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I nvention The present invention relates generally to the renoval of organic
subst ancesof2ommies4substrate. In particul ar, the present pcmuseaioon7rel at es
to a universal nethod with a range of conpositions, which applies to the
renoval of both anorphous and thernoset polyners from el ectronic devices
such as sem conductor wafers and flat panel displays (FPD), and ot her

m croel ectroni c substrates. Background Various polyners are used in the
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Fol | owi ng dsf\boltio prstpho@s aadithérnidsst potyrhefd frdmhelectrorib dedReisguchngs
geonetry of the resist nmask is dependent upon the positive or negative tone
of the resisﬁn;"cﬁﬁg‘i’@tp(/é’af%ﬁ@f}def@tﬁar\ﬁil msnl@tsc@fﬂ%aaegtaw of the phot onask,

while a ”egﬂfc}(‘/@e&@(ﬁﬁc%ﬁ%ﬁ%té@.” provide a pattern that is opposite the
phot omask desi gn. e use of photoresists requires several cleaning steps

with aibinal clean of the nask before the next circuit design process step

is inpl errerlé ei. Orggni c-based dielectrics represent engi neering polyners
used to off ' tive properties to the mcroelectronic circuit.

Exanpl es of thesgarious polymers are used in the manufacture of electronic devices, to
include photoresists and organic-based dielectrics. Photoresists, for example,
. are used throughout semiconductor device fabrication in photolithographic
15 operations. The resist is exposed to actinic radiation through a photomask.
Where a positive-acting resist is used, exposure causes a chemical reaction
within the material resulting in a solubility increase in aqueous alkali, allowing
it to be dissolved and rinsed away with developer. In the case of a negative-
acting material, crosslinking of the polymer occurs in the exposed regions
20 while leaving unexposed regions unchanged. The unexposed regions are
subject to dissolution and rinsing by a suitable developer chemistry.
Following development, a resist mask is left behind. The design and
geometry of the resist mask is dependent upon the positive or negative tone
of the resist; positive tone resist will match the design of the photomask, while
25 a negative tone resist will provide a pattern that is opposite the photomask
design. The use of photoresists requires several cleaning steps with a final
clean of the mask before the next circuit design process step is implemented.
Organic-based dielectrics represent engineering polymers used to offer
insulative properties to the microelectronic circuit. Examples of these
30 chemistries include polyimide (PI) and poly-(p-phenylene-2, 6-
benzobisoxazole) (PBO) as manufactured by Hitachi-DuPont Microsystems.
Another popular organic insulator for electronic applications is
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I sbi sbenzocycl obut ene (BCB), manufactured by the USA-based, Dow Chemi cal
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or more practically, the rework condition would be considered as not

15 commercially available.

Positive photoresists are commonly based upon resins of the novolac
or polyhydroxystyrene (Phost) varieties chosen for high-resolution device
processing in front-end semiconductor and flat panel display manufacturing.
Positive-tone systems represent the largest volume portion of photoresists

20 produced globally and there are many suppliers. Example suppliers of these
systems for both semiconductor and FPD include the USA-based AZ
Electronic Materials, the USA-based Rohm and Haas Corporation, and the
Japanese company, Tokyo Ohka Kogyo Co Ltd. In positive photoresist
applications, a substrate is etched by plasma processes, which use gases of

25 inert and chemical varieties to produée both ionized and reactive species that
travel through the mask and etch down into the substrate. During etching,
ionized and reactive species combine with atoms of the substrate, form a by-
product, and that by-product is vented away via the reduced pressure of the
plasma system. These same gaseous species also impact the photoresist

30 mask, baking it into place and also ejecting carbon-containing by-products
into the plasma. Photoresist by-products mix with other species in the plasma
and are continually directed down towards the substrate. These materials
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Exanpl es of ﬁ%ﬁ%ﬁi%‘m oresists may be obtained fromFujifilmElectronic
Mat eri al s, Et . under the trade name SCResi st or HNR-Resist. Negative-tone
i soprerk® resi n rNegatige phetaresistznarercarhmonhuchgeencfes snore rigoroes prdcdssf
chem cal etch (ilﬁ useg tq renove netal s rroun?li ng the nmasked feature.
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trade nane &ndepaxy-badedesidapilyclizedropoens (mubber) photoresists are chosen

for their high chemical resistance. Examples of these photoresists may be

15  obtained from Fujifilm Electronic Materials, Ltd. under the trade name SC-
Resist or HNR-Resist. Negative-tone isoprene resin resists are common in
aluminum processing where a brief chemical etch is used to remove metal
surrounding the masked feature. Negative-tone acrylic photoresists are
commonly chosen for wafer-level-packaging bump formation. Suppliers

20 include the USA-based Printed Circuits Division of E. |. duPont de Nemours
and Company under the trade name Riston, and the Japan's JSR Corporation
for dry-film and spin-on (wet) negative acrylics, respectively. Dry-film and
spin-on acrylics offer an ability to deposit thick layers from 25 to 120 microns
(um), used to pattern the corresponding solder bumps. Once the pattern is

25 formed, metal deposition occurs by electroplating or screen-printing, a
process that exposes the resist to heated acid or baking in excess of 250°C,
respectively. Another popular negative resist, an epoxy system under the
trade name of SU-8 ™, originally developed by International Business
Machines (IBM) and now sold by the USA company, MicroChem Corporation,

30 and Gersteltec Engineering Solutions, a Swiss-based company. The SU-8 ™
is commonly chosen for thick patterns that may exceed 300 microns (um),
with a high-aspect ratio (i.e. height vs width), and with the pattern definition to
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conta mat%ﬁaé:atn prevent metal solder from wetting to a metal pad during the

15  board assembly reflow processes, resulting in yield loss in a finished
assembly. The same photoresist contamination is manifested as organic
contamination in front end of line device patterning and results in the exact
same non-wetting problems in an etch or deposition process. Such
irregularities, no matter how small, continue to magnify the problem

20 throughout manufacturing until during final device assembly and testing, the
condition leads to poor mechanical and electrical contacts, which produce
high resistance and heat, or worse, catastrophic electrical shorting.

Throughout each of these chemical processes, one can appreciate
maximum selectivity in cleanliness and high throughput must be met without

25 failure. Any problems associated with a lack of performance, presence of
residue, or worse, a rise in process complexity, all will result in reduced yield
and increased cost.

It is generally understood that the chemistry of positive tone resists are
typically hydrophilic (polar) and amorphous (i.e. non thermoset and cross-

30 linked), and it is for these reasons that these systems are believed to be
easier to clean (remove) using conventional solvents and/or chemical
strippers. The resins for positive-tone chemistries are based upon either
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When used duri nor nal erating,conditions up.to and includjng 100
degrees C, ' RO sNaMEnwie et UWexBoaire W qranuce Fountetoas et e ,

UV- exposur gomblt iPaedesgs-saget erparts that are sol ubl e in aqueous-base. As
i ndi cated here, the positive-tone resists are used as prinary

As indicated here, the positive-tone resists are used as primary
imaging masks for plasma-based etching. During this process, species in the
15 plasma produce etch residue while exposing the mask to temperatures
exceeding 150 degrees C. It is well known that etch residue (e.g. side wall
polymer) is comprised of by-products of the plasma with organic constituents
of photoresist. The chemistry of the residue may comprise constituents of the
substrate, metal topography, and plasma gases, to include silicon, gallium,
20 arsenic, boron, phosphate, titantium, tantalum, tungsten, copper, nickel,
aluminum, chromium, fluorine, chlorine, as well as carbon containing
compounds. In novolac systems which contain hydroxyl constituents, these
elevated temperature exposure conditions will facilitate further reactions to
form insoluble species. Such reactivity of hydroxyl groups with halides and
25 active metals, especially in the heated and acidic conditions of a plasma, to
produce alkyl halides, esters, and, in some cases, high molecular weight
polymers is known (Morrison, R.T. and Boyd, R.N., Organic Chemistry, 3rd
Ed., Allyn & Bacon, Inc., Boston MA, Ch.16 (1973)). Conventional cleaning of
etch residue and overexposed photoresist masks resulting from the effects of
30 hot plasma etching require the use of chemical strippers processed at
elevated temperatures for extended periods of time dependent upon the

process and tool.
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complex chemical strippers composed of organic solvents, amines, water,

15  reducing agents, chelating agents, corrosion inhibitors, and surfactants. The
reducing agent, hydroxylamine, has been cited extensively in the literature as
a basic material which facilitates dissolution of photoresist and its residue
while offering protection of underlying aluminum metal features. Common
practice in using stripper chemistries involves delivery of large volumes of

20 stripper to the substrate to be cleaned at a specific temperature for a given
period of time.

As the industry continues to replace aluminum with copper to capture
improved performance in their devices, the stripper chemistries must also be
adjusted. Hydroxylamine may be acceptable for cleaning of aluminum

25 devices; however, it is too aggressive for copper. Device architecture using
copper and low-K (dielectric constant, K), e.g. Cu/Low-K, require fluorinated-
based chemistries to remove silicon-laden etch residue. Amines and
ammonia compounds are known to be complexing agents for Cu and are
observed to etch (attack) copper metal. Additionally, fluorinated and glycol-

30 based stripper chemistries are considered toxic and exhibit elevated

viscosities.
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particles. Such insoluble materials can lead to filter fouling and performance
degradation in the processing tool. This can create a significant loss in

15  productivity as a result of process tool downtime for maintenance. In addition,
the failure to filter off or rinse away particles may result in the formation of
residue on the final product and contribute to yield loss.

Resist stripping compositions that include aromatic quaternary
ammonium hydroxide such as benzyitrimethylammonium hydroxide (BTMAH),

20 a solvent such as an alkylsulfoxide, a glycol and a corrosion inhibitor and non-
ionic surfactant do not completely remove many dry-film resists from a wafer
surface. Similarly, compositions which use pyrrolidone-based solvents such
as N-methylpyrrolidone (NMP) exhibit the same drawback in that they cannot
achieve complete removal of many dry-film resists. In general, compositions

25 which include a quaternary ammonium hydroxide as tetrai'nethylammonium
hydroxide (TMAH) in NMP do not completely dissolve many dry-film resist.

As discussed above, incomplete dissolution produces particles that can
become a source of contamination resulting in yield loss.
Similar experience is noted for negative-tone photoresist of the rubber-

30 based resin variety. Stripper chemistries used to clean residue and masks
resulting from rubber photoresists include a hydrocarbon solvent and an acid,
commonly a sulfonic acid. High acidity is required for performance and
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formof acrylic photoresists is chosen where exposure to rigorous process
conditions is required. As a result of this exposure, the cleaning of
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chem cal strippers interact with the material to cause lifting or peeling
fromthe substrate, resulting in the generation of suspended insol uble
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resists. In general, conposjtions which incl ude a uat ernary anmoni um

hydr oxi de af%“ﬂ@c‘ﬁ’ﬂﬁ%t’wgfln@r?ﬁ@hpgww&ﬂw dbe st ‘F\IRS‘?DCG'ES‘pﬁBE"l'B’orrpI etely
di ssol ve magy el YuddibSrbRDine! usdSf o%esﬁ;%% (fstrlgﬁ‘ﬁﬂgmu‘iiﬁ gdi ssol ution
produces particl'es that can becone a source of cont nation resulting in
yi el d N0ss.segregatad feorpeormat erganiastredmisan enmiaoeleetrooivefaphot or esi st of

t he rubberbased resin .varie Str.i r che tries used to clean residue
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Repr esent atis ieceasaryitowaedd ihel deiigmef tupprsisess endi prepee peNBManceriot leat ed

triazoles ttgoprl??s! gértuer% I)t/ %%erstood that the primary purpose of the cleaning tool is

15 to provide control in the process. Variability between part batches is reduced
by the operation of the tool. Barring any mixing or chemical adjustments
made by the unit, the variables available to the tool for control include
temperature, agitation, and time. With an ever-present intensive pressure to
increase throughput in a manufacturing line, a constant emphasis is to

20 decrease the process time. Again, without a change in chemistry, this leaves
as the only option to increase temperature and agitation, with the expectation
that polymer dissolution rates will increase resulting in shorter process time.
However, other reactions which are contradictory to the objectives of the
process, such as corrosion rate, will also increase with increase in

25 temperature and agitation. Additionally, and most important, there is
continued loading of the stripper chemistry with the organic substance,
causing a reduction in bath life and accelerates the observation of residue or
other phenomena that indicate a drop in performance.

On the temperature continuum, bath life may be facilitated by

30 increasing temperature or agitation. Where agitation must be controlled to
protect substrate features, bath life conditions may be increased through
increased polymer dissolution with increasing temperature. There is a
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upon adj acent netallic features. A common inhibitor for these chem stries

I ncl udes catachol, a toxic and carcinogenic material. Further, rinse steps
for hydrowerbovnisi4si ppers of this variety nust use i soproparsed10bi@A) or

rel ated neutral and conpatible solvents. This rinse practice, albeit a cost
increase, wll reduce the effects of nmetal attack to adjacent netals due to
a pH-drop during water m xing with constituents of the stripper. Due to
conpatibility issues, wastes fromthe use of hydrocarbon-based strippers

nust be Se%ﬁ@éﬁ\@ﬁtél%@f@t?ﬂlh’ﬁﬁés@6©‘ﬁﬂuﬁic§tfeﬁqwmdl1§t gliddlinesgSEMIBS- f ab.
VWiile it is inportant to give attention to the cha Ienges of pol yner and

resi due rerfbl feb’o@ﬂtdf?é!n@ faidperted Ghemreal Bathgipdén acherdasniceywittegbM!,
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pur pose of gduectheaivritl bg@iatin@ tenpuratird of aRnlidl, Whekd thePlypitess .
Var i abi I|ty bet ween part batches is reduced by the operation of the tool.

Barring anwnﬁratlm@t%npewaémnec@e%%%xmdttgeﬁ@@epgwpﬁm@hmwd M%n)(/arldabl es
| abl
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Wth an ever-preseén sure to I ncrease

manuf act ur idegrees € b@lomrnetfmtwpermml setling the dearrteagerhfige o bedhs ti ne.
Again, w thout a chan einc ema this | eaves as the only option to

i ncrease t dlAsePainty ér &ﬁa ctgriaand ethesstray H@Ste%eéﬁﬁwegd"tthﬁtpf%%ﬁm
di ssol uti Orbfrf%tt%\%ﬂ é}ggfaggéppgg resul ting in shorter process tine. However,

ot her reactions ontr dlctory to the objectives of the process,
such ad0corrosi dﬁeslat strippingl ata E60 manefeduring plant oceasscon targenper at ure and

fhe. otri ppenteHalrSrrYRiinar o aroryPyaRTeTcbs ehriBker kSatPRs e TREIBSRT on i n
Chat 1 ndi oo e B B By B o B e et
life may beeritueiglassssurfaasy traveling to a rinse stage where distilled, deionized, or
demineralized water or an alternative solvent is sprayed onto the surface, and
15 the process is completed with a drying step that includes a hot air knife.
Stripping is supported by at least two product tanks which are separate and
distinct and arranged in-line with the flow direction of the parts. Substrates
entering the tool will be first "washed" by the chemistry in the first tank. The
stripper is sprayed onto the substrate surface, and upon reacting with the
20 resist and flowing off of the substrate, it is collected and returned to the tank
where it is subsequently heated and filtered such that any suspended and
undissolved materials are removed from the bulk chemistry. The filtered and
heated stripper is then cycled back to the spray chamber where it is delivered
to the substrate in a continuous manner that optimizes the resist stripping
25 process.
As the part travels on the conveyor from the first chamber supported by
tank #1 to the next chamber supported by tank #2, there is a fundamental
purity change in the stripper. Although the conditions of operation for tank #2
may be the same as that for tank #1, the amount of resist present is lower
30 than that for tank #1. Typical processing times are defined for chamber #1 to
offer a dwell time of the chemistry in contact with the resist which optimizes
resist stripping and maximum removal. Over time, tank #1 will reach a
9



I ncreasing tenperature or agitation. Were agitation nust be controlled to
protect substrate features, bath life conditions may be increased through

i ncr easeawpabiomans4di ssol uti on with increasing tenperat uPeT/USh@0s00736

af undanmental safety limt as comuni cated by industry guidelines (SEM S3-
9 1, Safety Cuidelines for Heated Chem cal Baths). In accordance with SEM,
liquid over tenperature shall be controlled at not nore than 10 degrees C

above the normal operating tenperature of the liquid, where the typical

operating taRiEh %@dndg%&pa@ny RSsbIVee rddigtdepa dlecort ferdpldnd the Many
conpanies wll set PO Icy which is nore restrictive such as ogeratln at 10

degrees C antentsivéll beamsafy ahdhesehis eeruradhevantents s tank# e wibbee t he

pr ocessi ng S0 sl i dp@Gea e RN ekt ThBIGitearts oM e
nmanuf act ur i#@will e reglaced witbrfrést steippeb(ild. pues strippee). | IMGhiymanaenrgor from
one chanber to another. The resist is stripped fromthe panel by a stripper

del i ver & Systers s a9k toraparate BrIsovmer-sHiePbaghians Napeledheraerss ng to a
rinse st agend%‘ﬁf éarqé?é"douﬁ?er"gﬁ'gﬁpggﬁ to fHe g’@g‘dﬂskﬁ&dﬁ éﬁﬂlé“@ﬁ&h stly. a8y

alternative so I's spraye e sur e process’is
conpl et ed vustul'ig mlsllpyacrtg:este&ﬂ(st#ra& #hbecoras the ity and cledrf@ankStri pping is
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arranged i eFPﬁ%t' W‘t%@e?mﬁ&.thsdmw t5d resigt issgancentsgied indhedraftt er i ng
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X; ont o%e subs ace

stripper is spraye trate sur and upon reacting with the
resi st 18nd thisopdiny the pradudt sebstrbts isa'trsedland dnexbl | ected and returned to

the tank where it _is subsequentl léueat rgqqg b tered such t
suspended and unt"$581 aﬂﬂ’f‘@r“f%] er&r'ar CP£%38 et'ﬁé”ﬁ'ﬁﬁ@’l‘%’%stry
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where it is delivered to the substrate in a conti nious manner
opti m zes tthelsr dpiasbereh tqgl;. partpmeyedmm one station to another while the tanks

are at fixed locations. In a batch style tool, the parts may rotate but remain at
15 a fixed location, while the chemistry is being delivered by spraying. There will
be two tanks, the tool will pump from one or the other and carry-out counter-
current cleaning designs by the use of "dirty" and "clean" tanks.
There is an equal, yet unsatisfied, need to achieve selectivity during
processing with these formulated strippers. Namely, as the use of more
20 aggressive chemistries is put into practice to achieve a desired cleaning
performance in ever reducing time, this practice must be met without damage
to sensitive metals and the underlying substrate. This is especially
challenging as many of the acids or alkalis of choice will rapidly "spike" the pH
of the system, once they are mixed with water during the rinse step, causing
25 galvanic corrosion to substrate metals. During the rinse stage on a FPD line,
water is sprayed on the heated glass surface that contains residual stripper.
No surfactants are used in a FPD line, in fear that a foam condition will occur
and ultimately cause catastrophic failing of filters, pumping of dry air bubbles,
and worse, contaminating the fab by overflowing stripper which may trigger
30 electrical shorting and lead to a fire. Since no surfactants are used, there is
irregular diffusion due to rising surface tension from the organic stripper to the
aqueous condition. [rregular mixing and spreading cause momentary dead
10



As the part travels on the conveyor fromthe first chanber supported by
tank # 1 to the next chanber supported by tank #2, there is a fundanental
purity chaiogelorogse stripper. Al though the conditions eCTaserawdomns f or
tank #2 may be the sane as that for tank # 1, the amount of resist present
Is lower than that for tank # 1. Typical processing tinmes are defined for
chanber # 1 to offer a dwell tinme of the chem stry in contact with the
resi st which optimzes resist stripping and nmaxi rum renoval . Over tineg,

tank # 1 widdots BAGHe PARLI, WHIEH eaHirbauts aPactdl¥rdted c8rdsRinY erthd E8irsdivand a
decision to replace the contents wll be necessary. Wen this occurs, the

cont ent s ofbypaedust anddoaming cesditionanan beavaided tysdagle dnbingtwith oeutraht s of

tank #2. The,contents of. tank #2 wil repl aced wi,th fresh stripper (i.e.
pure <t 11 ppel§et SURS ndiRbenol Ay, Afnhilh B pitlce aipallbL™ ¢
count er - curdes@talfFErRhinednufbeii®éns, ittif ol egestsive and &f flatafiability hagarant er” or
opposite to the flow direction of the chem stry. By using this practice,
tanks #51 & #2 bEeseds amnead, acgorhagly! aimpeaves strippingceanmeositions ot her

theoi cancstMERaLerhBle He blackSREE T bRLFER R SFadi e o il ™ ¢ e
product sut&tfe@ttewbysds't'rmsmuearwwgirﬂeﬁéuu@pejwmpfrirwiﬂgaWitﬁmismmn here for the
FPD exanple is consistent with nost, if not all, in-line bench style tools

and with m@gonzedrodsminasalizeswates. andpeevanting aosading.cIaudingr t s nove

from one statl o] ' t | | . Ina
bat ch styl e&%%d(;ﬁnbt ﬂ@nﬁg’?‘?’;"tﬁ@w’ Egtrﬂggﬁ‘g}ﬂ[ﬁﬁrs@fﬁgcﬁgé@}dﬁ@g%%Ca i on,
whi | e tiBe gireoesd.r Fuitbeh groindehitiatives elist syithiny thegindliiey o widvie tbwarde®
tanks, the tqol wll p fromone or .the other, and carry-out

count er cur rR&iR9 cOELAR: né@@?ﬂgﬂ\?cﬁﬁ' ahd th @sgpcia rcﬂvf’m'é sedhnse t anks.

pr ocessi ng eh il Ll el et the B R PO RO & ot or o
aggr essi ve stibstannesi eicdosdipgttoithe AAmerican Géemécalc%’@e'ty'saGm Cbdmistoani ng
perfor rmnce/nisﬁtu?é’,%erreeéjr%ctivvn et H?)’prltnr(]:%aeg (IV%(I:('EH ﬁglpqcunsc}ef%% arrSFee\M thout damage

15  chemistry.

This review of polymeric substances in microelectronic fabrication
presents serious and compelling challenges in the industry. Where organic
dielectrics are used, there is a continuing need for processes and
compositions which may be used to effectively re-work a cured polymer by

20 dissolving and cleaning the unwanted material from the underlying substrate.

In cases of positive photoresists, there is a similar and continuing need for
processes and compositions to effectively remove polymer from a substrate
without deleterious effects to adjacent metal features. Finally, in the case of
negative-tone photoresists, the same need exists for processes and

25 compositions to effectively remove polymer from a substrate without
deleterious effects to adjacent metal features. Although all of these materials -
are organic in origin, their chemistry is different and presents unique
challenges that must be overcome in order to effect the desired cleaning
result.

30 While there is a desire to address the removal needs of organic
substances with unique compositions, there also, is a challenge to design a
process that is supported by a tool which will enable rapid processing of parts,
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to sensitive netals and the underlying substrate. This is especially
chal l enging as many of the acids or alkalis of choice will rapidly "spike"
t he pH ofwoOhelmsyeg4em once they are m xed with water durcmgstée/onimese step,
causing gal vanic corrosion to substrate netals. During the rinse stage on a
FPD Iine, water is sprayed on the heated gl ass surface that contains
residual stripper. No surfactants are used in a FPD line, in fear that a
foam condition will occur and ultimately cause catastrophic failing of

filters, puidifngwith wiatér avithéuttidierioas @ffeRfsSe. theuibatrafat TReretiga fab by
overflowi ng stripper which may trigger electrical shorting and lead to a

fire. Sincecamdinging emphasis far theigéeroelgeropiasindustayta be gaeen thepuwah due to

ri sing surface tensio oM.t nic, stripper e condi ti on.

I rregul ar m&rﬂ}j'“aﬁhe ESEeeth)]lf Hgg(t,éa}[?g’ ’ Fﬁ)ﬁﬁ%iﬁ% ﬁ%%ggéﬁf@%g& gﬁ panel ,

whi ch cont rigautimgt theadptrirgticy 60haRirde6s Wastd T akipigrthesy ehbyeigetuct and
foam ng condition may be avoided through rinsing wth neutral solvents such

as i sopopalegetharAiere s 8 6etfing Reed 3o Reevide a consisiept aad bpivessadr al  FPD
manuf acture LL e(?mggi!- ggﬂ.. HIR ) r reis a
need, accor@%ﬁa%é,wrﬁgﬁ%%rov s"tYér?l' ppi ngtt%t)rrpos?b% %%ée@ﬁgh‘%%”ﬁﬁgremve

t he processgeféresirtie needs ofatpiedirmigue polymer o residiieatorie@nsavedt, wHiciwar ds t he
under | ying metal l ur_gﬁl during rinsi nq with distilled, deionized, or

demi ner al | ZR@VidESdNg Qﬁdoﬁﬁéﬂéﬂ»t'i"ﬁb BRSMQBBPF@ 9'@9.1“@?@6?%“%‘5@@/[@%’9“

dul l'ing, or ] rring the surfaces throughout the entire process.
Furt her, gr%év%t%g()m?i%ﬁﬂ?i ves exist wthin the industry to nove towards

bei ng "@reen.” A green process and the associated chem stries are those

which wi || éeduce or..elimn Itoe the use and generation pf hazardous
subst ances.—\&@@éﬁ%ﬁéﬁ?—Mﬁmr i can Chem cal Society's Geen Chemstry
Institute, thereagrg& dBbEIPndrtdX thé pPREdelt fiveNlibRltdrRErhd & cBRipdftion faf een
chem stry. This review of polyneric substances in mcroelectronic
f abri cat i onclparingrargasierresinsframdnorganid subsjraiescbosigting iohatsedventidnst ry.
VWhere or gan#n?xture of solvents; and at least one sulfonated polyester at a weight % of
15  greater than 10%, wherein the solvent is selected from the group consisting of
diethylene glycol, diethylene glycol monoethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monobutyl ether, diethylene glycol
monopropyl ether and mixtures thereof.
Another embodiment concerns a composition for removing organic
20 resin from inorganic substrates comprising, an organic solvent or mixture of
solvents at a weight % of from about 0.5% to about 99.0%, and at least one
water soluble, water dispersible or water dissipatable polyester at weight % of
from about 0.5% to about 99.0% Component B, and at least one additive
which enhances cleaning performance at a weight % of from about 0.01% to
25 about 99.0%.
Still another embodiment concerns a method for removing organic
resin from inorganic substrates comprising, (a) coating said organic resin with
a composition comprising: i) an organic solvent or mixture of solvents at a
weight % of from about 0.5% to about 99.0%, and ii) at least one water
30 soluble, water dispersible or water dissipatable polymer at weight % of from
about 0.5% to about 99.0% Component B, (b) heating the substrate to a
temperature and for a time sufficient to achieve dissolution of the organic
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dielectrics are used, there is a continuing need for processes and
conpositions which may be used to effectively re-work a cured pol yner by

di ssol vi nyoanth/abssani ng the unwanted material fromthe ®ouarskeiong776
substrate. In cases of positive photoresists, there is a simlar and
continuing need for processes and conpositions to effectively renove
polymer froma substrate without deleterious effects to adjacent netal
features. Finally, in the case of negative-tone photoresists, the sanme need
exi sts for r!é"sﬁﬁ%%%lgé? ARSINGARB @Bbktrafeswit® adidigmkl ofel dingingR¢enPeLfficRntf rom a
substrate w thout deleterious effects to adjacent netal features. Al though
al | of theste remave thesoapositieaand the osganie resinhei r chemistry is different
and presents uni que chal |l enges that nust be overcone in order to effect the
desired cleaning result. Wile there is a desire to address the renoval
needs of orpetiled PLETripHoR ©f thd hvemtigHie conpositions, there also, is a
chal l enge to design a process that 1S supported by a tool which will enable
rapi d p%ocessi ngl d® PRREaN inventiongravides\eitirRing wonMrasitians andmedhedsf f ect s
to the sub : i cont LAyl i ] ctronics

I ndustry tg\k%@hglruéew%ﬁgouﬁt'gﬁgrrg\%ﬁgﬁcﬁgﬂgﬁé)?%/é'ﬁ{c S‘O’ggtraclg%g'?,rﬁreduci ng
the use of inbryarid sybsteatds) feomcinetallid) mopemetallic and ehethlized dhonsmetsllic.
Taki ng these chall enges together, there is a _pressing need to provide a

consi st ent HRFUART el BRISUHRRIRS SOMRRHION CRIBRIRBB SR SOleNted WateT hat
2 . _ : . a
vary ependédggbumﬁmeﬁaﬂagggbﬁ?@ﬁe%@ggéd&iwéawyghfé%cﬁ\?él%'stno%sfeS' ue

to be renove pr ovi rmance, t hroughput, a green
processl0 al drganicasubetaneas and thef residierssdii therrSopaatiy oothdrhosiehnatureon A
first enbod| rTEnt of. the Br esefnt i.nvention concerns a cgﬂBosition for

cl eani ng or§ahFRMPEse iNe PaRisi TRG FRRIIGALNG FHSIqCcUYs RECYPNIy of a sol vent or
m xture of gmahufttFring"thaladdfRels)Bithaticel AnRippevePHe/Q8bRingAlerfortRingat % of

of the stripping composition. The method defines a practice of coating the

composition onto the substrate, heating the substrate to a specific
15 temperature for a given time sufficient to achieve dissolution of the organic
substance, and finishing with removal of the by-product by rinsing. The
composition and method work together to provide performance and other
desired goals in manufacturing not normally seen in conventional stripper
processes. Although the organic substances to be removed may be cured to
20 a hard and chemically resistant framework when exposed to the customer's
process, the invention is found to maintain acceptable performance.
Whenever the term "water-dissipatable" or "water-dispersible” is used
in this description, it will be understood to refer to the activity of a water or
aqueous solution on the monomer (Component B). The term is specifically
25 intended to cover those situations wherein a water or aqueous solution
dissolves and/or disperses the monomer material therein and/or therethrough.
The terms “stripping”, “removing”, and “cleaning” are used
interchangeably throughout this specification. Likewise, the terms “stripper”,
“‘remover”, and “cleaning composition” are used interchangeably. The term
30 “coating” is defined as a method for applying a film to a substrate such as
spray coating, puddle coating, slit coating or immersing. The terms “film” or
“coating” are used interchangeably. The indefinite articles “a” and “an” are
13



greater than 10% wherein the solvent is selected fromthe group consisting
of diethylene glycol, diethylene glycol nonoethyl ether, diethylene glycol
nononet hywoebtverigs4di et hyl ene gl ycol nonobutyl ether, di eChyisene/ogi7yeol
nmonopr opyl ether and m xtures thereof. Another enbodi nent concerns a
conposition for renmoving organic resin frominorgani c substrates

conprising, an organic solvent or m xture of solvents at a weight % of from
about 0.5%to about 99.0% and at | east one water soluble, water

di sper si bl gnihded!tsindlids bBt M SingalaY aptithe Plurdp! ;Ahtral\;’(%ég afd pEARRHUL 0. 5%
to about 99.0% Conponent B, and at~|east one additive which enhances
cl eani ng paricesmhinable incameorier except Where lisoleaotioat suchmumbeniaal 99. 0%

Still h nmbodi t . f i.ng, i C. in f
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conposi t i orpereat baieddson the RtalokEiaRt 67 Bl sboMEntBiofths stripirkp! vents at a

wei ght % of from about 0.5%to about 99.0% and ii) at |east one water
sol ubl ed werompesitgsruwilesseotberwisedndigatad. pat abl e pol ymer at wei ght % of
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or gani cr esitie ifdtgabi) subshgitéth & ibaitls ubtie edrdpvkitibn aceerding t®thedpidsent ng
agent sufficient to renove the conposition and the organic resin Detailed

Descri pt i ordn¥gntianeon preéerabbnbyraeplyngsBietcampesition as @ eratigstosthei ppi ng
conpositio : ' | Jviela 1 ve. ric
organi c sugg?%gééﬁ%%ﬁ?'ng}{g%ﬁh%%u ir%é}%[é g%@'%gﬁ#dﬁgttg? lc?)g?b Oﬁgﬁbﬂngeﬁl lic
and netl8l | ithecompositiirais| appliedlzstid edvess, diheoats rthpentige @oeg deadtingrofthepr i ses
an organi ¢ sol vent

addi ti ves, SHH‘%??&E??EP@F%SP% M%@%b@ﬂ%ﬁgﬁéﬁ%sﬁﬁé?%%\%‘é?atpé%i dues
s S

which the substrate is submerged could be maintained at the desired

temperature. Rinsing with a rinsing agent occurs and is followed by a drying

15 step. The total method of practice involves three (3) distinct steps, namely,
the coating, heating, and rinsing. As used herein, the term “rinsing agent”
includes any solvent which removes the composition and material to be
stripped. Examples of stripping agents include water, acetone, isopropyl
alcohol and mixtures thereof.

20 An embodiment of the invention concerns a method whereby a
composition of the present invention is applied as a liquid coating in direct
contact with the substance to be removed. The method includes heating
anywhere from approximately 25°C to about 400°C or from about 100°C to
about 250°C. Variability in temperature will depend upon the nature and

25 thickness of the organic substance. The heating step process time can be
from about 5 seconds to about 10 minutes, from about 10 seconds to about 8
minutes, or even from about 30 seconds to about 4 minutes. Moreover, the
entire process time can vary anywhere from <15 seconds to 180 seconds, in
some cases, to 5 minutes to 10 minutes. The variability in time is dependent

30 upon the material to be removed, its thickness, and exposure condition. For
example, for a PHost or Novolac resin, the heating step could be from about
15 seconds to about 1 minute. However, for other, more highly cured resins,
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manuf acturing. The additive(s) enhance or inprove the cleaning performance
of the stripping conposition. The nethod defines a practice of coating the
conposi t iwo 201mia0848e substrate, heating the substrate t@®@Ca/usp@oiodirce
tenperature for a given tine sufficient to achieve dissolution of the
organi ¢ substance, and finishing wwth renoval of the by-product by rinsing.
The conposition and nethod work together to provide performance and ot her
desired goals in manufacturing not nornally seen in conventional stripper

processes. tAbIRAUAR stdle cah Utiffort WBBLADGS 3 hhulEs bREDYR tbrigey. bAcsewhéed to a
hard and chemi cally resistant franmework when exposed to the custoner's

process, t hdiffusionof theorganioaubistaocens eompletacrirgingbivigh pairfsingragent

Whenever the term,"wat er-di ssipatabl e’ or."water-di spersible" i,s used in
Uhi s descr iengrs vt delomEe i erDing izervaler AP RR Betlrrty of o va er
or aqueous sol UtRipBiNYIsifAEHIEREPBY thé MERBf the watBesblebe pslyareenfical ly
i ntended to cover those situations erein a water or aqueous solution

di ssol v8s dhe/comphisiling. sERistpadymenpadermaasra earriehsystem tandhe organic

t heret hrough, The ter "SirlpRILNg,. Vi no;. nd > l ng” e used

I nter chang%é{as%q(ﬁrtg)ﬁﬁ]ﬁ&{%@o@gw& WP%%ﬁgbﬁ% Wi lég?ﬁﬁk@%g(%g
"stripper"”,usddefdPYibing Gitibé at aashiperatond es abo@b°GfccabGdd 00%Cer changeabl y.
The term "coating” is defined as a nethod for applying a filmto a

substrate JURWEYer, sppiag casalSA@CCHLAtQO samPAERtUEs and PEHEIME tWP i mmer si ng.
e, L kil 1 RIS e SRR BN SRR g DU

articles "a" "an arein I hgul'ar and t he

pl ur al 10Al [terpegattiranéthenslibstrate sach thatviextatdge hormaltool kiandlggcepy wher e
it is clear that such nunerical ranges are constrained to add up to 100%
The term "RO$€8&ans wei ght percent based on the total weight of the

e ooy RO TR BB RS i haguat Apine i oo o0, 2
i nor gani ¢ sadrsporerd toeaa balvenb$ystam afcthposirieties wddchirdilude oe bhengreesent

esters selected from the group consisting of structures (1) R-CO2R4, glycol

15  ether esters of structures (I1) Ro-CO,C,H4(OCoH4)0-OR;3, (I11) R4
CO2C3Hg(OC3He)-ORs and (IV) RsgOCO2R7, alcohols selected from
structures (V) RgOH, (VI) RgOC,H4(OC2H4),OH, (VII) R100C3Hs(OC3Hg),OH,
(VII) R11(OC2H4)nOH, and (I1X) R12(OC3Hg),OH, ketones selected from
structures (X) R13COR14, sulfoxides selected from structure (XI) R1sSORys,

20 and amides such as N,N-dimethyl formamide, N,N-dimethyl acetamide, and
N-methyl pyrolidone, wherein R, R4, Rz, R3, R4, Rs, Rg, R7, Rs, Rg, R1g, R11,
R12, R13, R4, Ris, and Ry are independently selected from hydrogen or Cy —
Ci14 - alkyl groups and n represents a repeating unit ranging from 1 to 10.
Further, suitable solvents include, but are not limited to ketones such as

25 cyclohexanone, 2-heptanone, methyl propyl ketone, and methyl amyl ketone,
esters such as isopropyl acetate, ethyl acetate, butyl acetate, ethyl
propionate, methyl propionate, gamma- butyrolactone (BLO), ethyl 2-
hydroxypropionate (ethyl lactate (EL)), ethyll 2-hydroxy-2-methyl propionate,
ethyl hydroxyacetate, ethyl 2-hydroxy-3-methyl butanoate, methyl 3-

30 methoxypropionate, ethyl 3-methoxy propionate, ethyl 3-ethoxypropionate,

' methyl 3-ethoxy propionate, methyl pyruvate, and ethyl pyruvate, ethers and
glycol ethers such as diisopropy! ether, ethyleneglycol monomethyl ether,

15



I nvention or preferably by applying the conposition as a coating to the

I norgani ¢ substrate. Once the substrate is subnerged in the conposition or
t he conposotzommiosisappl i ed and covers, or coats, the entcrasasieaponeati ng
of the substrate begins. Arapid rate of heating occurs until the desired
tenperature is reached and is held for a desired period of tine.
Alternatively, the bath into which the substrate is subnmerged coul d be

mai ntai ned at the desired tenperature. Rinsing with a rinsing agent occurs

and is fol '&H?@n@?ly@oﬂﬁ%hﬂgtrﬁﬂ 8her[BRd pRIRYIeREGf1ed ﬁhfon%?éigwéthéﬁvm ves

three (3) distinct steps, nanel he coat’l ng, atin rinsing. As
used her ei (PGME)tgiyeol’ e’(halsesstgrs;tgmh as Bﬁ@lemmgiymiynsmmbymeth/ar abetateroves

t he conposition and rra 0 be | es f stri p| ng ,agents
ol ude watRIPPYIERBBAB Mty A Scatole BREMRAT AR arcryensaiad Proy

embodi ment @hef B@etbfé/%nbh%c%@mﬂ@%uéh BBIrReShy Wz BRY, &n?é?ﬁ}l%éh&éﬁé‘ of the
present invention is applied as liquid coatl ng in direct contact with the

subst an®e tanig@ler en@mémbenienﬁeaﬁw BalyEntsesudheas Noly- chmhwa@etarrm

appr oxi mat ¢ about .4 r fr about. 1000 out Q0C.

Vari abi | i t w&&gﬁ%@) -gine V!IP%%&% Wﬂeﬁﬁoﬁﬁ?'&&% PYirel of the
or gani ¢ subsilch"eEN-rhBehyeatdlidnst (IMPY, ORIEStRyfply B liGEe mEMom about 5
seconds to about 10 m nutes, from about 10 seconds to about 8 mi nut es, or

even from aﬁbmﬁth)@m@é‘é@ﬁ@szwff@lﬁnﬂ h¥dfﬁ&¥§ﬂé@r2 -psralisioae, (HER), dhtire process

time can v 0 cases, to
5 m nutes gﬁ@%g pgls”fd’l@ﬁ}ée\farl ?%@If@ﬁcg}rﬁgmﬁﬁiggl@gn?@@ %%on t he
mat eri dl0 t dibretnysoiforide] Usnéthybdnmm ardh tetearnetbiylehecsuifdinel oXithdugh exanpl e,
for a PHost or Novolac resin, the heati ng?ste could be from about 15

seconds to tHESBOrGaNE solventsmanks used eitBenibaivigusily afiigieeinatian fidsi ns, t he
heating st %% frﬁgu}é%s\kltlfm "o%rggCiHé g?eﬁe?re‘& ] "%Htes?sférm %KSUId{MGB}ﬂE Once the

di ffusion organi ¢ subStan I's conp ete,’ rinsi a rinsing

agent such disthylesta gliyeal, (DG plhagtethn GhedecalrGoraparng) dmt)ﬂenmyydm

per formed. monoethyl ether (DE Solvent, Eastman Chemical Company), and diethylene

15  glycol monopropyl ether (DP Solvent, Eastman Chemical Company).

An embodiment of the composition includes of one or more of these
said solvents at about 0.5 weight percent to about 99.5 weight percent. In
one embodiment, the solvent is present in the solvent composition at a weight
% of from about 40% to about 97% or at a weight % of from about 60% to

20 about 90 %.

The composition also contains a polymer, which exhibits the property
of water solubility, water dispersibility, or water dissipatability present at about
0.5 to about 99.5 weight percent and derived from, but not limited to, alcohol
ethoxylates, bisphenol ethoxylates and propoxylates, alkylbenzene salts,

25 cellulose acetate phthalate, cellulosic derivatives of alkoxyethyl and
hydroxypropyl, copolymers of ethylene and propylene oxide, dendritic
polyesters, ethoxylated amines, ethoxylated alcohol salts, ethylene acrylic
acid, hydroxy-methacrylates, phosphate esters, polyethylene glycols,
polyethylene imine, polyethylene oxides, polyvinyl alcohol, polyvinyl

30 pyrollidinone, starch, styrene maleic anhydride, sulfonated acrylics, sulfonated
polystyrenes, sulfopolyester of the linear or branched formula, or rosin acids.
The composition includes one or more of these polymers at about 10.0 weight

16



Rinsing is facilitated by the presence of the water-soluble polyner in the
conposition. This polyner perforns as a carrier systemfor the organic
subst ancewbaotyei1os|asoved from the i norgani ¢ substrate. TReTRISREI0OMTAEENt
used for rinsing can be at a tenperature of about 50C to about 1000C.
However, rinsing can al so occur at roomtenperature and perforns two

obj ectives, to renove the dissolved organi c substance, and to reduce the
tenperature of the substrate such that next stage normal tool handling may

proceed. CygeshttbYbou? DOBiveRIht pepeerit Ik lng dmbEa <t ﬂ%&?ﬁeﬁlml or
conponent to be a solvent system of the varieties which include one or nore

esters seI quesentfindhe shiyegt campositionzatianyeight $6 ofifroor about 12.8tcebrRt |
gl ycol eth ers of. sfguctur ) H4)nCR3>(III) R4-
002CSH 6( ae,é%ﬁié’fﬁt @i‘v%gﬁﬁé’ ?Hijﬁ F%t&%@gtoc%e%% éngel ected from

structures (V) RAGH efmdbitinf@CH¥aEe r%&dm@ﬁogﬂwémclﬁ&@%mﬁémo%b) nGCH,
(Vi) RL 1(CC 2H4g CH, and (IX) R12( OC 3H6) n ket ones sel ected from

st ruct ubes gUKpn asters Qulfppriyesters obibedinepr erbsanahedivarieties) R15SORi

ot hyl - pyapreleD: RS ot *RHB itBoolle el i Rambs BT B o 70"
Rii > R12, R13 Ri 4, (BlrhonseméribsiGuas ef ankkereodedidarbsryiecicd dnddm hydr ogen
or G - Cu - alkyl groups and n represents a repeating unit ranging froml

to 10. Further, suit di) 8bael 4tHes melel Rﬁi@embﬁiﬁsﬁﬁ’ enrdbe totahpt aliacd ard ones
such as cycl Ohe:@éﬁé‘ézs e%glﬂfa‘?élﬂQOBPm Eﬁléflre?ﬁﬂﬁwofﬁ? e@%‘?og@'&qﬁlﬁ@ﬁ&é{él anyl

ket one, esters opr opyl "ace acetate, butyl acetate,
et hyl pdOopi onat esulﬁmndr}dmerrmmtamm'ngaat @amﬁem&tgrahlﬁntanegrc@mm)md@d byl 2-

7 op ot o 61 hyAn ARG HEG Rb&reTE e fursYiRla oy bs e PO A arsa
gEtengipr gglt gﬁgrgérﬂmb% fhe RletitlofIneBLIAGNAteRIr80p KRGS LI, K M, Ca, Cu,
Ni, Fe and mixtures thereof ; and optionally
(i) monomer residues of at least one poly(alkyene glycol)
15 having the formula
--(OCH2CH>)n-- wherein n is 2 to about 500, provided that the mole
percent of such residues in inversely proportional to the value of n; and
(iv) up to about 75 mole percent of monomer residues of at least
one diol, wherein said diol is other than a poly(alkylene glycol).

20 Suitable sulfopolyester polymers for use in this invention are those
known as Eastman AQ® polymers and Eastman AQ Copolyesters. In
general, suitable polymers are such polymers prepared from dimethyl-5-
sodiosulfoisophthalate and its parent acid and salts, which may be derived
from such co-monomers as isophthalic acid, terephthalic acid, and their

25 esters. Diols commonly used with such acid co-monomers are diethylene
glycol, ethylene glycol, triethylene glycol, polyethylene glycol, propylene
glycol, 2-methyl propane diol, neopentyl glycol, 1,6-hexanediol, and the like.

The polymer can be selected from water soluble, water dispersible or
water-dissipating sulfopolyesters or polyesteramides (herein after referred to

30 collectively as sulfopolyesters) containing ether groups and sulfonate groups
having a glycol residue and a dicarboxylic acid residue and at least one
difunctional comonomer containing a sulfonate group attached to an aromatic

17



met hyl 3-ethoxy propionate, nmethyl pyruvate, and ethyl pyruvate, ethers and
gl ycol ethers such as diisopropyl ether, ethyleneglycol nononethyl

et her, et hwbensgliysasl nonoet hyl et her, and propyl ene gl yeclr/useoionaing| et her
(PGVE), glycol ether esters such as ethyl enegl ycol nonoethyl ether acetate,
propyl enegl ycol nethyl ether acetate (PGVEA) and propyl enegl ycol propyl
ether acetate, aromatic solvents such as net hyl benzene, di nethyl benzene,

ani sol e, and nitrobenzene, am de solvents such as N, N-di net hyl acet am de

(DMAQ), N. Wit 8dl frPtHEpfnfcof @ﬁfét&ﬂn@gbny@@hr&wm@ara&néu R1bAltbdones
such as N net hyl Eérrol | done (NMP), N-ethyl pyrrolidone (N

di et hyl pi ptbos@lg ed n e agland aetampilakiecirein Eastman Ghemeé Qampyny

Ncycl ohexyl o] ents such as
i oty S YRR o e A TP e BBt Ene: Al Though
t hese or garmmfogglyegfdrg canbd@isssioed edl'fsb@l‘sed@i'l otheHaikE \isyi pat@dqﬁnbl nation
(i.e., as mxtures with others), the preferred sol vent system should

cont ai n5di eaaugiossaligpersisins| prterably ahtemmratires of (zespithan)abatit 80AG! ene

0 Lo oy one S Bovhites, B RSttt in ARl M R et B a4 7 e any )

An embodi mefi$clesurehst mﬁﬁ%lﬁcb%brb[é‘d HERSN Bl rergefte."ONR SKillddRthewrt d
sol vents at about 0.5 weight percent to about 99.5 weight percent. In one

enmbodi ment ,will kadesstaed thatdhgtera ntesidue’ i “sompenent @spesad indheat a wei ght %

00 % The cbssieetioR Aot/ lding"rotplsgl e Roiehy BEL T eRlfing? 0oty

of wat @0 sqirobutt dfithe whicerticali speeless ibid paticulir reattion seissrnear dabkegyertr esent
at about 0.5 to about 99.5 wei ght percent and derived from but not limted

to, al coholfCERHEKON AT é%‘e"BP%'pﬂf@ﬁBPt ®erdiassii whethepthesmeiatuieactually
o Kener oy AR S Lhesfod SELels, PRSI irfif dhasprofiechi voc o
dendritic residue in a polyester refers to one or more OCH2CH20- repeat units in the
polyester, regardiess of whether ethylene glycol is used to prepare the
15 polyester.
The aforedescribed polyester material is prepared according to the
polyester preparation technology described in U.S. Pat. Nos. 3,734,874;
3,779,993; 3,828,010, 4,233,196, 5,006,598, 5,543,488, 5,552,511,
5,652,495, 5,571,876, 5,605,764, 5,709,940, 6,007,749 and 6,162,890 the
20 disclosures of which are incorporated herein by reference, and the use of the
term "acid" in the above description and in the appended claims includes the
various ester forming or condensable derivatives of the acid reactants such as
the dimethyl esters thereof as employed in the preparations set out in these
patents. Examples of sulfo-monomers are those wherein the sulfonate group
25 is attached to an aromatic nucleus such as benzene, naphthalene, biphenyl,
or the like, or wherein the nucleus is cycloaliphatic such as in 1,4-
cyclohexanedicarboxylic acid.
Additives to the composition may comprise about 100 parts-per-million
(ppm) to about 99 weight percent of an alkali or acid of organic or inorganic
30 origin to include ammonium hydroxide, quaternary hydroxides such as
tetramethyl ammonium hydroxide (TMAH), tetraethyl ammonium hydroxide
(TEAH), and benzyltrimethyl ammonium hydroxide (BTMAH), amines such as
18



pol yesters, ethoxylated am nes, ethoxylated al cohol salts, ethylene acrylic
aci d, hydroxy-nethacryl ates, phosphate esters, polyethylene glycols,

pol yet hylwoeoiomiinsgs pol yet hyl ene oxi des, pol yvi nyl al colrclr;uspalopoiing |
pyrol |l i dinone, starch, styrene nal eic anhydride, sulfonated acrylics,
sul f onat ed pol ystyrenes, sulfopolyester of the |inear or branched fornul a,
or rosin acids. The conposition includes one or nore of these polyners at
about 10.0 wei ghtpercent to about 99.5 weight percent. In one enbodi nent,

the pol ynerribhyRireSeiamife ! IRafGaARES AMBHRCIUde mBhoathépbBthing of from
about 12.0 to about 60.0 or at a weight %of fromabout 15.0 to about 30.0.

In an enbodhereisppropanaianaines diglysicdarpiiey giemenial bydroxisies, or afloxidesul f onat ed

ol yesters (sulfopoalyesters) of the ||near ranched. varieties
Pespect | veithas BebSPLE IeHiad e OB (7, ARVESIIRE bfbs s a5 (1)
nononer 1 esheamesiifdiic (MBX), TBRIcMHesafoNIsY TEA) aghd dodseylbénierdsulforic t 0 25
nol e percent, based on the total of all acid and hydroxyl equival ents, of

mononer 5 e@cémé@DBsfﬁdt farenie acignéatty acids: sulfuaic aﬁmi,fnjmragi%rordzhnwh@riﬁghat
funct i onal G SupsaPeCya S(HE PRI o AfodfiTirrt SoPlIE0 LPEIRLY ¢ nc

sul fonat e gredognt ts dibut B0, wéighMperdeat, dBout Ni.0 wesglaprogmttoratut Ber eof ;| and
optionally (iii) nmononer residues of at |east one (gol y(al kyene glycol)
havi ng t he Wejghtiparcepb@iabaey r-weigbt peicent e aboutABeiAent00, provi ded t hat

the mole perCe”tlncgrbéh'l‘ﬁgggﬁ%t‘rjﬁcliegnir{[b"%rﬁﬁ%é’itié?ﬁ‘i’rﬂﬂ’ﬁ&ésogﬁlor%?nighe val ue of

n; and (iv) up to about ercen noner resi dues t | east one
di ol , Wber esalvesdiant ndixtlreics soiveats ahanveighidloydfdtdm laboat §159% ab aboBti t abl e

T b2 Sab s 3 S B o Shen B i o
pol ymers argxue9 .02 YAt IddstBReH it WHICREEHhEces cleaning performance
at a weight % of from about 0.01% to about 99.0%. Moreover, the solvent is
selected from the group consisting of ethylene glycol, diethylene glycol,

15  propylene glycol, diethylene glycol ethyl ether, diethylene glycol methyl ether,
diethyiene glycol butyl ether, diethylene glycol propyl ether, ethylene glycol
propyl ether, ethylene glycol butyl ether and mixtures thereof .

In another embodiment, the cleaning composition includes the solvent
at a weight % of from about 30% to about 95 %, the polymer at a weight % of

20 from about 3% to about 60%, and the additive at a weight % of from about 2%
to about 60%.

The composition may also include an inhibitor which acts as a
protecting agent for substrate composition. The inhibitors include chelating,
complexing, or reducing agents, comprising one or more of the known

25 varieties, including benzylic hydroxides such as catechol, triazoles,
imidazoles, borates, phosphates, and alkyl or elemental silicates,
ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid,
nitrilotriacetic acid, and 2,4-pentanedione, reducing sugars, hydroguinones,
glyoxal, salicylaldehyde, fatty acids such as citric and ascorbic acid,

30 hydroxylamines, or vanillin.

The compositions according to the present invention may also include
a surfactant including one or more of the known varieties, including nonionic
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sodi osul foi sophthal ate and its parent acid and salts, which nmay be derived
fromsuch co-nononers as isophthalic acid, terephthalic acid, and their
esters. Dwvolsiocians®nl y used with such acid co-nononers a&ce/us2eblgyi’eane

gl ycol, ethylene glycol, triethylene glycol, polyethylene glycol, propylene
gl ycol, 2-nethyl propane diol, neopentyl glycol, 1,6-hexanediol, and the

| i ke. The polynmer can be selected fromwater soluble, water dispersible or
wat er - di ssi pati ng sulfopolyesters or polyesteram des (herein after referred

to col I ectinglyy ﬁénél‘é'érﬂpﬁé ?Iat@@“hﬁidhid%rﬁ%hﬁét iBERideSalRAd sul fonate
groups havin a g resi ue and a di carboxylic acid residue and at |east

one di f uncts naatam@bnsnbatemQ and@uacmms;mﬂe‘h@fmbe%swemd to an

aromat i cnucl eus of nmers are well
known to those s ’qﬁa&ﬂ'sl’ﬁgij%gsérﬁ? sﬂﬁﬂ@@a@%iqozﬂé%s'%‘im%é%mn Cheni cal
Conpany undgibridreidn adesiage cdatingspragticQArPalicroBlettrohit manhlfstliidg, such
sul fopol yesters can be dissol ved di spersed or otherw se dissipated in

aqueous 5di s spatiRg isptherraethsidyofghaieardeedte pprlysoatings to gsubsiste. sooc,
such pol yestgrs, m}ﬁ’éﬁﬁéfh‘%ﬁg é%‘st%‘?ﬁélgé%gﬁbﬁ) é%h%oH gap%tsnt atlr:fg(? 4,874

t he di scl osure o%r ncorpor at y re ence led in

the art w |Ibrgé‘dﬁ5§taa®§la‘shaFP01mdrﬁnfmtuﬂﬁgl thuall cases,thewbiedtive isto used in
the specification and concluding clainms, refers to the nmoiety that is the

resul ting partn!wme wmpﬁélt'eném@daanagm aehieye ﬁo'ﬁ'&HtP&GNﬁfageea'NPf’Bﬁ ¥schene
b h th
o oty 1o dpst AdlitaioiRalbnd ARLORCrREA IR} a idtidbdlety GiiofBfy B e

an et hyil0enehgl nmemticrremmiluxm ia‘nrmmpu]ryeblsmkmessea‘,tmlbbe estabiisbed nypieatO6H2 CH2O-
repeat units in the ester ss_of et her ke col is
used to pré apéd?"h%f%m' val gﬁ&&@‘f&a&%‘ﬁ &N 5ol %@{ F“rsnﬁﬁ{e ‘?’QP i s
pr epar ed a%@@'vﬂ@erb%é*@ﬁg&ﬂb%%%ﬁindéﬁg% tHithe sged in
U S Pat. Nos. 3,734,874;°3,779,993; 3,82 0 0, 4,23 196 5 006 598,
5, 543, 488, rﬁaBbE Smaller In one embodiment of the present invention, the coatlng can

be up to about 800 microns thick, between about 200 to about 600 microns

15 thick, or from about 300 to about 400 microns thick.

Common practice for spin-coating the composition for this invention
method is to dispense the material at the center of a substrate, and operate
the equipment at a low rate of circular motion speed (i.e. <100 revolutions per
min, rpm). Liquid delivery may be done by a static method, whereby the fluid

20 will "puddle” onto the surface. A dynamic method may also be used where
the material is dispensed when the substrate is already in motion. During the
early stages for a new process set-up, the exact conditions of rpm and time
may need to be established in such a manner to ensure complete coverage of
the substrate with minimal or no waste. There is no need to be concerned

25 with edge bead formation as this condition will be irrelevant to the process

objective.

The manipulation of spin-speed is a common focus of many apparatus
used in the microelectronics industry. Substrate rotation will have a direct
affect on these properties and produce different coating results. At low spin-

30 speeds, fluid mobility will be low with minor material loss, however,

irregularities in substrate coverage may also occur. Alternatively, high spin-

20



5,552,495, 5,571 ,876, 5,605,764, 5,709,940, 6,007,749 and 6,1 62,890 the
di scl osures of which are incorporated herein by reference, and the use of

t he ter mwecend/110838t he above description and in the appentdas2ebadirse

i ncludes the various ester form ng or condensabl e derivatives of the acid
reactants such as the dinethyl esters thereof as enployed in the
preparations set out in these patents. Exanples of sulfo-nononers are those
wherein the sulfonate group is attached to an aromatic nucl eus such as

benzene, nagiuR!\eNeesit PNSIBK MobiTityt A highemafriaMiyse MtHdiRyhgsiheus is
cycl oal i phatic such as in 1,4- cyclohexanedi carboxylic acid. Additives to

t he conposicaatingnay angaidspraghesiin theoingdustry-gerienceisbewsgpa) thiek about 99

ol ude” anmonte ) aebspapte B MyrcRaT Shu8s AchRyesWin B,
ammoni um hyshamigdsratciidérHDnck ehe abtitiy iooomplaetad heskitactidatién 6itle  and
benzyl tri met hyl amoni um hydr oxi de (BTMAH), am nes such astriethyl ene

tetrani e, RIOREBDMAY invBediRtaly Preggadie nonoet hanol ani ne,
nmonoi sopr opanol am ne, di gl ycol am ne, el enmental hydroxides, or alkoxides
such as pot assi ueatapplmaiobumgy baywonductis thrB)h seNergl pathist drtirgnaruals such

as net hanesul f oni ¢ (IVBA) . Tol uenesul fopic (TSA) .. and .dodecyl benzen ul fonic
2o - ( DOBSAPeRBbfis @ SORle NPPLS daraBe sk s PEite RES-REVAEE B B8
phosphori c megieg frofenadetdtionttotribther. Pinesiitiohs wiHera MRitdvnatidn i @M about
0.1 weight percent to about 60 wei ght percent, about 1.0 weight percent to

about 50 wentgieshére wafer roay &emain stalienght whie beat istapplisgdutsinpah@seent . | n

an enbqdi ne t he i o) ] I.ncl I.C. or
et ur 4007 abjciioliarofételd SRBGRLHR B, oty WSROI, L
| east one sgbricenas asthpekpyesitto coatroveand thidughpilitr @in Bd osidil). ddtetraindgout
99.0% and at |east one additive which enhances cl eaning performance at a

wei ght % ofbY teseatkiled ip.the ark eldoghdesions Qnge therrreper healing sgimens i s
sel ected Tram B8, Hetinf0dfsF bhBBrEhnRIBENEAGy BeVeoved 6 ANSIRGSHEH ¥CO! -

rinsing agent either in an agitated batch or by direct spray contact.

15 The stripping compositions of the invention function by maintaining a
solvency environment when used on amorphous organic substances such as
positive-tone photoresists of the PHost or novolac varieties. In such cases
and when exposure conditions include moderate temperatures up to 150
degrees C, a composition which contains the minimum constituents, including

20 the solvent system and water soluble polymer, is coated and processed at the
conditions of the invention method. When heated to a sufficient temperature,
rapid dissolution occurs and diffusion of the photoresist into the composition
proceeds rapidly to completion. Additives such as an alkali agent, inhibitor,
and surfactant may be used to facilitate good results with highly baked (i.e.

25 >150 degrees C) photoresists. Advantages in using additives contained
within the stripping composition may include improved dissolution rates due to
saponifying cross linked photoresist while the inhibitors protect exposed metal
during the stripping and rinsing steps.

Organic alkanolamine compounds are preferred for alkaline
30 saponifying and emulsification of the positive-tone photoresists, to include one

or more low molecular weight candidates, for example, monoethanolamine
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propyl ene glycol, diethylene glycol ethyl ether, diethylene glycol nethyl
et her, diethylene glycol butyl ether, diethylene glycol propyl ether,

et hyl ene wbhyool11ps48pyl et her, ethyl ene glycol butyl ethecTarsdowiond’aé es
thereof . In another enbodi nent, the cleaning conposition includes the
solvent at a weight %of fromabout 30%to about 95 % the polyner at a
wei ght % of from about 3%to about 60% and the additive at a wei ght % of
from about 2% to about 60% The conposition may al so include an inhibitor

whi ch act s (REMR), PRERASSpropardiafiiné QMIBARITAGIFcHIaRMAS (DG, afe i nhibitors
i nclude chel ating, conplexing, or reducing agénts, conprising one or nore
of the knowemkinatensthereofc|lDdasgsyererela pegativestongaacrylic phatoresisteatal |

S| oot oo CuPbS Rctiet PRLA TR Al ARG e§RE pR reiovBR, Tl FERRRbtigner .
aci d, nitridiptreq@eshistrong slkalinthnield; aeubesradhomairokieiey eiatal Bydrokide,

hydr oqui_ nones, glyoxal, salicylal dehyde, fatty acids such as citric and
ascor bi & adr@lkexj@e.oxyl ani nes, or vanillin. The conpositions according to

the present i nvegthip e AhiGy LARIAE SoPEbaH ARGt Wl R sRiBsor T e

of the known vari Ies, noni oni cnon

nonyl - et hoXydratpesitivenarahhegativenacrihigtas well ad pohjikydes Wdnapesitiens alkosphat e
esters, and succinates, and fluorinated systepns. Contact is nade to the

substrate BPRnOrIeMRYS of Beoative isapiensubibber) sesishand PRgalive-6RP Mg

e Lt . e ) ' d of
(F:’Lgfcgcﬁse é@tugsgpg?{&s&rsm %s’WBWg@% téﬁﬂmeﬁﬁ{g@%‘:e&zé%uﬁ\% Hg?fo?ng%uﬁﬁé ! 0

y coatings to ubstrate. exi st
t o i nc0de regyatiye guryliccarad polyinaide, #e chaioatin ngmipositioarigelepebdentipen as i n

e T
appl i cat i oNRoALRHISY HrRItAB Eroéd ﬁhlébdﬂwbe‘?'%?ét%ﬁl 8bes'Rbf RESPAN tol dMkaily, S
i nvention method, a mninumthickness shall be established, typically on
only acids. Rubber photoresists require aromatic solvents and hydrophobic
acids, such as dodecylbenzene sulfonic acid. For negative epoxy photorest,
15 the chemistry is hydrophilic (polar) and like the rubber photoresists, these
systems also do not respond to alkalis. The preferred system is one which
incorporates hydrophilic acids such as methanesulfonic acid (MSA) or sulfuric
acid. These systems all contain the water soluble polymer, to facilitate proper
rinsing following dissolution of the photoresist.
20
Examples
The following examples further illustrate the present invention. All
percentages given are by weight unless otherwise specified.
The invention is further illustrated, without limitation, by the following
25 examples. In the first three examples, the measurement of performance and
selectivity of the invention is conducted using practices readily accepted by
the industry. In such cases, measurement is made by optical microscope and
where necessary, the use of etch rate determinations by high sensitivity
gravimetric reviews on metallic substrates, and where necessary, more
30 detailed studies were conducted using scanning electron microscopy (SEM).
In the following examples, silicon wafers were used as the inorganic substrate
upon which the organic substance is applied and cured. The following items
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the order of a m ninumvalue of 1000 mcrons ( 1 um=1 X 10 6 m,
cases where the organic substance is very thin,
may be srwibl2ero/1108380ne enbodi nent of the present

but sone
t he conposition thickness
I nvent ipom/USkéI6/00W0a¢ | Ng can

be up to about 800 m crons thick, between about 200 to about 600 m crons

t hi ck,

or from about 300 to about 400 m crons thick. Common practice for

spi n-coating the conposition for this invention nethod is to dispense the

mat eri al

delivery may be

do

ne by

at the center of a substrate,

rate of cirigdlaple MbpRIBehPARIIJanfc smﬁ&ﬁné@é’@ibé'ré’rﬂév@@rth@rrb
a static method, whereby

the fluid wl

and operate the equipnent at a | ow
ref)QthlonL' qui d

onto the sune@@eis and e soercestirard whigh heyowsee Deastredher e t he materl al is

di spensed mh
for a new pro

TURBGEE O

wiiaf%ﬂ

st ages
need to

ffgé@%i%%se ik

y‘é{j“ gﬁ?eﬁﬁ%ﬂ#&ﬁ'ﬁ

be establi Eﬁdn‘ip[bk ucha. . €
substrate ﬁn themnr tegal no Wast ﬁé’?‘?‘s‘? ] d
edge bead formati 01 as thi conEll tign Wil be 'Edt%'l @y@m’r{'eg gstme\,vmvg%ess
obj ective. | The man|pul atio m,ds,@g.ﬁ-c‘gged | S 4 CEYEN PRSWSesh (ARdite
apparatus Qisedqin t heHsser Oabdtréd api|CSTPRABSY 1|y crauted oat Brbokiid W, Wi | |
have a direct affegt on thesgsmag,gertlégs'ﬁ‘fﬁj Arpsienadth PEMERt 2 oRitbn Y
results. Al |ow spinspeeds,| fluid ngbility wl{l be | ow wglifis m nor mat eri al
| oss, howeyer, TTregurarities in sungstrate COVeERRFqiEitias 88 1oCHMwt%
Al ternatively, high spinspeestgigwesih [result in hlggz,gmlglslgbménargqobl(gl
material 1 0ss. oAl t houglalaePil WesHRed 0F iAMaPEPEhdar GBLE S HeRettAdy, Ney), NdUst Iy,
experience|shows that thick geahiiagds o oPOg & pt aldRIveRiis PaREsA U S&ii 1y may
be achieved with a|spraycoating practice. Oncg the coatigygdd S corrpl et ed,
heat activation of [The pro¢ess may i|mmedi ately PISpHGEAcAREREs on
may be conducted through several patihgperhRkefMBNURIMRRE A PBRed g,recdtrrp e
hot-plate may de usedcVini s YdiMPey t hgMiubstir ate @& hokPs Haas, Inc.
Mariborough, MA)
Thermoset, .
4 | Polyimide | Liquid Non- Pl-2611 fai'?li,':"'gj)s'ysmms'
photoactive ’
L Thermoset, SC-Resist (Fujifilm Electronic
5 Isoprene | Liquid negative | Materials, North Kingston, RI)
*PGMEA: propylene glycol monomethyl ether acetate
5 Where applicable, the organic substance is applied in the manner of a
coating utilizing a Brewer Science, Inc. CB-100 coater and following standard
protocol for applying the liquid form of the polymer material to the inorganic
substrate. Once the material is coated, it is sent to a soft bake step for a short
60sec hot plate bake at 100 degrees C. For negative Acrylic resist, the
10 material is exposed to ultraviolet light of a broad-band type emitting at 365nm
and of a high exposure dose of 0.12W/cm2-sec, for an excessive period of
30min. Following exposure, the wafer was post-exposure baked at a
predetermined hard bake temperature and time depending on the resist.
Once the wafer samples have been prepared, they are staged for
15 experimentation. The experiments in Examples 2-6 are all conducted

identical to each other using the same wafers and handling practices. Each

wafer is staged in the work station where the invention will be demonstrated.

Compositions are prepared ahead of time and also set aside. The invention

method is tested by applying the composition of interest to a portion of the
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noved fromone | ocation to another. In situations where automation is of
Interest, the wafer may remain stationary while heat is applied using a
basechuckwonrzommi0848r head | R convecti on source. Exact er @omarseeis/0e07de

| ogi stic concerns with respect to controls and throughput can be readily
determ ned by those skilled in the art of tool design. Once the proper
heating regine is foll owed, the conposition and organic resin may be
renoved by rinsing with a rinsing agent either in an agitated batch or by

direct sprayafepBliAgte. THE wifel RPINRS ifHEGatdlY BBAsRITdd® 4 AYEPatOWhidnCct i on
by mai ntaining a solvency environnment when used on anorphous organic

subst ances hascheerspraset al the desieedoproiceseingdenperatune Preetthewaferis sat

varieties. | uc s and.when exposur ndi tions inc e erate

t enper at ur eogﬁgzh? Eoﬁé%?%eag$|gg\ép@eélsg§tﬁ#8§i 75 {Kﬁ %W'%%ﬁbﬁ%?ﬁ‘ﬁe M ni mum
constit Uents%cohﬂ§'h‘é@é3®irbb?tfﬂvéféﬂis FAPbOEY @hd_iﬁﬁﬁéﬂiaw HRS&d pthyner, is
coated and processed at the conditions of the invention nethod. When heated

to a subfi digtilled; dajpmizad., o demiperaliaed yetar from awashdatile. dinefrinsedn of t he

phot or esi st i it Qn. proceeds ' lL.etiQn, tives
Clch a5 an RL SBSIPERAR tes B T TSGR b ey el
facilitate tgeodsulesatet recotddd. hi ghly baked (i.e. > 150 degrees QO

phot oresi sts. Advantages in using additives contained within the stripping

conposition may include inproved dissolution rates due to saponifying cross
| i nked phot oresist while the inhibi E%Lﬁ%p[_gtpct exposed netal during the
stripping and rinsing steps. Oganic al kanol am ne conpounds are preferred
for al Hal i ne sapordlifgdseg, mtebdactibs of treasulfopayedtbewps obtained thyrthe
photoresists, to ipclude qne, or re | ow nol ecul ar wei ght candi dates, for
exanpl o, moASEMAbH BRRAAREIC SRMBPRO SRR Sck AN waye cemprised

regit oo r 1% ARRSISIATICRABR M Shacl vl SAMGE HIELS
candi dat es dispdrsible powater dissipatabbe potyinwer (@idnporeniiB)e Thespolymeeral kal i,
namely, a %lf'\%ts%m/\% v@f%rugxsiu?fgbo%ts?elrs %%E e)l('ierqteglass transition temperatures
15  and viscosities of both the linear and branched varieties. Such polymers are
well known to those skilled in the art and are available from Eastman
Chemical Company under the tradename of Eastman AQ polymers. In
particular, such sulfopolyesters can be dissolved, dispersed or otherwise
dissipated in aqueous dispersions, preferably at temperatures of less than
20 about 80°C. Such polyesters are described in greater detail in U.S. Pat. No.
3,734,874 the disclosure of which is incorporated herein by reference. The
polyesters considered as candidates for the invention include, but are not
limited to, Eastman AQ 38S Polymer,A Eastman AQ 48 Ultra Polymer,
Eastman AQ 55S Polymer, EastONE S85030 Copolyester, Eastman ES-100
25 Water-Dispersible Polymer, Eastman AQ 1350 Copolyester, and Eastman AQ
2350 Copolyester. The solvents chosen were ethylene glycol, diethylene
glycol, triethylene glycol, propylene glycol, diethylene glycol methyl ether
(Eastman DM Solvent), diethylene glycol ethyl ether (Eastman DE Solvent),
diethylene glycol propyl ether (Eastman DP Solvent), diethylene glycol butyl
30 ether (Eastman DB Solvent), ethylene glycol propyl ether (Eastman EP
Solvent), and ethylene glycol butyl ether (Eastman EB Solvent). In a

screening study, solutions were attempted for each of the polymer and solvent
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or al koxide. Simlar to the review given here for renoving coatings and
resi dues frompositive and negative acrylic, as well as polyimde,

conposi t iwoxoales4appl y for renoval of negative isopreneCtruskiendorresi st
and negative-epoxy (SU-8(tm) photoresist. As we have determ ned for the
positive photoresist and negative acrylic and polyimde, the choice in
conposition is dependent upon the material to renove. For

negati ve-i soprene, the chem stry is hydrophobic (non-polar) and the cross

l'i nked r ubhgdirigys he 1D, A& P30 WeFPSHI /st Qnaédeﬁtidrs sofUtiansasti Elstridrnder
phot oresists require aromatic sol vents and hydrophobi ¢ acids, such as

dodecy! benz¥®Polimenand &estmarédQ ﬁédéltra\}%olémyzaphatéﬂem% sphds wieseri st ry

do net 1 oo i@ fithe U CialiSubiy obRabet R SBRNE FhSss MRk RplibS 2 oo
hydr ophi | i q/v@@@t@ paksd bR adarigtheesoN érittb & @uind- tﬁd\%e@ﬂagmwlwaﬁ aCI d.
These systens all contaln the water soluble polyner, to facilitate proper

ri nsi ng5f ol agitaterg candewser: PBA ndrogenseuisesiossiested. EkagBpeEoPTiate BAIWI ng
les furd |
cram) o, g el BB OB BB e R R0 L R ROABR P v

il lustrat edaglwtbhmﬁtll thensdlatiom washobthired. dbépandiag @n&ﬁékﬁﬁyméﬂahbe first
three exanples, the measurenment of performance and selectivity of t

i nvention i SONHARRGIaDd ithey splidsiorging. rt@%apwoaé&éqf@éwa@d i dir et ry. In
such cases 1offf FEERYr afiolR4Fndd Rihé AonTh6 RBFABECIBA hRiEIERSSSar

the use of € rate determnation sens IvitTy gravinmetric reviews
on net A0l i c1&lbegreesds foraflimimees. ﬁab%ﬁdrqtowrmnmdatas tredesdtack es wer e

conduct ed n sca ron, mcroscq n the fo i n
exarpl es. SR aaiPIS S o RNOBE AiectnoRe Th R HIePQbBREr SolSh whi ch
the organi Cre%HFP?bﬁBéﬁpl‘eT)a@@tin 8&h@fonsS, Hehthindd'8oluBle BMMCBBIlhé &R thelabl e 1

represent the organi c substances to be renoved, their preparat|on
solution was suitable for making a coating. “Bad Solutions” are those in which

either the solids were insoluble in the solvents under the preparation

15  conditions or the solution formed was unstable in the short term. “Disqualified
Solutions” are those in which a solution of the same polymer and solvent
paring had previously formed a bad solution at a lower solids loading.
“Questionable Solutions™ are those in which the solutions formed were either
extremely viscous or exhibited signs of potential long-term instability, but

20 might be of value for further study.

Table 2: Summary of Potential Stock Solutions

Suitable
Solutions 20 21 3 1 1 18 6
Questionable

Solutions 0 3 2 1 3 2 1
Bad

Solutions 11 8 20 12 17 6 15

Disqualified

Solutions 3 2 5 16 9 4 8
Total

Solutions 34 34 30 30 30 30 30

Based on this screening study, 82 suitable and questionable solutions
were tested on both PHost and Novolac coated wafers which had in both
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met hods, and the sources fromwhich they were procured. Table 1: List of
Organic Resins Used to Denonstrate the Invention. Exanple, Mterial GOPTI
Type Jr -wDesuviipg4son/ Manuf act urer Equal quantities as PCI/Us2ewf0067F0! i d
resin Anor phous, PB5 and PB5Wresin (Hydrite PHost worked up positive

Chem cal Co., Brookfield W), as liquid dissolved in PGVEA* as 20wt % sol i ds
Equal quantities as 1:1 www % Solid resin Rezicure 5200 and 3100 (Sl

Anor phous, Novol ac worked up positive G oup, Schenectady, NY), as liquid

di ssol ved i ghd@sieith é\ﬁea%%()s@égr@és@fd?'@mﬁhté@ lr?éaél@ﬁagé’)a Sheyinoset
renmoved and applied direct, Acrylic Dry-filmnegative (Rhom & Haas, Inc.
Mar | bor ougramaait qfrmhmmwasrapmlesﬂ to reHquatﬁd)Wiﬂreﬂiﬁ wRigrnwas de Li qui d

soprene. Liumedinl B0 B AR o a0 Rkl o4 WoBIRHEN ) opy  one

gl ycol nonoggéted withiestréamiciiviatéhat Qnﬁi&ﬂtltéﬁibb%tuié\eA%S@Ib gisgdbst ance is
applied in the manner of a
observation was used to evaluate completeness of resin removal. Only those

blends that were judged to exhibit excellent cleaning performance by visual

examination were deemed as passing. Table 3 summarizes the results.
Table 3: Cleaning of Novolac (N) and PHost (P): (C- Cleaned; F-

Failed)

Ethylene AQ1350 | C | F

glycol

Ethylene AQ-38 c|F|lc|F

glycol

Ethylene

glycol AQ-48 C F |C]|F
Ethylene AQ-55 C c

glycol

Ethylene EastONE | C | F

glycol

Ethylene ES-100 | C | F

glycol

Diethylene

glycol AQ-1350 C F

Diethylene

glycol AQ-38 c|Cc|Cj]C
Diethylene

glycol AQ-48 cl|c|]cCc|C
Diethylene

glycol AQ-55 c| C

Propylene

glycol AQ-48 C|F
Propylene

glycol AQ-55 C|F

DM Solvent AQ-1350 C|CJ|]C|F|C|F
DM Solvent AQ-2350 C|]C|C|F|F|F
DM Solvent AQ-38 C{C|C|F|C}|F|F]|F
DM Solvent AQ-48 C cCc|C|]C|C|F|C|F
DE Solvent AQ-1350 C|CJ|C|F|C|F
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coating utilizing a Brewer Science, Inc. CB-100 coater and foll ow ng
standard protocol for applying the liquid formof the polyner material to
t he i nor gaioi2e1081b%IBr at e. Once the material is coated, i®PCrass@ntod’as a soft
bake step for a short 60sec hot plate bake at 100 degrees C. For negative
Acrylic resist, the material is exposed to ultraviolet light of a

br oad- band type emtting at 365nm and of a hi gh exposure dose of
0.12WcnR-sec, for an excessive period of 30mn. FoI I oW ng exposure, the

waf er was pdsi-expPOoSyale d.at-a p ed Fm N oAl LI € and
ti me dependijng._on th{ t, S fﬁ t he J% [ 219 » °)é: alr ed,
they are staqe@dlmentax;:eﬁulfepoh{esdm‘ ' TRe '-*eaNaerl sl:IN#B| are
al | conduct §d prigsiviesdl toA@.QI35gt hef gsiingF the s and|l i ng
practices. Ha S—St T teAWT #=S | VerTtli on
will be dengr i] v%'nt nr*pos?fgﬁm at-eCh Hepar gi t‘Fta! SO set
aside. The i n%ﬁpblﬁnﬁmt hodAQ4Best e Qv apl yith Gf

interest to [aDfoBblventdf t WWwIBEO suff@cd. CThe Cvdf & |i € {hen|i mpdi atel y
transferred T graghRienp’[al € W88 Nas|Dbger @:reEQg ac fhe degi [ e@ pr@cessi ng
t enper at ur e. e —wafer— et—onttm o ~ardegtrtat ris
stglr)t ed. Once_&ngg L 3 ~s§r‘rn &_ ilr &d_ 'he_ﬁaLﬁ_mFs
renoved and |i FRFe8plesty ri Aed3a0t h i 6ti|l ICed, Gidi Hnijz€d| br|den] nerfal i zed
water from d @BBohent!le. Th®-38nsed|waf ér i s| @pdervddCandCcsetCapiflel to
dry. Addition@E} gg%;\yatlon%@@ Taken arnd [ne,desﬁ Scanecr fcer

EXAMPLE 1 | ERSEeS; ...Lr"" tetoerof—the—st yester—rwhS—o tai. ned by
the additio EF’ Solyen AQ:?E%Dm Ut i ™n %hpq r}’r‘ in upi NS \er 6
conpri sed of| &BEh§dlvephi I i cP@ﬂ\'ﬁéﬁt ( .,oGpc nénht| A |a Cwait €r | sol bbl € or

wat er di spersible or water dissipatable polyner (Corrponent B). The polyners
chosen were var i The comhpl b@m@hwﬁ@rréin@ﬁjléih?%ﬁé@l%oﬁlbﬂﬂﬁ ettigdid FaBtman

tenperatures _and viscosities of both I near branched varieties.
Such pol ynef@ 46 Eltra Polymer at solids loadings ranging from 10 wt% all the way up to
40 wt% were found to exhibit broad performance cleaning both PHost and
5 Novolac photoresist resin from silicon substrate. In addition, the various
concentrations of these solutions were extremely stable even after several
months of storage at room temperature.
Therefore, a composition comprising 20 wt % Eastman AQ 48 and 80
wt% diethylene glycol ethyl ether (Eastman DE Solvent) was selected as the
10  suitable standard composition to be used in developing additive blends in
order to target more exotic and more difficult to remove photoresists. This
stock solution comprised 30% of the final solutions used to treat wafers in
Examples 2-6, yielding 6 wt% sulfopolyester and 24 wt% DE Solvent in all of
these solutions. The following examples 2-6 are to demonstrate how one
15  skilled in the art may approach development of a composition according to
this invention that is suitable for removal of an organic residue. Neither the
selection of this standard composition for further studies nor the specific
examples that follow are intended to limit the scope of this
invention.
20 In contrast with the over-all success of many compositions containing a
sulfonated polyester, compositions containing other water soluble, dispersible,
or dissipatable polymers did not perform nearly as well. In general, these
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wel | known to those skilled in the art and are avail abl e from East man

Chem cal Conpany under the tradenane of Eastman AQ polyners. In particular,
such sul fwpabwesbsass can be dissol ved, dispersed or ot hechiseoidioswireat ed in
aqueous di spersions, preferably at tenperatures of |ess than about 80C
Such pol yesters are described in greater detail in US. Pat. No. 3,734,874
the di sclosure of which is incorporated herein by reference. The pol yesters
consi dered as candidates for the invention include, but are not limted to,
East man AQ g@er E@l YESs weraThmeRsAQiutie ih tHeachienBsIve fas tPraBedd) 55S

Pol ymer, East ONE S85030 Copol yester, Eastman ES-100 Water-Di spersible

Pol ymer, Eaanditionsgor asbiegsisoihgesaletionsagainaeriedderonggsnoctie polysiesr . The

ol yeol . pr oyt SoER oAb oSrHReaRy 10fdB01 YRRy FolER el diant e
Sol vent), dh&dtBy lteatepiperaiure rangingtfien 10Bakigress DEobaOveIutes dp e MBbene
gl ycol propyl ether (Eastman DP Sol vent), diethylene glycol butyl ether

(Egst nﬁﬁl egees & for 88 minwes hpwevar, teopglyvieyheyrollidaserand the _dviéiﬁt),d
2ot ut i ons W eLEP el bty BORFaHS AR TE LRIl tah ok SRERFET M oF VY

20, and 30 rafstdts of trissolubilindstutly @ire talodlatedomslonf East man AQ 38S Pol yner and
East man AQ 48 _U tra Pol yner ea(c)g at 40 wt % solids were attgnPted in the
four Di et hyl ed@ble dePudmary Qbpiesk Solutipns not Santaiingi d»RYlREAte  epar ed
by addi ng the solvent to a round-bot Mgé’s%%k wi th an agitator,
condenser, and nitrogen source connecte he appropriate anmount of the

B

agi tation Status 5
sol vent pal ri ngyighle t he 5 [ oad u 3
di fferent [t emegfidligHses forgvariops Liggs raogi ng om @0 degyges|C éor 30
m nut es to_.jégegﬁ 75 ¢ for 70 mmptesTTabter 2 betow summartzes thes

stock sol uti OIS tiopd T abl 92680 utd ong" Fre taosb id‘u [ %h t he Oool ) es'%er
10 4 3

di ssol ved -
Bad Solutions 0 10 0 11 2
Disqualified
Solutions 4 19 0 19 20 20 18 6

Total Solutions | 30 30 40 | 30 | 30 30 30 30
10  'DPE - Dendritic Polyester

2AMP — Sulfonated acrytic
3PVP — Polyvinyl pyrollidone

*SPS — Sulfonated polystyrene
*HEC - Hydroxyethyl Cellulose

15  ®XSS — Xylene sodium sulfonate
"PVME — Polyvinyl methyl ether
8CAP — Cellulose acetate phthalate

From the suitable and questionable blends prepared, a selection of 49
20 was tested on both PHOST and Novolac photoresist that had been cured at
150 degrees C for 15 minutes. In both cases, a small amount of each
composition was applied to the resin coated wafer, heated to 100 degrees C
for 60 seconds, and then immediately rinsed off with de-ionized water at
ambient temperature. A simple visual inspection was subsequently made,

25 and only those compositions judged to have excellent cleaning performance
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readi |y under preparation conditions, remained soluble on cooling, and the
solution was suitable for nmaking a coating. "Bad Solutions" are those in
whi ch ei twenrotomaos®l i ds were insoluble in the sol vents ®raaars2e1m00776
preparation conditions or the solution forned was unstable in the short
term "Disqualified Solutions" are those in which a solution of the sane
pol ymer and sol vent paring had previ ousl y fornmed a bad solution at a | ower
solids |oading. "Questionable Solutions" are those in which the solutions
formed wer t [ [

L ong-term [ AE PR TEd oSS, FFPy PRstl Ry U0 AR sOaBRaS vivre .
Sunmmary of t@stednhowlevst @@Ihjt@ﬂ&wmo np teddeat% solitis of o pelyvingl syrotidong?2

sui tabl e and tlof}q 8I e sol u I ons re tested on both PHost and Novol ac
coat od v SYESIE FEHEH HeraUSs NeadArIGUER PR viAS 78 50MBIE BLeVRf or 15
mnutes. | nsopaght téﬁé@ \Aith TRé bx oPkyl&9 SbHRM YafortB! iRdrekalts esi N
coated wafer, the wafer was | mediately "heated to 100 degrees C for 60
seconds5 t heere ainm;tit athelly negative, aﬁld furthesttesting was Weemediunpedsssary.

d al I
of Tesin 1 M MRl % REBarBRark Claeind Ak ik BERR B ¢ rcel font

cl eani ng performance by visual exam nati on were deened as passing. Table 3
sumari zes the results. Table 3 : Cleaning of Novolac (N) and PHost (P):
(C deaned; Frhle édﬁiﬁenqu‘awm)@ndah@%(ﬁ)h erlele@neelIF =t hy|

ether and Eastman A48 U tra Pol ymer ﬁallsd i ds I}oradlln(s ranging from10 w %

all the way| ni ng
bot h PHost a i
addition, t ahEhels dodr e 8| y
stabl e even aﬁﬁwe@eglwdl nerat refore
a conposi ti Qreghpe gyeg Q 48 and {80 wt % dijeFhyl ¢ne| gl ycol
ethyl ether [(EgnéthgendE SoT vent) ywas kelecfed jas tHe syrtable standafd
conposition|to b@'))é5pd i n deygplopl n@ fdgi tfve bl ends irn
Diethylene
glycol PVP F F F F
Diethylene
glycol ‘Xss | c| C
Diethylene
glycol °CAP | C | F
Triethylene
glycol PVP F F F F
Triethylene
glycol XSS C F
Triethylene
glycol CAP C F
Propylene
glycol PVP F F F F
Propylene _
glycol XSS C C
DM Solvent PVP F F F F
DM Solvent XSS C C
DM Solvent °PVME | F F F F F F
DM Solvent CAP F F C F
DE Solvent DPE C F
DE Solvent PVP F F F F
DE Solvent XSS C C
DE Solvent PVME F F F F F F
DE Solvent CAP F F
DP Solvent DPE F F

N
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order to target nore exotic and nore difficult to renove photoresists. This
stock solution conprised 30% of the final solutions used to treat wafers in
Exanpl es wo@pioyiiedsdi ng 6 wt % sul f opol yester and 24 wt % PETSskwmenvo77er al | of
these solutions. The follow ng exanples 2-6 are to denonstrate how one
skilled in the art may approach devel opnent of a conposition according to
this invention that is suitable for renoval of an organic residue. Neither
the selection of this standard corrp05|t|on for further studl es nor the

specific exa les\ Ilowareln thik
i I?went ion. | i\rpr‘nnf Mﬁﬁ_t_he_g % : ' gb% ohk
cont ai ni ng & suSkivented pdPolyener | Rom US‘H iPons: ‘*-)tﬂe Mt br

sol ubl e, di $peD§ Bbleenvr |di PPat athe pBl y|mrer 9 di dl nof perform pe& |y as
well. I'n genergh S&IQ@ﬁ?Ot herxspgl Y[R S| Wer § far] Tesqg solfubl e[in the chosen

solvents. Pro td ' : red
dependi ng o:‘ t E’bﬁgl%u al WME ib¢“ ;F;li nglfn iflt:' (cﬂf'b' gg i: ga*?lnlge In
nost cases, th@PsSDW?ans WEHAP hehtld| 1 t enper atlur e |ranging from 120
degrees C for BB $okenes jup AP 18D Kepr Bes| C flor 80 mi nutes] RoweWer} the
pol yvi nyl pyropg ggnenend tpgngendrgt| cFpol xest e vere [bothinotjceabl e
exceptions f | The Tesyrts of ti fobr|it
studs are tdbu)ﬂ%@“aﬂ SvTa'r"A"gZ rﬁg'rrggry of—St-egk—Sat Lti[oﬁss‘.logm y
Cont ai ni ng a&_SERPeNeRY Fol yREer [ dbl it Fon 111 | DBEI 241 MR SPS| SHEG | xssi
TgBVJW. B CAP B $alvkest Sol uth\dts D BO| OF0 10 10 8 QuiestijonablleFSol #ti pns 26

0000 O 13 Bap Solvbhi ons TAD 0] I¢ [OF
EB Solvent PVP F F F F
'AMP — Sulfonated acrylic

2PVP — Polyvinyl pyrollidone
3DPE — Dendritic Polyester
*XSS — Xylene sodium sulfonate
5 3CAP — Cellulose acetate phthalate
*PVME - Polyvinyl methyl ether

Very few solutions exhibited success in cleaning both PHOST and

Novolac photoresist, and the few compositions that did have this success

10  were questionable solutions that were non-ideal for use in this invention. By
comparison, many compositions containing sulfonated polyesters exhibited
much better performance dissolving PHOST and Novolac photoresist. The
compositions containing sulfonated polyesters were significantly preferable to
those containing any of the other polymers considered, and a single

15 composition from those containing sulfonated polyesters was chosen for

future testing.

EXAMPLE 2
Table 4 contains the results from a cleaning study conducted for PHost
20 resin coated as described in Table 1. Resin was cured for 15 minutes at 200
degrees C. All cleaning compositions are comprised of 6 wt% sulfopolyester,
24 wt% DE Solvent, with the remaining 70 wt% being comprised of two
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Di squalified Solutions 19 0 19 20 20 18 Total Solutions 30 30 40 30 30 30
30 30 1DPE - Dendritic Polyester 2AMP - Sul fonated acrylic 3PVP - Pol yvinyl
pyrol | i dowe 24®A%0848Sul f onat ed pol ystyrene 5HEC - Hydr oxyerhyskoi@ebi7aé ose
6XSS - Xyl ene sodium sul fonate 7PVME - Pol yvi nyl nethyl ether 8CAP -

Cel l ul ose acetate phthalate Fromthe suitable and questi onabl e bl ends
prepared, a selection of 49 was tested on both PHOST and Novol ac

phot oresi st that had been cured at 150 degrees C for 15 mnutes. In both

cases, a sralditi@EPadhold nﬂal%@arrrm‘@bbs@tbmpérmslf@?itﬂé)cubaﬁnr{geéthgecoat ed
waf er, heated to 100 degrees C for 60 seconds, and then imediatel'y rinsed

of f with dewéren]GQdegreesrCal5Gdayemes €eandéRaPwegrees €. npl e vi sual

nave excell ont i?‘?iﬁ?‘n‘é‘?ahﬁ 6 laarif SEelinn RPEHSRTREND O ey cases.

only the 10 Wt % sol i ds bl ends [wexdditivet &B however | solutiohs with up to 40
wt % sol i ds of| Aditiyg| y‘ﬁﬂgﬂw% rol I'i gege wer e gy | esisgiched ayﬁg hat
particul ar pql ym9f sol’ “Q‘E&cﬁé}\ﬁgﬁéﬂs* ol 'vent test: ég ith the
exception of rxyi Y Ot e T t-s—ywet ' — y
negat ive, an y1|'|\MEpr A'ﬁ w:':am d_uny p¢' ary ':g'l €an o t he
per f or mance gcr BNBIR ng aTMPd'dlmrarl 280 : 28l ow. |TGlglae 5: Cleaani ngCégamol ol ac
(N) and PHOST (RMP (CQ - 3reaned; Fdmised) 1 Cleanm/ Cledn Clean
NMP KTB 50:20 Clean Clean Clean
NMP | “MEA 65:5 Clean | Not Clean C'I"Ot
ean
NMP MEA 50 - 20 Clean | Clean Not
Clean
NMP | HsPO, 65:5 Clean | Clean C'I"Ot
Clean ‘
NMP H;PO,4 50:20 Clean Clean Clean
NMP | 5MSA 65:5 Clean | Clean | ©léan.
some
NMP MSA 50:20 Clean Clean Clean
OMSO | TMAH 65:5 Clean | Clean Clean
DMSO TMAH 50:20 Clean Clean Clean
DMSO KTB 65:5 Clean Clean Clean
DMSO KTB 50:20 Clean Clean Clean
DMSO | MEA 65:5 Clean | Clean. | Not
most Clean
DMSO | MEA 50 : 20 Clean | Clean Not
Clean
DMSO | HsPO, 65:5 Clean | ©1€@M | Gjean
most
DMSO H3zPO,4 50:20 Clean Clean Clean
DMSO | MSA 65: 5 Clean | Clean Not
Clean
DMSO MSA 50:20 Clean Clean Clean

'NMP — N-methyl-2-pyrrolidone
5 *TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)
®KTB - Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine
*MSA — Methanesulfonic acid
*DMSO - Dimethylsulfoxide
10
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-t 10%20%3%: 0% fSotent * " NIN M Ethylene glycol 1AMP Ethyl ene

gl ycol PVP Diethylene glycol 3DPE D ethylene glycol PVP Diethylene glycol
4AXSS Di etwigl2erveiigdepcol S5CAP Tri et hyl ene gl ycol PVP Tri ePhyluse@oghorec®l XSS
Triethyl ene glycol CAP Propyl ene glycol PVP Propyl ene glycol XSS DM Sol vent
PVP DM Sol vent XSS DM Sol vent PVME DM Sol vent CAP DE Sol vent DPE

The data in Table 4 suggest that most solutions will perform well in
dissolving and removing the PHost resin, even at high exposure temperatures
of 200 degrees C. The solutions enriched with higher concentrations of acid
or base additives exhibited improved results. At both levels of enrichment,

5 solutions containing MEA did not perform well removing PHost cured at high
temperatures. The primary conclusion here is that PHost is relatively easy to

process at 60 seconds with the invention method and compositions.

EXAMPLE 3
10 Table 5 contains the results from a cleaning study conducted for
Novolac resin coated as described in Table 1. Resin was cured for 15
minutes at 200 degrees C. All cleaning compositions were comprised of 6
wt% sulfopolyester, 24 wt% DE Solvent, with the remaining 70 wt% being
comprised of two additives as noted in Table 7. Process temperatures for the
15 cleaning stage were 100 degrees C, 150 degrees C, and 200 degrees C.
Table 7: Cleaning Results for Novolac Resin

“Additive | Additive
/ Az B
'NMP
NMP TMAH 50 : 20 Not Clean Clean
Clean

NMP 3KTB 655 Clean Clean Not
Clean
NMP KTB 50:20 Clean Clean Clean

NMP “MEA 65: 5 Clean Clean Not
Clean

NMP MEA 50 : 20 Clean Clean Not
Clean

) Not Clean Not
NMP HiPO4 65:5 Clean Clean
NMP HsPO4 50 - 20 Not Clean Clean

Clean

NMP 5MSA 65 : 5 Clean Clean Not
Clean
NMP MSA 50:20 Clean Clean Clean
DMSO TMAH 65:5 Clean Clean Clean

32



DE Sol vent PVP DE Sol vent XSS DE Sol vent PVME DE Sol vent CAP DP Sol vent

DPE1AMP -

6PVME - Pol

yVvi nyl

met hyl
cl eani ng bot h PHOST and Novol ac phot oresi st,

Sul fonated acrylic 2PVP -
Pol yest erwoXxem®/Hodgl ene sodi um sul fonate 5CAP -

Pol yvi nyl

pyrol |li done 3DPE -
Cel | ul opeTarsetiateo7pht hal at e
ether Very few sol utions exhibited success in

and the few conpositions that

Dendritic

did have this success were questionable solutions that were non-ideal for
use in this invention. By conparison, nany conpositions containing
sul fonat ed[pol yestdrs -exhi.bj T ediditive 28 t §r perforjmance di gsol ving] PHOST
and Novol a¢ Asiditive g Additivene co o/t 1 0NS |C niIng48gid orjatpg-@o| yesters
were signifi caAt Iy prer ab| %otn%‘ ; "\aﬁ or?é)m al‘ni ng any of the'other|polymers
consi der ed . POS Fomithose—cont At 116 syt-fonal ed
pol yesters M$@o Wéﬁ fut ur Psq ngl ng. |E gBre @1 Icq B8Ri ns the
resul ts fromDiM80egni i@'&tuldy cobdudi ed fqr GlEapt reﬁleam:oa déileas descri bed
in Table 1| BRSO waquiged for g@ ppnut es a¢|eggo demm q. Q%gncl eani ng
conposi ti os—are—cygnprised pf—6 w9 sul-fopot ggb ; 4mo¥m % LJI:N%l{I vent, with
t he remai nij n@MBOW|% M Ag conpr BSed of twwoa vies Ci notied,,I n_Tabl e 6.
Pr ocess terlver at-urds for the cl eani ng stade-were 100 ed aql—'\() degrees
C, and 200 |degrses |C. MBI €| 6 : £ eapi ng Re<dleaB forqﬁi’-%%t Re?lq NMVP -
N- et hyl - 2{pyrroli done < C'llean
. Not lean ot
DMSO H3PO4 65:5 Clean Clean
. Not Not Not
DMSO | HsPO, 50:20 Clean Clean Clean
. Clean Not Not
DMSO MSA 65:5 Clean Clean
. Clean Clean Not
DMSO MSA 50:20 Clean
'NMP — N-methyl-2-pyrrolidone
’TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)
3KTB — Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine
5 °*MSA — Methanesulfonic acid

10

15

*DMSO - Dimethylsulfoxide

Table 5 suggests that most additive combinations are suitable for

cleaning cured Novolac resin from silica substrates; however, some difficulty

is encountered when cleaning at 200° C. Acidic solutions do not produce

desirable results especially on highly cured novolac resin, with phosphoric

acid containing compositions failing in nearly every attempt.

EXAMPLE 4

Table 6 contains the results from a cleaning study conducted for acrylic

resin coated as described in Table 1. Resin was cured for 15 minutes at 150

degrees C. All cleaning compositions were comprised of 6 wt%

sulfopolyester, 24 wt% DE Solvent, with the remaining 70 wt% being

comprised of two additives as noted in Table 8. Process temperatures for the
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2TMAH - Tetranet hyl ammoni um hydr oxi de (20 wt % i n propyl ene glycol) 3KTB -
Pot assium tert-butoxide (20 wt % in propyl ene glycol) 4MEA - NMbnoet hanol
am ne 5NMSAO-20Metibsmesul foni c acid 6DVSO - Di et hyl sul f opcaa’Sh@omadras i n
Tabl e 4 suggest that nost solutions will performwell in dissolving and
renoving the PHost resin, even at high exposure tenperatures of 200 degrees
C. The solutions enriched with higher concentrations of acid or base
additives exhibited inproved results. At both |evels of enrichnent,

sol utions cedrihgisteydMvlralit 0 deigrésy €01 B0 \WRigreé£ D WhER0RHsgreeyd at  hi gh
tenperatures. Thé primary concl usion here is that PHost is rel atively easy
to process Resuls ayedabdlated belovhe i nvention method and conpositions.
EXAMPLE 3 Table 5 contains the results froma cl eaning study conducted for
Novol ac resin coated as described in Table 1. Resin was cured for 15

m nutes at 200 degrees Tablélg: Gleanitid Resanedor Acrytic\Resinconpri sed of 6 wt %

sul fopol yester 24 wt % DE Solvent  wth the remaining 70 wt % bej
conpri sed iﬂd%vac dAdditice g Additive AiB v ¢ ﬁool?éoces&;do@npﬁr‘ ' (;eg for
t he cl eani ng sBage |wer 8100 |d&pneantcation® degrees ¢, _and 20 eqredas C.
Table 7: Clea) Remﬁ/ﬁ-l far Nov £Cg Resi nINVP e a%l— net Partial2- pyParbéli done
2TMAH - Tetira hylla ni um|hydr oxi™de™ ( 20 wt%?ﬁ r gpyClae g] yClebh 3KTB -
Pot assi um fl er {,: hut gxi gﬁ%ﬁo wt %15@ ropyl ene gl r(]:ol) PaA - I\/g{éogt Rhanol
am ne 5MSA|- hanesu ig acid O - Dilnet ig! sul f Gleade [Ta 5
suggest s t hat Wt adqg(i'gve conbi ions are s&i t ablle Patialc| paPartigl qur ed
Novol ac resin om|si | subst r at®s: 2 howeveér , “'§8%e |di Efdanul I yCiean
encount er ed V\ﬂm cl eaql(.Flg atf 200 gO :é(c‘)l dic stol&teér(])ns d&eggt prrgi—gﬂe
4 . Partial Partial
NMP MEA 65:5 Clean Clean Clean
. Partial Partial Partial
NMP MEA 50:20 Clean Clean Clean
. Partial Partial Partial
NMP HsPO4 65:5 Clean Clean Clean
. Partial Partial No
NMP HsPO, 50:20 Clean Clean Clean
5 . Partial Partial Partial
NMP MSA 65:5 Clean Clean Clean
. Partial Partial Partial
NMP MSA 50 :20 Clean Clean Clean
6 . Partial Partial
DMSO TMAH 65:5 Clean Clean Clean
. Partial
DMSO TMAH 50:20 Clean Clean Clean
. Partial Partial
DMSO KTB 65:5 Clean Clean Clean
. Partial Partial Partial
DMSO KTB 50:20 Clean Clean Clean
. Partial Partial
DMSO MEA 65:5 Clean Clean Clean
. Partial Partial
DMSO MEA 50:20 Clean Clean Clean
. Partial Partial Partial
DMSO HsPO, 65:5 Clean Clean Clean
. Not Not Not
DMSO HsPO4 50:20 Clean Clean Clean
. Partial Partial Partial
DMSO MSA 65:5 Clean Clean Clean
. Partial Partial Partial
DMSO MSA 50:20 Clean Clean Clean
5 'NMP — N-methyl-2-pyrrolidone

*TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)
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desirable results especially on highly cured novolac resin, with phosphoric
acid containing conpositions failing in nearly every attenpt. EXAVPLE 4
Tabl e 6 cwotaimgogsee results froma cl eani ng study condecras2610/00&cé yl i c
resin coated as described in Table 1. Resin was cured for 15 mnutes at 150
degrees C. All cleaning conpositions were conprised of 6 Wt %

sul fopol yester, 24 wt% DE Sol vent, with the remaining 70 wt % bei ng
conprised of two additives as noted in Table 8. Process tenperatures for

t hecl eani ng st agkmeer eoiSiufegrartodde RBAMAE G pRPyIEne §iydoif00 degrees C.
Results are tabu] ated bel ow. Table 8: Ceaning Results for Acrylic Resin
NVP - N nethyl -2 FM?’W@H@”@% €. Tetranet hyl ammoni um hydr oxi de (20 wt %
i n propyl ene gl yosdA 3Ki&hand2olfasisiagin t ert - but oxi de (20 wt % i n propyl ene

gl ycol ) 4MEA - Mnoet hanol am pe 5MSA - Met hanesul fonic acid 6r DMSO -

Di met hyl sul f oxi d®@MEBI-PiBetiylsyiee t hat cured acrylic resin is nore
difficulst to clean than either PHOST or novolac resin. Only the use of

hi ghly basic materials such as TMAH, MEA, or KTB in the additive conmponent
produced desira I ; inGk SR0re ki IS, W ES5
Tabl e 7 contai n??%lé%?gg ?s‘sfgﬁég%ug@%ggﬁlk%ggﬁ%dy cgdn'ﬁ%gﬁé C1lor ol yi m de
resi n coat egithes RI4GST dvebvotad eddie. Onlythecusée behighlyt basik enatesbls sucker e

cured for 15 m es at 2 egrees C followed by an addition 30 i nutes
o S50 qegraeIMAR e, E KT fiY§ BAPABPE! BRSO SesgPDls ol
sul f opol yesggiow ?é’m%:%‘t@% ctehNEMvafdfst h the renmaining 70 wt % bei ng

|

conprised of three additives as noted in Table 9. Process tenperatures for
t he cl eﬁ\)ni ng stage were 100 degrees EQ(AMWEdggrees C, and 200 degrees C.

Table 7 contains the results from a cleaning study conducted for

Polyimide resin coated as described in Table 1. After the soft bake, wafers
were cured for 15 minutes at 200 degrees C followed by an additional 30
minutes at 350 degrees C. All cleaning compositions were comprised of 6

15  wt% sulfopolyester, 24 wt% DE Solvent, with the remaining 70 wt% being
comprised of three additives as noted in Table 9. Process temperatures for
the cleaning stage were 100 degrees C, 150 degrees C, and 200 degrees C.
Results are tabulated below.

Table 9: Cleaning Results for Polyimide Resin

l : Sas z( ' Abdieriia b <Addiﬁve§A;B:C | che L : / x
Additiv | Additi |} Additive | © " 0 5T | 100°c | 150°C | ¢
eA | veB | C i o ' oL

B e . Concentrations

Not Not | Not

] . .
NMP | DMSO | MEA 23.5:235:23 | oan | clean | clean

NMP DMSO ’KTB 23.5:23.5:23 C:\éc;tn Clean | Clean
NMP DMSO | 2TMAH 23.5:23.5:23 cll\ejaztn Clean | Clean

Not Not Not

NMP SSurf ‘MEA 46:2:22
clean | clean | clean
NMP | Suf | KTB 46:2 : 22 Not | ~ean | Clean
clean
NMP Surf TMAH 46 : 2 : 22 Clean | Clean | Clean
DMSO | None | MEA 47 :23 Not | Not | Not
clean | clean | clean
DMSO | None | KTB 47 : 23 Not | Not | ~oh

clean | clean
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Results are tabul ated below. Table 9: Ceaning Results for Polyimde

Resi nNVP - N-net hyl - 2-pyrrol i done 2TMAH - Tetranet hyl anmoni um hydr oxi de (20
wt % i n prwpyebeviaoggBycol ) 3KTB - Potassiumtert-but oxi de PC2AS2108607M6

propyl ene glycol) 4MEA - Mnoet hanol am ne 5Surf- Nonionic al kyl

pol yet hyl ene gl ycol ether surfactant 6DVSO - Di net hyl sul f oxi de 7DVBQ2 -

D met hyl sul fone 8KTB + MEA - equal weights of 20 wt % potassi umt-butoxi de

i n propyl ene glycol and nonoet hanol am ne Table 7 suggests that higher
process tenperaturés yield best repu ifieé AcBe@Nni[Nng polyim defresin ffrom

i nor gani ¢ spAdditiv ¢ sAdditi t| Additiveo glggc? f%ﬁ?ggmergo PSER¥BL dtagy-Brocess
t enper at ur e| ofe A0O de@rBes C Q\ddi “egﬂkbﬁtra%ln%' m de remval nequired a

strong al kaH \,U1|pU||C||t “wht-h—a—pKa-ettar—to—of "*ﬁ“ a2 —a—ak

i nst ances Wh@MSEEA NonRr €SeETAR ohe in 47he2$orrp03| tl 8% agééw aleynal kal i,
cleaning regults were not lacceptable  The presence glearTR or Hdid
pronot e good(gj S. /PL BaTapl e §gcont ghns tiheNokesl Notfrorhl@t

cl eani ng st pdy conduc%ed flo sSoprene resin coated aeadesciedred cleafabl e 1.
Vafers were flor .15 n af 150 degr ANbt c| eani ng

conposi ti on;s%/bégg) '?se m % s (P c%oggesterde%ﬁ NEH/G@E dolegentt |
wth 68 w % being orrprlsaor WwopddiTi ves as notje rabte 1 and—2 wt %
bei ng conpr QMS@‘ a SlunffactHWAHsuch a46ze? eZZtrr) g | k StgamgsPleane| est er

sur f act ant ) —Precess—terRerattes—for—the—eteantn ma ewere—300—degr ees
C, 150 degr FEMEO anBV8 g %e*é C. oTabt @31): 2% da Resedh § Elean
| soprene Regin 2DDIRSA 2 dade enFenesulfonic aci dClean

8
KTB + _ _ Not
NMP | DMSO MEA 27.5:23.5:23 clean

'NMP — N-methyl-2-pyrrolidone
*TMAH — Tetramethylammonium hydroxide (20 wt% in propylene glycol)

Clean | Clean

*KTB — Potassium tert-butoxide (20 wt % in propylene glycol)
*MEA — Monoethanol amine
5 ®Surf — Nonionic alkyl polyethylene glycol ether surfactant
®DMSO - Dimethylsulfoxide
"DMSO, — Dimethylsulfone ,
8KTB + MEA — equal weights of 20 wt% potassium t-butoxide in propylene
glycol and monoethanol amine .
10
Table 7 suggests that higher process temperatures yield best results
for cleaning polyimide resin from inorganic substrates. Virtually no good
results were observed at a process temperature of 100 degrees C.
Additionally, polyimide removal required a strong alkali component with a pKa
15  equal to or greater than 12. In all instances where MEA is present alone in
the composition as the only alkali, cleaning results were not acceptable. The
presence of KTB or TMAH did promote good results.

EXAMPLE 6
Table 8 contains the results from a cleaning study conducted for
20 Isoprene resin coated as described in Table 1. Wafers were cured for 15
minutes at 150 degrees C. All cleaning compositions were comprised of 6
wt% sulfopolyester, 24 wt% DE Solvent, with 68 wt% being comprised of two
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The cl eaning conposition presented in Table 10 was designed to be
significantly hydrophobic (hydrocarbon) in order to all ow penetration of
t he cl earwogonorpsagi ti on into the resin. The conpositi oRETAIsoN/0Er€
represent a key condition that is necessary to affect proper perfornmance.
El evated tenperatures were found necessary to adequately renove the
rubber-1i ke isoprene photoresist fromthe inorganic substrate in 60
seconds. The invention has been described in detail with particular

reference tRdMRIsAS RGteRNATHDIE Piand ﬁ‘%%)f)eln@%nhéné@d of BSsumfieamiaed t hat
variations and nodifications can be effected within the spirit and scope of

t he i nvent iasZelect! biNn(atkoxpphospiwie ester sustactandhni H@@ﬁgaﬁmer@gm from

i norgani c bstrates. conprisin oI ve 7 f_ s ts; and at

| east one 3t Pisnaeaangoroes Mere 400 SRt ERC Mg EES & aklad G BoGimetiher ei n
t he solventcis selected fromthe group consisting of ethylene glycol,

di et hyl ene gl ycol, propylene glycol, diethylene glycol ethyl ether,

di et hyl 8ne gl ycol nethyl ether, diethylene glycol butyl ether, diethylene

gl ycol propyl ether, rﬁ%‘%ﬁe&%ﬁ?‘ggﬁ%ggﬁ% &F i]se‘; ce?'% %gqle gI ycol butyl

ether and mxtures the 2 i on a to cIa|m1

conpri sing,
about 0. 5% trorgl
% of from al Ao

] e - Kl Py A ,v~w
o and41:27

. Not
1-Dodecene DDBSA 41:27 Clean Clean | Clean
'Aromatic 150 Fluid from ExxonMobil Chemical
’DDBSA — dodecylbenzenesulfonic acid
10 The cleaning composition presented in Table 10 was designed to be

significantly hydrophobic (hydrocarbon) in order to allow penetration of the
cleaning composition into the resin. The compositions shown here represent
a key condition that is necessary to affect proper performance. Elevated
temperatures were found necessary to adequately remove the rubber-like
15  isoprene photoresist from the inorganic substrate in 60 seconds.
The invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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at | east one additive which enhances cl eaning performance at a wei ght % of
from about 0.01%to about 99.0% wherein the solvent is selected fromthe
group comspaingosaB et hyl ene gl ycol, diethyl ene glycol, pprasgéiena’gé ycol ,
di et hyl ene gl ycol ethyl ether, diethylene glycol nethyl ether, diethylene
gl ycol butyl ether, diethylene glycol propyl ether, ethylene glycol propyl
et her, ethylene glycol butyl ether and m xtures thereof . 4. The
conposition according to Claim3, wherein the solvent is at a wei ght % of
from about 30%to about 95 % the polynmer is at a weight % of from about 3%
to about 60% and the additive is at a weight % of from about 2% to about
60% 5. The Wembais)ti on according to Claim3, wherein the additive is
selected fromthe group consisting of an ammoni um hydr oxi de, a quaternary
amoni um hydr oxi de, an am ne, an al kanol am ne, an el enmental hydroxi de, an
el enent al o koxiAeonmpisitRireor cfeaiming ofydnid Haie fohi Miorganig @desihtzenzene

sul fonic acid, formc acid, sulfuric acid, nitric acid, phosphoric acid or
a m xtuPe ther edfomMpPrising net hod for renoving organic resin frominorganic
substrates conpri si ng, s&ﬁzlen%f‘ﬁ'ji)aﬁresg%gol%rg@néﬁ resin with a conposition
conprising: i . an organiC solvent or nmxturé of organic solvents at a

wei ght % of from abouit [Bast%rieosalfunidted® poBstearut d weight % ofigteatoethamt er

sol ubl e, water di 58°ersi bl e or water dissipatable polyner at wei ght % of
from about 0.5% t&0%bout 99. 0% (b) heating the substrate to a tenperature

and for a tinme sufficGyRBfeih thSHVENEsUeFSAY oM R gfdlfp ity €St n. and
10 ethylene glycol, diethylene glycol, propylene glycol, diethylene glycol
ethyl ether, diethylene glycol methyl ether, diethylene glycol butyl ether,
diethylene glycol propyl ether, ethylene glycol propyl ether, ethylene

glycol butyl ether and mixtures thereof.

2. The composition according to claim 1, wherein the solvent is at a
15 weight % of from about 40% to about 97%.
3. A composition for removing organic resin from inorganic substrates
comprising,

an organic solvent or mixture of solvents at a weight % of from
about 0.5% to about 99.0%, and
20 at least one sulfonated polyester at weight % of from about 0.5%
to about 99.0%, and
at least one additive which enhances cleaning performance at a
weight % of from about 0.01% to about 99.0%,
wherein the solvent is selected from the group consisting of
25 ethylene glycol, diethylene glycol, propylene glycol, diethylene glycol
ethyl ether, diethylene glycol methyl ether, diethylene glycol butyl ether,
diethylene glycol propyl ether, ethylene glycol propyl ether, ethylene
glycol butyl ether and mixtures thereof .
4, The composition according to Claim 3, wherein the solvent is at a
30 weight % of from about 30% to about 95 %, the polymer is at a weight
% of from about 3% to about 60%, and the additive is at a weight % of
from about 2% to about 60%.
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(c) rinsing the substrate with a volunme of a rinsing agent sufficient to
renove the conposition and the organic resin. 7. The nmethod according to
clai m 6, wbeps/nossdee conposition further conprises at | eastuseone/addéti ve
whi ch enhances cl eani ng performance at a weight % of fromabout 0.01 %to
about 99.0% 8. The nmethod according to Caim6, wherein the solvent is at
a weight % of fromabout 30%to about 95 % the polyner is at a wei ght % of
from about 3% to about 60% and the additive is at a weight % of from about

2% to abouts 60%TIKe cdipoBlibAYUECRFEAE b Wain® 3CWARFBIR thaVBBARVE i§ BBlctd/ent is
selected fromthe group consisting of ethylene glycol, diethylene glycol,

propyl ene gl ycolfromitee igyoumeoqsigting oéan@mmonikim hydexdide, enauateyrary. net hyl
et her, diethylene_glyco tvl. .ether. .djie VGO ro t her,

et hyl ene gl ycol W&%wrﬁﬂ?@@fx@%ﬁﬁgnﬁ@ %é‘k%ﬁgﬂ%\hmét h@%l%{ﬁéhﬁ?xt ures

t hereof. 10. The ﬂwrbﬂde’a@ﬁ@lgﬁhggtaﬂ alkexlen 6, wherein the pol ymer IS

sel ected fromthe group consisting of al cohol ethoxylates, bisphenol

et hoxyl 8t es, bi JprbERespifopsxpitauesesalfagicodasybanzenqistlfapicaed) t s,

cel l ul ose acet at t Al 0st C ri | 3 yl,

cellul osic deri v@fﬁ@e@%’%‘ﬁ?&@%&%r@g{ﬁ ag@o%%%ﬂr‘éﬁg a%fd gt E?/ﬁ%ﬁ}erg copol yners
of propyl ene oxitdereaddendriti c pol yesters, ethoxylated am nes, ethoxyl ated
al cohol salts, ethylene acrylic acid, hydroxy-nethacryl ates, phosphate

esters, pol8et hyh @P@heﬁﬁ%ﬂeﬁ‘o‘ﬁﬁg %@WPéﬂ%”iffﬁrﬂtﬂ?orﬁéanﬁﬂ‘w oxi des,
Bnnyar de, “sul f oo B Ui 27Ul Fonated pol yst yi ence. sul fopol yest er
rosin d06i as, and m xt{@)es d:drui'rr!’gosﬁaid blgaﬁ‘lbeesiatvvitmamamciﬁiti@ tom@tising 6, ’
mg; g;?d;?eaagggt ia\r/ﬁairfl se e%tnegrg];wcrgéloeentggromu&tucrgno iosrtglclrrwli% s%flveanr%s %pgoni um
- weight % of from about 0.5% to about 99.0%, and
ii. atleast one water soluble, water dispersible or water
dissipatable polymer at weight % of from about 0.5%
15 to about 99.0%,
(b)  heating the substrate to a temperature and for a time
sufficient to achieve dissolution of the organic resin, and
(c) rinsing the substrate with a volume of a rinsing agent
sufficient to remove the composition and the organic
20 resin.
7. The method according to claim 6, wherein the composition further
comprises at least one additive which enhances cleaning performance
at a weight % of from about 0.01% to about 99.0%,
8. The method according to Claim 6, wherein the solvent is at a weight %
25 of from about 30% to about 95 %, the polymer is at a weight % of from
about 3% to about 60%, and the additive is at a weight % of from about
2% to about 60%.
9. The method according to claim 6, wherein the solvent is selected from
the group consisting of ethylene glycol, diethylene glycol, propylene
30 glycol, diethylene glycol ethyl ether, diethylene glycol methyl ether,
diethylene glycol butyl ether, diethylene glycol propyl ether, ethylene
glycol propyl ether, ethylene glycol butyl ether and mixtures thereof.
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ammoni um hydr oxi de, an am ne, an al kanol am ne, an el enental hydroxi de, an
el enent al al koxi de, net hanesul fonic, p-toluenesul fonic, dodecyl benzene

sul f oni c woi2dio/ffios4si ¢ acid, sulfuric acid, nitric acid, ppmasphonier’aci d or
a mxture thereof. 12. The nethod according to claim®6, wherein the
substrate is heated to a tenperature of between about 25 C to about 400 C
13. The nmethod according to claim6, wherein the inorganic substrate
conprises a seni conductive wafer, a flat panel display, or a printed

circuit boafgl. Ifhe Hkﬁha@tab@drmw giiaftd 6, w@réinrth@ pd\;ﬂﬁéensr!seﬂ%t@dqﬂﬁﬁl ng

conprises spray coating, spin coating or slit coating. 15. The nethod
accordi ng to-cl dhe@oupisensistingief alaahsl ethaxytates.i bispleens ethoetates,

i sopropyl al COhOtB theﬁglﬁrg{)gfylét%%r ef?wlbenzenesulfomc acid salts, cellulose

acetate phthalate, cellulosic derivatives of alkoxyethyl, cellulosic
5 derivatives of hydroxypropyl, copolymers of ethylene, copolymers of
propylene oxide, dendritic polyesters, ethoxylated amines, ethoxylated
alcohol salts, ethylene acrylic acid, hydroxy-methacrylates, phosphate
esters, polyethylene glycols, polyethylene imine, polyethylene oxides,
polyvinyl alcohol, polyvinyl pyrollidinone, starch, styrene maleic
10 anhydride, sulfonated acrylics, sulfonated polystyrenes, sulfopolyester,

rosin acids, and mixtures thereof.

11.  The method according to Claim 6, wherein the additive is selected from
the group consisting of an ammonium hydroxide, a quaternary
ammonium hydroxide, an amine, an alkanolamine, an elemental

15 hydroxide, an elemental alkoxide,
methanesulfonic, p-toluenesulfonic, dodecylbenzene sulfonic acid,
formic acid, sulfuric acid, nitric acid, phosphoric acid or a mixture
thereof.

12.  The method according to claim 6, wherein the substrate is heated to a

20 temperature of between about 25° C to about 400° C.

13. The method according to claim 6, wherein the inorganic substrate
comprises a semiconductive wafer, a flat panel display, or a printed
circuit board.

14.  The method according to claim 6, wherein said coating comprises

25 spray coating, spin coating or slit coating.
15. The method according to claim 6, wherein the rinsing agent is water,

acetone, isopropyl alcohol or mixtures thereof.
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