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- GETFHOD E TREATI NG PHOTOLI THOGRAPH C DEVELOPER AND STRI PPER WASTE STREMS

> CONTAI RESI ST OR SOLDER MASK AND GAMVA BUTYROLACTONE OR BQWIP@L%
" Cross-Reference to Rel ated Applications This application is a
continuation-in-part of the foll ow ng commonly assigned, copending United
States patent application Serial No. 08/ 160,339, filed Decenber 1, 1993,
which is a divisional application of United States patent application
Serial No. 781,542 filed Cctober 21, 1991, which issued as United States
Patent 5, 268, 260 on Decenber 7, 1993. Backaround of the Invention
Phot ot i t-hography plays a critical role in the art of printed circuit
packagi ng. Photolithography is used to define in a thin filmof photoresist
t hose regions either fromwhich copper is to be selectively etched to
subtractively formcircuitization, or selectively plated to additively form
circuitization. There are basi cal I y two types of photore5| st: negative
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hand, are used when the circuit I|nes are provided by additive plating of
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not desired. ) ega phot or esi St | veI ex °os'}e§lfl% t he
commonly ass:t.gned copending United States patent appllcatlon

Serial No. 08/160,339, filed December 1, 1993, which is a
divisional application of United States patent application Serial
No_.' 781,542 filed October 21, 1991, which issued as United States
Patent 5,268,260 on December 7, 1993.

L‘

ackground of the Invent:.on )

. Photolithography plays a critical role in the ‘art of pr:.nted )
circuit packaging. Photolithography is used to define in a, thin
£ilm of photoresist those regions either from which copper is to be
selectively etched to subtractively form circuitization, or

. selectively plated to additively form circuitization. .

There are baéically two types of photoresist: negative acting
and positive acting. Positive éhotoresists are used extensively to
fabricate silicon devices. They, however, perform poorly in high

' caustic enviromments and high temperatures. The negative resists,
on the other hand, are used when the circuit lines are provided- 'by
‘additive plating of copper, in areas where copper is desire‘d, i.e.,

" electroless or electroless plus electroplating, rather thand by
etching of copper away from where it is not desired.

When a negative photoresist is selectively exposed to the '
part:.cular radiation to which it is sensitive for an adequate
per:.od of time and then subjected to its developer, the areas of
the resist which have not been exposed to radiation are removed by
the developer, whéreas the areas ' v'which have been exposed to
'radiation are hardened thereby by cross-linking and made more
resistant to developer, relative to the unexposed regions. On the



:partecular radiation to which it is sensitive for an adequate period of
tine and then subjected to its devel oper, the areas of the resist which
have not been exposed to radi ation are renoved by the devel oper, whereas
t he areas which have been exposed to radiation are hardened thereby by
cross-linking and nade nore resistant to devel oper, relative to the
unexposed regions. On the ot her hand the positive acting resists behave
oppositely; the exposed regions are renoved preferentially.

Phot ol i t hogr aphi c processes in packagi ng are described in Mcroel ectronics
Packagi ng- Handbook, Pub. Van Nostrand Rei nhol d, New. York, 1989, Tunmal a et

al ., eds. on pages 898-903, in Principles of Electronic Packagi ng,
MG aw Hi | | Book Conpany, New York, 1989, Seraphinmet al., eds. in Chapter
12, pages 372-393 and in Scientific Encyclopedia, 6th Ed., Vol |1, Pub. Van

Nostrand Rei nhol d Conpany, New York, “1383, Considine et al., eds, pages
1877-1881, all of which are incorporated herein by reference for use as

backgr ouncthe hag@nahal posieHas | dAIWGT kbfikts RBLGE Soppdtiltede; thhese

phot opol y I JERIer bed in U S Pat ent No.

3, 469, 982@%0%29% s aﬂ%e%%&ggmk B fieReLy, aj ent No. -4 293 635 and the
phot ocr ossl i nkaBPE° Pﬁ%ptb’fc t‘fﬁ?cfﬁﬁf dif'%cﬁat% F1%h TS, Wéﬁ? NG®

3, 526, 504.MicrepdeeiranicshBa¢kAging W@PQKHM?EVBn vifpstirand nRejimhed de

New York, 1989, Tummala et al., eds. on pages 898-903, in
Principles of Electronic Paékaging, McGraw-Hill Book Company, New
York, 1989, Seraphim et al., eds. in Chapter 12, pages 372-~393 and
in scientific Encyclopedia, 6th Ed., Vol II, Pub. Van Nostrand
Reinhold Company, New York, 1983, Considine et al., eds, pages
1877-1881, all of which are incorporated herein by reference for
use as background. )

' In general negative-working resists ’,include those
photopolymerizable materials of the type described in U.S. Patent
No. 3,469,982, U.S. Patent No. 4,273,857 and U.S. patent No.
4,293,635 and the photocrosslinkable species of the type discloged.
in U.S. Patent No. 3,526,504. .

Included in the following are monomers which can be used
either alone or in combination with others such as those in the
conventional photoresists: t-butyl acrylate, 1, 5 pentanediol
diacrylate, N N—d:.ethylamlnoethyl acrylate, ethylene glycol
diacrylate, 1,4-butanediol diacrylate, diethylene glycol
diacrylate, hexamethylene glycol ‘diacrylate, 1,3-propanediol
diacrylate, decamethylene glycol diacrylate, decamethylene glycol
dimethacrylate,’ 1,4-cYc]:ohéxanediol ~ diacrylate, 2,2~
dimethylolpropane diacrylate, glycer;::l diacrylate, tripropylene
glycol diacrylate, glycerol triacrylate, trimethylolpropane
{:riacrylate, pentaerythritol triacrylate, polyoxyethylated
trimethylolpropane triacrylate and trimethacrylate and similar
compounds as disclosed in U.S. Patent No. 3,380,831, 2,2-di~-(p-

Ca hydroxyphenyl) -propane diacrylate, pentaerythritol tetraacrylate,
2,2-4i (p-hydrohyphenyl) -propane dimethacrylate, triethylene glycol
diacrylate, polyoxyethyl-2,2-di(p-hydroxyphenyl)-propane
dimethacrylate, di—(3—methaci'yloxy-z-hydroxypropyl) ether of



*eithé&r alone or in conbination with others such as those in the

conventional photoresists: t-butyl acrylate, 1, 5 pentanediol diacrylate,

N, N-di et hyl am noethyl acrylate, ethylene glycol diacrylate,

1, 4- but anedi ol di acryl ate, di et hylener glycol diacrylate,

hexanet hyl ene glycol diacrylate, 1,3-propanediol diacrylate,

decanet hyl ene gl ycol diacryl ate, decanethyl ene glycol dinethacryl ate,

1, 4- ¢cycl ohexanedi ol di acryl ate, 2, 2- di net hyl ol propane di acryl at e,

gl ycerol diacrylate, tripropylene glycol diacrylate, glycero

triacrylate, trinethylol propane triacrylate, pent aerythritol

triacryl ate, pol yoxyet hyl ated tri net hyl ol propane triacrylate and

trimethacryl ate and simlar conpounds as disclosed in U S. Patent No.

'3, 380, 831, 2,2-di-(p- hydroxyphenyl)-propane diacrylate, pentaerythritol

tetraacrylate, 2, 2-di (p-hydrohyph&nyl?) -propane di methacrylate,

triethyl ene glycol diacrylate, pol yoxyet hyl -2, 2-di (p- hydroxyphenyl)

- propane silsgﬁéhapw,l aieu-ﬂélthé kpediy ) Qthe2- Jb/ﬂi%b@pul Jai- (8t he,r of
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met hacr y lmpthathyldxyrithel) of etisd acdtl oretbacnibescbispherdr-a,3- di-(3-

met hacr y |t e Py SO REQFlybr Sh " eftiext 6F LabFARLBLSANRRALI A, Bl
(2-methacryloxyethyl) ether of tetrabromo—-bisphenol-a, 'd1—(3-
methacryloxy~2-hydroxypropyl) ether of 1,4-butanediol, di-(3-
methacryloxy-2-hydroxypropyl) ether of diphenolic acid, triethylene
glycol dimethacrylate, polyoxypropyltrimethylol propane
triacrylate, ethylene glycol dimethacrylate, butylene glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2, 4~-butanetriol
trimethacrylate, 2,2,4~-trimethyl-1, 3-pentanediol dimethacrylate,
pentaerythritol trimethacrylate, . 1-phenyl ethylene-1,2~
dimethacrylate, pentaerythritol tetramethacrylate, trimethylol
propane trimethacrylate, 1,5-pentanediol dimethacrylate, diallyl-
- funmarate, ' styrene, 1,4-benzenediol dimethacrylate, 1,4-
diisopropenyl benzene, and 1,3,5-triisopropenyl. benzene.

In addition to the monomers mentioned above, the photoresist'
material can alsc contain one or more free radical-initiated and
polymerizable species with molecular weight of at least about 300.
Monomers of this type are an alkylene or a polyalkylene glycol
diacrylate and those described in U.S. Patent No. 2,927,022. _

Free radical initiators which can be activated by actinic
radiation which are thermally inacti#é at and below 185°C include
the substituted or unsubstituted polynuclear quinones listed in the

following: 9 10-anthraqu1none, i-chloroanthragquinone, 2~
chioroanthraqulnone, 2-methy1anthraqu1none, 2=
tertbutylanthragquinone, octamethylanthraqulnone, 1,4~
> naphthoguinone, 9,10-phenanthrequinone, 1,2-benzanthraquinone, 2,3-
benzanthraquinone,  2-methyl-1, 4-naphthone, 2,3-
dichloronaphthoguinone, 1,4~-dimethylanthragquinone, 2,3~

dimethylanthraguinone, z-phenylanthraquinone, 2,3~



{2-net hacryl oxyethyl) ether of tetrabrono-bisphenol-A di-(3-

nmet hacryl oxy- 2- hydr oxypropyl) ether of ‘1, 4-butanediol, di-(3-

met hacr yl oxy- 2- hydr oxypropyl ) ether of diphenolic acid, triethylene glycol
di net hacryl at e, pol yoxypropyl tri net hyl ol propane triacryl ate, ethylene
gl ycol dinmethacryl ate, butylene glycol dinethacrylate, 1, 3-propanedi ol

di net hacrylate, 1,2,4-butanetriol trinethacrylate, 2,2,4-trinmethyl-1

3- pent anedi ol di net hacryl ate, pentaerythritol trimethacrylate, 1-phenyl
et hyl ene-1, 2- di nmethacryl ate, pentaerythritol tetramethacrylate,
trinmethyl ot propane trinethacryl ate, 1,5-pentanedi ol dinethacrylate,
diallyl -fumarate, styrene, 1, 4- benzenedi ol di net hacryl ate, 1, 4-

di i sopropenyl benzene, and 1, 3,5-triisopropenyl.benzene. In addition to the
nononers nentioned above, the photoresist material can also contain one or
nore-free radical-initiated and pol yner4zabl e species wth nol ecul ar wei ght
of at |east about” 300. Mnoners of this type are an al kyl ene or a
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-9, 10- ant hr degtrabpdrobent(shankhraneie-qu2Ativme. 2- chl or oant hr aqui none,

2- tnret h%/lhalnt hr aqothRé@n&seful thdteiﬁbwa}t%ﬁél,t Riea gt 410 36me 6nayhbe trteﬁmany

OCt ane n . - Ul e, - nan r I none,
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4- napht hone, 281 i éﬂr%ﬂmapht hoqui none, 1, 4-dinethyl ant hraqui none,

2, 3- : - Dyes of a photoreducible nature and other reducing agents are
described in U.S. Patent Nos. 2,850,445; 2,875,047; 3,097,096;
3,074,974_; 3,097,097; and 3,145,104 as well as dyes of the
phenazine, oxazine and quinone clases; Michler's ketone,
benzophenone, 2,4,5-triphenylimidazolyl -dimers’ with hydrogen
donors, and mixtures thereof as described in U.S. Patent Nos.
3,427,161; 3,479,185 and 3,549,367 can be used as initiators. The
cyclohexadienone compounds of U.S. Patent No. 4,341,860 are also
useful as initiators. 1In addition sensitizers described in U.S.
Patent No. 4,162,162 in combination with photoinitiators and
photoinhibitors' are useful.

Polymeric binders which can be used alone, or in combination
with other of the same or other polymerizable monomers include the
following: polyacrylate and alpha-alkyl polyacrylate esters, ie.,
polymethyl methacrylate and polyethyl ﬁethacrylate ; polyvinyl
esters, i.e., polyvinyl acetate, polyvinyl acetate/acrylate,
polyvinyl acetate/methacrylate and hydrolyzed polyvinyl acetaté;
ethylene/vinyl acetate copolynmers; polystyrene polymers and
copolymers, i.e., with maleic anhydride and esters; vinylidene
chloride copolymers, i.e., . vinylidene chloride/acrylonitrile;
vinylidene chloride/methacrylate and vinylidene chloride/vinyl
acetate copolymers; polyvinyl chloride and copolymers, i.e.,

+  polyvinyl chloride/acetate; saturated and unsaturated
polyurethanes; synthetic rubbers, i.e., butad.féne/acrylohitrile,
acrylonitrile/butadiene/fstyrene,
methacrylate/acrylonitrile/butadiene/styrene copolymers, 2-



¢ di met hyl ant hr aqui none, 2- phenyl ant hr aqui none, 2, 3- - 4 -

di phenyl ant hr aqui none, 2, 3-di phenyl ant hr aqui none, sodium salt of

ant hr aqui none al pha-sul fonic acid, 3-chloro-2-nethyl ant hraqui none,

ret enequi none, 7,8,9,10-tetrahydronapht hacenequi none, and 1, 2, 3, 4-
tetrahydrobenz (a) anthracene-7,12-dione. O her useful photoinitiators, of
whi ch sonme may be thermally active at tenperatures |ower than 85[err]C, are
described in U S. Patent No. 2,760,863. Dyes of a photoreducible nature and
ot her reducing agents are described in U S. Patent Nos. 2,850, 445;
2,875,047, 3,097,096; 3,074,974; 3,097,097; and 3,145,104 as wel| as dyes
of the phenazine, oxazine and quinone clases; Mchler's Kketone,
benzophenone, 2,4,5-triphenylimdazolyl diners with hydrogen donors, and
m xtures thereof as described in U S. Patent Nos. 3,427,161; 3,479,185 and
3,549,367 can be used as initiators” 3 The cycl ohexadi enone conpounds of

U S. Patent No. 4,341,860 are also useful as initiators. In addition

sensi ti zahlogdepwtadietle+ ), 1. S. pdlamens, NO. cH1dB2até® | Nraswdd, nat i ga Wi th
phot oi ni tg@tc%almmmﬁggeﬁa{é ors S a?igu,pre Q) ¥ERldrfe DI nﬂf&éc whi ch can

be used al on i na i th "ot the sanme or,

pol yneri 758 Zylﬁ%’ﬁdrre nclmﬁg%c‘{ ngF 99 138 I af’ﬁ" 1 Hha- al kyl

p0| yacr wp&l@g@gq@rss hanEg average molecular weight from about 4,000 to
1,000,000 epoxides, i.e., contaihing acrylate or methacrylate
groups; copolyesters; nylons or polyamides, i.e., N-methoxymethyl,
polyhexamethylene adipamide; cellulose esters,. i.e., cellulose
‘acetate succinate and cellulose acetate butyrate; cellulose ethers,
i.e., methyl cellulose, efhyl cellulose and benzyl cellulose;
-polycarbbnates ; polyvinyl acetal, i.e., polyvinyl butyral,
polyvinyl formal; polyformaldehydes.

In addition to the polymeric binders listed above, particulate
thickeners such as described in U.S. Patent No. 3,754,920, i.e.,
silicas, clays, alumina, bentonites, kalonites, and the like can be
used. .

Where_a&ueous developing of the photoresist is desirable the
binder should contain sufficient acidic or other functionalities to
render the ‘composition processable in the aqueous developer.
Suitable agueous-processable binders include those described in
U.S. Patent No. 3,458,311 and in U.S. Patent No. 4,273,856.
Polymers derived from an aminoalkyl acrylate or methacryla"té ¢
acidic film-forming comonomer and an alkyl or hydroxyalkyl acrylate
such as those described in U.S. Patent No. 4,293,635 can be
included. .

Normally, a thermal polymerization inhibitor will be present
to increase the stability during storage of the photosensitive
éonipositi.ons. Such inhibitors are: p-methoxy-phenol,
hydroquinone, alkyl and aryl-substituted hydroginones and quinones,

~ tert-butyl catechol, pyrogallol, copper resinate, naphthylamines,.
'+ beta-napthol, cuprous chloride, 2,6-di-tert-butyl-p-cresol,

- phenothiazine, pyfidine, nitrobenzene and dinitrobenzene,
p~toluequinone and chloranil. Also useful for thermal



*pol ymet hyl nethacryl ate and pol yethyl methacrylate; polyvinyl esters, i.e.,
pol yvinyl acetate, polyvinyl acetate/acrylate, polyvinyl
acet at e/ net hacryl ate and hydrol yzed pol yvi nyl acetate; ethylene/vinyl

acetate copol ynmers; polystyrene polyners and copolyners, i.e., with maleic
anhydride and esters; vinylidene chloride copolyners, i.e., vinylidene
chloride/acrylonitrile; vinylidene chloride/methacrylate and vinylidene

chl oride/vinyl acetate copolyners; polyvinyl chloride and copol yners, i.e.,
pol yvi nyl chl ori de/ acet at e; ~saturated and unsat ur at ed

pol yur et hanes;. synthetic rubbers, ‘i.e., butadiene/acrylonitrile, acr y 1
oni trile/ butadienel/ styrene,

met hacryl ate/ acrylonitril e/ butadi ene/ styrene copol yners, 2- - 5-
chl or obut adi ene- 1, 3 polymers, . chlorinated r ubber, and

st yrene/ but adi ene/ styrene, = styrenefisoprene/ styrene bl ock copol yners;

hi gh nol ecul ar ~ wei ght pol yethylene oxides of polyglycols having
aver age npbBfdrdkzaveblihnibabraai uke R8Q-0=08 bnBd8Ri O Rseidrdssa in €. |
contalnlng_§95¥h§§§iﬁg nethacdas ate groups; copol yesters; nylons or
pol yami des; i.%e., met hdxynkt hyl ol yhexanet hyl ene adi pam de;_ cel | ul ose
esters, i.e., NV&S FpYpionents, Qﬁgibﬁaﬂ?‘a&n’fﬁ’ dBPreRsSsEe VaBIPE N yr at e;
cel | ul oseo€t Hles , resist, imaghyl BiY Wdozaniet hged chbvarerse shotlierey|
cel | ul osetrapdpaianbotatae apeinie pydiatish alsed.. €., pol yvinyl butyral,
' An example of such photosensitive compositions is described in
Table I of U.S. Patent No. 4,693,959. '
- In preparation of these formulations generally inert solvents
are 'emp_loyed which are volatile at ordinary pressures. Examples
include alcohols and ether alcphois, esters, aromatics, ketones,
chlorinated hydrocarbons, aliphatic hydrocarbons, miscellaneous
solvents such as dimethylsulfoxide, pyridine, Eﬂi:_etrahfdrofuran,
i dioxane, dicyanocyclobutane and l1-methyl-2-oxo-hexamethyleneimine,

i and mixtures of these solvents in'various  proportions as may be
required to attain solutions. Antiblocking agents to prevent the
coa.tingzls _from adhering to the supporting films can also be
included. . -

With some polymers, it is desirable to add a plasticizer,
either solid or liquid, to give flexibility to the f£ilm or coating.
Suitable plasticizers are described in U.S. Patent No. 3,658,543.

‘A preferred liquid plasticizer is nolylphenoxypoly(ethyleneoxy)-.-
ethanol. A preferred solid plasticizer is N-ethyl-p-
toluenesulfonamide. '

Photoimagable compositions are also utilized as solder masks
in various industrial processes. In such. application a
photoimagable composition is used by applying the composition to .
printed circuit board and followed by photolithographic techniques
to expose various underlying features on the board while masking
others. During the soldering process the solder will deposit onto

» the exposed underlying components. It is necessary that the solder
mask material be formulated such that it can be applied‘ by the
appropriate methods, for example curtain coating. Suitable
photoimagable compositions including many that use epoxies are



pol yvi nyl formal; polyfornal dehydes. In addition to the polyneric binders.
| i sted above, particul ate thi.ckeners such as described in U S. Patent No.
3,754,920, i.e., silicas, clays, alumna, bentonites, kalonites, and the
~like can be used. Where aqueous devel oping of the photoresist is desirable
the binder should contain sufficient acidic or other functionalities to
render the conposition processable in the aqueous devel oper. Suitable
aqueous- processabl e binders include those described in U S Patent No.
3,458,311 and in U S. Patent No. 4,273,856. Polyners derived from an

am noal kyl acryl ate or nethacrylate acidic flln}fornlng conononer and an
al kyl. "or hydroxyal kyl acrylate such as those descri.bed in U.S. Patent No.
4,293,635 can be included. Normally, a thermal polynerization inhibitor
will be present to increase the stability during storage of the

phot osensi ti ve conpositions. S’ich-inhibitors are:

p- met hoxy- phenol ; hydroqui none, alkyl and aryl-substituted hydroqi nones and

qui nones,deggi.;_béwtlyll gt&g_g};&m&)w ggaéat%ka lgost)pQr 9e§'f;9at e, g Q}),hykam nes,

bet a- napt cupro Per e h

phenot hi &z Sﬁ% pdr LA RE57 41199 9BH A=RE0 0%Bid 4, OR. ﬁPHo‘bé’ﬁ‘?eﬁe%
p-t ol uequfi ﬁ6ﬁ8523and 68t GMldnt | 624,912; /4,335, Q@efatosxf,erls.tmmbsl, - 6-
and 4,442,197.

More recently an improved cationically photoimagable .solder
mask- is described in U.S. Patent No. 5,026,624 assigned to the
assignee of the present application, disclosure of which is
incorporated herein by reference. In fact U.S. Patent No.
5,026,624 teaches an improved photoimagable cationically
polymerizable epoxy based coating material. The material includes -
an epoxy resin system consisting essentially of between about 10%
to about 80% by weight of a poiyol resin which is a condensation
product of epichlorohydrin and bisphenol A having a molecular
weight of between about 40,000 and 130,000; between about 20% and
about 90% by weight of an epox:LdJ.zed octafunctional bisphenol A

_ formaldehyde novolak resin hav:.ng a molecular weight of 4,000 to
10,000; and between about 35% and 50% by weight of an epoxidized
glycidyl ether of -tetrabromo bisphenol A having a molecular weight
of between about 600 and 2,500 if flame resistant properties are
desired. To this resin system is added about 0.1 to about 15 parts
by weight per 100 parts of resin of a cationic photoinitiator
capable of initiating polymerization of said epoxidized resin
system upon expose to actinic radiation ; optionally. a
photosensitizer in an amount of up to about 10 parts by weight may
be added. . )
The solder mask material is normally exposed to UV radiation
froh a medium pressure mei'cury lamp through a phototool which is
opague in the areas wﬁere the solder mask is to be removed. After
exposure to UV radiation, the circuit boards are baked for a short
time to accelerate the crosslinking reaction initiated by the
sulfonium salt photolysis 'products. Bake temperatures between
about 100°C and 150°C and times between about 2 and 10 minutes are

-



« pol ynmeri zation inhibitors are the nitroso conpositions described in U S
Patent No. 4,168,982." Dyes and pignents nay al so be added to increase the
visibility of the resist inage. Any col orant used however, should be.
transparent to the actinic radiation used. An exanple of such
phot osensitive conpositions is described in Table | of U S. Patent No.
4,693,959. In preparation of these fornulations generally inert solvents
are enpl oyed which are volatile at ordinary pressures. Exanples include
al cohol s and et her al cohols, esters, aromatics, ketones, chlorinated
hydr.ocar bons, .al i phatic hydrocarbons, m scell aneous solvents such as
di net hyl sul f oxi de, pyridi ne, tetrahydrofuran, dioxane, dicyanocycl obutane
and 1- et hyl - 2- oxo- hexanet hyl enei ni ne, and ni xtures of these solvents in
vari ous proportions as may be required to attain solutions. Antiblocking
agents to prevent the coatings fromad&h&ring to the supporting filns can
al so be included. Wth sone polyners, it is desirable to add a plasticizer,
ei ther sohkédaor ahi gidublel 6f GuéR fdranidtidnkyid Givbe i LIS Oipatent ineg. 5
Sui tabl e gl a§g|§d4z§5§1@rfe descri bed |n U.S. Patent No. 3,658,543. A

preferred [ | asti.ci zer | s nol heno on et t hano
A preferr ed u’é’bpg é’gtlfe&a%é'fe wp kR g £¢ "Q’Fﬁf’é%??ggﬁ?%%ﬁﬁrﬁ%cf
Phot oi nag&EP@e%oﬁﬁiﬂmq?PthP%ﬂﬁélﬁlS@ﬂQﬂ?ﬁlﬁzqmjﬁh9 surtrge wisRsPrintedari ous _
I ndust ri aleirpube gseed. or substrate byappitiontoDm ligpididevengpdt eirc@posi tion
is used bypaRp|orRlrd e &RHESH IdfOBedetal minutes or less. Depending on
the particular type of photoresist composition the liquid developer '
may be a simple organic solvent, an aqueous solution .of an
‘inorganic base, or as described in U.S. Patent No. 3,475,171, a
combination of organic solvent and agueous base to form a semi-
aqueous developer. .

. Methyl. chloroform (MCF), a/k/a“ 1,1,1—trichioroethane, and
metﬁylene chloride (MC), a/k/a dichloromethane are solvents which
are iwidel_y used. in the electronic packaging art and in other arts
for developing aqd removing a number of photo:;:esists which are
otherwise resistant to chemical attack. Highly -alkaline
electroless copper plating bath used in additive processes, for
example, typically provides a harsh environment for photoresist.
In general, the more chemically impervious resists are removable in
an organic solvént such as methylene chloride. For less demanding’
chemical environments, agqueous developable photoresists may be
adequate. The organically developable resists, however, continue
to be used in an electroless copper environment and in the print
band and thin film technologies in conjunction with acrylate-based
resist such as DuPont's Riston T-168 and solvent process-able
solder masks such as the DuPont Vacrel 700 and 900 series,
environments in which the acqueous resists are vulnerable.

' Use of 1,1,l-trichloroethane and methylene chloride is
disfavored because of growing envirommental concerns over the
v+, effect of gaseous halogenated hydrocarbons on the depletion of
earth's ozone layer and concerns over introducing suspected
carcinogens to the atmosphere. Several countries have set goals
for their total elimination. However, there continue to be many



printed circuit board and foll owed by photolithographic techniques to
expose various underlying features on the board whil e masking others.
During the soldéring process the solder will deposit onto the exposed
underlying conponents. It is necessary that the solder mask material be
formul ated such that it can be applied by the appropriate nethods, for
exanpl e curtain coating. Sui t abl e phot oi magabl e conpositions i ncl udi ng
many that use epoxies are -7- described in the followi ng U S. Patent
Nos. 4,279, 985; 4,458,890; 4,351, 708; 4, 138, 255; 4, 069, 055; 4, 250, 053;
4,058, 40%; 4,659, 649; 4,544,623; 4,684,671; 4,624,912; 4,175, 963;

4,081, 276; 4,693,961;" and 4,442,197. Mre recently an inproved cationically
phot oi magabl e sol der mask is described in U S. Patent No. 5,026, 624
assigned to the assignee of the present application, disclosure of which
i s incorporated herein by reference.” 2 I'n fact U.S. Patent- No. 5,026,624
teaches an inproved photoinmagabl-e cationically polynerizabl e epoxy
based coahhR@rd@iu@ihglprotl8sdibifridlcni e Ufl@esdstLRRKYN GRS | diEbak ey ¢,

consi sti n%ﬁgﬁﬁkt@iﬁg! Sgnéé)_,fgotigtx@@r}_eggwe 10% t o about 80% by wei ght of a

pol yol resi n ensatlonfprdduct of epi chl orghydrin and
bi sphenol A hatgiBOwsidc uFRarefer g ncoBFimistnetth 563EER 46°60F*8R8 %30, 000;
bet ween alsolivee9, asid aibexnmat@sootisy wdi,dhtrishlgnoethaviediandd nethyilgnet i onal

bi sphenol cAloride. The new solvents must meet specific manufacturing and
envirommental requirements with respect to flammaibility, toxicity,
ability to effect dissolution, shelf-life, waste disposal, ability
to recycle, simplicity of composition, and compatibility with a
spectrum of resists. : _

Alternative solvents for stripping ,solvent based Riston
photoresists are also described in IBM Technical Disclosure
Bulletin, June 1989, p. 302, published anonymously. There have
been previous attempts . reported in the art to provide
environméntally friendly alternative to 1,1,l1-trichloroethane and
methylene chloride. ,

The commonly assigned U.S. Patent No. 5,268,260 of N.R. Bantu,
Anilkumar Bhatt, Ashwindumar Bhatt, G.W. Jones, J. A. Kotylo, R. F.
Woen, K. I. Papathomas, and A. K. Vérdya for Photoresist Develop
and Strip Solvents and Method for Their Use, incorporated herein by
reference, describes the use of propylene carbonate, gamma-
'butyrolact'one and .benzyl alcohol as alternatives to halogenated
hydrocarbon developers and strippers for use in developing and
si:ripping acrylated-based photoresist such as DuPont Riston T-168
and solvent- processable solder masks. such as the Varcel 700 and
900 series.

U.S. Patent No. 5,268,260 describes developing and stripping
the' radiation-exposed resist in a high boiling solvent selected
frém the group consisting of propylene carbonate (PC) gamma
butyrolactone (BLO) and benzyl alcchol (BA). The develoi)ing

+ process occurs at about 25. to 45 degrees centigrade and the
étripping process occurs at about 50 to 100 degrees centigrade.

At the end of each process the high boiling solvents,
propylene carbonate, gamma-butyrolactone and benzyl alcohol; must



*formal dehyde novol ak resin having a nol ecul ar weight of 4,000 to 10, 000; -
and between about 35% and 50% by wei ght of an epoxidi zed gl yci dyl ether of
t et rabrono bi sphenol A having a nol ecul ar wei ght of between about 600 and
2,500 if flame resistant properties are desired. To this resin systemis
added about 0.1 to about 15 parts by wei ght per 100 parts of resin of a
cationic photoinitiator capable of initiating pol
epoxi di zed resin system upon expose to -acfl e 'OM, |\ optionally
a photosensitizer in an anount of up to about Dhej may be
added. The solder mask material is normally exipass oV radlatlon from a
medi um pressure nercury |anp through a phototool which is opaque in the
areas where the solder nask is to be renoved. After exposure to W
radiation, the circuit boards are baked for a short time to accelerate the
crosslinking reaction initiated by tR® sul fonium salt photol ysis products.
Bake tenperatures between about 100[err]C and 150[err]C and tinmes between

about 2 aadrifsdd MRS tRE GhotoBesiitdor M ae¥amle itk Us bdPatibalibns is
given in_U, g Pate Q’tatlélg OZQEQﬁm@bI 4ucednbelpr&c2§_3| naL negat | ve working
cart

resi sts, .unexposed areas o G he 1na i enpved from the
surface JPPEEPSOIRELRS PE lBrf’plﬁjcﬂ"reu" °§ﬁ'Efsrt 9%‘89 ¥ARG °’Eﬁ‘ agd{exui d
devel ope pengyl alcohol, laden with both dissolved and suspended photoresist

or solder mask and other impurities.. The commonly assigned U.S. -
Patent No. 5,275,734 of J.A. Shurtleff, and K.P. .Unger for
Chemical .Pre-Treatment and Biological Destruction of Propylene
Carbonate Waste Streams Effluent Streams to Reduce the Biological
Oxygen Demand Thereof describes a method of treating a process
waste stream containing the non-biodegradable solvent propylene
carbonate. However; none of the references provide a method for
treating the waste streams which result -fror& .develeping or
stripping photoresists and solder masks with gamma-butyrolactone
and/or benzyl algGgohol.

Summa of the Invention

It is an object of the invention to provide a method for.
developing acrylate-based photoresist such as Riston T-168 and
polymethyl methacrylate, and solvent processable solder masks such
as the DuPont Vacrel 900 series, free radical initiated, additjive
polymerizable, acrylate monomer, dry f£film solder masks. “The
proposed method includes developing the radiation-exposed resist in
a high boiling solvent selected from the group consisting of
propylene carbonate (PC), gamma-butyrolactone (BLO) and benzyl
alcohol (BA). The process occurs at about 15 to 45°C for about
0.5-12 minutes and is normally followed by a warm  water or .
alﬁ_ernate low boiling solvent rinse to remove excess developer.
The rinse containing resist and solvent is then aerated in an
activated biomass to reduce its biological oxygen demand. )

Alternatively, the developer may include also, in amount of
about 0.1 up to about 10% by weight of additive selected from the
group consisting of methanol, ethanol, isopropyl alcohol, propylene
glycol, _monome:thyll acetate, ethylene glycol, monomethyl ether,



spray- formfor a duration of several mnutes or |ess. Depending on the

and aqueous base to forma sem - aqueous devel oper
(MCF), alk/a 1,1,1-trichloroethane, and nethyl ene
di chl oronet hane are sol vents which are widely used
packaging art and in other arts for devel oping and [

phot.oresi sts which are otherwise resistant _to chemcal attack.

H ghly al kaline electroless copper plating bath used in additive
processes, for exanple, typically provides a harsh environnent for
photoresist. In general, the nore chemcally inpervious resists are
removable in an organi c sol vent such ls~-nethyl ene chloride. For |ess
demandi ng chemi cal environnents, aqueous devel opabl e photoresists may be
adequat e.sobRam@igANh LeddmétHaNE] GRBPyReheShiide, RRPRYET etigANlididRel O e used
in an el %q;ertghgssancao-%g renvi ronment and in the print band and thin film

t echnol ogi es 1 nfconjunction with acryl ate-based, resi st such as DuPont's

Ri ston T-168 Shiftlsnpher ARICeEehtbe Lnyeptionpisi $oprayide ? metbadont

Vacr el 700rastrioging pceylatenbaserh pbpteresisthsedh ahcRigpepolsi¢eandt s are
vul ner ablvacrdieradf ahdlgol séiidal 6F ARlhsH1vent privebisdraeepidiopbl it bf

di sfavor egy)iecaksse Unad RO WkELE Pk 8 18 Qw%g?hﬂv%{etixg&ﬁaftgm of
gaseous hal qq n@';%%nh¥dro.car bons, on_t eaPA,es_‘l,on_o ea&th $s£20ne | ayer
and conceris over-Ghe meﬁgsﬁfé’ﬁ’&?e e radiation-exposed resist ima -

high boiling solven such as propylene carbonate, gamma-
butyrolactone, and benzyl alcohol.

The present invention utilizes solvents of a non-toxic nature
for stripping Riston type photoresists or solder masks effectively.
It has been found that improved dissolution times can be achieved
for the solvents benzyl alcohol and gamma~-butyrolactone with
stripping temperatures between 50°C and 100°C and with conditions
which are incorporated in the present invention. When the
aforementioned solvents are employed, the process occurs at about
100°C for é.béut 6 to about 12 minutes and is normally followed by
a warm water rinse to remove excess stripper. The rinse is then
subjected to degradation by an activated biomass to reduce the
biological demand of the sf:ent stripper/resist.

Alternatively, the stripper may include also, in amounts-6f
about 0.1 up to about 10% by weight, additive selected from the
group consistihg of methanol, ethanol, isopropyl aléohol . Propylene
glycol monomethyl acetate, ethylene glycol monomethyl ether,
formamide, nitromethane, propylene oxide, methyl ethyl ketone,
acetone and water.

"_ It is a further object of the invention to reduce the
biological oxygen demand of the benzyl alcohol and gamma-
butyrolactone waste streams.



carcimogens to.the atnosphere. Several countries have set goals for their .
total elimnation. However, there continue to be many -9- manufacturing
processes in which use of resists which are aqueously devel opable sinply is
not feasible. The industry therefore continues to search for organic
solvents as alternates to 1,1, 1-trichloroethane and nethyl ene.chlori de.
The new sol vents nust neet specific manufacturing and environnent al
requirenents with respect to flamability, toxicity, ability to effect

di ssolution, shelf-life, waste disposal, ability to recycle, sinplicity of
conposition, and conpatibility with a spectrumof resists. Alternative
solvents for stripping solvent based Ri ston photoresists are al so
described i-n | BM Techni cal Disclosure Bulletin, June 1989, p. 302,

. publ i shed anonynously. There have been previous attenpts reported in
the art to provide environnentally fi2iendly alternative to 1,1,

d-trichl oroethané and net hyl ene chloride. The comonly assi gned U S. Patent

No. 5,268,2.60 of NgRje Bty i MidhKuFBiheBPAlder--AF Ml WIEIrBhat t, GeW

J J. A K I . - Var dya for
Pﬁgtegrem st De\?e oO gﬁdt%tfl’l %oné’ﬁ'tdgrﬁ%g’%NB?%%dﬂTeo?rﬁéﬁt 1 g

i ncor por at e‘H“FFe?%?‘?FWlP%f Hees figst pj briefiontline off the GB\]‘F%“E%# bonat e,
ganma- to develop and to strip photopatterned compositions. The outline

is followed by a number of non-limiting detailed examples in which
gamma-butyrolactone or berizyl alcohol ie used to develop or to

strip acrylate~based photoresists or solvent processable solder
masks. ’

In brief, an acrylate-based or epoxy-based photoimagable film
(either negative acting or positive acting) which has been applied
to a circuit board is patterned by exposure of preselected regions
to actinic radiation. To dévelop the resulting pattern of
pelymerized and uhpolymerized material, the coated board is
contacted with a liquid develdper composed primarily of benzyl
alcohol or gamma—-butyrolactone either by dipping or spraying. The
unpolymerized ‘material is dissolved in these developers at low .
temperature, preferably between 15°C and 45°C.

The dissolved resist or solder mask components, which consist
primarily of monomers, and developing solution are then removed
from the board by' allowing the solution to run off into a
contaimment tank. The removal of the photoresist or. solder“hask
can be assisted by a squeegee roll action. The collected solvent
may be recycled for further use. To further enhance development of
the pattern, the residual resist or mask and developing solution
are rinsed from the board, preferably ,witfl warm water. Low vapor
pressure organic solvents, such as isopropyl alcohol, acetone,
methyl ethyl ketone and xylene, may also be used as a rinse.

The board is then circuitized either by an additive plating or
subtractive etching process. 'i'hereafter, the polymerized

' photoresist or solder mask may be stripped from the board,
preferably by spraying with gamma-butyrolactone or benzyl alcohol
_at elevated temperatures, preferably between 50°C and 100°C. The -
stripping solution causes the-polymerized film to swell, debond,



.butyrol actone and benzyl al cohol as alternatives to hal ogenated hydrocarbon
devel opers and strippers for use in devel oping and stripping

acryl at ed- based photoresi st such as DuPont Ri ston T-168 and sol vent -
processabl e sol der masks such as the Varcel 700 and 900 series.-U S. Patent
No. 5,268,260 describes devel opi ng and stripping the radi ation-exposed
resist in a high boiling solvent selected fromthe group consisting of
propyl ene carbonate (PC) gamma butyrol actone (BLO and benzyl al cohol
(BA). The devel opi ng process occurs at about 25 to 45 degrees centi grade
and the stripping process occurs at about 50 to 100 degrees centigrade. At
the end of each process the high boiling sol vents, propylene carbonate,
gamma- but yr ol act one and -benzyl al cohol -, nust 10 be rinsed fromthe

phot oresi st or solder mask with a conpatible solvent or water. The
effluents produced by these processeslare inpure solutions of propylene
carbonat e, gamma-but yrol act one and/or benzyl al cohol, |aden with both

$ihssol vedjgayd ssehendednphRb OnRfdraling éms@@{;tm 2ot BeF- bFPLHd Ei SSK o
e conmo ssi an

Unger 'forIB ed?n ca eP?se&lligaFﬁeg%H and""lig %Je% bI %et)f]ruc(fr%%1 o+ 'ﬁ;o yl ene
Car bonat e PFAEReS -t r &8s ISR Phe RAT S IeS O os‘i-@&ﬁcé‘af e PRF IO sca?n ygen
Demand Thekefpites splukion anet theth vémovedafrow the prarards spmebsy risam

cont ai ni N@rtuseind inkb 08 egrrihihhents dankt Ay R¥EER&1CpoDpRAiiRedHPIBVEr , NONe
of the refgrenors RLRYVI H6-13piRS NG dtdbnt bEAT Ligkda & RS iheS HalREFe Wi Ch

result from
preferably at elevated pressures, preferably with warm water. The

water rinse can be replaced by rinsing in low vapor pressure
solvents.

The developing rinse and stripping rinse waste streams _aré
combined and together contain solutions of gamma-butyrolactone
(BLO) and/or benzyl aicohol {Ba) at a range of concentrations aldng
with the dissolved and particulate resist or solder mask. The
polymer, whether solubilized or dispersed, is referred to herein as
"solids." The rinse is thereafter aerated in an activated biomass
to reduce its biological oxygen demand. The microorganisms in the
activated biomass convert the organic solvents, gamma-butyrolactone
and benzyl alcohol, and the hydrocarbon portions of the organic
solids to €O, and H,0.

_ The following non-iimiting examples provide additional details
of methods .used for developing photopatternable acrylate-based.
photoresists and solvent processable solder masks in a developing
solution composed primarily of gamma-butyrolactone or benzyl
alcohol. The following non-limiting examples also provide details
of methods used for stripping polymerized _'acrylate—based
photoresists and solder masks from a circuit board in a stripping
solution composed primarily of gamma-butyrolactone or benzyl
alcohol. Details of the procedures used to reduce the biological
oxygen demand of the combined developing rinses and strlpplng
, rinses are also provided.



> devel opi ng or stripping photoresists and sol der nmasks with
gamma- but yr ol act one and/ or benzyl al cohol. SUMVARY OF THE | NVENTI ON
According to one aspect of the present invention there is disclosed a

met hod of treating a waste stream from a photolithographic process
produci ng a ganma- butyrol actone waste stream consisting essentially of the
follow ng steps: (a) collecting the waste streamat a pH of about 8 to 10;
(b) acidifying the waste streamto a pH of about 7.5 to 8.5; and (c)
aerating the acidified waste streamin an activated bi omass capabl e of .-
aerobi cal 'y netabolizing the gamma-butyrol actone and thereby form ng water
and carbon di oxi de and reduci ng the biol ogi cal oxygen denmand of the gamma-
but yrol act one. According to anot her aspect of the present invention there
is discloséd a nethod of treating a waste stream from a photolithographic
process producing a benzyl al cohol wask%-stream consisting essentially of
the followi ng steps: (a) collecting the waste streamat a pH of about 8 to

10; (b) ackshMptieng ir&v&éﬁﬁ@bh@ﬁmﬁs&s@ pH of about 7.5 to 8.5; ang (C)

aerating the a t N2C] VR d S p

aer obi cal | rretgagh%l zZi nw% ﬁai‘i{%;zfﬁﬂeﬁ oﬁ %1nd e" %HF §L%‘Q'I;illg%wa er and
carbon di o gAY i‘ﬁﬂ“tthé" GFBOFES ’b)&?‘@&ﬂ“ &'eﬂ'ﬁ NG P13fRdydR 2y |

al cohol . the\ciayedpper twhidei hgitatdntier E&nsetmenﬂhlth@n#nﬁsgeﬂtOﬁ|tasﬁt|on
there is dtéﬁﬂé&&edré nrid @d10énts @ikl goveh MASIrebEd IMeaMAkE&i the line

e Sg'n%gog" E{egﬁeéied’ym rislle) "SeP 15a80" GAH HUL el Pk CS! o
fol | owi ng $%¥ pe sI HEYT r‘?@‘bﬁ'ﬁ‘ét‘?ﬂa&e agqitlue, GopPPEr a&%“%bo&lmg to 10;

(b) aci di f\jic#gxq ned%mee fé?rmteae anegsursd @Moarosrs-sec@c@lsg part O€)
aerating tiwe geindafi ed
Results obtained from the above experimental conditions (Table
ITI) indicate no significant deviation from the normal process of
using ‘methyl chloroform (MCF) as the dJQeveloper: Thé MCF was
obtained as MCF-348PPG, from Pittsburgh Plate- Glass. It is
‘believed that this form of MCF includes ihhibitor, such as acid
- buffer. However, the gamma-butyrolactone (BLO) and benzyl alcohol
! ' (BA) develop processes were found to be more sensitive to
temperature than was the propylene carbonate (PC). These solvents
can be used in both dip and spray process conditions.
It should be noted that the development and rinse steps in all
Tables have been given upper working limits only because it would
be inefficient to extend the times. Therefore, times beyond tliose
noted are deemed to be equivalents of those in the Tables.



waste streamin an activated bi onmass capabl e of aerobically netabolizing

t he gamma- butyrol actone and thereby form ng water and carbon di oxi de and
reduci ng the biol ogi cal oxygen denmand of the waste stream According to
still another aspect of the present invention there is disclosed a nethod
of treating a waste stream from a photolithographic process, wherein the
wast e stream contai ns benzyl al cohol and photoresist and the nethod -
consists essentially of the follow ng steps: (a) collecting the waste
stream at a pH of about. 8 to 10; (b) acidifying the waste streamto a pH of
about” 7.5 to 8.5; (c) aerating the acidified waste_.streamin an activated
bi omass capabl e of aerobically netabolizing the benzyl al cohol and thereby
form ng water and carbon di oxi de and reduci ng the biol ogi cal oxygen denand
of the waste stream - 12 - Brief Description of the Preferred

Erbodi ment's In order to facilitate Uund®rstanding of the present invention,

this descriptionincludes first a brief outline of the nethods used to

develop and to strip

phot opatt erned conpositions.

The outline is folyJ owed

by a nunbg eXapres 1 n whi ch ganma- pui CyT pl act one
or benzyl CTyTat€—DasSes
phot or esi § i $. 1 n"aief
acryl at e- oxy-Apaseq phodmpi rmbabl-mnefi | fn (ebeper |negadseve facting or
posi tive ch ©53 bgen H5plied t@meIci | cuit°Choar|d i4ingatt pr ned by
exposure ed_regrgns : -
240 23-40 6~12 46-55 5—-10
“ BLO 205 16-23 5-9 46-55 5-10
“ BA 205 16-25 6-10 46-55 5-10
TABLE IX
MCF-348PPG PC BLO
_ Average Line width.(mil) 3.252 3.441 3.517
Line Angle (degrees) 84.7 83.8 78.0
1 T
_X-Area (% of rectangle) 95.5 95.7 91.9
Adhesion Strength (gm/mil) 17 14 21

EXAMPLE 2 --8TRIPPING POLYMERXIZED PHOTORESIST

Signal cores having dimensions 24 inch by 28 inch were
obtained after circuit line exposure in Riston T-168 and developed
using propylene carbonate.

Coupons from these panels having
exposed Riston T168 were then tested in stripping experiments.
The stripping ability and dissolution t_‘imes were measured for

the .variou,s solvents at a range of temperatures listed in Table
III. To obtain dissolution times comparable to those of MCF, it
was necessary to maintain the temperature between 50° Centigrade
and 100° Centigrade during stripping with BLO and BA. It was also
observed that use of scrubbing brushes lowered the solvent

residence time and reduced the residual resist level on the circuit
boards.



*to actinic radiation. To develop the resulting pattern of polynerized and
unpol ynerized material, the coated board is contacted with a liquid

devel oper conposed primarily of benzyl al cohol or gamra-butyrol act one

ei ther by dipping or spraying. The unpolynerized material is dissolved in

t hese devel opers at |ow tenperature, preferably between 15[ err]C and
45[err] C. The di ssol ved resi st or solder nask conponents, which consi st
primarily of nonomers, and devel oping solution are then renoved fromthe
board by allowi ng the solution to run off into a contai nment tank. . The
renoval -of the. photoresist or solder nmask can be assisted by a squeegee
roll action. The col ected solvent may be recycled for further use. To
further enhance devel opment of the pattern, the residual resist or mask and
devel opi ng solution are rinsed fromthe board, preferably with warm water.
Low vapor pressure organi c sol vents; ¥uch as |sopropyl al cohol , acetone,

net hyl ethyl ket one and xylene, nmay al so be used as a rinse. The board is

then circuiti zﬂﬁr&édhszﬁpéaamaﬁt@ﬂ@bhamoms HdrBrsPy18HOIhassbhM@ (BEfLhENY

h J d Kk b
21505 v, JELE rndige B B B L1 AL OR Rk o o
benzyl alTohofbevadnes Ahoymy W@Fﬁ‘{ theges anecthe pxpfe %Pﬁfr] C and

100[ er r ] WatPireringse pphdttismsuin conbinaldontwidhptiies ICFBn¢JZlE~9n‘P'I imirablewel | ,
debond, 1v -fb¥ the propylene carbonate and gamma butyrolactone were the

following: between about 20-60°C, with the
most preferred being about 30-40°C; rinse pressure: between about
15-60 psi, with the preferred being about 25-35 psi; and rinse
time: between about 5-20 minutgs; with the most preferred being
about 8-15 minutes.

rinse temperature:

“ TABLE IIX i
Dissolution time of crosslinked T168 for high -
boiling solvents. Dissolution time is in minutes,
TEMP (°C) PC . BLO MCF-348PPG BA ATVMc
24 190 ¢ " 190 190 190 1.5
40 75 22 a5 — ] -
50 25 | 6 15 _——
60 _ 8 3 6 4 ——
80 . 1.4 0.22 0.85 ——
100 0.23 0.02 0.12 —_—
I TABLE IV
P Solvent Temp (°C) Time (min) Pressure (psi)
.ﬁc 26-32 10-15 15-40
A PC 50-100 5-30 15-90
(64-86) (8-15) (50-75)
BLO 50-100 5-30 15-90
1 (50-60) (8-15) (50-75)




-i,e,*detach fromthe underlying substrate and flake off of the board. The
stripping can be assisted by gentle scrubbing with brushes. The resi st
particles or solder mask particles and stripping solution are then renoved
fromthe board, preferably by brushing into a containment tank. Any

resi dual polynerized filmparticles and stripping solution are rinsed from
t he package, preferably at el evated pressures, preferably with warm water.
The water rinse can be replaced by rinsing in | ow vapor pressure solvents.
The devel oping rinse and stripping rinse waste streans are conbi ned and

t oget her contain solutions of gamma-butyrol actone (BLO and/-or benzyl

al cohaol (BA) at a range of concentrations along with the dissolved and
particul ate resist or sol der nask. The pol yrmer, whet her solubilized or

di spersed, is referred to herein as "solids." The rinse is thereafter
aerated in an activated biomass to retilice its biol ogical oxygen demand. The
m croorgani snms i'n the activated bi onass convert the organic solvents,

gama- but pxaked ane- awkvELepIN¢ 22 brofuEATTERMED! BoLdErdunskr bon portions of the
organi c soli dsc&x%okgr&lré%a[aeffdm cwﬁoé EOuANQaN@ e | dHPbhPIveSRdiP! es
provi de aggétlgnal é f 0 1:a% g a& for_ devel, gkgg p%g%ﬁgq%ternable
acryl at e- f5t 5PEEFRT s AN ASEl v eft §?‘8e§? Fizapier
devel opi n§°§%‘P?Hr| 85Y cHiosetrigy pass Wye@ralgmob’eafmeél 23 @laced imenzyl
al cohol . Ghemd-iutywohactme- Whiliet stirring i bese Ripment tdwedeasd ebaetwedf
et hods ¢gethe faDoutShr miRLBEs O WHAII 2060, aCeyhind RRyed ppBebLELS sts and
sol der ma‘%%o&é ?110% v?aée%ufinézoég q;'e{ngvg aﬁgr IORQ 19 residue. All coupons
were processed through the follow:l.ng steps after solvent
developing. A) Post Develop Vacuum Bake: 150°C, 2 hrs.; B) UV
Bump: 6 Joules; and C) Vapor Blast: Conveyor speed, 2.06 ft/minute;
Spring pressure: 35 psi, Blast medium, Aluminum oxide. After above
steps: (A, B, C), all coupons were processed through the normal
post~Vacrel clean cycle and tin immersion solder line.

EXAHP]EB 4 - STRIPPJENG POLYMERIZED SOLDER MASK

Coupons wherein Vacrel . 930 !had been expose:i to actinic
radiation were placed in gamma-butyrolactone and ag:.tated at 60°C.
The exposed Vacrel was stripped off the surface of the laminate
within 2.5 minutes.-

EXAMPLE 5 -- TREATMENT OF COMBINED DEVELOPING RINSE _AND
STRIPPING RINSE

In the embodiment of the invention where the polymer is an
acry]_.'ate—b_ased photoresist and the solvent is gamma-butyrolactone
or benzyl alcohol, the effluent of the photolithégraphic process
contains (i) above about 80 weight percent BLO or BA, and general'ly
from about 70 to about 99.9 welght BLO or BA, (ii) up to about 20
we:.ght percent photoresist materials, and generally from about 0.01



-sol ution conposed primarily of gamma-butyrol actone or benzyl al cohol.
Details of the procedures used to reduce the biol ogi cal oxygen demand of
t he conbi ned devel oping rinses and stripping rinses are al so provided.
14 - EXAMPLE 1 --DEVELOPI NG PHOTORESI ST Signal cores having dinensions 24
inch by 28 inch were obtained after circuit |line exposure in Riston T-168
and placed in the devel oper while agitating. Experinental conditions of
time, tenperature, and solvents are given in Table |I. After the line
channel s were clean, sanples were rinsed with hot water. The devel oped
panel.s were subjected to addi'tive copper plating. Line widths and |ine
flaring were neasured by cross-sectioning part of the panel. Results
obtained fromthe above experinental conditions (Table I1) indicate no
significant deviation fromthe normal process of using nethyl chloroform
(MCF) as the devel oper. The MCF was 18brai ned as MCF-348PPG, from
Pittsburgh Plate- d ass. It is believed that this formof MCF includes
i nhi bi t or ,weilyhlt aperting Db f iboutloWRY eveidhite PaBEntbsy T epbreidreeisBL O and
benzyl al %%ki&?é)“ de el oPs AL EH S8R € pb Si’)gﬁ%& 'EB!’LE‘? 3?&1?1..&1»“ to
tenperature than S éhe ropyl ene carbonate,, : ese solvents. can be
used in bt HiFsgige 'pr%‘gl POtERE ROJXEPYs oidl) Gp to about 5 weight
© percent, and generally from abeut 0.1 weight percent to about 2.5
weight percent of water. These weight percentages should total 100
weight percent, but may total less than 100 weight percent if other
. impurities are present.

In the embodiment of the invention where the polymer is either
an acrylate-based photoresist or a solvent-processable solder mask,
the photolithographic process also gives rise to a gaseous stream

. of the stripper. The gaseous effluent arises because of the use of
brushing and temperatures above about $o0°C, and generally from
about 50°C to about 100°C in the photolithographic process. These
relatively high temperatures introduce the necessity of dealing
‘'with gaseous gamma-butyrolactone (BLO) or benzyl, alcohol (BA), at
least at the hundreds to thousands of parts per million level.

The gaseous BA or BLO is scrubbed in an ‘air:scrubber by first
removing the BA or BLO bearing gas, as air, from the developing or
stripping process, and passing the BA or BLO bearing gas through an
aqueous_alkaline ligquid in an air scrubber to scrub the BA or BLO
from the gas. The scrubbed air, substantially free of airborne BA
or BLO vapors is recovered from the process.

Both (i) scrubbed air substantially free of BA and BLO and
(ii) an alkaline liquor containing the residue of the scrubbed BA
or BLO are recovered. The alkaline liquor is combined with the
ligquid rinses of the developing and stripping processes and
collected in a holding tank or mixing tank. The approximate
concentration of gamma-butyrolactone/T168 (BLO/T168) or benzyl
alcohol/T168 (BA/T168) in the collected waste solution is
A+ approximately 5g/L. The pH of the solution is typically 8 to 10.
“° - fTo reduce the.bioclogical oxygen demand (BOD) and chemical
oxygen demand (COD) of the collec_:ted waste streams, the combined

- waste solution is aerated in an activated biomass made from "the




-1t should be noted that the devel opnent and rinse steps in all Tabl-es have -

been gi ven upper working limts only because it would be inefficient to
extend the tinmes. Therefore, times beyond those noted are deened to be

equi val ents of those in the Tabl es. - 15 - Devel opment Water Ri nging
Sol vent BP Tenp Ti me Tenp Time ([err] O

([err] O (M ns) ([err] O (Mns) PC 240 23-40

6- 12 46- 55 5-10 BLO .205 16- 23 5-9 46- 55
5-10 BA 205 16- 25 6- 10 46- 55 5-10 TABLE 11
MCF- 348PPG . _ PC BLO Average Line width.(ml) -
3.252. 3.441 3.517 Line Angle (degrees) 84.7

83.8 78.0 X-Area (% of rectangle) 95.5 95.7 _
91 9 Adhesion Strength (gmml) -34 - - 14 21 EXAMPLE 2

-- STRI PPI NG POLYMERI ZED PHOTORESI ST Si gnal cores having dimensions 24 inch
by 28 inch were obtained after circuit line exposure in Riston T-168 and

devel oped PRI PFAFFRERENS B BEARRIEN I snCEosh dnferoRnd Haderpan dremawi ng
exposed Rikeod dfGHi-Oben (Ken738H addi Bi-Then p(R)NGoexX S5 bheatrsd FThenm

strippi Ng s¥icbht Y cBBAi6H1850! WnkeON ti FRE VWBEELVIRA&UN Blokdds  contains

microorganisms, such as bacteria, flagellates, rotifers, and
" ciliates capable of aerobically metabolizing the BA/T168 or
BLO/T168 hydrocarbons to 002 and H,0.

Prior to introduction into the blomass, the temperature of the
solution is adjusted to 15-25°C and the pH adjusted to about 7 5 to
8.5. Neutralization is carried out by adding a dilute acJ.d, such
as dilute sulfuric acid or any other acid not toxic to the
microorganisms in the activated biomass. The dilute acid may be 10
weight percent sulfuric acid. :

. The amount of dissolved oxygen in the biomass before and
after addition ofi the solution is maintained at 1.5 to 2.5 ppm by
sparging air into the activated biomass. The sparging action also
serves to agitate and mix the biomass and added solution. The
‘respiration rate of the biomass preferably is maintained between
about 100 to 60 ml 0,/ L bioamss/hr upon addition of the waste
solution to about 15 ml 0,/L biomass/hr at the end of the
treatment. To maintain the microorganisms in the bioamass, the
minimum BOD of the activated biomass is about 100 ppm and..the
minimum COD is about 200 ppm.

The mean residence time of the BLO/T168 and BA/T168 in the
activated biomass extended aeration-biological treatment syst-em is
long enough to obtain the desired reduction in BOD of the BA/T168
or BLO/T168. With an inlet waste solution BOD loading of about
860! ppin, and a BOD reduction of ‘at least about 95%, the residence
time is at least about 48 hours for BA/T168. With an inlet waste
solution BOD loading of about 960 ppm, and a BOD reduction of at
least 95%, the residence time is at least about 48 hours for

-BLO/T168. These times are also sufficient to reduce the COD of the
added BLO/T168 and BA/T168 by 70-85%.



-t he various solvents at a range of tenperatures listed in Table Ill. To
obtain dissolution tinmes conparable to those of MCF, it was necessary to
mai ntain the tenperature between 50[err] Centigrade and 100[err] Centi grade
during stripping with BLO and BA. It was al so observed that use of
scrubbi ng brushes | owered.the solvent residence tine and reduced the

resi dual resist level on the circuit boards. - 16 - Inproved
experimental conditions for propyl ene carbonate (PC) and gamma

butyrol actone (BLO) in stripping T168 are shown in Table IV. The val ues
shown in parentheses are the preferred conditions. Water rinse conditions
in conbination with the conditions in Table IV for the propyl ene carbonate
and gamma butyrol actone were the following: rinse tenperature: between
about 20-60[err]C, with the nost preferred being about 30-40[err]C, rinse
pressure: between about 15-60 psi,'mF?H'the preferred being about 25-35
psi; and rinse tinme: between about 5-20 minutes, with the nost preferred
bei ng about &whils, mMagobedingl ABL E-Hel Indbheg obfit tle inventodén cridssdel nileed £7168
for hi ghppmiaéwaspyov:egé StorDE&finlyl @i bidRglisal @:&wuheﬁanaTme{e[ err] G

19CO wa&'e 1 SBrea w <§1P Pg;esult Bé:om g/tee ping an&‘ggtrlppr]ig of
photoresists a.nd solder masks in the high boiling solvents gamma-
butyrolactone and benzyl alcohol.

It is understood that the invention may be embodled in
nodifications of the present invention forms without departing from
the .spirit or central characteristics thereof. The aforementioned
exanples and embodiments are therefore to be considered in all
respects as illustrative rather that restrictive and the invention
is not to be limited to the details given herein.



> 40 - 75 22 45 | 50 25 6

15 -60 8 3 6 4
80 1.4 0.22 0. 85 100 0.23

0.02 . 0.12 ____ TABLE | V Sol vent Tenp ([err] O
Time (mMn) Pressure (psL;,A£>——’—-———*—26‘32

15- 40 PC 50- 100 -9d W%ﬁHEBT HAS BEEN - 15)
oo o UMM L s sol

SOLDER MASK Coupons were made fron1conp05|tes coated with DuPont Vacre

930, free radical initiated, additive polynerizable, acrylate nononer, dry
filmsolder nmask material were obtained and placed i n ganma- butyrol act one
while stirring. Devel opment tine was_gbserved to be about 2 mnutes at
about 22[err]C. Coupons were processed through hot water. rinse to renove
any solvent residue. Al coupons were processed through the follow ng steps
af t er sol vent Wigdy disoplaipedAiisPost Devel op Vacuum Bake: 150[err]C, 2 hrs.

B) WV Bunp: 61Joulaesetradess dVWple%Sﬁho@BHﬂ&heaﬂﬁﬂd cohgdshhg M nut ;
the steps of:

contacting said film with a developing solution
consisting essentially of a solvent selected from a group
consisting of benzyl. alcohol and gamma-butyrolactone ' .

removing said developing solution and dissolved film from the

patterned f£ilm;

rinsing residual developing solution and d1ssolved film
. from the patterned film in a rinse selected from a group consisting
of watér and low vai:or organic solvents and

aerating the rinse in an activated biomass.

2.  The method of clainm 1 further comprising contacting the
film with the developing solution at a temperature of about 15°C to
about 45°C for about !0.5 to 12 minutes;

3. The method ‘of claim 1 wherein the developing solution.
comprises benzyl alcohol.

4. The method of claim 1 wherein the developing solution
comprises 'g_amma—hutyrolactohe.

5. The method of claim 1 wherein the developing solution
comprises benzyl alcohol and from about 0.1 to about 10 weight
percent of an additive selected from a group consisting of
methanol, ethanol, isopropyl alcohol, propylene glycol monomethyl
acetate, férmamide, nitromethane, propylene oxide, methyl ethyl
ketone, and water. '

6. The method of claim 1 wherein tlie déveloping solution
comprises gamma butyrolactone and from about 0.1 to about 10 weight
percent of an additive selected from a group consisting of

This Sheet Has Been Replaced




~Spring pressure: 35 psi, Blast nedi.um Al um num oxi de. After above steps
(A, B, O, all coupons were processed through the normal post-Vacrel clean
cycle and tin imersion solder |line. EXAMPLE 4 -- STRI PPI NG POLYMERI ZED
SCLDER MASK Coupons wherein Vacrel 930 had been exposed to actinic

radi ati on were pl aced—i—n—g%rﬁfm‘ml—ﬁ:—tone and agitated at 60[err]C. The
exposed Vacrel was str m face o lTée ! (éEmt hin 2.5

m nutes. EXAMPLE 5 -- COvBI NE @él IINSE  AND
STRI PPI NG RINSE I n the divert &f fhe inveptionhf he pdlynmer is an
acryl at e-based photoresist and the solvent is gama-butyrol actone or benzyl
al cohol~, the effluent of the photolithographic process contains (i) above
about 80 wei ght percent BLO or BA, and general |y Trom about 70 to about
99.9 weight BLO or BA, (ii) up to ab t 20 wei ght percent photoresi st
materials, and generally from about - 18 - weight percent to
about 20 wei ght ercent of hotoresist materials,” i.e., "solids,"

t hat is, »pErandi-sp %‘&i-sbﬁ?@%ﬁyﬂﬁ"haﬁd RHCPY bene glySel meneretlalnot yrer
(iii) upacet&mautfo&mmi@wt rpigrogeithanapdpgepydieak | pxidegmreithyl 8tHywei ght
percent ketaOUland. wati®i.ght percent of water. These wei ght percentages
shoul d total 100 wei ght. percent, but may total |ess than 100 wei ght percent
i f other '

7. The method of claim 3 wherein the film comprises a
photoresist.

P The method of claim 3 wherein the photopatterned film
comprises a solder mask.

. 9. The method of claim 4 wherein the photopatterned film
comprises a photoresist.

10. The method of claim 4 wherein the photopatterned film
comprises a solder mask.

11. A method for stripping a polymerized photopatterned £ilm

from a substrate comprising the steps of:

contacting the polymerized £ilm with a stripping solution
consisting essentially of a solvent selected from a group
consisting of benzyl alcohol and gamma-butyrolactone; -

removing said stripping solution and film from said
substrate; ) .

rinsing the residual stripping solution and film from the
substrate in a rinse selected from a group consisting of water and
a low boiling solvent; and ) )

' aerating the rinse in an activated biomass.

12. The method of claim 11 further comprising contacting the
,film and substrate with said stripping solution at a temperature of
about 50°C to about 100°C for about 5 to 15 minutes. -

This Sheet Hi een Re‘laced
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+inpurities are present. - In the enbodi nent of the invention where the
polymer is either an acryl ate-based photoresist or a sol vent-processabl e
sol der mask, the photolithographic process also gives rise to a gaseous

stream of the stripper. The gaseous effluent arise se of the use of
brushi ng and tenperatures above about 50[err]C a GWEETH% bout
50[err] C to about 100[errﬂmmm“}u"!ﬁug\t t hogr ap |c PR % 3]
relatively high tenperatu necessi , W th
gaseous gammma- but yrol act oné (BL or benzyl al cohol (BA), at |east at the

hundreds to thousands of parts per mllion |l evel. The gaseous BA or BLO s
scrubbed in an air scrubber by first renoving the BA or BLO bearing gas, as
air, fromthe devel oping or stripping process, and passing the BA or BLO
bearlng gas through an aqueous al kalijie liquid in an air scrubber to scrub
the BA or BLO fromthe gas. The scrubbed air, substantially free of

ai rborne -BA or BLO vapors is recovered fronlthe process. Both (i) scrubbed
.ai r substanti d@Bky FheenethddAofndlBinD Idndherein dheabkainniagl solwkianont ai ni ng
t he resi desmpafiskiebaesyabhesodA.or BLO are recovered. The al kal i ne I'i quor
is conmbined with the quuid rinses of the devel oping and stri pping

processes and _col | ected tan m. xi ng,_tan e, aApproxi mat e
concentrat i on 3t g‘g’h?m‘“%%?r 8? f?}r\‘g/l’f‘lé’ eieéL"dtﬁ‘TGgfr’cﬁplﬁlgnfyPu%ergghol / T168
( BA/ T168) conpriffes copnma: PEEYFRIACECB® ution i s approximately 5g/L.- The pH of
the solution is typically 8 to 10. To reduce the biol ogical oxygen demand

(BOD) and chenis¢al rRx VakihodCBRNE1A Oy Ghetdih Gkl 8ELHHIMSEB1aEIGANE, the

Conbl ned comprises benzyl alcohol and from about 0.1 to about 10 weight
percent of an additive selected from a group consisting of
methanol, ethanol, isopropyl alcchol, prdpy.'_Lene glycol monomethyl
acetate, formamide, nitromethane, propylene -oxide, methyl ethyl
ketone, and water. Y '

16. The method of claim 11 wherein the stripping solution
comprises gamma-butyrolactone and from about 0.1 to about 10 weight
percent of an additive selected fron"lx a group consisting of
methanol, éthanol, isopropyl alcohol, p:::opylerie glycol monomethyl
acetate, formamide, nitromethane, propylene oxide, methyl ethyl
ketone, and water. ' '

17. The method of - claim 11 wherein the film comprises a
photoresist.

18. The method of claim 11 vherein the film comprises a
solder mask. ' '

« 19. The method of claim 13 wherein the film comprises a
photoresist.

, 20. The method of claim 13 wherein the film comprises a
solder mask. -
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-waste solution is aerated in an activated bi omass nmade fromthe - 19 -
natural | y-occurring m croorgani sns found in ground water or fromat bl end
of Bi-Chem (R).- 1738 Wand Bi -Chem (R) 1008 SF obtained from Sybron
Chem cals, Inc. _The —aet+vated bi omass _contains microorgani sns,

such as bacteria, flagellat ' and ci | TBISSSHEEPBAS BEEN
aerobi cal |y netaboli zi nglﬂ“ﬁﬁ‘{“‘} ﬂ‘“LO’ T16B hydyppppabems to jerr] and
[err]. Prior to introduct®8r 0 e bironass, tHre—tenperattre—ef the
solution is adjusted to 15-25[err]C and the pH adjusted to about 7.5 to
8.5. Neutralization is carried out.- by _adding a dilute acid, such as dilute
sul furic acid or afy other acid not toxic to the m croorganisnms in the
activated biomass. The dilute acid may be 10 weight percent sulfuric acid.
The amount of di ssol ved oxygen i-n the bionass before and after addition of
the solution is maintained at 1.57t¥ 2.5 ppm by sparging air into the
activated bi omass. The sparging action also serves to agitate and m x the

bi omass and 2addeThss chefthogn of .clkémr 23 pwhexteion that €ibh ¢dmpriisesnss &

pref er aphotdresiBt Nt ai ned bet ween about 100 to 60 m 02/ L bioanmss/hr upon
addition of the waste solution to about 15 ml 02/L bionmass/hr at the end of
the treatnent. To maintain the mcroorgani,snms_in _{he bioamass, the m ni mim

BOD of the &&ri viRed®™BFHaE i924Bodt YERFIPmtifidTi{ecomprises a

solder mask.

22. The method of claim 11 further comprising scrubbing the
£ilm and substrate with brushes during ex_posuré to the stripping
solution. ' '

23. A method of fabricating an electronic circuit package
comprising the steps of depositing photoresist onto the circuit
package substrate, imaging the photoresist, developing the
photoresist, circuitizing the substrate, and stripping' the
remaining photoresist, wherein solvent is the agent for one or both
of 'developing the resist and stripping the resist, and wherein
gaseous solvent is evolved during fabrication of the electronic
circuit package, said process including the further steps of:

a. removing the solvent bearing fumes from the process;

b. passing the solvent bearing fumes through an aqueous
alkaline liquid to scrub the solvent therefrom; and

c. . recovering scrubbed air substantially free of
solvent.

24. A method of ‘treating a waste stream from a
photolithographic process producing a gamma-butyrolactone waste
stream comprising: _

acidifying the waste stream to a pH of about 7.5 to 8.5;

aerating the acidified waste étream in an activated
hiomass thereby forming water and carbon dioxide and reducing the
biological oxygen demand of the gamma-butyrolactone.

This Sheet Has Been Replaced
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m ni mum COD i's about 200 ppm The fllence tine of the BLO T168 and
BA/T168 in the activated bi mm\m ﬂmrati on bi ol ogi cal treatnent
systemis | ong enough to ob Sised reduction in BOD of the BA/ T168
or BLO'T168. Wth an inlet wdsté sol uti on BOD | oadi | _ and
a BOD reduction of at |east about 95% the residencg HISYBHEET HASIBEEAL| about
48 hours for BA/ T168. Wth an inlet wast2s sol uti on BOD ICFGEHLAOEDf about 960
ppm and a BOD reduction of at |east 95% the residéence trme TS at—teast
about 48 hours for BLO T168. These tines are also sufficient to reduce the
COD of the added BLO T168 and BA/ T168 by 70-85% - 20 - Thus, according
to the nmethod of the invention, there is provided a process for reducing

t he bi ol ogi cal o2§gen Thenmwthedl oft disime4 tammiisingueratidy the acidified sdlition for
devel opi ng and stripping of photoresists and sol der nasks in the high

boi |'i ng soh vieret suffjcient:to roduoprtbé bivlegieal anygenatemand dlyad healst atiout O§%under st ood
that the invention may be enbodied in nodifications of the present
invention fornms without departing fromthe spirit or central
characteristics éger eof . The aforenenti oned exanpl es and. enbodi msnts are

therefore to be €®nsi dér%‘ﬂmpﬂ"gﬂeaﬁ‘%%&’@?tg stream [fYon g phetolithagraphic Progess

restrictive_ and. theblnvlear]tlorP is not to be limted to the details given
herei n & producinga cohol waste stream comprising:

acidifying the waste stream to a pH of about 7.5 to 8.5;
aerating the acidified waste stream in an activated biomass thereby.
forming water and carbon dioxide and reducing the biological oXygen demand of the
benzyl alcohol.
10 '
27. The method of claim 25 comprising aerating the acidified s;olution for

a time sufficient to reduce the biological oxygen demand by at least about 95%.

28. A method for developing a photo-patterned film, the method being

15 subétantially as hereinbefore described with reference to the Examples.

-
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CLAI IVB 1. A nmethod of treating-a froma photolithographic
process produci ng a gamma- butyrol actone wa ream consi sting essentially
of the followi ng steps: (a) collecting the waste s ream at a pH of about 8

to 10; (b) acidifying the waste streamto a pH of : gnd (c)
aerating the acidified waste streamin an acti vat ed n%%lﬁ Ech
aerobi cal ly netabolizing the gama- bul Tactone a F mi ng jwat er

and carbon di oxi de and reduci ng the biol ogi cal oxygen demand of the
ganmma- butyrol actone. 2. The nmethod of claim1 conprising aerating the
acidified waste strean1for atime. sufficient to reduce the biol ogical
oxygen demand b | east about 95% 3. net hod of treating a waste

stream from MF iHOR JReAAT INE)PBI&&L}%QG&A&%H& BEYELOBER MIP wast e
stream congl.si.l.0q. i t he
waste stre r]|§ rER ngﬁaﬁbﬁ@%éaﬁwga@mﬁéé@E&MK%m to a
pH of about 7.5 to B..5; it e screamin an
activated bi omass c%&@%@?@%ﬁE%%ﬁﬂﬁgﬁ}énzyl al gohol
and thereby form ng water and carbon di oxi de and reduci ng the bi ol ogi cal
oxygen demand of the benzyl alcohol. 4. The method of claim 1l conprising
aeratig TRACETfi ed waste streamfor a tine sufficient to reduce the

bi ol ogl ca oxygen demand by at | east about 95% 5. A nethod of treating a
waste stream from a photolithographic process, wherein the waste stream
cont ai ns photoresi st and gamm but yrol actone and the nmethod consists
essential |y of Ahmethod lisdiscigsesit fopasing dhe simpleg envirgnndntallyafriendlyt orgamicat a pH

of about 8 to 10;
compounds gamma-butyrolactone and benzyl alcohol to develop and to strip free

radical-initiated, addition polymerizable resists, cationically cured resists and solder

10 masks and Vacrel photoresists. In all cases the developers and strippers include gamma
butyrolactone or benzyl alcohol. The developers and strippers optionally also inchide a
minor amount of methanol, ethanol, isopropyl alcohol, propylene glycol
monomethylacetate, ethylene glycol monomethyl ether, formamide, nitromethane,
propylene oxide, or methyl ethyl ketone, acetone and watef. During development of

15 the photopatterned resist or solder mask, the unpolymerized regions are dissolved in the

disclosed developers.
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'('b)'\ aci difying the waste streamto a pH of about 7y

:: s

aerating the acidified waste streamin an activate
aerobi cally netabolizing the gamma-butyrol act one afd t her
and carbon di oxi de and reduci ng the biol ogi cal oxydeRefe
stream 22 6. The nethod of claim510herein a € stream having a
bi ol ogi cal oxygen demand of about 960 ppmis aerated at | east about 48

o St o b ied Fioas thepheiorRst o talfcmade TR e S'r%o%abf%ew?w@gﬁiws Y
Coon ot L #weéssé’ﬁf&d‘ﬁ?%dz b BB processkl” aa?‘a‘nﬁﬁﬂe o, B hrdpiEs:, %e%b%éetem
[err] /L %WJ&M%M#H&@P 313folt hsaewm b%,h{ 9&1& gﬂ %f g&

| OITHSS r (0] reating a

[err] /L at the end the tréat nment

waste str E%Ebf‘ersﬁfno? sBitel Mdsk hedr Gy Enptiritie€.s 8FheV‘JSU‘}t‘ﬁlﬁbﬁ!yt i&@igﬁ@@ (ESSPagam
contai ns benzyl al cohol and photoresi st and the nethod consists essentially

of the foNoov§,095,9840sF J.(A2) smmlbﬁptamaglctmeungért forsChéeaithb Pré Teddt@enta et 8
to 10; (b) aC|d|fy| ng the waste streamto a pH of about 7.5 to 8.5; (c)
aer ati ng Biudogicald Desteattions b€ Bropglane i Carbonate (Wasie éirdanmnﬁﬁmlema[ﬂitﬂammto
aerobi cal | y netabolizing the benzyl al cohol and thereby formng water and
carbon di Beiupe thediolegicel GyygencDemand Fhereof desgriles admetind of freatieg W@S@@SS
stream 10. The nethod of claim9 wherein a waste stream having

bi ol ogi calNVa¥RPHEAMFOMAIRNG fthe Henbicsiseradahle iselvert; propyleng cqlréasqte adéawem
,hﬁtj (r)st hélg(prgﬁfsfge Lo e%len(c::lasallarncgv?defz{J lrnte %rd f819 grgadnfgl tﬂg v&a?tg s%r% S W. 1(31 es1(i]1t r13r% alr

developing or stripping photoresists and solder masks with gamma-butyrolactone and/or

benzyl alcohol.
SUMMARY OF THE INVENTION
According to one. aspect of the present invention there is disclosed a method of
treating a waste stream from a photolithographic process producing a gar;lma—
butyrolactone waste stream consisting essentially of the following steps: (a) collecting
'_ the waste sﬁwm at a pH of about 8 to 10; (b) acidifying the waste stream to a pH of
about 7.5 to 8.5; and (c) aerating the acidified waste stream in an activated biomass
capable of aerobically metabolizing the gamma-butyrolactone and thereby forming water
and carbon dioxide and reducing the biological oxygen demand of the gamma-
butyrolactone. |
According to another aspect of the present invention there is disclosed a method of
treating a waste stream from a photolithographic process producing a benzyl alcohol
waste stream consisting essentially of the following steps: (a) collecting the waste stream
at a pH of about 8 to 10; (b) acidifying the waste stream to a pH of about 7.5 to 8.5; and
(c) aerating the acidified waste scream in an activated biomass capable of aerobically

metabolizing the benzyl alcohol and thereby forming water and carbon dioxide and

reducing the biological oxygen demand of the benzyl alcohol.



mai ntain the amount of dissol ved oxygen in the biomass at 1.5 pomto 2.5
ppm 12. The nmethod of claim9 wherein the respit bi omass
i s mai ntai ned between about 100 to 60 m [err] IRgpLAbEmmgsﬁfﬁE ugion
addition of the waste streamto about 15 ml [erl] Zb§ qgg at}} the end
of the treatnent. - 23 - 13. The netHod of I@&én..l ....ggser -eint
stripping solution conprises benzyl alcohol. claim 1l

et hod of Zfl‘Fﬁ RRIGR Pt eREE Mhiser 7Y tﬂmmeaﬁ% PR B8, g oA o

and from ghopt Ggsgerom
a group consi st| nére%‘?n%e% %{r E‘% F%rh:&@g& giaiﬁﬁb ?1%%1 %S?e?)}ﬁ)y ene

gl ycol m@&ﬁﬁh%hta%fseﬂlﬂit&esﬁﬁﬂ@g’ﬂxﬂﬁa blykdlTBie At the QﬁéilSWd EoMRisB¥ésIentialt hy |
et hyl ketone, and water. 16. The net hod of claim 11 wherein the stripping
sol uti on &Pnhe ifslkewipgsigpsb U (a)r coliecting) eheawaktd s@ean o Ul pl. df dbduaigowt 10;,0(b)

wei ght percent of an additive selected froma group consisting of nethanol,
et hanol , iasiipfyinpy theawastd streamiopypErof apoyicdlS wodSyenty(t) acrating the hcidifiedi de,
ni t romet hane, propyl ene oxide, nethyl ethyl ketone, and water. 17. The

met hod of veistd stream i @neactivated Wipmassceappble safsacrebigailyt metabolizing the gamma-

butyrolactone and thereby forming water and carbon dioxide and reducing the biological
oxygen demand of the waste stream.

According' to still another aspect of the present invention there is disclosed a
method of treating a waste stream from a photolithographic process, wherein the waste
stream contains benzyl alcohol and photoresist and the method consists essentially of the
following steps: (a)_ collecting the waste stream at a pH of about 8 to 10; (b) acidifying
the waste stream to a pH of about 7.5 to 8.5; (c) aerating the acidified waste stream in an
activated biomass c;apable of aerobically metabolizing the benzyl alcohpl and thereby
forming water and carbon dioxide and reducing the biological oxygen demand of the

waste stream.



18-.~ The nmethod of claim 11 wherein the filmconprises a_sol der mask. 19.

The net hod of cl ai erein the filmconprises [ [ St 31 The
met hod of cl ai mWWE\M conpri ses aI S ?“53{]'-9\73@% .fﬁﬁf%ET% _elet
HasBeen Repl aced %ﬂm ' »The met hod of ¢ 3 ke gpe {li I m
conpri ses a photote - /-rret hoflof cl ai m|LIoWHET 1"§Egﬂg9*f-r-1

conprises a solder mask. 32.s nmet hod of claim 11 further conprising

scrubbing the filmand substrate witlp q%mges during exposure to the
stripping solution. 23. A nethod of f[é ricating an electronic circuit

PoCkase SHrmiA Spaiod bevsuaies hadonsenieds sMElAImS o o aben
Ci r cui t i Zjangnd-batysolbstbnawaste atrdars congifting@sicntialle oPthei followigisapssi St ,
wherein solvent is the agent for one or both of developing the resist and
st ri ppi ng t hda) edlesting thedwasitee stedam glospHuof aboutvetat 10;s evol ved duri ng
fabrication of the electronic circuit package, said process including the
further stepdbbaeidifying the waste stream to a pH of about 7.5 to 8.5; and
(©) aerating the acidified waste stream in an activated biomass capable of
aerobically metabolizing the gamma-butyrolactone and thereby forming water and carbon
dioxide and reducing the biological oxygen demand of the gamma-butyrolactone.
2.  The method of claim 1 comprising aerating the acidified waste stream for a time
sufficient to reduce the biological oxygen demand by at least about 95%.
3. A method of treating a waste stream from a photolithographic process producing a
benzyl alcohol waste stream consisting essentially of the following steps:
(a) collecting the waste stream at a pH of about § to 10;
(b) acidifying the waste stream to a pH of about 7.5 to 8".5 ; and
(c) aerating the acidified waste scream in an activated biomass capable of
aerobically metabolizing the benzyl alcohol and thereby forming water and carbon
dioxide and reducing the biological oxygen demand of the benzyl alcohol.
4.  The method of claim 1 comprising aerating the acidified waste stream for a time
sufficient to reduce.the biological oxygen demand by at least about 95%.
5. A method of treating a waste stream from a photolithographic process, wherein the
waste stream contains photoresist and gamma butyrolactone and the method consists
essentially of the following steps:
(a) collecting the waste stream at a pH of about 8 to 10;
(b) acidifying .the waste stream to a pH of about 7.5 to 8.5; and
(c) acrating the acidified waste stream in an activated biomass capable of

aerobically metabolizing the gamma-butyrolactone and thereby forming water and carbon

dioxide and reducing the biological oxygen demand of the waste stream.



a. renoving_the sol vent bearing fumes fromthe process; b passing the
sol vent beari'ni fumes t hrough am aqueous al kal i ne I;ﬁgpﬂde@,;é@ffslil@?réﬁe
f

sol vent theref ﬂm’ vering scrubbed ajir substantially (free
of solvent. 24. f*mm lmmman treating a WaS.q:)at§.t_2__E&I$EEf_!m_"§
phot ol i t hogr aphi'c Protes® produci ng a géfma- but yr ollaetenewasta stro
conprising: acidifying the waste streamto a pH of about 7.5 to 8.5;

i di fy . pH of about 7.5 to 8.5
vt o1 andcar b g ol f PSS MR el MEA TR BIGUTIER e P "

gamra- but off Hodt Y60 Bpm i aérafedest ledsPsboue 28 nowm! aced  -.25 - 25. The
met hod of claim 24 conprising aerating the acidified solution for a tine

suf fi ci enfl. t oTheeigthodtdfe]4iinod daitkes|compyising the 5By of b%ar?ﬁlig!aﬁaﬁﬁo RUHOmIRY0
26. A method of treating a waste streamfrom a photolithographic process
5  pr oductorgaiataire tieydmaaint ofidissolmed exygen émthediomasssit 15 pmaitel 2fy/ppra. t he waste
streamto a pH of about 7.5 to 8.5, aerating the acidified waste streamin
an acti val-ed Biomgthod: ofcelainy 5f whmehgﬂwmeanaa?u rﬁwlrddbtingcbimgeis angintagigbdci ng

[ ' nzyl al cohol .
the biol ngeltv?/gén gl:)u(o){l%elr(])Odtce) Onrcrill (gz }[I[1 (e)f l‘tjaieoma)és/hr upon addition of the waste stream to

-about 15 ml Oy /L biomass/hr at the end of the treatment.
9. A method of treating a waste stream from a photolithographic proc;ess, wherein the
waste stream contains benzyl alcohol and photoresist and the method consists essentially
of the following steps:
(a) collecting the waste stream at a pH of about 8 to 10;
(b) acidifying the waste stream to a pH of about 7.5 to 8.5; |
(c) aerating the acidified waste stream in an activated biomass capable of
aerobically metabolizing the benzyl alcohol and thefeby forming water and carbon
dioxide and reducing the biological oxygen demand of the waste stream.
10. The method of claim 9 wherein a waste stream having a biological oxygen demand
of about 860 ppm is aerated at least about 48 hours.
11. The fnethod claim 9 further comprisiﬂg the step of sparging air into the biomass to
maintain the amount of dissolved oxygen in the biomass at 1.5 ppm to 2.5 ppm.
12. The method of claim 9 wherein the respiration rate of the biomass is maintained
between about 100 to 60 ml O, /L of biomass/hr upon addition of the waste stream to

about 15 ml O, /L biomass/hr at the end of the treatment.



27. The nmethod of claim 25 conprising aerating the acidified.sol uI.J:on
for a tinme sufficient to reduce the biological oxyg e e, @t‘aé'{e
a%%zf o sgh hag
to

about 95 % 28. A nmet hod for devel opi ng ‘a phot o-
met hod being 15 substantially as hereinbefore desc |8§d _r_,e_f..e..r..en
t he Exanples. . jpewe et
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METHOD FOR TREATING PHOTOLIGHOGRAPHIC DEVELOPER AND
STRIPPER WASTE STREAMS CONTAINING RESIST OR SOLDER MASK AND
GAMMA BUTYROLACTONE OR BENZYL ALCOHOL

ABSTRACT

A method is disclosed for using the simple, environmentally-friendly organic
compounds gamma-butyrolactone and benzyl alcohol to develop and to strip free
radical-initiated, addition polymerizable resists, cationically cured resists and solder
masks and Vacrel photoresists. In all cases the developers and strippers include gamma
butyrolactone or benzyl alcohol. The de.velopers and strippers optionally also include a |
minor amount of methanol, ethanol, isoﬁropyl alcohol‘, propylene glycol
monomethylacetate, ethylene glycol monomethyl ether, formamide, nitromethane,
propylene oxide, or methyl ethyl ketone, acetone and water. During development of
the photoﬁattemed resist or solder mask, the unpolymerized regions are dissolved in the

disclosed developers.



