‘NETHCD OF ‘ABRADI NG A HARDENED RESI N Background of the Inventron Thi s
invention relates generally to a nethod of abrading a hardened r n..an
more specifically to a nmethod of renoving an excess-resin |ayer gi&&ﬂf Qg'
alkali- 5 soluble resin forned on a netal -plated board during the plugging -
of metdl - pl at ed t hrough-hol es of the boayd with the alkali-soluble resin.
Recentygevel opnents in the el ectronics art demand printed wiring boards
having a high circuit 10 density. Thus, prrnted Wi ring boards provided
with wiring patterns o f - ingly used. One
-known mnet hod for the preogt ; i g board incl udes
the steps of: drilling 15 or punchrng a board to forma multiplicity of

t hrough- hol es, plating co ide ard and on i nside
wal I s of the through hol espé)*%—'%‘gp?‘ﬁgd Er’i&ﬁgoﬁg‘fr&f}oﬁs with an _

aIkaIr-squbIe resin, curing or hardening the resin within the

t hrough- hol es, abr adi ngh s M%@%@ﬁ&él&ém@ tda Rilod! o ed
board to re Qé} ers or é% its of the resin thergon, screen rrntrng
00si tive patARFALLEF 13 BATdRTE i cesin ANy MRS SRRFTHFALEY AR %t

patterns, etmdthsd tdP wexosith rataéxd@eyserranim ayacialf canata:]rkm-H qui d,

and renowy n S 5 r 3%
aqueous \sgodrgsuéﬂgb%go%}? elgs%c&af{\ér%nm The % %igﬁngwf%%aeﬁ% r?r‘%%h haTges i's
general |y peﬁlﬂwg@w ®f imgtalwplated rtisreugh-hnkek mbl the &eard swith st

applied to t&ﬁétgxﬁéhfggémﬁﬁmécges{ﬁw exanple, a 30 roll coater to plug-
t he.t hr ough- hol es. Excess -resin-on the surface of the board i's then

removed. by a squeegee@fﬁﬁ?¢1 vt cth i the IR SHIRICHARS is heat -
treated or \démamhimelinted affreiig ngoards Mawindias deigngircuit

10 density. Thus, printed wiring boards provided with
wiring. patterns on both sides thereof are now .
increasingly used. '

_ One known method for the productlon of such a
- both-sides wiring board includes the steps of: drilling

15 or'puhchihg a board to form a multiplicity of through-
holes, plating copper on both sides of.the board and on
inside walls of the through-holes, plugglng the through-
holes with an alkall-soluble resin, curing or hardenlng

" the resln_w1th1n the through-holes, abrading or sanding

20 both surfaces of the metal-plated board to remove layers
or deposits of the resin thereon, screen printing
positive patterns with an alkali-soluble resist, curing
the resist patterns, etching the exposed metal layer with
an acidic etching liquid, and removing the resist

25 patterhs and the plugged resin using a 2-3% agqueous

- sodium hydroxide solution. '

The plugging of the through-holes is generally
performed as follows. A curable or hardenable resin is
first applied to the board by means of, for example, a

30 roll coater to plug the.through-holes. Excess resin on
_thé surface of the board is then removed by a squeegee
and the resin plugged in the through-holes is heat-

- treated or UV-treated for effecting curing or hardening.



"2 The resulting board is then sanded or- abraded by means of a buff roll or
~a belt sander to renove | ayers of the har dened resin, which have not been
ring the treatnent with the squeegee, and to clean the surface of

renoved du

-5 the netal -
re has been-used a heat-curable or a photo- curable resin.

board, the

pl ated board. As a resin for plugging through-holes of the

]
.__.:5

Since a photo-curable resin can be har déned within a shorter period oft

- as conpared with 10 a heat-curable resin and since the forner

resin is

i e

substanti al free of change of vol ume upon hardening, the recent trend is
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substantlally'free of change of volume'upen hardenlng,

the recent trend is'toward the use of a photo-curable -
resin. These resins, however, pose a problem in that

they are'diffieult to remove by abrasion when cured
because of their hardness. '

In particular, the removal ‘of the hardened
resin by abras1on with a belt sander tends to cause
abrasion of or 1njury to the metal layer to- whlch the’
hardened resin sticks so that in the subsequent screen
printing Step-the photoresist'ink_tends to blur the

surface of the metal layer or the ink-pattern fails to

firmly adhere thereto. Further, the abrasion of the

metal layer sometimes causes electrical disconnection.

Thus, in order to prevent such abrasion of the metal

layer, it is necessary to operate the ‘belt sander slowly -

and - gently. Th1s however, then requlres a long process

time. _
The present invention.has been made from-a
consideration of the above-mentioned problems of the -

conventional method, and has for its object to provide a

.method'of-removing a hardened, alkali-soluble resin layer

or deposit on a metal-plated'board within a relatively
short perlod of time Wlthout 1njur1ng the plated metal
layer. ' ' '

More particularly,fthe present invention
provides a method of treating a metal-plated board for



nmet hod of rrenmoving a hardened, al kali-soluble resin |ayer or deposit on a
net al - pl ated board within a relatlvely short period of tinme wthout
injuring the plated netal |ayer. 35 More particularly, the -
present invention provides a nethod of treating a netal-plated bhoard for
t he resmoval of a hardened, al kali-solublg resin |ayer therefrom conprising
the stigps of: (a) contacting a surface of the.resin layer with an aqueous
alkatine liquid to swell said surface; 5 (b) abrading the
resin layer having. the smollen surface step (b) bei n receded by or being
si mul t aneoudhf t’heq%‘? hardsnad, tqri'éﬁﬂvﬂas‘-’rﬂ engf d¥®Urface with
an aqueous . rtm&ratrdn,qwatupﬂ.{lsmg the ste;Blfbﬂ:nventlon will now be further
described with referen t & & onpan dra S i g-  1lis a
partial, cross- sectlonéﬁe) view g(tr;&% #o%h Ines\;ﬁ't ;'1% ]'lat ed board
to be treat atithmn aqueous alﬂt@,lr&a ilsiquid dw sﬂvmlllarsatm I%lg:‘f@%;hovm ng the
state ingahi ch unwant e&i])r es&g&.é{’?ﬁ.d)e&{é vﬂg ,h%(ﬁ:ltg‘e 3is aview

t

.sim'lar to Fig. 2 but show ng state In unwant ed resj n has been
badl y renoveNoliep suxfanet Stebeth) Jd't%cpltﬁ%d@q Fhendeintated in
accor dance v:iitxﬁh]ttf&é&i&@ﬁhﬂf dthep p(r@sentandnventlon De5| gnat ed as 1is

an-insul ating board h mul tiplicity of throu Both si des
of the board 1 and t hel§ n5|t§b %L‘(ﬁsgb]&g % ]tattf(g ‘?tﬁ l})row ded
with a copperqueuscteutyal Aiquath 25 thr ough- hol e 3 |s pI ugged with a
hardenedgresin 4 whi chpme jnvention will now be further described

' with reference to the accompanying drawings, in which:

K/_ _ Fig. 1 is a partial, crossfsectional view
diagrammatically showing a metal-plated board to be
. treated; ' o :
15 '. Flg. 2 is a view SLmllar to Fig. 1 showing the

state in which unwanted resin has been well removed; and
Fig. 3 is a view similar to Fig. 2 but showing
" the state in which unwanted resin has been badly removed.
Fig. 1 depicts a metal-plated board to be
:20 treated in aCcordande with the method of'the'present-
invention. - Designated as 1 is an insulating board
having a multiplicity of through-holes 3. Both sides of
the board 1 and the inside surfaces of the through-holes
_ '3.are'provided with a copper plated laYer 2. Each
25 through-hole 3 is plugged with a hardened resin 4 which
has been formed by plugging the through-hole 3 with a
hardenable resin, followed by removing excess resins’
with, for example, a squeegee and hardening by, for |
example, irradiation of UV rays as described previouleJ
30 The reference‘humeral 4a denotes a hardened resin layer
on the external copper layers 2 which remains unremoved. .
during the squeegee-treatment, The layer 4a includiné a
protruded portion above and beloﬁ,the through-hole 3 is
to be removed by the method of the present invention.
35 For the simplicity of explanation, the following '



"has been formed by plugging the through-hole 3 with a hardenable resin,
‘followed by renoving excess resins with, for exanple, a squeegee and

har dening by, for exanple, irradiation of UV rays as described previously
30 The reference nuneral 4a denates a hardened resin layer on the external
copper layers 2 which remai ns unrenoved gduring the squeegee treatment. .
The | ayer 4a including a protruded portion above and bel ow t he throughﬁyole
3 is to be renoved by the nmethod of the present invention. 35 For the?-

sinmplicit | anati Qn.. .t he.fal | quw 4 description wil|] relate to
the renoval STaEtid Pt detdte ¥ Hhe sandil iof G stpin deere
board. In tHa mat Hostacow difhgdhe twee sirdese it itheeddayd. a har.delned r35| n

| ayer 4a to be renoved ﬂgﬁy g 130 AQHEOYS, i ne |iqui

du?/i ng or prjor to ab%a{{si%-:or% - &f&dﬁﬁfe}’g@&r@;ﬂg‘} gﬁetaslf%ﬂ‘lr esi_n | ayer 4a

i s swol | en dAYedBiQBhed %%eci/k@sﬂébﬂmaeryéra &® &wen nemavesd |38 abraded or

ground Wi | edfittidtietl RELEH aH SMRIMAURD A1l Dhd A {hA S WGy Ur Yi8or

under | yi ng, tt)l ated mgta.I 1?867 I%_er' %'glﬁ: E’Ir% Zafgd 3 |1! l ustrate states of

the metal plat &0 Board -1 fromWHith RRFIHEGE WS 85 i@tserta enoved

i n desirabl ésarﬂ!lqlriwesiamblwmfméd ims;hateam_;ptﬁesj]wila%dm_-weza&? aineei :hown

caused 18 0o doREtr ot lox” drbule WL 1A Al 1P ond YRS

avoi di ng sudiIidedia e sirfdias afs the Imslerliving,g platedd mefler is -

capabl e1of pagerding i gdasiy aieE *aNdiddteatd @Mate: F the mEiG1 €sin

layer 4ato e Lamved 19 B KIS Al Fest 1el Gal S TAh O

obt ai ned byP ﬁ§€a;ﬁ9?<§' ch such resin layer ave 'be
removed in desirable and undesirable conditions, : o/
respectively.- In the state shown in Fig; 3, the copper '
layer 2 is broken and electrical disconnection is caused

15 by exceSsive_abrasién. - The present invention is

. effective in avoiding such undesirable conditions as
'shown in Fig. 3 and rathér.is-capable of providing the
desirable condition_showﬁ in Fig. 2. ' _

The resin layer. 4a to_be.rembved is a hardened,

20 alkali-soluble reSin'sﬁCh.as obtained by thermally_or'
'photqchemiCally_polymerizing-a_hardenable éomposition
cbntaining a monomér or'ah bligomer'having an acrylic or
‘methacrylic group. A photo-hardenable composition
including an alkali—solubie.polymer-(e.g. a rosin or

25 modified rosin), a carboxyl_group—éontainiﬁg
-monofunctional_monomer,3a monofunctional=monomer.érf
oligomer having one ethylenically unSaturated group but
having no carboxyl group (e.g. acrylates ér--
methacrylates), and a photopolymerization initiator is

30 preferably used. . Sudh a-cqmpositicn is disclosed in,

' for example, Japanese-Published Unexamined Patent
Application (Tokkyo Kokai) No. Sho-62-59606. '

‘The aqueous: alkaline liquid to be used for

swelling a surface of the resin layer 4a_is préferab1y.an

35 aqueous solution containing an inofganic alkaline .
compound such as alkali cérbonate, an'alkaliﬂhydroxide or



phot ochent cal'ly pol yneri zi ng a hardenabl e tonposition contai ning a nonomner
or an oligonmer having an acrylic or methacrylic group. A phot o- har denabl e
conposition including an al kali-soluble polyner (e.g. a rosin or 25

nodi fied rosin), a carboxyl group-containing nonofunctional nononer, a
monof (incti onal nonomer or ol igoner havi gg one ethyl enically unsaturated
«group =it havi ng no car boxyl group'(e.g. acrylates or nethacrylates), and a
phot opol yneri zation initiator is 30 preferably used. Such a conp05|t|on
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carbonate, an aIk . iOXI an a | I cate. rative of
sui tabl e al #8fli A8 tBﬂp%b Hgaﬁﬁe soﬂhﬁn?ﬁB?BBﬁa?ékabbﬁﬁséFﬁﬁi@arbonate

sodlun1HydrqendnalbythaSIaanydfos+me, pﬁaaaranlpygoozgde ape sodi um

silicate. uegu liquid goeral Ly has H of 9-14,
preferably %Q§538 %féag ?ééﬂ% °§u??a3?5ﬁt B?maﬂgaﬁ??nFoﬂg¥ ﬁ ®agent rmmy
be |ncorporhﬂ@qrpﬁrétﬁﬁelaqgebhs aqkabuaealkthde Yhgutdnt act of the resin

layer 4a with the aQU@HHScahEaétnsfltHé'F gg%sifsst@gthf eexanpl e, by
10 spraying the a guepus al kal'i ne rou Spray nozzle over the

surface of tHREEPR Fs}éPe4é13Pl%y°ﬂan¢ngfﬁﬂﬁtﬁearﬁomn9ﬁamphebabn of the
aqueousl @l kspragihgqthd. aquébes SuDkhEineUL{gGedi shpbhgHed Byrgpans of an

abr asi on deXéfgléugbegstgebng aégléf EhgeLEngnfayegr4g %E bbUff roll.
— ‘dipping the board Within a bath of the aqueous alkallne
' 1iqﬁid. The swollen surface is abraded by means of an
abraSion device such as a:brush roll, a belt sander or a
15 buff roll. | | | |
The method of the present invention is sultably
N carried out automatically by securing a board to be
treated to a conveyor and conveying same at a speed of
1-3 m/mlnute through the abrasion device for pressure and
20 moving contact with the operatlng surface of an abrasion
device while spraying an agueous alkaline liquid from a
‘nozzle, disposed adjacent to the spraying device, over
the surface of the resin layer to be abraded. By
suitably positioning the spray nozzle, the abrasion may
25 be_effected simultaneously with or subsequent to the
sweiling, Simultaneous swelling and abrasion treatment
" 'can also be performed by abrading the resin layer tb be
__treated with a buff roll impregnated with the aqueous
alkaline liquid. | |
30 : i The.resulting board from which the resin layer
‘has thus been removed is then washed with an aqueous
neutral 1iquid such as water. The board having the thus
cleaned copper layer is then subjected to screen prlntlng
_ with a resist ink for the formation of a desired pattern
35 : The follow1ng examples will further 1llustrate
the present 1nventlon



The nmethod of the present inventionis suitably carried out ‘automatically.
by securing a board to be treated to a conveyor and conveying sane at a
speed of 1-3 mminute t hrough 't he abrasion device for pressure and 20
novi ng contact with the operating surface of an abrasion device while
sprayi ng an aqueous al kal i ne I|qU|d fron%a nozzl e, disposed adjacent to.the

sprayi ng device, over the surface of the'resin |ayer to be abraded. ggf,
sui tably ponghﬁpiEglthe spray nozzle, the abrasion may 25 be effecte
si mul t aneous or subsequent: to the swelling. Si nul t aneous swel |i ng

‘and abrasi on treatnent can al so be perfornmed by abrading the resin | ayer to T
be treated with a buffarebppepraaiaaed \(ﬁthhckhésé(iUQ.QGSmﬂﬂ)kﬁlakfﬂﬁgl mqui d.

? . 30 I ar the.resin layer has thus been
 amoved i (MuRLIRLREALK B gﬁraaaﬁ BELRS, {AAPRELEET 2 ilh Hanater  the
“board havi ngsthgethead: tbeha&é-pdpggunbaysnngsatUvﬁhauﬂpaabéé tesaureen
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Cor por at 1 on) LEFaREAREd,EETR, OEh. 5IAes. hekpre, by ndoPnTaReRgs Psi n on
the | am nat elampse8e wycm)stemgeedlshanbanbﬁaus was tior hatidehedthier om bot h
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to har den t he
the surface of the copper 1ayer was passed at a

travelllng_speed of 2 m/minute through a pair of rotatihg? s
buff rolls (#600) for.abrasion'of'the resin deposits. '
An agueous sodium‘carbpnaﬁe solution (concentration: 1%
15. by weight, pH: 10.7) was sprayed throﬁgh spray nozzles
over the surfaces of the resin deposits. which surfaces )
were being abraded by the buff roll so that the abrasion
and sWeliing steps were carried out simuitaneouslym The
abraded'surfacee were then washed with water. - As a '
20 result, the resih'deposits_were completely removed and
'eaCh'of'the opposing copper layers had a flat ciean
_surface. | | -

Example 2 ' - | - ' Y

_ Example 1 was repeated in the same manner as
25 described except that the abrasion step was preceded by
the swelling step and that the abras1on step was
performed us1ng a pair of brush rolls while spraylng
water over the surfaces of the resin deposlts which were -
being abraded. The swelling step was carried out by
30 dipping_the board for 5 seconds in a bath of a 0.5% by
- weight aqueous sodium hydroxide'SOlution (pH 12.6). As
a result, the resin depos1ts were completely removed and
each of the opp051ng copper 1ayers had a flat clean
surface.



~ 10 resin: The.l am nate beari ng hardened'resin deposits on the surface of
t he copper |ayer was passed at a travelling speed of 2 mnminute through
a.pair of rotating buff rolls (#600) for abrasion of the resin deposits. An
-aqueous sodi um carbonate sol ution (concentration: 1% 15 by weight, pH
10.7) -was sprayed through spray nozzles -Over the surfaces of the resin
dep05|$g whi ch surfaces were being abraded by the buff roll so that the
abrasi on and swelling steps were carried out sinultaneously. The abraded

- surfaces were then washed with water. =~ As a 20 result, the resin deposits
were conpl eCOMPAFBIAYEJEXABPA&CRA of the opposing copper |ayers had a flat
¢l ean surface. Exanpl e 2 Exanple 1 was repeated in the same manner as 25 .
descri bed except that rasion ste receded the swell.ing step
and that the abrasion %?ﬁsig g BgFfE?Réa%aélﬁB gﬁSaFPmémePB§ﬁ B8l 1s while
sprayi ng watlescribedt Bucentf that whtehewassusedepnsifieuwbifchheere being
a0 | Sba1BHCERBanALEPTRLIBA | ©U16UbalY edlnaLRAL OnENEL0]! d TOF 5

seconds |n 3 t aqueous sodium roxi de”so ut|on (pH
©12.6). QPPEQEFtWeFﬁenPESFﬁmﬂéﬁB§FYsrﬂEP¥e@0npletely renoved and each
of the opp05|ng copper | ayers had a flat clean surface. Conparative

- Exanple 1. gHB é eated in the sane manner as descri bed except
‘that wat er Was™ %gg sl Ry Exa; g he sodi um carbonate solution. It was found
that the resin 5 dep05|ts were not conpletely renoved. Conparative Exanple

2  ' N + Comparative Example .1 was. repeated in the same :
- manner as descrlbed except that buff rolls were replaced
\e’ by brush rolls. It was found that the resin. deposits

10 were not completely removed.



Compatrative Exanpte—1 was repeated i'n the sane manner as descri bed except

. e replaced by brush rolls. It was found that the resin
mmg“mmmﬂt conpl etel y renoved. 8 CLAIMS: 1. A nethod of L

tre ated board for the renoval of a hardened, alkali-soluble
resin |ayer therefrom conprising the stgps of: (a) contacting a surface
of the resin layer with an aqueous alkaline liquid to swell said surfa%%

(b) abrading the resin |ayer having the swollen surface, step (b) being

. preceded by or belng simul taneous Wi th step (a); and (c) then washing the

abr aded sur h an aqueous neutral liquid. 2. A method according to
Claim1, wherein step (a) is effected by spraying the aqueous al kal i ne

| iquid over the surface of EE thga'?Fe %Sétéﬁg aAmggEQgg}gggar bggdto Clalm

1 or Caim2, wherein 5fep y-usin sander, "a brush
rol'l or a buférrthe. remoxakecfiod hardededy aékeﬂarspsubWheresnnsﬂewe@b) is

effected by gﬁéggfgoﬁufthggashggrgﬂgagggpg15@ .the aqueous al kal.ine Iiquid.
5. A nethod according to_any preCedi ng claim wherein the aqueous al kal i ne

liquid has a pH of 9-143)g, €O tﬁEFHB& écEHFﬁPﬁ@ P8 thsi resinyhayern the
aqueous al kawiithR hhqagdebas alrbldhel@id@did7toAswelhogadacsugdifaget:o any

‘preceding claim whereig,the,aguegys AbkabLis hLgkInho18g efueous
| swollen surface, step (b) being-preoeded by or beinq_
~simultaneous- w1th step (a); ‘and |

~ (c) then washlng the abraded surface with an
aqueous neutral liquid. . : e \

2. A method according to claim 1, whereln step
(a) is effected by spraying the aqueous alkaline 11qu1d
over the surface of the resin layer.

3. A method ‘according to Claim 1 or Clalm 2,
whereln step (b) is effected by using a belt sander, a
brush roll or a buff roll.

4. A method according to Claim 3, wherein'step
(b) is effected by u51ng a buff roll 1mpregnated with the
aqueous alkaline 11qu1d '

5. A method according to any preceding claim,
wherein the aqueous alkaline liquid has a pH of 9-14.

6. A method according to.Claim 5, wherein the
aqueous alkaline 11quid has a pH of 10-13.

7. A method according to any preceding claim,
wherein the aqueous alkaline liguid is an aqueous
solution of an alkali carbonate, an alkali hYdrokide or
an alkali silicate. |



solution of an alkali carbonate, an al kali " hydroxide or an alkali sirticate:
8. A nmethod according to any preceding claim wherein the

resin is a hardened resin obtained by photopol ymeri zat i onmmmmu)mn mmm
~conprising an al kal i -sol ubl e ‘pol yner, a carboxyl group- cortafning

monof uncti onal nononmer, a nonofunctionak nmononer or ol i goner haV|ng .one

£t hyl enkcal | y unsaturated group but having no carboxyl group, and a
phot.opol'ynerization initiator. 9. A nmethod according to any preceding
claim wherein said agueoys al, r et hod_of
treating a nmetal - platg bgar§% %? ] %bgégggaﬁomgkg Hg%gene g %FE&FV
resin | ayer VRREREP: She adkalinspanbjeaserineinbaf bardenedr kbednwi t h

ref erence tobEagaed1b§nghata{oon9ﬂe§sgaﬁmaﬂybmgadeaiﬁoag§tléﬂ. A method of
0 har dened. al kal i - sol ubl e

: I I
rearn | ayor SEREFEBIBH, SoAkan T aphyPLe HoLERPReaR: AAEPORE) GFORRAMDI cs 1

and 2 hereiaontaining monofunctional monomer, a monofunctlonal
monomer or ollgomer having one ethylenically unsaturated
group but having no carboxyl group, and a
phgtopolymerizatioﬁ'initiator.

sol ubl e

9. A method according to any preceding claim,
whereln said aqueous neutral liquid is water,

| 10. A method of treating a metal-plated board
for the removal of a hardened, alkali;solublé resin layer
therefrom, substantially as hereinbefore described with -
reference to Figs. 1 and 2 of the accompanying drawihgs.

11. A method of treating a metal-plated board
for the removal of a hardened alkali-soluble resin layer
'therefrom, substantially as described in either'of
Examples 1 and 2 herein. |




