PHOTOl MAGEABLE COVPOS! TI ONS CONTAI NI NG PHOTCPOL'YMER zABLEq?C"é(G S ——S’ -
-BRETHANE OLI GOVERS ‘AND DI BENZOATE PLASTI Cl ZERS The present invention
is directed to negative-acting photoi mageabl e conpositionsxﬁggg se
used as photoresists used to formprinted circuit boards %béﬁ%

phot oi mrageabl e conpositions contain, as at |least a portion of a

phot opol yneri zabl e conponent, a photopol yneri zabl e uret hane ol i goner.
Flexibility, and hence tenting ability, is inproved through the inclusion -
of di benzoate plasticizers. Background of the Invention Thi s
invention is directed to negative-acting photoi rageabl e conpgsiti ons which
are devel opable in al kali ne aqueous solutions. The invention is
particularly applicable to primary photoi magi ng resists, but is appl.icable,
as well, to conp05|t|ons that are hardenable so as to forntsolder masks and
the |ike. (ﬁi@@@ y . >

descri bed. Essentla
present invention is POl AN =) REEE— : '
phot opol yner i zalyihe ﬁ@eﬁdm%mwhamu&eéwmﬁwmg PEOBRAREDE )conibositiohs @
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of the board i's Connected to circuitry on the ot her S|de 0

Phot or esi sthroughethe dnglusientiof dibenzoate plasticizerst hr ough- hol es during processing.
Through-holes in printed circuit boards are.increasingly becom ng Iarger
accordingly, tentlng strength is becoming increasingly inportant. It is a
general obpggi t @ffigPn t o provi de photoi mageabl e conpositions wth
i ncreased fT y' or 1ncreased tentlng strength. Flexibility also

Thls invention is dlrected to negative-acting photoimageable compositions which are

developable in alkaline aqueous solutions. The invention is particularly applicable to

primary photoimaging resists, but is applicable, as well, to compositions that are
hardenable so as to form solder masks and the like. _

A variety of such photoimageablg compositibns are described. Essential -
components of compositions ot‘ the type to which the present invention is directed are A)a -
binder polymer; B) photopolymerizable ¢,8-ethylenically unsaturated compound(s), and C)
a photoinitiator chemical system. The binder polymer A) has sufficient acid functionality,
generally carboxylic acid functionality, that it is soluble in alkaline aqueous solution and
thereby renders the photoimageable composition developable in alkaline aqueous solutions.
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of the board is connected to circuitry on the other side of the board. Photoresists are
required to “tent” these through-holes durmg processing. Through—iloles ‘in printed circuit
boards are increasingly becoming larger; accordingly, tenting strength is becoming
increasingly important. It is a general object of the invention to provide photoimageable
compositions with increased flexibility for increased tenting strength. Flexibility also
contributes to cross hatch adhesion, allowing for better compatibility with polyester



contributes to cross hatch adhesion, allowi ng for better conpatibility with
.pol yester _ 2 r enoval
systens. This is because if the photore5| st is brittle, polyester renoval
systens cause chipping of the photoresist _and attendant circuit line

def ects. Summary of the Invention 2 The negative-acting .
phot oi mageabl e conposition conprises A) between about 29 and about 69 wt %
based on total weight of A plus B) plus C of an organic polyneric binder
havi ng suf ffefiioRsll sysehs. FThic1si beoasetif tie photonebist mlmittlprmlymmtg'emm systems
conposi tion devel opabl e | n aI kal i ne \%gee us sol ut;l 0 B) between about 30
and about 6@ugk chippiag of thepl f A plus B) plus
C)) of an addition-polyneri zabl e conponent, conponent B) conprising a
nongaseous et hyl eni cally unsaturated conpound or conpounds capable of
formng a peg 3 hé Iifenfigfli cal initiated chain- propagat| ng-addi tion

pol ymeri zat1on, .and etvveen about 0.5 and about, 15 w % of (cal cul at ed
relative to tot aThe/mgguve-wtmg)pbptqmwbh apmpoyifiop comprisas n about 29
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relative to total wejght of A) plus B) plus C)) of an organic, radiation-sensitive free-radical _

generating system activatable by actinic radiation to initiate chain-propagating addition
'polymerization of the addition-polymerizable material B). In accordance with the

invention, component B) compns% an isocyanate trimer B') having tri-acrylate .
functionality, trimer B’ comprising between about 2 and about 30 wt% relativeto total
weight of A) plus B) plus C); balance of B, i.e., up to 57 wt%, preferably at least about 5.
;avt%, relative to total weight of A) plus B) plus C) of B” comprising other
o,B-ethylenically unsaturated monomers. In addition, compositions in accordance with the .
invention contain between about 1 and about 8 wt%, preferably between about 2 and about
6 wt% (calculated relative to total weight of A) plus B) plus C)) of D) a dibenzoate

plasticizer.

Herein, unless otherwise noted, all percentages are weight percentages. Component
A) (the binder polymer), Component B) (the photoimageable compounds(s)) and
Component C) (the photoinitiator chemical system) are herein considered to equal 100



Det'ai | ed Description of Certain Preferred Enbodi nents Her ei n,
.unl-ess ot her\ii se noted, all percentages are wei ght percentages. Conponent
A) (the binder polyner), Conmponent B) (the photoi mageabl e conmpounds(s)) and
Conmponent C) (the photoinitiator chem caé system) are herein considered to

equal 100 wt % and ot her conpdnents, including the dibenzoate
pl asticizer D), are calculated as parts relative to 100 parts of A plus B)
plus C). The invention is directed.to -photoi ni ageabl e conpositions

whi ch are oyl andadther dcompahéms,i including i dibenrioateiplasticiner D))iaré calbelatedasepaniay e

substantial acid functionagljty. o ot oi ni ageabl e conpositions typically
have a bi ndelatiyg to H§) pagts i‘A@ &%étjpg'ﬁ%i‘ty, typically an acid nunber of at
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sui tabl e-acid functional honomers are acrylic acid, methacrylic acid,
mal ei ¢ aci dundtionslity cbutonay, also inclusen far exemple, sulfonic acid functionality or phosphoric
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formthe bindér po The acid functional nononers nay be

copol yneri et abdub 808000aci d functi onal nononers, such as esters of acrylic

acids, for exanple, nethyl acrylate, . | mejhacryla hydr.oxy et hyl :
acryl ate, butyl Wt éf%fypée&&ﬁé’am&m?%?ﬁg%}aw% Qﬂlﬁél“g

t-butyl acrylat.e, -tpdgﬁy at . ngﬁg a1

acryl ate, f% b?‘%@nﬁlgﬁe |o1n°§|&%llrsylﬁné€sﬁ ﬁé& et D;é]kg?nﬂr‘%glt%ﬁsfd f:Etl%lry ate,

et hyl ene glnysiometd aeractydiceacidl methaorylicanid,ahaleicacidy fumaric abid,aieradopicasid,

glycol di a%%'rﬁﬁdﬁf-?ﬁﬁg%ﬁﬁu% gg.tl:id, 2-hydroxyethyl acrylolyl phosphé.te,

-2-hydroxypropy! acrylol phosphate, 2-l}ydfoxy-alpha-acryloyl phosphate, etc. One or more
of such acid functional monomers may be used to form the binder polymer.

The acid functional monomers may be copolymerized with non-acid functional
monomers, such as esters of acrylic acids, for example, methyl icrylate, methyl - -
methacrylate, hydroxy ethyl acrylate, butyl methacrylate, octyl acrylate, 2-ethoxy ethyl
methacrylate, t-butyl acrylate, n-butyl 'acrylalte,-2-ethyl hexyl acrylate, n-hexyl acrylate,
1,5-pentanediol diacrylate, N,N-diethylaminoethyl acrylate, ethylene glycol diacrylate,
1,3-propanediol diacrylate, decamethylene glycol diacrylate, decamethylene glycol -
dimethacrylate, 1,4-cyclohcxaﬁédiol diacrylate, 2,2-dimethylol propane diacrylate, glycerol
diacrylate, tripropylene glycol diacrylate, glycerol f:riacrylate,
2,2-di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol diacrylate,
polyoxyethyi-2-2-di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol
dimethacrylate, polyoxypropyltrimethylol propane triacrylaté. ethylene glycol



; diﬁethacrylate, 1, 4- cycl ohexanedi ol di acryl ate, 2,2-dinethyl ol propane
sdiacrylate, glycerol diacrylate, tripropylene glycol diacrylate, glycerol
triacrylate, 2,2-di(p-hydroxyphenyl)-propane dinethacrylate, triethylene

- glycol diacrylate, polyoxyethyl-2-2-di(p-hydroxyphenyl)-propane

di met hacryl ate,- triethyl ene gl ycol dlnetﬁhcrylate pol yoxypr opyl tri-met hyl o
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styrene, as 2-met hyl styrene and vinyl toluene and vinyl ers, such
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' 4,695,527 the teaching of each of which are incorporated herein by reference.

The photoimageable, acrylate functional, isocyanate trimer B*) which comprises a

[

portion of, and in some cases all of the photopolymerizable component B) has the general

formula:

where R is (CH),-NH-COO-(CHY-CHY-0),-CO-CX=CH,, where XisHorCH;, Yis
H, CH,, or C,Hj, p is an integer from 1 to 36 and m is an integer fronr 1 to 14. Such
trimers are described in European Patent Application EP 0 738 927 A2.

The balance of photopolymerizable component B), used at O to about 30 wt% of the
photoimageable composition (calculated relative to total weight of A) plus B) plus C) is

B™), typically a monomer, dimer or short chain oligomer having ethylenic unsaturation,



where Ris -(CH err])[err]-NHCOO (CHY-CHY-O)[err]-CO- CX=CH err], where- X
s Hor CHerr], Yis H CHerr], or err]Herr], pis an integer from1

to 36 and mis an integer from1 to 14. Such triners are described in

Eur opean Patent Application EP 0 738 927 %2 - The bal ance of

phot opol yneri zabl e conponent B), used at to about 30 wt % of the

phot oi mageabl e conposition (calculated relative to total weight of A) plus
B) plus C is B"), typically a nononer, diner or short chain oli gomer
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pheny! acridine homologues, such as those described in U.S. Patent No. 5,217,845, the

teachings of which are incorporated hcrein by reference, are useful photoinitiators.
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Flexibility, herein, it further improved through the use of dibenzoate plasticizers in
conjunction with the isocyanate trimers. This combination further contributes to fine line
adhesion and good stripping characteristics. Dibenzoate plasticizers in accordance with the
invention have the general formula: .

C¢H;-COO-[R]R*-CeH; , where

R = -CHX-CHX-O- where one or both Xs are H or one X may be CH; and the
other H; n = 1 to 10, and o '

R’ is -CH,-CH(CH,)-00C-, -CH,-CH,-00C-, or -OC-.

Specific examples of suitable dibenzoates include, but are not limited to dipropyleneglycol
dibenzoate, diethylene glycol dibenzoate, polypropyleneglycol dibenzoate, and
polyethylene glycol dibenzoate. The dibenzoate plasticizer D) is used at levels of between .
about 1 and about 8 wt% relative to total weight of A) plus B) plus C), typically at between
about 2 and about 6 wt%. ' ,

Compared to other plasticizers tested, the dibenzoates produced a significant

~ improvement in tent strength. Coupled with improved flexibility, the combination of



adhesi on and good stripping characteristi cs. Dbi benzoate pl ast | cizers in
.accordance with the invention have the general fornula:

CerrJHerr]-COO[Rl[err]Rerr]-Clerr]H err] where R = - CHX- CHX- O
where one or both Xs are H or one X mayebe CH err] and the other H n =1
to 10, and . R is -CHerr]-CHCHerr])-O0OC, -CHerr]-CHerr]-0OC, or

-OC-. Specific exanples of suitable dibenzoates incl.ude, but are not
limted to dipr.opyl enege%col di_benzoate, diethylene gl ycoI di benzoat e,
pol ypr opyl isogpapagsoicipear gfipe line (essehan 75 anicrons)
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produces better adhesion, stripping the resist from the copper surface would be expected to

be more difficult. For example, the sidewall of the photoresists containing the dibenzoate
shows less attack in an alkaline-based developing solution. However, in the alkaline based
stripping solution, the dibenzoate-based systems stripped up to 20% faster. " This is likely
related to the ester functionality in the backbone and the way it orients the polymerized - *
matrix of the photoresist composition.

Overall, the combination of urethane oligomer (isocyanate trimer) provides
excellent tenting strength, improved adhesion, improved stripping and improved
conformation.

Additionally, the photoimageable comp_ositions may'oontain a wide variety of
additional ooméonents as are known in the art, including additional polymers, such as those
which might be used to effect a final hardened cure of a solder mask, dyes, smbilizers,

flexibilizing agents, fillers etc.



produces better adhesi on, stripping the resist fromthe copper surface
.woul d be expected to be nmore difficult. For exanple, the sidewall of the
phot or esi sts contai ni ng the .di benzoate shows | ess attack in an

~al kal i ne-based devel opi ng sol uti on. Howewer, in the al kaline based
stripping solution, the dibenzoate-based systens stripped up to 20%faster.
This is likely related to the ester functionality in the backbone and the
way it orients the ponnerlzed matri x of t'he photoresist conposition.
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an et chant HB’%@? lﬂ’e [0 renove copper from those areas where the resi st
was rem)ve& ereby vormng a printed circuit. The remanminig resist is
then renoved using an appropriate stripper. The invention will now

be described in greater detail by way of specific exanples.
e invention will now be described in greater detail by way of specific examples.




8 i Exanpl es A base
formulation (master batch) is prepared having the follow ng conponents:
Mast er Batch (without Plasticier or Urethane Qi goner)

Table "A" . _ 8 : -

Examples _
A base formulation (master batch) is prepared having the following components:

Master Batch (without Plasticizer or Urethane Oligomer)
' Table “A"

. Actylic Polymer "~ 40.0 grams " Polymer Backbone
m(ﬁﬁ Mﬂﬁiwﬂl
. uatyl accytase) '

9-pheayacridine : 0.2 grams Initiator

To the Master Batch of Table A were added the components of the first two
polumns in Tables B and C below.

All mixtures were prepared in 7:1 2-Butanone:2-Propanol at approximately 50%
solids. The solutions were coated onfo biaxially oriented 80 gauge polyester film and dried to
;ppmximatcly 1% or less retained solvent. The coated mixtures were then laminated onto
mechanically scrubbed 1 0z/FR-4/1 oz. clad copper composite using a hot rol! laminator at
110°C at 2 meters/minute and 3 bar pressure.



To the Master Batch of Table A were added the conpnents of the first two
.colums in Tables B and C bel ow. All mxtures were prepared in 7:1
2- But anone: 2- Propanol at approxi mately 50% sol i ds. The sol utions were
coated onto biaxiially oriented 80 gauge polyester filmand dried to.
approxi mately 1%or |ess retained solvgnt. The coated nmixtures were then
| ami nated onto nmechanically scrubbed 1" 0zJFR-4/1 oz. clad copper ‘conposite
using a hot roll lamnator at 110[err]C at 2 neters/mnute and 3 bar
pressure. The
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devel oper at a

solution at 29[err] C using a conveyorized spray out 26 psi
wi t h r esidg¥eloped inmad % spdivmedrbooate maanohydratersolukion of 26° Cousing a eshvayorkd®dh t 0 50%
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solution at 48[err]C in a conveyorized etcher equippe | e spray
nozzl es. fallewet byhsestedabsprajcringes using tap water guddhe ddiotived wateged, devel oped and

et ched photo resi.st in a 3%.sodi um hydroxi de soJution at 54C in a
conveyorized ﬁ?%ﬁ%a%ﬂwi‘é&gi‘ﬁ%&ﬁ ¥Piashlaridedy ﬁlgnﬁas19|sebzupalatlcmed |
y a Sspragogis Apdadie : . %‘i’&’ﬁ Fyr%ﬁ& S es
are cite a?ugvgre?ofgapm nts fﬂ?“é'ﬁ?’g"ﬁ%‘t {nhe a?v p%@%dﬁ%é.wﬁ%mgﬁl ts
are showthenstrifped of thedméged, déedlomal did @tiedphoto resist in a 3% sodium hydroxide

solution at 54°C in a conveyorized stripping unit equipped with multiple spray nozzles

followed by a spray rinse of tap water.

Process responses for the examples are cited at various points throughout the above
procedure. . _

Results are shown in Columns 3-7 of Tables B and C.

Effect of Urethane Substitution
Table “B”

Note Materials listed added to ingredients in table “A”

- e

Effect of Urethane Substitution and Dibenzoate Addition



Ef fect of Urethane Substitution | _
_Table "B"* Note Materials |isted added to ingredients in table "A"

1. Ethoxylated 24 grans 80[err] 10% 350 52 Tri et hyl ol propane
attack I nt act gr ans seconds Triacrl ate
Ef fect of Urethane Substitution and D @@nzoate Addition
10 Table "C --Not e
Materials listed added to ingredients in Table "A"

Table “C”

Note Materials listed added to ingredients in Table “A”

3. 24.Grams no addition of 8014_ moderate | 10 % 350 52
_ Bihoxylated plasticizer " | attack | Intact | grams

5. 24 Grams 4 grams S0 u no 100 % 710 41
Isocyanuaric dipropylene glycol attack Intact grams seconds
Urethane dibenzoate

7. 24 Grams 4 grams 60 slight 70 % 510 65
Isocyanuaric diacetone attack Intact grams seconds
Urethane acrylamide
Triacrylate




3. 24 G ans no additi 6,n‘of 80[err] noder at e 10 % 350

.52 Et hoxyl at ed “plasticizer : attack I nt act
grans Tri net hyl opr opane seconds
Triacrylate 5. 24 G ans 4 grans 50 [err] ng
100 % 710 41 Esocyanuarlk di propyl ene gl ycol '
attack | nt act grans seconds Uret hane - di-benzoate -

7 24Gr ans 4 grans 60 [err] slight - 70 % 510

| soc a . I . s
seconds &‘%T"gfﬁj gncadheslon%gags{rxr%fﬁerggelopmcmrrkg&e&%tﬁmleftaﬁﬂe%&w%?@@l
Fine |ine adicmaismce. rfﬂasmceutemteasmsﬁel%mmmpﬂwahtmmm@#d@sbpmgdmmb&fdf
adhering W'islaé aDcwglgpxngsolutmuwas 1% Na,COj; at 30 °C.

4

Note 2 - The degtec of resist attack was observed after developing the photoresist in 1% Na,CO; at 30 °C.
' The exposure was to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%.

Note 3 - Using a “razor blade like” tool, the developed photoresist is muluple cut in one direction than 90 ° to
the previous cuts. This testmeasurebntt!emandadlmwn. 'Ihcreoordmgpercentage is the percent of
resist left intact after all the blade cuts (100% = Best). The exposure was to a Stouffer 21 copper step.7 at a
breakpoint in the developing chamber of 25%. 'Developing solution was 1% Na,CO, at 30 °C. '

Note 4 - A 0.25 inch hole laminated on both sides with the photoresist. The resist is then exposed and
developed (The exposure was to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of
25%. Developing solution was 1% Na,CO; at 30 °C). The flexibility of the resist over this “tented” holes is
then measured on a force gauge by pressing of the resist with a rounded probe. The force needed to break the

tent is recorded in grams.

Note 5 -The resist is exposed to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%
with a developing solution of 1% Na,CO; at 30 °C. The resist is then etched in cupric chloride at 130 °F.
After etching, the photoresist is stripped in 3% NaOH at 130 °F and the time is recorded in seconds.



m.cron re was to a Stouffer 21 copper step 7 at a

j_break opi ng chanber of 25% Devel opi ng sol ution was ‘1%.
Na[er anﬂ ! m'arr]c Note 2 - 'The degree of resist attack was .
obser ng the photoresiglp in 1% Na[err]CJerr] at 30 :
[err]C. The exposure was to a Stouffer 21 copper step 7 at a breakpoint in
t he devel opi ng chanber of 25% Note 3 - Using a "razor blade |ike" tool,
t he devel oped photoresist is multiple cut in one direction than 90[err] to
the previ oWhatigclainiEdiis: t est neasure brittleness and adhesion. The
recordi ng percentage,is the ent of,resist left intact after all the
gsahlcamupesifioni

bl ade cuts (100% Besfhph DCOMPIIGNG f f er 21 copper step 7 at

a breakpoint in the devel gpiB&k f @EW% %
Na[err]CJerr] at 30 [er rﬁz e&% MR‘%B&{%' I'nc oﬁswfg%&&ﬁfa ﬁi
sides with the photoresi splusB)@IuseG),sﬂfanmganvpc&ymeﬁ@ detdxa@mgedﬁﬁeﬁnac‘fdle
exposure was to a Stouffer 21 coxgger step 7 at a breakpoint in the

devel opi ng chanber of 259 %ﬂ@@mg%wﬁmd@wlpp@meso
[err]C). The flexibility ﬂlol'{t%& g th|s "tented" holes is then
measured on a force gauge by & & T Ng O ® resist with a rounded probe.
The force needed to br eak) baweanibdu 30aadubes 60wy ,@Bed on bivilewightI6EA)
resist is exposed to a St ouffer 21 copper step 7 at a breakp0| nt |n the

devel opi ng chanber of 259l B plusdSy of an pddjtion polymerizabl
at 30[err]C. The resi-st is ric chl.ori at 130 rr]F
" After etching, the photorﬁ#@ﬁ%@@fﬁ?ﬂ&ﬁ%% %e #ﬁ and the )

tinme-is recorded in secongsmprising What is clalrredls

phot oi mageabl e conposition conpri sing A) bet vveen about
29 and about 69 wt% based on B’dtaallswmmetﬂ)avmgm—actylatemncuomhty. said

trimer B’) being present at between about 2 to about 30 wt%
based on total weight of A) plus B) plus C), and
B") 0 to about 57 wt% based on total weight of A) plus B)
plus C) of other «,B-cthylenically unsaturated compounds,
C) between about 0.5 and about 15 wt%, based on total weight of A)
plus B) plus C) of an organic, radiation-sensitive free-radical
generating system, plus D) between about 1 and about 8 wt%,
calculated refative to total weight of A) plus B) plus C) of a
dibenzoate plastiéizer.

2. A photoimageable composition according to Claim 1 wherein B”) is prwént;
in amounts of at least about 5 wt% relative to total weight of A) plus B) plus C).

3. A photoimageable compesition according to Claim 1 wherein said free-
radical generating system C) comprises 9-phenyl acridine.



plus B) plus ), of an organic polyneric binder having sufficient acid
functionality to render said photeisnageabl'e donposition devel opabl e

i n al kal i ne aqueous sol ution, . B) between about 30 and
about 60 wt% based on total weight of A) plus B) plus
C), of an addition polynerizable conponenti3conpri sing : -
[err]-ethylenically unsaturated conpounds, said conponent B).

conpri si ng B') an isocyanate triner having

bei ng.pi eaent fPiiﬁtéﬁ\%BQ#%%%‘ﬁwsms SONFARING pHompoLMﬁszgw |

based on total weight ; ER
B") 0 to about 57 wt % based on tota vvelg P ) l
plus C) of other [err]-ethylenically unsaturated conpounds,

C) between about 0.5 and about 15 based opn total weight of A
plus B) plus C of "an organic, rad%ﬁ%ﬁ"i ediselogire r ee- r adi cal
generating system plus D) between about | and about 8 W %
calculated relative to total weight of A) plus B) plus C) of a

di benzoat e pl ast iJaiaz@gative acting phoimagehbleltoinpositige odthsridarme a¢idifActional
according to Caiml wherein B") .is resent in anpunts of at |east about 5

wt % rel ati v@wrm@mcrwhwlmem&ab& ¢ -ethylgnigallygynsaturated compands, zad

shot o e RO,y £ oS 5 o o550

~trimers having tri-acrylate functionality. Further, the composition confains a dibenzoate -

plasticizer.



