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Stress buffer coating materials such as polyimide and polybenzoxazole

15 films have proven useful for improving the reliability of packaged semiconductor
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" International 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  toyield 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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thickness varies from 1-3 millimeters in width and is found around the complete

15  circumference of the wafer. The thickness of this edge bead can be twice that of
the remainder of the coated area. Additionally, coating material is deposited on the
edge of the wafer and very frequently flows over the wafer edge and deposits on
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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compositions that are primarily composed of novolac resin binders and photoactive
compounds that are ortho-quinonediazide derivatives. Figure 2 of U.S. Patent No.
4,518,678 provides a cross sectional diagram, reproduced herein as Figure 1,
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 1c 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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15 photoresist. U.S. Patent No. 5,866,305 describes the application of an EBR and

bottom side cleaner composition that includes at least ethyl lactate and ethyl 3-
ethoxypropionate, and preferentially includes less than 10% gamma-butyrolactone.
U.S. Patent No. 6,015,467 describes an edge bead removing process using a
solvent composition that includes one of dipropylene glycol monoalkyl ether alone,

20  a mixture 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,

4



performance of chemically anplified 248 and 193 run phot oresi stz,(lté&-”ooe
Patent No. 6,277,546 B I; "Influence of Polyner Properties On
Chem cal Contam nation of Chemically Anplified Resists", W D, H nsberg, S

A. 10 MacBgpabdsisht J. Clecak, C. D. Snyder and H. Ito, Slilclfr,yg},[,,o3513925 pp.
43-52, 1993 use of NWP-c f(gnt ai nlfog@co itions s prohibited in many

sem conduct yl qcﬁ'lﬁ?% EBL. HMPQs pr sul e SoRRPOT HINPEBE KiredlaHiq f i ed

resists ar e, I se of

tetrahydr ofur ﬁrgmﬁ%oﬁ&?mégt erraecféqépp@gﬁpon?%tsvg%ﬁb%%?ee EBR

conposi ti onlshcﬁmetletdsm}ﬁpebeompaslam bdrepridinga R¥bGurerof at&topeydEBLeidsdn. U, S.

Pat ent No. 866, 305 descri bes the application of an EBR and bottom side
cl eaner con%@flspivéﬁt%qﬁla&mﬂh@&meat | east ethyl |actate and ethyl 3-

et hoxypr5op| onate, and preferentially includes |ess than 10%

gamma- butyrol actone. U.S. Patent No. 6,015,467 describes an edge bead
renovi ng processjRI393689% cladrab we BBRCsvlvems tdrmpusitionsfor usecwith pslyimidleof

di propyl ene gl ycol nonoal k?/ et her_alone, 20 a mxture of this ether and an

easi |y vol aPier&ses gartpiniag| ¢8at6 NAL- dimethyiformamide anb15-30%emethanaloPBt i | e
or gani ¢ SO'E&@EH@%%C%@ KBlveRFcd %%Rféﬁc% t{ah'ﬁx{ O8D- 1bb§of§2}éz S get herﬁ 117,623

descri bes npPoSi #i°on “Cont A nl ng a Sne conpo wth a

second sol vaﬂzrowtmtamd préferiblyne-40%sfla sobRai with AGotl gapmmlrk@gembwexzene or an
aromatic al co with the preferred enbodi nent stated to be m xtures of 25

ganma bl yr ke garme-tatirolastans|dicected & edsthsad rappvabofilzgt saBtant RelyEsT t he use
conposi ﬁ%ﬁé‘g Q%Sgé‘bﬁ&h&tmrges&uﬁﬁﬁ?%eqhe%ﬁt*é{ E)t(a%n@ 8%‘1@(%& f’e%ls?an?t e and

garma buty n Xt u I"ac

3- et hoxypr Opél?ﬂ@isﬁn@lﬁd@?olmﬁﬁﬂblfpblﬁrmﬁélh‘)i&ie ,p8 béﬂz@xaﬂﬂe Qﬁm&nblmaibl@ actone as
preferred cm;gosmlons use in_a method r ewor Ki n phot or esi st coat ed
waf ers by damspalybenginidezole apﬂéh@céﬁngttm@bbﬁap@dymmqr erdire area of the
waf er, JP 10-097079 teaches the use of an edge bead renover for

phot oresi sts conprising 60 - 90 % ethyl |actate and 10 - 40 %

gamma- big yr ol act Offm e}aneéaﬁdtedxﬂsqwehaé isEheREMBAT the eagRoBéadiramsvalcont ai ni ng an
al kyl lactate which could be nethyl, ethyl, isopropy or butg | act at es
and f urt her prooess a¢quinegneats foesteass bn@ercqoaumgs ar@..!ﬁ%rqnt/lﬁc@m thetedge beadet at e, 4

process requirements for processing standard photoresists, as described 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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15  coatings that can flow after spin coating. This rheological difference between
photoresist and stress buffer coatings is due to both the film thickness difference
and to the 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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conposi ti ong‘%ﬁ%ﬁﬁmﬁ#g@ﬁ@gﬁg%r@l Sﬁ%‘%ﬁﬁ%&@ga I'ngs that can flow after spin
coating. This rheol ogical difference between photoresist and stress buffer
coatings is due to both the filmthickness difference and to the difference
in the Wl atilitifasredgnbeahialysd conpipmgdissoked skessgmifep eptinganaierialol | ows t he
spin coatin - 0C -coat i L QU o, _nove
during any M%e&g%ﬁir%fg?é%%éﬁ%g ﬁg}piéé gﬁuglg’gﬁ k’ %gﬁo‘g%gnl??aggtﬁa#gtot he edge

20 bead renfh¢dottbinoghéssf the GvafdtiresulingciAe Bhtatiinationh @ftiesbdtiven SuBlRcpnocess,
| ndeed, after EBR sol vent ap§I I cation_has_been conpl eted, a shorter, |ower

spin speed ilpsaeledén 3ef Bigne ¥ rdepefi yojatie EBRswmpostionguedides awlyashdency of
the di ssol Vgﬁ'%t%{e{tg?fdsrlieg gﬁcgrg GuitRAY AT bacR sHRYGin® bR tnd disolRlier edge

and onto th
15  material and minimizes contamination of areas that were cleaned during the edge

bead removal process. However, fast drying is not the only requirement. The
solvent or solvent mixture must be strong enough to reduce the thickness 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



the wafer. 25 EBR processing of stress buffer coatings present yry
probl enms conpared to EBR processing of photoresists. In the case o
photoresists, the front edge bead can be renoved | eaving a clear clean

outer edgay@bsmgespased waf er about 1-3 mmwi de as illustrabpeqddddsbisgd’ e 2-
Because the wet stress_ buffer coat iggglflows 30 duri ng. waf er 'spi nning, the
B

front side coatirs edgsdead, (2} havdrg dryinegharasteristies suelh that diseolvedmsiesiakisy r enoved

during the e V. I B | . - i onal side
View of a i arbeSfa oG Buchl 8 R Srart, B ushib pRuRl P Hipa PO g
conposi t i OnmaeGal SR BRKRtomldige 65the Wafd] addyd) netdmviig dfepdéRydo are the waf er
| and 6 3 AUGUST 2006 WO 03/067631 PCTfUS03/ 03584 the stress buffer
coating 3 whemeterthgaccumailativnaiicoatingswaste iidhe eepbingesp characteristic of
stress lguffer coatings, 3b represents the coating that extends around the
edge of ™ the substrate, and 3c represents the coating that extends onto the
edge of the subpieicibr, HRigré¥htimbémion additased ¥ neell tFBpRVeERSsdgey on stress
buffer coating 5 filns is to mninmze the negative inpact of the edge bead
on waf er prhwags@nmgﬂ nragessyfpesteesp puifercnostings dugdo theiinadeguateperformansdge bead
region (3 a). to a thi ess._as. nearl.y egua the thickness of ,the rest of
the 111 m adtabeReta B RI%er iy Podidile S RER cotfhosiioh RE e B sur  ace
of the subshbdd-fequiBmbhtsan edge bead sol vent containi ng di ssol ved stress
buffer coating naterial remains on the wafer for an extended period of
tinme, il0 can flow or back-streamto the bottom side of the wafer resulting

i n contam i he'r”qﬁ e as illustrated in 3 ¢ of Figure 3.
Use of a VW@%@BCL 0s gﬁ&bﬁgvi des a solvent mixture that dries
nore qui ckly a”dTHJBiéser fiverich &%&ﬂﬁh?%l%ﬁ@srﬂn%j&i t&ﬁl‘%vﬂe%@dﬁ@ﬁe&ﬁ mat eri al
and m nimzes contam nation of areas at were cleaned during the edge bead

removal pr aemsser (BBRy\cempositien fatruse mgthi strespchuffen eoasinigymatexjals thatrbat . The

sol vent or sol vent m'xtur? nmust be stron .eﬂ?uagp ,f.o reducet.t t hi ckness of
t he performance superior to compositions known in the art. The composition for

T 2006

15 removing an edge bead from a substrate includes at least one ketone selected from

the group consisting of:

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



edge bead and renpove any small spots of coating material that hags I
the backside side of the wafer. These snmall spots of materi al §r{\"¥g1%§ld2°%
backsi de of the 20 wafer are formed by spattering of coating material during
spi n coat iwgosddvese snall spots of material are not as SO'P‘(‘:%?S 39 shpe top
side wet filmdue to convective drying during wafer spinning. ,&no% er

i nport ant [pessswirinfapaneamt befwgerneboub LG sy ta abouhdS wals; and the atfeastonen 25
coating an dge bead r.empoval pr.ocesses a for med. J e sane coating
cup. The gascgo lsgfﬁs%ﬁpgn&moggﬁWiﬁ?enrﬁsoﬂl{lfoe@g{/%tgta%g}‘g%%%soI vents can

|l ead to a build- up of residues in the coating equipment spinning cup. These

residues can add another source of contam nation as the residue can be
deposi ted ont o tThe present inygntionsilsospvigesd comprsiting fos raptovingaredgeer cup.

Addi ti opal | he residue in the coating,30 g ct geyent or inpede
wast e sgun I%M hf’ﬁ’ea %@pgﬁegﬂ@ppﬂpg.cqq%\ge@gﬁo&fﬂﬁb 23 E’rag’ﬂ?tf"tfjgﬁﬁbyi nto waste
cont ai Ner s pehfAnShETBBWEen labokt 20! vEBA S ahdut 5HIHt.%8 efilyl BREutd) uhd BEtweeAt | Ng EBR
conposition and process neet the conbined requirenents of. (1) reducing the

t hi ckness @bouthld wiz%30 AbsUSS WBEamAR-beyedasdE. PCTI US03/ 03584 coati ng edge
bead, (2) having drying characteristics such that dissolved material is not
deposited onto the bottom of the wafer, (3) renoving partially dried coating

material from t g ehptdoindbitfonCsol }16vited £Eompdistidiior RAoviRY hibedge tendency to

pronote the accunul’ation of coating waste in the coating cup. erefore, the
presenfl0i n\bead from asidstrsts eemptisingetwean dbopt 3 wt. Ve abdgie50 we¥d2-r enoval

process for stress. buffer. coati due taq.t i pa uat e rformance of
phot or esi sPCRIBRORG, PE¥YEER abwtgbd&%%itﬁﬁg%‘tgg\yg&E&x?ggﬁﬁéépggﬁwe?ﬂat meets the
above- r equighghERt Wt %40 aﬁm%.ﬂzga%iaﬂyﬁlm@& The present invention

edge

accordingly has an object to provide an bead

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  atleast one ketone selected from the group consisting of:

0

R1__JJ_R (CHa)n

2

Formula 1 Formula 2



remover (EBR) conposition for use with stress buffer coating nmes gRucebs 200t
has performance superior to conpositions known in the art. The conposition
for 15 renoving an edge bead froma substrate includes at | east one ketone

sel ected {¥Poochésa Or oup COI’ISI sting of: 0 0 R - R2 (CH2) npcTososssasd
Formul a 2 wher ej I el ected fromthe group

consi sti ng Bfcre hﬁ‘%‘ﬂg aredp néeﬁl %B& Ehﬂx‘btg‘?ﬁoups@emﬁ@i%ﬁ and i sobutyl,
and wher ei n; Wy, A-pfS 1%1»&15&%{ 1084 BHRY1, hd'heleliPedidd PBES: and
25 at | east notl'g‘ﬂl ac}tqon pIyn a b?oad aspect 10‘?6 e pr esgnwe%/ent?on t he at
| east one kBtone is present in an anmpbunt between about 25 w.%to about 55

w.% the at |east one ester is 8 3 AUGUST 2006 WD 03/067631
PCT/t1S03/ 03584 present in an anount between about 20 w.%to about 55 wt. %

and the at L@aagsh oR0Ester GRLAASN [aStoRESERNT I N an anmount between about 10 wt.
to about” 35 W.% The present 1nvention also provides a conposition for

renmoving an edge 5 bead froma substrate conprising: between about 25 w. %

t o about 55 % pent apon bet ween, abput 20 w. % to about 55 wt. % et hyl
| act at e; VY{B@F\R/B%H’ ClORSoRET @dﬁol%ngdh%g&gtbeg@; 4. 9% ganma- but yr ol act one.
The pr esent invention also provides a conposition for renoving an edge 10
bead froma substrate conprising: between about 30 wt.%to about 50 w. % 2-
pent anone; ieeiovéenthalkiiesdlvaa edge Béatl drombthistcof8d wabsHatet hyl | act ate; and bet ween
about 15 wt.%to about 35 wt.% gama- butyrol actone. The present invention
further (br ovi des a conposition for renoving an edge

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 (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 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



15 bead froma substrate conprising: between about 35 wt.%to alhQyiguaT 24bes %°
2- pentanone; between about 35 wt.%to about 50 wt. % et hyl Iactate an

bet ween about 20 wt.% to about 30 wt. % ganma- butyrol act one. A process for
renovi ng neeiodeéreds om a substrate is provided by the preserlcrgddspospggnt i on.
The process includes applying a coating conposition onto the substrate to
forma coated substrate with an edge bead forned thereon; contacting the

edge bead f WPN@ "k edge bead renover
conposi tion corrpr]?glntngﬁs at [east one etoneﬁglgl ected fromthe group
consi sting of -. (The(pr&ent Eaﬁzent(dﬂajrmldl?mmdga bbad:mmuyleﬁ(%lg) SrdpdGitish 2006 WO

03/ 067631 P [USOS/ 03584 ere| n Rﬁ e dependently sel ected from
the group cdPisyseYiHystERss bultpegoating m@ﬁ‘l‘?ls f’l‘ﬁ’&? g‘?maﬁ‘%ﬁl‘ﬂ%‘ﬁpor?ec butyl, and
i sobutyl ¢ a : r St than

| act ones;5 a%gmgpﬁpggglt(ﬁbo‘ﬁlgﬁﬁhgta%n% delTﬁ’er e%g& %%rgigolT\??ﬁ)geSt%ﬁ{ 1(ﬁ]{,%rmol?lbead and

removi ng t herekidaad m@desecfgleremmgmmteh&om einpshiiinr fedre the Iidihp]ibﬁl present
i nvention al so provides a process for repoving an edge bead froma

substrate. THiasohasubstate epated with o stress buffearcaa e@QEO%%%u%%Eher@&owm a

conposition rﬁ&%ﬁé%b%poﬁﬁoﬂseaﬂ one ketone selected fromthe group
consisting O

10 The process includes the steps of (a) spin coating a substrate with a stress
buffer coating composition, (b) contacting the peripheral areas of the coated
substrate with a sufficient amount of the EBR composition of the present
invention, and (c) separating 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, memoties, antd 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
11



R- 11 R (CH2)n Formula | Formula 2 15 wherein R and R2 are pp@dRR&tdens! Yy
sel ected fromthe group consisting of.- nmethyL ethyL n-propyl, n-butyl,
sec-butyl, and isobutyl, and wherein n equals 1 or 2; 20 at |east one ester

ot her thaRyhasbeess: and at |east one |actone, thereby di ssphrkisislodsfe edge
bead,; andl%vé5§/rermvi ng_the dissolved edge bead fromthe substrate. The

substrate DpidetiIp4 hichds berely insomorated bureerepessthergio e AllBtively or a

positive phot | ' o ST m %G 08B [ USO3/ 03584
DETAI LED DMS%% %W%%@Weméggggn 1 en?(lzson pg vi des an edge
bead r enovepHERRomedliiiki subgituentooptioaal lyninixedswitle as okrbis-tainoneditdidg materi al s
t hat has perfornmance %‘geri or to 5 conpositions known .in the art, as

denonst r at ®hotpsensitizer e displvedin 3 npplarnsnretic sglyent spelasiNes a process for
: ! S . f
Gubet rage CRAPURRATRRENY AR B TS, BEERSPARA A0S EBS 1. 2o

menti oned CamON 6&N1%,223 OwHiok afereest8intdipbratbd byt eferaice deereth). (a) spin
coating a substrate with a stress buffer coating conposition, (b)
cont act i ng Negatipe rong phptosensitsgcopposiiencenmmrised of pakypmide agid estas suf f i ci ent

amount of the.EBR ¢ Si.1i i nvenii 3 ) separating
t he di ssol \ngn%gﬁdr?]%%%oé%gggﬁlf@gené@ rﬁ%%{@%g%{ﬁltogé’ Q}salc}gcg% F%[%g‘? 5 Substrates
sui tabl e f ghottsikitiatdr thinpontly @d & Suttablecdoliebt sithitas N-gefiylpyrolidbgelort O,

10 gamhza-butyrolactone may also be used (U.S. Patent No. 4,548,891; U.S. Patent

No. 5,011,755; and U.S. Patent No. 5,019,482, which are hereby incorporated by

reference thereto).

Spin coating is the preferred process for applying the stress buffer coating

15  composition. During the spin coating operation, the silicon wafer or other
substrate is placed on a vacuum chuck and spun at a high speed (e.g. 500 — 3,000
rpm) after or while a stress buffer composition is centrally dispersed onto the top
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

12



silicon, alum num copper, chromum nickel, gold, tantalum ti4aRjdi8r 2006
tungsten, ferrous netals, alum nun copper alloys, polyneric resins, silicon
di oxi de, doped silicon dioxide, silicone resins, silicon carbide, silicon

nitride, tféasieganitride, 20 tantalumnitride, silicon argephigsodad | ium
arseni de, 1n '

h hj de, . . ndi | eni d I ndi ti, de, tantal
pol ysi | i co@m:t;g}a%‘gﬁ?‘gg’b‘:n&g%égml ?%szsoiﬁti?e::‘gaefe’f- L&tﬂog%%és’lﬁ’eg)ril sgi n 2ga? egm
i X . e . .
thermal by o SpAtiaBle BORkhA4 nAOIFRABILY Mupph NOIRELES Sip R AT 20 |

pr oduct i on raigesiftonoticedgs sHthe, wafemo raippint approxintdtely 2nmmi iaside theedge nt egr at ed
25 circuit conponents. The nost pre er({ed subatrat es are silicon wafers on
whi ch al | Otgith@cWéfef)rE@%g‘éﬁ’ésbeﬁ s gng bpttognside gleaning pracesssnfamsr conduct or

devi ces shayg, begfl: SROBLELETy of BasSSSS, AL bt GRRkIG,ERAPRSHLI On that is

applied by sprncoating on a 'silicon er or other s e as a coating

may be basegplynthpBBR $6]dent asing Ginnitayibanzox aribattopt side appsliication.yTke s, but is
not limted to these conpositions. The preferred stress buffer coating
conposi t i orfdee beadsiemoyal essst iscomnieted using a £pj8 dr pYSIG whiskkconsias 9L conpri sed
of an aque 3 ] Lesl: ) '

ort ho- qui ﬁﬁ@é‘%%ﬁaz&ﬁ E)}%)ggg%{sei %sgﬁyéﬁgﬂ@iogggﬁ%gﬁ%g%@%&agg ,EBRapr otic

sol vent sucBlvasat déntahing dinsolvet seless duffer @atinpedipositidroaidaodry teS. Patent | |
3 AUGUST 2006 WD 03/067631 PCTI US03/ 03584 No. 5, 449,584, which is hereby

i ncor pdPat e¥efefy reference thereto). Alternatively, the positive tone

phot osensitive conposition may contain pol yam des bearing

ort ho- qui nonedi azi de substituents optionally mxed with an

or t ho- qui nonedi g&pgte 4 iNbstR6LNE kdsiult ©F s dosling SOk afeflwith adstrdsy Wfter apr ot i c;

sol vent such as N5 nethyl pyrol|lidone or gamma-butyrol actone (U, S. Patent
No. 6,127, Geatiz;epmpgsitionpaeidorming an EBRiprogess, andhensofrhakingrthe godtett or por at ed

by reference 4 het. V4 td t L& Lt conpri sed
of pol yan deeteh; EuS s & EoR el gl e RORl PR L S PRRNES 8888 (R T
ester gsoupbeadreéniéiiat dlusaeter @ductdn in the thickness of the edge bead and removal

of material on the wafer edge and bottom side in accordance with the invention.

The essential features of Figure 4 are the wafer 1, the stress buffer coating 3

wherein 3d represents 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-
13



phot oi niti ator conpound, and a suitable solvent such as N nethylpyrolli e
or 10 gani ma- butyrol actone may al so be used (U. S. Patent No. 4, S%U@é%ﬁ@%s
Patent No. 5,011, 755; and U S. Patent No. 5,019,482, which are hereby

I ncor por atwe oBMe768£T €rence thereto). Spin coating is the prﬁ,ﬁﬁ%oﬁﬂﬁ%gocess
for applying the stress buffer coating 15 conposition. During e spin

coati ng opeiatCpand lohwevapiot pressurevalf. & mmo Hgp ohammmae-botrelactene setdaiced on a
vacuum chuck and un at a hi speed (e.g. 500. - 3,000 r .after or while
2 stress buys e Brsoeive Sup sl skfiaren b adliupiiion ot rttihe WE e Sur face o
the wafer. %‘gﬁ@ﬁ&eﬂ) H@@’H/e@gptﬁé SEGTS pRE.A HEESves k@S phdl Speed, spin

tinme, and t may be varied accordihg to desired use. As previously 20
denonst r at ealitixplaEtoge, 1Bay dhevery plowly duitgithe EBRemrocérs frésmttingoiat i ng f or nul ati ons

| eave band or, "edg ead' of.coatin erial at the wafer edge that is
S ont 11 CantSOATRRGRAT (i itorh s e SR e B e el g VTS bEr e The
edge bead Vg s ddi@the RROU side bthakpy 3 mMillineters in width and is found

around the conplete circunference of the wafar. The thickness of the edge
bead can be up to twice that 25 of the remainder of the coated area after

baki ng. The preferred nmethod of contactjng,the ed ead with the EBR
solvent is w th% 8P égl&\' dryings;s 8&1*’%/2441“%&?(%%2’05%&01%Sﬂb’eﬁiﬁé"a
separate b | S SCDE@& cpﬂ]k ide nozzle is
a stationa?@gﬁggzéﬁlggﬁeh%g@néﬁlﬁ%%%&t e gsg?fr\}g%ﬁe?e gtﬁ}gnﬁgﬁo 1zliage of the
waf er . 10ur i solvenBRixdoteweitlh improlved dtyirgpropdrtes. \idveeves,ther solaernt ntilktirs ol vent

noves to the outer edge of the wafer _a ogether with the

d.js spun off
di ssol ved cEaROLFQUIAR & pxaessiygameyy of ivgléﬁfﬁéel;re%ﬂzeaﬁuss giolyengrgtthe or it may

be equi pped wiih ﬁ-%]’@um %g%,rgqu&% [ | nozzl e
applies a streamf%ftBéE%%ts ver@Sftﬁgﬁa i ngle g%gi?i@é’r?ﬁ%%ﬁ%ﬁ@?%%t about 1
12 3 AUGUSTbeaQ@ficknaés 1331od sutfisientPCidduSaBdndih8hpidrevaposahiontof Solventi nwar d from

the edge of the wafer. A npozzle wi{h kB programmapl e novenent has the ability
to apply soeydsie anﬁn%pcgmégbi %oua&t)f ’E?Fﬂdtl%ﬁ’tt{w coating cup. Formation of

15  coating cup residue can be reduced by using a solvent of intermediate volatility
which slows drying in the coating cup. In the context of this invention, this solvent
of intermediate volatility is termed a “buffer solvent”. The drying speed of the
EBR composition can be adjusted as desired by varying 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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ranges fromthe edge of the wafer to a point approximtely 2 mmjnside_the
edge of the wafer. The edge bead renoval and bottom side cIeani%@U%P§E§g§es
can be 5 done either sinultaneously or consecutively. The nost preferred

met hod is t he EBR sol vent using sinmultaneous top ottom si de
applicati o?@%%%dge bead renoval process is conpleted usfﬁfﬂ’g“éﬂaﬁ? dry
cycl e whi ch consiTh¢ soleénts svithrboiling polvets inethe rarfge of abduit 80°Q ec a1 §0t® spin of f
excess EBR sol vent and EBR sol vent containing dissolved stress buffer
coating conpéselerisA omythe grepn oftketonep copaining o sasbon atpmg aceasdiag te he resul t
of spin coafj | uffer coating conposition,

perform ng gﬁ%gg lggéfégéwhgh%ﬁ?ﬁ@ﬁﬁg% t baking the coated 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 bead and renoval
of material on the wafer edge and bottom side in ac&rdance with the
invention. The essential features of Figure 4 are e wafer 1, the stress
buf fer coating 3 wherein 3% represents the stressipuffer coating edge bead
of substantially reduced thli ckness conpared to 3g; represents the wafer
edge, and |c representg 20 waf er bott m si de(CHglre EBR sol vent
conposition of the presént i nvention is be formnul nd processed in a
manner that solves the four engineering problens reduci ng the thickn=
of the stress buffer coating edge bead; 2) having drying characteristics 25
such that residues are not, deposited onto the botfom of the wafer; 3)
removing_ dried coating P@Pﬁ@ﬂ fromthe bottomE@8UsE the wafer: and 4)
no tendé%cy to pronote the accunul ation of coating process waste in the
coating cup. Use of one or nore strong, polar-aprotic solvents that are good
solvents for 30 stress buffer coating conpositions addresses the need for
good sol vency. Sk Felputa 1SRy 41dR, fe irdlependently seléotdd/feomshé group D€ alkyl t he
present invention include, for exanple, anna-bu{érolactone,

g )
ganma- val er Bidigelsnoasisingeimethph sthab maprapylgebutyl sse-dutil.aaddsebutdy Imny
conbi nati on of.. f. ; OF r Q lJak-aprotic
sol vents i s%%ﬁbbth?g &%éc{eg%eyaluﬁ%g?%%gﬁzbw nsg)l%%':isnrpg% Bﬁ)ﬁ%d%ﬁng%’
10  orin 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,
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13 3 AUGUST 2006 WO 03/067631 PCTI US03/ 03584 2050C) and | ow vagio&u&&gdége
(1.5 mn Hg) of gamma-butyrol actone retards drying in the coating cup
decreases the accunul ati on of coating waste in the coating cup. However,
pure stro zaprotic solvents, |ike gamma- butyrolactg may_dry very
sl ow y duwggﬁéahiﬁ%EBR process resulting in 5 contam nation PJPTE}?W«Q’O%?}H om

si de of the waf €Fhd sobvantsinehée bdiling pointrangeof dhoat € toabowteXISPCant 0 t he
bottom si de of  .the fer, The issue_ of slow drying.is solved by di ng | ower
boi | i ng poileid &re tf%nsﬂie_tgﬁ’éneaﬁe e et beadian H@?Vl‘ﬂ)f'o?ﬁ-lfﬂ’_éb%ﬁ?%o ol vents of
the pr esentadhi(;é‘t’iﬁgtﬂﬁé)&ﬁ]@ MHaflchrididibrind EBRIsofet drftpoMtiod. THRLR¥E Fodr Yi NY
properti es. wever , solvent m xture cannot contaln an excessive anount
of vol ati | eexamiples rdre baicablesvdnés sndl maniogy/seddctadnfeom mhexgrone comsisting@f coat i ng
conposi tion may be decreased to a é){oi nt where the edge ba;gd }hi ckness is
not suf Pi ci&HPPg pEaRIaeana samasvalerglagions 3 ma-FaRTOBFI08s| APE HelIa1 eads to an
unaccept abl o] ' ' ' | f coati ng
cup resi due&aclzéaiﬁﬁgfe}) F:.eg'll}%gagicg%?ﬁg | r?glﬁgeds:%ﬁé}g%? aétt)#ﬁ)%tﬁ{:egrrcne |ng‘ike£\}%+§ti lity

whi ch sl owswadrlgétoges sach irethe aatountofcabput 0.5 witietocaboe 9.5 aft.% lof thei nvent i on,
this solvent of i,nterﬁgi ate volatjlity |s terngd a "buffer solvent". The
dryi ng spedactene pbgure-phednost peferresdlagtone s arBeEpladonfesi red by varyi ng

t he amount of buffer solvent used in the conposition. 20 Therefore, it is
preferred that the EBR conposition consist of mxtures of solvents sel ected
from eddh of t hrEke hoiel phgfosgnsitive staesy baffemmathy edgabead revheveredi at e and hi gh.
The preferred boj|ing point ranges are about 80'C to about 1601C (|l ow),
about 135' COMPOsHIoNs aq%dleg(cqﬁmweaﬁlavféylpna@@u%wt%%Ut-%toca%zst out 2350C
(high). Th I i e TN ' ' 2] 'Cto
about 160 af@ﬁ“@é’?ﬂﬂ %%?lgg‘#%mﬁ%Iﬁé@igﬁ%n%{]%chgd}%%ﬁ cocgﬁrr%g‘ﬁ Ion and may
al so be sdf@aiudd? whereinrthyketomd aceoling toFifulaliecgitdigssbotid te6 cadahi Ng

material. The . .
atoms and R, and R; are independently selected from the group of alkyl radicals

15  consisting of methyl, ethyl, n-propyl, n-butyl, sec-butyl, and isobutyl, and wherein
the ketone according to Formula 2 is selected from the group where n equals about
1 or 2; about 20 wt.% to about 55 wt.% of an ester or mixture of esters 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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buffer solvents in the boiling point range of about 1350C to ab%%]ué@ssp{aogre
particularly useful for adjusting the drying characteristics of the
conposition. The 30 solvents in the boiling point range of about 190'C to

about 23 Sy&oaweeyseful for reducing the thickness of the %09}3?5@4and
provide a further nmeans of adjustin the drying characteristics oI { he EBR

sol vent corp&BR sadvent conpogiticnsThe svwentsysed 3 furadnatingthe Exanplosssl The
solvents with baoil.i oint s.in.the.r t ' 60'C are
sel ect ed fréé’mpt EQVS%E“P&?S ?ifetbgﬂlegﬁﬁoélﬂa{}g??ls?%nﬁ?%oﬁ%gh ‘Q'E%e Log"ﬁﬁla ag’rr%iL'accor di ng

to Formula | and Fornmula 2, set forth below 0 0 Rl R2 (CH2)n Fornula I
Formula 2 5 In Fornula 1, RI and R2 are independently selected fromthe
group of alkyl radicals consisting of nethyl, ethyl, n-propyl, n-butyl,
sec-butyl, and isobutyl. In Fornmula 2, n has the integer values of 1 and 2.
These sol vents may be used singly 10 or in m xtures wherein the m xture has
at | eastt two ketones in the amount of about 0.5 w%to about 99.5 wt. % of
the m xfure of ketones. The preferred solvents are ketones selected from

t he group consisting of 2-pentanone, 3-pentanone, 2- hexanone and

3- hexanone, and m xtures of these solvents wherein the m xture consists of
at least two solvents in the anount of about 0.5 wt.%to about 99.5 15 wt. %
of the m xture. The nost preferred solvents al e 2-pentanone and 3- hexanone.
The buffer solvents in the boiling point range of about 13 PC to about
185' C are one or nore esters. Suitable esters for use in the invention

i nclude, for 20 exanple, ethyl lactate, propylene glycol nononethyl ether

acetat qq i SOl Y/ Solvents used in formulation edge bead removal solvent

compositions.
Solvent Solvent Name CAS Number | Boiling Point °C
Solvent A | Ethyl lactate 97-64-3 154
Solvent B | gamma-Butyrolactone 96-48-0 204-205
SolventC | 2-Pentanone 107-87-9 100-101
SolventD | Butyl lactate 138-22-7 185-187
Solvent E | gamma-Valerolactone 108-29-2 207-208
SolventF | 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
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| sobutyrate, ethylene glycol ethyl ether acetate, nethyl acetoa%e%@éGST day!
acetoacetate, and ethyl 3-ethoxypropionate. The esters may be used singly or
as a mxture, where the m xture contains at |east two esters each in the

arm]tcmt O]::I memoq@ﬁ \r/]vt I %21:50I about 99.2 \gt . % ofSTt hg m xw)r 85%%’2%"8%@%
prererre ester S et act at e.

PCT/ US03/ 03§pg4 Sfﬁ@nééyﬁ@ﬂtremi far 26, éeCBB& , %%rﬁm ;%528 seepmndapbhn wafes C t o
bout 235' . ' ' bead and
abou cﬁﬁg@éﬁéﬁ%ef ﬁj’m g%éf&%é ]§kﬁse gé Smﬁiﬁﬁ%l%fow Poff tite bead an

provide a f nmeans o I ng rying characteristics of the EBR
sol vent conbackside ofithelveafeones, for exanple, are suitable solvents and may

be selected fromthe groyp consisting qof 5 gamma-butyrol actone,
ganma- val er ol act E%Pe'fesbr&ﬁ‘f .28 FANOrta {1h heble 2 AYthespindrying rargpelersgriere The

cach | n T he ARRCHEAPE xPd alBlel THEpREEEe g @ Mook iRt oot one °°
m xture. Theidedsfingufedr @5rsecbridaat 2569 ipm. JHremmeds pteferneduetulh evas idobthia novel
Bccor ding t BRHEGRBCBHIS FETE Fi5H 2P AERDOR 000 roRgs s FOBRABBLL 55 v . %
of a ket O”E\Iﬂ‘iﬁ-es%%tﬂdﬁ% e%fm&ﬁ‘}ﬁapér&%%ﬁ%%%ﬁt;tpw{gfogéémhﬁ@ofﬁé g@%‘)@ 1 and

Formul a 2, erernt etone a i ng t contal ns 4 to 6

carbon at osglanThRiryagaeftAaty feomnhie@ansisitiohy oS E€bmptuativé ERamples 1¢f oup of
al kyl radicals 15 consisti naﬁgf et hyl , et hyl, n-igi;lopy[ , n-butyl, sec-butyl,
and i soHut yshovania Tabls 2shpw thae misiues of sbrblastateqbeidng goniila4 3C) andse| ect ed

fromthe group where .n equal s,.about ~ abou 0 wt.%to abaut 55 wt. %
of “an ot or S4PBRE B G Betifertptad-2 T 4B Bt e HGrRRIF0RT8 e o6 t o
about 35 Wt yHeRtheanikBfEOOMAR 38BN EM RinPa-biagloPREshe, THIEIsHORRaST €1 1 ed
conpositions 1 nclude about 30 wt.% to about 50 wt.% 2 20 pentandne; about 30

Wt . % t o abothe t&@hing. cHIB{2000-31862 hwberemmengiositions ontainivgt6d-1B60f 35 w . %
gama- but yrol act gne. The nost .preferred conpasitians include about 35 wt. %
U0 about  Sosarrararsaeanbasd 10uD R 0B oS E 4t liRe ey o an

15  gamma-butyrolactone are claimed to dry easily when used as EBR solvents for

stress buffer coatings. The drying data from the composition of Comparative
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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ethyl lactate; and about 20 wt.% to about 30 wt.% gamma- butyrol act one. 25
The followi ng exanples illustrate the present invention and are ?ﬁUﬁHSM‘}PG
intended to limt the scope of the invention. EXAMPLES 30 Gener al

Formul at i ofyoRisaeadyr e For EBR Sol vent Co! npositions. Appr ogl;é',ﬁbgo%g%nt s by
wei ght of each m croel ectronic_grade solvent were conbined i I't er

pl astic bottle. Rpmoyagisiressiasies eeating canigminaiion depesited onghebotipny side by

16 3 AdcustouBbatad g8k shibReRti S enthBrh R Sl b B B mosi ¢ on.
The sol vent sormipasitionn Therprodess forgermbeinbangh skleabataneaioaria fiey@ntyanpl es of
the invention are designated as shown below.in Table 1 5 10 Table 1.

Sol vents ustderrad tp&m theiaat asowaelride deaning” and itds tasks Yaderstoedigbsichiaons .

Sol vent Sol . Boig | | : t thyl lactate
97-64-3 5?545 I%Q%%@gﬁ ga#nﬂ?é{hlggt F rotf)tjl8 %cﬁ%én%hgggﬂﬁt@ %@%&E %ol vent C
2- Pent anoneisétedalép8sitt@cdbting rhatevialthathaBbéet substahttdllyy drdd-R32coAvddifon187

Sol vent E gam na- Val erol act one 108-29-2 207-208 Sol vent F_ 2- Nexanone
591-78- 6 12quringdhe spin coptmapreesssn Bengvatnfthese solatedsdapositoef t he EBR Sol vent

Dryiniz Tes ' : bat t | YA | S | t
perfor manceéubféﬁjgﬂg'r %e@?%??@%gﬁe%ﬁ%gggﬁ\%gh’gﬁtc%%ggﬁg i°? ﬁ%ﬁ{sﬁ%géa ﬁds?e wth
stress buf f gincabéf wgsoatme attrial) Accordiagly e BBROsblveHh Qostbysitignsathavi or  of

EBR conpositions was characterized using an EBR solvent drying test. In
this tekt thedrventign yere|tgetedifor their effectiveness in removing dried coating material.

In this test, a series of 100 mm diameter silicon wafers were spin coated
with stress buffer coating composition using an SVG Model 8600 coater tool
equipped with top and bottom edge bead solvent dispense nozzles. The stress

15  buffer coating material composition was Durimide™ 9005, a positive-tone
photosensitive formulation commercially available from Arch Chemicals, Inc. The
spin coating conditions were to dispense and spread 1 mL of composition at 1200
rpm for 4 seconds followed by spinning at 2500 rpm for 15 seconds. The 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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di ameter silicon wafers were spun on the chuck of an SVG 8600 spiAydi¥Atdon8
tool equipped with stationary top and bottom side spray di spensing nozzl es
at a 20 rotational speed of 1200 rpmfor a period of 3-5 seconds while an

edge bead wpesRyRs1 SOl vent conposition was sinultaneously gRIlHRY0i8st he

bottom side_of the, fer. The Erﬁ edure reqea4 g%pusi ng constant EBR

sol vent applacteneiasin ¥oEs g O‘Pﬁ?r%l@’t‘%@’%ﬁ)' PHBOHAWPIAS the speed

used to dry : 3 | ' L¥iNg time and speed
rdiR. WAL BElievERRis bYRIVIGRS &%gﬁ%ééﬂ%% o b gé A

parameters used were 1500 rpm 17 3 AUGU 31 PCT/ US03/ 03584
for 15 secowrdscenf8dns gfifadtane Divest clormdsirasi tte 2&positponsfodExampksdemds. The

wafers were inspected after spin, drying.for the presence, of ,residual

sol vent on @Héﬂoﬁgggisa@eqﬁy tpwgrq?%eélrmat afl@&%@ﬁ?@@@r%efnenac} &y%orted in
Table 2 as S | HRlo NBsh I i achi eved.
The pref grrg‘gﬁ?e{sﬂueﬁ'dlgmgdsﬁ?gyggt al nﬁgtgartrpl et@e egflﬁg?na ogit%e&ﬁdérﬂy@%lg%%fster 25
seconds at 2Pb®ade themdsh prafersdd qrymigesharcteristing| Examples ¢ -O4altasow thatrpl et e
bottom side drying after .20 seconds at. 2000 rpm as these, condi tjgns

repr esent aS%P%Cyééﬁﬁ?ﬁtﬂiyd%‘ﬂ’r%ﬁgg?éé%d\)él?%e‘%%ﬁé?PPtaPBn‘? &)@?lg}%gfsl(ﬁi me of the
drying cych 16 | : d, e Lt ] arative
Exanpl es 1- 6618J2%8%&4ngwé§$%pgﬂtﬁzo{/v(?hqha{tﬂéngowfgs%hbw gt% ﬁg‘ﬁh‘i@g{) ate

(boi l'i ng poitise kbtbnesIn the dompesititnsalbys dcasion s uphie DI er fritigh 204- 205 ' C)
dry under the preferred condition when the m xtures contain 30% or |ess
gama- blifyr bpdedaeonersaleentsindbheempasitias. t he teachi ng of JP 2000- 319691
wher ei n conpositions containing 60-100% of gamra-butyrol actone and 10-40 %
of a solvent with a boiling point |ower than 15 gamma-butyrol actone are
claimed to drablensSbivenharying end sclvaiingppingitst résults foi Exampesllf er coatings.
The drying data fromthe conposition of Conparative Exanple 7 shows that

t he ampunt dhranghf all"&@tommﬂ‘éﬁwE@mEMé&O?@eAWWHGS% of the nore

vol atil e sol vent pinacolone (boiling point 106 'C) is added to the

conposition Simlarly the drying results fromthe conpositigns of Exanples
1-6 Solvent Stripping
i Test Results
Solvent Drying
Example %A %B %C | %D %E %F %G Film Thickness
Test Result
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 92

Example 5 45 20 0 0 0 35 0 205 @2000rpm | 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 | 80 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 29
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20 show that the inclusion of 25-45% of either 2-pentanone (boild Qesirét ol
00-1010C) or 2-hexanone (boiling point 127 'C) in the fornulation alT ows
reduction in the amount of ethyl lactate buffer solvent needed to dry
conposi ti owe @meiaLNi ng up to 30% game- butyrol act one usi ngefBGuspE&Ler r ed
drying cycle of 25 seconds at 2500 rpm Adjusting the anount of either
ketone to 35 -45% | eads to conplete drying 25 using the nnst preferred

dryi Ngop¥siRe 0f ,20|sggonds, at 00 rpm ta f,eom s|{tion
Exanpl e g ,she vs4% at %garnm(2 val gdr)ol ac‘fonquaﬁ gé éu%g(f@?g@er%gf DI &

-}

gam r%-obut%rvol actone and Exanple 6 shows that a m xture of |agtones can be
used.| STV § hed t er Rary £or quidit iford acchrdi nY to2t H@25MBAL { on privi de 4
means—of—actieviny the requi redEBR SO venmt—dryi ng Tharacteri stics Wi te
mai ntai ning_a 30 significant amount of a |actone or |actone mxture in the
conposi t i onDescription o The Topand-Bp mipicationTegf Test . 18 3 AUGUST 2006

WO 03/ 067631 PCTLLS  Reroving. St eSS butf T conl ntam nati on
deposited on theéggﬁgt%{)u%%g?% 1n§g$re% e%giroggeﬁ%érgﬁeﬁéegggyﬁﬁ ahi S an
i mpor t ant  f prekdsiig. OWith bRotoRRiskpthedrint edfyheagd ichn BOrenldied GRSScleadr renovi ng

bottom side contamnation is frequentévy referred to in the art -as "backside
cl eani ng aflgan putexedgs abeuiyhdaps vodel Withirhetesensiti e syesscladfericaatings: of this

i nvention, Botiomsi C L pati.on.. ur _1.SO d deposits of
cont g e DR piik ApE BORRIN BE iRt BR nBPEH 6B Rt EUEME SR 1 o e
spi n coat i NBeadrsofrREfappReaivm | THefgohhie $& niisigdiad ®e ne%m@limaafoftﬁe&@eant ially
dried material requires a stronger solvent than the sol vent needed for

removal of brad anosafenprogessingaat yiedd by refiugigigyihe thigknewsfsls ¢destbeadnposi ti ons
of 10 the inventi re taestied for their fgcti.veness.kn_r i ng dried
coating mat & A O.f%fr ﬁﬁ?ﬁ? %ﬁ?gg’te,ss agnggr:iy 8%'?%}0 %ﬁéhlﬁ%‘eaf §%@F§?S%§f ﬁecon waf er s
were spin CHBh aslposMbld) Tb teRbfor Bf feRhireBait] NGer@ TP P60 rin® RiakfetdrGiladnSVG Model
8600 coater tool” equipped with top and bottom edge bead sol vent dispense

nozzl es. Thwakr was spinFopigflivath Rerimideq” ABATRSIRG a SY kD& spencegtiagteeli m deTM

9005, a posc'ec&dif)/pee'dt“cr)it estationary top and bottom side solvent dispense nozzles. Asis

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;
@) 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;
(G)) 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

21



The
at 1200
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baked coating, 30 Table 2 sh we?the r88ult £ 5f| t t he
Exanpl es and -Cenparative—EBxarples—t+espectivetys ot
Conpar at i ve Exanpl Bxgmple 73, vvii | 65 nget Rhg t h¥ prefePred dryi ng.0
characteristigs, have poor salvency for ied | materiall as only a mpdest
amount of filmis pappxed. Irlmcrgsisi ng26 hel agpount op 19 3 AUGYST 2006 WO
03/ 067631 PCT] US03/ 03584 | acffone ag in the conpositions| of Conparatijve
Exanpl es 4-6 {oes Comparativpr ove t esyl t| Ye beligve this behavior |is due
to filmswell|ng af, Q%ghi gher “concentrations| of [actone solvent. In
contrast, theCOMpgSLLLNES Of Exarmmtes =6 _ar{ Stow g owar d
dried material and meet the pref®rrled3¥ryj n§ 5 reqglirenent. Binpies 1-3
denonstrat e c-anpl—%‘@ﬂﬁlb)ﬂﬁa‘v'a! of—t-he—dri-ed-fit+rrand—prowi-de—t-he—ppsy
preferred dry|ng RPNV i st c8s Bxarfpl es 45 6| al s® sholvv t hat6.0 sol veéncy is
greatly inproyed (Bramwieliudi ng eithedr 2-pentanope (boilijpg point 10
(err)C) or 2-héommarniéve Epaminld ng %oi nt ]027 [ C), ih th conpositilé)(p. Use of
ei ther of these kepemgg)in ﬁhe co $03|tions al l ows inclusionof upfto 30 %
of the high
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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10 boiling lactone solvents in the conposition. Table 2. Solvents ghyi&fogad
sol vent stripping test results for Exanples I through 6 and Corrpar lglve
Exanpl es 1-8 of the invention. Solvent Stripping Test Resul ts SoI vent

Dryi ng Exavplog/o%gﬁ %B %C %D %E %F %G Film Thi ckness

Renoved le 1 .45 20 35 0,0 0 0 20, Exa |l e
2 45 30 1 2911% 3%0,18160% e plotaregistaomposition gqmger ggl%%”@é-‘% 0000
20 9 @ 2000

Exanpl e 5 2 Sogicat, 1c D o‘ﬁ’foné@é Z%%w@ugﬁggn%\ﬂ%g%@f}@lég TR % o o
25 s @ 2500 rotatiorl @ee@@rﬁﬁﬁﬁ@trpm andagplﬁmﬁg @in®® oF 30 sEGbrEis@I’he(Mp sigeredge9

Conpar ative, 90, 10 0,20Q_ s 0 rative 2000000
20 s @ 2000 YFHhIas en %@Péw%he%ﬁgéotye %f@u@t@%”?ﬁ@@s@o?

Conpar at 5ve gpR nﬁt%c@ss@ogsﬁe@o?-étc%p BANRSPOT BB solvBHPRE 8lsb¥hnd Qtka)OO 0000

25 s @2500 rp 3 AUGUST 2006 © WO 03/ 067631 PCT/ TJS03/ 03584
Conpar at i ve rpib fatbvoedbypa dotedim 2leEBR dispéhse pyeld using i disPenyeatirae 0f/& 0 20 35 45

'(I)'egt 025a gc%g 9 atr3%r6'05rpr%. Secé]glgtpiro%gssov];asgc])renp]_(%gd WI aBS(I))EI‘E r;}m?gl cq'%l 'Ac‘filpl cation
7 seconds at 3000 rpm. The wafer was then baked on a hotplate at 90°C for 30
seconds to yield a firm film 1.0 micron in thickness. The baked wafer was free of
10  edge and bottom side contamination and the coating edge bead was removed to
yield a clean substrate according to Figure 2. Therefore, the EBR compositions of

this invention may be used to process photoresist films.

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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Stress buffer coatings present unique problens for edge bead resry8UST 2006
processing. Wth photoresists, the front edge bead can be renoved | eaving a
clear 5 clean outer edge about 1-3 mmw de. Wth photosensitive stress
buffer coatings, the front side edge bead can be m nim zed but not

conpl etely i ge bead solvent application. The goal is to
mnimze th@ﬁﬂgﬁigﬁﬁéhhﬂgai "of the edge bead on wafer processing and yield
by reducing the thickness of the edge bead region of the filmto a

t hi ckness as nearly equal to the thickness of the rest of the 10 film as
possible. Tg test foy this requiren&&ﬁ, a serjes of 100 mmdi aneter silicon
waf er was spi iMeddebedd rempver ¢AmMRANHIRMESMPESIAG: a SVG 8600 spin coati ng
tool equipped with stationary top and bottom si de sol vent di spense nozzl es.
As is wusually done in the art, a coating tool operating programwas used

t hat conbi nes at (gt pnedketoresselbciadi from deé grauppeshsisting ¢fcad renoval into one
conti nuous nmachine 15 process. The program used was: (1) 4 seconds at 1200
rpm apply stress buffer coating conposition; (@) 15 seconds at 2500 rpm
spin coat stress buffer coating conposition; ) 1.5 seconds at 750 rpm
apply EBR solvent to t side of wafer; (4) 3 conds at 1200 rpm apply EBR
sol vent to bottom side|pf wafer; 20 and (5) econds at 2000 rpm spin
dry wafer. The wafgers r hen softbaked o a hot'f@Hgdre for 3 m nutes at 115
(err)C and opticallly inspected for the presence ¢r absence of edge bottom
side residues. The 25 degree of top side ed d renoval was eval uated
using a KLA-Tencor P11 profilonmeter. The profilometer stylus was set on the
filmat a point approximajel]y 6 mmfromthe_ed gf the wafer. The stylus
was then scanned to waf er edge to aF 40ff the edge of the

waf er. The hei ght of the edge bead above the surface plane of the filmwas
determ ned fromthe profiloneter scan data. The 30 quality of the edge bead
renoval with respect to bottom si de and edge cl eanliness was determ ned by
optical i nspeahereineRdandRadreindependently Selestedfrdincthnegirdep vensisfiig

of: methyl, ethyl, n-propyl, and combinations thereof, wherein n equals 1
or 2, and wherein said ketone of said Formula 1. has a total of 4t0 5

carbon atoms;

at least one ester other than lactones; and

‘at least one lactone;

wherein said at least one ketone is present in an amount between about
25 wi.% 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 35 wt.%.

2. The composition of claim 1, wherein said at least one ketone comprises 5
or 6 carbon atoms and wherein Ry and Rz are independently selected from
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3 AUGUST 2006 WD 03/067631 PCTfUS03/03584 clean and as not passAnGUST 2006
coating material was still observed on the bottomside of the wafer. Table
3. Top and bottom side application test results for Exanples 7 and 8 and
Conpar ati ve Exanples 9-12 of the invention. % A % B % C | nspecti on Edge Bead
Height Results in mcrons Exanple 7 45 20 35 P 3.0 Exanple 8 35 20 45 P
7.8 Conparative 80 20 O F -1.0 ExanDie 9 Conparative. 70 30 0 F -4.0

Exanpl e 10 Cothmgmiupvwsonsisting4F: metityl Cethidxa ligroups,rarad ebrnbinatizagpl e 0 0 O
F 13.0 12 (No EBR Ip5 The dgta fre(t)lgExa%I 4g:?smgyagnd lg@'i n Table 3 shows
reduction in thefe@ ge bead thickness relative to the 13 mcrons thick edge
bead that is forned when no EBR process is used (Conparative Exanple 12).
In the experinents of Exanple 7 10 and 8, the wafer bottom side was free of

coating corg.aThaadompositiun 6f dibien 1aivhereinsaid @t egstBrievicetbe@pes 9 and 10,
whi | e havi ng edge beads of reduced thickness, had bottom side contam nation

due to the sl BRM@NPNAg characteristics and poor sol vency of the conparative
conpositions. In contrast to Exanple 3, the results of Conparative Exanple
11 shows that a conposition containing only 2-pentanone 15 and et hyl

lactate, wh.| eTHeeoBMmpositionok slaie 1 wherainngiid ahleastonelestdrfieethyye in _
reduci ng the thickness of the edge bead and actually cause an increase in
edge bead lactate.

5. The composition of claim 1, wherein said at least one lactone is selected
from the graup consisting of: gamma-butyrolactone, gamma-
valerolactone, gamma-caprolactone, delta-valerolactone, and any
combinations thereof.

6. The compasition of claim 1, wherein said lactone is gamsma-butyrolactone.

7. The composition of claim 1, wherein said at least one ketone is present in
an amount between about 30 wt.% to about &0 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.%.
8. The composition of claim 1, 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.%;
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thi ckness. Thus, it is necessary to include a |actone or IactongAg‘b{(%yr-zgod n
the fornulation in order to reduce the thickness of the edge bead. 20
Exanpl e 13. EBR Processing of a positive photoresist, The utility of a nost
preferred EBR sol vent conpositions for renoving the edge bead and bottom
si de contam nation of photoresist coatings was also evaluated. Accordingly,
a 100 mm di aneter silicon wafer was spin coated with 22 3 AUGUST 2006 WO

03/ 067631 PCTard saidf &tB8¢t dAeIbMcneds preskiftii AR anib\Ritedwbeh aBBIPRG! tion

comercially available fromArch Chemicals, Inc. The coating was applied

usi ng an SVG ) CRPWED using a rotational speed of 3000 rpmand a
spinning ti rreﬁg?pg%gé@gonds.'/"rhe top side edge bead was then contacted with

t he EBR solvent fornulation of Exanple 3. The 5 EBR process consisted of a
top side dispense of EBR solvent for 6 seconds at 1000 rpmfollowed by a
bottom si de EBR di spense cycle using a dispense tine of 8 seconds at 3000
rpm The EBR Phecompositionefmiaim tawhenein aaidmtieastyninedaione is bétweenseconds at
3000 rpm The wafer was then baked on a hotplate at 90'C for 30 seconds to

yield a firm abouwnZs @t.7 iy abouts5 Wi.ak2pentanthe; aidest leasteine/estef isee of 10
edge and bottom side contam nation and the coating edge bead was renoved to

yield a cl ea”b?%%{r{(é’d&tw.% i&%ﬁy&g?s@wm% %hyITIQEﬂ'a?é;cHrfSihsoa[i&%t [€2t

conpositions 0O this invention ma 0° process oresist films. It
shoul d be understood that the faoregqghn scriptipn i.s only illustrative of
15 the pr esen?"?ﬁﬂfg(m‘? !ﬁn.e%%ﬂc??!’&”gﬁbé!ﬁn’gt P\?«?ggghg 7 iqq”&’éﬁ ons can be
devised by those skilled in the art wi thout departing fromthe invention.
Accordi ngly, bmtaml@¢t@aent invention is intended to enbrace all such

alternatives, nodifications and variances. 23 3 AUGJUST 2006 WHAT IS
CLAI MED | S:

10.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.

11. The compossition of claim 1, 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.

12. A process for removing residue from a substrate comprising:

applying a coating composition onto said substrate to form a coated

substrate with an edge bead formed thereon;
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1. An edge bead renover conposition conprising: at |east one ke§gpgusehkesd ed
fromthe group consisting of: 0O O RL R2 (CH2)n Fornmula | Forrmula 2
wherein R, and R2 are Independently selected fromthe group consisting of:
met hyl, ethyl, n-propyl, and conbinations thereof, wherein n equals 1 or 2,
and wherein said ketone of said Fornmula 1 has a total of 4 to 5 carbon
atons; at |east one ester other than |actones; and at |east one Iactone

wher ei n sai d_géntaeang sameed(?éam foTmiRdsTe §aidi coafst Memvmeaggout

w.%to about 55 wt.% sai | east one ester 1s present In an unt
bet ween about 1y nd said at |east one |actone is
present in anbé%%ﬁ%Pé% fﬁ%ﬂﬁ“ggéﬁfﬁ%@ﬁ§wg%)to about 35 wt.% 2. The

conposition of cialm1l, wherein said at | east one ketone conprises 5 or 6
carbon atonms and wherein R, and R2 are independently selected from 24 3
AUGUST 2006 the group consisting of- nethyl, ethyl, n-propyl groups, and
conbi nati ons @hlessbene ketonereledad from thengroupaionsisting ofher ei n said at | east
one ketone is 2- pentanone. 4. The conposition of claim1l, wherein said at

| east one ester is ethyl lactate. 5. The conpgsition of claim1, wherein
said at | east one lactone is selected fromthg group consisting of-
gamma- but yr ol act one, ganma- val erol act one, ga - capr ol act one,

del t a- val er ol act one, aI]d any
R- R, | (CHg)n

1

Formula 1 Formula 2

wherein Ry and Rz 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;

at least one ester other than lactones; and

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

removing said dissolved edge bead from said coated substrate.

13.The process of claim 12, further comprising, after contacting said coated

substrate with said edge bead remover composition, dissolving any
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conbi nations thereof. 6. The conposition of claim1, wherein saj fy&ast oo i S
gamma- but yrol actone. 7. The conposifion of claim1l1l, wherein said at |east
one ketone is present in an anount between about 30 W% to about 50 wt.%
said at |east one ester is present in an anount between about 30 WL% to
about 50 wt,% and said at |east one |actone is present in an anount

bet ween about 15 w.%to about 35 wt.% B. The conposition of claiml1,
wherei n sai d anwhptegtcoatinglcempusition fromsebotiom sidenofissid voatsd ween about 35
wt%to about 50 wt. % said at | east one ester |Is present in an anount

bet ween about g@fstindtéy t 0 about 50 wt. % 25 3 AUGUST 2006 and said at |east
one lactone is present in an anount between about 20 MA to about 30 wt.% 9.
The conposition of claim1l, wherein said at | east one ketone is between
about 25 wt.%to about 55 wt.% 2-pentanone; said at | east one eater is

bet ween abput 20 wt. %'t hout 55 wt, % e | actate: ,and sajd at | east one
| actone is &m%@lﬁ?cﬁa} 2,9hereinsal c\égt' NG COmpsition '§§Plﬁctﬂdactone

10. The conposition of claim1l, wherein said at | east one ketone is between
about 30 wt . %rom thBgroup consisting ofistress buffer saatihngrand pasitive photaresist i s

bet ween about 30 Wt % to about 50 wt % ethyl lactate; and at |east one

| actone is abgo#tingp Wt . % to about 35 wt.% gamma- butyrol actone. 11. The
conposition of claiml, wherein said at | east one ketone is between about
35 wt.%to about 50 wt. % 2-pentanons; said at |east one eater is between
about 35 wt.%to about 50 w. % et hyI | actate; and said at |east one

W ot ocess. 16 TEOPRF Phetbli 12 vhkfeif Skcosting commioien i slicks b O

coating.

16. The process of claim 15, wherein said stress buffer coating composition is
selected from the group consisting of: polyimide polymer, polyimide

precursor polymer, and any combinations thereof.

17. The process of claim 15, 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 poiyamide ester

polymers without radiation sensitive moieties in the ester group.
18. The process of claim 15, wherein said stress buffer coating composition is

selected from the group consisting of: polybenzoxazole polymer,

polybenzoxazole precursor polymer, and any combinations thereof.
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applying a costing conposition onto said substrate to forma coghgdusT 2006
substrate with an edge bead forned thereon; 26 3 AUGUST 2006 contacflng
sai d edge bead formed on said coated substrate with an edge bead renover
conposition conprising: at |east one ketone selected fromthe group
consisting of: 0 O RR2 (CH2)n Formula | Fornmula 2 wherein R and R2 are
| ndependently selected fromthe group consisting of: nethyl, ethyl,

n-propyl, mduThe provess fitidim ) avHeteingaid coatirg ebmpesition is agpliddstol or 2, at
| east one ester other then | actones; and at | east one |actone, thereby

di ssol ving Saisﬁi&%t#ﬁéwnh@genﬁﬁ@‘ﬁ wetbFspih coatiMg nascHige Pead from said
coated substrate. 13. The process o gfdgi m 12,ﬂpurtheg¢'(‘:orrpr|'si ng, after
contacting said coated substrate with said edge bead renover conposition,
di ssol ving any 27 3 AUGUST 2006 unwanted coating conposition froma bottom

side of said coated subs{erage. 14. The process of claim 12, wherein said
coating conddding RFRcess ebelaim 44, whessinsald ghibsirate sampriseagnalerialst r ess buf fer

coating and positive photoresist coating. 15. The process of claim 12,
wherei n sai d celsdted froomthesgroupreonsisting ef.sificont, elumioast,icopped,6. The process
of claim 15, wherein said stress buffer coating conposition is

chromium, nickel, gold, tantalum, titanium, tungsten, ferrous metals,

aluminum/capper allbys, polymeric resins, silicon dioxide, doped silicon

dioxide, silicone resins, silicon carbide, silicon nitride, titanium nitride,

tantalum nitride, silicon arsenide, gallium arsenide, indium phosphide,

indium selenide, indium-tin oxide, tantalum, polysilicon, inorganic glasses,

ceramic, and any combinations thereof.
21.The‘ process of claim. 20, wherein said substrate is a silicon wafer.
22. A process for removing an edge bead from a substrate comprising:
contacting said edge bead coating with a composition comprising:

at least one ketone selaected from the group consisting of:
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sel ected fromthe group consisting of polyimde polymer, polyind8gusT 2006
precursor polyner, and any conbi nations thereof. 17. The process o? clarm
15, wherein said stress buffer coating conposition is selected fromthe
group consisting of: polyam de aster polynmers with radiation sensitive
noieties in the aster group and pol yam de aster polyners w thout radiation
sensitive noieties in the aster group. 18. The process of claim1l5, wherein
said stress buffer coating conposition is selected fromthe group
consi sting of. polybenzoxazol e polymer, pol ybghzoxazol e precursor polyner,
and any conbi nations thereof. 28 3 AUGUST 2006|] 19. The process of claim12,
wherein said coating cgpposition is applied tolMsaid substrate with a
sem conduct or waf er spijjh coati ng machi ne. g gﬂéggess of claim 12,
wherein said substRy - ses nmateri al el ect m t he group
consisting of silicon, alum num copper, chYomu ni ckel , gold, tantal um
titanium tungsten, ferrous netals, alumnu per alloys, polyneric
resins, silicon dioxide, doped silicon dioxide, silicone resins, silicon
carbide, silicon nitrghgdeiati taniumnitride, umnitride, silicon
arseni de, gallium arsenide, indium phosphide, 1 ndiumselenide, indiumtin
oxi de, tantalum polysilicon, inorganic glasses, ceramc, and any
conbi nations thereof. 2 1. The process of claim 20, wherein said substrate
Is a silicon wafer. 22. A process for renmpoving an edge bead froma
substrate conprising: contacting said edge bead coating with a conposition
conmprising; Whereindt antkRe&re independenty selpsted: fremdhe gioup aensistingy of 1 29 3
AUGUST 2006 0 O

of: 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

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

removing said dissolved edge bead from said substrate.

23.The process of claim 22, wherein said substrate is coated with a stress

buffer coating.

24.The process of claim 22, wherein said substrate is coated with a positive

photoresist coating..

25. The composition of claim 22, wherein said at least one ketone comprises
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RR2 (CH2)n Formula | Fornmula 2 wherein R, and R2 are independg£Rb&dsT 2006
selected fromft group consisting of. nethyl, ethyl, n-propyl, n-butyl,
see-butyl, and isobutyl, and wherein n equals 1 or 2; at |east one aster

ot her than | actones; and at |east one | actone, thereby dissolving said edge
bead: and renoving said dissolved edge bead fromsaid substrate. 23. The
process of claim 22, wherein said substrate is coated with a stress buffer
coating. 24, claim 22, wherein said substrate is coated with
a positive pagﬁgfgﬂﬁgﬁ%%ggﬁing. . 25. The conposition of claim 22, wherein
said at | east one ketone conprises 30 3 AUGUST 2006 4 to 6 carbon atons.
26. The conposition of claim22,wherein said at | east one ketone conprises 5
or 6 carbon atons and wherein R and R2 are independently selected fromthe
group consiZ8-Thg compasdionof claim @2, whersin 59id atleastione ketoae compiises  gr oups.
27. The conposition of claim22, wherein said at |east one ketone is 2-

pent anone. 285Tré carbpnztomerandf whemimR? 2ndRyareiindepemtiently Iselextedne ast er
is ethyl lactate, 29. The conposition of claim 22, wherein said at |east
one | actone i i i 8dpy - | act one,
gamma- val er oﬁggﬁcﬁg l%ggrrar?g-g'gggggfgg?o (’a', g’e1 ??—%‘gé caug’g%@gﬁgmany

' conbi nati ons hﬂﬁfeOf' 30. The conposition of claim?29, wherein said | actone
i s ganma g S

27. The composition of claim 22, wherein said at least one ketone is 2-

pentanone.

28.The compasition of claim 22, wherein said at least one ester is ethyl

lactate,

29. The composition of claim 22, wherein said at least one lactone is selected
from the group consisting of. gamma-butyrolactone, gamma-
valerolactone, gamma-caprolactone, defta-valerolactone, and any

combinations thereof.

30.The composition of claim 29, wherein said lactone is gamma

butyrolactone.

31.The composition of claim 22, wherein said at least one ketone is preseht

31



but yrol actone. 31. The conposition of claim22, wherein said at ég@é&spgﬁs
ketone is present 31 3 AUGUST 2006 in an anount between about w.%to
about 55 wt.% said at | east one aster is present in an anount between about
20 MA to about 55 wt.% and said at |east one lactone is present in an
amount between about 10 wt.%to about 35 wt.% 32. The conposition of claim
31, wherein said at | east one ketone is present in an anount between about

30 wt. % to abplin afolht %ﬂﬁé&rﬂa@éut'%.%otgeaciw%ﬁ. rmerlﬂt.%l; BaASANbadtibpan anount

bet ween about 30 wt. % to about 50 wt. % nd sai east one lactons is

Comosi t1 on oPl i ireS8h{Figgh, S8R detwelh ool 283 e B i P& Wibcen: i an

amount between about 35 wt. % to about 50 wt.% said.at |east one ester is
present in ana@&éﬁ'ﬁtam@@m lagtane is pregentdn an ampunthetweenabouht) sai d at

| east one |l actone, is present in an anount between about 20 w.%to about
30 wt. % 34. whebs toomlpmstidsb wh%of claim 22, wherein said at | east one ketone
is between about 25 w.%to about 55 wt. % 2- pentanone; said at |east one

aster is between about 20 wt.%to about 55 w, % ethyl |lactate; and said at
| east one |actone is between about 10 wt % to about 35 wt.% ganma

but yr ol act a3eT [ td | wher ei n
sai d at | east %e:’éoﬁ’gta gﬁéﬁr"ﬁ'@%&m%ﬁ"%%%ﬁl g@g%%%%tt% @eg{)e(t)ﬁéabgi 'é%?'ao
2- pent anone; said at |east one eater, |i between _aboyt 30 . %.to about 50
v ethyl 1 act Bnan adioynEBeieay abatt 30 wEtREARCUT SO i S5k aLseast Alsout 35
wt . % gamra- but yr ol act 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.%.

33. The composition of claim 31, wherein said at least one ketone is present
in an amount betwaen about 35 w.% to about 50 wt.%; said at least one
ester is present in an amount between about 35 wt.% 1o about 50 wt.%;
and said at léast one lactone is present in an amount between about 20

wt.% to about 30 wt.%.

34. The composition of claim 22, 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.
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36- The composition of claim?22, wherein said at | east one ket ong,j n
about 35 w.%to about 50 wt.% 2- pentanone: said at |east one egf\gréusgtzw
bet ween about 35 w.%to about 50 wt.% ethyl lactate; and said at |east one
| actone is between about 20 wt.%to about 30 wt.% gamma- butyrol act one.
37. The process of claim 22, further conprising, after contacting said edge
bead with said conposition, dissolving a coating conposition froma bottom
side of saizb. FHETohfpoRitioRof claim 22, wherein said at least one ketone is between

about 30 wi.% 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.

36.The composition of claim 22, 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.
37.The process of claim 22, 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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