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devices (P. V. Robock and L. T. Nguyen, in R. Tummala and E. J. Rymaszewski,

ed., Microelectronics Packaging Handbook, Van Nostrand Reinhold, New York,

540, (1989)). Stress buffer coatings are formed on semiconductor devices in layers
2-25 microns thick using standard semiconductor industry methods using the

20  consecutive process steps of spin coating a stress buffer coating composition such
as those based on polyimide (K. Horie and T. Yamashita, ed., Photosensitive
Polyimides: Fundamentals and Applications, Technomic Publishing Co., Inc.,
Lancaster, PA, (1995) and R. Hopla, P. Falcigno, S. Hagen, J. Herbert, D. Huglin,
H.J. Kirner, T. Maw, A. Schaffner, W. Weber, and O. Rhode, Proceedings of The

25 10" ternational SPE Conference on Photopolymers, Mid-Hudson SPE, 1994, pp.
463-469) or polybenzoxazole (“A Novel Positive Working Photosensitive Polymer
For Semiconductor Surface Coating”, H. Makabe, T. Banba, and T. Hirano,
Journal of Photopolymer Science and Technology, Volume 10, Number 2(1997)
pp. 307-312) precursor polymers, edge bead removal, soft baking the wet coating

30 to yield arigid film that does not flow at room temperature, forming relief
structures in the film using a lithographic process, followed by final curing in an
oven or furnace at a temperature and time sufficient to convert the precursor into a
polyimide or polybenzoxazole stress buffer film. In the case of photosensitive

stress buffer compositions, the relief structures may be formed by direct
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the non-coated or bottom side of the wafer thereby contaminating the bottom and

edge of the wafer.

20

The presence of the edge bead causes difficulties in maintaining optimal

optical focus when step and repeat exposure tools, i.e., steppers, are used to image
the photosensitive coatings resulting in a loss in pattern resolution. Specifically, an
image that is in focus in the interior region of the wafer where no edge bead is

25  present is out of focus in the edge bead containing region resulting in poor pattern
definition and a consequent loss in manufacturing yield. Because the thick edge
bead has a greater optical absorbance than the remainder of the film, larger
exposure doses are required to form a latent image in the edge bead. Attempts to
image the edge bead result in an overexposure condition in the remainder of the

30  film resulting in poor pattern definition. Excess material on the wafer edge is
prone to chipping and thus produces particulate contamination that can adversely
affect the yield of processes. Excess material on the bottom side of wafers can
result in contamination of semiconductor device manufacturing equipment. Step
and repeat exposure tools are especially affected because the bottom side
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U S. Patent
showing a photoresist coating based on a composition containing a novolac resin

20  and an ortho-quinonediazide on a wafer substrate prior to the application of an
edge bead removal solvent. The essential features of Figure 1 are the substrate 1
and the coating 2 wherein 2b represents the coating that extends around the edge of
the substrate and 2c represents the coating that extends onto the edge of the
substrate bottom surface. Figure 3 of U.S. Patent No. 4,518,678, reproduced

25  herein as Figure 2, illustrates the result of performing an edge bead removal
process on the photoresist coating of Figure 1. The essential features of Figure 2
are the peripheral band of exposed substrate 1a on the upper surface of thé
substrate 1, the exposed substrate edge 1b, and the peripheral bottom edge of the
substrate ¢ from which bottom side resist contamination has been removed.

30

Several solvents and solvent mixtures have been described and employed
as edge bead removers for photoresists. For example, U.S. Patent No. 4,886,728
teaches the application of a mixture of ethyl lactate and methyl ethyl ketone as an
EBR solvent for removal of photoresist from the edge or bottom side of wafers.
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gamma- but yrol actone. U.S. Patent .. 6,015, 467 describes an _edge bead

removi ng prees¥eropionaty, apd @éﬁe@ﬁﬁllk Bt tesvihar AGYe garerqreyralarionss
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solvent composition that includes one of dipropylene glycol monoalkyl ether alone,

20  amixture of this ether and an easily volatile organic solvent, and a mixture of the
ether, a volatile organic solvent, and an alkaline aqueous solution. U.S. Patent No.
6,117,623 describes an EBR composition containing a lactone compound together
with a second solvent selected from the group consisting of an alkoxybenzene or
an aromatic alcohol with the preferred embodiment stated to be mixtures of

25  gamma-butyrolactone and anisole. U.S. Patent No. 6,159,646 teaches the use of
compositions containing ethyl lactate, ethyl 3-ethoxypropionate and gamma-
butyrolactone or a mixture of ethyl lactate and ethyl 3-ethoxypropionate or a
mixture of ethyl lactate and gamma-butyrolactone as preferred compositions for
use in a method for reworking photoresist coated wafers by dissolving the

30  photoresist coating from the entire area of the wafer. JP 10-097079 teaches the use
of an edge bead remover for photoresists comprising 60 — 90 % ethyl lactate and
10 — 40 % gamma-butyrolactone. JP 06-212193 claims solvent compositions
containing an alkyl lactate which could be methyl, ethyl, isopropyl, or butyl
lactates and further containing at least one of NMP, DMF, DMAc, methyl acetate,
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i mportance” and consequence is the fact at the edge bead renoyval
process requirements for processing standard photoresists, as descrlbed above in
the prior art, in several important ways. First, the solubility of the components of
stress buffer coating compositions is different than the solubility of the components

20  of photoresists. This solubility difference is particularly true relative to the
polymer components of stress buffer coating compositions compared to the
polymer components of photoresists. The polymers used in photoresist
compositions include cresol-formaldehyde novolacs, derivatized
polyhydroxystyrenes, and derivatized polyacrylate copolymers while stress buffer

25  coating compositions are based on polyarylamide derivatives and polyarylamide-
esters. Solvents used in photoresist compositions are typically esters and include

ethyl lactate, propylene glycol monomethyl ether acetate, and other solvents and

solvent mixtures with a boiling point range of 120-170 °C.

30 In general, photoresist solvents alone are not good solvents for stress buffer
coating compositions. Solvents used in stress buffer coating compositions are

typically polar, aprotic solvents with a boiling point range of 190-230 °C and are
exemplified by N-methylpyrollidone (NMP, boiling point 202 °C) and gamma-
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phot oresi st EBR processes are based on photoresist solvents, it is not

surprising that _difficulties occur when stress buffer cogﬁ?i ng EBR processes
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Phot or esi sts &%or mfirm non- Waovm ng filns during the spin coating process
t hr ough sohixetotthe difference in the volatility of the casting solvents. Since EBR
processing follows the spin coating process, the wet stress buffer coatings continue
to move during any of the substrate spinning operations that occur during the edge
20  bead removal process and this movement complicates the EBR process. Indeed,
after EBR solvent application has been completed, a shorter, lower spin speed
process cycle is frequently necessary to reduce the tendency of the dissolved stress
buffer coating material to move over the wafer edge and onto the bottom side of
the wafer.
25
EBR processing of stress buffer coatings present unique problems
compared to EBR processing of photoresists. In the case of photoresists, the front
edge bead can be removed leaving a clear clean outer edge of exposed wafer about
1-3 mm wide as illustrated in Figure 2. Because the wet stress buffer coating flows
30  during wafer spinning, the front side edge bead of stress buffer coating cannot be
completely removed during the edge bead removal process. Figure 3 is a cross-
sectional side view of a wafer that has been spin coated with stress buffer coating

composition and softbaked. The essential features of Figure 3 are the wafer 1 and
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substrat e spi nni ng operations that occur durin the ed bead renoval

process anﬂleﬁhb%raﬁm@@ré%fepﬁﬁlﬁiﬁﬂ@eﬁoégn& Wétﬁﬁﬁl OBt ’§e g"n 8, after EBR
sol vent apg hsGaL Roﬁﬂasﬁrég enm:e GLE8R ?oc%%‘?ﬁée 64 strdsOWefreSRhfins Peed
't sary t8 T e

process cycle is re uently ne e tendency of the

di ssol v&d fitni€eisso nﬁﬂiﬂlwthemagatwg impaeof te ddge hmdeomweffer preessafgemdedge and
onto the bottom si de of he vvaf? E@g roc of stress buffer
coati ngs pY’éE’el?ﬂ regmlag,gl ’(91511@?09 th@c?ﬁrﬁ%l rF%mE (t,lélglg?eﬁbasof

phot or esi Shémly | ubin§ ?ﬁkﬂgssm%&re ﬁﬁesﬁlnﬁ Jsfsi%!htwhi@éi&%m%?gd can be
g ac ear

renoved | eavi ean outer ge of osed wafer about 1-3 mm

wi de as i | basimmatoh fromRhegboord suBacaddle tubsiratet stress buffer coating
flows 30 during wafer spinning, the front side edge bead of stress buffer
coating cannot be conpletely renoved during the edge bead renpval process.

Figure;@ is a cfgsy ?%ge{d Qddnt SbSinio MYsBlved sierk BhffbhedatingamaBeRn Spin
coat ed W th stress 5 fer coating conposition and softbaked. The essenti al

f eat ur es ofenfsigruorethd vaafer fohan ewttmted perodioBting i0gIOBTE 31 bFbTygsn3L 03584 t he

t buf f t thiclk d
char actori 2Firetgm aiveded BERF ol SRLERSAL P b Betb e FERR AT, (e

extends ar QHRAattd e SI8EFighre 1 @seSde%ﬂa%ﬂ@EBR%nﬁﬁ)sﬁﬁﬁﬁﬁ@ﬁdésSa dohencoat i ng
t hat extends onto the edge of the substrate bottom surface. The goal of

EBR proces mlxtgredhafsd’rreegmrb apickly apddbusgewnts hagk sireanipe o Hherdisgelvede negati ve
t. of t h b f th
hrcknbSs GRERbAEHE DR PP aSs 2Rk e te et ulnd BEUENT TP

i ckKness

the thi Cknﬁ@a’ii 1emotSro&sss. Hf)wéﬂﬁ fakt d¥yiag 1@@&Shé)b1€1y\té'qduenfeﬁﬂ'dﬂﬂd’lg
contami nation fromthe bottom surface of the subsirate, 10 If an edge bead

sol vent coselagniiongoliprigeiciae mest kessirong eretehde aedusy thedhickness of the

edge bead and remove any small spots of coating material that has dried on the

backside side of the wafer. These small spots of material on the backside of the
20  wafer are formed by spattering of coating material during spin coating. These

small spots of material are not as soluble as the top side wet film due to convective

drying during wafer spinning.

Another important reason for having good solvency is the fact that the spin
25  coating and edge bead removal processes are performed in the same coating cup.
The use of solvents or solvent mixtures that are poor solvents can lead to a build-
up of residues in the coating equipment spinning cup. These residues can add
another source of contamination as the residue can be deposited onto the wafer by
splashing off the walls of the coater cup. Additionally, the residue in the coating
30  cup can act to prevent or impede waste spun off the wafer and into the coater cup

from flowing into waste containers.

In summary, it is important that a stress buffer coating EBR composition
and process meet the combined requirements of: (1) reducing the thickness of the

7



remai ns on the wafer for an extended period of tine, it can flow or
back-streamto the bottom side of the wafer resulting in contam nation of

t he bottowolanémee as illustrated in 3c of Figure 3. UsePcfi/tsovadsst i | e EBR
conposition provides vent . m xture th ri ] yrand thus
prevent s b%?@En% F?l%egl?ﬁaﬁ'gég*‘a‘flﬂ% drying Ayt rlfﬁ(t‘srrsa C% ‘r{:i?ag ﬁgé‘ﬁ'é%n%ﬁ%igs

cont ami nat j Ariepdsil 88 thdiBbtiome betHel vadne (B )denbligg bheiattiddeied beahgr enoval
process. However, fast dryi na is not the only requirenment. The solvent or
9

sol vent i meigriel frersttheeotion: giag obs e and Gugehaving 2 1KPEIBEY of the edge
bead and rermvg?%g%ggﬁélééoﬁpﬁtc%aﬁﬁ%ﬁg% L8 gg&tglirglc%tthat has dried on the

backsi de sF"dB hese sp(e)ts erial on the backside
of the 20 wafer are forned by spattering of coating material during spin
coating. These small spots of material are not as soluble as, the top side

wet film due toTkunlpesthamesa fIvaatianAddrsswdrereeddp ARPIYS thesteRer i mpor t ant
reason for te Vb ?V%%?&S?SQ%OY%Q% blblgfsx% &%tihgscluettg@ﬁe irngt?eqﬁgl!e erférn&Rat i ng and

edge bead Fénova ocesses are or me n the same coating cup. The use
of sol vent &f gHotGBsiMEEBR Bdlxénts BF ptdvadingn @opd BBRs cdnupositoncthat hemsithieo a bui | d-
up of residues in the coating equipnment spinning cup. These residues can
add anot hehovegegeEmsniscont ani nati on as the resi due can be deposited onto

t he Qpr by splashing off the walls of the coater cup. Additionally, the
residue in the coating 30 cup can act to prevent or inpede waste spun off
the waf er SUMMARY ORTHERAINVENIION rom flowi ng into waste containers. In

summary, it is inportant that a stress buffer, coating, EBR conposition and
process neet thgh%Blf?B‘?lﬁérH’eP‘%%be?CQFéﬂglghS? an @ ?Ct?%ﬂﬁ)é"dﬁganter‘i%eg%?ikness of

the 7 WO Q3 NRY g%%%f cgﬁé# BhI3r&s wikPaldsOBuede8atadatetigh thahhyg dryi ng

characteristics th Issolved material is not deposited onto the
bot t om of pérormmhes supeB)r toenmpositiopalidaval inythelai.eheeampasgiondar eri al from

the bottom side of the wafer, an .not, havi ng a nden t onote the

accurrullstat i FRROENEHht gﬁé’%\%ﬁ?@q%‘%ﬁt&%& Eilfilﬂeﬁ@t 18?158.0“ %&? ee?eg C erdgf,r&%lhe present

i nvention ﬁgcgr@?@o%sfsﬁ@ggﬁed to i nprove the edge bead renoval process for
c

stress buffer atings due to the inadequate performnce
O

R || R (CHo)n

2

Formula 1 Formula 2

wherein R; and R, are independently selected from the group consisting of:
20  methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n equals 1 or
2;

at least one ester other than lactones; and

25  at least one lactone.

In a broad aspect of the present invention, the at least one ketone is present
in an amount between about 25 wt.% to about 55 wt.%; the at least one ester is

8



of photoresist EBR solvents by providing a novel EBR conposition that neets
the above-requirenents. 10 SUVWWARY OF THE | NVENTI ON The present invention
accor di ngwg ohae76an obj ect to provide an edge bead renpvelPCTREBR)/03584

conposition for. use with stress buffer,coatin g t has

per f or mand¥esSHHBARGMUEt B?}Wﬁg’s‘?tﬁug?lé“ﬁ%m%ablo géﬂg’ft'a/'ir"ta;ﬁé eeElr)"’Jgéc"glfq’rposi tion for
15 renovi ng.1ah 8 eREAG aiihRoctnbst 4tatiel 0 webhidesoat3s wekt one ketone
selected from the group consisting of 0 OR- Rz (CH2)n Formula 1

Formula 2 wherein R and R2 are independently selected fromthe group

consi sting of: 20 nethyl t hyl. n-pr - b oS and
i sobutyl, and vﬁéer%rfe??n%mé’aﬁ%%ﬂ? %P%dgfgg?mﬁ%%ﬁy%’hé estleéjg%%%gr t han
| act ongs; Ad frodPa AlibstreRTomPRsink AldtABE abont 25 bit.dath Aspiet wobo 2-he present

invention, the at |east one ketone is present in an ag\%amt bet ween about
25 Wt . % t peatrogne;3Btwgenmportd w0l te abeutoRavica eyl astage: fins! 68567 631

PCT! U503/ 0323110 BE S2Bngls S ATRHIh B MERRoAPOUL 20 we. %610 about 55

wt. % and E\ ast one ne 1s present in an anount between about
10 wt. % to about 35 wt.% The present invention also provides a conposition

for renoving an edge 5 bead froma substrate.conPr_i Si n\g: bet yeen about 25
Wt.9%to about SBEhepresgndinveRiRNAHIRIOVIIE: QEYHPABYMR 108 PR VIBE 1H°5out 55 wt . %

hyl | - ! 0 % o/ .
et hy lt())aCtbaetaﬁglé)?xg% 8@&%}%@%&@3@3@? bé]tgfegﬁ ab/d’tﬁ 9 koo é’b‘éuﬁ"@O ¥—.% 2

ganmma- but yro Invention also provides a conposition for
renovi ng grenesgae; tkbvdmatolir nwielesu boutdlevic’dretinil ddctage; abdbeleanabout 30

wt.%to about 50 wt, % 2- pentanone; between about 30 wt. %t bout 50 .9
et hy(l) | actahost 1%}4@%)5;@@@{335 Wt.‘% gamma—%utyrc?lactone. 010 abou W %

The present invention further provides a composition for removing an edge
15  bead from a substrate comprising: between about 35 wt.% to about 50 wt.% 2-
pentanone; between about 35 wt.% to about 50 wt.% ethyl lactate; and between
about 20 wt.% to about 30 wt.% gamma-butyrolactone.

A process for removing residue from a substrate is provided by the present
20  invention. The process includes applying a coating composition onto the substrate
to form a coated substrate with an edge bead formed thereon;
contacting the edge bead formed on the coated substrate with an edge bead

remover composition comprising:

25  at least one ketone selected from the group consisting of:

Ry “ R (CHgz)n

2

Formula 1 Formula 2



about 15 wt.%to about 35 wt.% gamma- butyrol actone. The present invention
further provides a conposition for renoving an edge 15 bead from a

subst r at ewo®a6i63i ng: bet ween about 35 wt. % to about 50 WPCHUR03/mS8L anone;
bet ween ab n ween about 20
w.%to abgﬁerég g%ofg %@ﬂagéep g&twsefe%%w h%cggggﬁspsC 1sgn%§r%bw ng residue
froma subsnmhﬂeahylpqnvpﬂeﬂbmyl&h@bmﬁhsﬂmkmbﬁﬁlmﬁ&@ﬁkkﬂﬂnedmﬂspbﬁcess

i ncl udes agglylng a coating conposition onto the substrate to forma
coated substrate with an edge bead forned thereon; contacting the edge bead
formed on the coated substrate with an edge bead renover conposition
conprising: 25 at |east one ketone selected fromthe group consisting of O
O R1- 151 RelegagHderesteFothauthan lactomestahd 2 9 WO 03/ 067631 PCT/ US03/ 03584
wherein R1 and R2 are independently selected fromthe group consisting of:
met hyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n
equals 1 ory legst o'ie@&ctérféaﬁferé%?%s%&tvﬁfg At Qgée Eeia@naﬂda(:t ones; and at |east one
| act one, thereby dissolvin he edge be and renoving the dissol ved edge
bead fromthe coated substrate 10 The present invention also provides a

Cont act i ng ¥HE BE ERET0ader FGRh TR CeBHS0 lon compr| s ng: at | east
one ketione selected fromthe group consisting of 0 O Rl-LI~R2 (CH2)n
The present invention also provides a process for removing an edge bead
from a substrate. This process includes contacting the edge bead coating with a
composition comprising:

at least one ketone selected from the group consisting of:

o)

R1_“__R (CHain

2

Formula 1 Formula 2
15
wherein R; and R, are independently selected from the group consisting of:
methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n equals 1 or
2;
20

at least one ester other than lactones; and
at least one lactone, thereby dissolving the edge bead; and
25  removing the dissolved edge bead from the substrate.
The substrate typically is coated with either a stress buffer coating or a

positive photoresist coating.

10



Formula 1 Fornmula 2 15 wherein R1 and R2 are independently selected from
the group consisting of: nethyl, ethyl, n-propyl, n-butyl, sec-butyl, and
i sobutyl ,ward/oetser ein n equals 1 or 2; 20 at | east one e®CE&USOI/BE84 t han

| act ones; and at | east one |actone, thereby dissolving the edge bead; and
25 renoving the dissolved edge bead fromthe substrate. The substrate

typical ly iDETAN.ED PESCRIPTION @FIMEINVENTRONCOating or a positive
phot or esi st coating. 10 WO 03/ 067631 PCT/ US03/ 03584 DETAI LED DESCRI PTI ON

OF THE | NVENTI O brfsesspisaprtigniverideson qsies brarbismpveedglsesmposiginbver ( EBR)
COMpOSI t1 Ofy, &s%rwi%i%&rét’s\'k B@fféllcrogt?@% @H{eh&lrs A0S P rdRlAld falpéri&ht t has
(0] npo 10 n e art, as

per f ormancé superior co ns known enonstrat ed
her ei n. 5Theoppesieohs kivsanin the ad) & demphsivtiteltiseréinp MHe @S eitdfiveneion vlsbg
unwant ed coating conposition fromthe peripheral areas of a substrate

coated wi t PTeVIdeSBRIOCH APiemoBe WY 2BEmIsaing ©mnesiteg i themstieheralent i oned
COMPOSI T 0Rgeqs 10 o IHGRILGERS illFL HARS LhftG &Eﬁ@%@%%cﬁsﬁ%qbn)%&c%@% Vg 2

substrate wth a stress buffer coating compos acting the
peri pher al nengi@asedEorhpasiticmat ed substrate with a sufficient anmount of the
EBR conposition of the present invention, and (c) separating the dissolved
coating conposition fromthe coated substrate. 15 Substrates suitable for

o 00 T e b b Sy g 2 o
netal s, al buffeuedatioppempasitioyb) @atagtieg ife peeiphers] arsad dfchacaditaiki de, doped
o111 con O, ShhSORR eSSl BoR carklde, elbcon,ni i de
i ndi um phosphinflen, dnddb}¥¥arating the dissolved coating composition from the coated
substrate.
15
Substrates suitable for use in this invention include, but are not limited to,
silicon, aluminum, copper, chromium, nickel, gold, tantalum, titanium, tungsten,
ferrous metals, aluminum/copper alloys, polymeric resins, silicon dioxide, doped
silicon dioxide, silicone resins, silicon carbide, silicon nitride, titanium nitride,
20  tantalum nitride, silicon arsenide, gallium arsenide, indium phosphide, indium
selenide, indium-tin oxide, tantalum, polysilicon, inorganic glasses, and ceramics
that have been spin coated with a stress buffer coating composition. The preferred
substrates are thermally grown silicon oxide/silicon wafers such as those employed
in the production of microprocessors, memories, and other miniaturized integrated
25  circuit components. The most preferred substrates are silicon wafers on which all
of the processes necessary to fabricate functional semiconductor devices have been
completed.
The stress buffer coating composition that is applied by spin coating on a
silicon wafer or other substrate as a coating may be based on polyimide or
30  polybenzoxazole precursor polymers, but is not limited to these compositions. The
preferred stress buffer coating composition is based on positive-tone,
photosensitive materials comprised of an aqueous base soluble polyamide resin

mixed with an ortho-quinonediazide photosensitizer and dissolved in a polar,

aprotic solvent such as N-methylpyrollidone or gamma-butyrolactone (U.S. Patent
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selenide, indiumtin oxide, tantalum polysilicon, inorganic glasses, and
ceram cs that have been spin coated with a stress buffer coating
conposi t iwn.030bms3pref erred substrates are thernally gromcy'msiwtmm

oxi de/ si | 1 gon, e 860 SO A8k DARSLIRLAYE ferclod BE:PNOAIELID
ﬂfthgp% g ?e} %C?g%BICII’CUIt

m croprocessors, ‘nmenfories, mniaturizéed Integrate

conponent sthe “p‘bﬁtm@&ine@hefoedsrfs&drewmbmab@mayrcenﬁinl potmided ®agsingn whi ch al |
of the processes, necez?%; to fabricate functional sem conductor devices
have been Or@mlﬂlé%edha ubstrtuerds ppianally aused wih ap AbeiaringRedipdde i s appl i ed

by spin c Hzé}‘an és&l@%enz]gcg(%rgé r%@%lvé&%ﬁéﬂ?stﬁ as a coating may be

based on y| m e or e precursor polyners, but is not
linmted tantthehyrdbdpesirtgaoms:-bikhelacpmef(Els.ddtent Ness,1pU08@ancOA. i ng

conpositi i s .base posj tive-tane, hot o si.tive materials conprised
of an aqu B\g"sé 6(;{8 ‘é(ﬁlﬁfm@{}iil}ﬁ %?é’ %%rgﬂrat%s@b’ fefpnicn thgteto).
or t ho- qui W&%‘vé% lﬁﬂ%&%@@d&ﬂ %Eloﬁﬁgorﬁfggs%alo‘fsgghﬁl& Rl &ers aprotic

sol vent such”as N-nethyl pyrollidone or ga tone (U S. Patent 11
WO 03/ 06763%&19@#&@@@%5&'&1%@%6 gﬁ)@%ﬂﬁ&ﬁter gtuupha rashdabgebeyatmgcor por at ed by

reference thereto Alter he sensitive

conposi ti %Ef}m@ tCQFWOB% égabﬁ)ee%ﬂl%ﬁ’s Sty 899 e

subst I1touer§a$mﬁmou@@@b&mnm?d1swe hysmwstMelﬁwmrﬁdlml U% PRI3RE osensi ti zer
and dissolved in 715;0 ar, aprotic solvent such as’ N 5 net hyl pyrol | i done or

gama- but ¥Nel\etlo (anﬂ g.s. @&t@hNOI\@,OI%4&2Mm86a@dureby$lconﬂa:atedfoym

6,617, 225, ﬁhlch Eereby i ncorporated by reference thereto). Negative

t one photd? ?F?I 8 npositions conprised of polyam de acid esters

bearing a radiation crosslinkable group in the ester group, a

radi cal -generating photoinitiator conpound, and a suitable solvent such as
N- et hyl pyr ol | i SRiREo@inglis theanviezad bracgssdpaanriviag thestghsuffs costing (U. S.

5. 019, 462, <R Ry & itedhs, S EBbins Rsnobyte fipem BRRLS Roelr o) spin

coating i &ubbteat@tsem@creﬁaﬂb d)\l’e@ﬁﬂﬁ%hﬁ@krarﬂmphﬁhﬂ@hﬁgh% &ddregsstut B@oocoating 15
conposition. During the spin coating operation, ﬁe silicon wafer or other
subst r at e P8 @rﬁarc@rdww Astyess DuisIeInesising 1%?9&&&51 digperpgghonip edope. g. 500 -

3,000 surface of the wafer. The spin coating process parameters such as spin speed, spin

time, and the like may be varied according to desired use. As previously

20  demonstrated by Fig. 3, when spin coated, stress buffer coating formulations leave
a band or “edge bead” of coating material at the wafer edge that is significantly
thicker than the coating on the rest of the wafer area. The edge bead varies from
about 1 to about 3 millimeters in width and is found around the complete
circumference of the wafer. The thickness of the edge bead can be up to twice that

25  of the remainder of the coated area after baking.

The preferred method of contacting the edge bead with the EBR solvent is
with a spin coater equipped with both a front side and a separate bottom side EBR
solvent dispense nozzle. The bottom side nozzle is a stationary nozzle that applies

30  the solvent to the bottom side of the wafer. During EBR solvent application, the
wafer spins and the solvent moves to the outer edge of the wafer and is spun off
together with the dissolved coating material. The top side nozzle can be stationary
or it may be equipped with a programmable movement mechanism. A stationary

nozzle applies a stream of EBR solvent to a single position typically set about 1
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rpm after or while a stress buffer conposition is centrally di spersed onto
the top surface of the wafer. The spin coating process paraneters such as
spi n speedpospsTe3itine, and the |ike may be varied accor dipeg/use3/oxsss r ed

use. As Pl @k PRnd GRS hhA! B0 B @ggexévrgfex.‘é‘%g{ebzglgg geoated, stress

buffer coating tornulations [eave a ba of coating

mat eri al atroghem@flemosdgentthaatheiabilgy gmadyly solvént in b kivedpang ddtian thdie coati ng
on the rest of tIhe vva%ler grea. The edge bead.varjes from. about 1 to about
3 millimet@R&ss; ﬁo%ﬂ?ﬁ 8508 hesVafe iRk RAVY FRBr o HBatE Y pmay Bsidpt rence of
the waf er. ofkhe whhirC KAE S§obeati RENSHY Snd B Eb 1S &de Q%ﬁiéﬁﬂéﬁ)g?éeggeggaﬁwt 25 of

the remai nder of the coated area after baking. erred net hod of
cont actdi ngdankeitbeigembbantovsly lor térse@EBRelyol Themost srefemddmethspisriocoat er

equi pped w t 0 front side and a separate bottomside E sol vent
di spense n@?@f@?%sﬂgﬁqdﬁn&sa@ﬁ E%S})’?@n %H%F’Gﬁﬁ? 16389%| £7% hat appl i es
30 the sol é@@%e&@re&ﬁlﬁ/apﬁxbhéb@is%dﬁgﬂ?&d hﬁﬁ%%f)i%rdry Bye1L RgiERBnSok et

n e so

application, the wafer spins a 'vent noves to the outer edge of
t he waf er spreningthepvateohor a timsgweréesearyp spintofitexdessSBR eelvesand BBRmat eri al .

The top side nozzle can.be,stationa or. it may.be equipped with a

pr ogr anmab °§Ve 99%8?3%%?9&’39gﬁ?ssﬁuéfg%?qagﬂ%ﬂ/mp%%g% %‘%;%BE’EX& a stream of
EBR sdlgvenyaftp a single position typically set about 1 12 WO 03/067631

PCT/ US03/ 03584 mmto about 3 mminward fromthe edge of the wafer. A

nozzl e with programrabl e novenent has the ability to apply solvent in a
sweepi ng acti ong. t) . es. fr t he .edge. of th er_ to.a_.point

approxi mat el y rZ]F I%nt%iéln%lihgtgaq?%%g é‘%‘rgﬁé O?ﬁ%mtc ﬁ%l%ar\g?f%r x‘%ﬁt&a 85? bb‘é%b renoval and
bott om si d@atih@ashpesitsm pesssng anEBR frocesanaithdeofiiaitgtRhesisd y or
consecutive!%t%/]é The npst preferred nethod is to a t he EBR sol vent using

|
si nul t aneoti&er opiguiedt Gt eirssstipmabyds viewtafdhe Wﬂf@égp@égﬁ Dbadted edggoval
. Tt =@ . . Y ing th
Pater for b PSS ALIELAL RaRBI il e XEhEo P UELGERELOM ol "0 0,

cont ai ni ngpfdhaadd\vadhs tvaes sdfudiddotionadidaig acospasietwitnthaigehtlodry t he 10
wafer. Figure 4 i_IH,lstrates the result qof spin coating a wafer with a

stress buf fE&resseda CARISIHE 6%Te ¥ the sk Inthegiigs Rsfer 6p@E8ss, and t hen
sof t baki ngnd:Bf 3698heSknts the stress buffer coating edge bead of substantially reduced

thickness compared to 3a, 1b represents the wafer edge, and 1c represents the clean

20  wafer bottom side.

The EBR solvent composition of the present invention is be formulated and
processed in a manner that solves the four engineering problems of 1) reducing the
thickness of the stress buffer coating edge bead; 2) having drying characteristics

25 such that residues are not deposited onto the bottom of the wafer; 3) removing
dried coating material from the bottom side of the wafer; and 4) no tendency to

promote the accumulation of coating process waste in the coating cup.

Use of one or more strong, polar-aprotic solvents that are good solvents for
30  stress buffer coating compositions addresses the need for good solvency. Suitable
strong, polar-aprotic solvents for use in the present invention include, for example,
gamma-butyrolactone, gamma-valerolactone, gamma-caprolactone, delta-
valerolactone, or any combinations thereof. Preferably, the one or more strong,

polar-aprotic solvents is gamma-butyrolactone. The high boiling point (204-
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wafer. Figure 4 is a cross-sectional side view of the wafer of Figure 3
after edge 15 bead renoval illustrating reduction in the thickness of the
edge beadwandioémapval of nmaterial on the wafer edge and Irertusns/gisge in

accordance wth the invention. _The essential features of Figure 4 are the
wafer 1, t4e°st ?@QQWbWP’éPreﬁ%lé‘? {1 n@ﬁéh%ﬁ%fnﬂn%;ﬁuﬁyg&?%g%ﬂeg{r ue stress

buf f er Coa&r'gﬂlg iﬁﬁ%%ﬁgﬁgg Lgiaﬁ%tééieaglésitﬁé htuhRfueRds cédingkRp&SnaPared to
3a, | b represents the ?r

edge, and Ic represents the clean 20 wafer
bot t om si datifipeuEBR wetergnire stoongy polai-aproté salhentpliks gamrionvent i on is be

fornul ated and rocessed in nner that..s0l ves the.four engineering
probl ens oPutyiplae %ép%gﬁyh@ry@ﬂw &ﬂlérgggtg?hpiieprgﬁs&%sug%%r coating edge

bead; 2) haykgnSioH S19nE DAERE SRIE 0P tHeGRafébfreH Gibtéta indvas sheetheaddge not _
deposited onto the bottomof the wafer; 3) renoving dried coating naterial

from t he botwafen @itoéhedfottolesidamblethe vt 4) no tendency to pronote the
accunul ati on of coating process waste in the coating cup. Use of one or
nore strong, polar-aprotic solvents that are good solvents for 30 stress

buf fer coating tMRAR dfisRRS IS BSEREd bjieddiegthwed boldgdotnlsvieatty to Sui t abl e
strong, polar-aprotic solvents for use iIn the present inventign include,

for exanpl te onganmarditopgopletametic sphvantrnfifbg Biestnatveaion to yield a
amma- capr ol actone, delta val . i i f.
ot oy TP SO S S hAR Afriel AMCRETR BBt A BT e

ganma- but y¢phatioaitn ad becehdighahoidtiof golagienblveRDbcaiisd MO d1306 668k
PCT/ US03/ 03584 205C) and | ow vapor pressure

[ (1.5 mMmm Hg) o
ganma- but ymsitaetionide ceatineromnoyitiog may herfiecieassditp g ot l;g‘ﬁEF &‘Eéii%eas es the
accunul ation .of. coat | ' L g @Lolve4r € strong,
pol ar - apr o}??agchg%@%/eggr\isg?) t%é%agm@%%duiﬁ@ra%% g%tlcg%\l‘;e%pogﬁgﬁﬁr y0 zer y slowy
during t helcEBRopheRESSplaBRHnidungof resue ontharbataigicop. Ghrvdteontadt t om si de of
t he waf er frommateriaF novi n waf er,. ont e bottom side

] i e%%(c)ver t he edcge of., . 9 t

of t helSwaf eqatingep resilye can be resoest By wing & sApil sy M IEr boi I'i ng
poi nt solv S U QReonRY: BF APt tonS Bliv&Nent Of the
present i n%%c is%)gwst&g@%gg{i'%egcroja_ggéo p\S/eIE]lt m0>?t ure wth i rrprn(’)ved drying
properti esof ingst@edinte voleilispiswemiednd ‘tuliieesoleant’h oTheodryingispeeatoighe essi ve
amount of volatile solven bfcau e éhe ggl vency gf t he

EBR composition can be adjusted as desired by varyiirg the amount of buffer

solvent used in the composition.

20

Therefore, it is preferred that the EBR composition consist of mixtures of

solvents selected from each of three boiling point ranges, namely low ,
intermediate and high. The preferred boiling point ranges are about 80°C to about
160°C (low), about 135°C to about 185°C (intermediate), and about 190°C to

25  about 235°C (high). The solvents with boiling points in the range of about 80°C to
about 160°C are useful for promoting drying of the EBR composition and may also
be selected to improve solvency toward the stress buffer coating material. The
buffer solvents in the boiling point range of about 135°C to about 185°C are
particularly useful for adjusting the drying characteristics of the composition. The

30  solvents in the boiling point range of about 190°C to about 235°C are useful for
reducing the thickness of the edge bead and provide a further means of adjusting

the drying characteristics of the EBR solvent composition.
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m xture for the coating conposition may be decreased to a point where the
edge bead thickness is not sufficiently reduced and the rapid evaporation
of sol verwO oB®ems1 t o an unaccept abl e anount of residue i nPCh@SodEISBHg cup.

Formation of 15 coating cup, r.esidue can be re ed Si vent of

i ntermedi ate vol oMY W‘\%ﬁi’(&ﬁn%?%]\’ib? 18?% geq %ua(t%ﬁgt @égﬁf’ﬁgg‘gﬁl@%n t he
cont ext of 1Sl t ' V ini itQb @hMHBAH aftin®s Acebdidd tot y 1S
termed a "%%?#%cjrtég%?@gh?&ou%’%gﬁ%trggéizsn%msapl)nelg%43?] the EBR corrposiglti on can be
adj ust ed aBordmdd T entl Bormwda 3isagfortheebovount of buffer solvent used in the
conposition. 20 Therefore, it is preferred that the EBR conposition consi st
of m xtures of solvents selected fromeach of three boiling point ranges,
namely low, intermediate and high. The preferred goiling point ranges are

about 80C to about 160C (low), about 135C to aboufj 185C (internediate),
and about 190C to 25 about5235C (high). The solvenfls with boiling points in

the range of about 80C to [|about 160C are useful pronoti ng dryi ng of
t he EBR conposition and maH al so be selected t

i npryge,)gol vency toward
the stress buffer coaRing mateReal. The buffer\solvents in the boiling

poi nt range of about 135C to about 185C are particul/arly useful for

adj usting the drying characteristics of the conposition. The 30 solvents in
t he boiling point range of about 190C to about 235C are useful for

reduci ng the thickness ofotindaédge bead and proviodaula ¥ urt her means of
adjustisng the drying characteristics of the EBR sol vent conposition. 14 WO
03/ 067631 PCT/ US03/ 03584 The solvents with boiling points in the range of
about 80C to about 160C are selected fromthe group of ketones containing 4

E)OR? Egr ? &22?;0@(?% ap,?}%g?@n{ﬁlag&%ﬂ%ﬁ&&démmléé%%rﬁt% or&8®} of AkyIh bel ow. 0O

radicals consisting of methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl. In
Formula 2, n has the integer values of 1 and 2. These solvents may be used singly

10 or in mixtures wherein the mixture has at least two ketones in the amount of about
0.5 wt.% to about 99.5 wt.% of the mixture of ketones. The preferred solvents are
ketones selected from the group consisting of 2-pentanone, 3-pentanone, 2-
hexanone and 3-hexanone, and mixtures of these solvents wherein the mixture
consists of at least two solvents in the amount of about 0.5 wt.% to about 99.5

15  wt.% of the mixture. The most preferred solvents are 2-pentanone and 3-

hexanone.

The buffer solvents in the boiling point range of about 135°C to about
185°C are one or more esters. Suitable esters for use in the invention include, for
20  example, ethyl lactate, propylene glycol monomethyl ether acetate, isobutyl
isobutyrate, ethylene glycol ethyl ether acetate, methyl acetoacetate, ethyl
acetoacetate, and ethyl 3-ethoxypropionate. The esters may be used singly or as a
mixture, where the mixture contains at least two esters each in the amount of about
0.5 wt.% to about 99.5 wt.% of the mixture. The most preferred ester is ethyl
25 lactate.

15



In Formula 1, R and R2 are independently selected fromthe group of alkyl
radi cal s consisting of nethyl, ethyl, n-propyl, n-butyl, sec-butyl, and
i sobut yl .wbr3/o&ssrmul a 2, n has the integer values of 1 anaCZ/USISesses

solvents may be_used singly .10.0r i.n m xt LRl i e has at
| east two ket oﬁlé}? sloﬂvef‘hégé%bkﬁi)ﬁlﬂn%?o%ﬁfgh e&{f%um!.%‘);ttga% 08?1569@9. Wt . % of
the m xturgegf fé‘r%&m%%thyﬂlﬁclﬁfeﬁ ST the ddgedene Ahs paivile kRithaegeaslogct ed from
the group consisting of 2-pentanone, 3-pentanone, 2- hexanone and

o SR

3- hexanonedjustidg thedryingshafacteristiss of gh Sokxprtrcormposifien nia¢tones: f¥onsi st s of
at least two solvents. in the 2 9.5 15 wt. %
of the mi mp@?e, ‘I%%SW{%PE’ ?‘5’ %’?argggﬁ agg[{evsg%? {sétdaéf)(j ég, Egééorﬁﬁaﬁoéﬁgﬁg‘%gp&

hexanone. BgU?)Qn&llbﬁfy%laétQﬂlé{@aﬁq&ai\mldrblembﬁé,Igiaﬂ@acpﬁipﬂcblactamgand)fz’elabout 13 5 Cto
about 185C are one or nbre esters. Suitable esters for .use igqthe

i nvent i on Valgplagienes he 1@@“@&@%?’%9?%&%‘}8“’ PheY BEEUeH FIPUNE8ET (aflc o
ronoret hyl twetlgetgngcet%gﬂgne he 'a&%ﬁ%ﬁ%@b&%ﬁ‘w%{o%oﬁﬁ S5 68, ﬁf ?ﬁgol ethyl ether

acet at e, matohy ace oacetiate, acet oacetate, and ethy

3- et hoxypriagioagatieurel HEhcasd e prefereed IbetonsBgasinmgbytymlacamea i xture, where
the m xture contains at |least two esters each in the anount of about 0.5
w.%to about 99.5 wt.% of the m xture. The nost preferred ester is ethyl

25 | agfate. 15 Qﬁjeﬁiglé&ggenﬁgé H%§B%§%atiﬂ?@dg%ﬂe?@f@r§o\jef‘ the boiling

poi nt range of about C to about 235C are usefu or reducing the
t hi ckness @fmpdsftiond gecobdiag tathd pprsemi ideensioh indlideraboetdfswite toalipwistsi ng t he

drying characteristics of. the EBR sol vent conposition.. Lactones, for
exanpl e, aVe”esliallene o OLrBIEE grEféi‘ﬁ’oorr?éVe tlfgtoggsfn%c@f)%%"g &oFrﬂrWLaolg?%{Jp
consi st i ngF(anu@a Q,a\méigl{ﬁé/ %&&&Mc@{i&%ing%@%ﬁﬁ' 180k-26d AMAG 4 to 6 carbon

gamma- caprol actone, and delta- valerol actone. The |actones may be used
singly or msmsiard B esd Bontedndipagdeatlylselasted fiompthe geauprndalisdeadi¢als t he anount

of aboyt 0.5 wt.. %10 abou 9.5 wt. %.0f .the ct ixtur nost
pr ef er'red ‘Foélélsﬂﬂ%# @eﬁgmygdﬂrwmla%}%b&?& Sei@u}ﬁﬁ@aﬂﬁggog%%h%}dgg}é%gﬁti ve
stress buffg keﬁyﬂ@fai:&ﬁdiﬁgg@F&%ﬂﬁa D RURIed RONPesirbiupMberecajdisngotio t he
present invention include about 25 wt.%to about 55 wt. % of ket one or

mi xture of 1 pnd; abourdf} wt.Ketoshest Bewbtodifiag esisT mompting of egpig other than

lactones; and about 10 wt.% to about 35 wt.% of a lactone or a mixture of lactones.
The more preferred compositions include about 30 wt.% to about 50 wt.% 2-

20  pentanone; about 30 wt.% to about 50 wt.% ethyl lactate; and about 15 wt.% to
about 35 wt.% gamma-butyrolactone. The most preferred compositions include
about 35 wt.% to about 50 wt.% 2-pentanone; about 35 wt.% to about 50 wt.%
ethyl lactate; and about 20 wt.% to about 30 wt.% gamma-butyrolactone.

25 The following examples illustrate the present invention and are in no way

intended to limit the scope of the invention.
EXAMPLES

30  General Formulation Procedure For EBR Solvent Compositions.

Appropriate amounts by weight of each microelectronic grade solvent were
combined in a 4 liter plastic bottle. The bottle was sealed and the solvents were

mixed by rolling on a jar mill for two hours. The resulting solutions were tested as
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Forrmul a 2, wherein the ketone according to Fornula 1 contains about 4 to 6
carbon atons and R and R2 are independently selected fromthe group of
al kyl radwoab®me67631 consi sting of nethyl, ethyl, n-propyl, mCEiSy$/03584

sec- butyl, i sobytyl ., and [einn i rmula 2 is
sel ected ST R Vaﬁé%/iﬁip\ﬂﬂgf'%mﬂﬁeego&\é?ngt a%gﬁr? %&%%%a?lﬁg?ﬁé;%g%?ﬁlgsoﬁ\% .%to
about 55 VitopRhtiRIE:QSiREs Ithdinvtntiod ¢ desdratel stshewn bhlaw inlTabteohes; and
about 10 wt.%to about 35 w.%of a |lactone or a m xture of |actones. The
nore preferred conpositions include about 30 wt.%to about 50 wt.% 2 20
pent anone; about 30 wt.%to about 50 w.%ethyl |actate; and about 15 w.%
to about 35 wt. % ganma- butyrol actone. The nost preferred conpositions

i nclude about 35 wt.%to about 50 w. % 2- pent anone; about 35 wt.%to about
50 wt. % ethyl lactate; and about 20 wt.%to about 30 wt. %

gamma- BBut yrol actone. 25 The follow ng exanples illustrate the present
invention and are in no way intended to limt the scope of the invention.
EXAMPLES 30 General Fornul ation Procedure For EBR Sol vent Conpositions.
Appropriate amounts by wei ght of each mcroel ectronic grade solvent were
conbined in a 4 liter plastic bottle. The bottle was seal ed and the
solvents were mxed by rolling on ajar mll for two hours. The resulting
solutions were tested as 16 WD 03/ 067631 PCT/ US03/ 03584 an EBR sol vent
conposition. The solvents used in formulating the Exanples and Conparative
Exanpl es of the invention are designated as shown below.in Table 1. 5 10
Tabl e 1. Shakled; Solxents psedsp ?ﬁ]ﬂ“i‘f’ﬁ%egﬁg& Ja?&’orvgﬁf)({}g?ntsol vent

conposi ti ofQs, %ﬂk nt Sol vent Name CAS Nunber Boiling Point C Solvent A
Et hyl | act atep 7-64-3 154 Sol vent B gai nma- But yr ol act one 96-48-0 204- 205

Sol vent C 2- Pent apone—107-87-9100-101T [Solvent D Butyl lTactate 138-22-7
185-187 Sol vent E dalvinia-|Val 8dspidemene |108Numben o7 Boigjg Point °C

Solvent A | Ethyl lactate 97-64-3 154

Solvent B | gamma-Butyrolactone 96-48-0 204-205

Solvent C | 2-Pentanone 107-87-9 100-101

Solvent D | Butyl lactate 138-22-7 185-187

Solvent E | gamma-Valerolactone 108-29-2 207-208

Solvent F | 2-Hexanone 591-78-6 127

Solvent G | Pinacolone 75-97-8 106

Results of the EBR Solvent Drying Test.

Rapid and complete bottom side drying is an important performance

15  characteristic of EBR solvent compositions for use with stress buffer coatings
according to the invention. The drying behavior of EBR compositions was
characterized using an EBR solvent drying test. In this test, a series of 100 mm
diameter silicon wafers were spun on the chuck of an SVG 8600 spin coating tool
equipped with stationary top and bottom side spray dispensing nozzles at a

20  rotational speed of 1200 rpm for a period of 3-5 seconds while an edge bead
removal solvent composition was simultaneously applied to the bottom side of the
wafer. The procedure was repeated using constant EBR solvent application
parameters and varying the spin time and spin speed used to dry the wafer. The

variable combinations of drying time and speed parameters used were 1500 rpm

17



Sol vent F 2- Hexanone 591-78-6 127 Sol vent G Pinacol one 75-97-8 7- 106
Results of the EBR Solvent Drying Tes Rapid and conplete bottom side drying
i s an inpeotass7eper f ormance 15 characteristic of EBR sol wemtusoposesi ti ons

for use w h %‘%ﬁﬁﬁj?@{)é & raf()I S dsa&%ofﬁpg]@gtf& 3D&LRYETHE QAferd N drying

behavi or har Gcter using an EBR solvent drying

test. In t\K}é& ihpetted @ft@resé)ﬁlﬁ@ryﬁfg fb@ﬂrerm&seﬂcteadfeéﬁduasbhvmrbnwhé ers were spun
on the chuck of "an SVG 8600 spin coating tool equipped with stationary top

and bot t onbaskeide sfihayvadétspensi ng nozzl es at a 20 rotational speed of 1200

rpmfor a per| Ofihe fostd I'Fgllf%%? 1{%@311&44" f’erQ @slglﬁ%iylﬁg E’ME@%&%M

conposi tion was 'Siimul taneous app |e tto de of the wafer.

The pr gcedivngplvRslryiegeas echiesddnGhe pnﬁerrmdtredﬁﬂﬂvmb \ob‘rann appplretcd:torttom

parameters and varyj ngﬁthe spin time anlﬂrg d to dr t he waf er.
i

The vari aBfedysiAtvas sHo0gs 2l POig™y lefg‘gee rB W‘Eﬁt@r?%ed wer e
1500 rpm 13 oREA d’ lfl%@?’é@@e%%ﬂds £:9008 Fors 8 ARIScord@QsT pm for 20
3

seconds, rpm seconds The wafers were inspected after spin
drying forrepfeeernraeﬁmceeOMmmelq:rdms withIrespact t@ﬂletpreCdsatimrquéh%drymﬁe waf er .

The test res t Table 2 .a d
wher e whiq ?gp%ﬁés‘t’@a@ iR o R T s PR FOATRIBEL 8BTS obe ai n
conpl ef R}&Ir%] T%b@ez ﬁ'lgt RfdeEres g?etﬁﬁqgcﬂﬁlé (Bilig®BOint P5A *AYndnost

preferred re was to tarn conpl ete bottom side drying after 20

seconds at gZfR0 bu@mlaaoﬁ&&ﬁ)dmgmwmtzoerﬁ)s °Cedryeseiet the prefeaed comidngrc al
process with respect to the process tinme of th dryi L}g . zcle The drying
$I15t

test data whermh@ﬁex%waw fe %fle%ﬁﬁéﬁ"a‘?‘ﬁV@ BB Lhown i n
tabie 2 Show Lol Besbdopo. 3%69at\brrér%%g@geusm(rnmng@ontoo@@af C) and

gama butyrol ac oi nt dry under the preferred
condi tion g&»hma-‘tmtyeolmmhuaﬁtl@-éw/aoﬁa Qﬂ%rmmﬂheﬂsls)l pagrpeinblower Blaact one. Thi's

Cont ai H noHEUREURTERCOGA IS BEY o ICROE AHUEE 53 6. S0 ATS B  vent wi th a
33 Ielnl Egegok %SEE%H@I clo%g A ll?lg?ﬁﬁﬂ@a&%dfﬁ HeaohPasitidh ®f CoaipaReive 0 dry easily
Example 7 shows that the amount of ethyl lactate can be reduced to 45% if 35% of
the more volatile solvent pinacolone (boiling point 106 °C) is added to the
composition. Similarly, the drying results from the compositions of Examples 1-6
20  show that the inclusion of 25-45% of either 2-pentanone (boiling point 100-101°C)
or 2-hexanone (boiling point 127 °C) in the formulation allows reduction in the
amount of ethyl lactate buffer solvent needed to dry compositions containing up to
30% gamma-butyrolactone using the preferred drying cycle of 25 seconds at 2500
rpm. Adjusting the amount of either ketone to 35 —45% leads to complete drying
25  using the most preferred drying cycle of 20 seconds at 2000 rpm. Data from the
composition of Example 4 shows that gamma-valerolactone can be substituted for
gamma-butyrolactone and Example 6 shows that a mixture of lactones can be used.
Thus, the ternary formulations according to the invention provide a means of
achieving the required EBR solvent drying characteristics while maintaining a

30 significant amount of a lactone or lactone mixture in the composition.

Results of the EBR Solvent Stripping Test.
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stress buffer coatings. The drying data fromthe conposition of Conparative
Exanpl e 7 shows that the anmount of ethyl |actate can be reduced to 45%if
35% of twe mwémw3vol atil e sol vent pinacol one (boiling poi RCTAB63/3584 s added

Lo the  cOMPOSI &) 00 SLALL B oA BENLABGEMbLASLI GMHRGUSATRRSI LI ons of

Examples 1-6 2 e inc fon o Yo of e|t er 2-pentanone

(boi l'i ng psithé wife0difide in codting-ik ex aneoren( foctiomef thoEBR $027%nC) in t he
formul ati on al | ows rielductlonlnthe m)unt Of%ﬁg é‘ﬁﬂéﬂ?c tebffer sol vent
needed to {WHPEEIBod; FP%SSCfSFfEe&?WI% Qfont gde Xt one usi ng

the preferred.dnyi hf‘t‘ii% %yt%g @b&;km%é RaARDBY Sndlt PR H unﬂ&@ioo&\%dﬂ §1§1¢H‘é}l t he anount

of either ketone | eads to conplete drying 25 using the nost
pr ef er Sed woydsa s payt(ﬂfehxeﬁn@tlschnﬁi@natdezcmaHmwlpn A OFeWiHRs he

bt tut oA TGt BRSOt e RO AN B AV OF RETVS R xt ur e of

l'actones capifend'sgs coatﬂé%@cefs@eR&Iﬁ()%ﬁbYﬂfe@é Rylaglidepssigegor ding to the
i nvention provide 'a neans of achieving the required EBR sol vent drying

char act er i sibstestiallyi drisdmedterialirequings a strgmgeg sefnetitanthe solyenfnesdedHor act one or

| act t th { t
Tost 18 MBS Uers ST BRT GRS odsair i PRE SReEE AR ot R

cont anignat ine M ReRes ivkrdeasd tdrehdintffuvsicdeinabmbhiggwaieé cogitg matesgi n coat i ng
is an inportant function of the EBR sol vent conposition. The process for

removing bottom side contamnation is frequently referred to in the art as

"backsi de ol ean g nd, Ll 5¢ 16 B 4AGEEELAM LRk SHERoR BaRiocess i s

part of this in om Sl contam nation often ccurs as isolated

deposits Oﬁitﬁ@ﬁtédsIb@ffgﬁ&cﬁhhglcombaﬂtldﬁa&sﬂngaﬂ S§ibMoalat §600l opatd:r tdl by
convection during the spin coatleprgﬁt process, Renoval ghese i sol at ed
deposits ofquirnedsyiEnop and Poem edg aérspmentr‘gﬂlﬁl?ee%ozéleét 18R §ESsol vent t han

the s 8‘] e n@uf?&%g%ﬂlg{ ﬁgterlélwgmﬁﬁ WE DR M B! £ fébs'%ﬂwe— gordingly, the

EBR solven osI1t’ions e Invention were tested for their
effecti venplscﬁosenmﬁeaﬂwnm@udn|cenhnmalil§ngvaniablerﬁloai Archl Ghanhicglstlest Tha seri es

of 100 mm di.aneter sil.i.con wafers were p|n ed. with. str uffer
coating cofRBSPIINGFOPATIARS WAV SRERRS AN éﬂéacggm&e?f%"&b‘?m@&& z%ed; with top

and bot t om0lgs NRAhR FINEKA Y} SRENRE 11308 158 for TBseebAidS SThe wafers

were then softbaked at 115 °C for 3 minutes on a hotplate. The thickness of the

20  resulting coating was measured using a KLA-Tencor P-11 profilometer. The EBR
solvent to be tested was then applied to the center of the wafer using the topside
EBR dispense nozzle using a 60 second dispense time and a solvent flow rate of
67.5 g/minute at 1000 rpm followed by a spin dry cycle at 2000 rpm for 20
seconds. The thickness measurement was then repeated and the coating thickness

25  difference between the soft baked coating without EBR processing and the
thickness of the coating with EBR processing was calculated. The calculated
thickness difference was used as a measure of the effectiveness of a composition in

removing the soft baked coating.

30 Table 2 shows the results of these experiments for the Examples and
Comparative Examples, respectively, of this invention. Comparative Examples 1-
3, while meeting the preferred drying characteristics, have poor solvency for dried

material as only a modest amount of film is removed. Increasing the amount of
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15 buffer coating material conposition was Durim deTM 9005, a positive-tone
phot osensitive formulation comrercially available fromArch Chem cals, Inc.
The spi rwomansmgl conditi ons were to di spense and spread PCEUS0$/03584

conposi ti oR r f QL S - N 6 SIBES N RG, 2500 rpm for
15 seconds.la%ng vvg g}esd%mv?gggoﬁ%%ﬁ?soﬂftﬁ%a‘%edgd\gtﬁgelw }'For FRinutes on a
hot pl at e. Téwalit Ve keléss tlif belaeia?@s dwestol{tlinmsyvetloet 4t tige Mglsernmeasur ed using a

KLA- Tencor P-11 profiloneter. The EBR solvent to.be tested wa hen
appl i ed. o CORETBIEE Ol FEqEOlER o m GON e L He BRI HES ORBIE PP its e nozzl

using a 60 ,8ea90G.di SRSARS thivAR BRE SRl YeM ekt @Wpfe@ér?e@&rgin%l 5 g/mnute
at 1000 rpmfollowed by a“spin dry cycle at 2000 rpmfor 20 Seconds. The

t hi ckne§s mepswrent ntxangdest lhd demepsmtechnapldietrtrmovad af theglriedifdrpads 25

di fference bet. n the soft .baked coating. w thout. E rogessing and the
hi cknoss. FOTTEOE A A o ERRC BTt iy ERALPERr ALTat S0Y PHe cal cul at ed
thi ckness dbfvkgeyen ImPRREd B irtliB@ssitRr OfpehfigoRf (belinoonedsl of a
conposition in }fle(r%ge\?;ﬂ?g ?%g sq?% baked co;r;lt ipr?g.. %0 abl eg\bZ% shows the

resul ts of °Ches2-hexpent Menling fant 127 Ghiaths| compasitdon.Coapar eithevef Exanpl es,
respectively, of this jnvention. arative Exa 1-.3,.while neeting
e’ pr ef o fiste G ehEs attesitos FRERS Habsiog s PLRs 0 2 o i | oo

mat eri g a%oﬂﬂ;ﬂa&oﬁ@ﬂﬁ%tsﬁﬁ%ﬁﬁon@ﬁosfﬂo'nm is renmoved. Increasing the anount

of 19 WD 03/067631 PCT/ US03/03584 " | actone as in the conpositions of
Conpar ati ve Exanples 4-6 does not inprove the result. W believe this

behavi or i e,t il swel | i at .t he higher concentyations,of |actone
sol vent. | ﬁrag%‘h%r ggiv,en '%%d;%lﬁlgﬁgn mg}?ﬁrﬁfsél S?Qr(iﬁx%{_flpﬁg %ow good

sol vency t quedubhs Aedl CoRiparitile BXithpRE1 -8 dTahpipleatioRd drying 5 requirenent.
Exanpl es 1-3 denonstrate conplete renoval of the dried filmand provide

the nost preferred drying characteristics. Exanples 1-6 al so show t hat

sol vency is dreatlly inpgroved by ilncludi ng €ither| 2- pentanone (&)?Jelti Qrg) th)loi nt
101 | © or 2-lhexanone (jboililng pdint 127 C)| in tlhe conpositi pn o CRSIEPHE
either of these ketonegs in {the conposjitions alllows inclusion offesaBestits 30 %
of the?xr;iajg 10‘y§§i ling || act dne EEQ)ol \r@{]t sg)'lp téh/e(l,’co N Ruielid Tat%I e l2l .
i ¢ 9 i Nt he Film Thickness
Sol ven i ng “&nd $bf vient™ st rippi tlest” rlesUf t|s for. Exanpl es i
Removed
(microns)
Example 1 45 20 35 0 0 0 0 20 s @ 2000 rpm 11.3
Example 2 45 30 25 0 0 0 0 25 s @ 2500 rpm 11.3
Example 3 35 20 45 0 0 0 0 20 s @ 2000 rpm 15
Example 4 45 0 35 0 20 0 0 20 s @ 2000 rpm 9.2
Example 5 45 20 0 0 0 35 0 20 s @ 2000 rpm 7.0
Example 6 45 9 35 0 11 0 0 25 s @ 2500 rpm 8.6
Comparative | 100 0 0 0 0 0 0 20 s @ 2000 rpm 0.9
Comparative | 90 10 0 0 0 0 0 20 s @ 2000 rpm 1.2
Comparative | g0 20 0 0 0 0 0 20 s @ 2000 rpm 2.7
Comparative | 75 25 0 0 0 0 0 25 s @ 2500 rpm 1.8
Comparative | 70 30 0 0 0 0 0 25 s @ 2500 rpm 3.7
Comparative | 60 40 0 0 0 0 0 25 s @ 2500 rpm 2.9
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t hrough 6 and Conparative Exanples 1-8 of the invention. Solvent Stripping
Test Results Solvent Drying Exanple %A %B % C %D %YE %F %G Film
Thi cknesswoPas676Resul t Renoved (mcrons) Exanple 1 45 2@C33S03/@584 0 20 s
@2000 rpm11.3 Exanple 2 45 30 25 00 0 0 25 s @2500 rpm11.3 Example 3
35 2045 0 00 0 20 s @2000+pm-15 afpl-e—4—45-0-35-0-26+6 20—s—@-2600
r pm| Sodpardixaple 5 45 200 0 @ 35 @ 20 9 @ 2090 | r PR@ 2£d0 rfEx A e 6245 9 35
8%15%0,25;@2"00r,m8.‘ Conparative 100 0/0. 0 0 0 Q2 Q2 p
: rative 90,10|0 0] 0|20, s| @000 m e ratives§0 20 0 O
00 ohzgg?%?@@ 2000 r;?j(r}n 23 (:o?r%a AR R ok @ZSOS%rDm 1)8
Conparative 70 30 0 0 0 0 0 25 s @2500 rpm 3.7 Conparative 60 40 0 0 0 0
025s @ 20 W ) P . [03584 Conparative 45 20 0
55 2500 T Pttt 2 Tpar attve o 5 45 0 0 0 25 s @2500 rpm
5.0 Descripti ogueds bhfer dsaingdsteBat ieiguShabdlohpot eddeitead fasdvabt r ess buf f er
coatings present unique problens for edge bead renoval = processing. Wth
phot or esi sprocessing. W shphelaissisiselig foahodss headayebe 1EMYEh 2RI 5 ¢l ean
out er ge ;about 1- 1d A L 1. coati ngs,
t he frgﬂt g? e&%gﬁgéﬁea &%%ﬁngg&%g%PﬁgégﬁsﬁﬁéﬁﬁﬁﬁS%%%gﬁg?gﬁ%%ggﬁnved dgring
edge beadthealoneside 3@l beadtchobe mitieigaadiut nst dompietalynmemevechdurimegalge ve | npact

of the edge bead on wafer processi d.yi ' [
of the edg‘@eagesgb/ent application. the goal ils o minimize tﬁtla gegg{ivre %ggé:clt g?t};{ehe%gé hi ckness

bead on wafer processing and yield by reducing the thickness of the edge bead

=B

region of the film to a thickness as nearly equal to the thickness of the rest of the
10  film as possible. To test for this requirement, a series of 100 mm diameter silicon
wafer was spin coated with Durimide™ 9005 using a SVG 8600 spin coating tool
equipped with stationary top and bottom side solvent dispense nozzles. As is
usually done in the art, a coating tool operating program was used that combines
the processes of spin coating and edge bead removal into one continuous machine
15  process. The program used was:
(1) 4 seconds at 1200 rpm, apply stress buffer coating composition;
(2) 15 seconds at 2500 rpm, spin coat stress buffer coating composition;
3) 1.5 seconds at 750 rpm, apply EBR solvent to top side of wafer;
4) 3 seconds at 1200 rpm, apply EBR solvent to bottom side of wafer;
20 and
(5) 20 seconds at 2000 rpm, spin dry wafer.

The wafers were then softbaked on a hotplate for 3 minutes at 115°C and
optically inspected for the presence or absence of edge bottom side residues. The
25  degree of top side edge bead removal was evaluated using a KLA-Tencor P11
profilometer. The profilometer stylus was set on the film at a point approximately
6 mm from the edge of the wafer. The stylus was then scanned toward the wafer
edge to a point off the edge of the wafer. The height of the edge bead above the
surface plane of the film was determined from the profilometer scan data. The
30  quality of the edge bead removal with respect to bottom side and edge cleanliness

was determined by optical inspection and rated as passing if the bottom side was
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region of the filmto a thickness as nearly equal
rest of the 10 filmas possible.
100 mMm diwomls/@(msi l'i con
n co

Ehee

SVG 8600 s
sol vent di

U

operati ng feo@fam was used that conbi nes

edge bead renoval

(1) 4TaBRRMdBo
(2) 15 seconds at

was:

zlghn& be

e a

't

to the thickness of the
To test for this requirenent,
waf er was spin coated wi th Duri mpdeMs09eB84 usi ng a

er11s n%q lpEl&s?ng Ag gga"ﬂ n@ Qt%ﬂerﬁl RAQI& §{1ﬁltob Qs@?c{]

a series of

Jorl B2 b3 Bkl S de

coati ng tool

the processes of spl n coating and

into one conti nuous machi ne

15 proc

€ss.

The program used

RomNille AP cHtich 16$ Pedtlls f6¥ ELMpied T amagOsi ti on;
pm spin coat stress buffer coating conposition;

(3) 1.5 seeM@@marﬁﬁmeEpnmp!ﬁﬁtﬂyzﬂﬂhesl@)‘rf\néwv to top side of wafer; (4) 3
seconds at 1200 rpm apply EBR solvent to bottomside of wafer; 20 and (5)
20 seconds af 2000 rpm spin diy wafgm [Thecwaflamsctigrer e Edgvdisaddiiahbaked on a
hotplate for |3 mnutes at 115C and optically|ingpgeted f il presence or
absence of edge bgtto[n73| de re%—dues The 3525 degree of top,gi de edge bead
removal was eval uated usi ng |a KLA-Tencor P 11 profil oneter. "The
profil oneter [stytus—wassetjom_tte fitm ot approximately © nmmfrom
the edge of the wiF®IPleSThe dtyPus wa§°than4sscanne toward tHE wafer edge
to a poi nt off—the—-edge—of—tthewater—Thpthetght—of—the—edge—bead—above the
surface plane of ORBIPIE m was @et ar nizhed| f 0om t heFprofj | ometled scan data.
The 30 qual it leflge head reinoval With respect to bottomside and
edge cl eanl i ness Copmaratiyet er rfi negd by apticalp i pspegtion| and rgd ed ag passi ng
if the bottom sideawsisio 21 WO 03/ 067631 PCT/ UsS03/ 03584 cl ean and as not
passing if coati mgnpatweei al \wagsstiill, obsefgyed onpthe bottom side of the
wafer. Table|3. Tgp and, bottjom side appl catipn test rpsults for Exanples 7
and 8 and NBahALLEE AN €S 9-IZ of the iphvention. | % A % B % C
| nspection Edge Bead Height | Résulfts @n hi ér ohs Exanple 7 45020 35 P 3.0
12 (No EBR)
5
The data from Examples 7 and 8 in Table 3 shows reduction in the edge
bead thickness relative to the 13 microns thick edge bead that is formed when no
EBR process is used (Comparative Example 12). In the experiments of Example 7
10  and 8, the wafer bottom side was free of coating contamination while the wafers of
Comparative Examples 9 and 10, while having edge beads of reduced thickness,
had bottom side contamination due to the slow drying characteristics and poor
solvency of the comparative compositions. In contrast to Example 3, the results of
Comparative Example 11 shows that a composition containing only 2-pentanone
15  and ethyl lactate, while removing backside contamination, is not effective in
reducing the thickness of the edge bead and actually cause an increase in edge bead
thickness. Thus, it is necessary to include a lactone or lactone mixture in the
formulation in order to reduce the thickness of the edge bead.
20 Example 13. EBR Processing of a positive photoresist.

The utility of a most preferred EBR solvent compositions for removing the

edge bead and bottom side contamination of photoresist coatings was also

evaluated. Accordingly, a 100 mm diameter silicon wafer was spin coated with
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Exanple 8 35 20 45 P 7.8 Conparative 80 20 0 F -1.0 Exanple 9 Conparative
70 30 0O F -4.0 Exanple 10 Conparative 55 0 45 P 16.0 Exanple 11
ConparatiweoBwemrspl e O O O F 13.0 12 (No EBR) 5 The data fPcomsSExedspd es 7

and 8 in Tapleu h J.ed L.on . : S:IHHQE@Q j tive to
the 13 m c?)g%s % %?’cgﬁg%%\ze eogéjlg@%tacp mltpggpggrgre enl}iléc}}aﬁégg%%%%e%s is used
( Conpar at i Ohefxatp . 1Phe. cobting ves sppbied usiapts SMG BEsehyliecdatd@sagh 8, the
waf er bottom side was free of coating _contam’g tion vvhjrge t he fers of
Conpar at i véotgsienabrresdof A0 man agght SRANEE fR of gée‘ﬁ%]é}&s f tpatflsceige

t hi ckness, b?Ma?ﬁgﬁ QPhELEE w‘ﬂﬂ%@ﬁi&ﬁ%&aﬁﬂt A¥Bufafoh BEESLAWC 4! YihBY

characteristics and poor solvency o e conparative conpositions. In
contrasf t @BRxpivpess cAnsisthé of & tupl side difpen@oniEBR solventErnmmstmndsatsifls t hat a

Fembyi ng. bARRIPLEVELAY AR iR CHICARBSERY DR (hi0e S PeREd Pt he.
thi ckness qf.Jhheaertw® BradREBR eI WascBHSRt@With farsgﬁlscﬁlyin@ coslgefbead

t hi ckness. Thus, It is necessary to include"a |lactone or [actone m xture in
the for nmul7atéamnsiah3@00em. t Bhe waiicwas then bhlkeckameskotplatet 41 @0¥d fw Iead. 20

Exanpl e 13. EBR Processj. ng_of psitive photoresjst. The utility. of a nost
pref erred EW“@%F%EﬁW%%%ggptli écr‘?rbllntﬁ]é ‘?f‘?'né;ﬁ?hé(ede g‘ﬁﬁga%eea d bottom
si de cqpt agypa] i hBgs L $8ad RYAIHRI B

Accor d?ggl %ﬁ%&ﬂ%ﬁﬂn%ﬁ%%@@%ﬁﬁ?% vvafaet?%\j\c}adg spin coaet ed wioth 22 WO

03/ 067631 REId WSEANCBEHRAte dCcHTIMBR T jguae poTheiefare gho EBRegingnosigionposi t i on
commer ci al I\t}ésavai J[.abl e from m. cal Inc. The coating was applied

rch Ch}glht Se 6]
usi ng an SV H5EBULLMAY O5 4Tt OREP Ty RPotoresistiums.

It should be understood that the foregoing description is only illustrative of
15  the present invention. Various alternatives and modifications can be devised by
those skilled in the art without departing from the invention. Accordingly, the
present invention is intended to embrace all such alternatives, modifications and

variances.
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rotational speed of 3000 rpmand a spinning tinme of 30 seconds. The top
side edge bead was then contacted with the EBR sol vent fornul ati on of
Exanpl e 3WODhe6B3IEBR process consisted of a top side di speasaSod/0EBR

sol vent forywg1 SEGQRESABNIETPEY. rpm fol lowed by a bottom side EBR di spense
cycle using a dispense tine of 8 seconds at 3000 rpm The EBR process was
conpleted with a spin drying cycle of 7 seconds at 3000 rpm The wafer was
t hen baked on.a Ot@kﬁ%@dat 90C for 30 seconds to yield a firmfilm1.0
micron in thitkredSIEHAd FARQYET SEPRISHRCHFIREME 10" edge and bott om si de
contam nation and the coating edge bead was renoved to yield a clean
substrate according to Figure 2. Therefore, the EBR conpositions of this

i nventi én nay béﬁi@%ﬁPHQ¥%%ﬂ§@é§§méﬁ@ﬁdﬁéﬁﬂgmCpﬁﬂﬁ%m%¢ﬁ shoul d be under st ood
that the foregoing description is only illustrative of 15 the present
invention. Various alternatives and nodificationsQcan be devised by those
skilled in the art without departing fromthe invjgntion. Accordingly, the
present invention is int (Aded to enbrace all suchlalternatives,

nodi fications and varianges. 23 WO 03/067631 P $é§3584 VWHAT | S
CLAIMED IS : 1. An aage—jiad—Rganer conposi ti & ng: 5 at |east one
ket one sel ected fromthe group consisting of - - 11 R (CH2)n

Formula 1 Fornula 2 wherein RL and R2 are indep tly selected fromthe
group consisting of: nethyl, ethyl, n-propyl, n-butyl, sec-butyl, and

i sobutyl, and wherein ngdQ,ggvals 1 or 2; at |egsh,9ne ester other than

| actones; and at |east one lactone. 15 2. The conposition of claiml1,
wherein said at | east one ketone conprises 4 to

wherein R; and R, are independently selected from the group consisting of:
methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n
10 equals 1 or 2;

at least one ester other than lactones; and

at least one lactone.

15
2. The composition of claim 1, wherein said at least one ketone comprises 4 to
6 carbon atoms.
20
3. The composition of claim 1, wherein said at least one ketone comprises 5
or 6 carbon atoms and wherein R; and R; are independently selected from
the group consisting of: methyl, ethyl, n-propyl, n-butyl, and isobutyl
groups.
25

4. The composition of claim 1, wherein said at least one ketone is 2-

pentanone.
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6 carbon atons. 20 3. The conposition of claim1l1l, wherein said at |east one
ket one conprises 5 or 6 carbon atons and wherein RL and R2 are
i ndependewOlog/oemBect ed from the group consisting of. mnetirgir/uSes/bBsB4

n-propyl, n-byt y]{l c%Hﬂ)o'SﬁBﬁ BF ¥him ngQHé:f&n sarl leaIthﬁleCeQ ?ssétl}ﬁg{tl:é%tfe claiml,

wherein said at 1east one ketone is 2- pent anone.
PCT/ US03/ 03584 5. The conposition of claim1l, V\/nerel n said at | east one

ester is ethyl lactate. 6. T ition of claim?1, wher aid at
Const one. | acbordeicoiiopon SRSaRR JhT RerengRR ConuIr R Ry Brcierted

gamre- but yr ol actiRie thed@tuRcHB]sa n%bﬁ%b@z%rbut o%ﬂﬁﬁ %ﬁﬂ?ﬁ«zQJv@I&&ﬂﬁ@ne

del t a- val erol act one, and ‘any conbi nati ons ther eof The comnposi fi on of

claim7) wherei rgamcﬁcapmlta@m@e,|dglt@anhmlmr5er atchmtymmbmamnsrtt@r@énpom tion
of claim1l, wherein said at |east one ketone is present in 10 an anount
bet ween about 25 wt.%to about 55 wt.% said at |east one ester is present

in an anount petMeednpasiibn d0cltm 70 WhersiBGHid 18&oid isYrrantb&fiothctdle, | east one
| actone is present in an anount between about 10 wt.%to about 35 w.% 9.

The conposition of claim8, wherein said at | east one ketone is present in

15 an anount QEtt‘tEE‘cB@B‘s"%n %9 %1\3% %&/ﬂer@lpt%gitd a?%@@f V& %0% o@feq%@eférg t one

ester is present etineen about .% and

said 40 | east enenicant b&t@eﬁﬁatrme%m%mamuwﬁ)wn% b@ﬂ\aemst&lneusteﬂS w.%to
about 35 wt.% .20 10. .The conposition of claim8, wherein said at | east

one ketone is pﬁ%E‘@ﬁ?ntiHhan #Ro freen aboige Vﬁb@ﬁ't’ abofIt 36 WP Andsaid 50 wt .
said at |east 0%?%;%% ladténe% g&%&h ih erl Ao ATHLRkeRSHYRED FPAYD aﬁéut""t %t 0
about 50 wt.% an sal st one actone I's present I n an anou
bet ween about 2@5wt% to about 30 wt.
9. The composition of claim 8, wherein said at least one ketone is present in
15 an amount between about 30 wt.% to about 50 wt.%; said at least one ester
is present in an amount between about 30 wt.% to about 50 wt.%; and said
at least one lactone is present in an amount between about 15 wt.% to about

35 wt.%.

20 10. The composition of claim 8, wherein said at least one ketone is present in
an amount between about 35 wt.% to about 50 wt.%; said at least one ester
is present in an amount between about 35 wt.% to about 50 wt.%; and said

at least one lactone is present in an amount between about 20 wt.% to about

30 wt.%.
25
11. The composition of claim 1, wherein said at least one ketone is between
about 25 wt.% to about 55 wt.% 2-pentanone; said at least one ester is
between about 20 wt.% to about 55 wt.% ethyl lactate; and said at least one
lactone is between about 10 wt.% to about 35 wt.% gamma-butyrolactone.
30

12. The composition of claim 1, wherein said at least one ketone is between
about 30 wt.% to about 50 wt.% 2-pentanone; said at least one ester is
between about 30 wt.% to about 50 wt.% ethyl lactate; and at least one
lactone is about 15 wt.% to about 35 wt.% gamma-butyrolactone.

25



25 11. The conposition of claim1l, wherein said at | east one ketone is
between about 25 w.%to about 55 wt.% 2-pentanone; said at | east one
ester i s wbatmewsl about 20 wt. % to about 55 w. % et hyl | aeCcatusp3/easss sai d at

| east one | agsone dosngdskiROn cRRAUL whékeltdsald 4t Qe BPOM kFOneltk bBveen
gamma- but yrol actone. 30 12. The conposition of claim1l, wherein said at

| east one ket onébpyt Fewiken abawd it wizh 2npendanooe;sooiat 1G6t ate &4e2ipent anone;

said at | east ong ester i bef wee ut. 30 % to ahout . % et hyl
lactate: and at 1 8%&t %’83’[83% gﬁé\éﬁég?@%@% t0 eik\éﬁ\]lﬁc?@/g’tal} 5?)‘86’? P@¥W0 %
ganmma- but yr ol actigdiene idDeieAIbOE O3 ST hbsvR30 9338 Sami-but QLA QRS ti on of

claiml, wherein said at | east one ketone is betweén about® 35 w.%to about
50 Wt . %2- pent anone; said at |east one ester is between about 35 wt.%to

about 50 wt. % gt : d said.at | t_one l.actone is between
about 20 wt. ‘Vﬁfo&ﬁ)og%%%g}e\ﬁpv%raer%ﬁﬁq gtg} yarsgll%gt(r:%t%ﬁ%mpngn%4. A process for

renovi ng residue froma substrate conprising: applying a coating
conposition onto said substrate to forma coated substrate with an edge
bead forned therRBBNINZIDCREGAE sempPagtianpmo stigsubdute todpired corfedai d coat ed

Substrate with : £Im i tion conprising: at |east one
ket one sel ect ed%??%%%gpg?gd co}r%g{;rgfe:a%&%ﬁ’ 0 ORl- RR (CH2)n Fornula

1 FormiDa 2 15 wherein Rl and R2 are independently selected fromthe group

consisting of: nmethyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl,
and wher e?n n contaca/ng sa1c} e(%/ge bead orm%g on said coat)éd substrate with an edge y

bead remover composition comprising:

at least one ketone selected from the group consisting of:

o)

R1_"|_R (CHz)n

2

Formula 1 Formula 2
15

wherein R and R; are independently selected from the group consisting of:
methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n
equals 1 or 2;

20
at least one ester other than lactones; and

at least one lactone, thereby dissolving said edge bead; and

25 removing said dissolved edge bead from said coated substrate.

26



equals 1 or 2; 20 at |east one ester other than |lactones; and at |east one
| act one, thereby dissolving said edge bead; and 25 renoving said di ssol ved
edge beadwbroemsmai d coated substrate. 26 WO 03/ 067631 PCPCUS(83/03884 15.
The process ofi5ciraé prokdss Jretdier, aRikef éoﬁhﬂ%ng}faﬁ@lrc&@&ﬁag%aiagoét@dd coated
substrate with said edge bead renover conposition, dissolving any unwanted
coati ng conposi tSubsirate Bithaaidsdee heasi igmousr eoaingsitions dssodvihgemate. 5 16. The
process of clai ' i d. i Ng,conposition. Js | ected from the
group consi sti ngrﬂn &%te‘@:ﬁé@@goﬁﬁ%g&%% nﬁ%é}’ O%a%(g;g‘ Sb%s(ff?s?’\geco %gtsﬁﬁ A%t

coating. 17. The process of claim 14, wherein said coating conposition is
stress Buffer 10 coating. 18. The process of claim 17, wherein said stress
buf f er

oat i n§0-chpBOCEISHH clagm 1demhereisaid ¢sfing eogpeiponisselested fignof |

pol yi m de pol yngfe oRabY%bAE; . . nations

t hereof. 15 19. T%g pkogggégﬁlgfoqzﬁg#%ﬁ‘%?r% %ﬁ%nrﬁi @gﬂgg%%ogs uffer coating
conposition is oweligcted fromthe group consisting of. polyan de ester
polymers with radiation sensitive noieties in the ester group and

pol yam de ester polynmers w thout radiation sensitive noieties in the ester

group. 20 20.17henPpReesDrelaif! 1@l hdiéin Wo%hﬂ% £&hflo 'Iﬁﬁ%trgééfﬁu?fer coating

conposition is selected fromthe group consisting of. polybenzoxazol e

pol ymed0 pol ybenatixgzol e precursor polymer, and any conbi nations thereof.
25 21. The process of claim 14, wherein said coating conposition is applied
to said substrate with a sem conductor wafer spin coating machine. 22. The

ety Sl TP A O S68, JRbln 5 51
selected from the group consisting of: polyimide polymer, polyimide
precursor polymer, and any combinations thereof.
15
19. The process of claim 17, wherein said stress buffer coating composition is
selected from the group consisting of: polyamide ester polymers with
radiation sensitive moieties in the ester group and polyamide ester
polymers without radiation sensitive moieties in the ester group.
20
20. The process of claim 17, wherein said stress buffer coating composition is

selected from the group consisting of: polybenzoxazole polymer,

polybenzoxazole precursor polymer, and any combinations thereof.

25 21. The process of claim 14, wherein said coating composition is applied to

said substrate with a semiconductor wafer spin coating machine.

22. The process of claim 14, wherein said substrate comprises material
selected from the group consisting of; silicon, aluminum, copper,
30 chromium, nickel, gold, tantalum, titanium, tungsten, ferrous metals,
aluminum/copper alloys, polymeric resins, silicon dioxide, doped silicon
dioxide, silicone resins, silicon carbide, silicon nitride, titanium nitride,

tantalum nitride, silicon arsenide, gallium arsenide, indium phosphide,
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30 chromium nickel, gold, tantalum titanium tungsten, ferrous netals,
al um nunt copper alloys, polyneric resins, silicon dioxide, doped silicon
di oxi de, wpDlosoemeal resi ns, silicon carbide, silicon nitri deCTUSOHOASEM
nitride, tantaliydufi Mdﬂij& uﬁiu!nhftﬁlrb)@diesﬁdﬁ'tél'ﬁn dLQ;ﬁ {diliddR ﬁfo%@éﬁ'lcd% ssef1di um
phosphi de, 27 WO 03/ 067631 PCT/ USO3/ 03584 i um sel éni SI umtin
oxi de, tantal umcef%llll?s@rldi%wombﬂwlgamihcregfasses ceram c, and any
conbi nati ons thereof. 23. The process of claim?22, wherein said substrate
is asilicon wafer. 5 24. A process for renoving an edge bead from a
substrate conps.i Shagioceswlichihingwhaieth dugibheadicoatibdigwideth a conposi tion
conprising: 10 at |east one ketone selected fromthe group consisting of O
| O RL- 1?~R2 (CH2)n Formula 1 Forrmula 2 wherein RL and R2 are independently
selected fro h h n-propyl, n-butyl,
sec- butyl, anr@djrlgx %%3?10& gbﬁhgre néenbefg%teo%%Fub%&a%rco?pnﬁpgl east one ester
ot her than | act ones; and at | east one | actone, thereby dissolving said edge
bead; and 20 renovin d, di ss | ved edge bead from said substrate. 25.
The process of ¢PRPAY Sal‘\!lz\ﬁ%geé:ieﬁ SAHEIVIELE PURROSIRONCEMIBHING t h a stress
buffer coating. 25 26. The process of claim 24, wherein said substrate is
coated with a positive photoresist coating. 28 WO 03/067631 PCT/ US03/ 03584
10 at least one ketone selected from the group consisting of:

O
O
R1J—R2 (CHy)n
Formula 1 Formula 2

wherein R; and R; are independently selected from the group consisting of:
methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein n
15 equals 1 or 2;

at least one ester other than lactones; and

at least one lactone, thereby dissolving said edge bead; and

20
removing said dissolved edge bead from said substrate.
25. The process of claim 24, wherein said substrate is coated with a stress
buffer coating.
25

26. The process of claim 24, wherein said substrate is coated with a positive

photoresist coating.
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27. The conposition of claim 24, wherein said at | east one ketone conprises
4 to 6 carbon atons. 28. The conposition of claim?24, wherein said at |east
one ket ormomamprdses 5 5 or 6 carbon atons and wherei n RPCINS$0FAB584 e

i ndependent |y 2szermoagaofsmmofmﬂn@mowe@m@iﬁt 168t SHe kelBleMbbnpr lgw?/
n- propyl, n- butyI and isobutyl groups. 29. The conposition o ai m 24,
wherein sai d at PELebEORSEt one is 2- 10 pentanone. 30. The conposition of
claim 24, wherei n said at | east one ester is ethyl lactate. 31. The
conposition of claim?24, wherein said at |east one |actone is selected 15

fromthe groups C'HttSdo&ipoﬁmoﬁfof cRamye; WhiryiGhRIG (a8 ot \@heLRtast one,
gama- capr ol act one el ta-val erol actone, and any conbi nations thereof. 32.

The conposi ti on B @rbanatams ahwheieh Rigand Rogee mdépﬁnslelgfébmféectdﬂjﬁrgmol act one.
20 33. The conpqgi t2P cBh i.n | east ketone is
present in an arm%r(l)tBl:?etijflvgt abou%hylsgﬁvf no)gr%@ fyl QQ»? 1sai d at | east
one ester is prgag@st in an anount between about 20 w.%to about 55 wt. %

and said at |least one |lactone is present in an anount between about 10
wt.%to about 25 35 wt.% 34. The conposition of claim 33, wherein said at

| east one ket 9ferHe%oRpB8i6iBh of Blaird P4 ANRYEL sRRLIREE ARG Jté{ ndfs Mt . % to about 50
n

.% said at |east one ester 1s present In an amou etvveen about 30

. % t d0about 5@euntangge. and said 30 at | east one |actone is present in an
armunt bet ween about 15 w.%to about 35 w.% 35. The conposition of
claim 33, wherein said at | east one ketone is present in an anount between

about 35 w . %80.0hekebpoSilloMbs Yuins ai Ayidkeih 858 067631
PCT/ US03/ 03584 is prtggen'? in alrll am)untelbet m%g%aiglgte%%m%%ﬁ/ﬁcgﬁ%bout 50

wt.% and said at |east one |actone is present in an anmobunt between about
0 .. . . .

20 wt.%to ab?HtThe composition of claim 24, wherein said at least one lactone is selected

15 from the group consisting of: gamma-butyrolactone, gamma-valerolactone,

gamma-caprolactone, delta-valerolactone, and any combinations thereof,

32. The composition of claim 31, wherein said lactone is gamma-
butyrolactone.
20
33. The composition of claim 24, wherein said at least one ketone is present in
an amount between about 25 wt.% to about 55 wt.%; said at least one ester
is present in an amount between about 20 wt.% to about 55 wt.%; and said
at least one lactone is present in an amount between about 10 wt.% to about
25 35 wt.%.

34. The composition of claim 33, wherein said at least one ketone is present in
an amount between about 30 wt.% to about 50 wt.%; said at least one ester
is present in an amount between about 30 wt.% to about 50 wt.%:; and said

30 at least one lactone is present in an amount between about 15 wt.% to about

35 wt.%.

35. The composition of claim 33, wherein said at least one ketone is present in
an amount between about 35 wt.% to about 50 wt.%; said at least one ester

29



30 wt.% 5 36. The conposition of claim24, wherei i

: , ein said at |east one
ketone is between about 25 wt.%to about 55 wt.% 2-pentanone; said at
| east onewoIBM67688 bet ween about 20 wt. % to about 55 w . ®CEtUsys/0ISaLt at e;

and said at |easf..oN8y ohaflBRCewedeINRETS Wh :

18 Present it e QLD abOuivit(. Wa.Y aaberad 3 .9
ganna-butyrolacibne. 18 37. The conposition of clain124,(§yer in sgigﬂagb
I east one ket ostdedssolxclhviorais ratrsnt N30 AROUTE beswasbhousa0 Wit %‘Qa%ﬁé‘ht anone;
said at | east 061e ester is between about 30 wt.%to about 50 wt.% et hyi
lactate; and af Pedst one lactone is about 15 wt.%to about 35 wt.%
gama- butyrol actone. 15 38. The conposition of claim24, wherein said at
| east one ketone is between about 35 w.%to about 50 wt .% 2-pentanone;
said & | eass. Shecespesitidnsof dhamide Whatsausadal lgast opg ke SROERE . % et hyl

oot ate; and sl 3L b SES!uSNEss LaSt PAEnaaLHESCRIGHE A8 % 0 abou

30 wt . % gamma- _ _ process of claim 24, further
conpri sing, afB&h@&?ﬂ&ﬁﬁQOﬂgﬂsaiﬂxﬁmGevnb@aﬂymnuhwsamh%@bwﬁG@ﬁpn%n,

di ssolving a coating conposition froma_, b i i
lactone ?s between about 10 wt.% to abou’? §5t \%mﬁséadn%ng-fbutsy%lgct%%fg strate. 30

10 37. The composition of claim 24, wherein said at least one ketone is between
about 30 wt.% to about 50 wt.% 2-pentanone; said at least one ester is
between about 30 wt.% to about 50 wt.% ethyl lactate; and at least one
lactone is about 15 wt.% to about 35 wt.% gamma-butyrolactone.

15 38. The composition of claim 24, wherein said at least one ketone is between
about 35 Wt.% to about 50 wt.% 2-pentanone; said at least one ester is
between about 35 wt.% to about 50 wt.% ethyl lactate; and said at least one

lactone is between about 20 wt.% to about 30 wt.% gamma-butyrolactone.
20 39. The process of claim 24, further comprising, after contacting said edge

bead with said composition, dissolving a coating composition from a

bottom side of said substrate.
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