PHOTOSENSI Tl VE RESI N COVPOSI TI ON AND PHOTOSENSI Tl VE

ELEMENT USI NG THE RESI N COVPOSI TI ON Background of the Invention

This invention is related to a photosensitive resin conposition and a
phot osensitive el enent using the resin conposition. In nore detail, this
invention is related to a photosensitive resin conposition and a

phot osensitive el enent using the resin cgnposition, which has excell ent
sensitivity and adhesion as well as high resolution and plating-resis-
tance and can be used as the etching reS|st and platlng reS|st |n t he
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manuf acturing process of printed circuit board, the etching is conducted
by covering t&e.tmo si de of through holes on the base board w th hardened
resist. There this nmethod needs a high-strength hardened filmas the
resi st. Moreover, iCurtehdy mhotosesist firmed hy atphelgsemsifive IS COMPEFition IS LOPMOPL
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process, in ordgfe,Yfminated on the surface of a base board on which a pattern is to be formed. Next,

the photosensitive resin layer is exposed through a pattern mask carrying the original
image. After the exposure, the unexposed part is removed by a solvent or by an aqueous
base solution in the development treatrent to form a resist image. Finally, by using the
resist image as a protecting mask, etching treatment or pattern-plating treatment is carried

_ out with common methods, followed by removing the resist image to give the desired
product, such as printed circuit board, etc.

When using the tenting method in the manufacturing process of printed circuit
board, the etching is conducted by covering the two side of through holes on the base
board with hardened resist. Therefore, this method needs a high-strength hardened film as
the resist. Moreover, in the pattern-plating treatment, in order to achieve high density and
high resolution for the printed circuit board, the plating resist is required to have excellent
adhesion on the surface on the base board, since the contact area o_f the resist on the surface
decreases as the circuit board density increases. In the manufacturing process, in order to



2 ‘increase productivity and decrease production period, the
photosensitive resin conposition used to formthe resi'st nust have a high
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Problems to be solved by the invention

However, the resin composition reported in Japanese patent Kokai Hei 3-6202 has a
low sensitivity and cannot satisfy the requirements for the practical use, although certain
improvements have been achieved in the strength and plating resistance of the hardened
film. The technologies proposed in Japanese patents Kokai Hei 9-101619 and Kokai Hei 9-
176253 improve the sensitivity. However, the results obtained are still not satisfactory in
consideration of the requirements from the recent development in high-density and high-
resolution printed circuit boards. Moreover, the method proposed in Japanese patent Kokai
Hei
0-176253 is effective in improving the adhesion but not the sensitivity.

In consideration of the current situation described above, the purpose of this
invention is to provide a photosensitive resin composition, which has excellent sensitivity
and tenting capability as well as high adhesion, resolution, and plating resistance.



3 ' Techni ques used in solving the probl ens _In order to solve the
problenms present in the current technol ogies, the inventors carried out a
series of studies. As a result, it was found that the above goal can be
achi eved by using a photosensitive resin conposition, which contains (A a
pol ymer carrying carboxyl groups, (B) a conpound carrying at |east one
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weight units of lophine dimer (C1) and 0.1 - 2.0 weight units of triphenylphosphine (C2)
with respect to 100 weight units of component (A) and component (B). This invention has

been completed based on the above discovery.

In addition, the effect of this invention becomes more significant by showing a
further improvement in the strength of the hardened film, when the photosensitive resin
composition of this invention contains a vinyl urethane derivative, represented by following
general formula (1) and/or general formula (2), in component (B) carrying at least one
ethylene-based unsaturated group in the molecule.
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Chemical item 1

(in the formula, R represents a hydrogen atom or a methyl group and the two R groups can
be the same or different; X represents -CH,CH,0-; Y represents -CH,-CH(CH,)-O-,
-CH(CH,)-CH,-0-, -CH,CH,CH,0-, or -CH,CH,CH,CH,0-; Z represents a divalent
hydrocarbon group; m, n, p, and q are independent of each other and represent an integer
of 1-12),



(inthe fornmula, Rrepresents a hydrogen atomor a nethyl group and the two
R groups can be the sane or different; X represents -CHerr]CHerr]O; Y
represents -CHerr]-CH(CH err])-O, -CHCH err])-CHerr]-0,
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In the following, this invention is explained in detail.

In this invention, polymer (A) carrying carboxyl groups should mainly consist of
(meth)acrylate esters. A (meth)acrylate copolymer with an ethylene-based unsaturated
carboxylic acid is very suitable for this purpose. If necessary, other copolymerizable
monomers may also be used together. In the copolymer, the content of (meth)acrylate ester
should be in the range of 70 - 85 weight %, preferably 75 - 82 weight %, the content of the
ethylene-based unsaturated carboxylic acid should be in the range of 15 - 30 weight %,
preferably. 18 - 25 weight %, and the content of the other copolymerizable monomers
should be in the range of 0 - 15 weight %.

The (meth)acrylate ester can be, for example, methyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, hexyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate, benzyl (meth)acrylate, hydroxyethyl
(meth)acrylate, hydroxypropyl (meth)aerylate, etc. '

The ethylene-based unsaturated carboxylic acid can be, for example, a mono-
carboxylic acid, such as acrylic acid, methacrylic acid, crotonic acid, etc., a dicarboxylic
acid, such as maleic acid, fumaric acid, itaconic acid, etc., as well as acid anhydrides or



et hyl ene- based unsaturated carboxylic acid should be in the range of 15 -
30 weight % preferably 18 - 25 weight % and the content of the other
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composition will become poor, and the chemical resistance of the hardened film will be
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In order to achieve a significant effect of this invention, component (A) should
contain polymer A carrying carboxyl groups as well as a styrene/(meth)acrylic acid copoly-
mer with a weight-average molecular weight in the range of 10000 - 50000, preferably
15000 - 30000. If the weight-average molecular weight of the copolymer is lower than
10000, the improvement in the film adhesion will be insufficient. However, if the weight-
average molecular weight is higher than 50000, the miscibility with other binder polymers
will be low. Moreover, the content of the styrene/(meth)acrylic acid copolymer should be
in the range of 10 - 40 weight %, preferably 15 - 30 weight %, with respect to the total
amount of component (A).

In this invention, compound (B) carrying at least one ethylene-based unsaturated
group in the molecule can be, for example, the vinyl urethane derivatives represented by
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2- hydr oxy- 3- diethylene glycol diglycidyl ether di(meth)actylate, I,6-he amewene glycidy
di(meth)acrylate, trimethylolpropane triglycidy! ether tri(meth)acrylate, diglycidyl phthalate
di(meth)acrylate, glycerol polyglycidyl ester poly(meth)acrylate, 2-hydroxyethyl -
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate, 2-
phenoxy-2-hydroxypropyl (meth)acrylate, 2-(meth)acryloyloxy-2-hydroxypropyl phthalate,
3-chloro-2-hydroxypropyl (meth)acrylate, glycerol mono(meth)acrylate, 2-
(meth)acryloyloxyethyl acid phosphate, phthalic acid derivative half (meth)acrylate, N-
methylol (meth)acrylamide, etc. The above multifunctional and monofunctional monomer
can be used alone or as a mixture containing two or more of them. In consideration of the
flexibility and strength of the tenting film, the vinyl urethane derivatives represented by

general formula (1) and/or general formula (2) are particularly preferable.
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used alone or as a mixture containing two or more of them.

In the resin composition of this im;ention, the amount of lophine dimer (C1) should
be in the range of 2 - 5 weight units, preferably 2.5 - 4 weight units, with respect to 100
weight units. of component (A) and component (B). If the amount is lower than 2 weight
units, the sensitivity of the resin composition will be insufficient. However, if the amount
is higher than 5 weight units, red burnihg marks will be generated on the base board after
development.

Moreover, the amount of triphenylphosphine (C2) should be in the range of 0.1 -
2.0 weight units, preferably 0.3 - 1.0 weight units, with respect to 100 weight units of
component (A) and component (B). If the amount is lower than 0.1 weight units, the
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In component (C), these photopolymerization initiators can be used alone or as a

mixture containing two or more of them.

In the resin composition of this invention, the amount of component (C) should be
in the range of 0.01 - 20 weight units, preferably 0.1 - 15 weight units, with respect to 100
weight units of component (A) and component (B). If the amount is lower than 0.01
weight units, the light hardening rate of the resin composition will be too slow. On the
other hand, however, if the amount is higher than 20 weight units, the absorption on the
surface of the resin composition will be too high during exposure, resulting in insufficient
hardening of the inner part of the resin composition.
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The dye can be, for example, tris(4-dimethylaminophenyl)methane [Leuco Crystal
Violet], tris(4-diethylamino-2-methylphenyl)methane, Leuco Malachite Green, Leuco
Aniline, Leuco Methyl Violet, Brilliant Green, Phthalocyanine Green, Eosine, Ethyl
Violet, Erythrosine B, Methyl Green, Diamond Green, Crystal Violet, Basic Fuchsine,
phenolphthalein, 1,3-diphenyltriazine, Alizarine Red S, Thymolphthalein, Methyl Violet
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Methyl Orange, Orange IV, diphenylthiocarbazone, 2,7-dichlorofluorofluoresceine,
Paramethyl Red, Congo Red, Benzo Purpurine 4B, «-Naphthyl Red, Nile Blue A, Nile
Blue 2B, phenacetolin, Methyl Violet, Malachite Green, Parafuchsine, Basic Blue 20, Oil
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In the following, the preparation of a photosensitive element and the correspdnding
printed circuit board using the photosensitive resin composition of this invention are
explained.

Fil .
The photosensitive resin composition of this invention is first dissolved in a solvent

to give a homogeneous solution. The solvent can be, for example, toluene, acetone,

methyl ethyl ketone, methyl isobutyl ketone, methylcellosolve, ethylcellosolve, chloroform,
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photosensitive film. In order to minimize the effect from the light scattering during the

{'

exposure treatment, it is preferable to use a poly(ethylene terephthalate) film with a haze
value of 1.5% or lower.

If necessary, especially when the photoresist film is wound and stored in‘a roll, a
protecting film should be laminated on the surface of the photosensitive resin layer to
protect the photosensitive resin layer from dust, surface scratching, attaching to the
supporting film, etc. As the surface protecting film, polyethylene film, polypropylene
film, poly(vinyl alcohol) film, etc., can be used. There is no special limitation on the
thickness of the protecting film. Usually, it is in the range of 10 - 50 um, preferably 10 -
30 pm.

Exposure

In the formation of the photoresist image using the photosensitive resin composition
of this invention, the supporting film or the protecting film, whichever has a lower
adhesive strength to the photosensitive ;esin layer, will be peeled off and the photosensitive
resin layer is then attached to the metal surface, such as copper surface, etc., on the based
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r;i' n L‘;Vﬂle' Eatsggﬂeae&b@sﬁpeeﬂea&xﬂe&t REudtRliPlartitl bR Ghder Ve BgRSina8RRG. PhY i‘iglﬁi A
board. After upgtcaspbe, figpsrample, highdpressureguereuny Hamp,syper-highipregsure |EXCRry m

t he exposure lafinpAtdeeH arb&axﬁp,%ﬁ&{ ﬁﬂxp, ktal Hﬁid@lwﬁﬂizﬁékﬁicilimﬁp,r&@.i AfeAMerunas
no or | ow adhgsive stren

h, the ,supporti filmaor the protecting.filmon
the resin | ay tigadqiqton, glt”f??ﬁ‘}%& l}fﬁﬁ&c fa t‘}eé‘F?er %{%‘eYes&ﬁpﬁez%hggg’ﬂW‘ect |y
to the photosensitive resin |ayer. The exposure treatnment is usually

carried out “Q@%&ﬁéﬂi ght irradiation. The |light source can be, for
exanpl e, high-pressure nercury |anp, super-high-pressure nercur

ry lanp,
carbon arc | anp, x@RFEXPAsHEE. URPOTHAE of Hhepprotecting; film o) theFesindayer inf ¢ er
t he IUV i %ht d'rdir_roardd and dHi'eloFineﬁtEw&ﬁﬁadSth'd. ﬂf%’ipﬁdﬂ@eﬁﬁCWea’eﬁ@ chifiposidd of hiachi eve
conp et e haraeni . e ht . [ exposure, .the.,supportin
CoTm or Ctho. pPabRfhn can BF KFSRRRE B a diue paseishlyfion | EBTRHE Sied B BRI SRR o
i s conduct ed. b&Her gxauiples engikali wetal bydnoxidenquols b litbivmohydroRide, isodiamthydroxiden be
devel oped i n goshitt Ryd?8i&e, B0 Uil Akati hBYG1 ORRFatdS K @ lichindh SarBUaRO36aiGAN PE,

for exanple, an al kall nmetal hydroxide, such as |ithium hydroxide, sodium
hydr oxi de; carbonate, potassium carbonate, etc., as well as the corresponding hiydrogen carbonate, an
' alkali metal phosphate, such as sodium phosphate, potassium phosphate, etc., an alkali

metal pyrophosphate, such as sodium pyrophosphate, potassium pyrophosphate, etc.

However, it is preferable to use a dilute aqueous solution of sodium carbonate, potassium
carbonate, etc., with a concentration of 0.3 - 2 weight %. The pH value of the dilute base
solution for development should be in
the range of 9 - 11. There is no special limitation on the temperature for the development
solution, and it is usually in the range of 25 - 30°C. In order to accelerate the
development, a small amount of a suitable organic solvent as well as surfactant, defoamer,
etc., can be added.

Moreover, if the photoresist is tightly attached on the base board, heat treatment can
be carried out for the resist on the base board after the development under irradiation of an
active beam or a far-infrared lamp.

Etchi 1 plati
Etching can be conducted with any common method using an acidic etching
solution, which can be an aqueous solution of copper(Il) chloride-hydrochloric acid or an



pot assi um hydroxi de, etc., an alkali netal carbonate, such as |ithium
carbonat e, sodium carbonate, potassium carbonate, etc., as well as the
correspondi ng hydrogen carbonate, an al kali mnetal phosphate, such as sodi um
phosphat e, potassi um phosphate, etc., an al kali metal pyrophosphate, such
as sodi um pyrophosphat e, potassium pyrophosphate, etc. However, it is
preferable to use a dilute aqueous sol utiam of sodi um carbonate, potassium
carbonate, etc., with a concentration of 0.3 - 2 weight % The pH val ue of
the dilute base solution for devel opnent should be in the range of 9 - 11.
There is no syswedusisolution phirpr(HD@hlaride-hydiopllprie agid Adwasicistching selugignetich as
sol ution, andgihe AguebisUrhonid, btd. 'Ray ABEBe Bded 2In theYUtBE Dhdeess), B poé-deitmest is
accel erate the devel o %

nt, smal |” anpbunt of a, suitabl e, or jc.solvept as
o T ae o § olbeanduEl bt o deciiiaing B0 o s gbhRE abdte, Tnél, Hiidnd of Aied; | 2
phot or esi st i suttin glplating asltiterh eTheoplatirgesohrion ciobe, dor dxemplet cappenplatingsotutiva,
carried out f . 1S r f : ggﬁ.&t r
i rradiation o%&éérl]t‘}gaé‘g‘ §\§/é?elﬁ %@%og?ﬁ}ga? 3@“ ?n ’r_sg‘r,ég(ﬂﬁ% tsg?ﬁu&?é‘aié%ﬂng asr({gﬂﬂ k
pl ati ng tin plating, soluticna aobslt plasing selutien.\gincplating seHem rickst-erbalt plating an

aci di ¢ et chi ngylsinyibd186t plathis GBIuGieR dae an aqueous sol ution of copper(l1)
chl ori de-hydrochloric acid or an

13 aqueous solution of iron(lIl) chloride-hydrochloric acid. A basic

et chi ng sol ut Remova of hardenedirésiste aqueous anmonia, etc., may al so be used.
[n the plating proggashe il of Pﬁﬁﬁgg&&s's,sﬂlﬁ hiabncA QB G RhoVed B uding a basic
degreasi ng agent. or a_soft etching ent. Then, plating is C?I’I ed out 1n a
pl ating sol ut Peshing sofution. yehihyis 48 paueoByselutipnigantaining (i 5 Apyedght Jophadium 4t j ng
sol ution, nickplrofid@bt petassihibydedkidd.r on pl ating sol ution, silver plating
solution, gold platin olution .tin plating.solution, al.t. plating
solution, zinc pl Zﬁ‘?}%’oz%’ | utlw&{?suﬁ Ic%raéqsﬂbogt?gltl{ls BHL‘I’%}‘}OH&I‘(E ﬁ}%gﬁlﬂ%’ﬁ?“s%’r'der
pl ating sol ut elementassing the Reimppaipogifiothane deryeusefubsy te etching resishandplatingresist
etching or pl &f ihBthaRACERARg of PEntBPEARNGdafdOmli Th tHeDroREMECSE % MtiIAne B@si C
peel i ng solution, whi.ch i s an aqueous, sql ution contal S‘H rg 0.5 - 5 wel ght %
of sodi um hydPBUPYBSIEYe I58in£OUPRTHHAY of Bk ipNgntion contains (A) a polymer carrying carboxyl
groups, (B) a compound carrying at least one ethylene-based unsaturated group in the
molecule, and (C) a photopolymerization initiator, characterized by the fact that component
(B) contains at least 60 weight % of methacrylate (B1) carrying at least one ethylene-based
unsaturated group with respect to the total amount of component (B), by that the’amount of
component (C) is in the range of 0.01 - 20 weight units with respect to 100 weight units of
component (A) and component (B), and by that component (C) contains 2 - 5§ weight units
of lophine dimer (C1) and 0.1 - 2.0 weight units of triphenylphosphine (C2) with respect to
100 weight units of component (A) and component (B). Therefore, the photosensitive resin
composition of this invention has excellent sensitivity and adhesion as well as high
resolution and plating resistance.

Practical Examples

In the following, this invention is explained in more detail with practical examples
and comparative examples.

Moreover, in the examples, “%” and “unit” are all based on weight.



The- phot osensitive resin conposition of this invention and the

phot osensitive el enent using the resin conposition are very useful as the
etching resist and plating resist in the manufacturing of printed circuit
board and in the processing of fine netal parts. The photosensitive resin
conposition of this invention contains (A) a polynmer carrying carboxyl
groups, (B) a conpound carrying at | eastléne ethyl ene-based unsaturated
group in the nolecule, and (C) a photopol ynmerization initiator,
characterized by the fact that conponent_(B) contains at | east 60 weight %
of met hacryl &reparation of photgsensitivg SHIDlet hyl ene- based unsat urat ed group

‘Wi th respect t ot Igg &mtgq;bly&@m) ca(mfymgcxfmmxgngroﬁ[ﬂ)a,nd leympduakl (Bhearsyingiattleast

t (C t to 100
RelBht uni ¢ 5 o8 Sesltat et Spfdio Biogh i ol et th ool 8 RS, | (0
contains 2 - a8ditizesglistediiniTabled, ph@tpmnﬁtavqjtemrcomalﬂqﬁ@d)l (D 1@) VeTRprgPAr
units of tripj ﬁ%‘ RRRACHIARe E&&imiﬂﬁtnﬁbtﬁﬁSﬁ??ﬁetétﬁ/t&ﬂ@ne%étﬁfltﬂdﬂhbl s 8H15/7.

conmponent (A) conmponent (B) erefore, the photosensitive resin
conposition of this invention has excellent sensitivity and adhesi on as

wel | as high resolution and plating resistance. Practical Exanples

In the following, this invention is explained in nore detail wth practi cal
exanpl es and conparative exanpl es. Moreover, in the exanples, %"
and "unit" are all based on weight.

14 Preparati on of photosensitive resin conposition By using

pol ymer (A) carrying carboxyl groups and conpound (B) carrying at |east one
et hyl ene- based unsaturated group in the nolecule listed in Table 1 as well
as the additives listed in Table 2, photosensitive resin conpositions (D 1)
- (D-10) were prepared using a solvent m xture containing nethyl ethyl

ket one/ t ol uene/ net hyl al cohol = 86/15/7.



15 Table 1 phot osensitive resin (A (B)

content of nethod conposition P-1° M1

M 2 M 3 M 4 M5 M6 ~ cylate in (B) (%

(unit) (unit) (unit) (unit) : (unit) (unit)

(unit) D1 53.0 20.0 12.0 -

6.7 - - 2.7 D2 ' 53.0 -

20.0 5.0 7.0 6.7 - 15 - 64. 6 D3

53.0 - 20.0 - . 6.7 12.0 - 82.7
D4 53.0 - 20.0 - - - 6.7

12.0 82.7 D5 40.0 13.0 20.0 12.0

6.7 - - 82.7 D6 53.0 -

20.0 12. Gables - 6.7 - - 82.7 D7

53.0 - 200 120 G 827
D8 photoseasidve resin Sj) 0 w - 20 . 0 _ - hneduc _
- 8 resison. 9 i lez M1 | mB3)03 | s Ms 2023 qfﬁ ol |
6.7 _ (uni) Qunlpy | (uphp jfuni) § (uni) (unic) {unic) {uih o

20.0 - - Dt 12. 0 sB. 7 - 200 120 - 6.7 51.7 -Note:®#The valjes
in the tabl ¢ pare the anourdes of theesol sd components in wei-ght waéts. P-fL:
Met hyl met h@gLyl at e/ n-but W, acryl atg/ 2-hydroxyet gyl 1o - 82.7

nmet hacryl at ¢/ et hacrylic ggid = 56/ 15/ 6/ 23 Gyeight ratdg) s,

Wi ght - aver .z nmol ecul ar wei ght §05000 g’ 2 Sgyrene/acrylic asg; d = 70f 30
(wei ght rat {6} Yet-ght—= et agenorecuar el gll[ =—20000— ™M I

i ®Scaoxyet hyl ed® glycol 2 nePhacryl at & M2 Nonaet hyfene gl yfol
- 82.7

Bi sphenol A
di met hacryl gtoe M 3: Nonaéthylene @W¥ycoPdi acryl &le M4

Hydr oxyet hylf (acr yl oyl oxyetstwyl )- et hydo phehal ate M5:  the conpourtd?
represent edfipy general forgwul a- (1) oonherei n-R = s€CH err], 827X =
-CHerr]CH

{od O, Y = -Culerr]-CHedsHerr]) oo, &= -
=1, p = q =9 ™6 __the conpound Tepresented by general for M a
V\,her ei N R = No@k[Bhevhipes in the table ay¢ the-ama@his of th kil compjogsnts iryweight units.
-CH err] - CH(PQ"[ eNtkth1-ridthacrflate/n-tulsh@y1itd /2 hfdrbdyethyl Mettzcryldte/nettadylic acid
5671516123 (weight ratio)
Weight-average molecular welght 85000
P-2: Styrene/acrylic acid = 70/30 (weight ratio)
Weight-average molecular weight = 20000

M-1: Bisphenol A decaoxyethylene glycol dimethac.rylatc
M-2: Nonaethylene glycol dimethacrylate
M-3: Nonaethylene élycol diacrylate
M-4: Hydroxyethyl(acryloyloxyethyl) ethyl phthalate )
M-5: the compound represented by general formula (), wherein R = -CH,,
X = -CH,CH,0-, Y = -CH;-CH(CH;}-0-,Z = (CH),-,m=n=1,p=q = 9.
M-6: the compound represented by general formula (), wherein R = -CHj,
X = -CH,CH,0-, Y = -CH,-CH(CH)}-0-, Z = {CHp)s-. m = 1,p = 9.



16 . phososensitive resin (O
ot her additives conposition . (-1 (I-1)
(1-3) (-4 (I-5) 1 (unit) (unit) (unit)
(unit) (unit) (unit) (unit) (unit) (unit) D1
3.5 0.4 - 0.1 0. 08 0.4 0. 05 3.5
0. 05 D2 3.5 0.4 16 0.1 0.08
0.4 0. 05 3.5 0. 05 D3 3.5 0.4
- 0.1 0.08 0.4 0. 05 3.5 0. 05 D4
3.5 0.4 - 0.1 0. 08 0.4 0. 05 3.5
0. 05 D5 3.5 0.4 0.1 0.08
0.4 0. 05 3.5 0. 05 D6 1.5 0.4
2.0 O Tafite2 0.08 0.4 0. 05 3. 0.05 D7
6.5 0. 4 -1 6=68 B4 8=65 ﬁ 5
0.05 D8 || phorosensitive resin 3 @ 05 031 ()_odher addisives 0.08
0.4 0. pE™™™ 3.5|an |a20.Oban D94 |oo |ov |mB.5|msa |R.5
- 0. ~Ofaln oy gl JGgogp) o jouil ]G loups | o g
3.5 0. §pou - 35 Q.1 °@. 08 o008 044 005 (Q3p5 eos 3§ 5
0. 05 Not e: || Phae val ues Bn t hestabl e areothe amepunt 84 of tdwe sobsd  oos
conponents i | p¥ei ght uni ts. | -ok: 2,2"' -Bis(o-ohl orephenydo) 4, 535 4"  o0s
, 5" -tetraphepyl-1 ,2-biigidazqolke (A) 1-3; ok i phgnyl phasphi pe (Cles 1- 8
Benzophenonej L4 4: NN 5 Tetrggthyl -4, 4" - di am ppbengzopphengne 35 g4
9- Phenyl acr i eUCo Crystat s Vot el — VG~ Vit achi T e Greer 005
( Hot oget ani 00s

0.05

0.05

0.05

Note: The values in the table are the amounts of the solid components in weight units.

I-1:  2,2’-Bis(o-chlorophenyl)4,5,4’ ,5’-tetfaphenyl—l ,2-biimidazole (C1)
I-2:  Triphenylphosphine (C2)

I-3:  Benzophenone

I-4: N ,N'-Tetracthyl4,4’-diaminobenzophenone

I-5:  9-Phenylacridine

LCV: Leuco Crystal Violet

MG: Malachite Green (Hotogetani Co., Ltd.)
PTSA: p-Toluenesulfonic acid

PA: o-Phthalic acid

In the table, compositions (D-6) - (D-10) were prepared not according to this
invention but for comparison.



PTSA: p- Tol uenesul fonic acid PA: o-Phthalic acid In the table,
conpositions (D-6) - (D-10) were prepared not according to this invention
but for conparison. 17
Practical Exanples 1 - 5 and Conparative Exanples 1 - 5 The

phot osensitive resin conpositions prepared above were coated a

pol y(et hyl ene teraphthal ate) supporting fidmm (thickness = 20 [err]m using
an applicator with a gap of 8 ml|. The filmwas then set at room
tenperature for 1 mnutes and 30 seconds and then heated in an oven at

60[err] C, 90[ phattical ER4tApIdOPL §ahd EomPirativeE: jeach to form a

phot osensitive el nt wth a thickness, of Jqﬂg i}'%{-ﬁ‘g

phot osensi ti ve el eMRERIORSENSIUYRTTHIA %Q!F‘H?ﬁman%ﬁﬁ??&? Y& WK £0ate A Polethylene, ¢

60[ err] C usi ngraphthalate) sppogingdilinqthi¢cknags e+ 20 ywnd using k0 applicajoCwith ar gablofi8 mil.
f 31kg

pressure o ﬁ{'g\/gs[l}\en B&Q@' réon éH?PQ&Hré‘ gvé Hﬁ@ﬁte?%ud\}&ﬁe@éﬂﬁs ind E{éﬁ h%kg& in

board used vvas a epox esi n oar size o

250 nm whi chafha‘dma@tﬁﬂ %kﬁ@e@sareﬁl °6 fam? arenteseach tonform o phetgseppitive glomenty v | m
copper foil oalmmmgf@eﬁ@re the Iam nat i ng treatnent, the base board
was polished, was t h. wat er, er. air f

boar o t hus &7 eat ecgts e @hRBieGtitahtemes: 5 iR ed ohp sl 8%&@%&&6%@%5
(scattering | agd°C dsiig/adambhating tolleotempbxtadué of HI58Cg h rellen preasure of 3 kipfem?, and
(Stophar 21 shehindRidbedd ofl10s AT Afcbab b Lulc Sra ks Eﬁwﬁtfﬁsﬂf‘oaké’

eval uate the 5 tivi e resin conposit

pol y(et hyl ene ?%?é‘ﬂ‘lli‘tqm épgmmm%ﬁaénl}ae\ﬂvs’a 3 thicknessof d Ssmiprand was jaminat-
ex pgsur e. Thleeaiemﬁlss QUIE BéppeafoilcantiidGidesl Byfowmaymﬁgamﬁmgﬁ%mﬁwbae?wﬁm
car bonate sol ution.at e ich was twice of the
time required Ve PY sﬁ‘fﬂ %ﬁ?{%ﬁ%g/g{e%n ‘?{m%dﬁ’g &‘dg%lwpart to give a hardened
i mage. The Bheobass boaril thusdreatsd ms.cmqg@tundueon 3&W highﬂwsnutenmdr@rry\ha@

eval uated in {dgdrbign, TEVN-S6/, Ork%%nsl'.tﬁ')‘{hxroiighane atlve ﬁﬁ'@(Stophar 21 step-
phot osensi tivity of t e resin conp osition was eval ua ‘\{%rreas r|n he

anount of ex pSg‘EPrl‘\’é) tq gradpaly éedé‘f“’eﬁle H\SH%%%“SE‘FFS‘PH@ E‘E"Qﬁ%‘%ﬂ PSCRIEHBOHYE t he
l'ight- : resin composition. Then, the poly(ethylene terephthalate) film was peeled off 15 mmutes

after the exposure. The development was conducted by spraying a 1% aqueous sodium

carbonate solution at 30°C for a time period, which was twice of the time required to
completely dissolve the unexposed part, to give a hardened image.

The photosensitive resin composition of this invention was evaluated in the
following items.

itivi
The photosensitivity of the resin composition was evaluated by measuring the
amount of exposure, when the step number on the step-doublet formed by the light-
hardened film on the base board was equal to 8.

Adhesion

After the film was laminated on the base board, exposure was conducted through a
pattern mask with a line/space ratio = 30/400 - 250/400 (pm) until the step number on the
step-doublet formed by the light-hardened film on the base board was equal to 8. After
development, the line width (um) of the remaining resist was measured.



hardened fil mon the base board was equal to 8. Adhesi on After
the filmwas |am nated on the base board, exposure was conducted through a
pattern mask with a |ine/space ratio = 30/400 - 250/400 ([err]m until the
step nunber on the step-doublet fornmed by the |ight-hardened filmon the
base hoard was equal to 8. After developnent, the line width ([err]nm of

t he remai ni ng resi st was neasur ed. 18

18 Devel opnent properties Exposure was conducted with the sane
nmet hod as above through a pattern mask with a line/space ratio = 1/1 (30,
35, 40, 45, BeYelPm< BELELrrim) . After devel opnent, the mninmumline

wdth ([err]m f kAR &rhﬁra%@ﬁndu@@&l%m&ﬁﬁﬁﬁhﬁm”abﬂeadﬂ dgh hge uagam&

er e fi am nated o nduc

through a pai"’%mﬁmﬁ)ég%emtt%‘a lﬁldd;ﬁépgi g@i%,a_n%@ f\#[a 'tt?‘F t he
step nunber nmumhmlktee;pdmc(publfmneﬂmﬁedmbgew#senéaisghd.- hardened f| | mon the
base board was equal to 8. After devel opnent, pretreatnent was conducted by
soaking the board in a degreasing solution (FR, 15 weight % Ato Tech. Co.,
Ltd.) for 3 Riatogresistagest - et chi ng was conduct ed using ammoni um persul fate
at 150 g/L, for 2afkimé Gfm ﬁa@'ldnﬁﬂﬁéﬂ &)/thd@&éﬂH’bﬂrdé\ﬁekﬂfbsmtvﬁ’s,coﬂdiﬂteﬂhmwgmaki ng
the board in_a 10 ueous. sul I aci d | utio te.
Then, the pl E?tfeﬁ‘bm?vﬁ%gﬁr@ o T e]t?U{)lBﬁ 0@1 %ﬁgiec% pxgurnIb%f P’% S& lating
bat h, cont ai douh@et‘i&xg:dlbycthe hgipﬂrardeneui ﬂilatmtm@&eg)bardoﬂasaquﬂuo B¢ Pefmrd 50 ppm
of chloride ntgf.{gﬂlle Lan tald &% golgm At
25[err] C andh%ﬁpgﬁ?érpr% or nggam ngﬁg"éﬁ}e ter havin eec%grv%sslhh% vm?;h

wat er, the b&RdlSweightohkatp Techs Gownditdih fored minytss o398 V& 405! uciedrﬂﬁ'ﬂ&e

Fi nal | y, theam@lotdiin pdrailfatecht W56 gﬂ.&}ffbﬂ 2 chiids, Bdlowad By wabldey with ataten ardathén

ining 64 ni/ £l 45 %
Con a0 g mShostg i E 18 gl It Ak RRAL sl oty S THEL B
Pl utei n LA cohting treatpentovasenarrieidiut usingo copper sitlfate mﬁmgmﬂnmtttammgﬁm/b iofi LA
starter (Mel E epﬁxlfatel-tlgo %{L su?fgh@ b&id C‘S(gﬂlin of glﬂo%‘ﬁdi%&'r 'éjld 5 Qi1L/L%f Toppires -

After havi n en wash vva er ane
Aot as el v Gleam PR (Meltex Co., 10, a¢ 35°C and 3 Al for 30 rainuies. - Afiok baving been

washed with water, the board was soaked in 10 weight % fluoroboric acid for 1 minute.

Finally, the solder plating was carried out using a solder plating bath, containing 64 mIL/L
of 45 weight % tin fluoroborate, 22 mL/L of 45 weight % lead fluoroborate, 200 mL/L of
42 weight % fluoroboric acid, 20 g/L of Plutein LA conducting solder (Meltex Co., Ltd.),
and 41 mL/L of Plutein LA starter (Meltex Co., Ltd.), at 20°C and 1.5 A/dm? for 12
minutes.

After having been washed with water and dried, a cellophane tap was immediately
attached to the resist and then peeled off in a vertical direction (30° peel test). The peeling
of the resist was checked visually.

Moreover, after the resist was peeled off, the solder burrowing under the resist was
checked using an optical microscope. If solder burrowing occurred, the solder plating was
repeated by using a transparent resist to directly observe the solder burrowing under the
resist.

Tenti .
The photosensitive element prepared above was laminated on the two sides of a base
board carrying 100 elliptic through holes (7 mm x 3.5 mm). Exposure was conducted until



attached to the resist and then peeled off in a vertical direction (90 peel
test). The peeling of the resist was checked visually. Mor eover,
after the resist was peeled off, the solder burrow ng under the resist was
checked using an optical mcroscope. |If solder burrow ng occurred, the

sol der plating was repeated by using a transparent resist to directly
observe the sol der burrowi ng under the reg st. Tenting properties '
The photosensitive el ement prepared above was | am nated on the two sides of
a base board.carrying 100 elliptic through holes (7 mmx 3.5 m. Exposure
was conducted until

19 t he nunber of steps on the step-doublet fornmed by the

| i ght - hardened fil mon the base board was equal to 8. Then, devel opnent was

repeat ed unt ik minkver éf@@py dAGhe sep WoVHRSE fahaks the 1{EREhaRienEd @ilm 6 ml BRe  epeat ed

devel opment ¢J,ealdRnk ¥a@S Tuél?ﬁevaepxﬁéae%wﬁ%éde#ﬁatdnﬁm 0Ge R9DS o number,
the better the tegt n E%gﬁﬁrt'ﬁf' e evaluatron resulrs obtai ned
in the pract (4™ 3&95%[’ detelpRment HERReRt Vipsedhinp Faliatane TonBigieti n Tabl e
3. Tabl e 3the number, the better the tenting prefigtiievsensi tive  sensitivity adhesi on
resol ution Pl The vgluitids re3iilA PB@ined i KHeipfgtical examples and the comparativel €Si N
(m/cnferr]) examples dré §obh M Table 3. ([err]m . _peeling
burrowing properties conposition Pract cal Exanple 1
D1 401]1 3 35 40 no no 2
times
photosensitive sensitivity adhesion resolution plating resistance tenting
resin o (mJ/cm?) (um) (pm) peeling burrowing | preperties
composition
Practical Example 1  D-1 40 35 40 no no 2 times
] 2 D2 45 35 45 no no 2 times
3 D3 4s ©o3s 40 no no 3 times
4 D4 45 35 40 no no 3 times
" S D5 40 40 40 no no 2 times
Comparative
Example . 1 D6 65 &0 50 yes yes 2 times
2 D-7 45 40 40 {*1) (*1) 1 fime
3 D38 5 50 40 no no 2 times
4  D-9(*2) 45 40 40 no no 2 times
5 D-10 70 50 50 no yes - 2 times

Note: (*1) Red burning marks were generated on the base board after development.
Plating attachment was very poor even the pretreatment was used, and suitable evaluation
was impossible.

(*2) The storage stability of the photosensitive resin composition was low. Color
change and gelation were observed for the photosensitive resin composition during the
storage. The resin composition was us::less for practical purposes.

Sienifi f the inventi
The photosensitive resin composition of this invention and the photosensitive
element using the resin composition have excellent sensitivity and adhesion as well as high
resolution and plating resistance and can be used as the etching resist and plating resist in

the manufacturing of printed circuit boards and in the processing of fine metal parts.
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and/or general formula
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Chemical item 1

(in the formula, R represents a hydrogen atom or a methy! group and the two R groups can
be the same or different; X represents -CH,CH,0-; Y iepresents -CH,-CH(CH,)-O-,
-CH(CH,)-CH,-0O-, -CH,CH,CH,0-, or -CH,CH,CH,CH,0-; Z represents a divalent
hydrocarbon group; m, n, p, and q are independent of each other and represent an integer
of 1-12)



et hyl ene- based unsaturated group with respect to the total amount of
conponent (B), that the anpunt of conponent (C) is in'the range of-0.01 -
20 weight units with respect to 100 wei ght units of conponent (A) .and
conmponent (B), and that component (C) contains 2 - 5 weight units of

| ophine dinmer (Cl) and 0:1 - 2.0 weight units of triphenyl phosphine (C2)
wWth respect to 100 wei ght units of corrp%hent (A) and conponent (B).

2. The photosensitive resin conposition e%crl bed b Claim (1),
characterized by thd fact tha? 'f:orrpon(%nt (B)y, wcarri es,.g[ | east one

et hyl ene- based msgl\_u(,a‘t@d.\.gr.oup-zl n tie rmllebm-d,rp-cbgﬁwﬁ&: a vinyl urethane
derivative, represented by f&l | ow® ge q{al formula (1) and/.ox gerey al
formula (2). [err] Chenical iitem1i(in the fornula, Rrepresentsa
hydrogen atom or a methyl group ang.t he R groups can be the-sanme or.

different; X represents -CH err] erm]O oY r eprOel |
ity o et Rancttte” il
m n, p, and q are independent of each t%er and represent an integer of 1
- 12) Chemical item 2 21 [err]

(in the formula, R iepresents a hydrogen atom or a methyl group and the three R groups

can be the same or different; X represents -CH,CH,0-; Y represents -CH,-CH(CH,)-O-,

-CH(CH,)-CH,0-, -CH,CH,CH,0-, or -CH,CH,CH,CH,0-; Z represents a divalent

hydrocarbon group; m and p are independent of each other and represent an integer of 1 -

12) ’

3. The photosensitive resin composition described in Claim (1), characterized
by the fact that component (A) carrying carboxyl groups contains a styrene/(meth)acrylic
acid copolymer with a weight-average molecular weight of 10000 - 50000.

4. The photosensitive resin composition described in Claim (2), characterized
by the fact that component (A) carrying carboxyl groups contains a styrene/(meth)acrylic
acid copolymer with a weight-average molecular weight of 10000 - 50000.

S. A photosensitive element, characterized by containing the photosensitive
resin composition described in Claim (1) laminated on a support film.



Chemcal item2 (in the fornmula, R represents a hydrogen atom or a net hyl
group and the three R groups can be the sane or different; X represents
-CH err]CHerr]O; Y represents -CHer]r-CHCHerr])-0O,

-CH(CH err])-CHerr]O, -CHerr]CHerr]CHerr]O, or
-CHerr]CHerr]CHerr]CHerr]O; Z represents a dival ent hydrocarbon group;
m and p are i ndependent of each ot her an% represent an integer of 1 - 12)
3. The photosensitive resin conmpositi'doh described in Caim(1),
characterized by the fact that conponent (A) carrying carboxyl groups
contains a styrene/(meth)acrylic acid copolyner with a wei ght aver age

nol ecul ar wei ght .si ON it | Ve resin
conposition descri m (Z2) ., [ ACl € ' Dy ' at
conponent (A) carrying cadBaX NG i idiofls (LIMPQSAQN et h) acrylic
acid copolyner with a weight- average rml ecul ar WEI ght of 10000 - 50000.

5.. A phot osensitive el enent, chgrgct eEI!z%d li)é cont ai ni ng-t he
phot osensitive resin corrposition 1 im (1) lam nated on a
support film

To provide a photosensitive resin composition and a photosensitive element using
the resin composition with excellent sensitivity and adhesion as well as high resolution and
plating resistance. A photosensitive resin composition, comprises (A) a polymer carrying
carboxyl groups, (B) a compound carrying at least one ethylene-based unsaturated group in

the molecule, and (C) a photopolymerization initiator, characterized by the fact that-
component (B) contains at least 60 weight % of methacrylate (B1) carrying at least one
ethylene-based unsaturated group with respect to the total amount of component (B), that
the amount of component (C) is in the range of 0.01 - 20 weight units with respect to 100
weight units of component (A) and component (B), and that component (C) contains 2 - §
weight units of lophine dimer (C1) and 0.1 - 2.0 weight units of triphenylphosphine (C2)
with respect to 100 weight units of component (A) and component (B), as well as a
photosensitive element using the resin composition.



