~ TI WLE.-OF THE | NVENTI ON Met hod of Fornming Sol der Mask BACKGROUND OF THE

| N\VENTION 1. Field of the I'nvention 5 The pres ,li,{rkn |

rel -ate,,‘_.\s,;to",a et hod of fornming a solder nask on a pri ntecﬁrfirc it ng 2.
Descriptioff of the Prior Art On a printed circuit board, a solder mask is
formed on conductor circuits, for ensuring insulation between the conductor’
1 0circuits, for protecting the conductor circuits from peeling or

oxi dation, or for preventing unnecessary solder from sticking on the
conductor circuits at the tine of soldering operation. As a nethod of
formng this solder mask, screen printing process is typically well-known.
However, the sUTEENOE gHEpW\‘lENH?D%rocess provi des substantially | ow

resolution. It devel omé;etﬁ?@raf %ﬁ%ge?@d@,sﬁggyr pi nhol es, bl eed, spread or
al [ur al wt

the like, resulting in e to deal di m ni shing di stances between
conduct or ci r BACKGROWUNDr@BsTHE IN¥ENTIONSs of the printed circuit board

t hat has taken pl ft(ig ané‘]%mlt ant. with the recent 20 hi gh density nounting
of circuits. -1- Field ghqthe dpventiehc ngiance, a nethod of forming the

pattern by ghe photogr apRi greRERCRYENtiGH F&lhtelsOloTEN@emodOsH forgirdly aappl ying a
phot osensitive resin conposition by spraying or by use of a roll coater or
curtai n coat ersolded mesk ont A, privded Iserguih bogrde 25 adopt ed (Japanese Patent
Lai d- q)_en_. P'Ublél.c teisgptpmsrf_ o%h-?hgsPﬂor Art |
On a printed circuit board, a solder mask is formed on
.conductor circuits, for ensuring insulation between the conductor
10 circuits , for protecting the conductor circuits from peeling or
oxidation, or for preventing unnecessary solder from sticking on
the conducto'r_-c:ircuits at the time of soldering" operation.
As a method of forming this solder mask, screen
printing process is typically wéll-known. However, the screen
15 printing process provides substantially low resolution. It
. develops such phenomena as blur, pinholes, bleed, spread or the
like, resulting in failure to deal with diminishing distances
between conductor circuits or increasing densities of the printed
circuit board that has taken place concomitani with the recent
20 high density mounting of circuits. '
| - Under this circumstance, a method of forming the
pattern' by the photographic process, after forfning a coating by
applying a photosensitive resin composition by spraying 6r by use .
of a roll coater or curtain coater and so forth, has begun to be
adopted (Japanese Patent Laid-Open Publication Nos. Sho 63 -
286841, Hei 2-28651 and Hei 2-77749).

However, in the above technique, since a liquid
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- 286841, Hei 2-28651 and Hei 2-77749). However, in the above technique,
since a liquid 2 photosensitive resin conposition having a rel atively

| ow vi scgsity is used as the paint for forming the sol der mask, the -

t hi ckness of the solder mask is thin, before the i quid has been dried on
the circuit part and the circuit edge part. On this 5 account, a sol der
mask t hi ckness enough to have proper electric insulation, heat resistance
and resistance to organic solvents, etc., can not be obtained. If the
substrate has any through-holes, the phqfosensitive conposition flows into
t hese through holes and gives rise to various problens. 1 0 In
order not to ar pbetoseasiiivey rdsihecompositich bavisqogiratatiaelyd fowowi ng even when
thickly coated, there has bgeen rogqse? ap electrostatic wder coating
met hod” usi ng as"iEROEYCHi W3 é‘éi@‘? Ypt %’r{%rﬁ‘ﬂ‘gp?'?%tsaﬁeﬁi”? i 148 (Japanese
Pat ent Lai d- Opethidiebs GRtthesdbr RRSK 63-RiA6830re 1AL tIRRHIRa®Wethde the fiel d

of 15 solder mask. However, in this nmethod, a powder coating conposition
i.s coated on a Guefl@ot heecimuisparhtaadothentiratit edge vetde P9 Biserly covered

oIS 5 el E A el BB Bl Pt eu
m xed, because inguftiph] Reed resisianee and resistance to organic solvents,
' etc., can not be obtained. If the substrate has any through-holes,
the photosensitive compesition fiows into these through holes
and gives rise to various problems. _
10 in order not to arise coating defects, such as sagging
and flowing even when thickly coated, there has been proposed an
electrostatic powder coating method using as an etching resist
f'or forming printed circuits (Japénese Patent Laid-Open
iPublication No. Sho 63-246880), although outside the field of
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solder mask. However, in this method, a powder coating j
composition is coated on a concuctive substrate of which one side
is overly covered with copper. It is therefore difficult to apply
on the printed circuit board in which insulating portions and

electroconductive portions are mixed, because this printed circuit
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board is essentialy insulated.

Also, the resist_ which is described in Japanese Laid -
open Publication Sho-83-246850 has poorE photosensitivity to
photo-initiated radical reaciion zand therefore difficult to be used

as solder mask, because the powder coating compesition

n
wm

suggested in this publication ¢nly contains solid thermoplastic
resin having 0.5 to 5 polymerizable unsaturated groups in a

molecular weight of 1,000. Since the crosslinking reactions in



20 board is essentialy insulated. Also, the resist which is described in
Japanese Laid - open. Publication Sho-63-246890 has poor photosensitivity to
photo-ixnitiated radical reaction and therefore difficult to be used as

sol der mask, béCause the powder coating conposition 25 suggested in this
publication only contains solid thernopl ast TN =& to 5

pol yneri zabl e unsaturated groups in a nnlec££§ggst““ "X Si nce the
crosslinking reactions in 3 the powder 4¢ In tionfpnly proceed
t hrough t he pol yneri zabl e unsat ur at ed groups heat

resi stance, chem cal

resi stance and durability are so poor that it is difficult to apply it to
t he.sol der mask. USUNORREr GRalRE JORVERTIOON T qupek ety throughéheispect of the

invention there |p% ﬂﬁegrf;)ag e%n@a@%t@\gﬁ%}%ﬁp gapg%a%t%(égg’gr&%ﬁ%g on printed

circuit boards, uUsi‘ng-powder paln I'rradi ati on of
ultraviolet rays raﬂdtaheatandcﬁumbnsy ngre §d)podrsthepitofs Hficuing apppat i ng of
t he powder paint on printed circuit board, while holding it at a -

tenperature hi ghdr 1 ?’?ﬂsPW@s‘Bﬁ keni ng point of the powder paint but |ower

than its curing tRiMAARYWOE Tgﬁrougﬁq-ﬂ@r\pf irradiating the coating thus

formed wth ultraviolet rays t a pattern mask,
The present invention has as its object providing a

solder mask which permits high density mounting of wiring which
is suitable for protecting conductor circuits, which has a
thickness, particularly on the circuit parts and circuit edge parts,
10 little different from that on other parts (for example, on the
insulating substrate) and which has excellent electrical
insulation, heat resistance anc solvent resiétance. It is also its
object to provide a solder mask which will not block any through
hoies and which protects mini via-holes by tenting. s another
15 object is to provide a method of using masking fnaterial at high
efficiency.
According!y, the invention provides a method of
forming a solder mask on printed circuit boards, using powder
paint which is curable by boin irradiation of ultraviolet rays and
20 heat. This method comprises:

) (1} a step of coating the powder paint on a printed
circuit board, while holding it at a temperatufe higher than a
softening point of the powder paint but lower than its curing

 temperature, _ |
25 (2) a step of irradiating ultraviolet rays thereon
through a pattern mask, |

(3) a step of making development with a medium

TN




(3) a step of developing the coating wi-th a nedi um whi ch di ssol ves the
region not irradiated by the ultraviolet rays, and (4) a step of conpletely
curing.the remaining irradiated portion of the coating on the printed
circuit board at a tenperature higher than the curing tenperature of the
powder  pai nt, wher.ein said powder paint c FsesT rts by weight
of a resin with a nunber average nol ecul afl WeiSdghtti:Hiar¢geBEEN 1, 000 and
being in solid state at nornal tenperatur whi BEPh&SEBer nojle 0.1 to 3
radi cal |y pol yneri zabl e unsaturated group : i onal groups
whi ch, under heating, undergo a self-setting reaction or react with other
functional groupswhithngisgelyeesthaaneigivg aon inmintiateav by ageavioleboaymrangei ght of
1,000, wherein a crystalli i n _havin phase transition tenperature of
60 to 120[err] is used as glzr% %g?p 8hi%4™P 3’%,°Uf'"95‘“?o°?%"%%'3rts to wei ght
of conpounds wi t hdevelepdrk pnather piRe iRl | Byardvedt O ttempBidt@e higher 1, 000 and
being in solid stagte gt nornmal tenperature, said conpounds having a
~plurality of radi @‘élnl &%Symﬁ?rﬂaﬁ'ﬁwl’ﬁr@fa’tﬂ?r ReweergPaitbs, and 0.1 to 10

- parts to wei ghtg of a photo BI i an initiator s.by wei ght
of the sum of Eshe corrponen'f),ég,b%/??géﬁ‘géﬁgllgﬁ)ﬁﬁraﬁb@ég %)r%%lgé\ﬁjt]cﬁ%wn% 8 _

solder mask on printed circuit boards using powder paint which is

curable by both irradiation of ultraviolet rays and heat,
comp'rising:
(1-a) a step of puiting on a printed circuit board 1 -
10 1000 mg/dm2 of an organic solvent whose contact angle with the
" conductor and the insulating substraie is smaller than 20
degrees, .
(1-b) a step of applying on a printed circuit board
i : having the organic solvsnt the powder paint composition which
15 gives;an SP value less than 3 between it and the organic solvent,
_ (1-c) a step of making the coated powder paint into a
oontiéuous coating by controliing a temperature of the printed
-circuit board to a temperature higher than a softening point of the
powder paint but lower than its curing temperature,
20 (2) a step of irradiating ultraviolet rays thereon
through a pattern mask,
(3) a step of making development with a medium
which dissolves the region not irradiated by ultraviolet rays and,
{4) a step of completely curing the coating part
25 developed on the printed circuit board at a temperature higher
ihan the curing temperature of the powder paint.

The method of forming a solder mask of this invertion

—
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.. DETAI LED DESCRI PTI ON OF THE | NVENTI ON - One aspect of this invention

enconpasses the above nentioned four steps (1), (2), (3), and (4). The step
(1) is coating the powder paint on the printed circuit board, while holding
its terrper dture hi gher than the soft ~= ----- Smil powder pai-nt but
| ower than its curing tenperature. TH Y poard is an
I nsul ator as a whole, so that el ectr coa ng whi ch requires
el ectroconductivity is hindered by r e t he paint 7 particles.
The present inventors have di scovered adfact that even on an insul ati ng
substrate, if warnmed to such an extent that the powder paint wll nelt,
when fixedly C%\t@@dtmr@,@nomcaﬂgtargu@a%.cceaéﬂﬁggow sOBstf6 Mesich e t hout
causi ng repul sion by the paint articles. Besides, it has been found out
that at this ticeedugtvet Ia.é-owgt s ﬂataca; Dubtier sorarng | a soldesmasks oam (500
[err]), the povvder ei .l .0 t her eby
thwarting the &t P &)g%'l}tﬁ R{egs\/\ﬂ'%d'pg?%toah "f)h thhe ?I%E%ﬁ&w%ﬁ%f@e
her eabove ment lo@rlaaids fohees tiapn (ah) elestroopeductont retalt rsusmarwenppm For the 1
0 equi pment for heating the printed circuit board at this tine, any heating
devi ce bei ngd nd¥nife ynw{aﬁlm@ngw use is proper a hot air drier, -
infra-red drier, gas ovey A@aq‘??é%o&hﬁ fbirkiBg MBS oRRr USEdk bJ_he
"sof teni ng point™ hereln rrentlone refers to a tenperature at

photographic process, as mentioned above, includes a step of

applying a liquid photosensitive resin composition on a printed
circuit board by use of an open screen, sprayer. roll coater,

10 curtain coater or the like. However, this method is inadequate,
because it is difficult to form the coating thicker and it is
impossible to provide a -coating cf uniform thickness and
containing no bubbles, because of the low viscosity of the pair:\t
and its Jarge solvent content. In addition. the conventional .

15 method is decisively inadequate, because the interiors of through -
holes and mini via-holes are undesirably blocked. Thus because of
low viscosity of the paint, High pressure and high degree of
atomization, parts of the through-holes and mini via-holes are
often plugged with .paint or ink. Such plugged parts can no longer

20 be adequately cleared by the later developing treatment. If it is
tried to further proceed with the development, until the plugged
holes are’ cleared, a developing time siill icnger than that is
necessary and sufficient for forming a nondefective image needs
to be taken. Then the solder mask is éxcessiv‘ely subjected to the

developing treatment, yielding & defective mask.

ny
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According to this invention, a powdsr paint, which

normally has a mean particle size of 20 - 150 um, is used, its

This Shéet Has Been Re;
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. which part of the powder resin conposition nelts or starts its 1 5

mol ecul ar movenent, which is actually indicated by Ts, when the tenperature
I s raised at a rate of 6[err]/mn under a |oad of 20 kg/[err] ina flow
tester or a tenperature at which the resin corrp05|t|on fornms a single phase
uni formin appearance, while keeping the irr I bution
therein. Further, for the 20 powder coatin é"qitﬁﬁ't‘r‘éht“eelﬁﬂ*?"\/wll-knovm
devices as a povvder sprayer, electrostatic wder Fe&FL8PER £ 1 uildi zed

di ppi ng apparatus or the like may be utili® om tne standpoint of
uniformty of the thickness of the coating forrred and the safety, the
powder sprayer is I Nquid

| eveling the pomé’ﬁﬁggﬁﬁ@gﬁ% e\gﬁ%rh Tﬂteadpralsn'tcgfjn Eﬁ?ﬁﬁ?{? b%ar Wi t h its

t enperat ure hel d mlghandtthancqamegsn%seme ng lpviand of fartte @w\ﬂes pa| nt but

| ower than the curi re of the ovi ded.
This step is cond&?f%'ﬁn (?In%gg Hﬁdwzﬁgeéd%% \éxg‘?eyoééor\{??gtn@ coa I ng,
wi t hout maki ng unexgom@d \namoesww #a0ltvednéides e tHeviekapgrholborarthi s
pur pose, the heating tenperature of the 5 printed circuit board to be held

shoul d be regarHedof Hrskedndy the Paint.s Thasplosg.sihe PHRUALRRIES #&cri bed
heating device Ca'&oﬁ?‘a&#éﬁdo?éﬁedwﬂ de)reth%aﬁgrn‘?aﬁ %ndﬂiofngeéte%vélé&ﬂ’éntt he

preheater. The step radiating ultraviolet rays on
yielding a solder mask free of defects at the image formmg parts

Besides, with regard to mini via-holes, the bridged contiguous
coating of the powder paint is set by the irradiation of ultraviolet

10 rays through a pattern mask. It is not dissoived by the
development, but remains fully covering the holes. Moreover,
according to this invention, in addition to the very high efficiency
of ceating on the printed circuit board, the powder paint
composition which has failed to stick thereon is reclaimed.

15 Accordingly, a mask of a thick coeting excellent in
characteristics as a solder mask, namely characteristics such as
electric characteristics, heat resistance and solvent resistance
and plating solutions and so on, is obtained at a high yield.
DETAILED DESCRIPTION OF THE INVENTION |

20 One aspect of this invention encompasses the above
mentioned four steps (1), (2), (3) and (4).

The step (1) is coating the powder paint on the printed
¢ircuit board, while holding its temperature higher than_ the
softening boint of the powder paint but lower than its curing

25 temperature. The printed circuit board is an insulator as a whole,
so that electrostatic powder coating which requires

eiectroconductivity is hindered by repulsion of the paint

This Sheet Has Been: Re{ilaced




coating through a pattern mask. This process is well-known as a 10 way of
form ng i mages by photography. Normally, high or | ow pressure nercury

| anps,, xengn | anps, etc., are utilized. But the lanps are not linmited to
them If inportance is attached to the exposure sensitivity and the
resolution in this step, in the contiguous coating, the photo-initiation
reaction should be 1 5 perforned in its somewhat fluid state rather than
inits conpletely stationary state: Thus the irradiation of ultraviolet
rays should desirably be nade, with the.pattern mask kept out of touch with

the coating, while it ig held in the state of. containi S liquid matter
or at a terrpera‘f%ﬁ"é'_i‘ﬁi gﬁ@? RASEDt L TRESUR é?l‘feng'sflﬁverﬁgi%Bg%tf%gﬁeevﬁaV\Uer pai nt
but fewer than b4 snCiNsLRGnk SsmRRtald! e wakMel tbSsidhs kANGEentt fhat enposur e |
shoul d desirably be 'nade wth an exposer which produces parallel |ight

beans. |f the prRewidgr painhtwitt ompliswheonfixastit Ziogtedatijerepyscaprtigudsr esi ns, the

s, peswddsr painhiwit amplst | _ e e ,
A eoting { he siaRpAcaeY e WiibdraffiRLP ARaRE RELENaEy dhe ahe T o

event, the igpeskriieleba Besitbs weizet bedr osuraf ouf thraavdatolhat timeysf they be
precl uded by 9 quenching the substrate, to ke it difficult for the
crystal line reshales thgd glamgigranirarfler 35 (MBy (O90erB) i L5t RWASfhus thi s

paint forms bridges at their opening parts, thereby thwarting the
entry of the powder paint into the through-holes. As hereabove
mentioned, the step (1) is imporiant té this invention. For the
10 equipment for heating the printed circuit board at this time, any
heating device being normally ir industrial use is proper a hot air
drier, infra-red drier, gas oven, heat plate or the like may be used.
The “softening point" herein mentioned refers to a temperature at
which part of the powder resin composition melts or starts its
15 molecular movement, which is actually indicated by Ts, when the
iemperature is raised at a rate of 6°C/min under a load of 20
kg/cme in a flow' tester or a iemperature at which the resin
compesition forms a single phass uniform in appearance, while
keeping the irregular stress disiribution therein. Further, for the
20 powder coating equipment; such well-known devices as a powder
sprayer, electrostatic powder sprayer, fluidized dipping
zpparatus or the like may be utilized. From the standpoint of
uniformity of the thickness of the coating formed and the safety,

ine powder sprayer is recommended.

N
W

lf necessary, a step of leveling the powder paint
ccated on the printed circuit board, with iis temperature held

higher than the softening point of the powder paint but lower than '



invention also includes the step of quenching the substrate as an

addi tional process. The nethod of quenching is not particularly 5 limted,
but spraying of liquid is not desirable, because defective inmage will be
produced in that way. Passing the printed substrate through a cool w nd or
placing it on a plate being in contact with any cooling nedi um and such

ot her nethods are preferable. Particularly desirable is using a plate nade
of nmetal which 10 permits the héating and the cooking to be switched by
changi ng the nedium The next step (3) 1s a step of nmaking the devel opnent
wi th a nmedi um whi ch di ssolves the region not irradiated by ultraviolet
rays. As the déReicHpiag epPawaiure; ¢f the pavsiRsPaitl. dhdobe RIOYI98dnedi um wit h
whi ch the reacty ogu _ r.adi r t hr ough
deconposition &h?%ﬁ@#%ggggégkﬁ%gﬁﬁcéégﬁ$$ ?Péﬁﬂ%@?ﬁ%’o?ﬂﬁﬁgﬁgviolet-rays in
t he presence okostmy witoduiseaking i wexpose pphotwonpidspived Batthen initiators
are not dissol ved, but %ﬁﬁdgpmder ai nt conBosition is dissolved. Such 20

usabl e medi a g8RYF'APEY | 5 PYPPRRISNB ipaINE teBIPsEattEe ot iR% as
trichl t ; t k | @rj L , : | |
richloroe F%g;f)nnf@% Bymns?&h @ b@!%lc{%l.@&lé bel Pé%é?ﬂ&f éﬁgmﬁrﬁnew yco

nonoet hyl et , ethyl eneglycol dinet et her, ycol nonoet hyl
et her acet at e, thi$ etéry ladave thye bove-desrriber yheatinhedgviati eampleenzedyl Yol

di ret hyl ether and like; and aé.l,al i ne 25 ., aqueous solutions, such as sodi um
i t frar, th e e
"{%e, 903’{

carbonate, sodiMith PRLIRES 2Rt BIffEIRD f

: not_restrict_edtothese
sol.vents. The step (4) ihedstepaR) 9 1bNE--5dahit] lUtthvGdIEt PEyd RACHHEON

coating through a pattern mask. This process is well-known as a

10 way of forming images by photography. Normally, high or low
pressure mercury lamps, xenon iamps, etc., are utilized. But the
lamps are not limited to them. i importance is attached to the
exposure sensitivity and the resciution in this step, in the
contiguous coating, the Photo-initiation reaction should be

15 performed in its somewhat fluid state rather than in its
completely stationary:-state. Thus the irradiation of ultraviolet
rays should desirably be made, with the patiern mask kept out of :
touch with the coating, while it is held in the stats of containing
some liquid matter or at a temperature higher than the scftening

20 point of the powder paint but icwer than its curihg temperature.'
In this instance, the exposure should desirably be made with an
exposer which produces péralle* light beams.

It the powder paint composition contains any

crystalline resins, the resins' crystalline orientation hinders'

25 penetration of ultraviolet rays, ziiecting the sharpness ci thes
image at the time of developmsent. In that event, the impedimentz

ic the penetration of ultraviolet -ays may be precluded by



10 in which the printed circuit board on which the coating is left after
its devel opnent is held at a tenperature higher than the curing
tenperature, preferably 140 - 180[err], for 15 - 60 min. This step is a
process for form ng coating tough enough to 5 discharge its function as a
sol der mask, which requires a high enough tenperature and a | ong enough
time for the functional radicals which undergo the curing reaction under
heating to undergo adequate reaction. Fog this purpose, with functional

radi cal s whi ch undergo sel f-condensation reaction |like epoxy 1 0 group and
am ne or carboxyl group and acid anhydride or hydroxyl group and carboxyl
or methyl ol groagengiingdhe; srsiratat to draks e dijfiadpdor Keegryedaiheati ng at 140
- 160[err] for t LA, 1S4 P LS] t e ure over that at
ani ch-the i nsul BT BecbTerdo fARR, 1nd” hR Bebil, PAREHAL ' ¢

The present invgreatien hisceirlRiesf thensep it qudnehidgeme( dybstratet ke @bove

menti oned sol der mask form ng process can replaced by the fol |l ow ng steps
(1-a), (1-b) anddgitiopal prgResepyliehaedhor of cgAriiag iaf At chattigylariybt ai ned.

el G 8, ggsher sl S RRIETOTA NETIndkBNES detieres o e
organi ¢ sol vent invayd kil dar pracaced it hieatpweant eBassing thd phomddsubdmatanount  of
thrbugh a cool wind or placing it on a plate being in contact with
any cooling medium and such other methods are preferable.
Particularly desirable is using a'p!ate made of metal which
10 permits the 'heating and the cooking to be switched by changing
the medium.
The next step (3) is a step of making the development
" with a medium which dissolves the region not irradiated by
ultraviolet rays. As the developer to use, it is proper to choose a
15 medium with which the reaction products formed from the
radicals produced through decomposition which -has Eeeﬁ induced
' by irradiation of ultraviolet rays in the presence of some
photosensitizers and photopolymerization initiators are not
dissolved, but the powder paint composition is dissolved. Such
20 usable media generally in use include organic'solvents, such as
trichloroethane, methylens chloride, xylene,. toluene, ethylene
glycol monoethy! ether, ethyleneglycol dimethyl ether, ethylene
glycol honoethyl ether acetate, diethylene glycol monocbutyl
ether, diethylene glycol dimethyl ether and like; and akialine
25 agqueous solutions, such as sodium carbonate, sodium
methasilicate and like, but are not restricted to these solvents.

The step (4) is a step of the so-called curing reaction



the organic solvent to be applied should be controlled to have 1- 1000
ng/[err] of an organic solvent |ayer fornmed on the.surface of the.printed
ci rcui trboard. The controlling of the amount of the 25 organic solvent on
the printed circuit board may be done al so by drying sone of it after its
application. The amobunt of the organic solvent on the printed circuit board
may be determ ned fromthe wei ght difference before and after its
application. The organi c sol vent usable aqﬁording to this invention should
desirably gives contact angles snaller tha 20 degrees with the conductor
and the insulating substrate. Al though the 5 “cause is not certain, such an
organi ¢ sol vent niot wbich thedpdstedt tieculiubbareleoh rwelsickenbe gyoatihgtibelefir i nt ed
circuit board. Accordin fornms a uniform and stabl e géganic sol vent

ly, it -
| ayer not only on"“?’f‘lt%lgj é%’l"lf’m@f“ thdeich dtatemperatise thghes BR the
projected part fog n@gt n&@é@% 8,%?&@3,? t};@ |{B%$batf5pgsrratsgrhm and the 10

conductor, as at t cor par't’ o I n"contrast, organic solvents
whi ch show cont acThuarsgémss Iaap@eess tfmrnfomvtgegmam toiugh etr’rwgbdnduct or and the

i nsul ating substr does, n uatel reduce the, surface free energy of
the printed ci ?’ Lf?fél%%"r dts’ PR@E@ %ﬁg"f’foq’?é Ak OY’H‘FQHHQB‘(%FbF‘eh'SEgani c

sol vent [ayer w |dnop hjieﬁnde%tﬂﬁda% td Idrige Bhdigh AMET fok "tﬁe JukdiRagl of the
printed circuit. Such solvents are theréefore undesirable. The contact

angl es of radicals which undergo the curing reaction under heating to

undergo adequate reaction. Fcr this purpose, with functional
radicals which undergo seli-ccndensation reaction like epoxy

10 group and amine or carboxyl group and acid anhydride or hydroxyl
group and carboxyl or methylol group, amine, isocyanate or like
groups, keeping heating at 140 - 160°C for about 30 min is proper.
Raisiﬁg the temperature over that at which the insulating
substrate will deform should be avoided.

15 ! The present inventers héve also found that the step (1)
in th:e above mentioned solder mask forming process can replaced
by the following steps (1-a), (-b)} and (1-cj. whereby the same
technical effects are obtained. The step (1-3) is a step in which
an organic’ solvent layer is formed on the surfaces of the

20 insulating substrate and the ccnductors by applying an organic
solvent on the surface of the printed circuit board. The amount of
the organic solvent to be applied should be controlied to have 1 -
1000 mg/dm2 of an organic solvent layer formed on the surface of
the printed circuit board. The controlling of the amount of the

25 organic solvent on the printed circuit board may- be done also by
drying some of it after its application. The amount of the organic

solvent on the printed circuit board may be determined from the



the organic solvent wth the conductor and the insul

ating substrate are

readily measurable with use of a FACE autonmatic contact angle neter

(manuf act ured by Kyowa Kainmen Inc.). 20

Act ual exanpl es of

organi ¢ solvents nentioned as preferably usable according to this invention
i ncl ude aromati c hydrocarbons such as toluene and xyl ene; al cohols such as

et hanol , propanol and butanol; ethers such as nethyl

phenyl ether and

t etrahydrof uran; ketones such as nethyl é&fthyl ketone and nethyl 25
i sobutyl ketone; esters such as ethyl acetate and butyl acetate; ether

al cohol s such as,ghhy|RseaLy GOl ATRLAN 1t BEBcafbRY! ene ol yeol

nonobut yl ether and propylene glycol rnonopropy

and their

derivatives (acetic acid &t erganic soltehhashbllseaccdtdihg aovihsmriventemt rol |i ng
by drying the amgunt, K of the organic solvent held on the printed circuit
board, use of or¥fRHI% desirariniivemrentashangies eraias| Ypag| Hyoediaesor

evaporation is dggi {id! ndécto[ Iamd the insuﬁ%gtaﬁ)sﬂﬁgﬁ

r

organi c solvents, use of a roll coater, spraylng,.

o] ' I ng such
ugﬂﬁﬁgegﬁhgdipping and

so forth may Be casaeiismed,cdnain,i suchsamairgdnitisob@nt ootdbdynrediiees tha t he next
step (1-b), theeﬁ;l)hcr)v\der $ai nt is ?38%| ed on the printed cir ui} board havi ng

fage ofree, RRTPH Q

an organic solv

Rriptedh cireitioas?- 1ACCHBNgYngl [err]. The

powder pai nt usegyRE GOL Ak Eﬁdtﬁéﬁeid}ﬁgﬂ&i%ent layer not only on a

flat part of the insulating substrate but on the projected part

forming a border between the insulating material and the

10 conductor, as at the corner part of wiring. In contrast, organic

solvents which show contact angles larger than 20 degrees with

- the conductor and the insulating substrate does not adequately

reduce the surface free energy of the printed circuit board.

Accordingly, no uniform and siable organic solvent layer will be

15 formed with them all over the surface of the printed circuit.

Such solvents are therefore undesirable. . The contact angles of

the organic solvent with the conductor and the insulating

substrate are readily measurable with use of a

FACE automatié

contact angle meter (manufactured by Kyowa Kaimen Inc.).

20 Actual examples of organic solvents mentioned as

preferably usable according to this invention include aromatic

hydrocarbons such as toluene and xylene; alcohols such as ethanol,

propanol and butanol; sthers such as methyl phenyl ether and

tetrahydrofuran; ketones such as methyl ethyl ketone and methyl

25 isobutyl ketone; esters such as ethyl acetate and butyl acetate;

ether alcohols such as ethylene glycol monomethyl ether, ethylene

glycol monobutyl ethe_r and propylene glycol monopropyl ether; and



shall give a ASP value less than 3 between it and the aforenenti oned
organi c solvents (actually, the organic solvent is selected, with the
[err] S between it and the powder paint 1 5 conposition taken into
account). The [err] SP val ue used here neans the absol ute value of the

di f ference between respective solubility paraneters, the solubility
parameter in turn signifying the cohesive energy density of the pertinent
material. The solubility paraneter [errT€p of the powder paint conposition
used in this 20 invention is obtained by experinment. Actually, it nmay be
determ ned by fe r ef I t he

nol ecul ar vol uﬁtg gf HgJﬁ\?ang (ék SO ven%étbrs();,\?gach(%u |Jngvg§lﬁﬁ%‘th t he
nol ecul ar vol un® oéntecﬂynd“llbghdrijlﬁgZﬁ'nesaxhuemt ofathe bsaamimsdivagt peidnba [err],
the solubility paraneter. of tvE%EIOWSP sol vent; and errL t he SO|UbI|Ity

paraneter of anyehPHRegrriey i, L&ﬁﬁl%fh%%ﬁé‘aﬁgl"?ﬂ‘s SEHiP¥nd J. M
Cor bet t : Journafeifively slow Idfeg, lss‘a'e%ﬁﬁﬁle Vol . 12, p. 2359 (-68).
The nol ecul ar vol unme "V of eac orga o vent ai Tts cloudi ng point is

determ ned fsomits tol df@nthe. méﬂnotjhd apphysng reauctl, orgmic ssdllvwdrits,i #ge par anet er
~of any 5 organi Cf gorlolecnotatelrS sgsatyFnrgr,nbralSs in ang dupgikgualnadt Isgr}ojtgrr{irgyl a and
be mentioned, but it is not limited to them.

Then in the next step (1-b), the powder paint is

applied on the printed_circuit board having an ofganié solvent
10 flayer thereon in an amount of 1 - 1000 mg/dm2.

The powder paint used according to this invention
shall give a ASP value less than 3 between it and the |
aforementioned organic solvents (actually, the organic solvent is
selected, with the ASP between it and the powder paint

15 composition taken into account). The ASP value used here means
the absolute vaiue of the difference between respective solubility
parameters, the solubility paramster in turn signifying the
cohesive energy density of the pertinent material. The solubility
paramster Asp of the powder paint composition used in this

20 invention is obtained by experiment. Actua l'y, it may be
determined by a formula:

Asp = (Ve X Aml + Vinh X Amp) / (Vi + Vun)
(where Vq represents the molecular volume of any low SP solvent
at its clouding point; Vmp, the molecular volume of any high SP

25 solvent at its clouding point; Ami, the solubility parameter of any
low SP solvent; and Amn, the solubility parameter of any high SP
solvent), which appears in KW Suh and J.M. Corbett: Journal of



experinmental value of its coupling energy, but generally used are the
nuneri cal val ues which appear in Polyner Handbook, John Wley & Sons,
conpil ed by,J. Brandrup and B.U. Imergut. Accordingly, the ASP is the
absolute“value of the difference. 10 between the solubility paraneter of

t he powder paint conposition determ ned as hereabove-descri bed and the
solubility paraneter of the pertinent organic solvent which appears in the
literature. When the ASP val ue between the powder paint conposition and the
organi c solvent is lower than 3, the affinity 1 5 of the powder paint

particles to the ar I,c_solvent i tr.ong; ey ef.or t he, powder pai nt
particles are g}ﬁpﬁﬁg?ﬁqh{@a’ 1S|ct?ﬁ1°fh§°§u1rzf' égegsts\l%héﬁg)apgpﬁirﬂﬁ‘egwér powder

pai nt. Accor di R@lume iVt of aRRSErgRhie $dvaRNHt iUeBHgPpdiat the powder pai nt
particles adequately thick one upon another on the surface of the printed

20 circuit bodeterandechdremt herfeteignt®n. In contrast, if the ASP val ue

bet ween t he powder painty.C It a r gani.c I s higher than
3, the affinity of the P&M&Q;’B%{ae};n@% a?’?? %p@g?'ggp?@%%gﬁ%bysol vent is
weak, causing tohgaridsdNERRGs diftedniiRed WY eHe Raichlatiparibifligasakei ng repel | ed
fromthe surface, when applying the 25 powder paint thereon to take place.

Consequent |y, ekPeEmMeRgbysiust ef its gaupling lpaepmywdit gruerallypused @res
adequat el y tih's?ljfe R0fHBRNVZ084 HRict Bphdf iR PAYRE: Hahfbbdk, RRARD- On this

account, it
Wiley & Sons, compiled by J. Brandrup and B.U. Immergut.

Accordingly, the ASP is the absolute value of the difference
10 between the solubility parameter of the powder paint composition
determined as hereabove-described and the solubility parameter .
of the pertinent organic solvent which appears in the literature.
When the ASP value between the powder pai_nt
composition and the organic solvent is lower than 3, the affinity
15 of the powder paint particles to the organic solvent is strong;
therefore, the powder paint particles are not repelled from the
surface, when applying the powder paint. Accordingly, it is
possible to contiguously pile the powder paint particles
adequately thick one upon another on the surface of the printed
20 circuit board and hold them thereon. In contrast, if the ASP value
between the powder paint composition and the organic solvent is
higher than 3, the afﬁnity of the powder paint particles to the
organic solvent is weak, causing the phenomenon of ‘the péwder
paint particles being repelled from the suriace, when applying the
25 powder paint thereon to take place. Consequently, it is
impossible to pile the powder paint particles adequately thick one

upon another on the printed circuit board. On this account, it is



1 4 difficult to forma contiguous coating free of bubbles. In the step
(1-b) of applying the powder paint conponent by way of. powder coati
i s desitrrable to keep the amount of the organic solvent held on the surface
of the printed 5 <circuit board at 1 - 1000 ng/[err]. If the anount
organi-c solvent held on the surface of the printed circuit board is snmaller

than 1 ng/[err],

the affinity between the substrate and the powder

conpositi-on is weak. Accordingly, uniforfgyand adequately thick coat

not be produced
bubbles tend to

enbedded. Such a

on the printed circuit board, 10 wth the result t

r.ﬁﬁ;’kn and that fine wiring circuits are less fully
GIEEAY 199 'YL S RORYIGHOYYi CRA1ES: fret Rt BYBP!'#incti on as

mask. |f the anmount of t [sF=YaY I d spdiface of t
board i shlﬁat(rP'Ses?thJ ﬁ(éﬁﬂl%fggﬁﬂg%eprg{b&%r pihe:

printed circuit

, 1ts 'saggi ng occ

ng, it
of the

pai nt
i ng can
hat

a sol der
he
urs on

the surface of té¢mmporent byi waedf qioveler tcoating.dit is Idesirdpler tackeéary te om

formati on of uni
can not be mai nt

%ormfirl of organic st AsS a .resu

[MRY Shien 87N 5Pl e”

the coating ogg adifrest bedrli M911.01666 W@ameS BahbSImGimTof thenGhhme as

sol der mask.

The step of this invention of applying

: hi ck [
2R3 s 18 Rce BB PHEIAY 5.t hus

a
t he

powder pai nt congdvenitheléh arhéhepisurfees odi the uprinted airduitebodved ipesthallemed, usi ng

a printed circui
tenperature. In

c

bl P By 8RR o TS CBenisEr: ST rciec e

i mproved. For thifntoYsRBeStion he wdknt ettctidingh,! uliRRid and adequately

10

thick coating can not be produced on the printed circuit board,
with the result that bubbles tend to remain and that fine wiring
circuits are less fully embedded. Such a coating does not provide

satisfactory function as a solder mask. If the amount of the

" organic solvent held on the suriace of the printed circuit board is

15

25

larger than 1000 mg/dm2, its sagging occurs on the surface of the
printed circuit board, thus detracting from formation of uniform ‘
film of organic solvent. As a result, thick coating can not be. .
maintained . on the circuits and the circuit corner parts, thus the
coating obtained failing to assure its satisfalctory function as a
solder mask. -

The step of this invention of appiying' the powder paint
component on the printed gircuit board may be performed, using a
printed circuit board heated to some. degree under its curing
temperature. In that way, the paint composition's coherency can
be further improved. For this purpose, the printed circuit board
should be heated to 5 - 80°C, pref_erably 15 - BO°C and more

breferably 30 - 80°C.

The powder paint composition used in this invention

further



25 should be heated to 5 - 90[err] preferably 15 - 80[err] and nore
preferably 30 - 80[err]. The powder paint conposition used in this
inventibn *1 5 should -preferably be applied on the printed circuit board
by fluidized dipping, electrostatic fluidized dipping, spraying or

el ectrostatic spraying or like coating nethods, but the usable nethod is
not limted to them In this process, the powder paint 5 conposition should
be coated on the surface of the printed gcircuit board preferably to a .
coating thickness of 10 - 60 [err] nnre?éreferably a coating thickness of
.20 - 50 [err]. After formng a |layer of the powder paint conposition on the

surface of the ghduli @eefetabibe Asmied, ot hBe SRR cittsik bbardlBy f or ned t hr ough
the steps al ready described in the previous invention, that is, a step of

turning the | ay#fidiged; digpisndtiecisestatio JbHeised t fiBRINGNtPrayiednet guous
coating, a Steloelé?étré éﬁcd' ?Fala/}ggn‘élrt iV 9&% rn’?éiﬁoc?}é‘e&ﬁoﬁet DEgylgh a pattern

mask, then, a step o eve a nmedium |ch di ssol ves
the 1 5 region memodrusamhtalirarﬂed)yo uhemaviroltms pragessanie postdep pafnthol di ng the

printed CII‘CUI'[ board at a tenperature higher than the curing tenpperature
of the powdeP pRAMROSTHRD ?W'ﬁ%@i’a'ﬁgi fe t %eﬂ"‘é@&o‘?f&hﬁgp?"&egrﬁ'%cultnvent|on

board preferably to a coating thickness of 10 - 60 um, more
preferably a coating thickness of 20 - 50 um.
" After forming a layer of the powder paint composition
on the surface of the printed circuit board, the solder mask is
10 formed through the steps aiready described in the previous
invention, that is, a step of turning the layer of the powder paint
composition into a contiguous coating, a step of irradiating
ultraviolet rays thereon through a pattern mask, then, a step of
méking the development with a medium which dissolves the
15 region not irradiated by ultraviolet rays and a step of holding the
printed circuit board at a temperature higher than the curing
temperature of the powder paint.
As the powdsr paint used according to this inve.ntion
which is curable by both irradiation of ultraviolet rays and heat
20 should. desirably be powder paint compositions consisting of (i)
30.- 90 parts by weight of resiris with their number average
molecular weights larger than 1000 and being solid at the normal
temperature, which have 0.1 - 3 radically polymerizable
unsaturated groups and 0.1 - 5 functional radicals which undergo
25 curing reaction under heating in those having a number average
molecular weight of 1000, (ii) 70 - 10 parts by weight of

compounds with their number average molecular weights smaller



which is curable by both irradiation of ultraviolet rays and heat 20
shoul d desirably be powder paint conpositions consisting of (i) 30 - 90
parts by wei.ght of resins with their nunber average -nol ecul ar wei ghts

| arger than I000 and being solid at the normal tenperature, which have 0.1
- 3 radically polynerizable unsaturated groups and 0.1 - 5 functi onal

radi cal s which undergo 25 curing reaction under heating in those having a
nunber average nol ecul ar wei ght of 1000, igi) 70 - 10 parts by wei ght of .
conpounds with their nunber average nol ecul ar wei ghts small er 1 6 than
1000 and being solid at the normal tenperature, which have a plurality of
radi-cal 'y pol yner h28p1@0Q 384 bing &8lidabdpe normal tempergture.. ngﬁ:hpa?‘tes by

wei ght -of phot opol, ygerd it ds 0 4 Lxinet, i L ORALL.| t p SRy wei ght
of the total of he Siaeh il el BhfehPhelt ARRLIARA, BrekbeP BRELRY T hei
nunber average nof.dcul Hr pestisgby swéighigef ghotopolyitérizaidnbmitiegorsddi d at t he
normal tenperature ich haye 0,1 - 3 radigall I ri zabl e unsat urated
groups in those h%(?P\ﬁgm& Wu%e‘?arfti/@’a gﬁ’DPé@‘Lﬁ i‘?‘gﬁ@?’gﬁ? ad‘?‘“"l’ﬁ%)(f’qn@y be
added. I'n thissgi ngidnge, HiRieseIedifs Witrbthelr AumBEHadedlgauindidegidress than

50% by wei ght of the total resin conponents. Further, the so-called curing

and bridgi ng agenwsightshiacperc thanuh@dd godcheinghgolidaadtthennarmédr heating with

the temperature, which have 0.1 - 3 radically polymerizable
unsaturated groups in those having a number average molecular
weight of 1000 may be added. In this instance, the resins to be

10 added should be less than 50% by weight of the total resin

| components. Further, the so-called curing and bridging agents,
which can undergo curing reaction under heating with the
functional radicals the resin component of (i) has may be added.
In this instance, the molecular weight of the curing and bridging

15- agents; is not particularly fimited, but they should desirably be in
sofid state at the normal temperature. As such curing and
bridgin:g agents, for example, polyepoxy, polyisocyanate,
polycarboxylic acid, polyamine and fike compounds are available.
Their amounts 1o be added should desirably be at the same

20 concentrations as those of the functional radicals, but are not
necessarily bound by this condition. The resins of (i) need to have
number average molecular weigﬁté larger than 1000. If they are
sméller than 1000, the final molecular weights are not
adequ'ately large, however large extent the photocuring reaction

25 or the curing reaction has proceeded. Then they are dissolved by
the developer or have inadequate heat resistance, resistance to

solvents and durability. In addition, because of the rapid



functional radicals the resin conponent of (i) has may be added. In this

i nstance, the nol ecul ar weight of the curing and bridging 15 agents 1is
not particularly Iimted, but they should desirably be in solid state at
the normal tenperature. As such curing and bridging agents, for exanple,

pol yepoxy, polyisocyanate, polycarboxylic acid, polyam ne and |ike
conpounds are avail able. Their anobunts to be added shoul d desirably be at
the same 20 concentrations as those oquhe functional radicals, but are
not necessarily bound by this condition. ‘The resins of (i) need to have
nunber average nol ecul ar wei ghts larger than 1000. If they are smaller than
1000, the final adwdneeteat olecwgings remcdomadf ddeenedmiiar hWeighe, however | arge

extent the photocuring reactian 25 r the curing reaction has proceeded.
Then ey ar o chULBPUB. 555 SHAMRGRePDERFIS: hiras And Aty At

resistance, reshdAACSbes IOy 88 Gv@edty aBidchl -ﬁdl&raﬂﬁgkiwﬂh because of

the rapid 17 advancenent of curing reaction o ow nol ecul ar wei ght

conpounds, the &htknkadgeinhblesoand sgons Thar psirambeadhte ha=ud.tand i nt er nal

stress tend ho '%i ve ris ective solder ma cracks and pinhol es
The

to.def sk with
and so on. dicaly pelupszable, posptugated oraups, iy ctBnP?‘il N&¥I"Prdr i zabl e
unsat urat ed gr oplRfbémMatdrage Mebingr defYHTRAT 1800er agendiPhambbalis Wedght  of
1000. If their nunber is less
than 0.1, the photocuring reaction induced by exposure is
insufficient, resulting in inadequate resistance to the developer
and so failure in forming the necessary image. If the number of
10 polymerizable unsaturated radicais is in excess of 3 in those
having a number avefage molecuiar weight of about 1000, coating
shrinkage is large, producing cracks and pinncles. Further, such
resins need to have 0.1 - 5 funciional radicals which undergo
curing reaction under heating in inose having a number average
15 molecular weight of -1000. In this instance, if they have less than
0.1 radicals, the curing of the resins by the later curing is
inadequate, resulting in ins:ufficient resistance to soldering
through, plating and so forth. Conversely, if their numbers is in
excess of 5, coating shrinkage occurs, producing defective masks
20 only. In the similar vein, these resin components need to be used
in 30 - 90 parts by weight.

The resin componenis with their number average
molecular weights larger than 1000 and being solid at the normal
temperature, which have 0.1 - 3 radicélly polymerizable

25 unsaturated groups and the resir components with their number
average molecular weights larger than 1000 and being solid at the

normal temperature, which have 0.1 - 3 radically polymerizable



than 0.1, the photocuring reaction induced by exposure is insufficient,
resulting in inadequate resistance to the developer and so failure in
form ng the necessary inmage. If the nunber of 10 polynerizable unsaturated
radicals is in excess of 3 in those having a nunber average nol ecul ar

wei ght of about 1000, coating shrinkage is |large, producing cracks and

pi nhol es. Further, such resins need to have 0.1 - 5 functional radicals

whi ch undergo curing reaction under heating in those having a nunber
average 15 nol ecul ar wei ght of 1000. Inithis instance, if they have |ess
than 0.1 radicals, the curing of the resins by the later curing is

nadequat e, 1 esBhLuDfiD drASH Lhe1 £0ts HERIBRANGRLS: IAIP LGN ough

plating and so fort heir I'n excess of 5,
coating shri nkager:rtgece&cﬁnpnp!r@duﬁeagngjef ﬂmgevmmlasnmbanhyeraga the simlar
vein, these resin components need to be used in 30 - Earts by wei ght.

The resin conpofd¥ge! Wﬁ’gﬂ’hé’l r1O00n 158 %&&0%”@(‘!&1%? Wefghts | arger
than 1000 and beidigaioldofjrdrizebe AR Latgeggﬁorug&usm ol ch have 0.1 - 3

radi cal ly pol yneriza unsaturated gro esin conponents with
t heir nunber &vmeﬂmcrmylemu’nrmmoyfklagidt Bkd growrs, tvalsinh lﬂ@Op@mnheb'eédlg solid at

the normal tenpgralil St gl "Ihe Dndtional radiaie whiol BmiEinaly® 18
undergo curing reaction under heating include, e.g., epoxy group,
epoxy and carboxyl, epoxy and amino, epoxy and imino, and like
combinations of groups; hydroxyl group and blocked isocyanate,

10 amino group and blocked isocyanate, carboxyl group and blocked
isocyanate; methylol group, methylol group and hydroxyl group;
alkoxy methylol group, alkoxy methylol group and hydroxyl group
and like groups or combinations of groups which the resins have
within the same molecules or between different molecules.

15 These functional radicals may be introduced simultaneously as
synthesizing such resin components or they may be introduced by
addition reactions, after the resin components have been
synthesized. Actually illustrating the resin synthesis, in the case
of acrylic resin being the substrate, acrylic resins having spoxy

20 radicals in their side chains are synthesized by mixing _under
heating in the presence of some polymerization initiators
monomers having glycidyl radicals, e.g., glyéidyl acrylate,
glycidyl methacrylate and other monomers, if necessary, in any
solvents which are capable of dissolving the resins formed.

25 Thereafter, the reaction is advanced with addition of monomers
having carboxyl and/or hydroxy radicals, e.g., acryl acid,
methacryl acid, hydroxy methyl acrylate, hydroxy methyl



unsaturated groups and 1 - 5 functional radicals which undergo curing
reacti on under heating in those having a nunber average nol ecul ar wei ght of
1000, are actually those having as the radically polynerizable unsaturated
groups acryloyl, 5 nethacryloyl, cinnanoyl and |i ke groups, which are

pol ymeri zed by ultraviolet rays. The functional radicals which

si mul t aneousl y undergo curing reaction under heating include, e.g., epoxy
group, epoxy and carboxyl, epoxy and am no, epoxy and imno, and |ike

conbi nati ons of groups; hydroxyl group anti®bl ocked i socyanate, 1 0 ami no
group and bl ocked i socyanat e, carboxyl group and bl ocked i socyanat e;

met hyl ol group, sbRIatgr met hyl ol group,-
al koxy net hyl ol gﬁ%up Q%}g qﬁr oxyI g a?h%xg ﬁﬁgro&oéﬂi&% conbi nati ons of
“groups which the methiane/lmavendmstohbn wkﬂesadmngrqioepﬁéré&tmn dibiesn di f f er ent
nolecules. 1 5T es functi o?ﬁh n‘@ﬂl cal s nmay be introduced sinultaneously
as synthesi zi ng ?‘6@9 ragdisaty ¥'§°%¥aql?1éﬂf‘sﬁﬁ-ﬁfatﬁé PrRYPSAINt®Y BY additi on
reactions, after stu BBly f@sm%%ﬂnp@n@%fech%ssxm SEplacsbERea Bt ual |y
|IIustrat|ng the resi'n synthesis, in the case of acrylic resin being the
substrate, acr§l ireversiignthehsaiepsg Elpm(moznbmeradrawabscarhoxylhanld’cm de chains

are synt hesi zed m Xi ng under a in the presence of sone .
pol yneri zation i %Pf%ﬁyog pg'\e J@?‘?ﬁ“ﬂ?y& 'g‘iﬁes?%(éh il §’°R’éned'zedgl yci dyl
acrylate, glyci dWrst”%@?éHyy's?ﬁtﬁe@ﬁﬁugohefyhc MRIHEE havin fc&'r%%ﬁ?lsﬁhuﬁor' n any

sol vents which are capabl é of dissolving the resins forned. 25 Thereafter,
the reaction is audeoxyb@grovpshirathliit side ofiaimdndBuhssquently, glycldyl

acrylate, glycidyl methacrylate, glycidyl cinnamate and like
10 compounds are reacted with such resins in the presence of
polymerization inhibitors andicr oxygen. At this time by .using
numbers of moles of glycidyi acrylate or glycidyl methacrylate,
glycidyl cinnémate and like compounds which are smaller than the
number of moles of carboxyl and hydroxyl groups combined, resins
15 prox}ided with both radically polymerizable unsaturated groups
and functional radicals which undergo reactions under heating
may be obtained. By removirg the solvents used for |
polymerization after ending the reaction by way of reduced
pressure distillation, with use of a spray drier or a like method,
20 acrylic resins being in solid state at the normal temperature,
which have radically polymerizable unsaturated groups and
functional radicals which unc"ergo curing reaction under heating
may be obtained.
When polyester resins are used as substrate, carboxyl
25 and/or hydroxyl groups are Isft in their molecules through
dehydrating condensation reaction conducted in the well-known

way; thereafter, the products are reacied with acrylate or



havi ng car boxyl and/or hydroxy radicals, e.g., acryl acid, methacryl acid,
hydr oxy net hyl acryl ate, hydroxy nethyl 1 9 nethacryl ate, hydroxy propyl
acryl at’e, hydroxy propyl nethacrylate and so on, while adding

pol ynmeri zation inhibitors for |leaving radically polynerizabl e unsaturated
groups intact or supplying oxygen. The object substances may be obtai ned by
5 reversing the steps. Thus npnoners havi ng carboxyl and/or hydroxy groups
and ot her nononers, if necessary, are pqlynerized first, thereby

“synt hesi zing acrylic resins having carbdxyl and/or hydroxyl groups in their
si de chains. Subsequently, glycidyl acrylate, glycidyl nmethacrylate,

gl yci dyl ci nnammiethagrgliate kmodoeso peing dfunatienalectiicits witith seabt resins in

t he presence of polynerization inhibitors and/or oxygen. At this tine by
usi ng numbers oWithotheseofungtigpaldgrounsr \B-a+ lvridy| %W%% BERXEryl at e,

gl yci dyl cinna | k 0 1 C i | t he nunber of
nol es of car bom&gﬁﬁgl&%‘r %)%ng]r %gza%%hbh%?cig@l n'gai%g}%g?’ovi ded with
both radical |y potyigeddia ablaridenseéthaayikel agidouplsride cinbiusie tonoaad r adi cal s

whi ch undergo reactjons under heatjng may be obtai negl.C Bé/?]r enovi ng the
sol vents used f 8WCisyl \FRIEMART ot dPiBelMENBYnTFACHRO MERC BYDh "B way of.

reduced pressur ¢, Glihidd akiRR: oMildihd Pl rondRiedY ifTHUibR o mdide et hod,

smaller than that of the carboxyi and/or hydroxyl groups which
have been left in their molecules, radically polymerizable
unsaturated groups and functional radicals which coincidentally

10 undergo curing reaction under heating may be introduced into the
resins. |

In the case where the substrate is epoxy resin, epoxy

resins having functional radicals which undergo curing reaction
under heating with radically poiymerizable unsaturated groups

15 may be obtained by reacting acrylate .or methacrylate base . \
monomers having carboxyl or hydroxy ethyl acrylate, hydroxy
methyl methacrylate, hydroxy propyl acrylate and so on, with
resins, for example those synthesized from bisphenol A and
epichlorohydrin by the well-known method or glycidyl etherized

20 resins of phenol novolak or cresol novolak by utilizing their
terminal epoxy radicals, or by reacting therewith acrylic acid
chloride, methacrylic acid chloride, acryloyl isocyanate or
methacryloyl isocyanate and so on by utilizing hydroxyl groups in
their molecules. In this instance, in view of their performance as

25 a solder mask, resins having large number of epoxy radicals left

as in the latter are more preferable.

Besides, resins which meet the requirements intended



2 0 acrylic resins being in solid state at the nornmal tenperature, which
have radically pol ynerizabl e unsaturated groups and functional radicals

whi ch undergo curing reaction under heating nay be obtai ned. Wen pol yester
resins are used as substrate, carboxyl 25 and/or hydroxyl groups are |eft
in their nol ecul es through dehydrating condensation reaction conducted in
the wel |l -known way; thereafter, the products are reacted with acrylate or
20 methacryl ate nmononers having functiongly radicals which react with these
functional groups, e.g., glycidyl acrylate, glycidyl nethacrylate, acryl oyl
| socyanate, nethacryloyl isocyanate, acrylic acid chloride, nethacrylic
acid chl oride antP $avermandesobfrineddi denatndnmtvarions resing hithado .by reacti ng
Wi th such resin nnk@ﬁ§§$§ acrylate or nethacryl ate nononmers in nunber of
mol es smal ler th4f' T f the carboxyl -and/ or hydroxyl groups which have

been left in their nol ecusigse thash Gadihy 48! MARI fa bh Letidls dfUpSWESE gr oups
and functional radicals which coincidentally 10 wundergo curing reaction
under heating neRaib.ifat thrmcledhave slockiagr esistance| as tppwdeaseiniBer e t he

aor o et e Dby feld o BEUDSIIE AR DM Sorkti e BRANA TG WA o
resins are, therefore, synthesized with their glass transition
points as a reference. When organic solvents have been used in
their manufacture, they are used. after removing such solvents by
methods commonly in use for their removal, i.e.., reduced pressure

10 distillation or spray dry process or other methods.

Preferably used as -compounds with their number
average molecular weights smaller than 1000 and being solid at
the normal temperature, which have a plurality of radically

i polymerizable unsaturated groups are, e.g., condensates of

15 hydroxy-ethyl isocyanurates like tris(2-acryloxy ethyl)
isocyanurate and tris(2-methacryloxy ethyl) isocyanurate with
acrylic acid or methacrylic acid; compounds derived from
isocyanates like reaction products of tolylene diisocyanu.rate
dimer or 4,4'-’dipheny'l methane diisocyanate with hydroxy ethyl

20 acrylate, hydroxy ethyl methacrylate and so on; condensates of
bisphenol A, bisphenol F, polyphenol (novblak base), halogenized
bisphenol, etc., with hydroxy ethyl acrylate or hydroxy ethyl
methacrylate, etc., and adducts thereto of glycidyl acrylate,
glycidyl methacrylate or glycidyl cinnamate, and so on. These

25 compounds meet the indispensable requirement in providing
resistance to developers by rapidly cross-linking the parts

irradiated by ultraviolet rays for image formation through photo-



under heating with radically poiynerizable unsaturated groups 1 5 nay be
obt ai ned by reacting acrylate or nethacryl ate base nononers havi ng car boxyl -
or hydroxy ethyl acrylate, hydroxy nethyl methacrylate, hydroxy propyl
acrylate and so on, with resins, for exanple thosé synthesized from

- bi sphenol A and epichl orohydrin by the well-known nethod or gl ycidyl

et herized 20 resins of phenol novol ak or cresol novol ak- by utilizing their
term nal epoxy radicals, or by reacting therewith acrylic acid chloride,
methacrylic acid chloride, acryloyl isocyanate or nethacryl oyl isocyanate
and so on by utilizing hydroxyl groups in their nolecules. In this

i nstance, in vi e\AP@ﬁ.Q'W]éEaCti?@rf(ﬂ'thﬁ*@bmw canpenedtsd enlyndBk ,exXPesYes havi ng

| ar ge number of e icals Jeft as.in the |latter are e_preferable.
Besi des, resins V\Eﬁﬁé%n%gg% %{g k&q&?‘feerl@_n%hg F?\'tcgh%‘gaooqymﬁqb){%mﬁéve may be
obt ai ned by denat wakctign)y abb@itifg IR SloWs sehdiiig tiut Wehén kimowzo Pameeby hese
resins are main raw materials of powder paints, for themto have bl ocking
resi stance as powdeiShhafngampapndshwithnibey melesularweighty smalies thant ne

DOLTE! e S o MRS AR OF i’ BYBEAR, siBREEY LD e
used in unsaturated groups are used, the photopolymerization initiating
reaction takes place at high efficiency, yielding photosensitive
resins with high sensitivity. {f this resin is liquid, blocking
resulting from the liquid moving on the powder surfaces with
10 passage of time is unavoidable. Therefore, it needs to be solid. If
its amount used is less than 10 parts by weight, the photo - _
bridging reaction is slow, S0 that long exposure time is required,
and because of inadequate photo-bridging reaction, the part
necessary as mask is dissolved out by the developer at the time
15 of development, thus detracting from its due function.
Conversely, if its amount is larger than 10 parts by weight, _the‘
amount of t:he resin components which are polymers is small.
Consequently, even though the photo-bridging reaction well
proceeds, the curing reaction between molecules is less advanced
20 by the after-curing reaction after the image formation. As a
result, its adequate functions are not manifested in heat
resistance, plating resistance, flux resistance and durability and
so on, which are necessary for a solder mask.
' The photopolymerization initiator, one. of components
25 required in this process, is not particularly restricted. Any
agents being generally -in use as photopolymerization initiators

for photocuring resins are usable. However, taking account of



their manufacture, they are used after renoving such sol vents by. nethods
comonly in use for their renoval, i.e., reduced pressure 1 O distillation
or spray dry process or other nethods. Preferably used as conpounds wth

t heir nunber average nol ecul ar weights smaller than 1000 and being solid at
the normal tenperature, which have a plurality of radically polynerizable
unsaturated groups are e.g. condensates of 1 5 hydroxy-ethyl

i socyanurates like tris(2-acryloxy ethyl}ai socyanurate and
tris(2-methacryloxy ethyl) isocyanurate with acrylic acid or nethacrylic
aci'd; conpounds derived fromisocyanates |ike reaction products of tolylene
di i socyanur at e diheér usabla time @sppewddr paintsarteosti beingyinaeld wate alydr oxy
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bi sphenol , etc., whichhhiydmopyssibility| thae niidyatnsight blegdr @avsiabhylbckig hacryl at e,
etc., and adducts thereto of glycidyl acrylate, glyci gg/l net hacryl ate or
‘gl ycidyl ci nnamafktheyrawdersen Thelicaxamples tsiysiou haszayb simethy! kawnepensabl e

the parta i rr o SRErHSAotE M EE RopRaR Kb Heh Y SRR AL SLon phot o-
22 bridgi ng reacg j2edimeVidxy-Pohymeracsptments et but tdre satposur e
necessarily restricted to. them. Their mixing rate which is
normally employed in the photoinitiation reaction is proper, 0.1 -
10 parts by weight being optimum, taking account of the
10 efficiency  and cost.
| These resins, compounds and sensitizers are used in
their mixed state. Thu-s they may be mixed i solid state, after
finely comminuted, using a mixer (for example, Hanschel mixer
and Supe.rmixer). More preferably, however, various components
15 should be melted and kneaded in an extruder, hot kneader, Banbury
mixer and like heater/mixers, and thereafter finely pulverized,
yielding powder paints having mean particle sizes of 5 - 200 um,
preferably 20 - 100 um. At this time. the melting temperature
must be higher than the softening points and melting points of
20 various components, but lower than their curing temperatures.
When any components which are nearly liquid are used, mixing
such inorganic fine particles as those of silica together
therewith is desirable for prevention of blocking.
Into ‘the composition of this invention, preferably
25 crystalline resins having phase transition temperatures of 60 -
120°C may be céompounded as a part of the resin component (i). 5 -

50 parts by weight of the resin components should desirably be



efficiency is very low (due to the so-called pol yner/pol ynmer reaction),

resulting in low sensitivity, but when 10 - 70 parts by wei ght of conpounds

with -their nolecular weights snmaller than 5 1000 and having a plurality of

radi cal 'y~pol yneri zabl e unsaturated groups are used, the

phot opol yneri zation initiating reaction takes place at high efficiency,

yi el di ng photosensitive resins wth high sensitivity. |If this resinis

| i quid, blocking resulting fromthe | %gui d noving on the powder surfaces

with 10 passage of time is unavoi dabf Therefore, it needs to be solid.

If its anmount used is |less than 10 parts by weight, the photo - bridging

reaction is s:lheme chbsﬂ‘ahme Fexngs. eXPIOrd (e fekdBly.| ther efystaiik rasidsbecause of

i nadequat e ph o br| dgi ng reaction, the part necessarg as mask is dissolved
h

out by the d SE ARG 1 5 3696'6@%%%??@%3 us detracting from
its due f Unmdr@&tur%ﬁ" ?Fo’iﬂsym tHosk! @ltﬁrmé’n'?tndn'?’oéraé\%‘?é d hadled@aparts by
wei ght, the anmount of tThe resin conponents are %o lymers 1s small.

Consequent | y, weighh of HAWGh drhburthieot thelyr g b@ myﬁtelﬂmememlsl proceeds, the
curing reacgtion between ecules Js es.s v ed 20 after-curing
reaction a tequarig'”ﬂnﬁbdé Rﬁ{ym'zab'ﬁs“ﬁs ‘?El‘ff 9TPYRS ﬁ@%ﬁhg\ae ®f uncti ons
are not mani festeg %@n hncti hﬁﬁlr&csleagqn ﬁ.béé'vﬂﬂw HeSt Huffbes, f1ux -
resi stance and dura y an S0 on, are necessary for a sol der nask.

The phot opol wveragsatmoiacmlar tweigbt of dm@Ootogeﬁanomere\slth required in this

process, is not parti ly restyicted. . An ents being generally in use
as phot opol yneri zati o "Ydeﬁ%ﬁ“@rss orm smooth ¢ atlng even at evé:]r

corner, with the' substrate held at a temperature above their
10 softening point. They are normally not dissolved in any solvent.
Their melt viscosity is higher than liquid pains and their fluidity
is not quite high. Accordingly, they are inferior to liquid paints.
- In order to overcome this difficulty by allowing the paint to enter
into every corner of the printed circuits. thereby forming
15 complete coating and make the suriace of the coating ver}
smooth, to eliminate scattering and diffusion of light in the
exposure step, thereby forming sharp image, such crystalline
resins are added. Thus by mixing into the whole powder .paint
composition, crystalline resins having phase transition
20 temperatures of 60 - 120°C, to be 5 - 50 paris by weight thereof,
the melt viscosity of the powder paint is notably reduced at the
time of forming its coating, therebdy aésuring good peneiration
into the corner parts and very high smoothness of the coating
surface. At this time, if the phase transition temperature is
25 lower than 860°C, their blocking resistance as powder paints
deteriorate, but if it is higher than 120°C, the melt viscosity of

the powders can not be reduced, unless the heating/hoiding



for photocuring resins are usable. However, taking account of 23 their
usable tinme as powder paints, those being in solid state at the nornal
tenperature-are preferable to those in the liquid state which have a .
possi bility that they m ght bl eed, causing bl ocking of the powders. Their
exanpl es include benzoyl -di net hyl ketone, 5 benzophenone, benzoin isopropyl
et her, benzoyl dinethyl ketal, 2,2-dinmethoxy-2-phenyl acetophenone, etc.,
but are not necessarily restricted to theshn Their mxing rate which is
normal Iy enployed in the photoinitiation-reaction is proper, 0.1 - 10 parts

by wei ght being optinum faking account of the 1 0 efficjency and cost.
These resins, cdﬁ’SBﬁm‘é"eaﬁd” ni8 CYBNG 1BPRETGLERS| nl FeMRi! erﬁqlﬁé’&b?[ ate. Thus

they may be m X%}nbeﬁ%ﬁeﬁdﬁie?éﬁog BEliden’ kAR S'PE?Qﬁn %inBQHf% m xer
(for exanple, Harnischel mxer and Superm xer). Nore preferably, however,
vari ous conponerugng hdehchdadingealmeist eiisappdak gy imprapeext r uder, hot

kneader, Banbyr)é gilxsr a d l![ige heg%gr/fm éers 3 nd rfteh%r ?aIterthfi nely
pul veri zed, yi elP§YRGPEERMer J3F AT W g r’r%r&ﬂ aPtieeiNe'Ss178sM8P 8 . 200
be. hi gher than- Ta st t o o e T J B e s T ot
conponent s, but hebwegltinthas snadl, roud Ut iitnig trempeasst ofr 88. parts by weight,
~the developability of the unexpcsed parts is low or the melt
viscosity is excessively low, with resultant loss of coating from
its sagging at the circuit edge parts, giving rise to its degraded
10 ' function as a solder mask.
Such crystalline resins are resins having ségments
~which tend to undergo crystal orientation. They may be selected
from polyester resins, polycarbonate resins, graft polymerized
'acrylic resins having crystalline segments in their side chains
15 and like resins. In this instance, the phase transition
temperature designates the temperature at which the phase
changes from crystal state to liquid state in the'heating process.
It is indicated by the temperature of the endothermal peak '
concomitant to melting of crystal on a differential scanning
20 calorimeter (DSC).

As the manufacturing methods of crystalline resins,
well-known methods are used. Taking polyester resins as an
example, such resins may be readily obtained through
esterification or ester exchange reaction from materials having

25 as their indispensable acid components more than one
.dicarboxylic acid components seslected from terephthalic,

isophthalic, 1,4-cyclohexane dicarboxylic, 2,6-naphthalene



When any conponents which are nearly liquid are used, m xing such inorganic
fine particles as those of silica together-therewith is desirable for '
prevention of blocking. Into the conposition of this invention, preferably
25 crystalrine resins having phase transition tenperatures of 60 - 120[err]
may be conpounded as a part of the resin conponent (i). 5 - 50 parts by

wei ght of the resin conponents should desirably be 24 these crystalline
resins. Mre preferably, the crystalljge resins should be those having 0.1
- 3 radically polynerizable unsaturated groups in those with their nunber
average nol ecul ar wei ght of 1000, or further, they may be crystalline
resi.ns 5 cont ai¢arRgxyligdi £4(-biphgoyly dinarbeanilie apisat ihekt methylups whi ch have

0.2 - 2 curin 1C1.] ical s i h ' | [._ nunmber average
nol ecul ar wei %F?Equfér{fggght%@%ﬁ%eré?'hre&rnémﬁgﬁ.h\gﬂh'&dé?eﬁﬁé{f nts form snooth
coating even JhdiSy@isabROGIVEd, c¥npbndhe rAbies tHadt endalisls adelecté®nper at ure

above their 10 softening point. They are normally not dissolved in any
sol vent. Thei fArafe|straight cdin \aliphatig girds having Bi quiBdcyRPAsAENE t hei r

pai nts. "I n Br at & oy oE T e U iy Yo e e YRk i i to enter

into every cordeeanefdidihetq).i Bexddes treuiataremiehtsmday dfcarbuxglic acids,

they may contain less than 30 mol% of the acid components of
such acids as phthalic acid anhydride, hexahydrophthalic acid
anhydride, trimellitic acid anhydride, adipic acid, sebacic acid,

10 azelaic acid, etc. |f the polyester resins contain more than their
30 mol%, their crystallinity declines, contrary to the purpose.

Similarly, besides the aforementioned diols, less than

20 mol% of polyol components such as diethylene glycol,
triethylene glycol, neopentyl glycol, 1.,4-cyclohexane dimethanol,

15 1,4-cyclohexane diol, alkylene oxide adduct of bisphenol A,
glycerine, trimethylol propane, trimethylol ethane and
pentaerythritol, etc. If polyester resins contain more than 20
mol% of these components, their crystallinity degrades, contrary
to the purpose. ' : :

20 By the well-known method of manufacturing polyester
resins using these materials, that is, through
dehydration/condensation reaction, crystalline polyester resins
intended to have are obtained.

Introducing radically polymerizable unsaturated

25 groups into such crystalline resins may be done by reacting them

with acrylate or methacrylate base monomers having functional

radicals which are capable of reacting with the carboxylic and/or



15 conplete coating and nake the surface of the coating very snooth, to

el imnate scat
form ng sharp
t he whol e powd
transition 20

tering and diffusion of light in the exposure step,
i mge, such crystalline resins are added. Thus by m

t her eby
Xing into

er paint conposition, crystalline resins having phase

tenperatures of 60 - 120[err] , to be 5 - 50 parts

by wei ght

thereof, the nelt viscosity of the powder paint is notably reduced at the
g its coating, thereby a?r%uri ng good penetration into the

time of formn

corner parts and very high snoot hness

I f the phase t
bl ocking resis
120[err], the
heat i ng/ hol di n
al | owabl e tenp
curing under h

the coating surface. At this tine,

ransition tenperature is 25 |lower than 60[err\], their

thedxyhgreupsd st jraitheis rieeeulesy atge, glystdyi facryla

€s hi gher than

Then t he

nelt vi scosm%gof thegd%]\é\ﬂers can not  be [P{eyguced, unl ess the

§'ycidyismedhaneyiaie,, actyion dispeyanatey M Hhat¥IRYEr at ur es.
U Ryl dcrieChER BRbNESTard thdiRidrptd Qi Ehiaidel ng

eatrng al nos

and the

| sappear, causing inproper devel opnent. If

the anpunt of tete dnythisalnstameerlsiusingssthalias edvivplents qigamPadndiei ght, t he

melt viscosity
it is in exces

of coating fro

10

15

20

25

, but if

reducin ffect at, the ti of h |t ' mal |
§iaz5'ﬁ195tﬁ<g‘éaﬁlb’sp?}ymﬁﬁ1’%ﬂ?,U"{%g“’&g%g%%&% T[NH& ?, ,E)r%ktg he unexposed
parts is |ow onghh@n"Rideti¥h IRAR1th¥ fofalcéqassibme! ¥t tancaddxl resul tant |oss

m .
and/or hydroxyl groups in the resin substrate, functional radicals

which are curing under heating may be left. together with the
aforementioned functional groups.

The powder paint compositions used according to this
invention have radically polymerizable unsaturated bonds, which
are curable by ultraviolet rays, and functional radicals which are
curable under heating, into which 'compositions there may be
mixed, as require, photosensitive monomers, fillers, flame
retardants and curing accelerators which make curing reaction

under heating with the functional groups in the compositions.

These compounding agents should desirably in solid state at the

normal temperature, but are not bound by this condition. For
enhancement of resolution and photosensitivity, sometimes
photosensitive monomers which are liquid at the normal
temperature are added. lllustrated as such compounds are
trimethylol ethane tri(meth)acrylate, trimethylol propane
triimeth)acrylate, pentaerythritol (meth)acrylate, pentaerythritol
tetra(meth)acrylate and so on.

The repellency of the powdery particles from the
surface of the printed circuit board, when applying any powder

paint thereon may be precluded, before applying the powder paint



Its sagging at the circuit edge parts, giving rise to its degraded 1 0O
function as a solder mask. Such crystalline resins are resins having
segnments which tend to undergo crystal orientation. They may be sel ected
from pol yester resins, polycarbonate resins, graft polynerized acrylic
resins having crystalline segnents in their side chains 1 5 and like
resins. In this instance, the phase transition tenperature designates the
tenperature at which the phase changes28rom crystal state to liquid state
in the heating process. It is indicated by the tenperature of the

endot her mal peak concom t ant . el ti i erenti al |
scanni ng 20 cczﬁ’lrrborols‘__ e (eb&f%"&t ggl‘&dhg)gnvg%u?gé%&rahgeﬁgﬁodi of crystalline
resins, well - kiying NGstbeAanar @e Uskiled BicLinGodzed yatsa dempesiture as an exanpl e,
such resins may be readily obtained through esterifjcation gr ester

exchange reacthi@herf tham gt spiteniag pntngf Y% Pawdehepint R8RS bl e aci d
conponents nor g Lﬂﬁﬁ%%}]ﬁg%%ﬁé%ﬁ%b{ %naﬁw'edprg;iq@? ROk Sppbect ed from

terephthalic, 1s0p -cycl ohexane carboxylic, 2,6-naphthal ene
26 di car boxy! igaforéhdhd kinghieyi! aptilyiey e powdempaidt thdreom. dhnidishyl esters and
acid chloride, etc., and also having as thej li s for protection of the
way, sufficient amount of powder particle p
printed circuit board may be piled one upon another contiguously
on its surface and kept in that state. As a consequence, it is .
possible to form highly coherent coating with an adequate
10 thickness all over the surface of the printed circuit board,
whereby a solder mask providing high electrical insulation and
having heat resistance and resistance to solvents is obtained.
It should be noted according to this invention, any
powder paint composition which normally can not be applied by
.15 powder coating on a ;rinted circuit board which normally provides
insulation may be .held on the surface of the printed circuit bbard,
to permit its proper flow in the 'Iater heating process, by
preheating the board and/or applying some specified organic
solvent thereon. In that way, uniform film thickness may be
20 échieved. without producibg sagging as in spray coating fiquid on
the surfaces of both the insulating substrate and conductors
" thereon.’
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, description is taken of this invention
- 25 in connection with embodiments thereof, but it will not be
limited by them in whatever manner. The contacting angles

between respective organic solvents on the conductor and the



=

i ndi spensabl e gl ycol conponents nore than one diols selected from straight
chain aliphatic diols having 6 . 18 carbon atons 5 (e.g., 1, 6-hexane diol,
1, 8-octane.diol, 1,9-nonane diol, 1,10- decane diol, etc.). Besides the

af orenenti oned di carboxylic acids, they may contain |l ess than 30 nol % of
the acid conponents of such acids as phthalic acid anhydride,

hexahydropht halic acid anhydride, trinellitic acid anhydride, adipic acid,
sebacic acid, 10 azelaic acid, etc. If t pol yester resins contain nore
than their 30 nol % their crystallinity clines, contrary to the purpose.
Simlarly, besides the aforenentioned diols, |ess than 20 nol % of pol yol

Conponent S such jslgtiret bNbQMegémCtEpreéerntai Imyl uenEagﬂy\c@I. andgbpent yl gl ycol,
1, 4- cycl ohexane di net hanol, 15 1, 4-cycl ohexane di ol Iene oxi de adduct

of bisphenol A, agegluis jvindue M‘ltﬁétWPEﬂ“CBrBﬁ&’r‘?@” the; ﬁ%‘t’ Gyol et hane and
pent aerythritol ga?%rﬁetel'g o?%%( Eﬁﬂggéorﬁg%ﬁdﬁ 2iB" fet Nan 20 nol % of

t hese conponent eir crys 1t grades, contrary to the purpose. 20

By the wel | - knoaforertentidned orrr@amlé aolmmtmy pBPyester resins using these
materials, that is, through dehydr ation/condensation reaction, crystalline
pol yester redd nSynthetisdEgamBlendve are obtai ned. |ntroduci ng radi cal | y

pol ymer i zabl ¢ unsat ur at eg9 AUASIBRE SHICERE YRS 3l GRRNEABHER: MRy De

done by reacting them w ate ‘or acrylate base nononers having
functional radi ears pi mhaaeectnmpabb&ranfs eqaipped gvith ahthereomgtasoxyl i c
and or condenser, nitrogen inlet pipe and stirring vanes and the
temperature of the system was raised to 140°C. Then a mixed
10 solution of 1370 parts of methyl methacrylate, 520 parts of
glycidyl methacrylate, 110 parts of n-butyl acrylate and 80 parts
of t-butyl-2-ethyl hexanoate was dropwise added, taking 3 hr.
After holding this mixture at this temperature for 30 min,
following the completion of this addition, a solution of t-butyl-2 -
15 ethyl hexanoate in 40 parts of cyclechexanone was dropped in 30
min. The mixture was held at this temperature for 150 min and
then cooled down to 120°C. After 'replacing the gas to be
* introduced from nitrogen to oxygen, a solution of 1 part of
hydroquinone in 10 parts of cyclohexanone was added and then the
20 reaction was continued at this temperature, while dropping 132
parts of acrylic acid in about 20 min. As the acid value of the
system came to below 0.5, the reaction was terminated by cooling
it down. This resin varnish was spray-dried by use of a spray
~ drier, yielding an acrylic resin with a molecular weight of 3500,
25 which has acryloyl and glycidyl radicals.

Synthetic Example 2
1500 parts of xylene and 500 parts of cyclohexanone



27 hydroxyl groups left in their nolecules, e.g., glycidyl acrylate,

gl ycidyl nethacrylate, acryloyl isocyanate, nethacryl oyl isocyanate,
acrylic acid chloride and nethacrylic acid chloride, etc. In this instance
by using smaller equival ents of conpounds 5 having radically polynerizable
unsat urated groups which nake addition reaction than the total equival ents
of the carboxyl and/or hydroxyl groups in the resin substrate, functional

- radicals which are curing under heating nay be left, together with the

af orenenti oned functional groups. 1 0 30 The powder paint

conposi tions used according to this invention have radically polynerizable

unsat ur at ed bondasre\g&u;ti'htgr&ec%gﬁggg?&}r%ugé%%%{ugl gg i aé}'(y%the‘?i!ad functi onal

radi cal s which ar rabl'e und Wwhi'ch conpositions there may

be m xed, as reqekamplepNaires @es tdrpRatiit QMBRS syétell s, rafdedn® 15
retardants and curing accel erators which nmake curi ng reaction under heating
with the functi o’ Cyr diies 2 imixed sehitigBeft 1280sParth e énetBpoundi ng agent s

shoul d desi rabl ymﬁﬁﬁ%ﬁihg S %ﬁ?tts 8. %,ng?rgisag . @.ﬁétbgr?s Jput are not

bound by this con For ‘enhancenen uti on and
phot osensi ti vist ymethzwetlae and 080 hpdress eh st-butyle2-ethyd ren@anohteclvaar e | i qui d at
the normal tempel ot tise Soded fakig &'nr"SAkSr Roifiy e Bysiomrat e @ ¢
temperature for '30 min, fol!oﬁing the compietion of this
addition, a solution 20 parts of t-butyl-2-ethyl hexanoate in 40
paris of cyclohexanone was dropped in 30 min. The system was
10 then held at this temperature for 150 min and then cooled down to
120°C. After replacing the gas to be filled therein from nitrogen
~ to oxygen, a solution of 1 part of hydroquinone in 10 parts of
cyclohexanone was addéd and thereafter, the reaction was
dontinued at this temperature, while dropping 280 parts of
15 glycidyl methacrylate thereinto in about 20 min. This resin
varnish was spray-dried, using a spray drier, yielding .an acrylic
resin with a molecular weight of 3800, which has methacryloyl
and carboxyl groups. '
Synthetic Exampie 4
20 Into the same reaétion apparatus as used in Synthetic
Example 1, 3800 parts of epoxy resin of bisphenol A
epichlorohydrin type with an epoxy equivalent of 1900 and 4000
parts of toluene were put and the resin was dissolved.
Subsequently, 60 parts.of triphenyl phosphine as a catalyst and
25 20 parts of hydroqufnone-as thermal polymerization inhibitor
were added and further, 72 parts of acrylic acid was dropped, to

perform reaction with the-epoxy resin at 100°C for 5 hr, thereby



trimethylol ethane tri(nmeth)acrylate, trinethylol propane
tri(meth)acrylate, pentaerythritol (nmeth)acrylate, pentaerythritol
tetra(neth)acrylate and so on. 25 The repell ency of the powdery
particles fromthe surface of the printed circuit board, when applying any
powder paint thereon may be precluded, before applying the powder paint

28 conposition on a circuit-board by way of powder coating, by hol ding

bef orehand the printed circuit board at a tenperature higher than the

sof teni ng point of the powder paint cofposition, or putting an organic
solvent on the printed circuit ‘board 5 beforehand and then applying the

pouder pai nt t4apggRy i N AfdrSrgelods skl SleBAL i0WaBoYslgy parti cl es

for protection of the printed circuit board may be piled one upon anot her
conti guousl y olrigd susing faaspragndrideeyieldingt ¢pxixy sacryiete Adthaaconsequence, it

i
possi ble to form hiaghly.cohe coating with an adequate 1 0 thickness al
over the surfdB&e5! ng'?)l?ti ﬂ{ggb%iar'@u}‘?gﬂ%aarc&bﬂm‘é'?i 0%y L3HIGR: sk
provi ding hi ghegltkéid Exampid1sul ati on and having heat resistance and

resi stance to solvents is obtained. It should be noted according to this
i nvention, any powder pafonthec tagstish tapparatls olsedoingyntpetiaExaotplde appl i ed

by 15 powder £oati 19490 AeP"{ Mo Pl " ket & ibutdlafdOrdRR! | v Provides
' parts of 1,4-cyclohexane dimethanol, 510 paris of neopentyl
" glycol, 90 parts of trimethylol prepane and 1 part of dibutyl tin -
oxide were put and reacted, while demethanoiing at 200 - 210°C.
10 After stopping the reaction, to have an acid vzlue of the resin of
10, the system was cooled down and addition reaction was
further continued at a reaction temperature of 150 - 180°C, with
250 parts of phthalic acid anhydride added. Then upon confirming
that the acid value of the resin had reached 53, the reaction was
15 brought to an end. After forming a homogenedus solution with
addition of 1500 parts of butyl acetate, 360 parts of and adduct
obtained by reaction of 1 mol of isophorone diisocyanate with 1
mol of 2-hydroxy ethyl acrylate was added tc the solution, to
| react therewith. Afte} completion of the reaction, the product
20 was spray-dried, using a spray drier, yielding a polyester resin
with a molecular weight of 2100 and having zcryloyl and carboxyl
~ groups. '
Synthetic Example 6
' in the same way as in Synthetic Example 5, 182 pa-ns
25' of dimethyl terephthalate, 140 parts of 1,6-hexane diol and 0.8
part of dibutyl tin oxide were charged into a rsaction apparatus.

Then the temperature of the system was raised to 210°C, while



i nsul ation may be held on the surface of the printed circuit board, to
permt its proper flowin the | ater heating process, by preheating the
board and/ or applyi ng sonme specified-organic solvent thereon. |In that way,
~uniformfilmthickness may be 20 achieved, w thout producing sagging as in
© spray coating liquid on the surfaces of both the insulating substrate and
conductors thereon. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n
the foll ow ng, description is taken of is invention 2 5 in connection
with enbodi nents thereof, but it will Mot be limted by themin whatever
manner. The contacting angl es between respective organic solvents on the

conductor and téking. th@ méthabblaformed SelRssfr tleesyadtemr epr ¢sented by n 1 and n
2, and the absolute value of the difference between the solubility
paranmet ers of - t#fBPHGHHBr PIRESHIE ESIusHRT Wasnmael P HRegHT or'é®Bndl dhed or gani c

R e R o R
t her roet er, cdhdemskculani weighteof ithis aksipi was #50 std itsi ptgseanes and t he
e At Ur e Ol nSitioh femperature Was. 115G, s indichted By The ™ <&
temperature of the endothermal peak concomitant with the
melting of crystal at the time of measurement with DSC.
Synthetic Example 7
' In the same way as in Synthetic Example 5, 180 parts
10 of dimethyl terephthalate, 1,10-decane diol, 26.8 parts of
~ trimethylol propane and 0.8 part of-dibutyl tin oxide were charged
into a reaction apparatus.” The temperature of the system was
gradually raised up to 210°C, while taking the methanol formed'
i ~out of the system, and it was further elevaied to 220°C, taking 3
15 hr, after adding 38.5 parts of phthalic acid anhydride. The : i
| reaction was continued at this temperature and the reaction was
~ terminated, upon reaching an acid value of 80. After cooling, 0.8
part of tetrabutyl ammonium chloride was charged into the
apparatus and with 80 parts of glycidyl cinnamate added, while
20 stirring at 110°C, the reaction was run, uniil the epoxy equivalent
- had reached 30000. By drying the product under a reduced
pressure a crystalline polyester resin having a cinnamoyl and
carboxyl groups, which gave its phase transition temperature at
80°C was obtained. Its molecular weight was 2150.
25 Synthetic Example 8 |

in the same reaction apparatus as used in Synthetic

Example” 1, 1500 parts of xylene and 500 parts of cyclohexanone



1 0 solution of 1370 parts of nethyl nethacrylate, 520 parts of glycidyl

nmet hacryl ate, 110 parts of n-butyl acrylate and 80 parts of t-butyl-2-ethyl
hexanoat e was dropw se added, taking 3 hr. After holding this mxture at
this tenperature for 30 mn, followng the conpletion of this addition, a
solution of t-butyl-2- 1 5 ethyl hexanoate in 40 parts of cycl ohexanone was
dropped in 30 mn. The m xture was held at this tenperature for 150 m n and
then cool ed down to 120[err]. After reg%aoing the gas to be introduced from
nitrogen to oxygen, a solution of 1 part of hydroquinone in 10 parts of

cycl ohexanone was added and then the 20 reaction was continued at this

tenperature, Woédeepgt @RPiItRE 1dABefadirk Sofofheasysydrh ovaxc ralséd upbtout 20 nin. As
the acid value of the systemcane to below 0.5, the reaction was term nated

e
by cooling it H&iA: THER & &yxef §8WHP%vaH§Os%r§§/98W%Bﬁby use of a spray

drier, yieldi | i@l i I ' f 43500, 2 5 which
has acrgl oyl %%ﬁgfﬁétgylﬁpag%glﬂﬁ g&ﬁtl h’”&'&r;ﬁ%@éﬁ%‘”@e{ﬂ;&?go%ﬁparts of

xyl ene and 500nethatgliof aciycl28hertihgdexy-etl30 metracplétei abd 8hepagtsme reaction
RIS SRt TH B BB eor B ok SRR p ALy TS

After holding the system at this temperature for 30 min,
following the termination of the dropwise addition, a liquid
having 20 parts of t-butyl-2-ethyi hexanoate dissolved in 40
parts of cyclohexanone was dropped in 30 min. The system was

10 held at this temperature-for 150 min and then cooled down to
120°C. Then after changing the gas to be filled in from nitrogen .
to oxygen, a liquid having 1 part of hydroquinone dissolved in 10
parts of cyclohexanone was added. Thereafter, the reaction was
continued at this temperature, while dropwise adding 280 parts i

15 of glyc;idyl methacrylate in about 20 min. The epoxy equivalent of
the product was continuously measured, until it had exceeded
30000, and thereupon the reaction was terminated by cooling.
This resin varnish was spray-dried, using a spray drie}, yielding
an acrylic resin with a molecular weight of 3300 and having

20 methacryloyl, carboxyl and hydroxyl groups.
Example 1
| Thirty parts of the photosensitive resin obtained in
Synthetic Example 1 and 30 parts of the photosensitive resin
obtained in Synthetic Example 2, 40 parts of tris(2-hydroxy -

25 ethyl)isocyanurate, 3 parts of benzoyl dimethyl ketone and 0.5
part of a green pigment were premixed. Thersafter, the mixture

was kneaded by passing through a Busco kneader (manufactured by



met hacryl ate, 380 parts of n-butyl acrylate, 340 parts of 5 nethacrylate
and 80 parts of t-butyl-2-ethyl hexanoate was dropw se added, taking 3 hr.
After.holding the systemat this tenperature for 30 min, follow ng the
conpletion of this addition, a solution 20 parts of t-butyl-2-ethyl
hexanoate in 40 parts of cycl ohexanone was dropped in 30 min. The system
was 10 then held at this tenperature for 150 mn and then cooled down to
120[err]. After replacing the gas to be §4lled therein fromnitrogen to
oxygen, a solution of 1 part of hydroquinone in 10 parts of cycl-ohexanone
was added and thereafter, the reaction was continued at _this tenperature,

" while dropping 2B@swp&et)swhdreltbe temperatiye wareseladt J2¢Ce TherdPAded i n about

20 min. This resin,varnish. was spray-dried, usi ey, yielding
an acrylic resi YR WaRdIng uF&‘?‘WA%‘Fg{‘.tbyoP“3%8@‘?‘93»1?5{18%’5%“&3{ hacryl oyl
and carboxyl gr omRsughSY Edtetnesh BieuEplykeldingy 25 - 50 pm pdwiledy trésinsame
reaction apparatus as used in Synthetic Exanple 1, 3800 partqs/ of epoxy

resin of bisphen@IMPOsiinn: hi Brie HposItoppwas $RUBaNeBSRYy 2aBBYRY QNent  of ~ 1900

and 4000 partsg - 0 1 5] g@p? di liveshrd

Subsequent |y, ?’GSgoﬁér%%ﬁ%%s\tAﬁ g%egmlrfﬁ%ﬂgé%ﬁl %gﬁas a aet a‘ﬁ@gtt anclr 25 - 20
parts of hydroquihighehadisbédre prabeated wnetd°tat Wiren ithicoating wasrferraeded and
further, 72 parts of acrylic acid was dro101ped, tomoer,form reaction with the

‘epoxy resin at 1mopelding ftip primied oirggit y110°C for 10 min, a
photosensitive coating which was not sticky was obtained. The
film thickness of this coating on the fiat substrate part was 60
10 pm. After exposing it for image formation to a quantity of light
of 550 mj/ecm2 from an ultrahigh voltage mercury lamp, the latent
image was developed for 1 min, using trichloroethane. The inside -
" of the through-hole was a pertect gavity, attesting to impeccable
development. The developed image was heated at 140°C for 50
i 15 min, after dried. thereby forming a solder mask. The solder mask
on this printed circuit board was smqoth, showing no spotty
coating, but covering the circuit board with- an adequate
thickness. Thus on the 50 um high circuit, it has a thickness of
' 50 um, and on each edge part of the circuit 45 um, and it was not
20 stripped off, even after dipped in a molten solder at 260°C. It did
show no change on its surface, even after dipped for 1 hr in
trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide.
Example 2
A powdery resin was obtained in the same way in
25 Example 1 form 75 parts of the photosensitive resin obtained in
Synthetic Example 3, 5 parts of dicyandiamide, 20 pars of
bisphenol A dimethacrylate, 5 parts of benzophenone and 0.5 part



acrylating it. After the product' was cooled down, it was spray dried,
using a spray drier, yielding epoxy acrylate with a nol ecul ar wei ght of
4000 and havi ng acryl oyl and epoxy radicals. Synthetic Exanple 5 5

Into the reaction apparatus used in Synthetic Exanple 1 plus a decanter,
1280 parts of dinmethyl terephthalate, 300 parts of 1, 4-cyclohexane

di net hanol, 510 parts of neopentyl glycol3590 parts of trinethylol propane
and 1 part of dibutyl tin oxide were put and reacted, while denethanoling

at 200 - 210[err].. 1 O After stgppi ng,thg'l reactjon, to have an.acid val ue
of the resin of 10, 9€RR AGEERM REAPPEYI%RHEIGRDN EniFeatRINE Y P28t on was

furth ti td ; 0, oMbl 250
urther continuedgimgle’ £a§ (Prrlﬁgeé RireGt %HF@ haling 29 pho?éi%‘r%h?lﬁ% cdﬁ‘t:h?h

parts of phthalic acid anhy e added. Then upOn con g that e acid
val ue of the resiappfiad oreactiedudoholpticcoppacboard witb 4 Silmr hickhess ®fan end.

After form ng a hgnpgeneo olutipn with addition of 1500 parts. . of butyl
acetate, 360 part .8& gﬁdg;f@lﬂ?t“t 8&%??1% e.bygb%ragm%xpgo elcﬁe{;nq)f!or

i sophorone [ersg] imagl forimalio®fwith by duaxityelidht! ofaeoy| mjemmasoradged to the
solution, to react therewith. After conpletion of the reaction, the

product 20 was spitaghighivaltageshatpusy dampy thir latent imagediveg devrdPRasst er resin
Wi 2 molecul ar 881 ORn Ofritt RS Y RGuoRRLI' Kb £Rdnar bR, orovps.
attesting to impeccable development. A mask was then obtained

by heating the developed image at 140°C of 40 min, after its
10 drying. The solder mask on the printed circuit was smooth,

showing no -spotty coatihg, and covering the circuit with an

~ adequate thickness. Thus its thickness was 45 pm on the 50 um

high circuit, and 40 um on each edge part of the circuit. It did not

peel off the board, even after dipped in a molten solder. Moreover,
15 no change was observed on iis surfa_ce, even after dipped for 1 hr

in trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide. - i

Example 3

A powdery resin was 6btained by the same

manufacturing method as used in Example 1 from 50 paris of the
20 photosensitive resin obtained in Synthetic Example 5, 20 parts of

Epoxy VR-90 (epoxyacrylaté with a molecular weight of 1160 and

having acryloyl groups at both ends, .manufactured by Showa

Kobunshi K.K.}, 20 parts of tris(hydroxyethyl) isocyanurate, 10

parts of novolak type epoxy with an epoxy equivalent of 150 and a
25 molecular weight of 600, § parts of benzoy! dimethyl ketal and

0.5 part of a green pigment. By applying this resin on a through -

holed copper board similarly as in Example 1, a printed circuit



In the same way as in Synthetic Exanple 5, 192 parts 25 of dinethyl
terephthal ate 140 parts of 1,6-hexane diol and 0.8 part of dibutyl tin

oxi de.were.charged into a reaction apparatus. Then the tenperature of the
systemwas raised to 210[err], while 32 taking the nethanol fornmed out
of the system -At this tenperature, pressure reduction was nade to begin.
Then at 10 nmmHg, the reaction was continued for 1 hr, followed by cooling.
The nol ecul ar weight of this resin was 230 and its phase 5 transition
tenmperature was 115[err], as indicated By the tenperature of the

endot her mal peak concorn'tant with the nelting of crystal at the tine of
nmeasur enent W t Bods8CproSigeidn @ith ca I:_ph@lﬁﬂees’t’wé mdalnagslwvmg/vayflm in Synthetic

Exanple 5, 190 parts 10 of dinmethyl terephthal ate J{ nee\gl ol, 26.8
parts of tri rrettﬁ'wk(ﬂlesi)r%p‘h%émhﬁél tbe é'abaﬁat' gt thg BHPWaFl‘Ha%f gaé Te charged

60 & react i onsGePABLT,, EPSLEEMBIALIE (B drPRYaamuR doagual | y

rai sed up to 21 e net ha formed out of the system
and it was furtﬁn@intay esfafigd bfod,ﬁﬁafnﬁcm]t,frdsrakannngGalltEh yeltagef t er adding 38.5
parts of phthalic acid anhydride. The reac |on s continyed at this

t enper at ure &ndMERRITY daBPi HFPUERSa tRASI T &R °Pg82:ﬁ? an acid val ue of

90. Arter cool '{ﬁ%re\pm% while holding it at 90°C, the Iatent image was
developed for 1 min, using trichloroethane. The insides of the'
through-holes were perfect cavities, thus attesting to impeccable
development. After drying the board, 2 solder mask was formed

10 by heating it at 140°C for 40 min. The solder mask on the printed
circuit board was smooth, showing no spotty coating, and
covering the circuits with an adequate thickness. Thus its
thickness was 45 um on the 70 um high circuits. and 35 um on
each edge part of the circuits. It did not peel off after dipped in a

15 molten solder at 260°C. No change wés observed on its surface,
even after dipped for 1 hr in trichloroethylene, 10% sulfuric acid
or 5% sodium hydroxide.

Example 4
A powdery resin was obtained by the same

20 manufacturing method as used in Example 1 from 40 parts of the
photosensitive resin obtained in Synthetic Example 8, 45 parts of
bisphenol A diethylene giycol diacrylate, 15 parts of methyl ethyl
ketoneoxime blocked trimethylol propane triisophorone
diisocyanate, 6 parts of benzophenone and 0.5 part of a green

25 pigment. By applying this resin on a through-holed copper plate
similarly as in Example 1, a printed circuit board coated with a

photosensitive film 40 pm thick on the flat parts of the substrate -



part of tetrabutyl anmonium chloride was charged into the apparatus and
with 80 parts of glycidyl cinnamate added, while 20 stirring at 110[err],
the reaction was run, until the epoxy equival ent had reached 30000. By
dryi ng the product under a reduced pressure a crystalline polyester resin
havi ng a ci nnanoyl and carboxyl groups, which gave its phase transition
tenperature at 80[err] was obtained. Its nolecular weight was 2150. 25
Synthetic Exanple 8 In the sane reaction apparatus as used in Synthetic
Exanple 1, 1500 parts of xylene and 58@ parts of cycl ohexanone 33 were
put and the tenperature of the systemwas raised up to 140[err]. Then a

el SOl ut ! Onygt drfick Rk, OTTHEPNE GPEARCH¥bREnoIddbaE! |5 Of n-buty!

acryl ate and 8% parts o nmet hacryl 1 c aci hydr oxy- et hyl
nmet hacryl at e aperf@ @avity s tiusofatiesting yi i@petdaple ldexealnpmiest. waly added

dropwi se, taki 3 hr ft r ol di e stemat this tenperature for 30
mn, follow ngngﬁf@gt Q‘rerré 1%9 ﬂ’é QQ &n eragying: cﬂw”@?'"@ﬁ d havi ng 20
parts of t‘b!lt%és?ob?élﬁé(& hméagmaérerrfég%wﬁéh i 119 wRBT Ivas 9burty/ ¢! ohexanone

was dropped in 30 mn. The systemwas 10 held at thi's tenperature for 150
m n and thes cewbetl, cdwwirigo nd2€padtyr toatiFige andifaowering dhgidinguithewitfas t o be-
filled in from r?'a%ESQatQ thickness. Thus its thickness was ‘40 pm on the 40
um high circuits, and 35 pm on each edge part of the circuits. It
~ did not peel, even after dipped in a miolten solder at 260°C.
Further, no change was observed on its surface, after dipped for 1
10 hr in trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide.
Example 5
Fifty five parts of the photosensitive resin obtained in
Synthetic Example 4, 30 parts of tris(hydroxyethyl)isocyanurate,
' 15 parts of triglycidyl tris(hydroxyethyllisocyanurate, 4 parts of
15 hydroxycycléhexyl pﬁ'eﬁyl ketone and 0.5 part of a green pigment
were kneaded by pa.:ssing' through a Busco knsader {manufactured
by Busco Co.) which was set to 110°C, after premixing them. Then
silicon oxide powders were sprinkled on the surface of the
effluent resin composition at the rate of 0.2% by weight. It was
f 20 finely comminuted by an atomizer The kneaded mixture was finely
comminuted by an atomizer and then screened by a 200 sie\}e,
~mesh yielding a 25 - 50 um p'owdery resin composition. This
product was applied by use of an electrostatic powder coater
simultaneously on both surfaces of the through-holed printed
25 copper circuit board which had been preheated to 1000°C. By
holding this printed circuit board at 110°C for 10 min, to form a

film, a non-sticky photosensitive coating was obtained. This



to oxygen, a liquid having 1 part of hydroqui none dissolved in 10 parts of
cycl ohexanone was added. Thereafter, the reaction was continued at this '
tenperature, while dropw se adding 280 parts 1 5 of glycidyl nethacrylate

i n about 20 min. The epoxy equival ent of the product was continuously
measured, until it had exceeded 30000, and thereupon the reaction was
termnated by cooling. This resin varnish was spray-dried, using a spray
drier, yielding an acrylic resin with &8nol ecul ar wei ght of 3300 and havi ng
20 net hacryl oyl , carboxyl and hydroxyl groups. Exanple 1 Thirty parts of

the bhot osensi £ae B8 2 35 Shtese oS ME e BRbPE 218 parte of
tris(2-hydroxysutsthat@t hxhes 3R60ARY MBS infagR2kdrina®bn BN oyliardity®iihyl ket one

and 0.5 part of a green pignent were prenm xed. Thereafter, the m xture was
kneaded by paskgiigot RPBuglicm? Hrae cark métsaiigh (veltagé aversued lopp. thg4 Busu Co.)

Sonm nut ed by Bt besaRas Shebed LRk etbdn o 0Tn ARG s eve- i el di g
a 25 - 50 [e&rrtarbongie! Y ThEShéldé @Mashtthriugh Thdlg \ﬂ@ﬁﬁoﬁérté_c@%a‘&%ﬁ, _
si mul t aneously applied on 5 both surfaces of the through-holed printed
copper circuit!fh8arigesting to impeccable development. A solder mask was
then obtained by heating the board at 150°C for 30 min, after
drying. The solder mask on the circuit board thus obtained was
found smooth, showing no spotty coating and covering the circuits
10 with édequate thicknesses. Thus its thickness was 50 um on the
60 pum high circuits, and 45 um on each edge part of the circuits
_and it did not peel, even after dipped in a molten solder at 260°C.
Further, no change was observed on its surface, even after its
dipping for 1 hr in trichioroethylene, 10% sulfuric acid or 5%
15 sodium hydroxide. :
Example 6 .

A powdery resin composition was obtained under
exactly the same conditions as in Example 2, except that 20 parts
of the crystalline resin obtained in Synthetic Example 6 was

20 added to 100 parts of fhe composition composing Example 2. By
~ applying the composition on a through-holed board similarly as in
Example 1, followed by guenching, a printed circuit board provided
with a photosensiti_ve coating thereon with a 40 um film
thickness at flat parts of the substrate. This coating had a
25 mirror surface. After exposing it for image formation to a
quantity of light of 700 mj/cm2 from an ultrahigh voltage

mercury lamp, the latent image was developed in 1 min, using



whi ch had been preheated to 110[err]. When its coating was fornmed by
holding this printed circui.t at 110[err] for 10 mn, a photosensitive
coati ng which was not sticky was obtained. The filmthickness of this-
coating on the fl.at substrate part was 60 1 O [err]. After exposing it for
I mage formation to a quantity of light of 550 nj/[err] froman ultrahigh
vol tage nercury lanp, the |atent inmage was devel oped for 1 mn, using
trichl oroethane. The inside of the thr®dgh-hole was a perfect cavity,
attesting to inpeccabl e devel opment. The devel oped i mage was heat ed at

140[err] for 50 1 5 mn , ter driegd thereby farm I mask. The
sol E:Ier ]mask oﬁr'?'ﬁ?%‘?eﬂ?a}q‘f‘t egjh iWél?Ftofbsﬁ%E% hs??&'ﬁ ﬁ'gsg?lg%’%g{ no spotty
coating, but cQvgyi fHist BRe&ingClY impRaBicviddicimedeqTaee tyhi ckness. Thus on

the 50 [err] high circuit, it has a thickness of 50 [err], and on each edge
part of the ciheating %t [0°E foard min \&éter wsyingoa spldgrppask 3¥3s even after

dipped in a nolten solder at 260[errl].. 1t di J h eonits
surface, even z?'8?3'di ee&‘:’#d@f A %’ol r%h% rpl"g ﬁ%olrs"o%g?ae@e&%%% sul furic acid
or 5% sodi ugn hyikingd dfas EXAIP kBequalelp OyESstH, ERSGNIRgWES spbitpicoatingn t he sane
way in 25 Exanple 1 form75 parts of the photosensitive resin obtained in

Synt heti ¢ Exargsidecgveringpiire sirepitsl witpap@iprahittisknesgedar 18U Shi sphenol A
di-met hacryl at &, 2. Dar 3¢ %o Hﬁp%ﬂqngw,ﬁmaﬂ@hociﬁ:uﬂ?,r 85 um on each
edge of the circuits and it did not peel even after dipped in"a
molten solder at 260°C. Further, no change was observed on its
10 surface, even after dipped for 1 hr in trichloroethylene, 10%
- sulfuric acid or 5% sodium hydrexide.
Example 7
A powdery resin cofposition was obtained under
exactly the same conditions as ,in Example 3, except that 35 parts
15 of the crystalline resin obtained in Synthetic Example 7 was
édded to 100 parts of the composition which constitutes Exarhple
3. After applying this compositicn on the printed circuit board'
" similarly as in Example 1. it was exposed for image for formation
to a quantity of light of 400 mj/cm2 irom a-n ultrahigh voltage
20 mercury lamp, while holding it at 30°C. Thereafter, the latent
image was .developed for 1 min, using trichloroethane. The inside
of each through hole was a perfect cavity, thus attest'in'g'té
impeccable development, Then by heating the board at 140°C for '
30 min éfter drying, a solder mask was obtained, The solder mask
25 on the printed circuit board thus obtained was found adequately
smooth, having a mirror surface and covering the circuits with

proper thicknesses. Thus its thickness was 45 pm at flat parts



35 of green pignent. By applying the resin in the sane way as in Exanple 1,
a printed circuit board having a photosensitive coating applied on a
t hr ough- hok ed copper board with a fil mthickness of 50 [err] on a flat part
of substrate. After exposing the coating for 5 inage formation with a
quantity light of 600 nmj/[err] froman ultrahigh voltage nmercury |anp, the
| atent 1 mage was devel oped for 1 mn. The inside of the through-hole was a
perfect cavity, ‘attesting to inpeccabl e 4devel opnent. A-nask was then
obt ai ned by heating the devel oped i mage -at 140[err] of 40 mn after its 10
drying. The sol der, mask .o i nted rcuit was spoot how ng no
S.

h I ,
spotty coati ng, °§H}f EB\’/%HQ?\';‘*?H&;' A% B &J Wi W'%C'é%ﬁuzﬂ’g %%i“@kﬁé‘s Thus

its thickness wagcttadh€rdtlth® bichRs.o0 BRI Adt pidNeddd aibd dippBd ifCa [err] on
each edge part of the circuit. It did not peel off the board, even after

di pped in a nol Mheler’ Soltisr . atN2fO86v e Fyrthers nacchainge geasvabserbed onets on its
surface, even a di d fqr 1 hr ip trichlgroet ene,, 0% sul furic acid
or 5% sodi um hyd‘ﬁrg{%’aedgag@tﬁngﬁp@'r@ }l?rpgvﬂeﬂlt?%é?rﬁeaﬁiengbﬂaql,’ﬁed by the sane
manuf act uri ng nyiheid a&duseds Bodivanal@otigkr om 50 parts of the 20

phot osensitive resin obtained in Synthetic Exanple 5, 20 parts of Epoxy
VR-90 (epoxyacrbxamelew®th a nol ecul ar wei ght of 1100 and having acryl oyl

r i s(hydr oxyet hyl) | socySHUTS 4ve 1B5aPT & BRORSUANAIE hBY BBy i th an
epoxy equi val eniaviig HhidNgroups, which is solid at the room temperature, 5 _
parts of dicyanediamide, 20 parts of bisphenol A dimethacrylate,

10 § paris of benzophenone and 0.5 part of a green pigment were
kneaded by passing them, after premixing, through a Busco
kneader (manufactured by Busu Co.) which was set at 120°C. This
kneaded mixture was finely communicated by an atomizer and the

' fine powders were screened by a 200 mesh sieve, yielding a 25 -

15 50 pm powder paint composition. On both surfaces of the printed
circuit board having copp;er foil circuits on an insulating board of

| glass epoxy, ethylene glycol monoethyl ether acetate was coated
by a roll coater. At this time the SP value was 2, 8.5, and 12.5.
In the state that the printed circuit-board was held at 80 F and

20 that 200 mg/dm2 of the organic solvent was left coated on the
surface of the printed circuit board, the powder paint composition
prepared as hereabove described was applied on both surfaces

~ simultaneously, using a powder coater.
The solder mask thus formed on the printed circuit -

25 " board was smooth, showing no spotty coating, bubble free, and
covering the circuits and each corner of the circuits with proper

thickness. Thus its thickness was 35 pm on the 50 um high



25 nol ecul ar wei ght of 600, 5 parts of benzoyl dinethyl ketal and 0.5 part
of a green pignent. By applying this resin on a through - hol ed copper '
board 'simlarly as in Exanple 1, a printed circuit 36 board. provided

wi t.h-a phot osensitive coating having a filmthickness of 45 [err] at the
flat part of the substrate was obtained. After exposing for inmage formation
the printed circuit board to a quantity of light of 400 nj/[err] froman
ultrahigh voltage 5 nercury |anp throuqr a pattern mask placed out of touch
therewith, while holding it at 90[err], the 1atent I mage was devel oped for
1 mn, using trichloroethane. The |n5|des of the through-holes were perfect

caviti es, thus cattiestanty2s um rpessabeagsley ehopirenits. Af tavsediugnng t he board,
a solder mask was forned 1 0 by heating it at 140[err] for 40 mn. The
sol der mask on vl é?*?tn‘?feﬁ‘ecﬁ'l”&’ﬁiat‘e Be¥galed® BeRlonot ndathg®¥RN spotty

coating, and c e i g .bgmgcwsqga?ems%ia Bt EERABAL BukLC K ERSWed NS 11

t hi ckness was err clrcuits urn on each
edge part of tme margel 018 .its| surféicd, afier dﬁp@bddhf tafiter dipped in a 1l 5 nolten
sol der at 260[err No change was observed on its surface, id even after

di pped for 15 hingHierepthyians: o\é)("'hyﬂL@fHEC aRid, 08 uP You BOFUBC N¥ATBKIdE Y, s 0di um
hydr oxi de. Exarmldﬁ,,pﬂe 3

A solder mask was obtained similarly as in Example 1,
except that toluene was used in place of ethylene glycol
monoethyl ether acetate and that the powder paint composition

10 was applied by use if a powder sprayer in the state of 500
mg/dm2 of the organic solvent being Ief.t. At this time, the ASP
value was 2.5, n 1was 6.4, and n 2 was 9.7.
The: solder mask thus formed on the printed circuit
board was‘ smgooth, _having no spotty coating, free of bubbles and
15 covering the circuits and each corner of the circuits with proper
thickness. Thus its tﬁickness was 35 um on 50 um high circuits,
and 25 um on each edge of the circuits. A subsequent visual test
" on the substrate revealed no peeling of it at all, even after its
“dipping in molten solder at 260°C. Further, it showed no changed
20. on its surface, even after dipped for 1 hr in trichloroethylene,
10% sulfuric acid or 5% sodiqm hydroxide. .
Example 10

A solder mask was formed similarly as in Example 1,

except that a powder paint composition consisting of 80 parts of
25 epoxy acrylate with an acid value of 80 and having carboxyl

groups, 15 parts of triglycidyl isocyanurate, 5 parts of

dicyandiamide, 10 parts of methyl ethyl ketone oxime blocked



A powdery resin was obtained by the sane 20 nmanufacturing nethod as used
in Exanple 1 from 40 parts of the photosensitive resin obtained in
Synthetic Exanple 8, 45 parts of bisphenol A diethylene glycol diacrylate,
15 parts of nethyl ethyl ketoneoxinme bl ocked trimethyl ol propane
triisophorone diisocyanate, 6 parts of benzophenone and 0.5 part of a green
25 pignent. By applying this resin on a through-hol ed copper plate
simlarly as in Exanple 1, a printed cigguit board coated with a
photosensitive film40 [err] thick on the flat parts of the substrate 37
was forned thereon. The inside of each through-hgle was a perfect cavity,
thus attesti ngtirBeihyisdcrappae delivemeiisocyaptaeat PALS tHe board at 150[err]

for 30 mn, af | | .usbB&nSNA mask
obt ai ned in th?ogﬁz J’)éhg@e Fgﬂﬁgégﬁ?nggﬂg?rg%ﬁ%@ﬁ%g{ %gsugottgs@oé;eteibfng and
covering the cihe powsenipaint acorophsificat of Hxacipiee 8s thathinss ippbwdehi ckness was 40

[err] on the 40 Jerr] high circuits, and 35 [err n each ed art of the
circuits. It dPATh&P éi%,one‘(f%% Sa?atysiiafa’. Hf)%&uianpélw |§@'ﬂy§ro|ng§]epat

L0 e e o o B L R e hydr oxi de.
Exanpl e 5 Fi ft podidy dhatavses wals ¢ofhtheptodiase ripping eneteed msobtpewded i n
| ' coating method and that 1% sodium carbonate was used as the

developer. At this time, ASP value was 2.1, n 1 was 12.0, and

n 2 was 15.3.

10 The solder mask thus formed on the printed circuit
board was smooth, having no spotty coating, free of bubbles, and
covering the circuits and each corner part of the circuits with
proper thickness. Thus its film thickness was 50 um on flat
parts of the substrate, and 35 pm on each edge part of the 50 um

15 high circuits. A subsequent visual test on the substrate revealed
no peeling of it at all, after its dipping in molten solder at 200°C.

| Further, it showed no change on its surface, after dipped for 1 hr
"in trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide.
Comparative Example 1

20 Fifty parts of the photosensitive resin of Synthetic
Example 1, 50 paris of the photosensitive resin of Synthetic _
Example 2, 3 parts of benzoyl dimethyl ketone and 0.5 par of a
green paint, excluding from the powdery resin constituting

. components used in Example 1 a compound with a molecular

25 weight smaller than 1000 and having a plurality of polymerizable

unsaturated groups or tris(hydroxyethyl)isocyanurate, were

premixed, then, melted and kneaded, using a Busco kneader which



Synthetic Exanple 4, 30 parts of tris(hydroxyethyl)isocyanurate, 15 parts.
of triglycidyl tris(hydroxyethyl)isocyanurate, 4 parts of 1 5

hydr axycycl ohexyl phenyl ketone and 0.5 part of a green pignent were
kneaded by passing through a Busco kneader (nmanufactured by Busco Co.)
which was set to 110[err], after prem xing them Then silicon oxide powders
were sprinkled on the surface of the effluent resin conposition at the rate
of 0.2% by weight. It was 20 finely cogr nuted by an atom zer The kneaded
m xture was finely comm nuted by an atom zer and then screened by a 200

sieve, nesh yielding a 25 - 5Q [err] powdery resipn conposition  This
product was apMaFeﬂgbtﬁ Cof Q‘QE 'Q'Ie]@é?gdg'f‘ r?d”apsoaﬂ%'yn‘]t)oé’ﬁf‘@r”?%q RYI t aneous! y
on both surfacgs @brifte ddY m&hn@gamepg WL HoRmetORBRY sBideplllit board which
had been preheated to 1000[err]. By holding this printed circuit board at

110[ err] for 1thrpugh a 809 aneghasievenyieldingpa- 25 i- Ay uphoowdensteasive coati ng

bt ai ned. S .. at | dafil ' h
fhat part of t REMERRTPD: IoareBPogith s, Pbied BEEReBhelre0 Ton (o a
quantity of g i gbth elirfeé¥s 6f /aCHifoligleRbRE plinteaiopper Mlitirgomscury | anp, the

| atent inmage was devel oped for about 1 mn, using 1% sodium5 carbonate.
The inside of waish waedughedies dowh°g. pdist ot weavipryped tiyugoldingesting to

| mpeccabl e devglonIRiy ofcdiP'bd8 TP 0¥ %or 10 min. It was a
nonsticking photosensitive coating, but the coating surface was
notably round. The film thickness of the coating on flat parts of

10 thé substrate was 60 um. After exposing this coating for image
formation to a quantity of light of 800 mjicm2 from an ultrahigh
voltage mercury Iamb, the latent image thus formed was
developed for 1 min., using trichloroethane. This board was

~ heated at 140°C for 50 min. after dried, yielding a solder mask,

15 but the developer did not well drain from the image part, causing
its partial dissolution. The circuits were not covered by proper
thickness of the solder mask on the printed circuit board. s
thickness was 15 - 40 pm on 50 um high circuits and 5 - 35 um
on each edge part of the circuits and part of it was sometimes

20 . peeled éfter its dipping in molten solder at 260°C. Further, éﬂer
dipping it for 1 hr in trichloroethylene, . 10% sulfuric acid or 5%
sodium hydroxide, its surface manitested abnormality, with part
of circuits disconnected. '
Comparative Example 2

25 When the powdery resin composition prepared in
Example 1 was tried to be applied, without preheating the printed

circuit board in applying it by use of an electrostatic coater, no



t hen obtained by heating the board at 150[err] for 30 min, after drying.
The sol der mask on the circuit board thus obtai ned was found snoot h,
showi ng no«spotty coating -and covering the circuits 1 0 with adequate

t hi cknesses. Thus its thickness was 50 [err] on the 60 [err] high circuits,
and 45 [err] on each edge part of the circuits, and it did not peel, even
after dipped in a nolten solder at 260[err]. Further, no change was

observed on its surface, even after its dipping for 1 hr in
trichl oroethylene, 10% sulfuric acid or 449 15 sodi um hydr oxi de. Exanple 6

A powdery resin conposition was obtained under exactly the sanme conditions

as in Exanpl e Zoatingepis tEpplie® dnptet msotihd SayerYdleatd ke ifdzkd obtained in
Synthetic Exanple 6 was 20 added to 100 part’s of the conposition conmposing

Exanpl e 2. By #IBFyPsgticnderel®mnyi-tion on a through-hol ed board simlarly
as in Exanple Jebl;,‘géljaw\ggﬁ%gagqpchi ng, a printed circuit board provided

with a photosensitive co hereon with a 40 [err] filmthickness at

flat parts of the subst ratphotdEensitieeasdimgsbiatom wis praducetl Homf fee. After
exposing it for image formation to a quantity of light of 700 nmj/[err] from

an ul trahi gh® vaPEAgEATHSNC BY3INPoiARE R ey nthatienExamalge T vang deveithoped in 1
?epi‘ egtSI ng tdrying! Mt 6386y I shRE! SflicClorf@iNratiB" QU EXghidas a
1. Tpis solution was diluted with ethylene glycol monoethyl ether
acetate to its spra}"yable v.igposity, for it to be applied by
spraying. :'.I'hé- c-:o'a'tihg'--sglﬁt.ion thus prepared was applied on a
10 through-holed printed copper wiring board which had been
preheatsd to 60°C. After holding the printed circuit.board at 80°C
for 10 min., to vaporize the so!vént, thereby forming a contiguous
film, the other side was similarly coated. As the film was
formed at 110°C, taking 10 min., after holding the board at 80°C ;
16 for 10 min. after its coating, the film thus férmed was a non -
sticking and smooth photosensitive coating. This coating had film
thickness of 20 - 50 um on flat parts of thé substrate. After
exposing the coating for image formation to a quantity of light of
600 mj/cm2 from an ultrahigh mercury lamp, the latent image
20 thus formed was developed, using trichioroethylene, but resist
films inside the through holes could not be completely removed.
. In order to completely remove them,- the development was
continued further for about 1 min. and the board was heated at
140°C for 40 min., yielding a solder mask. The solder mask thus
25 formed on the printed circuit board manifesied paint sagging
phenomenon. lIts thickness was 10 - 20 um on 50 um high

circuits and 5 - 10 um on each edge part of the circuits and it



cavity, thus attesting to inpeccabl e devel opnent. Then by heating it at
140[err] for 40 mn after drying, a solder mask was obtai ned. The sol der
‘mask en the printed circuit board thus 5 obtained was found adequately
snoot h, showi ng no spotty coating, and covering the circuits with proper

t hi cknesses. Thus its thickness was 40 [err] on the 50 [err] high circuits,
35 [err] on each edge of the circuits and it did not peel even after dipped
in a nolten solder at 260[err]. Further,.no change was observed on its 1 0
surface, even after dipped for 1 hr in tfrichloroethylene, 10% sulfuric acid
or 5% sodi um hydr oxi de. Exanple 7 A powdery resin conposition was obtained
under exactly tdvenetiames partty peeied, aftei dippednipl moBen esoleptatt 26A°C35 parts 1 5
of the crystalline resin obtained in Synthetic EXx le 7 s added to 100
parts of the cdiit&rt 28R PRIAG dbriet it OF 43 tE‘k'HPr"[?Ieg" 2neas 1&# appl ying this

conposi tion on stuh@rierécgw,.eer_%!% %Muangg%ﬁaem dBHIr%hafky WhsExanple 1. it was

exposed for inmage for formation to a antity of light of 400 nj/[err] from
an ul trahi gh vokcegrdzD onmigs csurfaceamyith waitl of thel direwjts belg 30[err].
Thereafter, the,.latent ipage was devel oped for 1 min, using

trichl or oet hAndSCHNECHd de of each through hol e was a perfect cavity, thus

attesting to inpagsaiatice %ﬂ@rmnt. Then by heating the board at 140[err]
for 30 mn after drying, a solder nask was obtai ned. The sol der mask 25 on

the printed circuit boaMdhemiie eowdenedinheompesitian Lideampie\8 sasot h, havi ng
a mrror surfaca%pﬁgg tgyO\éSFe;yﬂ% tvthgncé rp%lﬁitéd's CYI\'ACEHP board, without putting
any organic solvent thereon, it was not fixedly coated on the
10: printed circuit board.
Comparative Example 5
A solder mask was formed similarly as in Example 8,
~ except that n-octane was used in place of ethylene glycol
monoethyl ether-acetate and that the powder paint composition
15 was applied by use of a powder sprayér with the circuit board
being in the state of 500 mg/dm2 of the organic solvent being lef
thereon. At this time, ASP value was 4.0, n 1 was 5.01, and n 2
" was 7.8.
The solder mask thus formed on the printed circuit
20 board had thin film thickness.'spbtty coating and bubbles
remaining in the coating. The coating had a film thickness of 10 -
| 30 um in flat parts of the substrate. Its thickness was 5 - 15 pum
on 50 pum high circuits and less than 10 um on each edge of the
_ cireuits and .it partially peeled, after dipped in molten solder at
25 260°C. Further, abnormality was observed on its surface, with
circuits being disconnected at many parts, after its dipping for 1

hr in trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide.



proper thicknesses. Thus its thickness was 45 [err] at flat parts 40 of
the substrate, 40 [err] on the 60 [err] high circuits, and 35 [err] on each
edge of the circuits. It did not peel, even after dipped in a nolten sol der
at 260[err]. Further, no change was observed on its surface after its

di pping for 1 hr in trichloroethylene, 10%5 sulfuric acid or 5% sodi um
hydr oxi de. Exanple 8 Seventy five parts of a photosensitive epoxy resin
havi ng gl yci dyl groups, which is solid at the roomtenperature, 5 parts of
di cyanedi anide 20 parts of bisphenol A4f methacrylate, 1 0 5 parts of
benzophenone and 0.5 part of a green pighent were kneaded by passing them

after prem xing o) o- kneader (manufactured by Busu Co.) which
was set at 120[e’RreH}.% %%ﬁgﬁﬁged m xture was finely comuni cated by an

atom zer and the fine poAdssldemeraskseaz éorewdoyinaladpGsriss Bxginpleed, yi el ding a
25 - 1 550 [err er paint conpositiqpn. ,On both surfaces the printed -
circuit board h&%?%g\,@f)tpﬂg? a5 Waggr%u? t@ ARY & e'?'%%‘?’%‘c‘f’[‘ﬁ%"%‘ogr& of gl ass

epoxy, ethyl enepgméce%reBergaebbyainﬁﬁwgefricaro%ahgnmSmbed\ ypea roll coater.
At this tine the SP value was 2, 8.5, and 12.5. In the state that the -
printed circlbtepo desiaswitielad epoxgoequivaient2df 19hiar PG Apefwia e of - t-he
organi ¢ sol vent gY)\/%gl lmegr;[oe.oﬁtéaigero %c&tg?e and that the aforementiq'ned
powder paint composition was applied by spraying in the state of
400 mg/dm2 (approx. 3) of the primer being left (in accordance
with the description in Example 1 of Japanese Patent Laid-Open
10 Publication No. SHO 59-189968). |
The solder mask thus formed on the printed circuit
board had a film thickness of tﬁe coating of approx. 50 um on flat
~ paris of the substrate, its thickness being 35 um on 50 um high
-circuits and 30 um o.n each edge of the circuits. At thé borders of
A 15 the developéd parts, however, there was a tendency of the
contacting part between the bottom and the substrate being
carved or a undercutting phenomenon. When it was brought under
air blow, the resist film was peeled at one part. It sometimes
peeled off at some part after dipped in molten solder at 260°C,
20 Swelled surface Was observed after its dipping in
trichloroethylene, 10% sulfuric acid or 5% sodium hydroxide, and
the circuits were found disconnected at many parts.
A method of forming a solder mask has been provided
which enables formiﬁg a coating with uniform thickness and
25 highly cohesive to the overall surface of a printed circuit-board.

Although the present invention has been fully

described by way of example,



surface of the printed circuit board, the powder paint conposition prepared
as hereabove described was applied on both surfaces sinultaneously, using a
powder coater. The solder mask thus formed on the printed circuit - 25 .
board was snooth, showi ng no spotty coating, bubble free, and covering the
circuits and each corner of the circuits with proper thickness. Thus its

t hi ckness was 35 [err] on the 50 [err] high 4 1 circuits, and 25 [err]
on each edge of the circuits. A subseque % visual test of the substrate
reveal ed no peeling of it at all, even after its dipping in a nolten sol der
at 260[err]. Further, it showed no change on its surface, after dipped for
1 hr in 5 trichloroethyltasap BD¥Wotad harel hapvhflowy chdngeedantm hydr oxi de.
Exanple 9 A solder mask was obtained simlarly as in Exanple 1, except that
t ol uene was used"9difigations wHl be BAParRNt gloy thelse neliiltast fry thetaser acet ate and

t hat the powder [ cOo |t 0 i e y | powder
sprayer in the ST{P%}E%BB, %géén;@oy‘f%rr 8%@8%3" a(%lng @gﬁﬁgétt'or%ei ng left. At
this time, the ASPandrame thassdpb,ofnthé wasedt. ifveivdh 8s Heliaed by7theThe sol der
mask thus formed on the I|ori nted circuit board was snooth, having no spotty
coati ng, fr ee® ofPPREMARG &laifpgy they should be construed as included therein. g



t hi ckness. Thus its thicknésSswas—35 [err] on 50 [err] high circuits, and
25 [ert] ont each e es}ﬁétﬁa@ﬁp_eﬁi rciyc%és A subsequent vi sual test on f[he
6 m
’

substrate reveal ed at all, even after its dippHRg in

mol ten sol der at 2 EM’[H&I it showed pe ged 2% geeNilts
surface, even after . omxﬁﬁ"éﬁgﬁcgﬁ% sul

or 5% sodi um hydroxi de. Exanple 1 0 A sol der nmiisk wa¥fhrped= arly as
in Exanpl e 1, except that a powder pai nt43:orrpo'i sting of 80 parts
of 25 epoxy acrylate with an acid value of 80 and havi ng carboxyl groups,
15 parts of tri gy qlglcliaﬁ@gga Irate, 5 parts of dicyandiamde, 10 parts of
nmet hyl et hyl ketone oxi nme bl ocked 42 trinmethyl ol propane tritol uene

dii socyanate, 5 parts of 1beAzopthedasicfommidga Soldar mask an gristed pi gnent was
used in place of, the, powder paint conposition of Exanple 8, that this
powder paint cofifdi £P8 g, PRYERT BN ehigh i cﬂfﬁkggrbysﬁ?%er inthe 5

state of 500 rnufriffiddon QU LidGvRI&ARIyS RY VIR, *as}n@asf'n ft on the board, that
use was of the'fluidized dipping nmethod as a powder cdating nethod and t hat
1% sodi um cabonat e was (Ideal step vheodlingetfeppowdekt paiht entd pentedSP val ue was

2.1, n 1 vas 12Ci9¢uita%gard. while holding it at a temperature higher than a

intrichlo uric acid

softening point of the powder paint but lower than its curing
temperature,

(2) a step of irradiating ultraviolet rays thereon

10 through a pattern mask,

(3) a step of making development with a medium
which dissolves the region not irradiated by ultraviolet rays and,

(4) a step of completely curing the coating part
developed on the printed ci.rcuit board at a temperature higher

15 than the curing temperatﬁre of the powder paiint.

2. The method according to Claim 1, wherein in the
step of irradiating ultraviolet rays through a pattern mask,
ultraviclet rays are irradiated on the printed circuit board,
without allowing the pattern mask to be in contact with the

20 printed circuit board, while holding it at a temperature higher
than the softening point of said powdery paint but lower than its
curing temperature. |

3. The method according to Claim 1 wherein after
finishing the step (1), the powder paint on the printed circuit

25 board is made into a co'n'.cinuous coating by controlling the
temperature of the printed circuit board to a temperature higher

than a softening point of the powder paint but lower than its

* c L, M S *



n2ws 15.3. 10 The sol der mask thus fornmed on the printed
circuit board-was smpeth,—having—re—spotty coating, free of bubbles, and
coveri ng tthe circuits and each corrﬂer part of the circuits with proper

t hi ckness. Thus its ff - 50 [err] on flat
substrate, and 35 [err1 part e & d
circuits. A subsequent n the ". LEN;

it at all, after its dipping in nolten 34)%
showed no change on its surface, after di =5
trichl oroethylene, 10% sul furic acid or 5% sodi um hydr oxi de. Conparative
Exanple 1 20 curing tempdratdrg. parts of the photosensitive resin of
Synthetic Exanple 1, 50 parts of the photosensitive resin, of Synthetic
Exanpl e 2, 3 parts of beﬁzo&hedpﬁ@f’ach‘:ﬁé‘{‘%@ &y 1swheieinefatiT gr een paint

excluding from t L1 Lt e olﬂdgp ' anple 1
a conpound vm'thrhgpsrt?o ecu {é}éé?)\i\/etﬁgwﬁstrgrgﬁ'}e&rgnt angmﬁaﬁ?%&%&ﬁgﬁxa
plurality of polcyatng iaelrds unsathedt ed groups or

tri's(hydroxyet hyI)isocyanur?te, were prem xed, then, nelted and kneaded,
using a Busco kneader whPch!he methad aceerdingytor § '@rf]“.’hef?iﬁ 3éibaded mi xture

vas finely commogyhgr paint AbrilBsZ6f 38" dob arls! BY WAYRESSal fadf oDt ai ned

were screened

. with its number average molecular weight larger than 1000 and
being in solid state at the normal temperature, which has 0.1 - 3
radically polymeriiable unsaturated groups and 0.1 - 5 functional

10 groups which undergo self-setting reaction or react with other
functional groups under heating in molecules having a 1000
number average molecular weight, (i) 70 - 10 parts by weight of
compounds with their number average molecular weight smaller
than 1000 and being in solid state at the normal temperature,

15 which have a plurality of radically pblymerizable unsaturated

:groups and (ii) 0.1 - jb parts by weight of photopolymerization
initiator in proporﬁon to 100 paris by weight of the sum of the

components (i) and (ii) mixed therewith.

6. The method according to Claim 5 wherein a

20 crystailine resin having a phase transiticn temperature of 60 -

- 120°C is used as part of the resin of the component (1).

. 7. A method of forming a solder mask on printed

 circuit boards using powder paint which is curable by both
irradiation of ultraviolet rays and heat, comprising: _

25° (1-a) a step of putting on a printed circuit board 1 -

f 1000 mg/dm2 of an organic solvent whose contact angle with the

conductor and the insulating substrate is smaller than 20

.-
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t hrough a 200-+esth—siteve,—yrefding a 25 - 50 [err] powdery resin

conposi tion. Thy S5 ONPOSA:L Rip1W@s applied sinultaneously on 5 both surfaces
of a t'hrough-ho _ er wiring board_ ngaed to ——
110[err]. Its filf m“lﬁ Ey hol di ng t hi $=P @é@ﬁ:m&f?uﬁ bgard at

110[err] for 10 onsti cki ng ph sg(g';i g, but the
coating surface was notably round. The film tf)i ckness=6i e coating on
flat parts of 1 0 the substrate was 60 [@80r] ~After exposing this coating
for image formation to a quantity of light of 800 nm/[err] froman ]

ul trahi gh vol t ageqdprbes Y | anp, the latent image thus fornmed was devel oped
for 1 min., using trichloroethane. This board was heated at 140[err] for 50
mn. after dried, yieldingleb)salsdep ofreevlating dn Busriritée oteuieboped di d not

well drain from trpe.i e part C@usi ng its partial dissolution. The
circuits were not"¥Y¥e °&ﬁ%¢ SP¥PNt HiScRPWder paint Whicdogyes amaSR on t he

printed circuit Jedst hi i 5 ¥=1s 50 [err] high
circuits and 5 -h%gkﬁrlendsoﬁqaﬁeqa%h edgin Eﬁ??&g?e toﬁgar{lc(?rséh/ieﬁg and part of it
was sonetinmes 20 peel ed 4B} ex staps ofliipptdiating nuitrabibtent =gk dideredn 260[ err] .
Further, after ditﬁfjoi ng It ftor 1 hr in trichloroethylene, 10%sulfuric acid
or 5% sodi um hydr g ,aiﬁaé eéﬁr'?%ﬁf‘e mani fested abnormality, with part of
circuits disconnected. Conppaadtey efEnaKkiRg YevebPment with a medi}ﬁ‘ﬁﬁ‘n the
powdery resin conmposition prepared in Exanple 1 was tried to be applied,

wi t hout preheat i ¢hiehdiggalvasetheciregion tnddolaradiated dyypuitiaviplet: rays asd, of an

el ectrostatic coater, no

(4) a step of completely curing the coating part
10 developed on the printed circuit board at a temperature higher
than the curing temperature of the powder paint.
8. The method according to Claim 7 wherein after
finishing the step (1-b), the powder paint on the printed circuit
board is made into a continuous coating by controlling the
15 temperature of the printed circuit board'_to a temperature higher
_than a softening point of the powder paint but lower than its
curing temperature. |
9. The method according to Claim 7 wherein in the
-step (1-b), coating is conducted at a temperature of 5 to 90 °C.
20 : 10. The méthod according to Claim 9 wherein, after
finishing the step (1-b), the printed circuit board having the
. powder coating layer is quenched. _
' 11. The method according to Claim 7 wherein said
powder paint comprises (i) 30 - 80 parts by weight of a resin
25 _'with its numbe-r average molecular weight larger than 1000 and
being in solid state at the .normal temperature, which has 0.1 - 3

radically polymerizable unsaturated groups and 0.1 - 5 functional

WL



44 coating was applied on the insulating layer due to the |nduced

sol utsi on was produced fromthe 5 resin va
- Exanple 1 and 2, without drying and at exa I\'ywt é@&%ﬁO“
as in Exanple 1. This solution was dil ut ed th ycol nonoet hyl
ether acetate to its sprayable vi sc05|ty5 f e to be applied by spraying.
The coating solution thus prepared was applied on a 1 0 through-hol ed
printed copper WirbLpg WEish duNddrgd é@ﬂsé}ﬂﬁtj{ Baeheabedebtt GHR0otift er hol di ng
the printed circuit board at 80[err] for mn., to vaporize the solvent,
‘thereby forning fanelianal giewrs tndes heh@gnmmol@qudﬁs WawngailoaP| y coat ed. As -

the filmwas for t et hal the board at
80[err] 15 for m n.a\;%rgg%r*?‘{égmgoi'% %; ({' herl ﬁ?ﬂqaﬁ% B’? ‘?r%lt S a non-
sticking and snogimpdunato®Rnsthelrveusdat avgragéhmslecort i weighednfdilem t hi ckness
of 20 - 50 [err] on flat parts of the substrate. After exposing the coating

for image forPmatthem 1090208 heing o splid isgaie @ theorermal [témPF'a'“f"re(am an
ul trahi gh mercury l:ﬁrﬁ)avetg Pltﬁ&lﬁ?t?f’ ?i&ﬂ?ras!g/i ﬁ Yhm" ﬁg,gr glevel oped,

usi ng trlchloroet yl ene, resrs %%l es coul d
not be conpl et elgrougsrandd{ii) 0.1 - 10 parts by weight of photopolymerlzatuon

Synt heti c
content ratio

~initiator in proportion to 100 parts by weight of the sum of the
components (i) and (ii) mixed therewith.
10 12. The method according to Claim 11 wherein a
| ~ crystalline resin having a phase transition temperature of 60 -

120°C is used as part of the resin of the component (1).
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In order to conpletely renove t-hem the devel opnment was cont| nued further
for about 1 mn. and the board was heated at 140[err] for '

a sol er nask. The sol der nmask thus 25 forned on the_pgd boar d
mani f est ed pai nt saggi ng phenonenon. Its t hi cknes§7as on 50
[err]. high circuits and 5 - 10 [err] on each edgel\\ps s and
It 45 sonetines partly peeled, after dipped in\pD

260[err]. Further, after dipping it for 1 hr dn trichloroethylene. 10%

sul furic acid, or. 5% sodi um hydroxi de, abnortfality was recognized on its

surface, with part of the circuits being 5 di sconnected. Conparative

Exanpl e 4 Wen the pABETRASTNOFCTHRMISCLASURE Exanpl e 8 was applied by
spraying it on a printed circuit board, without puttin organi ¢ sol vent
thereon, it was not fixedly cJQFeUeﬁ?Ptt'ﬁée’ltG’“ bas ﬁ?e'éFg gpcmﬁﬁ‘é‘ﬂda

Conpar ative Exanple goﬁé%gﬁf iwgggﬁﬁ qgﬁ%eﬁ'slw |88 dnfingS i %«ﬁﬁﬁ{g)lf@r 8,

except that n-octane was use yl'ene gl ycol "nonoet
et her-acetate and t hmot’ebtuwg)cnmaucqoaioiltcuim,r'rpamculauiy ha$ mask etppdknesis on use
of a powder sprayesr | \'¥|1et %IFEJDI? p‘é'n%cgéé each edge part of the circuits which make -
" almost no difference from those on other parts, and is excellent
in electrical insulation, heat resistance and solvent resistance.
| This invention provides a method of forming a solder
mask for printed circuit boards, using any powder paint which is
10 curable by both irradiation of ultraviolet ray and heat,
‘comprising: -
(1) a step of coating the powder paint on a printed
_ circuit board, while holding it at a temperature higher than a
i o softening point- of the powder paint,
16 | (2) a step of irradieting ultraviolet rays thereon
through a pattern mask,
(3) a step of maklng development with a medium
" which dissolves the region not irradiated by ultraviolet rays and,
. (4) a step of completely curing the coating part .
20 developed on the printed circuit board at a temperature higher

than the curing temperature of the powder paint.
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being ih the state of 500 ng/[err] of the organke—
‘thereon. At this tine, ASP value was 4.0 n 1 yR
The sol der mask thus forned on the printed cir
t hi ckness, spotty coating and bubbl es remaini
had a filmthickness of 10 - 30 [err] imZ|at )
thickness was 5 - 15 [err] on 50 [err] high circuits and ss=thian 10 [err]
on each edge of the circuits and it partially peel ed, after dipped in

nol ten sol der at 25 260[METHo®onmN@sogmobserved on its
surface, with circuits being disconnected at many. parts, after its dipping
for 1 hr in tri chI oroet hyl ene, 10% sul furic acid or 5% sodi um hydr oxi de.

46 Refergggser Ie 1 A solder mask was formed similarly as in Exanple 8,
except th was made of a 10% by wei ght concentration of a pri ner
prepared by diluting trichloroethane bi sphenol A type 5 epoxy resin with an

and That the af or orhatresl B hasdh ¥ Bk ol idh ?‘)h %%_%%&%h%&peamﬁﬁﬁj“e
(7 hccorih SRy kit g PRI for sPRBLRE cofbuibr BB "R om0

Lai d- Open | This invention provides a method of forming a solder mask for printed circuit

ol vent being left

s

boards, using any powder paint which is curable by.both irradiation of ultraviolet ray and
heat, comprising: _ |
T N = ) a'stepof coating the powder paint on a printed circuit board,” =
while holding it at a temperature higher than a softening point of the powder paint,
2) a step of irradiating ultraviolet rays thereon through a pattern
mask, / |
i 3) a step of making development with a medium which dissolves
the region not irradiated by ultraviolet rays and,
() a step of completely curing the coating part developed on the
. printed circuit board at a temperature higher than the curing temperature of the powder |

paint.
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1 0 Publication No. SHO 59-189968). The sol der mask
_printed circuit board had a filmthickness of the
[err] on flat parts of the substrate, its thicknesg
[err] high circuits and 30 [err] on each _edge of t
borders of 1 5 the devel oped parts, hO\A/e\?‘er t her e “m
contacting part between the bottom and the substrate bei ng carved or a

undercut ti W
filmwas ptehgl at one pa?he&)ldtlﬁ%s\gﬁgf%l me Qg rog %l?bﬁ% sone %5!?1:[ tage
di pped i n gRdaberatEPLERipsahedCisRitdrce, ¢Renival h‘@ﬁstﬁﬂtﬁé ask dubbibiysaieVRripedrt er

its dipping in trichl oroet hyl ene, 10% sul furic acid or 5% sodi um hydrOX| de,
and the cithatitis diffieulf toiapplstiic totheewildet maskrany parts. A nethod of form ng
a sol der mask has been provi ded which enables formng a coating with

uni form t hi ckness and 25 highly cohesive to the overall surface of a
printed circuit-board. Al though the present invention has been fully

descri bed by way of exanpl eﬁUg’IMWRYp ENVEENZEON:r e that vari ous
changes and nodifications will be apparent to those skilled in the art.
Therefore, unless otherw se such changes and nodi fi cations

According to one aspect of the invention there is disclosed a method of

forming a solder mask on printed circuit boards, using powder paint which is

curable by both irradiation of ultraviolet rays and heat, comprising: (1) a step of
forming a coating of the powder paint on a printed circuit board, while holding it

at a temperature higher than the softening point of the powder paint but lower than |
its curing temperature (2) a step of irradiating the coating thus formed with

‘ultraviolet rays through a pattern mask,



]
depart fromthe scope of the present invention as def =
appended cl ai ns, they shoul d be construed as i nclude E’Péﬁﬁmz_k\;‘gﬁ&:ﬁ_ | M5
1. A method of formng a solder nask on printed cirgj
powder paint which is curable by both |r£ad| ation of ,§___a d
heat, conprising: (1) a step of formng a coating of the p
printed circuit board, while holding it at a tenperature higher than the
sof t eni ng (BpamepbeBeemn@mmmm bwith| sometiioh avhich igsolve’dht aepRMARGY €,
(2) a step of irradiating the coatlng thus fornmed with ultraviolet rays
through a ipadised bypsthe @Braviokterays| awd cMdpanstep hef cmanpletelyi elring nthdi um
whi ch di ssolves the region not irradiated by the ultraviolet rays, and (4)
a step of Temmimiageiryadiatedngortien rafnthenicoating romdithe epi‘llpicdttlmulbfbcz&nd abat i ng
on the prlnted circujt board at a_ tenperature hjgher than the curing
t enper at u T3tHEe ﬁtgb&@ it CUKipe fEnBeatTg qf dowslar painly rﬁshﬁ:rm sqid)

?Srtggrf?h%%r wdes it eotperig St 3 tlh Refght o a it Bt Bt UIT%(EF?’%‘?QE;S
Fonct 1 onatnglebiiet g ?%ﬁ%%@%%”ﬁ@? A i ﬁb%éiﬁé%% AN PRl o
SRt 4 e RSHARTP (PHRR, FONH S i YRS 196

5 functional groups which, under heating, undergo a self-setting reaction or react

u

with other functional groups in molecules having a number average molecular
weight of 1,000, wherein a crystalline resin having a phase transition temperature
of 60 to 120°C is used as part of said resin,



resin having a phase transition tenperature of 60 to
part of said resin, (ii) 70 to 10 parts by wei ght of
number average nol ecul ar wei ght smaller than 1,000 angagiN92i Mjisd89H stlate
at normal tenperature, said conpounds ha\éi ng a plural eadical Vv

pol ymeri zabl e unsaturated groups, and (iii) 0.1 to 10 parts by weight of a
phot opol yneri zation initiator per 100 parts by weight of the sum of the
conponents (i) and (ii) mxed therewith. 2. The net hod according to claim
1, wherein in the step of irradiating ultraviolet rays through a pattern
mask, ult rayitol 1 pamy so aweight bfidioaipatinds witle apmimbadavdrage!inholeoalad  weatghhout
allowing the pattern mask to be in contact with the printed circuit board,
whi | e 4gmalierithag §,008tand hedng én solid stabtd afhmormdl demphkratersf, tsaid cogmpounds of
sai d powdery paint but lower than its curing tenperature. 3. The net hod

accor di ng Raviag - pluraligh of eradicallyepolymerizableyunsaturatesh geayps, tans Polvder10

paint on the printed cifcuit board is made jnto a c i nuous coating b
control | | AtEhto Mesight af arphatppelyeesization dnitiator per @Q@mobzaweég%pﬁ%e

hi gher than the softening poi.nt of..the er paint but lower than its
curing ten%ﬁ?é’?ﬁﬁ%?ompon%?ﬁeﬁm‘ﬁ@ ’é’&’ﬁfgﬂﬁgWﬁb claim1, where, after
finishing the step (1), the printed circuit board having the powder coating
| ayer i s quenched. 50




\ —,

degrees, (1-b) a step of coating on a printed circuit [[bREPGIEYAILOE
organi ¢ solvent the powder paint which gives an SP valjue I%{ﬁ;{‘ﬁ\énﬁsgggr
between it and the organic solvent, 5 (2) aDaSé..e.E._,%_me_r P28 atfi ng
“ultraviolet rays thereon through a pattern mask, (3) T&Step—ef Wik rng:-
devel opment with a nedi um whi ch dissol ve$ the region not irradi ated by
ultraviolet rays and, (4) a step of conpletely curing the coating part 10
devel oped on the printed circuit board at a tenperature higher than the
curing tenperature of the powder paint. 8. The nethod according to Claim?7

wherein after finishippRTATE D DESCRIPTION OF'EEE BRVENPIONe printed

circuit board is nmade into a continuous coating by controlling the 15

t enperat ure of Op@easpechiofcdthiy lirbtentiohodcbnipassest e abaie ntertiopedr fautasteps
softeni ng point of the powder paint but |ower than its curing tenperature.
9. The et {ldd (A qB)damb(4)o C aim 7 wherein in the step (1-b), coating is
conducted at a tenperature of 5 to 90 [err]. 20 10. The net hod
according to Claim9 wherein, after finishing the step (1-b), the printed
circuit board having the powder coating |layer is quenched. 11. The nethod
according to daim7 wherein said powder paint conprises (i) 30 - 90 parts

by wei ght of esin .wWth.its nunber avierage, nol ecul ar, ight | arger
t K an 1800 andaTile step %f’) 18 coating l:sne powger paint og the pr?nt cnc\{l\?t goard, while

holding its temperature higher than the softening point of the powder paint but
lower than its curing temperature. The printed circuit board is an: insulator as a

whole, so that electrostatic powder coating which requires electroconductivity is
hindered by repulsion of the paint



being in solid state at the nornmal tenperature, which hg
pol ynmeri zabl e unsaturated groups and 0.1 - 5 functional
undergo self-setting reaction or react with other functi
heating in nol ecul es having a 1000 - nunber average nol gcif v
70 - 10 parts by weight of conpounds wit4their number average
wei ght smaller 5 than 1000 and being in solid state at the nornal
tenperature, which have a plurality %&@agcal | y pol ynerizabl e unsat urated
groups and (ii) 0.1 - 10 parts by wei phot opol yneri zation initiator

I n proportq{on I d 1@t : ; I haignd
(15 edt e any s o ghinig I ma Sttt BRaETRAREBL Ry paifl)
wherei n a ghithtigbhlaBR ByEBth iltadihfich &f wWbaiolet fa4R%int ihes, t:@m?ﬁgiﬁ%yr e of 60 -
120[err] is used as part of the resin of the conponent (1). This Sheet Has
Been Repl a@®d a step of forming a coating of the powder paint on a printed circuit board, while

holding it at a temperature higher than the softening point of the powder paint but lower
than its curing temperature,
(2) a step of irradiating the coating thus formed with ultraviolet rays through a pattern
mask,
(3) a step of developing the coating with a medium which dissolves -the region not
irradiated by the ultraviolet rays, and .
(4) a step of completely curing the remaining irradiated portion of the coating on the
printed circuit board af a temperature higher than the curing temperature of the powder
paint, | |

where'nil said powder paint comprises

(@ 30 to 90 parts by weight of a resin with a number average molecular weight
larger than 1,000 and being in solid state at normal temperature, which has per mole 0.1
to 3 radically polymerizable unsaturated groups and 0.1 to 5 functional groups which,
under heating, undergo a self-setting reaction or react with other functional groups in
molecules having a number average molecular weight of 1,000, wherein a .czllystalline
resin having a phase transition temperature of 60 to 120°C is used as part of said resin,

(ii) 70 to 10 parts by weight of compounds with a nuniber average molecular
weight smaller than 1,000 and being in solid state at normal f:emperature, said
compounds having a plurality of radically polymerizable unsaturated groups, and

(iii) 0.1 to 10 parts by weight of a photopolymerization initiator per 100 parts by
weight of the sum of the components (i) and (ii) mixed therewith.
2.  The method according to claim 1, wherein in the step of irradiating ultraviolet rays
through a pattern mask, ultraviolet rays are irradiated on the printed circuit board,

without allowing the pattern mask to be in contact with the printed circuit board, while

* c L M ] *
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holding it at a temperature higher than the softening point of said powdery paint but

49

lower than its curing temperature. -

3. The method according to claim 1, wherein after finishing the step (1), the powder
paint on the printed circuit board is made into a continuous coating by controlling the
temperature of the printed circuit board to a temperature higher than the softening point
of the powder paint but lower than its curing temperature.-

4. The method according to claim 1, where, after finishing the step (1), the printed

circuit board having the powder coating layer is quenched.

s
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METHOD OF FORMING SOLDER MASK

ABSTRACT

The present invention has as its object providing a solder mask which permits
high density mounting and it is suitable for protecting conductor circuits.

'i‘his invention provides a method of forming a solder mask for printed circuit
boards, using any powder paint which is curable by both irradiation of ultraviolet ray and
heat, comprising:

' 1) a step of coating the powder paint on a printed circuit board,
while holding it at a temperature higher than a softening point of the powder paint,
'- @) a step of irradiating ultraviolet rays thereon through a pattern

mask,

3) a step of making development with a medium which dissolves
the region not irradiated by ultraviolet ra;'s and, .

@ a step of completely curing the coating part developed on the
printed circuit board at a temperature higher than the curing température of the powder

paint.



