiher eof
fromthe 5 substrate/underl ayer stack. 41. The |ithographic inmaging rework
process of clai m 2gbstierdacK isdptating£s) sRidtragkt satic cassa ack ANLARY and any

conbi nation theregf dshation thereof.

35.  The lithographic imaging rework process of claim 22, wherein said
15 imaging layer removal solvent contacts said imaging layer for about

30 seconds to about 5 minutes.

- 36.  The lithographic imaging rework process of claim 22, wherein said
imaging layer removal solvent has a temperature between about
20 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.

25
38. The lithographic imaging rework process of claim 37, wherein said
spinning means comprises spinning said substrate/underlayer stack
at about 1000 rpm to about 5000 rpm for about 10 seconds to about
120 seconds
30

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

removal solvent rinsing, and any combinations thereof.
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removed from said substrate/underlayer stack by a nmeans sel ect'd REEEMEERA0P$ e
group consistin spin drying, anbient air drying, baking, flowng of a
gas over a YS@pe0 3@675& sai d stack, and any conbi nations theresioosdRds77The

l'i t hographi ¢ imaging rework process of claim4l, wherein said 15 baking
means i s selected_fromthe group consisting of: oven bakin hot pl ate

baki ng, i nf r4f-ed BB‘RJ'H‘@QFW im3ging reVAHt Piocess hbelain 22481 r ewor k

process of claim4 i t nper at ur e
Petveen about - 100C3RY OBhERr SHrYen HHE% ieiRbisS f*és'ﬁ}aw%t%ﬁmk pr acess
of claim 22, V\:hermslidlmlsdlvehEWndmmaah@‘}eﬁmeﬁ@fﬁmrﬁ@h?e silicon. 45. The

| i t hographi c i magi ng .r ewor rocess of claim 22, further 25 conpri sing,

after st (d), t‘ﬁ‘ébséfeé‘ﬁ/uﬁ '$Pdai d new i magi ng layer. 46. The

|'i t hographic i magi ng rework process of claim45, wherein said baking step
is carried out for between about 30 seconds to about 120 seconds. 30 47.
The 1ithogradphi c Thajgthugraghvicirkagingeewsriopracksas wf &imwile whencipadaid baki ng
step is done at a te erature het en about 90C to about 150C, 41 13
DECEMBER 2006 WEIETL Eo e SQMsIS by carmbinadent hel&sisphi ¢ i magi ng

rework process of é\ké‘a ég,z,gé’&}?%&bﬁ hﬁi\deﬂﬁy%r' SBEk Bg a A¥Ehs isBidqpsed

i magewi se, in step ograp I nagl rewor K process of
cl ai m 2210 wher ei nfremi tthe gradp abnsisting oﬂspm/értynfg @mrnkaemtaair dtyiirog tmmrrg;e

sel ected fromthe roup consi stin h pressure nercur Kr F
exci ner | aser, WBGSfR93% guRlra g'é'?%%q Pt)gﬁ'ﬁééﬁ'ﬁ ﬁnge%'ﬂ}' 'Qﬁ o

conbi nati ons therﬁgreoflo 50. The |ithographic imagi ng rework process of
claim 22, wherein sard radiation has a wavel ength of about 248 nm or |ess.

42.  The lithographic imaging rework process of claim 41, wherein said
15 baking means is selected from the group consisting of: oven baking,

hot plate baking, infrared baking, and any combinations thereof.

43. The rework process of claim 42, wherein said baking is carried out at
a temperature between about 100°C and 205°C.
20
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

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

46.  The lithographic imaging rework process of claim 45, wherein said
baking step is carried out for between about 30 seconds to about
120 seconds.
30
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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51. The lithographic inmaging rework process of claimb50, wher P PESEMPER 2006
radi ati on has a wavel ength of 193 nmor 248 nm 15 52. The |ithographic

i magi ng reWS? ROWOFESs of claim 22, further conprising, BELES2008/€617), the
step of baking said exposed new |magi ng layer. 20 53. The |ithographic

i magi ng rewor k pr_?ceﬁépof claim52, wherein said baking step is carried out
for between 4bout 1l grarhi¢ tnagiBarewark p@é@%e&damﬂm@er@m ﬁ@{ﬁ aphi c

i mgi ng rework pr di king step is done at
a tenperature bet%@ﬁﬁg@ﬁwg?é@%&%?gpgﬁéﬁrﬁé%@%, 'ESS%;DF “l'i thographi c imaging
rework process of claim?22, wherein said devel opi ng step (f) conprises the
use of a ou | ine 30.solution d veI e lithogragphic

i magi ng Bev\g‘ﬁ J@&?@‘"Qﬁf’de IGiAGHNY (RYERTE PFO S(Pf %m&i}wﬁrﬁm g@ia sol ution
devel oper corrprl S S DERMRERe 4/ 027518
PCT/ US2003/ 029677 s'f‘@?ﬁﬁé’%%‘”m“tbh’gagﬁgﬁﬁ‘)@gﬁs. StING 6 o o et bRl

silicates, phospd:mtmlngmidhighipiessureanbmmm Iasnp,tb@’FrexcerhkylaaemAnFum

hydr oxi des tetranmeth mmnl um h groxi de (TMAH), a nmbi nati ons
ther aof 8 57 A DIk ABRD I oAt Tangaith bty S G Ai2ps the Edin
substrat estack, said stack conprising a substrate, an underlayer adjacent
to said substrate, and an imging | ayer conprising silicon adjacent to said
under | ay@r, 5&i d 'ﬁln@litlr@grapiﬁqbimaging rewerlsprogsss bf clain QQ) wherginsigichg sai d

substrate stack V\#athat%rr]\ has g/ele%?h oF egmutai48 r?n(% ovr ess

51. The lithographic imaging rework process of claim 50, wherein said
radiation has a wavelength of 193 nm or 248 nm.
15
52. The lithographic imaging rework process of claim 22, further
comprising, after step (e), the step of baking said exposed new
imaging layer.

20 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
25 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

30 solution developer.

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

aqueous alkaline solution developer comprises agueous solutions
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(b) removing said imaging layer with said imaging |ayer renovags DEéEMBEthoos
thereby form ng an organl c substrate/underl ayer stack, wherein 15 said

I magi ng lﬂ%’?’ 00% %‘ﬁ solvent is selected fromthe group con3| sti ngj of :
e

| | t | t at
gl )r/r;?hyl f or mam d«,§ rg't%e %?aﬁ{%géPﬁﬁgﬁnq ?hgkaqei‘@?k‘%}lsqlc Sahydr of ur an,

di oxane, tet rahymFﬁa{as Rydishices! EABAERRY o dhpaRimbAunTe! Y|

t et rahydr opyr an- hanol ,” t et rahydropyr an- 4- one utyl acetate, n 20
anyl acetate, andﬂydrqxldﬂmmtmeﬁwiamh‘@nwm hydroxide (EVIAG) sandi anyagi ng | ayer
renoval sol vent fror‘g@ld F\ganl C substrat e/ underl ayer stack with a rinse
solution after s&CH% 3 renoved; and (d) baking said organic
substrat g/ under| ayer stack to rem)ve said 25 rinse solution. 58. The rework
process of claim57, wherein said substrate is selected fromthe group
consi sting di7. siA rewerk processifoy, relmvn‘@san mqgmgﬂa)dmfromfa) i nor gani ¢

d t f f t t di.el ect

cont i ngs. T upRTalesRtk. shEFuePRRoMosgra STRurtR A e ik eAI86E bon doped
oxi de, car bap-saePssbhgttdte camd aﬁﬂﬁhagﬁ? lag&éd Tﬁﬁilﬁg%llkbﬁraﬁ?écerﬂfio §8idPECEMBER
2006 WD 2004/ 027518 PCT/ US2003/ 029677 59. rewor k process of claimb57,

wher ei n sai dindedayeapaid PEcese comprisingthersieps effi Il ms. 5 60. The rework
process ﬁf claim57, wherein said imaging layer is a chemcally anplified
phot or e; 61. The rework process of claim57, wherein said inmaging | ayer

on said sulla;rat@nﬁamlgskmasuagtr@t@esiaa«mﬁ%mmgwgila%lrmmﬂ;@i 62. The
rework process of claim57, wherein said inmaging |ayer on said substrate

stack has b&®iVesposed to a radiation source and a devel oper.
(b)  removing said imaging layer with said imaging layer removal
solvent thereby forming an organic substrate/underiayer stack, wherein
15 said 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, tetrahydropyran, ethyl tetrahydropyran-4-acetate, methyl
tetrahydropyran-4-methanol, tetrahydropyran-4-one, n-butyl acetate, n-
20 amyl acetate, and any combinations thereof;
(c) rinsing said imaging layer removal solvent from said organic
substrate/underlayer stack with a rinse solution after said imaging layer is
removed; and
(d)  baking said organic substrate/underlayer stack to remove said

25 rinse solution.

58. The rework process of claim 57, wherein said substrate is selected
from the group consisting of: silicon, nitrides, oxides, oxynitrides,
30 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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15 63. The rework process of claim57, wherein said i maging | B/RFCFMAER 3006
solvent is selected fromthe group consisting of: ketones, esters, 2-

hept anone, wipeiobwd27su80py! ket one, PGVE, PGQVEA, et hyl | act @icayus200sne0r¢xanone,
n-butyl acetate, tetrahydrofuran, nethyl tetrahydrofuran, glycol nono

et hers, and any conbi nations thereof. 20 64. The rework process of claim
57, wher ei n 2% d Thedgwegk PESassIaf wiRim 57, swhereint said updedayesds ongmrt he gr oup
consi sting of: 2- t&agﬁ@,f-lmgyclohexanone, n-butyl acetate, PGVE, PGVEA,
ket one m xtures Srethe ketone conprises greater than 50% of the imaging
| ayer 25 renoval solvent, glycol nono ether solvent where the glycol nono
et her sogveﬁtgaco ri ses greater t han 50% of the i.mm in,% | ayer, renoval

sol vent , 2t edfar y 16 1RWRE Progess ‘6?5&&@{8@,3%‘1’9'869‘ SdAYE ishers, and

gl ycol nonoet her C@?“ﬁ@ &ﬂﬁlif@@’pﬁ&méﬂﬁ“ ons thereof. 30 65. The rework
) rel

process of claim said rmagi ng |layer renoval solvent is selected
fromthe group consisting of: 2-heptanone, cyclohexanone, n-butyl acetate,

PGVE, PGQVEA, a sqolvent m xture conmmrising about 70% to about 90% ket one and
about 10%tc531ab08‘1the4@“ﬁ mﬁ% gf\)\%@z’étﬁ‘@% B3gingceyeIInealdo29677 30%

lactate, a sol venygiiaigok AR o bBEn ahRMed RYfdehout 95% gl ycol

nonoet her and 5% to about actate, a solvent mxture conprising about
50%to &Bout 70% gl ycol nonoether, about 1 %to about 20% ket one, and about

5% to about 35% | ther 5 ester, and. any combinati t her eof . 66.
The rewor k. fbceENaTRPAYGSRS QURAE i Heloi SRS FOPErBgaehon £ | ses

he Proce . _ pYE) Ot E8lepr
rinsing sald sUbsLpSHSIAGEK hakbech Aot tdaiallion spARid ADEL | Mgl no

| ayer renoval solvent, or any conbinations ereo r ewor k
process of clai mde¥elopeer ei n sai d baking step (d) conprises a baking neans
selected fromthe group consisting of:
15 63. The rework process of claim 57, wherein said imaging layer removal
solvent is selected from the group consisting of: ketones, esters, 2-
heptanone, methyl propyl ketone, PGME, PGMEA, ethyl lactate,
cyclohexanone, n-butyl acetate, tetrahydrofuran, methy!
tetrahydrofuran, glycol mono ethers, and any combinations thereof.
20
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
25 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,

30 65. The rework process of claim 57, wherein said imaging layer removai
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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oven baking, hot plate baking, infrared baking, and any 15 cco¥REERMERR2006
thereof. 68. The rework process of claim57, wherein said baking step (d) is

carri ed oWwygahodobegper ature between about 100C to about péqassro034R9e4?
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

5 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

10 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

15 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.

20

45





