- ’ TTUgHSIGeT T
AQUEQUS DEVELOPI NG SOLUTI ONS FOR REDUCED DEVELOPER RESI DUE The i#23
present invention is directed to al kali ne aqueous devel opnent sol uti ons
such as are used to devel op photoresists. Background of the Invention:

In the process of manufacturing printed circuit boards, UV curable

phot oresi st are used. The exposed portion of the photoresist becones

I nsol ubl e i n devel oper solution (dilutelal kaline solution) and forns a
protective barrier to other processing chemcals (for exanple, etching and
pl ating solutions). The unexposed portion of the photoresist needs to rinse
freely fromthe circuit board with a mld al kaline solution (for exanple,

1% sodi um car bonat e, nnnohydrate in water). The devel opnent occurs because

the pol yer, i ik BROMBGOIN.

groups w tarm e orgart ‘puryln;'l T s [

sol ution form Nthegpre@heinvesions Qtr&ﬁ@ﬁﬂ'aﬂ(aﬁﬁé aqueG@s dehexo éﬁ%blﬂﬁdnﬁhﬁh%es' st
builds up in solution (called devel oper |oading), insoluble organic

mat eri al s ¥eyped tP(SiCT’QiWrPh%OItehlétSdevel opi ng tank, eventually formng a water
i nsol ubl e g The presence of anti-foam additives

(conventi o ar T ity oping solutions to mnimze foamng) greatly

increases the tlﬁ&ﬂ@ﬁ@tesfs @F niaabfAtiufing pfiffed S cditboak®Y ©/V alrasie phbtotHs!st Gre
chances increase for an inadvertent redegosm of these water insol uble

resi dues difed fliie exeased pprigen of theuphotasesist ecmsresolu@tfetp@iqulmrrselgnmes cause
ra retardatji.n of, t.he etchin ol ut on mstries hav iculty
 pencLserrrgly Hahge bioR o s e &/ et SRt Biose Seclticals din
‘shorts_f e+« BRales ettdi Aafp@&ﬁmg\éslu%ﬁsq Uithe RB@pdsed! gortistbftth® PhdterebiBChe@astond
e po ential for defective Gircuit boards, this residue al so makes it
difficult mmecfr@hfhfremuh@qmt bqavi wab |ang1drrdkaimrsahuen {forrexample, 1% sodmrn

Accordi ngl IS a of t sent .inven | de
devel opi neboeesricy BieRoialRia rRBHE muf HeteiprBint SEHis bR e BueRrEn e
Di scl osur eptfortdit cbﬁﬁéﬁ@tabﬁrfunctxonahty. These acid groups within the organic polymer

matrix are neutralized in alkaline solution forming a water soluble organic salt. As the
dis_solved photoresist builds up in solution (called developer loading), insoluble organic
materials bégin to form in the developing tank, eventually forming a water insoluble scum
or residue. The presence of anti-foam additives (conventionally added to developing
solutions to minimize foaming) greatly increases the tendency for scum to form. As the
level of scum builds, chances increase for an inadvertent redeposit of these water insoluble
residues onto the developed circuit board. These redeposited residues cause a retardation
of the etching solution (etching chemistries have difficulty penetrating any organic
residues). Where the etch is retarded, circuit shorts form causing a defective circuit board.
In addition to increasing the potential for defective circuit boards, this residue also makes it
difficult to clean equipment increasing maintenance time

Accordingly, it is a primary object of the present invention to provide developing

solutions in which the build-up of scum and residue is reduced.

Summary of the Invention:
In accordance with the invention, alkaline aqueous developing solutions, containing

-
e
e

e

eet Has Been Replaced

o SN

1-1121*1,9&@«13 .?




According to one aspect of the present invention, there is provided

2 an al kal i ne aqueous devel opi ng sol ution consisting essentially of
bet ween about 0.1 and about 3.0 wt % of a base and between about 0.05 and
about 1.0 wt % of an ethoxyl ate surfactant having the general fornula:

R (O (CH2-CH2- O n)m X (1) wherein Ris a hydrophobic group, X is a
phosphate group, mis 1 to 2, and n is2at |east about 10. Accordi ng
to anot her aspect of the invention, there is provided a met hod of

prepari ngbaw@@ﬁ L@Ju&‘gq PRAUBLESD Sh PG A B8 £8irRpravlisty At addiABRbF Sdtween

providing a layer a photoresist to a substrate, said photoresist

conpri si ngban 0805I :dldfalbnmtl orats & amchehoxptatqumrpoamjhmmg thp genaralrforallie
conmpounds; 0Si n& b(g | ayer a photoresist to patterned actinic
radi ati on; andR [O- (C &y )-ip g said otoresist layer in an al kaline
aqueous d i g1 RS SPhA BhibiicOf

bet ween ag)c{)lg{e Iﬁghﬁgbgﬁ)outgrgé% tgf[)@m(ﬁgw(é%g{bgn%gtfgt ween about 01. 05 and
about 1. Ogwu}q sdchass cetbogyiyle apisosphatd, e tsalfite,a\s frgmt lhee JYyanémnas aff lozstabaut
R-(0-(CH CH O R i hyd hobi

ar oup, X 18, BT ALERt hois PO ROTAEeEblat IMsHa 0t | cact About 10,
Preferably, th 0 'Ehﬁx?s'e{hsadﬁrf MMtabedtoan agent, e.g.
at bet ween abog{eq%.é@%’ giﬁggaég 1%‘1&5&%1%&% g%etai e Dgscrlg%tlogl] of Certain
Pr ef er r ed bé&twieed abarn 001 and about 1.Aqu#Eous devel opi ng sol utions to which the
present. i.nwention generally applies are well known for devel oping

phot eresi st corrp05| tions, both primary photoresists and photoresists which

are inten 18 DeQb 4R U rell BHodimentich as are suitable for
»Sol der ma . pnotoresists and the al kal i ne aqueous
devel opnent Aqueous developing solutions to which the present invention generally applies are

well known for developing photoresist compositions, both primary photoresists and
photoresists which are intended to form hard permanent layers, such as are suitable for
solder masks. Examples of such photoresists and the alkaline aqueous development
solutions are found, for example, in U.S. Patents nos. 5,576,145, 5,609,991, 5,393,643,
and 5,364,736, the teachings of each of which are incorporated herein by reference.

The photoresist compositions vary in composition, but typically such photoresist
compositions comprise A) between about 20 and about 80 wt% of a binder polymer having
an acid number between about 40 and about 250, B) between about 15 and about 50 wt%
of a,B-ethylenically unsaturated compounds, typically monomers and short-chain
oligomers, and C) between about 0.1 and about 25 wt% of a photoinitiator or photoinitiator
chemical system, these weight percentages being based on total weight of A) plus B) plus
9

Typically, the alkaline aqueous solution is a solution of sodium carbonate, €.g., 1%
sodium carbonate monohydrate. However, other bases, such as NaOH, KOH,
triethanolamine, potassium carbonate, etc. may be used to provide the alkalinity necessary
for developing photoresists of this type. The alkalinity of the developing solution forms
salts with the acid functionality of the binder polymer, typically carboxylic acid

functionality, rendering the binder polymer soluble in the alkaline aqueous solution.
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solutions are found, for exanple, in U S. Patents nos. 5,576, 145,

5,609,991, 5,393,643, and 5,364,736, the teachings of each of which are

i ncorporated herein by reference. The photoresi st conpositions vary
in conposition, but typically such photoresist conpositions conprise A)

bet ween about 20 and about 80 wt % of a binder polynmer having an acid

nunber between about 40 and about 250, 3B) between about 15 and about 50 w %
2a of [err]B-ethylenically unsaturated conpounds, typically nononmers and

short - chai | ] : t Yeleq@

phot oi ni t igl}ugf b%)(r%s%ﬁgt? 8?%?5[ t%f glr?e a@ﬁg‘% %aoﬁg‘ifg?ér% H#ﬁgcgg%%lagho\t,\ﬁaper gceint ages
bei ng basegtifid radibtdn, Wad gbNelsped A) alRhlite aBleddk WSlun which washes Byay mahd y, the
al kal i ne aqueous solution is a solution of sodium carbonate, e.g., 1%

sodi um carteptEde uRrBABMpEFet ROTUPRARN RS PhOSITEES IB¥8es, such as NaOH, KOH,
triethanol am nemepe%&;g#eu%qé@\ RRGEin a@%&dad&@%i&%‘?ﬁlﬁ%n& thvehdpr de the

al kalinity necessary el'opi ng photoresrsts o s type. The

al kal i ni t ysigfifiédnly deduet pRoOEsSOécUin Withdu® BMiEredadtion ividéveldpivg pecfodmance. To
functionality of the binder polyner, typically carboxylic, aci

f unct i onaltetgffectivmdieisiforndithet the pibexylge rhaie of diisuracant ﬁh‘l%b%lﬁtlcjlﬁ?ﬁt AR queous
sol uti on. 10 units long, preferably at least about 20 units long, more preferably at least about 30
units long. Below 10, little if any effect is seen. At lower n values, the scum and residue
has been found to actually increase. While an upper limit.of ethoxylate chain length has
not been determined, it is practical to have ethoxylate chains up to about 150 units long.

The hydrophobic end, i.e., R in the equation (I) above, may almost any
hydrocarbon alcohol having a molecular weight of above about 43, including alkyl,
alkylaryl, arylalkyl, cycloalkyl alcohols, etc. Alcohols used to form the hydrophobic end
include, for example, nonylphenol, octylphenol and tristyrylphenol.

The most effective ethoxylate surfactants for reducing scum and residue are anionic
ethoxylate surfactants, e.g., where X is a phosphate (m=1-2)." Depending upon the ionic
moiety to which the ethoxylate chain is esterified, m may be from 1 to 3. Howéver, the
ethoxylate may be non-esterified [X is H, m=1] such that the ethoxylate is non-ionic.

Ethoxylate surfactants in accordance with the invention are sold, for example, under
the trademarks Rhodafac and Igepal by Rhone-Poulenc.

Preferably, the alkaline aqueous solution also contains an anti-foam agent, such as
that sold as Antifoam 80 by Morton International, Inc.

The invention will now be described in greater detail by way of specific examples:

Examples 1-6 (1 and 3 comparative)

To a developing solution comprising 1 wt% sodium carbonate monohydrate and
0.05 wt% anti-foam agent were added 0.1 wt% of various ethoxylate surfactants in
accordance with the invention. 200 ml. of each solution were used to develop 0.08 m® of
Morton International G297 photoresist. Scum and other residue was collected by filtration,

and the filtrate dried and weighed. Results are shown in Table 1 below:



3 Thus, photoresists of this type are applied as a |layer to a substrate,
exposed to patterned actinic radiation, and devel oped in al kal i ne aqueous
sol uti on whi ch washes away non- exposed, un-polynerized portions of the
phot oresi st | ayer. The et hoxyl ate surfactants used in accordance
with the present invention significantly reduce photoresist scum w t hout
any reduction in devel oping performances To be effective, it is found that
the ethoxylate chain of the surfactant should be at |east about 10 units
| ong, preferably at |east about 20 uan%Ilﬁng, nore preferably at | east
about 30 units long. Below 10, little t3'%hy effect is seen. At |ower n
val ues, the scum and resi due has been found to actually increase. Wiile an
upper limt of ethoxylate chain | ength has not been determned, it is
practical tqg ha t hokyl chaj 1.0 0 | ony
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PG Pt pStol REx
hatpe-6 1= 1t
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6. Igepal
C0-997

nonionic

glycol

nonylphenol

100

66 %

Decrease

It can be seen that ethoxylated surfactants are effective for scum reduction when the number

(n) of ethoxylate units is above 10 and that best results are achieved when (n) is 30 or more.



4 Tabl e | Tr ade Basi c
Hydrophilic Hydr ophobe Mol es % Scum Nane Type
term ni of change
EO (n) 1. Rhodaf ac ani oni c phosphat e nonyl phenol 6
13 % PE-510 ester
| ncrease 2. Rhodaf ac ani oni c phosphat e nonyl phenol 50
68 % RE- 960 ~ ester
geg/(: ease o 6103. | gepal 19RLRNY ¢ C Iayacl; QL Exam ln%nyl phenol 8
I3 g C (ry ease . 8%1gethygﬁ@akide surABiaftth Gecordd@ky Gth the invenaoy Wadesidared widlPa
0
Decr ease  Propylenemxidegmpfattant indenebaping solutighy prapared andrigiligedxsaen Examplgp! -6
52 % 8%7 ,
Decr ease ab%%. .refﬂgﬁé“l as peﬁgﬁt?l%%ibglow' gl ycol nonyl phenol 100
66 % CO 997 Table 2
Decr ease It can be seen that ethoxylated surfactants are effective for
scum reducti on when the nunber (n) of ethoxylate units is above 10 and
t hat best resuHs—are—achi-eved—whRer—{A)—-s5—30—er—HB+e-
Trade Basic Hydrophilic | Moles | Moles % Scum
Name Type termini of of Reduction
EO PO
7. Igepal* nonionic glycol 15 - 23 %
CO-730 (X=H) Decrease
8. Macol** | nonionic glycol - 16 18 %
RD-216P Increase
*hydrophobe = ** hydrophobe =
—
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5 Exanpl e 7 and Conparative Exanple 8 An
et hyl ene oxide surfactant in accordance with the invention was conpared
with a propyl ene oxide surfactant in devel opi ng sol utions prepared-and

utilized as per Exanples 1-6 above. The results a Tabl e 2 bel ow
Table 2 Tr ade Basi c Hydr oph Imﬂg m;i"!eﬂmg m)I es

% Scum Nane Type 6 termni

Reduct i on

7. | gepal What io@Glatomedcis: gI ycoI 15 - 23 %

CO- 730 Decr ease

8. Macol ** ndnifgalkaline aque@pygtb\ielopmg solution comprisipg between aboyg 0ol and
RD- 216P
about 3.0 wt% of a lfase the i 1rw§/rgwrlem nt wherejn saldhdevellop%}g soluhgﬁ rcgrﬂﬁﬁses

*hydrophobe nonyl pheno ophobe= bi sphe
CLAI M5 between about 0.05 and about 1.0 wt% of an ethoxylate surfactant having the general
formula:
R-[0-(CH,-CH,-0),]-X @

where R is a hydrophobic group, X is H or an anionic group, m is from 1 to 3, and n is at
least about 10.

2. The solution according to Claim 1 wherein n is at least about 20.

3. The solution according to Claim 1 wherein n is at least about 30.

4. The solution according to Claim 1 wherein X is H, m is 1.

5. The solution according to Claim 1 where X is phosphate, m=1-2.

6. The solution according to Claim 1 further comprising between about 0.01 and

about 1.0 wt% of an anti-foam agent.
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1 . An al kaline agqueous_devel| oping sol ution consisting essentially of
between about 0.1 and about 3.0 wt% of a base and bet ween about 0.05 and

about 1.0 wt % of JEM mmr : urfactant having the general formula:
R- (O (CHerr]-CH : MHn’ﬂmr]X (I') Werein Ris a hydrophobic

group, X is a phosphatetgrfoup, mis 1 to 2, and n is at |east about 10.
2. The solution according to Caim1l wherein n is at |east about 20.
3. The solution according to Claim1 wherein nis at |east about 30.

4. The sol ution a¢eRIHILNG pidathh Phrferhddl fHORITesiR PRitdrfi NG saBMREE Mg 0. 01
and about 1.0 wt % of an agtéb?fog;mﬁggént.ﬁ " Ii"SMS. A met hod of preparing

a patterned phprovidisg s{ayprof ephotemsist te alsubsteates said ppetordsisyeomprising amhgcddi di ng
a layer of a .photoresist to ubstrate, ,5ai.d photoresist conprising an
acid funclf‘frﬁﬁg‘lla?bi“ﬁjﬁé?o ESGF&H@&%QFPWBHEP&?P@? _§?f§$‘?u?3fjl e conpounds;

exposi ng sai d l:ﬁ@b%rng%idagﬁ?% BR&SIeSTt odMBEmbD adihictliRtibMeandqueous
devel opi ng sol ution, said solution consisting essentially of between about

0.1 and about B8e@loping sifid phdterssistdayer e amelkalinergueouy dogeloping saletian 1. 0 wt % of
an et hoxyl ate ,surfactant. haying .the gepergl rmul a: . o

R- (O ( CH] &PPPU¥PE E‘F‘WF‘?U‘P@F ¥11)%6r$f9t%-8 Wil ‘3{“0‘3%%#3? opsoymept seharean g
group, X i ' 85 aAdsbdit 1 D Wi% beaskthakaste 10.

6. The m?%@@%i@%@%f%&ﬁéﬁ%&mﬁg&? ﬁsﬁ is atF. | east about %

7. The netindattat hovidg tg geacr@ formub: wherein n is at | east about 30.

compr i ses. bot vBel ABILHEd-gnd about B, 0 w % of an anti-foam agent.
' where R is a hydrophobic group, X is H or an anionic group, m is from 1 to 3, and n is at
least about 10.
8. The method according to Claim 7 wherein n is at least about 20.
9. The method according to Claim 7 whérein n is at least about 30.
10. The method according to Claim 7 wherein X is H, m is 1.
11. The method according to Claim 7 where X is phosphate, m=1-2.
12. The method according to Claim 7 wherein said developing solution further

comprises between about 0.01 and about 1.0 wt% of an anti-foam agent.
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