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- 1- "PHOTCOSENSI Tl VE COVPCSI TI ON AND ELEMENT USEFUL FOR PRODUCI NG SOLDERI NG .
MASKS":Thi s invention relates:to d photosensitive resin conposition and a
phot osensitive elenent. Mre particularly i1t-relates to a photosensitive 14
resin conposition for formng a protective cdating filmhaving excellent 5
char act eri st i 'PHONQSENSETHE (COMPOSITIQN AND cELEMENT r 0SEEUD JFOR PPRODUC ING
wirimg board and for nmetal precise processing, and to a photosensitive
el enent conpri silgeadayer. of said SORDERING MASKISY support film
supporting said |ayer.. 10 It is well known that photosensitive
el ements, i.e., device conprising a support filmand a | ayer of
substantially dried photosensitive resin conposition fornmed thereon are -
used as a pBRotoresist forThisdinvegtiop inetlates rtmgabphetiosengiticme nesin
al so widely 15 known that photosensitive resin conpositions having
excel | ent char acmpasitienwandhacphobesgnaditiive, elpment ng MacR, pantdsiukarly
for chem cal plating, and the like are very useful, Min objects of a '
sotderi ng nask & ealrtesito 28 phosepgasiltd e Fewiat CORROBLEROBf £631 deri ng
to prevent soldering bridge and the [ike; to prevent corrosion_of a naked
copper conduct SIOTTHRE t® RRebeet dver ceating £iildm RYIREneEORLEENSrs. For
t hese objects, thernosetiing ink such as epoxy resin or the |ike or
phot oset ti n§ i FRaNACHARI SIS oWhLehpEaR B& ERDy i FRREXamBhRvef O n

recent -2 -- :
producing a printed wiring board and for mestal precise

processing, and to a photosensitive element comprising a
layer of said éomposition_and a_support film supporting
said layer.
10 It is well known that photosensitive elements,
i.e., dsﬁice comprising a2 support film and a layer of
.substantialiy dfieo_photosensitive fesin composition'
formed thereon are used as'a photoresist for producing
a printed wiring board. Further, it is also widely
15 known that photosensitive resin compositions having
excellent characteristics which can be used in a soldering
mask, a resist for chemical plating, and the like are
very useful.

Main objects of a soldering mask. are to limit

n

20 a. soldering region at the time:of'solderingnto prevent

soldering bridge and the like; to prevent corrosion of

t)

a naked copper conductor, and to keep electric insulation
between conductors. For these objects, thermosetting
ink such as epoxy resin or the like,:or photosetting ink.

25 has heretofore been screen-printed. : However, in recent



ol dering mask used for it_hésibecone difficult with respect to precision
o formby a screen- printing nethod: Wth inprovenent in wiring density,
‘5 electric i-nsul ati on between condacrors has conme to be nore severely
required, and the thickness of -a conductor- protecting filmhas cone to be_
requi ed’9rPe at VEEAIHE SGRALED 962 PEANNINE badd A% ReBCprinting A
met hod is. used, .the average-f hi ckness of a resjst -which can be .10 forned
At o ti AISRSaPe e ANG) 2O LRE 1HE BASRIHESS HOR HE (1A BSEOBE 1 of o
. resist forped opn _the, projecti part _of-.a.conductor becones 10 [err] or
| ess i n&?’r&??ftvﬂéﬁ%pderﬁﬁq’fg?ig°rgﬁgﬁll&} %ripqlfﬂ 7 t#nBETSSE ™t ]hi ck
filmcan be obtaine owever, .it.is_substanti.ally. ver 5 difficult with
espec RRLRPERE: Agthrler oiehtth Bt e Rl 3 M i den8iths coesses
Ther ef or e . adven f .a.pho nsifi ? “for forning,a solderin
ok 3 o et PEE ERgbaB LT MRS AT hp bR R Ip A o0 kO R of
| ayer of hot o Ltive resifr composition:20 1s 20 ferr Lapre are °
uaerul - mGEE EEREFELYC reRulTNA, SIRCERE SRICHISNS b (o finiREE Y 0
err] or ' t shiive, el tSal DWhis j t:hl ckpe a layer of
<[3. ph!)to eﬁ%?t\:/fé)ngegﬁ'gﬂll g}afoec[ﬁﬁ’@grﬁﬁnggﬂgﬁgéﬁgr |cél}%'a$€yi§gg ul . 2% »

'n_genergyy h?éogﬁ”%t e e%r}'f/ ?%cr:rg-%%'&i-%g-sie J::%f%@é%éﬁ&i ggP!l ating

whi ch are call ed ot osensitiv and or m ng—a conduct or

pattern e, PEhE! BVellalle G AN S 58t aS¥eliEtlinidp legh pgs! stance,

1 and hence tannot be u or Tormng a soldering na
'10 formed at a time is at most 30 pum, and the thickness of

Il years,.- a wiri-ng density of a-printing board -has been increased, and a

the thinnest part of a reeiet formed on the projecting
parﬁ of a conductor becomes 10 um or less inevitably.
When'printing is repeated two or three times, a thick
£ilm can be obtained, however it is substantially very

15 difficult with respect to printing precision and because
of complication of processes. Therefore, the.advent of
a photosensitive element for forming a soldering mask
is desired. Photosehsitive elements in which the thick-
ness of a layer of a phbtdsensitive resin composition

20- is 20 um or more -are useful. éince-the thiekness of a
conductor in most printeq wiring is 18 um Or.more;-
photosensitive elements in which the.thickneee'of a layer
of a photoeensitiveeresin_is 4o uﬁ or more are'particularly |

useful.

L]

25 | In general, photosensitive'elements for etching
or electroiytic plating which are called photosensitive
dry films and usedifer-fofmingaaeconductor pattern of a
printed wiring boad are not sufficient in heat resistance,

~



Accordingly, there have been put forward nmany proposal s-on a. photosen5|t|ve
resin conposi-tion for a photosensit,ive el ement - -good in heat resistance
which 5 can-be used for fornming a sol dering, mask (for exanple, Japanese

Pat ent Appl n. Kokai (Laid-Open) No. 56018/ 48®(U.S. Patent Appln. Serial No.
735,979 filed October 27, 1976), Japanese Patent Appln. - Kokoku (Post-Exam
Publ ) No. 143 amsb/henes canpehebe Rsedntfoxpformingosusobdering masiam
PubTﬁ) No. 44,346/78 (U.S. Patent Appln. Serial -No. 782,378 filed March 29,
1977). The photosenS|t|&%Cﬁéélhgéﬁmp&ﬁaﬂanhavelbﬁesepptoﬁogmardﬂmany ‘
excel l ent in heat resjstance which is.one of the objects of the pro- :
posal s, howev®TARRFRES tPR R Bh@F@é?ﬂﬁéqﬁWQnRﬁSM@ ¢emppsitiopr fimar & i n

t hi ckness is formed fromihe conpositions, the filmcracks within 5 cycles
in a thernal 9%(9&1% eé'lﬂ?tl%V%h ﬁ&eE?nFe&Wdt Héh heati ngsistpeee) whigeatingly
(M L- STD- 2Q2E net hod- 107 ondition B). The ihicker the f|In1becones t he
nore seriodsl ¥&h ?|q§ﬁ g sfoxmingrg ﬁ&%ﬁﬁ%#%ﬁé%ﬂ?%ué Broﬁﬁéﬁﬂﬂﬁén t he

I;S‘n's?té'e'réi.yofn%x%.s{%%o%fe”?reﬁgﬂnair'%?saed G sBeeal Nor i 2006/ hod,
ok by becausd T e SR SR By N Ef;%o?‘e@ i’?ea 5§%§@ﬁ¥BLasvr;?ng
-S‘Stn[‘gﬂ'ssalf’a?éﬁ?ﬁ% fBandde PRFehe BRI, Kot ChRagR-ERRal'S éla'>'y
Pagfﬁgfesﬁgciﬂﬁ fWﬂ‘ﬁ9é¥V?réndb5£ﬁ§nEge @%téﬁ%migpiﬂ.tﬁokokES' gnee to
10 Exam. Publn) No._44,346/78_(U.S. Patent Appln.- Serial
 No.- 782,378 filed March 29, 1977). The .pﬁotoser{si;cive
resin compositions in these proposals are excellent in
heat resistance which is one of the objects.of the pro-
posals, however when a.thick protective film of 40 um
15 or.more in thickness is forméd.from the compositions,
the film cracks within 5 cycles in a thermal shock test
holding at 125°C then holding at -65°C repeatingly
(MIL-STD-202E method 107D condiﬁion B). The thicker the
film bécomes, the more seriously the film cracks. This
20 becomes a serious problem when the reliability for a
long time of a printed wiring board- should be taken.into .

consideration.

1

Amohg_soldering masks formed by a screen--

1)

printing method,'there.aré those which are good in”

25 resistance to thermal shock. This is mainly because the
thickness of soldering masks formed by a screen-pfinting
method.is-lO to 30 um. Another reason is that.printing

ink generally contains a large amount of a filler.



) btosensitive resin conposition sh uld 5- stibstantially be dried before
‘rradiation with-actinic |ight, faadhshpurd have- any filmness. This
"~ neans-that the |ayer.of a photosehsitive resin conpositien is required to
surel yycoptaisQ - ghiin |.gh ol | oYy Yo Vi Ops ith -
SUTeASORAR e Rio SndD Y B sBie IR R epda R D
be [ ncor perabed 1bf itk e TPHNEnE! rRdlidddtcd N gdghbLARL! @rbdd near
hi gh- nol ecul ar ‘conpound, "an actinic-light-sensitive conpound and a
sensi ti zeiowBykbhelin Wie RELSENSEI BV BRbRIE P Ppdce YahbAYS iR €searches
.to find that when a layer pf_a photosensitive resin conpOSLflpn of a
‘phot osensiiyup glfeRPPndtodénsoiver absdnviddnpdoikidR%RYurai ght of a
filler, the elenent gives a soldering mask inproved in resistance to _
thermed syobkthutiiadldety idrdée@dbefogel dewiddideién @Wdthegestigiee Which is
one of the main characteristics of the mask, and hence is not practical. As
conpoundslight,i angheieacld i wgve n&nforidariemss s i Mhig, mgansoghats et hane
acryl ate conmpounds or urethane methacryl ate conpounds (hereinafter referred
25 to asther tajepe o Dhctysehsitdrporedsiy duvpodtedonr dgosed as those
which are excellent in heat-resistance. However, great difficulty is raised*
when t heseeguipednd® awrelgedcomtain phdtinesrt inigh+Akobetulart kem-
phot osensitive 51 el enent usual | y acconpani ed by i magew se exposure
and devel ppuedt foiti emdsmentbyith Bilminessnestoms. of Athe objects.

wev-er, in the case of a photosensjtive elenent; its |ayer of a .

1)

10 Therefore, .5aid layer is difficult to be incorporated
with a large amount of a fiiler in_additioﬁ to a linear
high-molecular compound, an agtinic-light;sensitive
compound and a sensitizer.

Further, the bresent inventors have done various

15 researches.to find that when a layer of a photosensitive -
resin composition of a photosensitive element is in-
corporated with about 10% by weight of a filler, the
element gives a soldering mask improved in resistance to
thermai shock but is deteriorated in soldering-heat-

20 resistance which is one of the main characteristics of
the mask, and hence is not practical.

As coﬁpounds used in phbtosetting ink. for
screen printing, various_urethénegacrylate cqmpounds or
urethane methacrylatg'compounds (hereinafter referred

25 to as "ureﬁhane (meth)acrylate comppunds") have.been
prpposed'as those which are excellent in heat resistance.

~ However, great difficulty.is.raised,when.these.compounds'

are used not in photosetting ink but in the photosensitive



ffrst difficulty is that many of the proposed urethane (nmeth)acrylate - _ ]23
conpounds are not or very poorly miscible 5 wth Iinear high-nolecular ‘
conmpounds, particularly vinyl -series-copaglymeric |inear high-nolecular
conpounds. A second difficulty is that= hy.ﬁf'the proposed- uret hane
(et h)acryl ate conpounds are insol uble in nonconbustible solvents used for
t he devel opherR1 &R pHEUBddNs RCORMPANL &l PR niMmagEWLSEye3NqEYRe and
l,1,,-trichl orpethane series soqlvent which is nergl Iy nost often used.
Ur et hane (et M98 JPRREREHBISRIAS rank P0de Erdte casr fafateione o &
di scl osed in Japanese, Pat.en pl'n Kokoku (Post-Exam Publ n 15, 733/ 76.
However - the CRERE; (1 ELCHLEN B FTEY Baky ook EhenGr RO Hach FRSHARE m g
a sol dering naﬁk ﬁggauselof t heir iniffficiencx in flexibilig%g heat .
resi stance, andP¥HRIRFREIETR SOMRAMNGR AT P8V pPEYVEL Ya AARF DL AT ¢ 10 LS
resin conpgsition excellent .in heat resistance and 20 resi.stance to thermal
Shock i o> ot th “HE8saFoh el Hee BT PFRGRRAse, ParT PR b AT Lve
el ément conpri sj | ayer  of i o) | §1Qn upport fi
supporting sai%é{lg?/%r.°g%ﬂﬁ'grﬁeﬁagngi%hé%f'm%@smgggﬁﬁ&?ggecﬁﬂqug% ‘ési% 25
conposi tion cofpLlskng: 6ax 0 st 0 25 S Db L.aht. of r \
di acryl ate con%%%%aoglggléﬁéﬁﬁa&g cﬁ%%é?ﬁé%ﬁ% é?ﬁggnég%ﬁ@%ﬁrg%@%??er
referred to asg., i 'Q%ﬁ t o] tha 2.0 '
reacting, (i) ggé’#lg%?{‘g%g‘bgrﬁtsoo yg'{r{g‘i%‘ %%%pgﬁggaggl)l Sctéd Y‘T]orrbén)é}@ eglg?%g%
consisting of {SPPAREQNGsed for the development of a photosensitive
10 element, particularly in l,l,l—trichloroethaﬁe series
| . solvent which is generall& most often usedl_ Urethahe
(meth)acrylate compounds free from these difficulties
'are disclosed in Japanése Patent Appln Kokoku (Post-Exam:
Publn) NO. 15,733/76. However, the compositions disclosed
15 therein cannot be used for forming a soldering mask
‘because of their insufficiency in flexibility, heat
resistance, and the like. |
This inventicn_iS-to provide a photosensitive
resin composition excellent in heat resistance and
20 resisfance to thermal sho;k which can be used for forming

a soldering mask, and a photosensitive element'comprising

a layer of said composition and a support film supporting

4]

said layer.
:'. This invehtion'provideSJa photoSensitive fesin
25 composition comprising |
| (a) - 20 to 75 parﬁs by wéight of an urethane diacrylate
compound or aﬁsurethane dimethacrylate cdmpound (herein-

after referred to as "urethane di(meth)acrylate compound™)



| i socyanate an d trlnethylhexanethylene dllsocyanate (ii) a.dihydric
allcohol and (iii) an acrylic nonoester 5 or a.nmethacrylic nonoester
ereinafter referred to as "(neth) rylic nonoester“) of ~a di hydric

al cohol , (b) 20 to 75 parts b¥y mgfght of a linear high- nolecular (or

o Lo ”Cf SRSy (8¥hBRifad, 00, [4ETRAERP onk WY A 2bou [T
rovi des PRl 18 &?f%%%%‘??@ﬁ%nﬁwﬁ% of ESoREHEBLET 1 e
resin Comsgéaalgar}éﬁgtaﬂgeg A2y I SranCORYI LA G (oAb rdd 75 parts

by wei ght ane at e" conpoun tal y rdacting (i)

|sophoroQ |||?§ég?&rl cry*ffyagﬁta¥E§Q§dnd $§pepe, (i) a

di hydric a cohol I c” nonoest é&r of a di ydrlc al cohol ,

(b) 28 t@p/% Hn?éﬁﬁa mgmbn%sacéf “@?ér@iﬁbft%@ ey sonpeund having

a glaSs transition tenhperature of about [err] to [err] and (c) a sensitizer,

and/ or an SR 14 2R 1 $¥ SheRoeit@rUenes ad eqi h§ariadiad@chew ng to a.ctinic
l'i ght; a support filmsupporting said layer. In the at t ached dr awi ngs,

Fi gure 1 shq\w) a .252@0pgersppards ¥ weBEhEUbTt hatigheaiethi ghExanpl es;
Figure 2 shows.a negative nmask for test used in Exanples; Figure 3 is a

sket ch omoae appas al &8 ﬁguym@miujrupmﬁmmndehawum@ﬁaﬂgﬂasﬁstnandltmon
Exanpl es; and Figures 4 and 5 are cross-sectional views show ng
exanplesu@mﬁéﬁatﬁmQOGEnabbumeWQQﬂuun350°cb|andnventlon- The-
phot osensitive resin conposition of this

10 (e) a sensitizer-and/or a sensitizer system which

. generate free fadicals_owing'to actinie light.
Further, this invention provides a phdtosensitive
" element comprising a layer of the photosénsitive resin
composition mentioned above, i.e., comprising (a) 20 to
15" 75 parts by weight of a urethane di(meth)acrylate compound
obtained by reacting-(i) isophorone diiéocyanate and/or
trimethylhexamethylene diisocyanate, (ii) a dihydric
alcohol and (iii) a (meth)acrylic monoester of a dihydric

-

alcoﬁol, (b) 20 to 75 parts by weight of a linear high-

20 moiecﬁlar compound having,a-glass.transition;temperature'_
of about 40° to 150°C, and (c) a sensitizer and/or a. .
sensitizer: system which generate free radicals oﬁing'to
actinic light; and a sﬁpport film supporting said layer.

In the_attached'drawings, Figure.l shbws a

25 cbpper pattern of test substrates used in Exampies?
‘Figure 2 shows a negative mask for test qsed in Examples;
Figure 3 is a sketch of an apparatus for producing -
photosensitive elémentS-used in Examples; and Figures 4

Y



invention is explained belowin detail. 5 . The photosensitive s
resin conposition of-this invention contains.as..an indi spensabl e conponent

a urethane di (nmeth)acryl ate conpound (a).ebtained by reacting (i) at |east

one dii socyanate conpound sel ect ed fron1ﬁ%0phbrone.diisocyanate and

tri met hyl hexanethyl ene 10 .diisoc.yanate, (ii) a dihydric alcohol and (iii)

a (neth)- atryRné RoASEsCOTT-3eeh H9RRlc vapUShshowang RxampLesyafatae
compound (i), there may ,be used isophorone diisqcynate (|1 PD) nmanufactured

by, for exanpl BROYESETEHEHE @Lements pheshigedkgntiond 15 .
trimet hyl hexanet hyl ene dijsocyanate. (TMDL), whicgh is a m xtpure. of . -
2;2h4-trinethylhexanethydQﬁaﬁhqgﬂﬁﬁéﬁéP%bSnHeﬁﬁﬁAﬁgﬂﬂ9ﬁ&?§5999§nﬁpﬁﬁlene

di i socyanate. .IPDl and TMD -cap-be used.alone qr .as a mxture thereof. As
the dihydric .atB¥RBELIGN &S f%%% - PRLOY 1p; %ie)t,al.tlfrere can be used

ot et iyl ofo gl ycol . pr AR Gt 3eBE SEaVp: Sopran e amtt FLa SO HLEC
o nexancdi of TnTEEEAER Zontaihe RETER, SpasbpRet St Conpdient va, g thane
2 5 bi'o(4- hydr SXSBERBI PRI S GHEREMAE” ga Sotained by reacting
Tonoceter of alainphr neest SHENEL APEVENALE ShniClid BRI
(et ) 2T 24 0p A LU L) B e R o8 ot
. "~ 10 dii;ocyanate, (ii) a dihydric alcohol and (iii) a (meth)-
acrylip monoester pf-a aihydric'alcohél. '
| As the diisocyanate compound (i),‘there may be
used isophorone diisocynate (IPDI) manufactured by, for
example, Veba Chem;e Co., Ltd. (West Germany), and
15 trimethylhexamethylene diisocyanatea(TMDI), which is a
mixture of 2,2,u-trimethyihexamethylene-diisocyanate énd
2,0,4-trimethylhexamethylene diisocyanate. IPDI and
TMDI can be used aloné or as a mixture thereof.
As the dihydric alcohol of (ii) and that in
20 (iii), there can be used methylene glycol, ethylene glycol,.
"diethylene glycol, triethylene glycol, tetraethylene
glycol, prépylene-glycol, dipropylene glycol, 1,4~ .

-

butanediol,'1,3-butanedi01,;2,3-butanediol;-155-péntane~
a | diol,.l,G-héxanediOI, l;lo?decanediol,-neopentyl glycol,
25 l,ﬂ-cyclohexane'dimethanol,.bis(2-hydr6xyethyl)terephtha-
late, 2,2-bis(H-hydroxyéthoxyphény;)propaﬁe, 2,2-bis-~
' (4-hydroxydiethoxyphenyl)propane, and the like. |

- As the'(meth)acrylic monoester of a dihydric



ame or different. The obtained urethane di'(rmet-h) acryl ate can be .
represented by the following formu g [err] In the formula (1), [err] is H
or [err] is a 10 residue of a dfhydric alcohol; [err] is aresidue of a

di hydni ¢ Al Lo00] ; ghifedch®Sitdlaia | SOPRAFERS e CinyO VRN Fa by Rate, 2
examet hy

trimethyl |

'(325 : The -a?hydr}c al cohol of (ii) and that in (iii) may be the

ene group; and n is‘zero or an'integer preferabF§ frorg/l
to 3. Therdd: bt aj aRAGf 10k Preduchul ot - hane
di(neth)gz%%iﬁiﬁﬁgpygoﬁggﬁﬁgs in%ﬁﬁ%ﬁ ?ﬁe,sgrﬁggﬁgg%sﬁgﬁf{ﬁ$?§?ent; When
the uret ke, 1H &Pt b} 3chultahe daXIParto Chet R cirfierid Otand sat hesi zed,
the reaction is usually effected at a tenperature from[err] to [err] and
it is prafigdedble to determne the anmounts of “the isocyanate 20 conpound .
(i), the dihydric alcohol (ii) and the (meth)- . 1 acrylic nonoester of a
di hydsi ¢ al cohol (iThe, dihgdadc akidiesl dhe(iédcandn timt i (Dei)
i socyanat e equi val ent of the diisocyanate conpound (i) nmay be al nost equal
to the amaghdle echévabmet o differentf tDRedobydined uretisdee. (ii) and
the (neth)acrylic nonoester of a di- hydric alcohol (iii).. However, the
i socyanatd (emtivderylaty benabe itdpresented byl thel €diclawinge al coho
equi valent. Wen the isocyanate equivalent is a little over the al cohol *
equi val eformula £xcess i socyanate groups 10 are finally reacted with. a
monohydri ¢ al cohol such as nethanol, whereby the free isocyanate groups can

be el i m nat ed. o
R, O 0 0 . 0
1 TR o
"CH,=C-C0O-R,~0CN=-X-NC ——0-Ry~-OCN -
) ‘H H H
o o
-_X—NC_—-)HO-RZ--.O_C—G.-CHZ (D)

H

In thé formula (I), R; is H or CH3; R2 is a
10 residue of a dihydric alcohol; R3 is a residue of a.dihydric
alcoh§l; i is a residue of isqphorone'diﬁsocyanate or
- a trimeth§lhexamethylene group; and n is zero or an
integer preferably from 1 to 3. The actually obtained |
reaction product is a mixture of urethane di(meth)acrylate
15 compounds in which the values. of n are different.

When the urethane di(meth)agrylate compound of
this_invention is'synthesized,.the reaction is usually
effected at a_temperature from. 40° to 100°C, and it is
preferable to.determing the;ampuntsfof the isocyanate

20 compound (i), the dihydric alcohol (ii) and the (meth)-

~



Wien the ratio of the al cohol equivalent of the dihydric alcohol (||) to<§é;;>
reacted to the al cohol 15 equival ent of the (freth)acrylic nonoester of a

di hydric alcohol (iii) is adjusted to 1 ( royrded that the iso- cyanate
equi val ent of the diisocyanate’ conpound™ td be reacted is nade al nost equal

to the total al cohol equi- valent), the nuperic vera | ue of n
becones 1. l2pacrylic mongpgheg 8ﬁhﬁdﬁ¥?¥§g;ﬁuéﬂﬁ§p9i 9&19 Pgéquﬁﬁxﬁoof
constituting carbon atons or d splderin 1sS_ I oved_ln

(rje?]l Zt ance toﬁgltgﬁoﬁﬁaﬁﬁmﬁe%’r f & ﬁﬁ%ﬁYaP8§FsF ya
I hydric al €o avi a_smal | nunber o s Ituti ¢ IS 25
d, the f (T RgcHRTRtE cpmwn bt bey PR

overed fn ragis i?fag? PRl HF Qbﬁb e EE Eglﬁc %ﬁﬁhng N
carbon: at'ons ' ) a i

Eé%oei ZS!f Ztsan@elwm SR 3m°e°%ﬂ§%ﬁifal @Qh%gﬁéﬁ-‘ﬁ#fﬁdﬁg .
nutber

resi st aﬁceCSQ%ﬂbég*% “&%@éﬁ?eé% Zaj Gefleyr o aels 933%.“%#%“&#@#
di hydric alco 1% ?.h?ﬂ?@l %%‘?d’ors% aﬁﬁf’}gebéiﬁﬁ tt!ﬁ%n l'?c%POhC"

equi val ent of acryli c nono- ester dric a coh (i)

(70 et O TR e utssaaan s gt so 1
adjusting thedVEF”ﬁH@'aﬁ&@h@ﬂeé&ﬂi#tfgn@ Sﬁhések@eEQ Is¥cyfiffte groups
10 are fihally reacted with.a monohydrlc alcohol such as
| methanol whereby the free 1socyanate groups can be
eliminated.
When the ratio of the alcohol equivalent of
the dihydric alcohol (ii) to be reacted to the alcohol
15 equivalent of the (meth)acrylic monbester of a dihydric
~alcohol (iii) is adjusted to 1 (provided that the iso-
cyanate equivalent of the diisocyanate compound to be
reacted is made almost equal to the total_plcohol equi-
valent), the numerical average value of n becomes 1.
20 When a dihydric alcohol haviné-; large number

of constituting carbon atoms is used, the formed soldering

mask is improved in resistance to thermal shock but

b

deteriorated in heat resistance. When a diﬁydric alcohol

- "having a small-number.of constituting carbon atomé is

25 used, the formed soldering mask is further improved in
heat resistance, but lowered in resistance to thermal shock.
The number of the constituting carbon atoms'of the

dihydric alcohol of (ii) and that in (iii) is preferably



.The deteriorationin resistance to thermal .shock in the case o6f using a

i hydric al cohol having a 15, .small nunber of constituting carbon atons. can
<§§inilarly be prevented. That is to say, the deterioration in resistante to
\_F¥hermal shock can be prevented by'adj sting the al cohol. equival ent of the-

di hydri c_al | (id) to b t ed, t - th t.h | cohol

! VBl B 80 230t | Hh 4R R ALEIE: EorITERRYS The nLaWATARE: S canol (111 Yu
(provideﬁﬁthat.the i soc anatg equivaIeQI of. t he d%Lﬁogﬁanat C und tp’be i
used is HERE EEHSUAIGTtRoPEF - SRESHOT MFAREAI RnTFIYERE S djusting . |
t he nunegi '

say, whe éf'ﬁg%e%}jﬁ%%%%@@:{fh@gf gfﬁ?ﬁé‘ﬁaﬁg@ &t B8R, %lagif% . IZ? E;J {Srﬁ'teo
Soncent  EPRE s Hob S48 FokbBing T hady RBLELELRLLS dai He
(et hnophEEehLl W dd1dscIRETERD) A90HN] SiGHYalenlB Picipen: | nvent or s
bt PancSA Ry BRRes dlahd £9( 14 50FBOBE! (RRLLYS, N80 DK KBS pALs® B
0roups i pnah BRRUB Rind PTédul fatedtX ofd cheUyEh9BLIGILE BRRILent in

bal ance ween t he resistance and the resistance“io thernmal shock.

When thoesgalsLaNGe dinfd et 91 ¥bhb1C Y0 ApAdvi@badrhiahligfe Wi ng board .

in which a conductor 1's protected by a soldering mask is taken into

consi der @k} s | ' hgles Ntaismd By dp apBick i up such as
an et herﬁﬁgggag?ﬁeh?ﬂiﬁa%ﬁtehgkr g??d?é&?%%gﬁp?g{%bhm Yo '

10 be used is made equal to the total alcohol equivalent),

-

and thereby adjhsting:the numeficél average- value offn
so as to be 1 or less;
. The deterioration. in resistance to thermai
shock in the case of using a dihydric alcohol having a
15 small number of'constituting carbon atoms can similarly
be pfevented. That is to say, the deterioration in.
- resistance to thermal shock can be prevented by adjusting
the alecohol equivalent of the dihydric alcohol (ii) to
be reacted, so as to be more than the alcohol equivalent
20 of the (meth)acrylic monoester of a dihydrie alcohol
(iii) (provided that the isocyanate equivalent of the
diisocyanate compound to be used is made equal to the
total alcohol equivalent), and thereby adjusting-the-
hUmerical.average value'qf n SO as to be more than 1. .
25 That is to say, when the balance betwéen heat resistance
.ahd resistance to thérmal shock is_taken into considera-
tion, there is a preferable range of the concentration -

of the acryloyl'group.or'tpe methacryloyl group



1, 4- but anediol, 1,3-butanediol, 1,5-pentanediol, 1,6- 15 hexanediol,
1, 4-cycl ohexane di met hanol, and the like are preferred as: the dihydric - pr'
al cohol (ii) to be reacted. The urethane dj (neth)acryl ate conpound conte e

ranges -from 20 to 75 parts by wei ght f ronkd Ronsi deration of the heat
resi stance and the resistance to thrnal sh

el e e gl b el
arefilons rperatrs sl TRAH b g0 il BT
Sl g it S G g Bt Rl TR Sl ™
i (gStSP%)?gryLaP%g%nSﬁSF&&&ljf’ze% i <§8€ﬁ§§§$§a sgwtth_gl ef*f‘*é‘ecpn%s&?e of
B S e T
corpnent, AR P PR L bR AT
Appl n. Serial &ggr%Zéo??ﬁé%#dﬁghfﬁﬁéyg2§s &26311enth it BEYaEe UBEEwebe

exanpl e, vinyl ynmers-or copol yners, copol yesters,

pol'yami des, vipybi deag %sqréég%% SOPZhATERS, rdisaHdClis hbbRAS, sRBAL.NC

like. Vinyl serres linear.. ynmers are preferred fromthe vi ewpoi nt of

R

10 of a printed wiring beoard in which a chductor is protected
by a-soldering-mask is'taken into.consideration, di-r
hydric alcohols coﬁtaining no hydrophilic group such as
an ether bond dr the like in the residues, for example,
1,4-butanediél, 1,3-butanediol, 1,5-pentanediol, 1,6~

15 hexanediol,.l,u-cyclohexane dimethanol, and the like are
preferred as the dihydric alcohol (ii) to be reacted.

The urethane di(meth)acrylate compound content
ranges from 20 to 75 parts by weight from a consideration
of the heat rgsistance and the resistance to thermal shock.

20 ) The photosensitive resin composition of

this invention contains as an indispensable component

a linear high-molecular compound (b) having a glass

1]

transition temperature:of about 40° to 15Q°C.
| When the glass transition temperature is lower
25 than about 40°C, the heat-resistance of the formed
soldefing mask is low. When the glass tfansition tempe-
rature exceeds about 150°C, the,miScibility'of said

compdund (b) with the urethane di(meth)acrylate.compound



B photosensitive resin conposition, though vinyl .series- 15 honopol yners may
e used. As the- copolynerlzatlon conpo- nent” of  the |inear high-nolecular
¢onpounds, various vinyl nonéners ngg be used. Suitable exanples of -the
vinyl-nnnoners i ncl ude net hyl neth %Iate butyl nethacrylate, ethyl

I I d hyl -
ot habr y13; SoBHRAy S lendE oK REXRRR, é&aé%iﬁrg%gpﬁﬁ Yy ae, A
y

et bacr yEaver B RNGe gt ?}%?%;cryﬁﬁf SOpYRRETon, ol e varopyl
ot hacr yb gbgorCiod AN GE, 2 28unBELKLEN L Kd Spanth hbr] g oty or med

solderlng S reqU|r |"ame- r et ar dent NONONET S I ni ng one

or “more Bpoghpe (30 BouBnéit SeHede Eﬁ%‘rl I‘Hﬁg@ﬁ@ %Zﬁ‘hb%o lalsti@nponent.

The content of the brom ne atdms in t nol ecu ar conpound i s

Suit a8l ypgPsherdQHd B n JGaNERR ita e ngpﬁa%;exow Qrogthere is a |

tendency 5" that the resistance to thermal sho I's- | owner ed.

Mononer SEgaR! dbilRg M. 0I5 [988/B60TNG . atMiPent I AppRhMBRham .
(nmeth)acrylate (this neans frlbronnphenyl acrylate or tri br omophenyl

met hacr yhat e27anN% o i Ls@dappiti 23ft Q96 3%, Prenere ealayVben udei,
copolynerlzed anount 10 of trlbronDphenyI (meth)acrylate is | ess’ t han 5% by=
wei ght,” fberexamplid,} |winlyifsepiee Nindsr gfdbphess bbe copymgmieatsy dancy
bet ween a conpound in which it is co- polynerized and a conpound in which
it IS notopofgegtery; polyMhtdeshe vinydliderie zenlemaet copcdatte®ddo by
wei ght , - . _

10. synthetic rubbers, and the like. Vinyl series linear..

 copolymers are preferred frbm-the viewpqiht of miécibility
with the urethane'di(meth)aCrylate compound ‘and adhesibn
between the printed wiring substrate and the layer of
a photosensitive resin composition, though vinyl series

15 homopolymers maylbe used. As the copolymerizatign compo--
nent of the linear high-molecular compounds, various |
vinyl monomers may be used. Suitable examples of the
vinyl monomers includée methyl methacrylate, butyl
methac:ylate, ethyl acrylate, styrene, a-methylstyrene,

26 vinyltoluene, 2thdroxyethyl methacrylate, 2-hydroxy-
propyl methacrylate, 2-hydroxyethyl acrylate, acrylic
acid, methacrylic acid, glycidyl methacrylate,.t-butyl-
aminoethyl methacrylate, 2,3fdibr0mopropyl methacrylate,
3-chloro-2-hydroxypropyl methacfylate, acrylamide,

25 acrylonitrile, and the 1like.

If the formed soldering_maSk'is required to
be flame%retandént,gmonomers-containing"One:or_more

bromine atoms may be used as the copolymerization



15 the resistance to thernmal shock is Iomered The use of antinony trioxide
in the photosensitive resin conp05|t|on i s effectjve for the .

f | afe-r et ar dancy. However, when the antinony trioxide ‘content in the

phot osensitive resin conp03|t|on exceeds k&@by wei ght, 20 there is brought
about 'di sadyant ageous effects on the heat resistance and the like of the
formed sol deri fi§ BeNtre content of the |inear high- nnlecular com pound
in the photosen3|t|ve re

wei ght+ from t he vi ewpoi nt%l?ﬁ é)?sflé togeggg'?g%@é'%%t ?’teg’l'lggagaits 2
(el Shock, 1o ROyl U LR AU ) A0 G e,
fielgﬁ'tf'zg?fqyf 8, W%V{yen%%%%aaﬁ? hevedRtiy st ot A BRbRBPSrey
but g[ aﬂ'? ﬁfﬁﬁﬁf £ ﬁ%ﬁi’ﬁ%ﬁéﬁﬁ?ﬁ%ﬁ@ﬁ?%E%Qﬁﬁhlz%ni%rg fhont? -

, 37 0Q b ke

i acetyl . benyope Hetifers HodbEinliE: ohE OF HRR] GNHAECEEIHE] Boi-
benzoin, pival BP‘Smo ny% 4}11’14‘@1’1)&9:}‘%5.9'8”(@ oxyz?%e%ﬂg %Ffb%gmoﬁégﬁﬁ&' ¢

acyI0|ns such as a- zol n ophenon

and aromatic k?&%?i %P%&E¥¥fﬁ¥8ﬂ@ﬁ§@ﬁﬂi pethaQﬁylate, ?F als

4, 4' - bi sdi al kyl anf nobenzophenone, ese may use Fone or

in CO”b'”at'O”hQPeTH%f¥éﬂV”f% réPeTedle Woleh tHRNSddpSEyme¥ sl atdunt

used herein refers conbi nation of a sensitizer
10 of trlbromophenyl (meth)acrylate 1s less than 5% by

We;ght, there is l;ttle difference in its effect on the

flame retardancy between a éompound in which it is co-

- polymerized and a compound in which it is not copolymeriz-

‘ed. When the copolyme:iied amount exceeds 65% by weight,
15 the resistance to thermal shock is lowered. The use
of antimony trioxide in the photosensitive resin
composition is effective for the flame-retardancy.
However, when the antimony trioxide content in the
photosensitive resin composition exceeds 5% by weight,
20 ghere is brought about disadvantageous effects on the
heat resistance and the like of the formed soldering
mask. |
| ‘The éontenb=0f'the_linear high-molecular com- -
s : - pound in the photosensitive resin composition ranges
25 from 20 to 75 parts by weight froﬁ the viewpbint of
the heat resistance and the resistance to thermal shock.
The photosensitive resin composition of this

invention contains as an indispensable component a



mbi nation of 2,4,5-triaryl- .injdazole dimer and 2-mercapt obenzoqui nazol e,
euco- crystal violet, tris(A-diegﬁxL n no- 2-.net hyl phenyl ) met hane, . 20 or
the like. There may be used addft] whi ch have no photoinitiating

ropenty hy ji Cbut GONSLig: | +SeNsi ty Z8l: SYS cellent in
Bhofm%ﬁgﬁéh%%éﬁ%é%péﬁﬁgggé%agﬁﬁﬁégﬁﬁgﬁggggéalni@@k@ﬁ%ﬁ fd%gﬁ%ﬁﬁggﬁe i;
b - i i . T : i fjives f e, 25 tiar
i nes sad B edPEELENbiine Yo MR LhHEC kB RIS of enbll LY
it h benzql These,.sensd, i ' | QL3S RAPAS re :
\(,:Mont-ai nedL‘%g{r%%Fyglﬁﬁigﬁga%@nﬁ@ﬁ _’%dlg&égysmztgtgﬁé%gééﬁgon - 15-,
1-th f t R - ' s ' th | at
conpound Hasct o Ytk Acfleel SRl At I B Lba i Ve rosin
conposi ti ' Is At | 1§ 24 Lo oppl yperi zabl e
unsm;t ?r a!tb?ﬁe)g[ %%%%%ﬁggﬂﬁig ’é%ﬁ%ﬂ%@?gﬁg@% | zab) EP L%sat L?at ed
conpoundperAiH EnPRYulfoReg 2 i FiEtbRén PR AYhebBuAR™iHe | AR Yhat €,
pentaerythritol tridcrylate, tetraethylene- glycol, diacrylate, and the
like. 101ike; ketoaT@Bhgimumddithde si3€H A8l WARldeadNl £ vesayuLated
conpounds di scl osed i n Japanese Patent Application Kokal (Laid-tpen) No.

56, 018/ 7&r{d).the PRiRret -4pRletoadRIdrall NO1cdRB187Arkd lcathd®s obgeh24s 1976) .

However, the content of these other photopol ynerizabl e unsaturated 15
conpoundgerfegire] epabhione’ ndvelghtlike b eashynafotdarﬁcm#s'ubstituted

‘./\\-' . . . - . -_ . )
\ngigda sensitizing assi stant,. and as exanpl es of ‘the conbination, there are
Falc

10 aromatic acyloins. such as a-phenylbenzoin, a;a-di-.f
ethoﬁyacetophenbne;uand the like; and aromatic ketones
such as benzophenone, L4,4r-pisdialkylaminobenzophenone,
and the like. These may be used alone or in combination
of two or more qfithem.' The term "sensitizer system"
15 used herein refers to a combingtion of a sensitizer:
and a sensitizing assistant, and as examples of the-
combination, there are combination of 2,4,5-triaryl--
imidazole dimer and 2-mercaptobenzoquinazole, leuco-
crystal violet; tris(u-diethylamiﬁo-2—methy1pheny1)methane,,
20 or the like. There may be used additives which have |
no photoinitiating property by itself bﬁt-can coﬁstitute
a good sensitizer system excellent in photoinitiating
property as a whole when used in coﬁbination with the
above-mentidned materials.: The additives are, for example,: ,1
25 tertiary amines such as triethanolamine and the like | |
- which are used in combinétion.with benzophenone. -
These sensitizers and/or sensitizer systems are contained

preferéb;y in an amount of 0.5 to 10% by weight based on

~



preferably 10% by wei ght or |ess based on the total- anpunts of the
above-nentioned- (a) urethane di (neth)- acrylate.conpound and (b) .Iinear

hi gh- nol ecul ar- conpound from a considegaggog of bal ance between the heat °
resistance 20 and-the resistance. to therfel “shock. The other photo-

pol ymeri zapl ey pyasg r-%@%ﬂm&‘ﬁé’r@'ﬁ thHe. Qﬁo@@dﬁ@r{]ﬂgd;{ r(é?ﬁf‘@%ﬁ%’xﬁe"t her

esli on, an e like,

chagacteristics such as e solvent resistance, t

and (et h) acraimﬁgﬁl)_%%g%é dBRISuAS" ¥hiC (83t Aiher @idga%ahéeusaggr S

25 and al so used rei naf contal ning a phosphoric acrd-group int
nol ecul e are gsmpeiadl.e for further inprov- ing the adhesion between the °
formed sol dering nask and the printed wiring substrate.. ,- 16- . 1

Exanpl es of the (neth)aand ighsEdesns £00vai PeRd A dUMSIRDEISn 8€i hdEoup
include PM1, PM2, PA-1 and PA-2°in [err] seri'es manufactured by N hon

Kayaku ‘Co.5 - Lifiventieamaiaf wdﬂtaimcbﬁhéboPnb@bwlwemmré yhAs&kurat-
Phosmer CL (3-chtoro-2-acid phosphoxypropyl nethacryl ate) manufactured by

Fats and O | sedr tompesnds. Asl.thetsthdhephotopulynieriesielé mehbhsarpltied
esters containing in the nol ecul e a ‘phosphoric acid group is preferably
0.01 to 5% bycompghhdisas¢hexre tieey tiné abxemplitfied trimeétiogtolpbopanti oned
(a¥ urethane di (neth)acrylate conpound and (b) |inear high-nolecular
conpound. Furthiacrylatehotpessreeryveritolntrdaeayilidton, dfethasthpilenei~on
may contain other secondary conmponents. The secondary conponents i ncl ude-
t her nopol yrmer gkpeodndiacriyiEte § a@nd theslipegments, coating property
i nprovers, o : - .
10 .. There may also be used polymerizable unsaturated
. compounds disclosed ianapanesg Patent Appliéatiqn'
Kokai (Laid-Open) No. 56,018/78 (U.S. Patent Appln.
Serial No. 735,979 filed October 27, 1976).  However,
the content of these other photopolymerizable unsaturated
15 -compounds is-p:eferably 20% by weight or less, particularly
preferably 10% by weight or less based on the total |
amounts' of the above-mentioned (a) urethane di(meth)-
acrylate compound and (b) linear high-molecular compound
from a consideration of balance between the heat resistance
20 and the resistance to thermal shock. ihe other photo-
polymerizable unsaturated compounds may be added in
order to improve other characteristics such as the solvent
resistance, the adhesion, and the like, and (meth)acrylic
esters (this means acrylic esters -or methacrylic esters;
25 and also used hereinafter) containing é phosphoric acid
grouﬁ in the molecule are preferable for further improv-

. ing the adhesion between the formed soldering mask and

the printed wiring substrate..



nd the |ike, and these are selected wth the sanme .con- -sideration as in
>fhe case of ordi nary photosenSJtlve resin conposrtlons Next, the
phot osensi tive el enent of this i nweng 20 ti'on i s explained bel ow i n det ai
The phot-osensitive el enént of th’s invention can be obtained by formng a

. layer+.19 of the ph ’?éﬁﬁ W e ﬁ@m n | t%my
det a’il:L on ‘& suppor'?i ﬂ_a[g QER{?\MT"H |gurei§18 e'?‘)ﬁ%E.I%aI&e%(ril ﬁeé
hot osengi {k.6 S opma oS UpaQst m by a
'Eonventigngﬁﬁ% ocess. %@P& g&bﬁ 9§F?R§§%Q§@B?Or§¥d2 y@EhHTéégiy d¥SSO|VIng

the’ phOt? Q2Sifn KAE QEFE@%'bdﬁhﬂébﬁﬁbéﬁgsﬁ'NlﬁBhV%@wé%ﬁ*'as -1
met hyl - yl ketone, toluene, qgfthy ene chloride., or the like (or

di’ sperSI ca o wgder eprd omuben . f(laaire ﬁ}%@ﬁmﬁyeeﬁgusm%m@eeﬁntl mony
tri OXI de, a p| gmentE or the like is uséd), applying the resulting sof uti on

onto Phoisthety {3l enbyre-ionided & gHo s@naﬁyﬁedﬁya hdhaxat 1 ge)

'nethod or the I'ike, and then drying the solution e anmount of the
remai ni NgagRifeRIturdd thye PAeBOaadsiOile Awybeles. Coni,t edd.o, mederably 2%
by weight or |ess, particularly preferably 1% by -wei ght or Tess. 10
It.is preher@Wntéﬂﬁuofhenesprmbﬁhﬂanny&iblestbrs coveaiiirdmg abn heat
resi stance and sol vent resistance which are necessary at the tine of the .
product i theotndleeylletasphesphorie avid .grdup isppeeifeidbiyrey. ®E either -
pervious or not pervious to actinic light. . Pre- 15 ferable exanples of
t he suppbth%lbylweigme hasbdkmmmtheItumahcamaanaspoﬁy@heﬂaﬁo*aﬁ a
polypropylene film-

10 mentloned (a) urethane dl(meth)acrylate compound and

b

(b) linear hlgh-molecular;compound.

Further, the photosensitive resin composition
of this invention may contain other secondary components.
The secondary components include thermopolymerizatien'

15 inhibitors, dyes, pigments, coating.property improvers,
and the like, and these are selected with the seme con-
sideration as in the case of ordinary photosensitive:
resin compositions.

'Next, the photosensitive element of this inven-

20 tion is explained below - in detail.

| The photosensitive element of this invention
can be obtained by.forming a layer 19 of the photosensi--
.tivewresin composition explained above in detail on a-
support film 18 as.shown.in Figﬁre-ﬂ;; The layer of the

25 photosensitive'resin composition can be formed on a
support film by a conventional prbcess. -For example,
it .can be formed by uniformly dissolving. the photosensi--:"

tive resin composition in an organic solvent such as



a ponlnrde film a-polyamde-inmde film a polystyrene filmand the I|ike.
‘Wien a l'ong phot osensj tive el-enent is produced,. 20 said el ement is wound
into aroll in the final step of the proi tlon In thi's case, the |ayer
‘of the photo- sensitive resin conpositio can -be prevented from adhering to

'fQQ?QSaSKSEESﬁﬁ’frH‘% SHRRY etoliB, X ALMHAY BOERSHEIR Crib B | ﬁ%% W2|y|
‘known int

pr eferabl e- teo éﬁﬁn 'ﬁ%’t‘% gogs%ir (}%ﬂéﬁbﬁ géég %ﬁ%"f n |rgtrjé?ef]£§nv$n ch can ioe
peel ed of f Onr#é]@ahﬂ?%eassm (]:stu pQHﬁ?ﬁrG?x ' tt'r"i%xfﬁ' rhc!g)fgggh{;rﬁon

of said elene sane ove bj ect of preventlng
adhesion of dust ¢hg! §11c85 1 XA aga?ir#f Cener rag I nghitueonbonto
peel ed of f, here are a polyet ene a pol ypropyl ene I m a Teflon

film surf eéé t epBBRe" ,fﬁ'iuﬂﬁwea'kﬂfffeaedae&hgcmé%dw, fd I¥oTRY be
g as a Pon

used so lo hes between It and the | ayer of a photosensitive resin

composi tion i ScoQﬁ‘@ﬁ tfﬁé%h%‘ahe%r‘)rtﬁ’@tl\@@é' t 8adl ayen @rylihg athe solution.
phot osensi tive resin conposrtron and t he support filmwhen it is peeled

of f.. The thiofRessmelinthes ey rémaiphegosenvenitvdn etien plooposensbbive
constltutlng the photosensitive elenent of this invention is preferably 20

to 200 [err] fpaykpepsnaikf tidtelmed fépabhyulit byn wedghteror hkesspduct or s
of a printing mnrrng substrate in which the layer is used,
particularly preferably 1% by weight or less;
io - : ¢It.is preferable that fhe support film used in
‘this invention has heat fesistance and solvent resistance
which are necessary at the time of the production of
'lthe photosensitive element. The support film may be
| either pervious or not pervious to actinic light. Pre-
15 'ferable examples of the support film include.well-known
films such as a polyester film, a polypropylene film,
a polyimide film, a polyamide-imide film, a polystyrene
film and the like.
| When a long photosensitive element is produced,
20 said element is wound into a roll in the final step of
the productlon. In this case, the layer of the photo-
sensitive resin composition can be prevented from.
adhering to the back side of-the support film in w1nding-
the element into a roll, by using a support film.ﬁhose
25 back side has been treated by a method well known in
the fild of a pressure-sensitive sticking tape and-the
llke. It is preferable'fo laminate a covering film 20

as shown in Flgure 5 whlch can be peeled off on the layer



. fromthe viewoint of the resolution of the fornmed sol dering nmask
~pagtern. Next, exanples of a method for using the photo- 20 sensitive
eVerment of this invention are explaijged bel ow. The photosensitive el enent
of this invention is easy to lami nate on a substrate. That is to say, it is,

# ?F‘h“ié?%%%%é‘f%%ﬁ%i%@%ﬁ SR U np SR EEH MIEhdiq eheiEnE Oy ol Qg-d o
. ' ' ] ' j t ti .be carrie
oot by YESn "Pne SangTRBIELY A LdhdVE] | A, UBIS DR G eaRuRE Ll

manuf act Yhll S5q gyfgntggfaug%tr%hﬁzhas - 19 - .1 unevenness of 10 [err]

or nore as I n Jhe,case of a“printed wring board in which conductor-w ring

| ines have been forjgdexhhplie sl ! EobpiaE ¥1dd Mich aBLpapLon under
reduced pressure or I n vaclo. 5 n apparatus for-such.

|l ami'ngt i Qe tEISrF S thebeChdEP £ il + &R PREHBY FARRAT b SEbH: N

. Japangs'e?%aetleérﬁa cifp{p.f ntfl Fe é‘@(élgoagtg Ex%e;‘?hubléﬁ) No. ?1%%%%@%§gn

4,101, 364) 194 J@DP@P§§$? 2R, AU dokokea £BAS balped) R Mhdlog jid,341/80 ©
(US P 4127, ,436). 1Gh The exposure-and the devel opiient

treat menand tfiy tdevéaihpairiah ey ee Casédedo0Ubnly &5 Wegt banal net hod.
That is to say, when the support filmis not pervious to actinic light, the=
support fodtween piel #ad otheandyidierenid ephbbesempdwise wdwimre is carried
out 15 through a negative mask by using a |light source such as a high
pressur e conpositbon isanpower wHara-dulgdspoRsberween the layer of

10 a photosensitive resin composition and the support film
when it is peeled:cff._ ' .
" The thickness of the layer 6f a photosensitive
resin composition constituting the photosensitive element
- of this invention is preferably 20 to 200 um for keeping
15 high electric insulation between the conductors of a
printing wiring substrate in which the layer is used,
and from the viewpoint of the resolution of the formed
soldering mask patterh.
Next, examples of a method fqr using the photo-
20 sensitive element of this inventibn are explained below.
The photosensitive element of this invention
is easy to laminate on a substrate. That is to say, .
it is laminated, with heating under pressure, as such’
'_when it'has'nO-covering'film, or after of while peeling
25 off its covering film when it has a covering film. The
lamination with heéting under pressure can be carried
out by means of a laminater which is well known to printed

wiring board manufacturers. When the substrate has
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or the like. Heat treatnent at [err] to [err] -before .and
osure is preferable for increasing adhesion between the

t he' phot osensitive. 20 resin layer. As the devel opi ng

ol vent such as |, ,l-trichl é2ethane or the like is used. It

f fety t -a- nehcombust i hl | t-. The i i
HPRNSTRIGER A ot ol 287 RN Srbih eI AT ¢ bol apBrdntedh,

e.coating filmfor uspal etching netal. plating, and.the |ike,
and it becorre‘g,lé'%?’%@ﬁ"{/ Rifg £

i SR ppRA e o e ch i F e 98 velh
TBFmEd r el SrREREEREDYE, BPosaERY CThthb HHEIBREERR of (e

R %{*%*?3%2&325%5%-%95?%%2%3}“%%° Zarried 5 out by dividing
_ NEF Plemrmly B carried 5 ° out by di
To hiinic 19 it SppEFafRE’ 183 Such MEALAELLON  TEREry T,

IS0 1S ' . | s .
Shin Uil S e ng eollibnd UL G0, K paRineee,
?a%@w'@}ﬁﬂ%aeoﬁauepagtam&d MML%. Eyrsheymere . it

I n heat sl stance and resi stance to thernal sﬁock, and hence

$U2 SRE mMaNery P30k PCohVIapankisid Fdtdne Ugpo B8 Rokekderi ng mask

which is requited 15 to have reliability Tor a long tine. The
ot JHxaR P 1W) aRoex28l,BanY 80 (U.S.P. 4,127,436).

. The exposure and the development treatment -

after the lamination can be carried out by a conventional

15

20

method. That is to say, when the supporf film is not
pervious to actinic light, the support film.is peeled

off and thereafter the imagwise exposure is carried out
through a negative mask by using.a light source such as

a high pressure mercury arc lamp, an ultra-high_pressure
mercury lamp, or the like. Heat treatment at 50° to 100°C
before and after the exposure is preferable for increasing
adhesion between the substrate and the photosensitive
resin layer. |

As the developing solution, a solvent such as

'1,1,1-trichloroe€hane-or the like is used. It is

25

preferable for safety to use a noncombustible solvent:
The imagewise pfotective coating film obtained
in the manner describeﬁ above is an anti-corrosive
coating film for usual etching, metal plating, and the
like, and it becomes ‘a protective coating film having

more excellent characteristics by heat treatment at

©



~,g§u strate wi-th a solution of the photosensitive Fesin conposition of this
igfvention by 20.. 'a dip-coating et e, a fl ow eoati ng nethod, or the liKke,
drying the solvent, -i.magewi sely &xposing the coating through a-negative
mask iyn t 'Fsage?* VREL L AS i L+ & Re .aly ;ﬂﬂg#f IYa S :
phot os:,"én'séltﬁ ve e (ggrrggtanglree ﬂt%ér:aéa(?fgét#g%gngﬁé%g a ﬁﬁe%é?vi ous to \J
actinic . A Nt R - ¢, 5 Yb ROt aEl "*@ﬁygg?m“ fngnjhen.
carryi ng éﬁe %%?é?grea?%%?a?ﬁ&%ﬁr e _'t_o actlilé‘r%i c !g _t'.__en_. '%{ince a
coating HHdNd:pSBEreY t8Shee itrie 1ighd dftBROLRRLHTVd Mphést ) conposition
or the photosensitive element of this invention has excellent Chem cal and
. physi cal G UREYSBECENBS FTRHEY ONEld 30Q¥R. oift them 'Ry A& Ccafrpelnt i ng
materials, plastics reliefs; and the 5 Iike. Next, this invention is
further ey ayedipeadng theo istdierdXagpeps. | Thehigrptddt prets and
percents are by wei ght unless otherw se provided. Exanple 1 10  a)
Synt hesi ezt #hgr eianevdadeeyd aie weapotndatmehti riid d hmysupé hybene
1,680 parts diisocyanate ' (16 equival ents) Tol uene
(solvent)aetinic light af2ed® md Advrebopment tisn siififiiodretly 1 part
(catalyst) B 1, 6-Hexanedi ol ' ' 472 parts
resistant to organic solvents such as trichlene, methyl

<:i:£racteriétics as in the above can al so be obtai ned by~diréct|y coating a

 ethyl ketone, isopropyl alcohol, toluene, and the like
10 and is resistant also to an ?didic aqueous solution and
.an équéoué alkali soiution. Furthermbre;.it is excellent;
in heat resistaﬁce and resistance to thermal shdck, and
hence is suitable as a parmaﬁent protectiVe_coating film
~ such as a soldering mask and the like which is.required
15 to have reliability for a long time. |
The protective coating film having as excellent
characteristics as in the above can also be obtained
by directly coating a substrate with a solution of the
photosensitive resin composiﬁion of this invention by
2Q_ a dip—coating'method, a‘flow-coating_méthod, or the like,
drying the solvent, imagewisely exposing the coating
through a negative mask in ﬁhe-same manner as in the -
case of the aboveementioned~photosensitive element,
direétly or after laminating a film pervious to actinic
 25 light on.the coating, carrying out development, and then'
carrying out heat trreatment and exposure to actinic
light.

- Since a.coating film formed by using the .

~



(8 equival ents) C 2-Hydroxyethyl acrylate : 928 parts (8

equi val ents) Tol uene (sol vent) : ' 88 :parts Hydroqui none -
(t her nopol yneri zati on 0.4 paré i nhi'bitor) D -Met-hanol (st oppi ng
agent) - 32 partS' The i ngredi ents %s nbntloned above were placed in.. -

a reactor. havin

a sKhrrer %B%E%ﬁ?@ it trreoslg]erh CYRROPAL-BBUGT HE SR AT
C

py&r

% e Bout 3 Iliﬁrs e 83} th a thegnnnetef__;is-

o, A, AR B AR i T (5

e g YIS SRR R85 06 BbeRIBM IV, U B8 wagt o -
o Tor | "oreratho Pn bRartaniy md¥bri dy colBs v AN gndCERgrature

of [err] to [err hour's |ch e 1 ngred! ent C was
unlforn1y dgfgk hereto drop- wise at a tenperature of about 550 to [err]
over a ‘perio

“the reaction tenperajgid Washil arwebhyibal gad ﬁﬁ't[r?éz‘]eﬂyf’flﬁe?ebbﬁéwo‘c

about 5 hours. Thereafter, the tenpera- ture was | owered err] after

which the i ngredépRink. W%SE%QkﬁléQ tde wRach aN1Mpdrds$ arddpbbeehiies
obt ai ned 15 m xture was contlnuously stirred for about 1 hour to give a

sol ution (1) Sbeapyreelight UrAWsE dEneéPNRBENPreRiIdeaOoNt ai ned 70% of
nonvol atile matters.

Example 1 |
10 a)f Synthesis.bf a urethaﬁe diacr&late compound
" A Trimethylhexamethylene 1,680 parts
diisocyanate (16 equivalents)
Toluene (solvent) 1,200.parts
Di-n-butyl tin dilaurate 1 part
(catalyst) : . _
"B 1,6-Hexanediol ' 472 parts
o (8 equivalents)
C 2-Hydroxyethyl acrylate 928 parts
(8 equivalents)
Toluene (solvent) 88 parts -
Hydroquinone .
(thermopolymerization _ 0.4 part .
1nh1b1tor) 1
S . D Methanol (stopping-agent): .~ 32 parts:

The ingredients as mentioned above were placed
in a reactor having a capacity of about 5 liters equipped
with a thermometer, a stirrer, a condenser, a nitrogen-~

gas-introducing tube and a dropper which could be heated

of about 3 hours. After the addition of the |ngred|ent'



b) Production of a photosensitive elenment The sol ution (I):bf a urethane
O parts (49 diacrylate conpound obtained ) .parts in terms in'the
nner descri bed above of non-volatile matters) Methyl

i

t hacryl at e-net hacrylic- 47 paﬁTE?thld-tetrahydrofurfuryl.neth- écrylafe

(78/ 2420;, wei_ tig)scopalymer (having @ ecul.ar. wei ght &k ~about
150, 000 %’?a‘%%‘g’-rg‘)é‘%’s?g%nﬁé#gla%?eﬁoﬂgbg’%ﬁa@ éirlﬁc?}%%néo.phenone
2.7 part g,:M. S KELONBYL A 5 mopadient. R . 0,,31 Eﬁﬁip_ hoxypheno
0.1 part%ﬂ¥§§%g§%546§b|e?he ;ngredleét_B was ué}?%bar:'%§§{§r ephw
.ketone gnopwise to tﬁg Eﬁk&éd&éﬂ%‘ﬁ' Phe?rBURLRFE Y V& T ESIN
conposi tion was prepared by-m Xing the above-nentioned 1 ngredi ents and then
appl i ed | 4 g £i +AD QI3 fRihE CHE S a @ ek hen dried
at room gnrgg?ﬁa;tduf;?%éégseﬁuﬁeﬁé%t%fél_:dr:?h'?(z)’?@lgmr%e%aés:_an t hen at
1050Csf Ok ey M&ﬁe'tQtOPSabB 850! 0SpPEé L | ¥ReCLARBRY dr! I £He t €

t hi ckness of the layer of the photosensitive resin conposition was about 60

[err] c) inpQied@ildot) Bf Sh8oreeultd R SE Afure was maintain&dlagubstrates =
havi ng a copper pattern shown in Figure 1 were obtained by | mgew se

- etching ef tRnpypdtiire f8£eY5R ko F50 FEPXADEABPYN hdurd) Hré&e-

which the ingredient C was uniformly-aadéd thereto drop-~--.

ﬁise at a temperature of about 55° to 65°C over a period
2  10 of_aboﬁt 3 hours. After the addition of the inéredient

| C, the reaction temperature Wés'gradﬁally raiéed to 80°C

over a period-of about 5 hours. Théreafter,‘the tempera-

ture was lowered to 60°C, after.whiéh the ingredient D

was added to the reaction mixture, énd the thus obtained

15 mixture was cbntinuously stirred for apout 1 hour to
give a solution (I) of a urethane diacrylate compound
which contained 70% of nonvolatile matters.

b) Production of a photosensitive element

- The solution (I) of a urethane 70 parts (49
diacrylate compound obtained parts in terms
in the manner described above of non-volatile

' matters)

Methyl methacrylate-methacrylic 47 parts
acid-tetrahydrofurfuryl meth-

acrylate (78/2/20; weight

ratio) copolymer (having a

molecular weight of about

150,000 and a glass transition

_temperature of about 95°C) | :
Benzophehone | ' | . 2.7 parts
Michler's ketone . o 0.3 parts

p-Methquphendl S .. 0.l.paft"



t hi ckness of its substrate was 1.6 nm and the thickness .of the copper foi
was 1.8 [err]. In Figure 1, nunmerdl 1 15 shows a coppef pattern part;
nurmeral 2 shows an .exposed part of. the strate; and the unit of the
figures is mm. The photosensiti've el enemnt - obtai ned i-n above b). was

| ami nated on each of,_t he test. suhstrates by using an A- g | am nat er
manukact ured by Ake BXE%AEmK&? qﬁo Co:-; Ltd. - Aftertéﬁgn%%ﬁﬁation,the
polyimde filmas a rt;;' m eled off, and t tesi, substrates
wer e exposed at 900'%&?&#15 4#§u%§§§8§ Pheni x 3000 tyggq d% ng machi ne
manuf actured by ORC Factory Co., Ltd. by using a negative nmask for test
shown in Figure 2. - - 24.- 1 I'n Figure 2, nuneral 3 shows an opaque part

of the negptive nask; n%g%fmjutﬂi&ppwrﬁ%ﬁkg?érggp%&ttiw trégiﬁ,:] orﬂﬁgg?_iﬁgn

mask; and the unit of t "gures i s € exposure, e

bstrat e 4 f Of @ 3D AL : dt
Spray devel opies PLEURE by niiEite Ohe dpBvBUNSH:Hed MlkRpRIERES] (0
Af t the d - Vi i t 0,4 nut

er the evgbgfggagt a&)tziﬁ%ié[’égﬁ fﬁﬁ@ﬂﬁﬂﬁd@r irgd nf? Q@%L{l?é%% ufll nutes

and then irradi ust ng an ul travi ol et trradi ating

10 equi pnent i gepyi aghesdd Rndl aHebadPeed aht Cooont- tbmpial fighé fori t VaS

heét-treated at [err] .for "30 m nutes. Four of the six test substrates on
which a prot ezg i MenGeaki,natf i§onoeos g honled sVl itHEH el 165°¢CNfor
i sopropanol, toluene, trichlene, or a 10% aqueous hydrochloric acid
solution, allsahihetés tespdtidiMela/.photosensitive element in which
‘the: thickness of the 1ay§r'of the photosensitive resin

composition was about 60 um.

¢) Formation of a soidering'mask
10 o Six teét substrates having a copper pattern -
shown in Figure 1 were bbtained.by.imégewise.etchiﬁg
of a laminate faced with glass.epoxy cépper_in which the‘
thickness of its substrate was 1.6 mm and the thickness
.of the copper foii was 1.8 um: .In Figure 1, numeral 1
15 shows a copper pattérn part; numeral 2 shows an exposed
| part of the substrage; and the unit of the figures is mm. .
The photosensitive element obtained in above b) was
laminated on each of the test Substrates by using an
A-500 type laminater ﬁanﬁfaetured by Akebono Industry
5 20 Co., Ltd. After the lamination, the polyimide film
| as a support film was peeled off, and- the test substrates

were exposed at 900 mJ/cm?

by means of a Phenix 3000 type
exposing machine manufactured by ORC Factory Co., Ltd.

by using a negative mask for test shown in Figure 2.

~



(3 r-10 minutes to find that the fornmed protective coating film underwent no
_£hange. Wen anot her one of the test substrates was 20 imersed in a
sol deri'ng bath at [err] to [érr] £oph3Q seconds, ‘its protective coating
filmwas so stable that it did neither crack nor peel off fromthe sub-
stratp, Bdrigarel @,e niumewsl f HusHows e sfdduwe epary ofabhe as a sol dering
mask. 25 The remai ning one teést substitute was. subjected-to '
sol der i ngegataverhiasky ananéreli Agshews- @ treandpapehtr phrtoof3 seconds bv
using a rosin_ series flux A-226 (manufactured by Tamura Kaken Co., Ltd,),
and thenthe négativesutgsicy eand othbeuntidr e tﬂtmcﬁgmsésoﬁ.sS@mnycl es under
M L- STD- 202E- et hod 107D condition B ([err] for 30 nminutes. [err] “ordinary
t enper atAfeefothé exposserey thsstegerSpﬂﬁﬁnﬁtéswwenenahﬁbmgﬂtﬂoflnd -t hat
its 5 protective coating filmdid not crack and was greatly excellent in
rel i dbi | segndofor BOnmiriuies Fxangl thenasudjrdiesd stof sprayet hane

di acryl ate compound A Tri met hyl hexanet hyl ene 1,680 parts
dii socyadavempment at 20°C foy. 96 -sgeondserhy)usingehel , 1-
800 parts Di-n-butyl tin dilaurate 1 part (catalyst)

1, 4- q/cwamiaszméroethane. After 8Be ésmeéqm@q% vehesit y)ereu maweﬁﬁm

and dried at 80°C for 10 minutes and then irradiated at
2.5 J/cm? by using an ultraviolet light irfadiating
10 -equipment ﬁanuf&qturéd by Toshiba Denzai Co., Ltd.
' Thereafter, it was héat-tréatedtat'150°c”er |
' 30 minutes.
Four of the six test substrates on which a
_protective-coating film was thus formed were immersed
15 in isopropéﬁol, toluene, trichlene, or a 10% aquéous
hydrochloric acid solution, all at 25°C, respectively,
for 10 minutes to find that the formed-protective coating
film underwent no change.
When another one of the'test substrates was
20 immersed in a soldering bath at 255°C to 265°C for 30
seconds, its protective coating film was so stable'
that it did neither crack nor peel off from the sub-
strate, and therefore it was found to be sufficiently | *
usable as a soldering mask. ._
25 _ The remalnlng one test substltute was subjected
| to soldering treatment in a soldering bath at 255° to 26590
for 3 seconds by using a rosin:series flﬁx A-226_

(manufactured by Tamura Kaken Co., Ltd.), and then-



\
2- Hydroxyet hyl 348 parts acryl ate - '
(3 equivalents) Methyl ethyI ‘ketone - . .520 parts (solvent) C -
2- Hydr oxyet hyl - 928 ga@%s acrylat
(8 equival ent.s) Tol uene (sol vent) - 80 parts p- N@thoxypheno['

Cooet yoPOIYTEhBEREERA b the trpeﬁn#’fréhbg Bl b0 scFl VARl s (ghaepi ng

ageiqt) ut1on of a ure hane acrylate conpo was 10

bt al ned accoyfhDgTHO0HR Habifad LHPS Lonale oA C for 36 - 1 as

in Exanple 1 erea was drre er reduced pressure to obtain

a vi'scous Ur%fﬁ?gﬁghf‘ﬂﬁg‘a&%m efht xc-ebk‘o::P 50 i ¢4 A 2

phot osensitive e acrylate com” 40 parts pound

(11) obtai nedzrbysthz gewe%&tlﬁt%ﬂaess;swémd eHdci g at e- net hyl
57 parts acryl at e-2-hydioxyethyl” methacryl ate-acrylonitrile (80/10/5/5

wei ght ratdg0)ppepeb¥ige Ccor\titk o iDh egid ahove ctalckofarbards @ﬁeQ’aannd a

gl ass transrtron tenperature of about [err])
excellent in reliability for a long time.

Example 2

a) Synthesis of a urethane diacrylate compOund

A Trimethylhexamethylene 1, 680 parts
diisocyanate . , (16 equlvalents)
Toluene . . 800 parts
Di-n-butyl tin dilaurate 1 part

(catalyst)

B 1,4-Cyclohexane _ 360 parts
dimethanol 5 qulvalents)
2-Hydroxyethyl _ 348 parts
acrylate (3 equivalents)
Methyl ethyl ketone | 520 parts

(solvent) _

C 2-Hydroxyethyl ' 928 parts
acrylate (8 equivalents)
Toluene (solvent) : 80 parts

. p-Methoxyphenol _
. _ : (thermopolymerization . 0.3 part
: inhibitor)
: D Ethanol (stopping agent) 23 parts

A solution of a urethane acrylate compound was

10 obtained according to the above recipe in the same manner



(é}ganophenone - . 2.7 parts M chler s- ket one
3 part p- N@thoxyphenol L 0.1 part Victoria pure blue
0. 05 part. Methyl ethyl ket one .-'26 - 80 parts Tol uene

40 parts 5 - " "A sol.ution 10 of a photosensitive resin conpo- sition

pr epargd %é oyt ﬁﬁaﬁ?@.\é‘? 1- pe 'rﬁéraarfce&m ¥ 2R 4 i &a aungkyet hyl ene
terephthalate fil 6 of 25 [err] in thi ckness by. usi ng an appar at us shovig)

in Fi gur epgdquéed- Bb@@s@ﬁieed:d NoBta0h- 8l FiSUOEF s iner difepylaktd err] to
[err] for about- 10 minutes. The thickness after drying of the layer of ‘the .
photosenséémyeuﬁgswqxgqnp05|t|on was about 100 pm A pol yet hyl ene film 17
of about 25 pmin thickness was stuck as a covering film 1 on the

| ayer.. of the photosen3|t|ve resin conposition as shown in Figure 3.:1n
Figure 3, rnwjerBboBuehdemn ool yphbybseastieiamhtdldmént il m del i vering
roll, nunmerals 6, 7 and.- 8 5 -roIIs nuneral 9 a knife, numeral 12 a

polyethylene fi deliyering ro]l |ls 13 and 1gar and nuneral 15 _
a photosensitiv H‘ - cé goﬁbrnatlon ég'géggﬁdering mask The

ak
phot osensitive %E§ﬂ§ﬁ§ ig above was |am nated with heating
substrate and a |ch a cop ‘RA rn (copper
t hi ckness: abougé §E§ﬁﬁgﬁéﬁgﬁéaﬁgt bgu 1 had bee f%?%%g, by using a’

S0

under pressure %8% %5 for test (having a gl ass epoxy
vacuum | am nat € g¢ rylate-acrylonitrile

(80/10/5/5 weight ratio)
copolymer (having a molecular
weight of about 100,000 and a
glass transition temperature

of about 90°C)

Benzophenone | 2.7 parts
Michler's ketone 0.3 part
p-Methoxyphenol | 0.1 part
Victoria pure blue : 0.05 part
_ Methyl ethyl ketone - 80 parts
Toluene | 40 parts
5 A solution 10 of a photosensitive resin compo-

sition prepared from the above recipe was uniformly
applied to a polyethylene terephthalate film 16 of
25 um in thickness by ueing an apparatus shown in
Figupe 3, and then dried in a hof—eir cohvection dryer

10 11 at 80° to 100°C for about 10 minutes. The thickness
after drying of the layer of the photosensitive resin
composition was about 100 um. A polyeﬁhylene film 17 of

about 25 um in thickness was stuck as a covering film



15 factured by HltaChI Chenmi cal Co., Ltd. (degree of vacuum. 30 nmHg,

| ami nation tenperature: 1000C’ |am nation speed: 2.mmin.). After the

| am nation, the printed wiring boards 7eheated at 600C for.5 ninutes,
al | oned to.stand at room tenperature for“3 20 hours, and then exposed at

150 [err] thrcﬁfggthé 898t \v& wrﬁcf%tééléﬁﬁiﬂﬂw &-@s’i‘rﬂlércﬁ‘np%sf@lbﬂ Exanpl e

1-ch/ After t exposure, the boa wer e heated- at [err].for 5 mnutes and
then allowed 49 shewd gh Fygreerperature for 20 ninutes,. after which the
support film25 was peeled off, ‘and the boards mere-subjected to spray,

devel opment at 200C for tR5@igREds, YukleraY &, shbws! @@ YR PPaRe Alter
t he devel opnent, the boards were heate 1 - and dried at [Jerr] for 10

m nut es, lrradttﬁ»sﬁhwham.aubt Fa-1ny idd Bivér dhi ?bli O nhéerlal ingl, theand 8
heat - treated at 1300C for 2 hours. The test- substrates on mhlch a

protecti ve5 5 peDBS | ngufkranhad shaam fo] nedmepalha 2manpolyaseyided ahome
were subjected to an imrersion test in isopropanol, toluene, trichlene or a

10% aqueous hyelbesringcradild miméralbs ald ahd| adr roldsperid welnyeradr 150
mnutes in the same nmanner as in Exanple 1-c) to find that the forned 10
protective coatplgtdésemsitdereveiement aigéing\ellan i mrersion'test was
carried out in a soldering bath at 2550 to [err] for 30 seconds, the *
protective coatehg Fobmathowe@ﬂﬂn(hﬂlﬁernng maskexcel | ent in heat
resistance. Further, in the thermal .shock test 15 of 50 cycles under
M L- STD- 202E net hod 107mheomhdﬁaaen51t1ve element obtained in the
10 above was ldminated with heating under pressure on
prlnted wiring boards for test (hav1ng a glass epoxy
substrate and a thickness of 1.6 mm) in which a copper
pattern (copper thickness: about 70 um) shown in Figure
1 had been formed, by using a vacuum laminater manu-
15 factured by Hitachi Chemical Co., Ltd. (degree
 of vacuum: 30 mmHg, lamination temperature: 100°C,
lamination speed: 2 m/min.). After the lamination,
the printed wiring boards were heated at 60°C for 5

.-

minutes, allowed to stand at room temperature for 3

2 through'; negative

20 hours, and then exposed at 150 mJ/cm
mask for test shown in Pigure 2, as in Example 1l-c).
_ After the_exposure, the boards were heated
at 80°C for 5 minutes andtthen:allewed to stand et_room
é temperaﬁure for“20 minﬁtes,'after which the Support film
25 was peeled off, and the boafds were subjected to sbray
development at 20°C for-l50'secoﬂds by dsing 1,1,1-

trichloroethahe;

After the development, the boérds were heated



r the sane sol dering treatnent as in Exanpl e;ll-_c) ,, the fornmed coating
m di d not crack. Exanple 3 The urethane diacrylate com ~ 60 parts

' pound (11) obtained in Exanple 2-+a)28vst hyl . met hacryl ate-nmeth- 37,':

parts acrylic acid (9812 weight ratio) copolyner (having a nol ecul ar wei ght
of ahout, 19Q3000438¢ 80%lATDr IENShin@Pes§MeTaldiated whohtulera})

Benzophenone 2.7 parts Mchler's ketone Q,
0.3 partyis bt hoxyrbere! 3.0 J7cm2, and then Hesk-frdated-af9130°G ctoria
pure bl ue. 0. 02 part N@thyl et hyl ketone

. 60 paﬂfbﬂTéLﬁﬂgrs. - 70 -parts 1 By the

use of a solution of a photosensitive resi.n conposition prepared fromthe
above recipe, a phghe- t%@tﬂSubEtﬁiﬁesnbnlthmhﬂatpnntémtimess of a layer

~of the phot osensitive resin conpositi'on was about 80 [err] 5 was obtai ned
by usj Nt Ap@arlms hadobeem formeé 2n hhel mabrewldesehibedThe
phot osensitive elenent was |am nated under reduced pressure in the
samne- WamnﬁvasweneEsahgbetbd»tmwaprnmmeuswpmntpsﬂm#mSlﬁeprP§§PQ¥rwmlch a’
copper pattern (copper thickness: about 50 err(} shown in 10, Figure 1 had
béen forteluenéyr tivdchleme sarea t 104t agueoys hy rochloric acid
solution all at 25°C, respectlvely, for 10 minutes in .
the same manner as in Example l-c) to find that the formed
-lb protecﬁive coating film.underwent.no-cﬁange;
When an immersion test was carried out in a
soldering bath at 255° to 265°C for 30 seconds, the
protective coating film showed no defeet_and_was excellent
in heat resistance. PFurther, in the.thefmal shock test
15 of 50 cycles under MIL-STD-202E method 107D condition B
after the same soldering treatment as in Example 1l-c),

the formed coating film did not crack.

Example 3
The urethane diacrylate com- 60 parts
pound (II) obtained in Example
2-a)
-Methyl methacrylate-meth- 37 parts.

acrylic acid (98/2 weight
ratio) copolymer (having a
molecular weight of about
100,000 and a glass transition
temperature of about 105°C)

Benzophenone _ '_-. 2.7 parts
Michler's_ketone 0.3 part

p-Methoxyphenol o | 0.1 pert



in Exanmplie 2-c) was carried out to. forman i magew se protective coating (Eg;;p
fi'lmon'said test substrates.” The fornmed protecti.ve coating.fiim showed no
defect i-n the. i.-nmersion test in isoprep@gpls ,toluene, trichl ene, 15 nmethyl
ethyl ketoné, a 10% aqueous hydrochl oric acid solution or a 10% aqueous

NaCH sol.ution allvﬂcﬂéyia ﬁﬁgeeQQuyely, for 10 m nutesQ.eRdpaa® SO
excgll ent -in- "heat .resistance that it did néither crack nor peel off from

the substrate -in iMehylreéhpl kesbnbor 30 seconds 20 i-60apaeitderi ng bath
at 2550 to [err] Further, when the test substfate was subjected to the sane
sol dering treat-lﬂﬁmuemeln Exanpl e 1-c) and t hen subj efOegatrdst he t her nal
shock test of 50 cycles under M L-STD 202E nethod 107D condition- B, the
protective coating filmdid not crack. 1 Cbnparat|ve Exanple 1 The sane
procedures as in Exanple 2-b) and Exanple 2-c) were carried out except t hat
trimethyl dl - propane trBuctheausewas sutsstiutiien ¢Brat bhotipsemsid ive
diacrylate compound (11) in Exanple 2-b). The finally.obtained protective
coating fil mmesdim ycqmpdeitbon preparied firom rthe abovAeresddesi ¢h phatotn
a soldering bath at 2550 to 2650C for 30 seconds. .After the same sol dering
treat nent as semsEbiNg eelempntt Ao phicdctthe. vl ckpessngfi Bmleyask s wi t hin.
5%Tycles in the thermal shock test under M L-STD 202E net hod 107D condition
B. Conpar at i ¢heEphqtiesenghbivanvesioc aamrosit ion Ewafprboy ¢ ried out
except that 20 parts of pentaerythritol triacrylate 15 _and 40 parts of a
-(3- acrﬁloﬂPﬁLQEhﬁlﬂ9£rbEyP?é@Ebﬁn apparatus shown in Figure 3,

as in Example 2-b) The photosens1t1ve element was
lamlnated under reduced pressure in the same .manner as in
Example 2-¢) on printed w1r1ng boards for test on whlch

a copper pattern (copper thickness: about 50 ym) shown in

10 - Figure 1 had_been'formed. Further, the same treatment as
in Example 2-c¢) was carried out to form-an_imegewiSe
protective coating film on seid test substrates. The
formed protective coating,film_showed_no defect in the
immersion test ih_isopropanol, toluene, trichlene,

15 methyl eth&l ketone, a 10% aqueous hydrochloric acid -
solution or é 10% aqueous NaOH solution all at 25°C,
respectively, for 10 minutes, and was so excellent in"
heat resistance that it did neither crack nor peel off

 from the substrate in the immersion test for 30 seconds

20 in a seldering bath at'255°-to 265°C. Further, when the
test substrete was subjected;to the same soldering treat-
ment as in Examble l-e) and then subjected to the'thermal.
shock test of 50 cycles under MIL-STD-202E method 107D

condition B, the protective coating film did not crack.



bi sphenol A were substitutéd for 60 parts, of the urethane diacrylate
ghpound (11) in Exanple 3. After the sane soldering treatnent as in
Exanple 1-c), the finally obtainqgfgyglectivé coating filmcracked-wthin
20 5 cycles in the thermal shock test under M L-'STD-202E net hod 107D - -

comﬁiﬁcwbﬁgaéaggyg?@&%éyigxptectLve_coating-filn1mas about to peel off
e

fromthe substrate int 1mmersion test for 10 mhutes in.--a 10@6aqueous‘§;

hydro- chloric aci ¢ngoldiindNpredeatpBBabdt iivf Exaiple 3-Bni arighy! ol propane
triacrylate 30 parts "+ -31-. Pol ypropyl éne glycol (having an- .

10 part sRyfpRge2uR)eqidrd d@F80ed0but, @QQ)epf atiayt ateidethyllol-
nmet hacryl at e- net hactylic 50 parts acid-tetrahydrofurfuryl meth-

acryl at epfJBARE 2@ riRICHIi 1416 | Wwas CONBELIR R Y thevusethaneei ght of
about 150,000 and a .glass transition tenmperature of about [err])

Benzopheggérylate compound (II) in Exdmpdid x+bYhl eThe Kdhaldy ' '
0.3 part p-Methoxyphenol. 0.5 part Methyl ethyl ketone |
200 partsbfatnednprivteaerive esatingx@iime phriky coeeled. oftf except that a

solution of a photosensitive resin conposition prepared fromthe above
reci pe wesomstHe substrate in the immersion test in a soldering
bath at 255° to 265°C for 30 seconds. After the'same
" soldering treatment as in Example i-c); the prOtective
10 c&atingﬂfilm'éracked.within 5 cycles in the thermal
:shbck test under MIL-$TD-202E method 107D condition B.
Comparative.EXample 2- )
| The same procedure as in Example 3 was carried
out except that 20 parts of pentaerythritol triacrylate
15 and 40 parfs of a di;(3-acryloxy;Z-hydroxypropyl)ester
of bisphenol A were substituted for 60 parts of the
urethane'diacrylate éompound (II) in Example 3. After
the same soldering treatment és in ExampléFl-c), the
finally obtained protective céating £ilm cracked within
20 5 cycles in the thermal shock test under MIL-STD-202E
method 107D condition B. A part of the protective coating
film was about to peel off from the substrate in the.
immersion_test for 10 minutes in a 10% aqueous hydro-

chloric acid soluﬁidn.

.25':Comparative~EXamp1e:3"

‘Primethylolpropane triacrylate 30 parts



The flnaIIy obt ai ned protective coating filmwas excellent 5 in solvent n££§;>
resi stance and heat resi-stance, but cracked mﬁthln 10 cycl'es in the ther

shock test under ML- STD 202E net hod. 1@1D_cond|t|on B after the same
sol.dering treatnent as in Exanple 1l-c).. Exanple 4.a) Synthesis of a

ur et hane dlaCry|a%%i§¥FEb?ﬂeﬁb %%y@%ghxygyg tdw! ene 10 partsl, 680 parts

d||socyanate

average molec e 'ﬂ“H 1,/@@gne (solvent).
250 parts Di - n- qﬁé’r iéh & aurate L part (catalyst) 32 - B.
Trlethytene gl ycol " 600 parts (8 equi valents) C :

-2- Hydroxypropyl  Methyl methacky24@ePaicithaarylis e 50 parts

(8 equival ents) Tdiedieré §Pél°i§ﬂi'gfurfuryl meth- 190 parts Hydroqui none
(thernopol yirer' zatgdpylate (7872028 peightnirdii®)) D Methanol (stoppi-ng
agent). 32 RYPSAL §p|ghavmngfaamwﬁﬁduﬁmrdlacrylate conpound was

obt ai ned accor di ngyd IpH eofbapouted g 000 tdred smne manner as in Exanpl e
1-a). Thereafter, ghgssotrahsitiea dempénatiere refluced pressure to obtain a
vi'scous 5 urethaQﬂxﬂuﬁcgg?eoe conmpound (I11). b) Production of a

phot osensitive elenent and forma- tion of a solderlng mask-

Benzophenone _ 2.7 parts
Michler's ketone ' - 0.3 part
- p-Methoxyphenol . ' . 0.5 part
Methyl ethyl ketone - 200 parts
1l The same procedure as in Example 3 was carried

out except that a solution of a photosensitive resin-

composition-prepared from the above recipe was used.

The finally obtained protective coating film was excellent
5 1in solvent re51stance and heat res1stance, but cracked

within 10 cycles in the thermal shock test under MIL-

STD-202E method 107D condition B after the same soldering

treatment as in Example 1l-c¢).

Example 4

a) Synthesis of a urethane diacrylate compound

* A Trimethylhexamethylene 1, 680 parts
diisocyanate ' (16 equivalents)

s | Toluene (solvent) | 1,200 parts
Di-n-butyl tin_dilaufate 1 part

(catalyst)



’9 uret hane diacrylate com 60 parts pound (111) obtained in the
pAner. descri bed above Met hyl met hacryl at e- met h- . - 37 parts

: aCryllc aci d-tri bronpphenyl - acrylat32(38/2160 wei ght - rati o) copol yner
(having a- mol ecul ar wei ght of about™ 120,000, a glass transition tenperature

of about- 12OGCBan¢@gé@Hynéﬁbcggyean of 37% by wei gf00 Pantsphenone

2.7 parts .4,4' -Bis(diethylamn no)- 0.8 pequibabeagisgnone o
2, 2' et hyl enebi s(4-et hyl - 6- t_butylphenol) , 0.3 part
-33- -+ VMictoria pure blue . T 0. 02 part N@thyl et hyl ketone
100 parts Tol ugne 2-Hydroxypropyl : - g@.@spihbssane procedur es
as in Exanple 2-bpcayddbenpl e 2- c). wer e follomed( weqhivadeatsdpt i on t hat

a solution of a photosensitive resin conposition prepared.fromthe above .
reci pe was used..Tﬂmuéﬁemﬂsqlwbnabned 5 'protectivbgﬁonarhg fil mshowed no
defect in the imersion test for 10 nminutes i'n a 10% aqueous hydrochl oric .
aci d sol ution, an#ydautsywizmneo change such as peelipng-off and cracking
when i mersed in duhQHMQp¢@Nmethatlpérr] to [errq kopagt seconds. After

t he sane solderlngunhxhltor)

D Methanol (stopping agent). 32. parts

1 A'solutioﬁ of da urethane diacrylate compound
waé obtained accordiﬁg'to the_abdve recipe in the same:
_manner as iﬁ-Example 1-a). Thereafter,-the'solution
was dried under reduced pressure to obtain a_viscous..

5 urethane diacrylate compound (III).

b) Production of a photosensitive element and fofma-h
tion of. a soldering mask

The urethane diacrylate com- 60 parts
pound (III) obtained in the '
manner described above

Methyl methacrylate-meth- . 37 parts
acrylic acid-tribromophenyl

acrylate (38/2/60 weight ratio)

copolymer (having a molecular

weight of about 120,000 » &

glass tran51tlon temperature of .

about 120°C and’a bromine
content of 37% by weight)

Benzophenone _ 2.7 parts
4 4'—B1s(d1ethy1am1no)-

benzophenone - 0.3 part

2,2'-methylenebis(4-ethyl- 0.3 part:

6-t-butylphenol)



10 nent ‘as in Exanpl e 1- c) the protective coating filmdid-not crack in

t he .t hermal shock test of 50 cycles under

B. A protective coating filmwas formajjglihe same procedure as in the
above on the whol e surface of a substrate of 0.8 rmm 15 in.thickness of-a

printing wiring sub¥icebeiblCpur<t®Iud fl ane-retardancy @0 pHMt 0)
manuf actured by Hitachi Chem cal Co., Ltd. ThIS .protective coating

filmMsatisfied the MéthyaréthﬁlSkétanf UL. Exanple 5100 gartdesis.of a

M L- STD- 202E net hod 107D condi t on

ur et hane di acryl ate. conpound A Trlnethylhexanethylene . 1,680 parts

di i socyanate
1,000 parts
B. ‘Et hyl ene gl
2- Fydroxyethyl

Toluene (16 equival ents) Toluen&Qq sp:dn@t)
- 34 - D-n- butyl tin dilaurate . -7 1 part (catalyst)
ycol o 310 part.s-(10 equivalents) C

696 parts acrylate

(6 equival éhts) Tol uene Thel wame procedures as in B@mets'iﬂfhramm none
(thernopol.yneri zati on 0.3 part inhibitor) D Methano

(st oppi ng ageri¥ample 2-c)3wers tftollowed, withatbel exceptoiom thathane

di acryl ate conpound was obt ai ned according to the above recjipe in the same

menner as i n ESQkption- of: aT&QQiﬁﬁQﬂSlWIVQBEEIineG0m9051t1°n prepared

10

15

from the above recipe was used. The flnally cbtalned
protective coating film shbwcd no defect in the immersion
test for 10 minutes in a 10% aqueous hydrochloric écic
solution, and uﬁderwenf no_change'such as peeling-off
and'cracking whcn-immersed iﬁ a soldering bath at 2555

to 265°C for 30 seconds. After the same soldering treat-

ment as in Example l-c), the protectlve coatlng film

did not crack in the thermal shock test of 50 cycles

under MIL-STD-202E method 107D conditon B. A protective
coating film was formed by the same procedure as in the
above on the whole surface of a substrate of 0.8 mm

in thickness of a printing wiring substrate MCL-E-68

(UL flame-retardancy grade 94V-0) manufactured by
Hitachi Chemical Co., Ltd. This protective coating

film'satisfied the standards of 94V-1 of UL.

Example 5
a) Synthesis of a urethane diacrylate compound

A Triméthylhexamethylene 1,680 parts
diisocyanate | (16 equivalents)

Toluene (solvent) o 1,000 parts



(Eéﬁ%r reduced pressure to obtarn a vi scous urethane 5 dracrylate

' ound. (1V). b) Production of-a, photosensitive el enent and forma- tion of
a sol dering nask The urethane dracryhate com . 50 parts pound (V)
obtai ned in the manner- descri bed above Methyl mnethacryl ate- et hyl, . -
47 parts acryl eraduty T eihddighugateydr of urfuryl hepastryl ate-
tribronmophenyl acrxmuuaxyﬁm23/2/10/25 wei ght rati o) copol yner (havrng a
mol ecul ar wei ght of about 80, 000, a glass transition tenperature of about‘“

. d -agh % b h :
Lt TP gljedt T o) gt
| Ct OI’ | a .pur.e

2,2 - N@thylenebrs(4 nmet hyl - - 0 5 part t-buty engpf
que - - 0.02 part Met hyl ethyl ketone, 100 parts
.Tol uene C 2-Hydroxyethyl - 50 parts 1 = 696 partse sane o
procedures as RRTEI&HR e 2- D) and Exanpl e 2-c) wer €6 eandwedentish the
exception that a solutron of photosensrtrve resin_conposition prepared
fronrthe aboveTpdyiene 8o The finally obtai nd30 parts

Hydroqulnone - : B
(thermopolymerization 0.3 part
inhibitor) : .
D Methanol (stopping agent) ' 32 parﬁs
1 A solution of a urethane diacrylate compohnd

was obtained according to the above recipe in the same
manner as in Example l-a). Thereafter, it was dried
under reduced pressure to obtain a viscous urethane

5 diaerylate compound. (IV).

b) Production of a photosensitive element and forma-
tion of a soldering mask

The urethane diacrylate com- 50 parts
~pound (IV) obtained in the '
manner described above

Methyl methacrylate-methyl 47 parts
acrylate~acrylic acid-tetra-

hydrofurfuryl methacrylate-

tribromophenyl acrylate

(40/23/2/10/25 weight ratio)

copolymer (hav1n% a molecular

weight of about 80,000, a glass

transition temperature of about

75°C and a bromine content of

15% by weight)

- Benzophenone~~-- : : 2.7 parts

‘Michler's ketone 0.3 part



5 protective coating filmshowed no defect in. the inmersion-test for 10
mnutes in isopropanol, toluene, trichlene, or a_10% adueous hydrochl oric

acid solution, and underwent no change- Qfch as peeli'ng-of f and cracking )
when inmmersed in a soldering bath at 2550-to"[err] for 30 seconds. 10-

Aiter the sane sol degrjny-Meéthybentbds (4emetiyl-e64-c), 0bb pavtective

coating filmdid nott-<sweklphehb)t hermal shock test of 50 cycles under

M L>STD- 202E net hod 107D condition B: A protective coating filmwas formed

by-the sane procedung it b on. the whol e surfgcgsl ‘a
subs;rate of ‘1.6 mmqiéﬁkﬁginggggoﬁigeprinted'mﬁring bogfgzwéf?é-68

manuf actured by Hit | L Gal ol td. This proteghhV ting film
satisfied the standgﬁggh%§h§ﬁb§% gggaps'EXanple:G 20 ibb Partd The sane
procedure as in-Exan ;ﬁ?) was followed, with the excegtpgptkhat 1 part
of anti nony .I'{§4§§I e was additionally incorporatgg F%?o%the sol ution
of the photosensitive resin conposition in Exanple 5-b).. The finally
obt ai ned protective coating filmwas as good as in Exanple 5-b) in solvent
reSlstance,'heat 5 resistance and resistance to,thermal _sh c%. A

prot ectivelcoating fil mTRe eamgeRTRFedires A% Hoﬁ%ﬁﬂpéeag'iﬂ @ above
on. the whol e surface of a substrate_of 1.6 nm.n thickness.ofa rinted
wiring substrfxampde Ro®) n¥ane £odiomed Hhy ik JLhe %ﬁ%ﬁ?géf”’c&f‘%ﬁ_@d. .
This-protective 10 , coating fjlmsatisfi,ed the standards.

Beanpl 7 a) SpRHASE of 4 BPOLRERESIINT SR EOBBRRSHAGn Prepared

from the abové recipe was used. The finally obtained
5 ”proﬁective coafing film showgd no defect in the immersion’
test for 10 minufés in isoprOpanol, toluene, trichléne, or
a lQ% aqueous hydrochloric acid solution, apd;underwent no
_ change such as peeling-off and cracking when immersed
in a_éoldering bath at 2555 to 265°C for Bd.secénds. |
10 Aftef the same soldering treatment as in Example 1l-c),
the protective coating film did not crack in the thermal
shock test of 50 cycles under MIL-STD-202E method 107D
'&ondition_B. A protective coating film was formed by
“the same procedure as in the above on the whole surface
15 of a sﬁbstrate of 1.6 mm in thickness of a printed
wiring board MCL-E-68 manufactured by Hitachi Chemical
°'. Co., Ltd. This protective coating film satisfied the
standards of 94V-1 of UL.

Example 6
20 . The same procedure as in Example 5-b) was

followed, with the exception that 1 part of antimony



H | frinethyfhexanefhylene . 1,680 parts diisocyanate )
-/ 16 equi val ents) Tol uene (solvent) * » 1,000 parts: Di -n-butyl

tin dilaurate . 1 paft;(baiaggSL); B 1,4-Butanediol

360 parts (8 equivalents) C 2-Hydroxyethyl - . 1,040 parts

. et hacy yl- : _ N s 3 Anal Py CSHI SaPed! e S eRnts :
280 pégts k§%¥%gﬁi%&%3ﬁﬁqﬁﬁﬁgﬁ%}gﬁﬁgﬁgé?kon “edc&ﬁealt8é3g%g§?a%ﬁhibit"r

D Met har&{éﬁ&ogab% tDive .res%iﬁZceabfo%i%f&{ : ﬁ%ﬁ%ﬁeus%ﬁ%he‘
ry

di met hac ate conpound was obtarned according to the above reCipe in the

sane  -TRd. riAaTAYNRbtASirel BPOPLetive) coatigaf{ B wihk Was dried under
reduced pressure to _obtain.a viscous urethane di nmethacrylate conpound (V).

b) Prodyséb@nasf in ERQIREIRNTibYeig! seavendtnddgisBande , theatol a
sol dering mask The urethane di nethacrylate com. 40 parts pound (V)

obt ai rpd pésiftanBenendlesyidrdnédore bYhelalmiiveky| aheppbtetive

57 parts acrylic acid-tetrafurfuryl nethacrylate-acrylonitrile-

tribromopdeayingcrillal &as formed .by the same: procedure. as in the:
above on the whole surface of a substrate of 1.6 mm in
thickness of a printed wiring substrateé MCL~E-68 manu-
-factured by Hitachi Chemical Co., Ltd.. This protective

10 coating film satisfied the standards of 94V-0 qf~UL.

Example 7

a) Synthesis of a urethane dimethacrylate compound

A Trimethylhexamethylene 1,680 parts
‘diisocyanate _ (16 equivalents)
Toluene (solvent) 1,000 parts
Di-n-butyl tin dilaurate 1 part

(catalyst) ' b

B 1,4-Butanediol ' - 360 pafts
: ' (8 equivalents)

C 2-Hydroxyethyl 1,040 parts
methacrylate (8 equivalents)
Toluene (solvent) 280:parts
Hydroquinone :
(thermopolymerization 0.3 part
inhibitor) :

D - Methanol (stopping agent) 32 parts

A solution of a urethane- -dimethacrylate compound

was obtained according to the above recipe in the same

~



(43/2/20/5/30 wei ght rati o) copolyner (having a nolecul ar wei ght of about
150 000, a glass transition-tenpérature of abouI .1000C and a brom.ne
content of 18% by wei ght) Benzophenone_ _ 2.7 parts
M chl er's ketone - 33 arf p-N@thoxyphenoI

0.-05 part l\l{ qﬁé}gﬁg\rp&.&e lﬁﬁcam 1e 1|___a>,() 51’8% : ar- Ifiéjg‘{ﬁ}e%r'e

150, parts The same procedures

ol Foved, Wi tinddf £EGRREHOPr] sa&%ﬁealﬁf avg*; 3R g o1 0

.conposi tion prepared ron1t ove reci pe was.use
10 ‘protecti @i moehis ih%g\%@ﬁﬁﬁﬁl ect in the imersion test for 10
mnutes in |sopropano? 1ol uene, tgﬁgh e%e or a 10% aqueous hydrochloric
acid solution, and underwent no change such as peeling-off and cracking

when i mersed. gy anthEi:hB@h ot Iy Pndessdnb oL or ]elfeﬂfer?toca?)r?&?ft‘@gm%-not

- 38- 1 After t he sane dering tréatnent as in Exanple

crack..!in g heidersal asggg_he&qsltg ¥adi cycles under M L-STD 202E met hod
107D condltlon B. A protective coating filmwas formed by the same -
procedure as above BheolrkfaneolEmetiaetyDhta suhst r atw gfards$ nmin
thi ck- ness of . apripégad Wi Wi)ngbdisiddtn E- 68 manufactured by Hitachi
Chrem cal Co., Ltd. mdhhérpgelesiibed ewdverg fil msatisfied the standards
of . 94V-1 of UL. -
' Methyl methacrylate-meth- 57 parts
acrylic acid-tetrafurfuryl
methacrylate-acrylonltrlle-
tribromophenyl acrylate.
.(43/2/20/5/30 weight ratio)
- copolymer (having a molecular
weight of about 150,000, a
.glass transition temperature
of about 100°C and a bromine
content of 18% by weight)

Benzophenone _ : | 2.7 parts’
Michler's ketone E | 0.3 part
p-Methoxyphenol : | 0.05 part
Victoria pure blue' ' 0.05 part
Toluene | - 150 parts

The same procedures as in Example 2-b) and

Example 2-c¢) were followed, with the exception that a
solution of a photosensitive resin compoéition prepared
from the aboveérécipe-wés used. The finally obtained

10 protective coating film showed no defect in the immersion
test for 10 minutes in isopropancl, toluéne, trichlene
or a 10% aqueous hydrochloric acid solution, and underwent

'no change such as peeling-off and cracking when immersed

in a soldefing-bath at 255° to 265°C.for 30 seconds.

G

Vv obt ained



anpl e 8

10

a)

Synthe5|s of a urethane dlacrylate conpound A
" 1,680 parts “diri-socyanat e,

nethylhexanethylene , .
1,000 parts Di-n-butyl t

16 .equi val ents) Tol uene (soIVent)

ol cron® AR T IMRELE, SRRRLES °(é"r# s ELACHS0Y o AR CERTERR &l me

in the

. by Hitachi Chemical Co., Ltd.

ness of a:printed w1r1ng"substrate.MCL-E-éB manufactured

film satisfied the standards of 94V-1 of UL.

_Example 8

10

a)

Synthesis of a urethane diacrylate compound

A

Trimethylhexamethylene

Tetraethylene glycol

Methyl ethyl ketone

(solvent)

2eHydroxyethy1 acrylate

'1,680 parts

291 parts

This protective coating

- diisocyanate (16 equivalents)
Toluene (solvent) i,ObO parts
Di-n-butyl tin dilaurate 1 part

(catalyst)
1,4-Cyclohexane- 216 parts
dimethanol (3 equivalents)

(3 equivalents)

200 parts

1,160 parts
(10 equivalents)

‘Toluene (solvent) 200 parts
p-Methoxyphenol 0.2 part
(thermopolymerization

inhibitor)
Methanoi

32-parts_

in

“di'l aurate 1 part (cataly%t7 38 <1, 4- Cycl ohexane-

giycol 1 -A#EeE “&ezgemsamqe;m.mmgpw&%ﬁ@%aéﬁé‘éﬁh%?t%é‘et,“y' o
--Zﬁaufsgrzﬁff:;ﬁz@ bhnCorseldn P VheRShl' ShEokosant iof Hineatoinind
3 phrt & ASSEREL ERDL 00 %q#)ei@@ﬁecap SoR & corbRRREeCHAYe
ST e%fré?gfiim B R ol e B RS o SR T o



manner described above Methyl nethacrylate-methyl . - 50 parts

‘acryl ate-acrylic acid-tetra- hydrofurfur met hacryl ate- 2- hydr oxyet hyl
;nethacrylate- tr.i bronophenyl acrylate (#3 18/ 21 51 5/ 35 melght ratio)

copol ymer (having a nol ecul ar wei ght_of about 150, Q00; a gl ass tranS|t|on
't enper at ure of about 906Cs&r3rd‘td~%cﬁﬁn% %ﬁ?@ﬁ{leofh@%ﬂ ogcm;goun
Benzgphenone ﬁarts M chl er, K,etor%F

0:3 part p- MHaRQPHRABED ac°°rd1n8 t° the ab9V85TE§HP%f%Hcﬁ & PR bl ue

0.02 t- KAYAVER PA- 2 f act.ur.ed t. Ni h
Cid pglrval Ao | 88 o LBoRRAMAIR T Dhos TRPTERLEeR soridu N MARYRS ot hyi

ketone arts Toluen 100

parts By the "Jé%esfrﬁdESth r?s(ﬁurae p‘fﬂ)t e@%ﬁ%f‘t By 1I5é:§1.h% d{}'rﬁpgﬁlf? OE
d f t I t whi ch t

P Pness S WAEREPYE pBHEMIE AL OSoIo LYo ol ST oot 1 on s

about 50 [err] was obtai ned by using an apparatus shown in Figure 3, as in

Exanpl e 2-b). (%) F?PQEEE%&&H ot P HeSL5FeB K ive element

. ' ' The urethane dlacrylate com~ 47 parts
pound (VI) obtained in the
manner described above

Methyl methacrylate-methyl ‘50 parts
acrylate-acrylic acid-tetra- .
hydrofurfuryl methacrylate-
2-hydroxyethyl methacrylate-
tribromophenyl acrylate

(43/10/2/5/5/35 weight ratio)
copolymer (having a molecular

weight of about 150,000, a

glass transition temperature

of about 90°C and a bromine

content of 22% by weight)

Benzophenone B _ 2.7 parts
Michler's ketone 0.3 part
.'ﬁ-Methoxyphenol ’ 0.05 part
Victoria pure blue - 0.02 part
KAYAMER PA-2 (manufactured by 0.1 part

Nihon Kayaku Co., Ltd.:

divalent acrylate containing

a phosphoric acid group)

Methyl ethyl ketone: - 50 parfs

Toluene ' N : - 100 parts.

By the use of a solution of a photosensitive
resin composition prepared from the above recipe, a

photoéensitive'élement'in which the thickness of a:layer




: g ' The photosensiti.ve el enent obtained in the above was | am nated

_S der reduced pressure in the.same manner as in Exanple 2-e) on a printed
iri'ng boards for test on which a, agpper pattern (copper. thickmess: about
18 [err]) shown in Figure 1 had been formed. "~ After 10 the-lam nation, the
pringed @ i) PRGESSeNBLidle Perdir ©shposighonowas YRAIRL S0 euRor 3 )

~hours, and then exposed at 200 [err] through a negative mask for test shoyny ...

~in FigusR e ofaifedByPuSikgClan dfp&ratiis sKpRUHR Ripumeas s were E
-heated at 800. for 5 mnutes and then allowed 15 to cool at.room- f

- tenper ay & ExaRp e NpLpy. after which the support filmwas peel ed off,

and the boards were subjected to spray devel opnent at [err] for 70 seconds -

by using-1,1,1-trichloroet-hane. After the devel opnent, the boards were

heated and dried at 800C for 30 minutes, 20 and further heated at. 1200C

for 30 minut)es Rowrmabionabfla0@0 ¥deriigmaskes. The heated boards were

allowed to cool at roomtenperature for 10 mnutes, irradiated with

ul trgviolet |ight Bhelphpéoskensdrtd veresl émentt obdiadoheat r80CkEf or 2 hours. *

25 The test substrates on which a protective coating film had

been foritedreé waselaminatedesndere draduwred wpressurieeciredhe s&mei mer si on

test for 10 m nutes . in isopropanol, toluene,. trichlene or a 10% -

aqueous mayhex ldorin Exanpdel @-icoh onlaspristef wining fwardsinner as in

Exanple 1-c), to find that the protective coating filmshowed no defect.

The protfest itestoeniwpich & Sopper eathern {epppen Hhieknesson test for

30 mnutes in a soldering bath _at 2550 to Aerr] and hence was good in
about 18 um) shown in Flgure 1l ha been.formgd. After

10 the lamination, the printed wiring boards were allowed
to stand at room temperature'for 3 hours, and then exposed
at 200 mJ/cm2 through a negative maék for te§t shown in
Figure .2, as in Examplegl—c). After the exposure, the
boards were heated at 80°C-for'5 minutes and then allowed
15 to cool at rbom temperature for 20 minutes, after which
the support film was peeled.off, and thé.boérds were
subjected to spray development at 20°C for.70 seconds
by using 1,1,l-trichloroethane. After the development,
the boards were heated and dried at 80°C for 30 minutes, -
20 and further heated at 120°C. for 30 minutes and then at
150°C for 30 minutes. The'heated.boards:were allowed
to cool at room temperature for 10 minutes, irradiated . f
" with ultraviolet light at 10 J/cm®, and then heat-treated
at 130°C for 2 hours. |
25 - 'The'fest substrates on which a protective
coating film had been formed in the manner described

above were subjected to the immersion test for 10 minutes



heat resistance.. After the sane soldering treatment as in Exanple 1-c),
the filmdid not grack in the thermal shock-test:af 50 cycles under

M L- STD- 202E net hod 107D 10 condition Bl The protective coating filmwas

so excellent in adhesion that it did not peel off in a cross-cutting test.
A protectilve {192l so8rbpaAibIgS thauEe it rienIane Broacdome afuddud he above
on the whol e surface of a sub- strate of 0.8 nmin thickness of a printed
wiring 15 subsdredBloFLcEatidrsviiadion el hyati 2eli iGhemnec dlankd manher
This_.protective coating filmsatisfied.the standards of 94V-1 of UL.
Conpar ati.ve RanhhcEdadpleetiheg doaditdishavnphangrotectividadaethg0 in
the sane manner as i.n Exanple 1-a), ‘except that 1,344 parts (16

equi val ent s) filmeshorellyhendedieictacy dtme presectiivei cobdd dgpfilnb80 parts
(16 equival ents) of tri- methyl hexanmet hyl ene diisocyanate i'n Exanple 1-a). -
The produ&ed didtmabtepeedcofifatia drpaimmersioh 2&stwdon Fbiminutesm in
tol,uene, the reaction solvent, and separated as wax just as it was -
produced. The ciekderingrbabhnatdi2ss® |t 265NM9oand hence wmas gaehtiy

soluble in 1 methyl ethyl ketone and. 1,|, 1-trichloro€thane, and
sol ubl e in adwatheresiistanceef oAfitethd bt samedsaldeiring direatnent. as
50 parts conpound (VIIl) The copol yner used in Exanple 1-b) "47 parts

Benzophenone in Example 1l-c¢), the film di¢ mopaereck fmciihe themake
0.3 part p- .MB stﬁé)é(%?ggggl of 50 cycles under MIL—STD42%'2%5mI3e%:rk§od- 107D
10 .condition B. The protective coating film was so excellent
in adhesion that it did not peel off in a cross-cutting
test. A protective coating film was formed by the same
procedure as in the above on the whole surface of a sub-
strate of 0.8 mm in thickness of a printed-wiring
15 SubstfateIMCL-E-68 manufacturéd by Hitachi Chemiéal
Co., Ltd.  This protective coating fiim satisfied the

standards of 94V-1 of UL.

Comparative Example 4 |
A urethane diacrylate compound was sjnthesized
20 in the same manner as in Example l-a), except that 1,344
parts (lG-equiva;énés).of hexamethylene diisocyanate was
substituted'fop 1,680 parts (16 equivalents)_of tri-
methylhexamgthylene diisocyanate in Exampie ifa).
. " The produced urethane diacryla;e compound (VII)
25 was insoluble.ih toluene, the reaction solvént, and
separéted.as,wax just-as it was produced. The obtained

urethane diacrylate compound (VII) was slightly soluble in



ctoria pure blue . ' : 0 02 part Acet one

parts Chl orof orm : 100 parts A solution_ of.
phot osensitive-resin conp05|thn prepared fromthe above recipe was .
applied to a poly-- 5. et hyl ene ter€piR hal ate film by.. using an apparatus
shown in Figure 3, as in Exanple 2-b), and then dried in hot air to find"
that11hmehhyluaﬁhﬂlakeybaEeanﬂniu&uﬁftwi¢h&ouoemhanﬂxﬂqnﬁw separ at ed \)
from each other-just -as the 'sol vent was dried, sa that no _desirable

‘phot oserssilubie atefpne endl ¢hlordformed. Wien any of the copol yners
“used in Exanples 2 to 8 was used, the mscibility was as low as in the
above,” and no desirabl e photosensitive el enent could be obt ai ned. Exanple 9
a) Synthesi The @ﬁaénﬁdn@r@ﬂ?&tﬁﬁﬁ Ataewypatind: A | sophGbrarts

1,776 parts diomprwydniVEI). - (16 eqU|vaIents) . Tol uene -
(solvent) 1,200 parts.. Di-n-butyl tin ~ lpart
di laurate (cXhe y%@?ohymf%lﬂ%@aﬁéﬂlﬁ%ample 1-b)  47HDPIRLSS equi -
valents) C 2-Hydroxyethyl ' . 928 parts acrylate :
(8 equi val entBgnZephgRengsol vent) 129 parts Hyd?o'ﬁd’%ﬁﬁ
th | t t inhibit .
(thermopo ymﬂiéﬁiégns ketone pér | nhibitor) . 0.3 part
" p~Methoxyphenol B 0.05 part
Victoria pure blue . . '; : 0.02 part
‘Acetone - o ' I ' 50 parts
Chloroform ' . 100 parts

A solution of a photosensitive resin éomposifion
prepéred from the aboVe-recipe was applied to a poly-
5 ethyleﬁe terephthalate film by using an apparatus shown
in Figure 3, as in Exampie 2-b), and then dried in hot
air to find that the urethane diacrylate compound (VII)
iand the copolymer separqted from each other just as the
solvent was dried, so that no desirable photosensitive
10 element;couid.be obtaiﬁ;d. When any of the cobolymers used -
in Examples 2 to 8 was-used, the miscibility was as 16w:as-
in the above, and no'desirable:phétosensitivé element

could be obtained.

Example 9
'a) Synthes1s of a urethane dlacrylate compound

A Isophorone 1,776 parts’
diisocyanate - - (16 equivalents)



D Methanol (stopping agent). 32 parts'1 B The ingredient A was (gg
pl'aced in a reactor having a capacity of about. 5.}li.ters equipped with a .
t hermometer, a stirrer, a condenser, a. nhérogen gas- introducing tube and a
dr opper’ mhlch coul d be heated and 5 cool € and then A was ‘heated to 600C.

with_stirring. B was u rig pw se to ctor over a

period of about 3 hour?baﬁﬁngﬁggﬁw%ﬁ#XQ t he reaéﬁlod*bﬁéf$ature at . 550 -

to [err]. After the a %ﬁll?tlﬁhe resul ting thJ;J[fa s. maintai ned at.
fa

a tenperature 10 of 55 2 hours ich C was.
uni formy added theret opmnse‘€§gtg?ggkgrature of about 550 to 650C over
a period ef about 3 hours. After the addition of C, the reaction

t enper at ure was graBuaﬂhﬁﬂﬁﬁxanﬁdxpBOOC over a perﬂiﬁ(ﬁazﬁmu(SSGQEEFS 15
Thereafter, the tenperaturé was |owered to [err] after Wakentshas added to
the reaction m xture, and t he thus obt ai ned -mi xture was continuousiy

stijrred for about glution (VIT1) ajog gyegdane
di acryl at ecom poung whbg Qi Hed 70% of nonvdgglé iﬁﬁiéﬁ@sﬁas thus

obt ai ned. -. .b) Productlon of a photosensitive elenent---

sol ution (VIII) of a umehhaie (solventd parts diacryia tfasepsrpound.

obf'ai ned - (49 parts 1 n in the manner descrlbed above ---

terms of non- volatil e Hy@ricinodét hyl net hacryl at e- net hacrylic-- '

47 parts aci d- tetrahydr(@h@ﬁm&pﬁlmﬁﬁzayhahe o 0.4 part -
inhibitor) :

D Methanol (stopping agent) 32 parts

1 . - The ingredient A was placed in a reactor
having a capacity of about 5 liters equipped with a
thermometer, a stirrer, a condenser, a nltrogen-gas-
introducing tube and a dropper which could be heated and
5 cooled, and then A was heated to 60°C with stirring.
B was uniformly added dropwise to A in the reactor over
a period of about 3 hours_while maintaining the reaction
temperature at 55° to 65°C. After the addition of B, -
the resulting mixture was maintained at a temperature -
10 of 55° to 65°C for about 2 hours, after which C was.
uniformly-addedﬁtheretO'drbpwise.at a temperature of
‘about. 55° to 65°C over a period of about 3 hours. After .
,' the addition of C' the reaction temperature was gradually
raised to 80°C over a perlod of about 5 hours.
15 Thereafter, the temperature was lowered to 60°C,

after which D was added to the reaction mixture, -and the

thus obtained mixture was continuously stirred for about



)

2- Et hyl ant hr aqui none- e By - 4 parts p- thhoxypheno
0.1 part Crystal V|olet . : 0.1 part Methyl ethyi

- ket t fq nsitjve resin
conpt Sll goﬁ?dn Wass<> ué:plaorréd?g%g% dlgﬁgat wﬁ}é%o%gae?g ?’%Eg 2o H ied toga
pol yi I a r$hgl at, ,LoQm: . - o
tenperagﬁ?éhfgpg%& éébé& Pér? ﬁ?es ahgthg%%a?%f%rr] for 5

(7812120 wei ght ratlo) copolyner (haV|ng a nol ecul ar wei ght of about
150, 000 and a gl ass” tranS|t|on tenperature of. about [err])

m nut esyi, e?gﬁhaln a photosen5|t|ve elenent |n whi ch't he 't hi ckness of a

| ayer- 1% e photosensitive resin. conposition was about- 60 [err] c) -
Formati on of a sol dering-msk Six test substrates having a copper pattern

- shown- - 'H)F'996@u%ﬁ§3ﬁ3oPQ&@ﬂHSQoQ%mbWﬁ%ﬂ@SEﬂéhé%Qh*”9 a |am nate faced

wi th gl ass epoxy copper in which 1. thickness of its substrate was

1.6 nm and th?nbhs@&mmf(vnmoaeea Ridt e 18 [err] 7o pardsgure 1, | |

shows a. coppaiaR#ylyte RédhpéRd2obbawhed exposed. part (np bagtabsirat e,
and the unit ¢h the aHH®AS d6és8PIbed above: The phot ggensl dfvaagienent
obt ai ned in above b) was |ami nated on each of the test syb3htdanes by using

an A-500 type |am nater manufactured by Akebono |ndustrymg8terst). After ®

- the lam nation, the polyimde filmas a support filmwas peeled off, and

the test subsMeahga HethseyEapesmethac§rial/ cm by nmedfspeirts Phenlx

. 3000 type acid-tetrahydrofurfuryl methacrylate -

(78/2/20: weight ratic) copolymer
(having a molecular werght of about
150,000 and a -glass transition
temperature of about 95°C) '

2-EthylanﬁhraQuinone—- . - 4 parts
p~Methoxyphenol T : 0.1 part
.Grystal violet | 0.1 part
Methyl ethyl ketone B ' 80 parts

A solution of a photosensitive resin composi-

5' tion was prepared according to the above recipe, applied

to a polyimide film of about 50 um in thickness; and -

dried at room temperature for 20 minutes, at 80°C for
10 minutes and then at 105°C.for 5 minutes .to obtain a- --
phdtosehsitive element in-which the thickness of a layer.

10 of the ﬁhotosensitive resin composition was about 60 um. -

¢) Formation of a soldering mask | o
Six test substrates hav1ng a copper pattern shown -
in Flgure 1l were obtalned by 1magew1sely etching a

lamlnate-faced with glass epoxy copper in whieh the




exposi ng machi ne manufactured by ORC Factory Co., Ltd. by using a negative
mask for test shown in Figure 2. ‘In Figure 2, 3 shows .an opaque part of

t he negative nmask-and "4 shows .a transpaﬂgﬁb-part of the negative nask," 15
and the unit of the figures is nm -After the. ‘expostre, the test substrates
were al l'ovied thsicknessfof 38snisulistratediaded. Suinncandd the Yirigkness
deve%gpnent at 200C for 90 seconds by 'using.1,1,1-trichl oroethane. After

t he devel opmeot tméecbppErswhaﬂrmassIB)um@reIheEngurend ,di-exhoads [@rr] for
10 m nutes, and then irradiated at 2.5 [err] by' "using-an ultraviolet |ight
irradi ati ng ecxpppernpatterhapamtédnsd Jostows &rnexpoSed, part dihetheafter,
they were heat-treated at [err] 25 for 30 minutes. Four of the six test"
substrates<m3u%$traheprandcmheeunxn|m© the nfigeresudsf amed were i mersed.
in isopropanol, toluene, trichlene or a 10% aqueous' hydrochloric acid - '
solution &1 at [err], Theppbtotesiensitive efement pbtaimed dm ebavefbhd
that the forned protective coating filmunderwent no change. Wen anot her
one of the te&sslaminated- ans each seke | beat ssubstirag esatty aisingrant o
[err]..for 30 5 seconds, its protective coating filmwas so stable that-

it did neithet=29@ckyner lppdnager manufactuned: bat dkehomo ANAUSHRY it was

found to be sufficiently usable as d spol dering nask. Further, the remaining

one test subfqesellds 18ftsmpithe daminablemsi ket POAVAERAS Fidm 2% der i ng

bat h at
a support film was peeled off, and the test substrates

2"::,y meéns_of a Phenix 3000 type

10. were exposed at 900 mJ/cm
exposing machine manufactured by ORC Factory Co., Ltd.
by usihg a negative mask for test sﬁown in Figuﬁe 2. In
Figure 2, 3 shows an opagque part of the negative mask
and 4 shows a transparent part of the negative'mésk,

15 and the unit of the figures is mm. ' After the exbésure,_
the test substrates were allowed to stand for 30 minutes,
and then subjected to spray development at 20°C for 90
seconds by using 1,1,l-trichloroethane.

After ths'development, the test substrates
20 were heated and dried at 80°C for 10 minutes, and then

irradiated at 2.5 J/em®

by using an ultraviolet light
irradiating equipmént manufactured by Tdshiba;Deniai |
Co., Ltd. |
Thereafter, they were heat-treated-at 150°C
25 for 30 minutes. Four_of_the six tesﬁ substrates on
which a protegfive coating film was thus formed were

immersed,in isopropanol, toluene, trichlene, or a 10%

aqueous'hydrdéhldric acid solution all at 25°C, respectively,

G



to [err] for .3 seconds by using a rosin series flux A-226

factured by Tamura Kakepn -Co. Ltd.); and then subjected to the t her nal
k test of 20 cycles under M L-STD. 202E mét hod- 107D condition B ([err]”

‘ 30 m nutes 15 [.err] ordlnary'Téﬂ%eTature for 5 minutées or less [err]
for m_nut r ot {e coatlngﬁfjl m.di d not.crack and .

was” f und® troi? %ﬁ?%eé tﬁ'f’gnt at | TREL PFREECHYE BeRIRE 10 a\

Synt hesi et hane dlac ate conpound A. |sophorone diisocyanate
1,776 pa??gm(ﬂgagﬁﬂ L Eﬁene (solvent) .~ - 800 parts -

360 par ¢ di e ﬁ;m@ﬁ otﬁ_eBa ¢ Y 2 Seste ?Pe%tza%é HEEE
par ty'saE Sippekatt B g A IRNR %a’&tcb?%@?%* oo B8PS B, 0 val ent s)
(ther o P&#é??zéﬁ%sn SN A ffﬁp@g@h savie thaf PR

(StOpp'ngtaaiﬁF%elther crack nor peel off from:the substrateé; and.

therefore it was found'to be sufficiently usable as a
soldering mask. |
_Further, the remaining one test-substrate was
10 subJected to solderlng treatment 1n a solderlng bath at
| 255° to 265°C for 3-seconds by u51ng ‘a rosin series flux
A-226 (manufactured by'Tamura Kaken Co., Ltd.), and then
subjected to the thermal shock test of 20 cycles under
MIL-STD-202E method 107D condition B (-65°C for 30 minutes
15 =% ordinary temperature for 5 minutes or lessz:125°c for
30 minutes). As a result, its protective coating film
did not crack and was found to Qe_greatly excellent in

long-term reliability.

Example 10

a) Synthesis of a urethane diacrylate compound

A Isbphofonefdiisocyanateu 1,776 parts
(16 equivalents). 4
Toluene (solvent) - 800 parts

Di—ﬁ-ﬁutyl'tin dilaurate 1 part
(catalyst)



1 A solutlon of  a urethane diacrylate conpound was obtained (g§>
acCordlng to the above reC|pe in-the sane manner as in Exanple 9-aj. _
Thereafter, it was dried under reduced pngssufe to obtain a viscous

urethane 5 di‘acrylate conpound (I X)- b) Prioducti on of a photosen3|t|ve

el enent The urethane gi agryl ohe nd0 part's Conpayy obtained in

t he .ranner described abo g ey ol™® acrylate nethyég/ﬁ%

acrﬁ?hte 2- hydr oxyet hyl nephacry at-e- acrylonltrlle ( melg% ratio)

copol ymer “(havi-ng_a -48 - nol ecul ar abouyt 100 000 and a
glass. transition. tenperQFHWénﬂxMﬁﬁhﬁl[%9?1§aBénzo parts -

2.7 parts Mchler:' s ketone , 0.3 sauivaden¥®Xypheno
0.1 part Victoria pure ‘bl ue - ’ _ 0 05 part Methyl ethyl
ket one Meth§d IéEUHyfsl Tiedtene | - 520 parts

40 parts A solution 10 ofselneeitdsensitive resin conpo- sition prepared
fromthe above recipe was unifornly applied to a polyethylene t erepht hal at e
fifm16 of 25 [err] in
C 2-Hydroxyethyl acrylate. 928 parts

(8 equivalents)

)
Toluene (solvent) : 80 parts
_p-Methoxyphenol . 0.3 -part
(thermopolymerization .
inhibitor)

D Ethanol ' 23 parts
(stopping agent)

1 A solution qf a urethane dlacrylate compéund
was obtained according to the above recipe in the same
manner as in Example 9-a). Thereafter, it was dried
under reduced pressure to obtain a viscous urethane

5 diacrylate compound (IX).

b) Production of a photosensitive element

‘The urethane diacrylate . 40 parts
compound (IX) obtained. _ '
€ in the manner descrlbed
above
o Methyl mefhacrylate-methyl - 57 parts

acrylate-2-hydroxyethyl
-methacrylate-acrylonltrlle
(80/10/5/5 weight ratio)
copolymer (having a



"/t h\ckness by using an apparatus shown in Figure 3 and 5 then dried in a

- ‘[ Hdt)-air convention dryer 11 at- 800 to [err] for about 10 nminutes: The
hyckness- aft er dryjng of the |ayer\@f the photosensitive resin composi tion

was about 100 pm ~ A pol yet hyl ene film 17 of about 25 [err] in thickness

was stuck, as a‘”ﬂG¥ééﬁh{#'ﬁb1§ £t e | of. the photosensitive resin
conmposi ti.on, -as SR ddlg 08§ B gg |gure 3 5 shows a polyethylene.
terepht hal ate. fi lgqn, iﬁfﬁhnge 'ﬁ t@w /g¢d 8-rolls, 9 a knife, 12 a

3

-pol yethylene .film deﬁgom and 14 rolls and 15 a photosen5|t|ve
element wiring roll. 715 c? Formation of a sol dering mask The

phot osensitive ehygﬁgoﬁﬁgﬁbﬁgd in the above was | am nated izt ihdiaad | ng
~under pressure on a printed wiring board for test (having a glass epoxy

- 49 - 1 substraiyg ks §hikekbags of 1.6 mm) in-which a gqpp ?Iptattern
(copper thi ckness: about 70 [err]) shown in Figure 1 had been forned, by

using a vacuun1Ia@4mggﬁoﬁyp§ég§uured by Hi tachi Chem cal bnduggnt Co.,

Ltd. (degree of 5 vacuum 30 mmHg, |am nation tenperature: 1000C,

| ami nation speed: VidtUdpia)purdf bahet he | am nation, the pr iontosx pe g ng
boards were heated at 600C for 5 mnutes, allowed to stand at room :
tenperature for 3Mepimsl etiylhretexeosed at 150 m)/cm thBQu@aresegative *
mask for test shown 10 in Figure 2, as in Exanple 9-c). After the

exposure, the-boaffdduerie heated at [err] for 5 minutes andOt partd | owed to
stand at roomtenperature for 20 mnutes, after which the support film

.1 _ A solutlon 10 of a photosen31t1ve resin compo-
| sition prepared from the above recipe was unlformly applied
to a polyethylené tefephthalate film 16 of 25 um in -
thickness by using an apparatus shown in Figure 3, and
5 then dried in a hot-air convention dryer 11 at 80° to
100°C for about 10 minutes. The thickness after drying
of the layer of the photosensitive resin composition
was about 100 um. A polyethylene film 17 of about 25 um
'1n thickness was stuck, as a covering film, on the layer-
10 of the photosen51t1ve resin composition, as shown in
Figure 3. In Figure 3, 5 shows a polyethylene terephthalate
film delivering roll, 6, 7 and 8 rolls, 9 a knife, 12
‘a polyethylene film_delivering roll, 13 and 14 rolls and

lS-a.photosensiﬁive elément wiring roll.

15 . c) Formation of a soldering mask.
The ﬁhotosensitive element obtained in the
above was laminated with heating under pressure on a .

printed wiring board for test (having a glass epoxy



was peeled off, and the boards were subjected to spray 15 devel opnent a
[err] for 150 seconds by using 1,1,1- trichloroethane. After the :
devel opnent, the boards were heated and dried at 800C for 10 mi nutes, '
irradiated with ultra- violet light at=349 Fefr] and then.heat-treated at -
1300C 20 for 2 hours. The test substrates on which a protecting coating
filnihad bkenstibstwatien and atibekuessr offed .fhowm) vien ewhicheat coppen he-

i met$ion test for 10 ninutes in isopropanol, toluene, trichlene, or a 10%
aqueous 25 hpatsemnoriconnen thickneasal pbeut] &i¢ |uth shewnain Fignae ds
in Exanple 9-c). to find that_the forped protective toating film underwent
no change. \WhBad: Reenmbormesh, tR¥%t UsABECar Vasguwutlaminater mgpufagtured
'soldering.bath at [err] to [err] for 30 second's  the,

(5 m Showad 1BYdBREGE B EFHRIHES habORREEEToRO 1 ikt FARERERNSE | Afror

g WO R R I SR BT

50 parts (1) SBEEG /M ieahp! cATbeR) the: AARIRAULLT 51 PE. BT RLERy Miring

DT oo A RO o WU 68 e
stand at room temperature.for 3 hours, and then éxposed

2

at 150 mJ/cm through'a negative mask for test shown
10 'in‘figure-z, as in Example. 9-¢).
' After the exposure, the boards were heated
at 80°C for 5 minutes and then allowed to stand at room
temperature for 20 minutes, after which the support film
was peeled off, and the boards wefe subjected to spray
15 development at 20°C for 150 seconds by using 1,1,1-
trichloroethane. |
. After the developmenf, the boards were heated
and dried at 80°C for 10 minutes, irradiated with ultra=-
violet light at 3.0 J/cm2, and then heat-treated at 130°C
20 for 2 hours. | -

The test substrates on which a protecting
coating film .had been formed in the manher described -
above were subjected to the immersion test for 10 minutes
g ' _ in'isppropandl, tolﬁene,_trichlene, or a 10% aqueous
| 25 hydrochloric acid solution'all at 25°C in the same manner

as in Example 9-c¢) to find that the formed protective

coating film underwent no change;" |

When the immersion test was carried out in a

égo- tective coating.
EX¢



erature of. about 1050 C) Benzophenone _ -

parts M chler's ketone | .. : _ 0.3 part Lo _

Q=M et ; - 50 =~ - 0.1 part Vietoria pure blue ".

0.02 part Methyl ethyl ketone T : 60 parts Tol uene

70 pants hes usey 0k 128 03090 Hf 2@ PROFQSERY tda S Ltion

preparled -%I%&n%ﬁfgégggsg ra zcizbs?, '2; %h%?%-blge §sg?s}slteﬁoeﬂ§’er_]n%§1€n?%6Mi ch b'he.

thickness gy 2y @Y86a 8ing Ti 1) WHSWES | 16 VEe FRRILN a7 IR dd Ofa¥as about 8

pm was obtained by using an apparatus shown in Figure 3, as In Exanple -

10-b) . HiedlméReeifi hode He¥TYan®e, | aarsakednd dimd est@drphgssure in

_ the sane nanner as’ 15 in Exanple 10-c) on printed wiring boards Tor test .
on 1 wWiedtmes®PaS" iRaERImD U PREY , tEhek pormed kUt B[ £11h) shown in

Figure 1 had been formed. Further, the-same treatnment as in Exanple 10-c)

was c& il ndt t erdekmian theaghéma D $he6ki testod R D feyd1es said test 5

substrates. The formed protective coating filmshowed no defect in

t he. i mrengider IMBL-STD-2028 metkod MOFDpeonpdistion Bl uene, trichlene,

met hyl ethyl ketone, a 10% aqueous hydrochloric acid solution or a 10%

agueous NaOH solution all at 250C, and was so excellent in heat 10

resistance that it did neither crack nor peel off fromthe substrate in the*

i mrer si olExamgilé 0130 seconds in a soldering bath at’ 2550 to [err] after

the sane solder- ing treatnent as in Exanple 9-c). After the sane soldering

treat ment as iThé&xanpthafeciiacrylateteonpoundoating .. 60 parts

(IX) obtained in Example 10-a) -

<

Methyl methacrylate-methacrylic: ' 37 parts
acid (98/2 weight .ratio) copolymer C
(having a molecular weight of about

100,000 and a glass transition

temperature of. about 105°C)

Benzophenone ' _ o ) 2.7 parts
Michler's ketone - ' | 0.3 part
p-Methoxyphenol . - o 0.1 part
Victoria pure blue 0.02 part
Methyl ethyl ketone | 60 parts
Toluene 70 parts

By the use of a solution of a photosensitive
resin composition prepared from the above recipe; a photo-
10 sensiti#e element. in which the thickness of a layer of
the photosensitive resin compdSition was about 80 um
was obtained by using an apparatus shown in Figure 3,
as in,Example io-b). ‘The photosensitive element was
laminated_under.reducgd pressure;in the same manner as

15 in Example 10-c¢) on printed wiring boards for test on



15 filmdid not crack in the thermal shock test of 20 cycles under <g£) _

M L- STD- 202E et hod 107D condition B.. Conparative Exanple 5 The same- -+ - -

procedures -as in Exanple 10-b) and Exanp 1Q-c) were followed, with the
exception that 20 trinmethyl ol propane tridCryl ate was. substltuted for

h )
gﬁfg o ohor BB cﬁ%%&%ﬁ?"ﬁ?ﬁ%ﬁpﬁ (Foppb R 05 P) andle, Bongly
e |
Ater the samgngin S FredfE0l Had loBel Uil DbIpPhekS! khe San¥ ]
coating.film %&%%'%gféfggg% rg ﬁ¥£fn§%e' aougg b r@érffe&kohestourf@%

M L- STD- 202E i tron Conparative Exanple. 6 The
same procedur g a%ge@s?é@'&&ée ivé%bg the vrifﬁnt&? £x£gptkeR that 20

parts of pentaer triacrylate and 40 parts of

di - (3- acr yboX i beliiRy: SThe' S8¥n: e Bt it DS PE6EPing YRR SHosidd Ut ed
for 60 parfs of the urethane diacrylatée conmpound (1X) in Exanple 11. The

fisnal 'y obtai ped qudactiy eckdaimmersibm eeatketbs Mo heihticeBalinshock test
of 5 cycles under M L-STD- 202E net hod 107D condition B after the sane

sol dering tredlgspopdho Ry t614¥AER! erichlend) methyl ebhylr decoiese
coating filmwas about to peel off fromthe substrate in the i mersion test

for 10 m nuteg i1DA dfiiesas crydrbyttorilcodcidcolsvioni on. aCidkaraiiems
Exanple 7 Trimethyl ol propane triacrylate 30 parts
NaOH solution all at 25°C, and was so excellent in heat
10 resistance that it did neither crack nor peel off from
the substrate in the immersion test for 30 seconds in
a solderlng bath at 255° to 265°C after the same solder-
ing treatment as in Example 9-c). After the same soldering
treatment as in_Example.S-c),'the protective coating

15 film did not crack in the thermal shock test of 20 cycles
‘under MIL-STD-202E method 107D condition B.

Comparative Example 5
-The same procedures as in Example 10-b) and

Example 10-c) were followed, with the exception that

20 trimethylolpropane triacrylate was. substituted for the .
urethane AiaCrylate compound (IX) in Example 10-b). - The
finally obtained protective coating film partly'peeled
off from the substraﬁe ih the immersion.test for 30 seconds
in a soldering bath ét 255° to. 265°C. 'Afﬁer the same

25 soldering treatment as in Example 9-c), the protective
coating film cracked within S.chleS-in.the thermal

shock test under MIL-STD-202E method 107D condition B.



. propyl ene gl ycol {(having. an’ 10 parts average nol ecul ar
“\wej/ght of 1,000) diacrylate Methyl nethacryl ate-nethacrylic acid- 50

- parts tetrahydrofurfuryl nethacrxlatg (#8/2/'20 wei ght ratio) copol yner

(havi ng a nol ecul ar wei ght of abouf gOfOOO'and a glass transition

tenpeqaigé%égggggyg k§gﬁbheﬁgpzophenqne - 2.7

parts _ one" _ : _- 0.3 part ﬁQNhfhoxyphenqii'
0.5 part Methyl eth ke : tn Exar t $5- me
%hﬁeg%%@zgf %ﬁ$ure as in Exﬁﬂgﬁﬁfii)ﬁﬁé §°Iﬂ8H§?’a

procedure as in Exanp owed, 1w e exception.t

sol uti on yife12 POt GREBBLLIOKE HIRN R OPRPEL! ben pREARRIAk i pEbI he above
reci pe was used. The frnally obtained protective coati'ng - filmwas excellent
in sol veRipi£Ehplape canad yoe aﬂ@l&fa@i:%faéwwﬁﬁi@%wfag -10 cycles
in the thermal shock test under M L-STD-202E nethod 107D condition B after

the same pyIpAeL ) Nestepabienii sphdrib EX8bpe IstbstRtafd® faragoSynt hesi s

of .a urethane diacrylate conpound A |sophorone diisocyanate 1,776 X
parts (lpats et ephe) ubelttrire (Gldoeplite  compound (20D Darkgampis-butyl ~
tin dilaurate 1 part (catalyst) B Tetraethylene glycol 776

parts = 11. The finally obtained protective coating film cracked
in the thermal shock test of 5-cyc1e§_under MIL-STD-202E
method 107D condition B after the same soldering treatment
10 as in Example 9-c). A part.of the protective cpéting
film was about-fo peei bff frém the substfafé in the
immersion test for 10 minutes in a 10% aqueocus hydrochloric

acid solution.

" Comparative Example 7

Trimethylolpropane triacrylate = - ' 30 parts
Polypropylene glycol (having an 10 parts
average molecular weight of 1,000)

diacrylate - _ o

Methyl methacrylate-methacrylic acid- . 50 parts:

tetrahydrofurfuryl methacrylate -
(78/2/20 weight ratio) copolymer
(having a molecular weight of about
150,000 and a glass transition
temperature of about 95°C)

Benzophenone | ' 2.7 parts R
Michler's ketone - . ; 0.3 part
p-Methoxyphenol o | 0.5 part -

'Methyl ethyl ketone S " . 200 parts

The same procedure as in Example 11 was followed,

~



(8 equivalents) C 2-Hydroxypropyl acrylété 1,040 parts (8 equival ents) (15)
Tol uene (sol vent) : 300 parts Hydroquinone . - _ 0.4

part (thernopol ynerization inhibitor) D gbthanol (st eoppi ng agent) 32

parts A solution of a urethane diacrylatg cOnmpound 10 was obt ai ned
accordi:ig -.to the above recipe in the sanme npanner as.in Exanple 9:a).
The Eg;af.:t-e,r-}. i Wikds the axaprfelon cBhgkqdapredukion S QEﬁogg%?géagéve
ur ekane ‘di-acryl ate conpound, ( X). b) .. Producgtion'. of a photosensitiyVv
el enent and f BEfaN MQEPQﬁ1§P%%JHE?Pﬁﬁeﬁangﬁhg%ﬁIQQ%m% Gtry| Yes us€d.

DT ot o RoenSarAL Y e The "Beo b M A Ay o, Lt
38/:2/ 60 wei‘ght T ati | : i ng . . i ght '
120, 000, & of AReetrarty it PY TVEet Pk pAssAnRRoaY HedE Feb1skelRRA. .
Cont e o s Bl SSA e ERISPIAR R es in vri, thagpel shock test 27
2,2 - Vet hyl enghlse (AWl TE-202E meghgg &ggpo-e%mtti&wtﬁ' 2beBa! kneVisly 1 2

pure bl ue

soldering treatment as in Example 9-c).

=

Example 12

a) Synthesis of a urethane diacrylate compound

A Isophorone diisocyanate . 1,776 parts
' (16 equivalents)
" Toluene (solvent) 1,200 parts
Di-n-butyl tin dilaurate 1 part
(catalyst) : '

"B Tetraethylene glycol 776 parts
) _ (8 equivalents)

C 2-Hydroxypropyl acrylate 1,040 parts
(8 equivalents)

Toluene (solvent) 300 parts
- Hydroquinoﬁe ' 0.4 part
(thermopolymerization
inhibitor)

D Methanol‘(stopbing agent) 32 parts

A éoiution of a urethane diacrylaﬁe compound
10 was obtained according to the above recipe in the same
manner as in Examﬁle 9-a). Thereafter, it was dried
under reduced pressure to obtain a viscous urethane

~diacrylate compound (X).



"1 of the sa

thhyl et hyl -ketone - 100 -parts Tol uene
»N\50 parts The sane procedures as in Exanple 10-b) and Exanple 10-c¢) were
\Ei)ollowed wi th the exception that 5 lg sol uti.on of a photosensitive resin

conposition prepared fromthe above Cl pe was. used. The finally obtained

~. protective coating filmshowed n efect jn, the lon ite for 10 .
" ninutés inb Sso RS 1°¥o?§eﬁep%d£9§ﬂ4§ﬁﬁtﬁea?é@qﬁg ué&ﬁ;é%ﬁﬁ%chlorrc
acid solution 10 a gerrh nd underwent no change such as peeling-o0 \ff
and cracﬁﬂﬂ&\ﬂﬁﬂﬁrﬁﬁ&ﬁ§ﬁ NENM3SL) dering bath at 2550 to {err] for 30

. ~seconds. 1t did not crack l.so the t her i s? k-test 20 o%cles
-under M L- STD: ?%& E%Bcfg 1S SPEP AR g e same
“treatnent as ahP @?nneg %ﬁ?ﬁﬁ ng fl[ntmas forned

r1-vcf"dur E?%g “?-L e o }g a)‘:‘@ﬁ! ﬁgsgmﬁcr%aatortt%& E- 68

substrate of

dﬁkeﬂh

(UL flane-ret @F y Hitachi Chem cal .
Ltd. 5 This " ] bto s of 94V-1 of UL. Exarrple
13 a) Synthea:kl Hﬁ gg |%g’ gehd A 1 sophorone
di i socyanate abo g% g'@r%ﬂ quene (sol vent)
1,000 parts D°f1 81 hhaurate 1 part catalyst) B Ethyl ene
gl ycol
Benzophenone . . 2.7 parts
4,41 -Bis(diethylamino)benzophenone '0.3 part
2,2'-Methylenebis(4-ethyl-6-t- 0.3 part
butylphenol) : :
Victoria pure blue . - 0.02 part
Methyl ethyl ketone | . 100 parts
Toluene 50 parts

The sSame procedures as in Example 10-b) and
- Example 10-c) were followed, with the exception that
5 a solution of a photosensitive resin composition'
prepared from the above recipe was used. The finally
obtained protective coating film ghOWed-no defect in the
immersion test for 10 minutes in isopropanol, toluene,
trichlene or a 10% agueous hydrochloric acid solution
10 all at 25°C, and underweht no change;such as peeling-off
and craoking when immeréed in a soidering-bath at 255°
to 265°C for 30 seconds. It did not crack also in the
thermal shock test of 20 cycles under MIL-STD-202E method
- 107D condition B after the same soldering treatment as

15 in Example 9-c). A-proteccive coatihg film was formed



(10 equivalents) C 2- Fwdroxyethyl acrylate _ 696 parts (6 equivalents)(:é?
Tol uene -(sol vent) 150 parts fﬁd¥qu|none - 0.3

part (thernnpolynerlzatlon |nh|b|tor) D. Methapol (stopping agent) 32
parts .. 1 Afothéisamel procéchirenasli heryhatgbovepomndhkd whake obt ai ned
accordlng ‘to the abave recipe in the sane manner-as in Exanple 10-a).

Ther égfter, surfasedofed smbat ratohcifl Q)r&smmr #nt thdlelaiessa off stous

ur et hane di-acryl ate conpound (XI). - 56 .~ ‘b)" -Production of a

phot osénsi t ipreimt edrewirang Bubm;ratanmaﬁfﬁsﬁ8déULn@lamserﬁanﬂ&nMBne
di'acryl ate conmpound (XI) : 50 parts -obtai'ned:i'n the manner ‘described .
above grage hg#Vnd) hmemufactunad by aii yaahé- ChemicaliCpas thtderylic
aci d-tetrahydrofurfuryl methacrylate- tri brfonophenyl acrylate 40/23/2/10/25_
wei ght rdii dfhisperghang FalmSat Wl bed | thewetgndagdsaifutdBo; boef a gi ass
transition tenperature of about [err] and a brom ne content of 15%
BenquhenonéUL- "~ 2.7 parts Mchler's ketone

0.3 part o

@

Example 13

a) Synthes1s of a urethane dlacrylate compound

A Isophorone diisocyanate 1,776 parts
o ‘ (16 equivalents)
Toluene.(sqlvent) | 1,000 parts
Di-n-butyl tin dilaurate 1 part
(catalyst)
B Ethylene glycol 310 parts
' (10 equlvalents)
C 2-Hydroxyethyl acrylate 696 parts
. . (6 equivalents)
Toluene (solvent) . lSO_parts
_Hydroquinone ' 0.3 part
- (thermopolymerization
inhibitor)

- D. Methanol (stopping agent) 32 parts

e - A solution of a urethane diacrylate compound

10 was obtained according to the above recipe in the same

@

manner as in Example 10-a). Thereafter, it was dried
under reduced pressufe to obtain a viscous urethane

diacrylate dompound (X1).



: ' - Met hyl enebi s(4-nmet hyl -6-t-. - 0. 5 part butylphenol) V'ctorla
' e bl ue TR 0. 02 part Methyl ethyl ketone

00 parts Toluene E; 50 parts The sane .

procedures as in Exanple 10:b) . and anple 10-c) were followed, with the

-~ excepliion that Erctwdt 1éh08£0k - @mlt@smiweelementcamosrdnm prepared
fromthe above reci pe was used. The.finally obtained protective coating

filmshogddnneiel esdlderihg maslkr sion test for 10 minutes in isopropanol,
toluene,” trichlene or -a 10% aqueous hydrochloric acid solution all at 250
:10 and under ¥ wreetiiangediachydateeadompewmid &M )cr ackisty pareys i mer sed
i.n a sol deri ngbtaiined AH5Oheompanel fdrsdfilsedonds. It did not crack al so
in the t her malatehwaek test -of* 20 cycl es under. M L- STD- 202E net hod 107D .
condi -  tion B after the same soldering treatment as in' Exanple 1 9-c¢).
A protective Metthyly fethacnylaberaetthy} eesphatprocedur di7Tapdrts he above
on the whol e' aarylkior at¢id-tebrahyderaffurtferydnin thickness of a printed
Wi ri ng substr atetheRirFlage ntinibzomopdernyl Hi t achi Chemical 5 Co., Ltd.
This coating fadnylate s(#042BK8/10banvight ongtiodf UL. Exanpl e 14 The
sane procedur eogoiymeRabpiving wasoladwlam, with the exception that 1
part of antinweight oxf cabous 80, 0944 t3 BLas incorporated into the

sol ution of agm&nait¥QMStempﬂrﬁ&§ﬂ¢(Qﬁﬂﬁh@ﬁ on_in Exanple 13-b). The
finally obtai QN&nimﬁlbéoméa?lﬁ@ﬂﬁqnﬁvﬁg h§%éood as

¥

Benzophenone 2;7 parts
Michler's ketone - : , 0.}'part
2 2'-Methylenebls(u-methyl-6 ~t- ' - 0.5 part
_butylphenol) a

Victoria pure blue o ~ 0.02 part
Methyl.ethy1 ketone : 100 parts

Toluene _ 50 parts

The same procedures as in Example 10-b) and
Example 10-c) were followed, ﬁith the exception that
5 a solution of a photosensitive resin composition prepared
from the above recipe was used. The finally obtéined
protective coating film showed no defect in the immersion
test for 10 minutes in isopropaﬁol, toluene, trichlene
or a_iO% aqueous hydrochloric acid solution all at 25°C,
10 ahd underwent no change such as peeiing-off and cracking:
| when immersed in a soldering bath at 255° to 265°C for
30 seconds. It did not crack also in the thermal shock
test of 20 cyéleS'under.MIL;STD-2Q2E'method 107D condi=

tion B after the same'soldering treatment as in Example



I n Exanpl e 13- b) I n sol'vent resistance, heat resistance and resistance to _

t hermal shock. A protective coating 15 filmwas forned by the sane
procedure as in the above on the whole s acg of a.substrate of 1.6 mmin
t hi ckness of a prlnted wiring substraté -E- 68 manuf actured by Hitach

UL: Exampl & 1978 syrh rREF EeBF LyeLPRARME &R rir, FAFBSHoRIORF £oRE.
'13800";2??3"'0:5% HE a0 Wb SoFarbOvE B Che WP pIRrIBE IR hf) .
1,4-B 6

1, 04OUthp'?sl g@t‘ﬁ?ﬁﬁ’iﬁ%‘? of ]3' 8 Bﬁr L"'% %%%ﬁe‘?g %s?ﬁ\'n?uene %é%\ e%t)

i bitor) b SRR MCL-E-68 mandtatiifieg ¢4 "HFREAL EReRa )
sol ut i on o, acy.s! e, dindery| gbgs sARPRU v AR FLaCENECE eaﬁaag-&so ge

‘above reci i n t*hé same maNner as | hereaftter,
drTed under rg@vy%jdyfﬁﬁure to obtain a viscous urethane dlnethacrylate

Example 14
The same procedure as in Exampié 13 was followed,

with théiegception that 1 part. of antimony trioxide was

10 additibnally.incorpofated into the.solution of é photo-
sgnsitive resin composition in Example 13-b). The
finally obtained protective coating film was as good as
in Example 13-b) in solvent resistance, heat resistance
and;reSistance to thermal shock. A protective coating

15 film ﬁés formed by ﬁhe same prdceduré as in the above
on the whole surface of a substrate of 1.6 mm in thickness
of a printed wiring substrate MCL-E-68 manufactured by
Hitachi Chemical Co., Ltd. This coating filﬁ satisfied

the standards of 94v-0 of UL.

Example -15-
a) Synthesis of a urethane dimethacrylate compound

A 1Isophorone diisocyanate 1,776 parts
' "~ (16 equivalents)

@

Toluene (solvent) 1,000 parts

_ D1-n-buty1 tin dllaurate l part
. (catalyst) '



conmpound (XII). b) Production of a.photosensitive elenment and forma- tion
'(éEL a sol dering mask The urethane di nethacryl ate conpound " 40 parts
1) obtained.in the manner desgcr.i bed above Met hyl B

“met hacryl ate-met hacrylic acid- , - 5@7-parts tetrahydrofurfuryl - . -
met hacryl ate- acryl.onitrile-tribronophenyl acrylate (43/2/20/5/30 weight
rati o) copol ymB (bha¥+Bytanediedul ar wei ght oBb250200®, a glass transiti.Qa
t enper at ure of about-1000C and a brom ne cont é8t eguivekentswei ght) . -

Benzophenone _— 2.7 parts Mchler's ketone. "= -
0.3 part_p'thh9Xy@bﬁﬁa¥oxyethyl - 1,040 ﬂ}ﬂ%@ part Victoria pure
bl ue - . methacrylat@ 05 part Tolueneg equivalentsg R
150 parts - 59 - The’sanme procedures as in EXanple 10-b) - and- Exanpl €

10-c) were fol | owepo1Mehs i(BR1eGAP) i On that a8gobait@ of . a phot'osensitive
resin conposition prepared fromthe above recipe was used. The finally
obtained 5 protecliydPogidhione fil m showed ng.gebegit in the i mrer si on test,
for 10 m nutes in (5RerABPBAYmerd Ateittontrichl ene or a 10% aqueous '
hydrochl oric acid sghibiieeradl| at [err] and underwent no change such as
peeling off and cracking when imersed in a soldering bath at [err] to

Lerr] Tor 30 p  Methanol | 32 parts
(stopping agent): :

1 - .. ' A solution of a urethane.diécrylafe compound
was 6btained acéording to the abové recipe in'ﬁhe saﬁe
manner as in Example 9-a). Thereafter, it was dried under
reduced pressure to obtain a viscous urethane dimethacrylate

5 compound -(XII).

b) Production of a photosensitive element and forma-

tion of a'soidering mask .

The urethane dimethacrylate compound 4o parts
(XII) obtained. in the manner :
described above

Methyl methacrylate-methacrylic acid- 57 parts
tetrahydrofurfuryl methacrylate- '
acrylonitrile-tribromophenyl acrylate

(43/2/20/5/30 weight ratio) copolymer

(having a molecular weight of 150,000,

a glass transition temperature of e
about 100°C and a bromine content of

18% by weight).

Benzophenone . - 2.7 parts
Michlér's ketone ' - 0.3 part
p-Methoxyphenol - 0.05 part
Victoria pure blue | - | 0.05 part

Toluene . _ | | 150 parts



10 -seconds. Further, it did not crack also in the thermal shock test

20 cycl es under M L-STD 202E net hod 107D condi tion B-after the sane

sol dering treatment as in Exanple 9-c).-A protective coating filmwas
formed by the sane procedure as in the-aﬁ%ve on the whol e surface 15 o a
substrate gf 1.6:mMmin thickness of a printed w.ring substra yCL

manuf act ured by Hltachlmgﬁyﬁ%ﬂﬁ prce vEe STRASS 8L S%XaRpP ¥ | é% %Fﬁed t he
st andar ds of 94V-| L. Exa S thesis of.a u ane

di acryl ate co G{B‘H&“"Al ‘sco)p f%%e%ny%téh e7ﬁ§‘°p%9ft’s°?1% R0l

equi val ent s) To#utl Qe (s

il aurate don a4 )p%otasanwzﬂxﬁem&%ﬁ c;mposﬁ%apﬁsp?ged
Sﬁﬁltin?s oqui §EPBEbe abovg FEhd Wal! Bhedet | AR HHL y%%abls?ﬁs
ol vera 1 o5, BrpYECeLNE %an%o%rpt showph: AE0 A, (410 £ YARERN Y,

paft (thernDp9£¥ge%b§aTdmhldH%§¥tfﬁ)lsopropanol, toluene, trichlene

. or a 10% aqueous hydrochloric acid solution all at_25°C,
ahd underwent no change such as peeling off and cracking
when immersed in a soldering bath at 255° -to 265°C for 30

10 seconds. Furtherg}it did not crack slso in the thermal
shock test of 20 cycles under MIL-STD-202E method 107D.
cbndition B after the same soldering treatment as in
Example 9-c). A protective coating film was formed by

the same.proceduré as in the above on the whole surface
15 of a substrate of 1.6 mm in thickness of a printed wiring

substrate MCL-E~68 manufactured by Hitachi Chemical

Co., Ltd. This coating film satisfied the standards of

94v-1 of UL.

Example 16
20 a) Synthesis of a'urethane'diacrylate compound
A Isophorone diisocyanate 'l 776 parts
" : _ : (16 equlvalents)
Toluene (solvent) 1,000 parts
? Di-n-butyl tin dllaurate' 1 part
(catalyst)
- B 1,4-Cyclohexanedi- 216 parts
methanol : (3 equivalents)
Tetraethylene glycol 291 parts

(3 equivalents)



Met hanol | - 32 parts A solution of “a urethane
acryl ate conpound -was obtaJned accordlng to the above recipe in the sane

nner as in Exanple 9-a). Thergeaf it was dried under reduced pressure
0 obtain a-viscous urethane dlacry ate 5.conmpound (XI11). b) Production
of a phot osensi 1 t hane di ac a npound 47
parts (XlI11) otﬁéﬁg ggﬁ?%eyr%g’ng{ae? ‘descri bedégg @grﬁ}%t hyl : )
met hacr yl at e- net hy acry at e- 50 parts acrylic aC|d t et rahydr of ur f uryl

met hacr yi-at e- 2- hydroxyethyl met hacryl ate-tri bronophenyl acrylate -

(43/10/2/5/ aséngigﬁéf?gghgh copol yner (hawﬂgb ggﬁ%@@g ar wei ght of about

150,000, a g I-on“t enperature of abg ﬁgﬁéﬁtgqon1ne cont ent
of 22% by wei ght) Benzophenone 7 parts
“Mchler’s ketomgiyene (solvent) -0 32ggrba9tgbthoxypheno

0.05 part--Victoria pure blue 0. 02 part - 61
KAYAVER PA- 2 ( PME BedrySHeRV 1 ' 0.1 pgrg paen Kayaku Co., Ltd., a _

di val ent acrWﬁﬁéymﬁgﬁayme@gzgﬁﬂmwphor|c acid group) !

inhibitor)
D' Methanol . 32 parts
1 o A solution of a urethane diacrylate compound was

'obtained according to the above recipe in the same manner
as in Example"Q-a) Thereafter, 1t was dried under
reduced pressure to obtain a wviscous urethane dlacrylate

5 compound (XIII).

b) Production of a photosensitive element

The urethane diacrylate compound 47 parts
(XIII) obtained in the manner
described above

Methyl methacrylate-methyl acrylate-~ 50 parts
acrylic acid-tetrahydrofurfuryl :
methacrylate~-2-hydroxyethyl
methacrylate~tribromophenyl

acrylate (43/10/2/5/5/35 welght

ratio) copolymer (havinga

molecular weight of about 150,000,

a glass transition temperature of

about 90°C and a bromine content - v
of 22% by weight) ' : '

Benzophenone : o 2.7 parts B ¥
Michler's ketone o 0.3 part
p-Methoxyphenol - ' 0.05 part

Victoria pure blue ' 0.02 part



/ .

Met hyl et hyl ketone- . 50 parts Tol uene : '
100 :parts By the use of a solution of a photosensitive resin conposit'gﬁo
prepared fromthe -above recipe, a photo- _gensitive el ement in which th

t hi ckness of a. layer of -the photosensirléé reS|n conposition was about 50

[err] 5 was obtained g b n appar I n
Flgure 3. '¢) ForrratlonE b ? ﬂo%gsen5|t|ve%}ﬁ2ﬁéﬁﬁyn
obt a#hed in the above, 2 1&H§i @ essure in the sane

manner 10 as in Exanpl ]&L r|n ard for test on which
a copper pattern (copp r Rlthess [err]) shown in Figure 1 had

been formed. After thge %ﬁ?ﬁn géybﬂglnted Wi ring boardsgﬁig%é?éomed

to stand at room tenperatufe hours and then exposed, as

Exanpl e 9-c),.at 200 [@g %h Bgrough a negative mask for test: sm@@1¢gb§ggure
2. After the exposure, oards were heated at [err] for 5 m nut'es and

then allowed to cool at roomtenperature-for 20 mnutes, after which the -
support fil mwas peeled off, and the boards were 20_subjected to spray
devel opnment at 200C for 70 seconds by using Ill-trichloroethane. After the

devel oprent , -62 1 phetheange WY & hasleeiandodr heghat dseiridifDre 30
m fAut es, and further heated at 1200C for 30 m nutes and then at 1500C for

30 minutes. - PdgimeséRpobf8idn WeiepartddVErom 0tEeOhbalver PRPIpRPEL gikib ot or
10 minutes, irradiated 5 with ultraviolet light at 10 J/cn2, and then
heat-treatedsen51t1ve element in which the thickness of a layer of
the photosensitive resin composition was about 50 um-
5 was obtained by using, as in Example 10-b), an apparatus

- shown in Figure 3.

| ¢) Formation 6f a soidering_maék
| The photoseﬁsitive element obtéined in the above
was iaminaféd, under reduced pressure iﬁ the same manner |
10 as in Example 1l0-c), on a printed wiring board for test
on which a copper pattern (copper thickness: about 18 ﬁm)
- shown in Figure 1 had been formed. After the lamination,
_ the printed wiring boards were allowed to stand at room
temperature for 3 hours, and then exposed, as in

15 Example 9-c), at 200 mJ/cm?

through a negative mask for
test shown in Figure 2. After the exposure, the boards

were heated at 80°C for 5 minutes and then allowed'to

(14

cool at room temperature for 20 minutes, aftér which
the support film was peeled off, and the boards were
20 subjected to spray development at 20°C for 70 seconds

- by using 1,1,1-trichloroethane. After the development,



| mwas thus formed were subpj-ected to the imersion test for 10 mnutes in
¥sopropanol , toluene, trichlene or g 10% aqueous hydrochl-oric acid sol utien
all 10 at 250C in the sane nmanner~af2i m Exanple 9-c) to find that the

! ol e B A MR R A B 38 BRI
g A i . Fy , it did 15
ol ok AR AR TaAPCT B AR oY il
T L e R T
Sl ARERand R L AR el P
0,2, frHL BEeeBse e APERRIBY 4o 0D SE Er LoD A TS
94V-1 of 5 Py 385cCRRATA yEpEXamphg. %E%;ﬁ{)ﬁ‘?}eﬂ%@éé%}i' ﬁkﬁﬁgf”pound was T

synt hesi zéd 'n the Sane ‘manher as I n “excep -63- 1

L 344 past bl Bopdyel Uil e of 1 DEAER! thANCrdlnhoncaRE! SRR gL T Ut ed

for 1,7 arts equi va of the 1sophorone dilsocya he +

producedy 4ir ghBaRRn@AGION & &€ 0FBAUNG. miXudedadn i 188bBBbENLY ! dBine | he
5 reaction solvent, and separated as wax just as it. was produced.’ The

obt ai nedy 4 ghllane éra@ VI Sa§@EBA8"Hydrochloric acid solution all

geﬁ.[err] for 2 hours.. The test substrates on which a protective coating

10 at 25°C iﬁ the same manner as .in Example 9-c¢) to find that
. the protective coating £film showed no defect. The
protective coating film did not peel off in the immersion
test for 30 seconds in a soldering bath at 255° to 265°C,
and hence was good in_heat resistance. Further, it did
15 not erack in the thermal shock.test of 20 eycles ugder
MIL-STD-202E method 107D condition B after the same soider-
ing treatment as in Example 9~c). The protéctive coating
.film did not peel.off in the cross-cutting tést, and
hence is excellent in adhesion. A protective coatiﬁg
20 film was formed by the same proéedure as in the above
on the whole surface of a substrate of'O.S mm in thick-
ness of a prihted wiring substrate MCL-E-68 manufacturéd
by Hitachi Chemical Co., Ltd. This coating film satisfied
the standards of 94V-1 of UL.

25 Comparative Example 8 _ |
A urethane_diacrylate compound was synthésized

in the same manner as in Example 9-a), except that
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(XI'V) was slightly soluble in nethyl ethyl ketone and -
1,1,1-trichloroethane, and'soluble in acetone and, chl oroform -The uret a%g

di acryl ate conpound o 50 parts (XL.V) ‘obtained in the above The™
copol ymer used in Exanple 9- b) - ,_-@B[ﬁﬂts Benzophenone -

2.7 parts Mchler's ketone - - 0.3 part

p- Methoxyphendl,344 parts (16 equlvalents) @foﬁeﬁamétlofqurel difdigocnete
0. 02=part Acet one . 50 parts Chloroform

100 parts 10 was: substné\useautt‘bw 10f7 76 herose(36t Egaivadientadmofosi tion
prepared fromthe above reci pe was.applied-to a polyethyl ene terephthal ate
film by usingthes isopharphe ﬁﬂlls)ocyan&qmar dfhe phodnced Brewhariz and
then dried in hot air to find that the urethane diracrylate 15 conpound
(X1V) and t he digeryhate sepmpauad. f(XdIWeads nseluplist ias toimesd v eitte was
dried, so that no desirable photosensitive el enment coul d be obtained. Wen
any of the Sopmsactsien usedventhsxamd| geparated casawaysgust as £ was the
mecibility was as low as in the above, and no desirable photosensitive

el enent couldpnpdun%@nedThasob%mxma@uunetmﬁngudlanrziaﬁpl@9mnqun¢moto-
sensitive resin conposition and the photosensitive_5 el enment of this

i nvention gi vlXl P} orastslkbehayi selubleanxdeethit phhydaketonesiantte,

resi stance to thermal shock and sol vent resistance, and the given
protective 1,1,1-trichloroethane, and soluble in acetone and

chloroform.
The urethane diacrylate compouhd- 50 parts
(XIV) obtained in the above '
The copolymer.used in Example 9-b) 47 parts
Bénszhenone ' , 2.7 parts
Michler's ke_tohe | 0.3 part
p-Methoxyphenol ; N o . 0.05 part
Victoria pure blue : 0.02 part
Acetone 50 parts
Chloroform ) ' | 100 parts
10 ' A.éolutioﬁ-of a photosehsitive resin com-

position prepared from the above recipe was applied to
a polYethylene terephthalate film by using, as in
Example 10-b), an apparatus shown in Figure 3, and then

dried in hot air to find that the unethane'diacrylate

[

15 compound (XIV) and the copolymer separated from each.
other just as the solvent was dried, so that no desirable
photosensitivé'61ement could be obtained. .When any

of the copolymers used in Examples 10 to 16 was used,



g-termreliability. -65 - - CLAIMS 1. - A photosensitive resin

| ting filmis suitable as a sol dering rrask whi.ch is. required to have
@positi on conprising (a) 20 to 75 parts by weight of a urethane

di acryl ate or urethane di met hacry+af% eonpound obtai ned. by reacti.ng, (i)

tri met hyl hexanet hyl ene diisocyanate and/ or isophorone diisocyanate, (ii) a

di_hydtj cthecuhskeibddd 4y iwas asahowceypl in dhevstberweyl andnmooest er of a

di hydric_alcohol, (b) = 20 to 75 parts by weight of a linear polyneri c%

conmpoundi@airagle ghedosensitivenelempotacpuldibeibobtalised]. to [err] and
- (c) a sensitizer and/or a sensitizer system which generate free radicals
“when exposed to. -adSi @%Plaipmedoin detallaigpfxamples,atber phofgoo Caim -

1, wherein the diisocyanate (i) is trimethylhexamethylene diisocyanate. 3.

A conmpostendhtaveorgisid Pupes HFionyasdeithie iphekosergihive (i) is

i sophorong dii socyan A_ conposi tion accordi ng.t o Caimi1l,

i

wher e n $heneRE: Rané t%aéffiﬂ%}?ﬁl% givet RaPRA R Eepeealiing) i s
Fepr ese_n%ffm pg:xye}ilfe%ltl'Qi.vr\{-'-qgeg;é)-rgle“sgétanc_e -,6_?::esistance :to thermal
. shock and solvent'f'.esistance 5 a.-nd.the' giveﬁprdtegti‘ve’ | s-
coating film is suitable as a soldering mask which is.

required to have long~-term reliabili’ty.

iy

N



[err] wherein R is Hor CH3;'R2 Is a residue of a dihydric-alcohol; [err]
is a residue of a dihydric alcohol; X is a residue ' ' —

di i socyanate or- a trinethyl hexa- nethylgg gr.oup; an ' i
posi tive i-nteger. 5! .. A conposition act iTg to any1£ﬂlﬁulﬂimﬁm‘l’lmhdl ng
clainms wherein the dihydric alcohola({ia fng §ii1) ha '
atogs. 6. A conpositian accordingghu-any-one—of t he preceding clains
wherei n the di-hydric alcohol (ii) is 1,4-butanediol, 1,3- butanedjol,
1, 5- pent anedi 3F, 1, 6- hefaPRRtAsHsLtUVe cPeFdRe LAMPASISIRIhJFOMRT 1S ANE
conposi tion.'according-tqQ any ane of.the preceding clains erein.the
acrylic or methab®ylic r?@néx'&t7elfﬁli4li'?§ Wedghvdolc & tRyrang dlacrylate
hydr oxyet hyl acrylate, hydr.oxyet hyl t hacryl at e,. hydr oxyp! | _acrylate or
yelr oyt opyl ShelRatRsng dinsthaenelate, couRoBl AR AIHER &y BetEiREne
. precedi ng claigs- wherei n the_urethane diacrylate or dinethacrylate
canpound (a) c P ai ns atryrmephydhexamethylens Qibepsyamabe anount of 1 x
10 3 to 4.3 x 1Q,3 equivalent/g. 9. A conposition according to any one of
the precedi ng@Bf4PHs 1appherenehdiliisesyanattereri ¢ conpound (b) is-a vinyl
-seri.es copol yner. -67- 10.- A conposition according to any one of
.t He preceding clainms wherein the |inear polyneric conpound (b) contains
brom ne atons ims:an anoynt,s 409 i g 11. A conposition
hglg Egﬂyéfic d&@¥P§?ﬁsgh

according to a ne of receding C erein the linear polyneric
compound (b) CPR§3KNS  an aepylic or methacrylic monoester of a

dihydric alcohol,
(b)'_ 20 to 75 parté by weight of a linear bolymeric
compound ha&ing a glass transition temperature of about
40° to 150°C, and
(e) | ausensitizer and/or a sensitizer system which
generate free radicals .when éxposq@ to actini; 1ight
2. A composition according to Claim 1,
' wherein the diisocyanate (i) is trimethylhexamethylene
diisocyanate. '
3. A compositiqn according to Claim 1,
wherein the diisocyanate (1) is isophorone diisocyanate.
4, A compésition according to Claim 1, wherein
the urethané.diacrylaﬁe or dimethacrylate cdmpound'(a)

is repfesented'by the following formula:

3

e e = e



0 65%-by wei ght of tribronophenyl acrylate or trlbr
@hacryl ate as a copol yner. cortpenent. o A co l'ﬂ ltt bg to

one of the preceding clains thCE addltlanally cont+al ms a
met hacrylic ester containing a phoSp érrc acid group in the nol ecul &. 13
"A conposition according to any one of the precedlng cl ai ns8 which
additionally contain ]ant nony’ trloxpde in an . unt .up to 5%y weight. .
14. . A copposi ti (ﬁOrﬁbng to“cla|n11 su stantlally aslherelnbefore
-descri bed wit h¥Fef & ce 20neO8N e Bdlfples? 1585 - OCNA-.
- photosensitive el enment conprisi-ng (I)He IayerIBf a phot oSensitfve resin
conposi tion according-tq any one of the ec ng clainms and (Il) a support
filmsupporting sa?ﬂ_j r. 16 A ene¢é|ve el ement according to
claim 15, wherein the k éﬁ?{lg BfREhé- oto e resin-conposition has
a thickness of 20 to 2 pm 17. A phot osensitive el enent according
to claim15 or 16, wherein the support film(ll) is a polyester filn1 a -
polyimde film a polyam de-im de f|In1 a pol ypropylene filmor- '
pol ystyr t. iti.ve e a cordlng to any ~°
one of cﬁg&??r%é%gl Rll%sv\,f% (]ﬁ%‘ f urI’o’nerZI g%\ ?«%}ladqeel%éls%ba ¥§€éf’| ng filmon '
the layerg t ge 01,0 e.kesi . 19,
photosen5|%+%%8%reﬁéngga%ho I'ng %o°g|§|§%§3ag}xné$§bQﬁfy §slﬁeﬁeinbefore
descri bedreididuéeber ¢R8epHITAY &’ffsc?f:yéﬂﬁt'éx%rfplaestrimethylhexa-

methylene group; and n is zero or a p081t1ve 1nteger.

»

.5, A composition accordlng to any one of -the preceding claims
wherein the dlhydrld'elcohol (ii) and (iii) have 1 to
23 carbon atoms.

’

6. A composition according to any one of the preceding claims
wherein the dihyd:ic alcohol (ii) is 1,4-butanediol, 1,3~
butanediol, 1,5-pentanediol, 1,6-hexanediol or 1,4-

cyclohexanedimethanol.

T A composition according- to any one of the preceding claims
wherein the acrylic  or methacrylic monoester (iii) of a dihydnic
alcohol is hydrexyethyl acrylate, hydrox&ethyl methacrylate,
hydroxypropjl acrylate or hydroxypropyl methepryiate. |

8. A composition_according to any one of the preceding claims: -
wherein the urethane diacrylate or dlmethacrylate compound (a) z
contains acryloyl or methacryloyl groups in an amount

of 1 x 1077 to 4.3 x 1073 equivalent/g.
9. a composition according to any one of the preceding claims

vherein the. linear polymeric compound (b) is-a vinyl series

copolymer, .
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20. A sol dering mask conprising a.photosensitive el enent accordi ng to(é%B)
any one of claims 15 -19. 21. A process for the—preparation of a .
photosen5|tve resin conposition as defined jn any oHe of claing 1 -

substantial ly as hereinbefore described with refere ij“mlmm the

Exanpl es. 22. A process for the preparation of
el grent as defined in any one of claim 15-19 substantially as her e} nbef ore..
destxibed with reference to any one of. theghxanpl es. The text:--of the
speC|f|cat|on has been reproduced by.photocopying the appl i cants"ori gi nal

typescript .It may contaimn aed@YesEDEHEaEEoMRiRE b€ athyf bnellds e %&Hﬁng
original typescrlpt containing these anendnents fmay be inspected on -
prem ses of thed%ﬂmmﬁ wdrtein the llnear polymeric compound (b) contains
brqmlne atoms in an amount up to 40% by weight. '

5 1l. A comp051§109 accordlng to any one of the preceding
claims wherein the linear polymeric compound (b) contains

5 to 65% by weight of tribromqphgnyl acrylate or tribromopheny!
methacrylate as a copolymer componépt.

-12. A‘compgsition according to any one of the preceding
.claims which addifional;y contains Aﬁ'acrylic or methacrylic
:ester containing'a phésphoric acid_group in the mblecule;

13. A composition according to any one of the preceding
_cléims which additionally contains antimon& trioxide in

an émpunt ﬁp ﬁ6-5% by weight. _

14. A composition according to claim 1 substéntially

as hereinbefore dgscribed with reference to any one

of the Examples.

1s. A photosensitivelelement comprising (I) a layer

of é pﬂotosensitiVe resin composition according to any one of t
p?‘eced:.ng claims and (II) a support film supporting said layer. ‘
1é6. | A photosensitive element according to claim

15, wherein the laver (I) of the photosensitive resin

 composition has a thickness of 20 to 200 pm.

ot ' _

17. . A photosensitive element according to claim
15 or 16, vherein the support film (II) is a polyester film,
a polyimide film, a polyamide-imide film, a polypropylene

film or a polystyrene film.
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18. t-. A.phétosensitive element acéoraing'to any one
of claims 15 - 17 which further 1aminat¢s a releasable
éovéfing filﬁ on the layer (I) of. the photosensifive

resin composition.

- 19. - ' A photosensitive element according to claim 15

substantially as hereinbefore described with reference

to any one of the Examples.

20. A soldering mask comprising a photosensitive
- element according to any one of claims 15 -19.

21, A process for the preparatibn of a photosensitve

resin composition as defined in any one of claims 1 - lh'
substantially as hereinbefore described with reference to

any one of the Examples.-

22. A process for the preparation of a photosensitive-

element as defined in any one of claim 15-19 substantially
as hereinbefore described with reference to any one of the

Examples.
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