METHOD FOR TREATI NG PHOTOLI THOGRAPHI C DEVELOPER AND STRI PPER WASTE STREAMS
CONTAI NI NG RESI ST OR SOLDER MASK AND GAVMNVA BUTYROLACTONE OR BEdE¥ 28 COHOL
Cross- Reference to Related 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. Background of the Invention

Phot ol i t hography plays a critical role in the art of printed circuit
packagi ng. Photolithography is used to define in a thin film of photoresist
t hose regions either fromwhich coppet is to be selectively etched to
subtractively form circuitization, or selectively plated to additively
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Background of the Invention

Photolithography pla):rs a critical role in the art of printed
circuit packaging. Photolithography is used to define in a thin
£ilm of photoresist those iregions either from which copper is to be
selectively etched to subtractively form circuitization, or

. selectively plated to additively form circuitization. .

There are basically two types of photoresist: negative acting
and positive acting. Positive photoresists 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 vhere copper is desired, i.e.,

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

When a negative photoresist is selectively exposed to the
partlcular radiation to which it is sensitive for an adequate
perlod 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 x;vhich have been exposed to
"radiation are hardened thereby by cross-linking and made more
resi:étant to developer, relative to the unexposed regions. On the



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. Photolithographic processes in packaging are
described in M croel ectroni cs Packagi ng Handbook, Pub. Van Nostrand

Rei nhol d, "New York, 1989, Tummal a et al., eds. on pages 898-903, in
Principles of Electronic Packaging, MG aw H || Book Conpany, New YorKk,
1989, Seraphimet al., eds. in Chapter 12, pages 372-393 and in Scientific
Encycl opedia, 6th Ed., Vol Il, Pub. Van Nostrand Rei nhol d Conpany, New
York, 1983, Considine et al., eds, pages 1877-1881, all of which are

I ncorporated herein by reference for use as background. In general

negat i ve- wor ki ng resists i ncl ude t hose phot opol yneri zable material s
of the type described in U S. Patent jNo. 3,469,982, U S. Patent No.
4,273,857 and U.S. patent No. 4,293,635 and the photocrosslinkabl e species
of the type di sclcgrsng in US. Patent No. 3,526,504. |ncl udeg in_the
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di met hacPyEasEples of Zlegiglophe Backasing, MoGnagcHylhiBook Company, New

di et hyl gbpk prase ,dsacapriat et agl.ycets0l idlicaapydmitie, pagesr opytzawe aghycol

di acryl atg, scib¥e£f R Eddyctcadidl Ceth Ed.I,MRLAYEE! PE@PANEa YA AhAL €,

pent aer ykglirll 8 d cénlz‘sa%%ty_glg&eYork,pci|9X,93(yce(}ng¥1i?}u—ze det 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 W.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-diethylaminoethyl 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-cyclohexanediol diacrylate, 2,2~
dimethylolpropane diacrylate, glycerol diacrylate, tripropylene
glycol diacrylate, glycerol triacrylate, trimethylolpropane
triacrylate, pentaerythritol triacrylate, polyoxyethylated
triniéthylolpropane triacrylate and trimethacrylate and similar
compounds as disclosed in U.S. Patent No. 3,380,831, 2,2-di-(p-

. hydroxyphenyl) -propane diacrylate, pentaerythritol tetraacrylate,
2,2-di (p-hydrohyphenyl)-propane dimethacrylate, triethylene glycol
diacrylate, polyoxyethyl-2,2-di(p~hydroxyphenyl)~propane
dimethacrylate, di-(3-methacryloxy-2-hydroxypropyl) ether of



trinmethyl ol propane triacrylate and trinethacrylate and simlar conmpounds as
disclosed in U S. Patent No. 3,380,831, 2,2-di-(p- hydroxyphenyl)-propane
di acryl ate, pentaerythritol tetraacrylate, 2,2-di(p-hydrohyphenyl)-propane
di met hacryl ate, triethylene glycol diacrylate, pol yoxyet hyl - 2, 2-di
(p- hydr oxyphenyl ) -propane di nethacryl ate, di - (3 -nethacryl oxy-2
- hydr oxypr opyl ) et her of -3- bi sphenol -A, di-(2-nethacryl oxyethyl)
et her of bisphenoI-A, di - (3- acryl oxy-2- hydroxypropyl) et her of
bisphenol i -(2- acryl oxyethyl) ether of bisphenol -

-(3- nethacryloxy 2- hydroxypropyl) et her of
tetrachloro bi sphenol - A -(2- nethacryl oxyethyl) ether of
t et rachl or o- bi sphenol - A, di-(3= met hacryl oxy- 2- hydr oxypropyl ) ether of
tetrabronn-bisphenoI-A, di- (2- net hagryl oxyet hyl) ether of
t et r abr ono- bisphenol A I - (3- methacryl oxy-2-hydroxypropyl) ether of
1, 4- but anedi ol (3- nethacryloxy 2- hydr oxypropyl ) ether of diphenolic
acid, t Plléﬂﬁ?l‘%'lné‘ gﬁlc@ ~methagmdopygtiulatether of bispigaopy | i (Fet Hyl ol
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| east al¥3¥c°300. dlmethacrylate, 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-
- fumarate, - styrene, 1,4~benzenediol dimethacrylate, 1,4~
diisopropenyl benzeﬁe, and 1,3,5-triisopropenyl benzene.

In addition to the monomers mentioned above, the photoresist
material can also 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 polyvalkylene 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 inactive at and below 185°C include
the substituted or unsubstituted polynuclear quinones listed in the

following: 9,10~-anthraquinone, 1~chloroanthraquinone, 2~
chldroanthraquinone, 2-methylanthraquinone, 2~
tertbutylanthraquinone, octamethylanthragquinone, 1,4-
* naphthoquinone, 9,10~phenanthrequinone, 1,2-benzanthraquinone, 2,3~
benzanthraguinone, 2-methyl-1, 4-naphthone, 2,3~
dichloronaphthoguinone, 1,4-dimethylanthraquinone, 2,3-

dimethylanthragquinone, 2~phenylanthraquinone, 2,3-



Mononers of this type are an al kyl ene or a pol yal kyl ene gl ycol diacrylate
and those described in U S Patent No. 2,927,022. Free radical initiators
whi ch can be activated by actinic radiation which are thermally inactive at
and bel ow 185[err] C i nclude the substituted or unsubstituted pol ynucl ear

qui nones listed in the foll ow ng: 9, 10- ant hr aqui none,

1- chl or oant hr aqui none, 2- chl or oant hr aqui none, 2- met hyl ant hr aqui none,
2- tertbutyl ant hraqui none, oct arret hyl ant hr aqui none, 1, 4-

napht hoqui none, 9, 10- phenant hr equi none, 1, 2-benzant hraqui none, . 2, 3-
benzant hr aqui none, 2-met hyl - 1, 4- napht hone, 2, 3-

di chl or onapht hoqui none, .1, 4-di et hyl ant hr aqui none, 2, 3-

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 anthraqui none, sodium salt of
ant hr aqui none alpha sul fonic acid, 3-chloro-2- nethylanthraquinone
reteneqU|§pne 10-tetrah dron ht hacenequi none, and 2,3, 4-

t et r ahydr 68ﬂ§n¥¥5nt RERH NS - SRELANERRRATUIRCRE | %ﬂ%ﬂ?o?ﬁ}?l%ﬁ()rs of
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ot her redqghpgh S rﬁ%&QEéP _Patent Nos. 2,850, 445;
2,875,047; 3, 096; z f% J&gggtgg and 3,145,104 as wel | _as dyes

of the phenaz.%ﬂer R ot °t3halt PRéNSE Ehifh bme paghpe, HeTmRapne.
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3,549, 367 can Rgedi3Rda dﬂ%&:&a@éﬁﬁ% natlRg %L&@@B@Q&@&Qﬁea&é}{@%{?gs of

U.S. Pat ergescrlbed 341 ?‘g %%e%ts%os. 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. In 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, i.e.,
polymethyl methacrylate and polyethyl ﬁethacrylate; polyvinyl
esters, 1i.e., polyvinyl acetate, polyvinyl acetate/acrylate,
polyvinyl acetate/methacrylate and r_xydrolyzed'polyvinyl acetaté.;
ethylene/vinyl acetate éopolymers ; polystyrene polymers and
copolymers, i.e., with maleic anhydride and esters; vinylidene
chloride copolymers, i.e., vinylidene chloride/acrylonitrile;
vihylidene chloride/methacrylate and wvinylidene chloride/vinyl
acetate copolymers; polyvinyl chloride and copolyiners, i.e.,

> polyvinyl chloride/acetate; saturated and unsaturated
polyurethanes; synthetic rubbers, i.e., butadiene/acrylonitrile,
acrylonitrile/butadiene/styrene,
methacrylate/acrylonitrile/butadiene/styrene - copolymers, 2~



useful as initiators. In addition sensitizers described in U S. Patent No.
4,162,162 in conbination with photoinitiators and photoi nhibitors are
useful . Polyneric binders which can be used alone, or in conbination with
ot her of the same or other polynerizable nononers include the foll ow ng:
pol yacryl ate and al pha-al kyl polyacrylate esters, i.e., polynethyl

nmet hacryl ate and pol yethyl nethacryl ate; polyvinyl esters, i.e.
pol yvinyl acetate, polyvinyl acetate/acrylate, ponV|nyI

acet at e/ net hacryl ate and hydrol yzed pol yvi nyl acetat e; ethyleneIV|nyI
acetate copol yners; polystyrene polyners and-copolyners, i.e., with nmaleic
anhydri de and esters; vinylidene chloride copolyners, 1i.e., vinylidene
chloride/acrylonitrile; vinylidene chloride/ methacrylate and vinylidene
chl oride/vinyl acetate copolyners; -pelyvinyl chloride and copol yners,
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po ycarhonates, po yv:.nyl acetal i. e., polyvlnyl butyr
polyv:mgl 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, kalonitesi, and the like can be
used. ' .

Where aci;ueous developing of the photoresist is ‘desirable the
pinder should contain sufficient acidic or other functionalities to
render the :composition processable in the aqueohs developer.
Suitable agqueous—-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 methacrylate,
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
éompositions. Such inhibitors are: p-methoxy-phenol,
hydroquinone, alkyl and aryl-substituted hydroginones and quinones,
tert-butyl catechol, pyrogallol, copper resinate, naphthylanines,

» beta-napthol, cuprous chloride, 2,6-di-tert-butyl-p-cresol,
phenothiazine, pyridine, nitrobenzene and dinitrobenzene,
p-toluequinone and chloranil. Also useful for thermal



pol yvi nyl formal; polyformal dehydes. In addition to the polyneric binders
| i sted above, particulate thickeners such as described in U S. Patent No.
3,754,920, i.e., silicas, clays, alum na, bentonites, kalonites, and the

| i ke can be used. \Were aqueous devel oping of the photoresist is desirable
t he 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 acrylate or nethacrylate, acidic filmform ng conononer and an
al kyl or hydroxyal kyl acrylate such as those described in U S. Patent No.
4,293,635 can be included. Nornmally, a thermal polynerization inhibitor
will be present to increase the stabi§ity during storage of the

phot osensitive conpositions. Such inhibitors are:

p- met hox %%rp uinone, al kyl and aryl -substituted hydrogi nones and
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In preparation of these formulations generally inert solvents
are employed 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, “tetrahydrofuran,
dioxane, dicyanocyclobutane and l-methyl~2-oxo-hexamethyleneimine,
and mixtures of these solvents in various proportions as may be
required to attain solutions. Antiblocking agents to prevent the
coa_.tingé 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 film 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-
toluenesulfonanide. .

Photoimagable compositions are also utilized as solder masks
in wvarious 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



An exanpl e of such photosensitive conpositions is described in Table | of
U S. Patent No. 4,693,959. In preparation of these fornulations generally
inert solvents are enployed which are volatile at ordinary pressures.
Exanpl es i nclude al cohol s and ether al cohols, esters, aromatics, ketones,
chl ori nated hydrocarbons, aliphatic hydrocarbons, m scell aneous sol vents
such as di net hyl sul f oxi de, pyridine, tetrahydrofuran, dioxane,
di cyanocycl obut ane and 1-net hyl - 2- oxo- hexamnet hyl enei m ne, and m xtures of
these solvents in various proportions as may be required to attain
solutions. Antiblocking agents to prevent the coatings from adhering to
the supporting filnms can also be included. Wth sone polyners, it is
desirable to add a plasticizer, either solid or liquid, to give flexibility
to the filmor coating. Suitable plasticizers are described in U S Patent
No. 3,658,543. A preferred liquid plasticizer is
nol yl phenoxypol y(et hyl eneoxy),- et hanol . A referred solid ,
pl asti cidféf’rlb‘?‘g AN\ Fh??l-lr?ﬂlf“él‘b'eﬁwegﬁ?ef"&n%iﬂ?dé.f2%?10?%?1‘@9&5?6”&5@09 tions
are al sa&,u5Ll, 7eed 4a3380k%er 4rA6KS0H5n 4 )00, 08%; 4,0685401;ak, 699 opEgSeEsS.
In  suchy, sappkisatd @4, &7 Phat ebipaah| €, LRYPES) td,081] $7disadedy, #apl yi ng the
conposi tjan,to,prifited circuit board and fol |l owed by photoli.thographic
t echni ques t§ expose various, underlying features on the board while masking
others. Duri H§*EHECSBIEr PRGUPFOYES sSCAHEN S der PRPFIIRIBBIT ST t he
exposed nasdterisy idegcedhpbniont® S- | Patenthdives SaPys 1924t ashdonesd der Hhesk
mat er i alasidgheemuosat ek spebsdhiat apglieatidiy app¥idiesuly bhe waiphoprd ate
Tet N0S, snd BpoXUP! Geftid abp rBeBELIL. 1iuld2kl §.R10LOIERGANS

an

conposi tions i.ncludi ng, nan at, use epoxi.e re ..
dl 5,026,624 C'it:eaghes y :merovedp pho%ogmagable 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 polyol resin which is a cohdensation
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 epoxidized octafunctional bisphenol A
formaldehyde novolak resin haviﬁq 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 aboQit 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
from a medium pressure mercury lamp through a phototool which is
opaqﬁe in the areas where 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



described in the following U S. Patent Nos. 4,279, 985; 4,458, 890;

4,351, 708; 4, 138, 255; 4, 069, 055; 4, 250, 053; 4, 058, 401; 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. More recently an inproved cationically photoi nagabl 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 is incorporated herein by

r ef er ence. In fact U S. Patent No. 5,026,624 teaches an i mproved
phot oi magabl e cationically polynerizabl e epoxy baséd coating material .
The material includes an epoxy resin system consisting essentially of

bet ween about 10%to about 80% by wei ght of a polyol resin which is a
condensati on product of epichlorohydrin and bi sphenol A having a nol ecul ar
wei ght of between about 40,000 and 139¢,-000; between about 20% and about 90%
by wei ght of an epoxidi zed octafunctional bisphenol A formal dehyde novol ak

resin havi ng.a nol eculiaer o\é\eisgct of éllia Q0 tq 10, 000; a(?d b tvveeanabout 35%
agly ’

and 50% Dy wei pﬁ;eg?m N ShoXTdt F8F APy TSP hEP 3R & r BBFBHo V8 sphenol A

havi ng am8P&cttarTaRePght of between about 600 and 2,500 if flane resistant
properties ar&ndgesceedingloefdliisver eeiking pebéatd SuasdededbottasOofl the about 15
parts. Py i¥aLeAt £pBE Q0 d?%&&éll?f ﬂeﬁgbéa qfrpg_ el | QiieRcRNOE Ol NitihAlar capable
of initiag . i zat | of. sal d_epoxi di.zed. yesi.n .sysfem_ .upon

expose ?%Eggégﬁ%éggarfgdfgggﬁﬁﬁte %gp??%%ﬂﬁ.Pt aa?%ﬁ%iFogsn%.%%9fp%“Pﬁ an
amount ofSPARYtTPELEAF 2 GUpATIE Y Siveynt miBytesecndesd: Peeesdinfer nask

mat er i al tihe portreiulpr cypeset] photelesisti @nposi tficonsee hbgdiidmigvedsgpere nercury
| anp t hr elagh 1Be pROtAIPAL Wigahid S sBPRGHE A (LRedh€aToMECIch LBE Sal der nask

| S 10 be f:auBuatl PLIET X RASHLELTBelVig AFlA b0Mupd B, CLl g4l Ly A0ALAS are
baked for a_gshori ti to accelerate the crosshinki ng reActl'on initiated by
t he sul foc?ﬁml’.?r}flggﬁn p%t%f’?giué FHYGREL &0 agBgRys tk@'ﬁﬁegat P8 HetsiEen

aqueous developer. _

Methyl. chloroform (MCF), a/k/a !1,1,1l-trichloroethane, and
methylene chloride (MC), a/kfa dichloromethane are solvents which
are widely used in the electronic packaging art and in other arts
for developing and removing a number of photogesists which are
otherwise resistant to chemical -attaqk{ ‘Highly -alkaline
electroless copper plating bath used in additive processes, for
example, typically provides a harsh environment for photoresist.
In general, tﬁe more chemically impervious resists are removable in
an organic solvent such as methylene chloride. For less demanding
chemical environments, agueous 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,
enviromments in which the aquecus resists are vulnerable.

. Use of 1,1,1l-trichlorcethane and methylenhe chloride is
disfavored because of growing environmental concerns over the
, effect of gaseous halogenated hydrocarbons on the depletion of
earth'’'s ozone layer and concerns over introducing suspected
carcinocgens to the atmosphere. Several countries have set goals

for their total elimination. However, there contimme to be many




about 100[err]C and 150[err]C and ti nes between about 2 and 10 m nutes are
-8- used. An exanple of such fornmulations is given in U S. Patent No.
5,026,624 Table |I. In processing negative working resists, unexposed areas
of the imaged filmare typically renoved fromthe surface of a printed
circuit board or substrate by action of a |liquid developer in a spray form
for a duration of several mnutes or | ess. Depending on the particular type
of photoresist conposition the Iiquid devel oper may be a sinple organic

sol vent, an aqueous solution of an inorganic base, or as described in U S
Patent No. 3,475,171, a conbination of organic solvent and aqueous base to
forma sem - aqueous devel oper. Methyl chloroform (MCF), al/k/a

1,1, 1-trichloroethane, and nethyl ene chloride (M), al/k/a dichloronethane
are solvents which are widely used Lngthe el ectronic packaging art and in
other arts for devel oping and renovi ng a nunber of photoresists whi ch are
otherwise resistant to chem cal K attack. ly alkaline

el ect r ol BREULYHPEATHI BRASTTSBACR WRED P5P afidiesives r‘)’P&EEsasrésaqP%‘Pu%b’anpl e,
t ypi cal | jepebrpaide simplwshisenvt rimasébhief or photoresist. In general, the

nmore cheni caltye | FRGLNEBUS thE&SIfHre AddtiArEYY abd € delr8h Cfro&anhﬁg&oia/ent such
as met hy Okt I%cEhald esbstcsieffa{@-egl S Barfa V] fOnIEC Mo cous

developa E t oresi st e ade € Qrgani ca Vel opa

resists, gﬂgb‘g OVt PﬁUe %/ Veﬁgsug‘éﬂ‘ mReh FRACAE ‘Fd?aég"sfaﬁﬁbﬁé?ge?ﬂﬂ r onrrent

and in tﬁévw¢mer6&ﬁdrmrtenﬁnt$ Migh treshertt 5gi Sammabibifyuntokdaitd 4 h

acryl at eabaseey nesestecttiaisasidibBantshe1R-sirfen Wask@Baaspb<sql,vapility

process- gBl ee8pbflel BRI IHE oA SeddiBs BURANT a¥RCESIpatql: AE, SRSl i es,
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
environmentally friendly alternative to 1,1,l1-trichloroethane and i
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. X. Vérdya for Photoresist Develop
and Strip Solvents and Method for Their Use, incorporated herein by
reference, describes the use of propylene carbonate, gamma-
butyrolactone and benzyl alcohol as alternatives to halogenated
hydrocarbon developers and strippers for use in developing and
stripping 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
from the group consisting of propylene carbonate (PC) gamma
butyrolactone (BLO) and benzyl alcohol (BA). The develoﬁing

» process occurs at about 25 to 45 degrees centigrade and the
stripping process cccurs 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 -



environments in which the aqueous resists are vul nerable. Use of
1,1,1-trichloroethane and net hyl ene chloride is disfavored because of
growi ng environmental concerns over the effect of gaseous hal ogenated

hydr ocarbons on the depletion of earth18 ozone |ayer and concerns over

I nt roduci ng suspected carci nogens to the atnosphere. Several countries have
set goal for %5 r total elimnation. However, the nti nue to be many
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sinmplicity of conmposition, and conpatibility with a spectrum of resists.

Al ternatiNee 52995 entst JfAOr SEirtleffPiang Kol vegdr fdrachémicl ProTredh@bRr 88d St S
are also described in I BM Technical Disclostre Bulletin, June 1989, p. 302,

publ i sheBislogioygimDesiriictionT berRropl¢se Earbonay eWanelStreabise Efflgent rSipfisetb i n
the art to provide environnentally friendly alternative to

1, 1, 1- t r Relibezr thetBialogicahOxypgenhPémaed Théreof dbscribidse metiod wif treatisg gpeoceks S.
Patent No. 5,268,2.60 of N.R Bantu, Anilkumar Bhatt, Ashw ndumar Bhatt,

G W JonegsteJsiream ¢astaining the npn-bigsisatadeble isolvpaippronplens carhauata. HOWWdya
for Photoresist Develop and Strip Solvents and Method for Their

i ncor por a%‘zjomeéﬁf?rwe? BrQvide? élet@ésfef freating; the Weste streamp o\éwhemulé ﬁrtoﬁbnat e,

ama-
g 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
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 benzyl alcohol
is the agent for one or both of developing the resist and stripping the resist, and wherein
gaseous benzyl alcohol is evolved during fabrication of the electronic circuit package,
said process including the further steps of: a. removing the benzyl alcohol bearing
fumes from the process; b. passing the benzy! alcohol bearing fumes through an aqueous
alkaline liquid to scrub the benzyl alcohol therefrom; and c. recovering the scrubbed air
substantially free of benzyl alcohol.

According to another aspect of the present invention there is disclosed 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 gamma
butyrolactone is the agent for one or both of developing the resist and stripping the

resist, and wherein gaseous gamma butyrolactone is evolved during fabrication of the



but yrol act one 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 Vantel 700 and 900 series. U.S. Patent
No. 5, 268, 260 descri bes devel opi ng and stripping the radi ati on-exposed
resist in a high boiling solvegt sel ected fromthe group consisting of

pr opy| ene &I BYA LTEUY Mefkags niaid Mipcrss inekidings the LT siaps plny reaPwWaEdhe
(BA) . The dev I? igg 5rogess o%purs t _about 25 to 45 degreeﬁ centi grade
and the sERPBR MY BPRCETS BEuies TTeR oM SB° ¢ BIOPBY: dbgrRSSNE el R Al
the end of each process the high bailing solvent ropyl ene bonat e
garma- but yPOrSaeBie DERine e Bllotdhsn iy Sbtis Bl (oS RGuf Myt
phot or esi %ﬁﬁﬁ' | Sopatd.p! ... The
effluentsﬁ%wggﬁég%g fr esbx%%gcgfses r%pfﬁﬁﬁggw§gFﬂﬁ%%@@ﬁgﬁﬁﬁfgﬁ?Fgﬁ%

car bonat epygadH&oRIt yrol act one and/or benzyl al cohol, laden with both

di ssol ved and suspended photoresi st or solder mask and other inpurities.
The commonly assigned U S Patent No. 5,275,734 of J. A Shurtleff, and K P.
Unger for Chem cal Pre-Treatnment and Biol ogi cal Destruction of Propyl ene
Carbonate Waste Streans Effluent Streans to Reduce the Biol ogical Oxygen
Denmand Thereof describes a nethod of treating a process waste stream
cont ai ni ng the non-bi odegradabl e sol vent propyl ene carbonate. However, none
of the references provide a nethod for treating the waste streans which
result from devel opi ng or stripping photoresists and sol der masks with
gama- but yrol 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 fabricating an electronic circuit package conprising the steps of
deposi ti ng photoresi st



onto the circuit package substrate, imaging the photoresist, devel oping the
phot oresist, circuitizing the substrate, and stripping the remaining
phot or esi st, wherein benzyl alcohol is the agent for one or both of

devel oping the resist and stripping the resist, and wherein gaseous benzyl
al cohol is evolved during fabrication of the electronic circuit package,
said process including the further steps of: a. renoving the benzyl al cohol
bearing fumes fromthe process; b. passing the benzyl al cohol bearing funes
t hrough an aqueous alkaline liquid to scrub the benzyl al cohol therefrom
and c. recovering the scrubbed air substantially free of benzyl al cohol.
“According to another aspect of the present invention there is disclosed a
met hod of fabricating an electronic circuit package conprising the steps of
depositing photoresist onto the circui}, package substrate, imaging the

phot oresi st, devel oping the photoresist, circuitizing the substrate, and
stripping the remaining photoreS|st mhereln ganna butyrolactone Is the
agent for one or b&th £ : 3 entsg t he resist,

and- wher ei n gasammiegamahlinytdﬂemﬁmtaﬁm\yo&ﬂ/er:ie @w&sag: fiabsntiain, on of

g ]be R ?Le'ncg%/::.lrsoaé&ﬂﬂt‘i%ht 11{&%?%91511?2'éjbpfé}cgﬁélln'acclnfj@hggnétBGdé ‘”%?2;3“ eps
passi ng the ¢S °%uWa5F’6 pk‘gg??%geﬂ'%?°gﬁ?s&&dﬁn%h ﬁe?)‘b eyaline
liquid to ktieblewed g%(rrﬁammhefreﬁmh@nlttheg efetaidehistarpleseénvariong t he
scrubbed agamsHbatgdliaitopel bee behzyiaraiechall Vis0lweliore. develeh? or Bid ef

Descri pti Oéltﬁf t heberdfM BrBedidmrts &P sq;l%ﬂttﬁréc%khbi@t folder
understandln the present invention, this description includes first a

brief out!TH of t he net hods used to develop and to strip photopatterned
conposi tions. THePHiRT i AB I WALPORREILSE greviharedPhRERLrdIRPLrntildet ai | ed
exarrpl es i (‘Ieilbthec'hnegatlve acting or positive acting) which has been applied

to a circuit board is patterned by exposure of preselected regions
to actinic radiation. To develop the resulting pattern of’
pblymerized and unpolymerized material, the coated board is
contacted with a liquid developer composed primarily of benzyf
alcohol or gamma-butyrolactone either by dipping or spraying. The
unpolymerized'maéerial is dissolved in these developers at low
temperaturé, preferably between 15°C and 45°C.

The dissolvéd 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
containment tank. The removal of the photoresist or. solder mask
can be assisted by a squeegee roll action. The collected soclvent
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 with 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

subtracﬁive etching process. Thereafter, the polymerized

: photoresist or solder mask may be stripped from the beoard,

preferably by spraying with Qémma—butyrolacﬁone_or benzyl alcohol

at elevated temperatures, preferably between 50°C and 100°C. The

stripping solution causes the-polymerized film to swell, debond,



ganmma- but yrol act one or benzyl al cohol is used to develop or to strip
acryl at e-based photoresists or solvent processable solder masks. In brief,
an acryl at e-based or epoxy-based photoi magable 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 devel op the
resulting pattern of polynerized and unpol ynerized material, the coated
board is contacted with a |iquid devel oper conposed primarily of benzyl

al cohol or ganma-butyrol actone either by di pping or spraying. The

unpol yneri zed material is dissolved in these devel opers at | ow tenperature,
preferably between 15[err]C and 45[err]C. The di ssol ved resist or sol der
mask conponents, which consist primarily of nonomers, and devel opi ng
solution are then renoved fromthe-bmard by allow ng the solution to run of
f into a containment tank. The renoval of the photoresist or sol der mask
can be a53|ste o} squeegee [0 act i he II cted Jay be
recycl ed T 6r dTe fﬁerrﬁ%e& “"fdur#)ﬁmg SH %1%%% €d&% Ig mﬁﬁt 1flnttt)attern
t he reS|’?ﬂS‘§I‘i're§‘F‘§t SEFipRIE £7a @évé‘f’%’rﬁtﬁ@ byl gentde &ceubbired¥tom t he
board, pnsisbeabl y "¢ hragist wadericlkoworapoldqr esssi eparigiadlies said/ent s,
such as 4 b@ﬁé"scﬂ.xf‘t&ﬁﬁ' ar&G8bANFenoEE BHome LAY Ihok 88 ONG-<Fad aX Y. q;ye nay
al so be gﬁ |nseonIh?mmg§Jg;|s t hen ﬁ%éi ua&IZ %&Lhe an
addltlve ﬁ g o Subt L ac ? o proce Tﬁerea
polynerlgﬂﬁflﬁHSFoFégl§FerP%Rﬂ(ﬁﬁiuﬁﬁ@% ?ﬁ%/4ﬂ?5§9rFﬁﬁ%dtﬁ?oﬁ?ﬁhég%nard
pr ef er aldnefleyabhby saat edevatdyl gaessmidest yorelffecdldiyevwidth werm\wataxcohThe at

el evat edvdtRAPeFiaisdl @fan Bl Mipahkbya bey Wesiki5g[ anr iewarRdpdPOpeestére The
stri ppi ng,8LLI on causes the-polynerized filmto swell, debond,

t he

The developing rinse and stripping rinse waste streams are
combined and together contain solutions of gamma-butyrolactone
(BLQ) and/or benzyl alcohol {BA) at a range of concentrations aldng
with the dissolved and particulate resist or solder mask. The
polymer, whether solubilized or disperssd, 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 hydrccafbon portions of the organic
solids to CO, and H,0.

The following non-limiting 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
alcchol. Details of the procedures used to reduce the biological
oxygen demand of the combined developing rinses and stripping

, rinses are also provided.



- 13 - i,e, detach fromthe under |l yi ng substrate and fl ake off of the
boar d. The stripping can be assisted by gentle scrubbing with brushes.
The resist particles or solder mask particles and stripping solution are
then renoved fromthe board, preferably by brushing into a contai nnment
tank. Any residual polynerized filmparticles and stripping solution are
rinsed fromthe package, preferably at el evated pressures, preferably with
warm wat er. The water rinse can be replaced by rinsing in | ow vapor i
pressure solvents. The devel oping rinse and stripping rinse waste streans
are conbi ned and together contain solutions of gamma-butyrol actone (BLO
and/ or benzyl al cohol (BA) at a range of concentrations along with the
di ssol ved and particul ate resist or solder mask. The pol yner, whether
solubilized or dispersed, is referredsto herein as "solids." The rinse is
thereafter aerated in an activated biomass to reduce its biol ogical oxygen
demand. ‘gw nicroorgani sns in_the activated bi omass convert the organic
sol vent s, xg%’ﬁﬁﬁ-but Fﬁ%ﬁﬂ?e?ﬁﬂ'ﬁmﬁgﬁgll al cohol, and the hydrocarbon
portions of tHRegerharPeesohptia cdigeharqds Afd Hiry rPO. 2§he Bl [wekeng
non- | i m tdutpiexanpites piodiitel bsidiekposrle HeRaston af-1eetdicdslasst ihor
devel opi ng,PheteRahdL rﬁﬁ@._laea&ﬁ{a)ﬁliﬂ‘% - ba3ed: PRRELOT LS4 SiltS oA doS Al N1
processaq_le% %o!agg{'e maaslég |2vantde\ée ogjlwn sgl tion Icomgg\s:gd ard r’rﬁrnlel y of
gamma- but §TerAatoner s hERZYF A EBRoP* VS naf D11 Swilng AGAST i Mt ing exanpl es
al so pr oFH@NgeE aWrse of ledibt FHFRPLes sHrre fréflse%t‘r"rfﬁbig’rfﬁi wwéeFrer iTPEd
acryl at e-dma=ddppAgparads sbse andjsotaicto sk side awppecipladiingbodyichel N a
strippi NGy SRYt hAA 1GRMRYELThP LB Mda¥ufa 83NERRULYES] FEhENEartOlor benzyl
al cohol . Details, of the procedures used to reduce the biological oxygen
anel. . . . . . .

demand of -t h&>Combi ned devel opi n% rinses and stripping rinses are also
provi ded. Results obtained from the above experimental conditions (Table

II) indicate no significant deviation from the normal process of

using methyl chloroform (MCF) as the developer: The MCF was

obtained as MCF-348PPG, from Pittsburgh Plate Glass. It is

believed that this form of MCF includes inhibitor, such as acid

buffer. However, the gamma-butyrolactone (BLO) and benzyl alcohol

(BA) develop processes were found to be more sensitive to

temperaturé 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 those

noted are deemed to be eguivalents of those in the Tables.



- 14 - EXAVPLE 1 --DEVELOPI NG PHOTORESI ST Si gnal cores having di nensions 24
i nch by 28 inch were obtained after circuit |ine exposure in R ston T-168
and placed in the devel oper while agitating. Experinmental 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 additive copper plating. Line wdths and |ine
flaring were neasured by cross-sectioning part of the panel. Results
obt ai ned fromthe above experinental conditions (Table Il) indicate no
significant deviation fromthe normal process of using nethyl chloroform
(MCF) as the devel oper. The MCF was obtai ned as MCF-348PPG, from
Pittsburgh Plate G ass. It is believed that this formof MCF includes
inhibitor, such as acid buffer. Howeser, the gamma-butyrol actone (BLO and
benzyl al cohol (BA) devel op processes were found to be nore sensitive to
tenperature than was the propyl ene carbonate (PC). These sol vents ¢an be

used in - : that the
devel opjient _and rinse steps in al|TFehkes have been given upper r ki ng
limts @ & whd be ipaahbjidchent t 0 ext aaed Rmsidgres. |Therefore,
ti mes begyon osef no arfe deerred 10 be equijvalents of those | t he
Tables. | S2™EE°- Deve?efgpnent %32? V\aﬁ'ﬁi, Rilnsi Reo; (Mins)

PC 240 23-40 6-12 46-55 <10

BLO 205 16-23 5-9 46-55 5-10

BAa 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
“X~Ar;a (% of rectangle) 95.5 95.7 91.9
Adhesion Strength (gm/mil) 17 14 21

EXAMPLE 2 --8TRIPPING POLYMERIZED PHOTORESBIST

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 times were measured foxr
the various 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.



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 I
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) 17 14 21 EXAMPLE 2

- - STRI PPI NG POLYMERI-ZED PHOTORESI ST Si gnal cores having di mensions 24 inch
by 28 inch were obtained after circuit line exposure in Riston T-168 and
devel oped usi ng propyl ene carbonate. Coupons fromthese panels having
exposed Riston T168 were then tested;gn stripping experinments. The
stripping ability and dissolution tines were neasured for the various
solvents at a range of tenperatures listed in Table Ill. To obtain,

di ssol uti on tTTRESVESIBREEAPEPt CRULE 18RS feE ProPYheRe fABER¥eHA (FY) mai nt ai n
the tenpéngétdpmmapbeiigeraspre r(PLebnin greideing P15804es shogerin Grbte during
stri ppi ngvwi t¥heBlL v sBAwnHIn paserdhe e BgarsHdpi-dfdrrdd ecdid ise6hbhi Ng

brushes le’é@f eﬁntsge ghs :ﬁ%%&%‘%ﬂéﬁlﬁﬂd«: CONGAL LhE re%&ﬂg@' resi st

| evel on th CUIt itions for

Fove erimental con
b opyl endVc EPBORAT PO AR JoRHACE Y GPHER G VBRSO SEFFoihG T1o8
are shovmﬁoilh‘“ﬁam-e II\JmS¢héevmnmr%hommﬁe‘pa#Whége@°a3r:eWtihb preferred

condi ti om®st 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 minutes; with the most preferred being
about 8-15 minutes.

TABLE IXX
Dissolution time of crosslinked T168 for'high
boiling solvents. Dissolution time is in minutes.
TEMP (°C) PC . BLO MCF-348PPG BA MC
24 190 ! " 190 190 190 1.5
40 75 22 45 —— | -
50 25 6 15 B
60 _ 8 3 6 4 ———
80 1.4 0.22 0.85 ——r
100 0.23 0.02 0.12 ———
-
TABLE IV
Solvent Temp (°C) Time (min) Pressure (psi)
MC 26-32 10-15 15-40.
' PC 50-100 5-30 15-90
(64-86) (8-15) (50~75)
BLO  50-100 5-30 15-90
(50-60) (8-15) (50-75)




Water rinse conditions in conbination with the conditions in Table IV for

t he propyl ene carbonate and gamma butyrol actone were the followng: 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, with the
preferred being about 25-35 psi; and rinse tinme: between about 5-20

m nutes, with the nost preferred being about 8-15 m nutes. TABLE |1

Di ssolution time of crosslinked T168 for high boiling solvents. Dissolution

time is in mnutes. TEMP ([err] QO PC BLO MCF- 348PPG BA
MC 24 190 190 ) 190 - 190 1.5 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 1V Solvent - 17 - Tenp ([err]C Time (mn)
Pressure (psi) MC 26- 32 10-15 15-40 PC

50- 100

(50- 75) BERPLE 3 5139%%13_1.{;66NG A PH%?é&Q‘g’_ggtgéDS%l)LDER fmsxggz ég) 50- 60)('
(8- 15) CouppR. y8ye made) Frem Q@PpEses. copiAd BPERA W BPATFERNED
SOLDER MASK, Cdupensawidral nadétfated, c adpibtivee padyrerikakileh ReRydat&acr el
930, fraenofiad agly £ildd kbad@d masRd@ditblits Pty BBEL LMY and B{Hsal s
gamma-butyrolactone while stirring. Development'time was observed
to be about 2 minutes at about 22°C. Coupons were processed
through hot water rinse to remove any solvent residue. All coupons
were processed through the following steps after solvent
developing. A) Post Develop Vacuum Baké: 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.

EXAMPLE 4 ~-— BTRIPPJENG_ POLYMERIZED B8OLDER MaA8BK
] 1
Coupons wherein Vacrel . 930 had been exposed to actinic

radiation were placed in gamma-butyrolactone and agitated at 60°C.
The exposed Vacrel was stripped off the surface of the laminate
within 2.5 minutes.-

EXAMPLE 5 -- TREATMENT OF COMBINED DEVELOPING RINSBE _AND
S8TRIPPING RINBE

In the embodiment of the invention where the polymer is an
acryl.ate—based 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 generally
from about 70 to about 99.9 wéight BLO or BA, (ii) up to about 20
Weiéht perxcent photoresist materials, and generally from about 0.01



nononer, dry filmsolder mask material were obtained and placed in
gamma- but yr ol actone while stirring. Devel opnent tine was observed to be
about 2 m nutes at about 220C Coupons were processed through hot water
rinse to renove any solvent residue. Al coupons were processed through
the followng steps after solvent developing. A) Post Devel op Vacuum
Bake: 150[err]C, 2 hrs.; B) UV Bunp: 6 Joules; and C) Vapor Bl ast:
Conveyor speed, 2.06 ft/mnute; Spring pressure: 35 psi, Blast nmedium
Al um num oxi de. After above steps (A B, C, all coupons were processed
through the normal post-Vacrel clean cycle and tin i mersion solder |ine.
EXAMPLE 4 -- STRI PPI NG POLYMERI ZED SOLDER MASK Coupons wherein Vacrel 930
had been exposed to actinic radiation were placed in ganma-butyrol act one
and agitated at 60[err]C. The exposed ;¥acrel was stripped off the surface
of the lamnate within 2.5 m nutes. EXAMPLE 5 -- TREATMENT OF COVBI NED
DEVELOPI NG .RINSE AND. STRI PPI NG RINSE I n the enbodi nent of the invention
where t hewﬁé%ﬁerp?rscegﬁ at? yIPRPRE b £le d¥PiTbt or RSP andt t NEPEEPRASIES s
gamma- but yesentabhd’ dr-ebensdlidbebiiat ishebeflh |dispereéd tdedid polymer
phot ol i t hegaaphseoPvaTeSSola®Al didd Holym@hovi@ iapoup 88 webghts padiggrt BLO or
BA, and geperahty ddLPeABOM 1y/CrbR ARAUL0 9921 NR) gmc@m@t%r aBbut (Bl5) up to
about 20 wel, FL_ er cent gbqo or es] st mat.erltars ap E?sen raH))(__ rgmoabout
0.01  weIHRC FEPEERE T “ABOTY BoP TR F Gt RFLCEREAST® SPROIOIEERL (100
mat er i al s ¥elphg percegty daut mpyfotpd legsithan 33 retehts srreepo il ihesnd
di ssol ved,impokibiés zeed pobyerr., (iii) up to about 5 weight percent, and
general |y fronmahaidd efinda RingNds RRE GRRENL RnaliMMe €ne pMRLALE iRCLLaly Of
vat er. Th%%eac‘:’\ﬁ'zl%flzte—BSE&S rﬁ)th%gce:xses%.g%ugrda ts% géntl-%gocessable 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 50°C, and generally from

about 50°C to abkout 100°C in the photolithographic process. These

relatively high temperatures introduce the necessity of dealing

with gaseous gamma-butyrolactone (BIO) or benzyl alcochol (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 liquid 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 sclution is

»  approximately 5g/L. The pH of the solution is typically 8 to 10.
- To reduce the. biological oxygen demand (BOD) and chemical
oxygen demand (COD) of the collected waste streams, the combined

waste solution is aerated in an activated biomass made from the



wei ght percent, but may total |ess than 100 wei ght percent if other
inpurities are present. In the enbodi nent of the invention where the
polymer is either an acryl ate-based photoresist or a solvent-processabl e
sol der mask, the photolithographic process also gives rise to a gaseous
stream of the stripper. The gaseous effluent arises because of the use of
brushi ng and tenperatures above about 50[err]C, and generally from about
50[err]C to about 100[err]C in the photolithographic process. These
relatively high tenperatures introduce the necessity of dealing with
gaseous ganma- butyrol actone (BLO or berzyl alcohol (BA), at |east at the
hundreds to thousands of parts per mllion |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 strippind®process, and passing the BA or BLO
beari ng gas through an aqueous alkaline liquid in an air scrubber to scrub

t he BA omaBLh&irpm®ckher gap mlaf&@ahuamao@hd AinS&sinantd tdd Yrffem af
ai rbor ne BA.gr zFLBQ-\’:ﬁQIQr '%75@%9‘5%991 g\il% %bt§?££h (grbpScr ubbed

air substantia free o BA and BLO an an a | i ne yor, .cont ai ni ng
t he re5|§38r8? t BegﬂFﬂﬁbedlﬁﬁ or BX®%ar & Fb 8re&l°m*ﬁ% aFRHAIRE |i quor

i s conbi mégraprdrnisams) | M rashseacsriahe fdevelnfiesg artifersppiang
processesiafndt€d| laphple idf aadr@bdbamiyt afdtaMol i ig1gthanisa/Tidde or

appr oxi Ngig 59 drregggpgorpg tgaggaapgtlybol actone/ T168 (BLO T168) or benzyl
aIcohoI/TlGé 168 2 sol ution

appr oxi mat el y b?‘f_ °T trﬁquﬁl?’héng%l h?ﬁ’&ﬁm?is‘t §B‘F SEPPSFEES <iJCE)s‘:hf‘o reduce
t he bi ol c?gilelﬁlloﬁxkﬁgéﬁj‘éﬁfﬁa’naﬁ’ (Berp° %ﬁé}dcﬂhenp%aldm%"ﬁfbmmu%@) of the
col | ect eds \sast Bestrrad 7Bt ibi e sC oahrivad owalye ad@indt hoailvtea@rad pdsuch an

activat edybi QIBSS MBdEEEeMARE o 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 of 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 O,/ L bicamss/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 biocamass, 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 sys‘l':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'ppm, 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%.



- 19 - naturally-occurring mcroorganisns found in ground water or froma
bl end of Bi-Chem (R) 1738 Wand Bi -Chem (R) 1008 SF obtai ned from Sybron
Chem cal s, I nc. The activated bionass contains mcroorgani sns,
such as bacteria, flagellates, rotifers, and ciliates capabl e of
aerobically netabolizing the BA/ T168 or BLQO T168 hydrocarbons to CJerr]
and Herr]O Prior to introduction into the biomss, the tenperature of 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 any other acid not toxic to the mcroorganisns in the
activated biomass. The dilute acid may be 10 wei ght percent sul furic acid.
The amount of di ssol ved oxygen in the bionass before and after addition of
the solution is maintained at 1.5-t@02.5 ppmby sparging air into the
activated bi omass. The sparging action also serves to agitate and m x the
bi omass and dded sol u %’d’ The res |rat| on rate f t he_bi omass
preferably I8 fai AESPHET DI WRIF dI50Pe 180 Fo° 6P YRR &f’é‘rrﬁe’i_e btdanss/ hr
upon ade?vigedot mEEefadics seumingrthe biclpgdarl oxgIen deppnrd BifoR#s/ hr at

t he endwadtd hette¢mal meinich rdoulmi fitar Nddvedonigy oandjastsiyping td® bi oamass,

the m %Mﬂ%@s@é € saghby %&a%@l:sbi&f’@éshig% 2B01ingl Q01 PRB=AGEAMLAE M ni num
COD i s H%gg°ﬁgrgndT@’S“£?P%& ggbgence time of the BLO T168 and BA/ T168
va e

in the ac aeration biological treatnent_systemtis

| ong enough o &bt drfersiecdesiiadd thedubtveBhish ‘B@D Bt ERBOBAITIER or
BLO T168cdifificaltians iafl tite naesents dhuéntoion Bodmk oddhngt depabloutg 866mppm and a

BOD redykd ispiret &t det8sil apaubhcO8%stli b thesédiencend bBriferdliohe@st about

48 hour g, %gfv i, |l s aLULL oD, AR gRCLROASE, apout 960

ppm an uctlon O ence tjnme i s at | east
about 4§e§ﬁﬁﬁ. Pﬁrl 1ustratlve rather that restrlctlve and the invention

is not to be 11m1ted to the details given herein.



-BLO' T168. These tines are also sufficient to reduce the COD of the added

BLO T168 an 5% - 20 - Thus, according to the nethod of
the inventi '!mmi[ﬂlw\glﬁugl ded a process for reducing the biol ogical
oxygen deman treans which result from devel opi ng and
stripping of photoresists and sol der masks in the high boiling solvents
gamma- butyrol act one and benzyl alcohgl. It is understood that the

i nvention may be enbodied in nodifi A8 of the present invention forms
& or ement -oncd R T i i ot R ETS Bor dREF e P IR G0 ol 1
| h h t . hg i t

ot 1o paeppifnecPieidiehE! ol L "Gl BheselF bty gl be' BSRRSRE, o

f fab
of fabri C&R/Hbgtx%n égt% g‘;ﬁﬁ'ﬁ&@élﬁ Célf&]_‘l’t'iztl lﬁ’%ﬁgaﬁﬁst&ﬁgpr Eglt %lgP%ﬂﬂE ﬁfeeﬁlémgfnhné

deposi ting ph onto the circuit package 'su i magin

phot or esigHotord@vte vk dlfl behgylRNeshel @Sihs tage i fof Bhd bz bbdh éfh&vélb%ﬁg’ Q‘i%Q'em@@d
stripping the renaining photoresist, wherein benzyl al cohol is the agent

for one andoetippiag tickeresisqpind ovlichein rpasdont berrgl sicohiddpd egplvdiedurasd Sbricaith
wher ei n gaseous benzyl al cohol is evolved during fabrication of the
el ect r oniaf the elevironip acicaly aclsage dsad poess including itregfur ther sﬁtevpstdrfer steps of: a.
renovi ng the benzyl al cohol bearing funes fromthe grocess ) passi ng
t he benzyl al&ohdlemseing thg begye eloohelobegring furpesisomshapragessne |iquid to
scrub the benzyl al cohol therefrom_ and
passing the benzyl alcohol bearing fumes through an aqueous alkaline liquid
to scrub the benzyl alcohol therefrom; and
c.  recovering the scrubbed air substantially free of benzyl alcohol.
2. 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 gamma butyrolactone is the agent for one or both of developing the
resist and stripping the resist, and wherein gaseous gamma butyrolactone is evolved
during fabrication of the electronic circuit package, said process including the further
steps of:
a. removing the gamma butyrolactone bearing fumes from the process;
b.  passing the gamma butyrolactone bearing fumes through an aqueous alkaline

liquid to scrub the gamma butyrolactone therefrom; and

c.  recovering the scrubbed air substantially free of gamma butyrolactone.



C. recovering the scrubbed air substantially free of benzyl al cohol. 2.
A nethod of fabricating an electronic circuit package conprising the steps
of depositing photoresist onto the circuit package substrate, inmaging the
phot or esi st, devel oping the photoresist, circuitizing the substrate, and
stripping the remaining photoresist, whgpein gama butyrol actone is the
agent for one or both of developing the resist and stripping the resist,
and wherei n gaseous gamma butyrol actone is evolved during fabrication of
the electronic circuit package, said process including the further steps
of : a. renovi ng the gamma butyrol act one bearing fumes fromthe process;

b.  passi ng MErHeMBORUTREATNGOPROTEAIGHOGRAPHIC DRV GPERAEOUS
al kaline liquid to scrub the gamma butyrol actone therefrom and c.
recover i ng STREPBERUWIKSTEASTREWD S GONTAINING REIST GRISOIIDER 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
butyrolacténe or benzyl alcohol. The developers and stfippers optionally also include 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 water. During development of
the photopatterned resist or solder mask, the unpolymerized regions are dissolved in the

disclosed developers.



