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Cl RCU T BOARDS Printed circuit boards are well known industrial products .

and are used for a wide variety of commercial and consupet: ekeetir gnicg -
applications such-as in appliances, radios, machines, etc. Basically, the
board contains a desired circuit configuration in the formof.electrically
conductive material "printed" onto the Board. Boards having circuits on
each.face of the board are electrically interconnected between certain
areas@n the opposite faces by through-holes, which are drilled or punched
_in the .desired conflguratlon and -the walls. coated W th an electrlcally
““conductive materi al.:". There are’ eCERQULT BOARDS et-hods: for ‘preparing--

printed circuit boards (PCB s) one being terned the subtracti've" method and T

the other ternmed the "additive" method. Both nethods are well known and are
described in U S. Patent No. 4,233,344.- Basically, -in the additive system
the starting board is conprised of plastic with no netal foil, and the
metal circuit is then Pxintedpciponithboarvdscarsumelde kndwnrate in the
desired pattern. In one of the subtractive methods, a nonconductive
substrate, suddustebdkproductsfandr gres yseda £oxdine wisle Fankety des

t hereof, a netal cladding or ) . .
of commercial and consumer electronic applicatioms

such as in appliances, radios, machines, etc.
Basically, the board contains a desired circuit
configuration in the form of electrically conductive
material "printed” onto the board. Boards having
circuits on each face of the board are electrically
interconnected between certain areas on the opposite
faces by through-holes, which are drilled or punched
in the desired configuration, and the walls coated
with an electrically conductive material.

There are essentially two methods for
preparing printed circuit boards (PCB's) one being
L/ termed the "subtractive” method and the other termed

the "additive” method. Both methods are well known

and are described in U.S. Patent No. 4,233.344.

Basically, in the additive system, the starting
board is comprised of plastic with no metal foil,
and the metal circuit is then built up upon the
non-conductive substrate in the desired pattern. 1In
one of the subtractive methods, a nonconductive
substrate, such as epoxy bonded fiberglass, has

adhered to two sides thereof, a metal cladding or
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| am nate, nost often copper. Holes are drilled.through the copper |amnate
board. - exposing the plastic. It is then deburred, chenically cleaned and
rinsed. The board is then treated for plating the through-hol es by
contacting with a dilute acid solution, dipped into a catal yst, npst
comonl y an acidic paIIadiun}tin catalyst, to activate the plastic for

el ectrol ess OS] rin n water, tregted wth celerator to -
activate th AT %t ﬂ%?€|°fg§ﬁ|ﬁ°PPﬁ§ed gﬁgeﬁnﬁEﬁéggﬁ ! an electrolsss

- Formtton orcdr el £of cobBef; YERInAKR BERE A ene R I Lo hore 1 T
el ectrical | pgpuect the dwocﬂsaahesaepaar) Bledd®a114" ALGRIFS St 1S then

appl i ed ove e unwant ed copper areas In t rcurt -pattern desired. The =

board is themd!2anec. e'-mérﬂ@&faeﬂs%aance%s%ean%%%&%du h Sn/Pb.

The etch resist is then renoved with an approprlate sol ution (either
solvent or aneltKrorgh-HoDes b eaﬁesetih ‘WiEa" by @ldulte lacdyd el ectrol ess
copper thereon and this copper Ts renmpved by etching, .thereby prOV|d|ng t he
desired cir@otutigardiissed ointbeaneaballyber, Mokiengommoni§d ai I Cui t
-boards, the non-conductive portions of the -2- .

acidie palladium-tln catalyst to act;vate the-

plastic for electroless deposzts, rlnsed in water,

treated with an accelerator to actmvate:the catalyst

O

metal, again rinsed and immersed into an electroless
plating bath:to plate ali'cafaIYzedeﬁrfaées of the
b@ard'including'formation of‘g.condﬁcti§e'cOatiﬁg on
the inside of the t-:hrough—h‘qlé'to‘ele‘ét'ricauy
connect the two metal (copper)-siéééa An etch
resist is thénkapplied'over the”unﬁ&nted.éopper
areas in the circuit pattern desired. - The board is
then_cleaned,'eleéirOplated~witﬁﬁcbppeiaand coated
with Sn/Pb. The-étchsfesist iéithénjrehéved~with'an
appropriate solution (either solvent or alkaline : . ;;
solution) to expose the'undeflying}foil_éndk-*
electroless éopéer thereon-and_this eo§§e:-is
removed by etching. thereby'providiné-the desired
circuit. :

Regardless of the methodafor.making printedf'

circuit boards, the non-conductive portions of the

: o



" substrate nust be activated prior. to netallizationn by either el'ectrol ess ar
~electrolytic netal .plating. Unfortunately, it.is not comrercially feasible
to treat only the non-conductive portions of the board and, as a result,
the entire board is i mersedior dipped into all thé-treating baths,

I ncludi ng both the catal yst solution and the el ectrol ess plating bath. To .
over.cone the gﬁparent wast e of copper and ot her probl ens, associ ated with

prior_art’ pr¥ekiteate gugt ket pshivated: pxiex |te Mpefallizatiornd of the

.PCB manuf acturing. process. . These. net hogs.typi.cally: catglyze the drilled. .-
ool firor BRuOEHRARSLPFEECIREE Bk Plecsalikid mekaY RbattAg 1 he C . T

(et e coptRroFREREERRR Sk Ratat: Rodrbaiy AR NED ' o |
ferric ohl orgslgas 1§ ee’ 3hskohSuble0e’ SINALAN LS Nond Waldka

el ectrol essly plat W e only portro ated being the circuit |ines

o oal Ty ok (6h°E dbL el SRLEERTBLRSE e Nl a1 U
etch resist d5ppdd £nfo afl kéhéNEreatihgOBathsS MR uditg both

the c#talyst solution ana the electrbless plating |

bath.

To overcome the apparent waste of copper
and other problems associated with prior art
processes, newer methods eleétrolessly plate at the
end of the PCB manufacturing process. These methods
typically catalyze the drilled panel first and then
utilize an etch resist (dry film type) over the
desired circuit pattern, including tenting of the
through holes, with the unwanted copper then being
etched using ammoniacal copper chloride or ferric
chloride. The etch resist is then removed and the
&¢? board electrolessly plated, with the only portioms

plated being the circuit lines and the
through-holes.

The use of an organic solvent soluble etch
resist normally does not present a problem,
linfortunately, however, removal of the etch resist

using, e.g., alkaline solutions, removes the

-3~
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cafalyst fromthe through-holes* naklng the metal platlng |neffect|ve Th[s'

is a particularly. serious problemwhen an envi ronnment al ['y preferred aqueous
sol uble etch resist is used since the coomonly used KOH stripping.sol ution
readi |y renopves the catalyst absorbed on the through-hole wall. It is an
obj ect of the subject invention to provide a nethod for treating a
cat al yzed non-conductive substrate to enhance its resistance to

.'conp05|t|ons catalyst firgn ditienctlpraugissholées makingutheemeghlect of the.g

--present i.nvention to provide. an.efficient. and effective nmethod for .

' “preparing a ppamammﬁ&em cohis. iimga t DavhERubardy. sardcuer ‘obj:éct- |

of the present invention is to provide printed circuit boards prepared by
the novel netPs@biem mhem, amenyironmentally prefersglcaguegns: he present -

i nvention mnll becone readily %égnt fro the f Ilomnng getalled
descri pti on. ublesetch respﬁﬁg ?EpaF & SPmuOBLy;: uged; e

prsent | et et e Sl o0 LT cehggagoniuct i ve
absorbed on the'through-hole na11.;-'" e : |
‘It is an object of the subject imvention to

provide a method for treating a catalyzed 3
non-conductive substrate to enhancefits resistance
to compositions used in the-pl&ting process. It is
a further oﬁject of the‘pfeseht'ihvéﬁiioﬁfto*provide
an efficient and effective meth@&iforﬁpreparinq a

 printed circuit;bbardJconﬁainingfthrough4hbles.
Another objéct of the present invemtion is to
provide printéd-circuit’hQards-preﬁaféd*by"thé'noéel
method pf:the invention. These and other objects of

_the present invention will become readily apparent

from the foilowing detailed-désc:iptibn.
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‘coat ed Wlth a net aI) that has been cont act ed W|th a 5 cat al yst (\/\hl ch
may be termed catalysed), such as in preparation for electroless netal
plating, the nmethod conprising contacting the (catal ysed) substrate with an
accel erator, contacting the:(accel erated) substrate with a reducing agent,

and heating the substrate. =~ This is 10 gerforn’ed before .
(el ectrol ess) metal plating the substrate. The non-conductive substrate

is pr erably made of a plastics material, and nmay be a laninate, for -
. _exanpl efa 15 Th\msrmér@nﬁdjdto@lﬁﬁé@a Icg,n ﬁ%ﬁ;g&;%edﬁfﬂofé})r o .
~rethod for.:tre ace e PR
el'ectrol ess m%&% af‘g éﬁwﬁg #e % Eeﬁgl Rg ~conqugtive
. cat al ysed surf cbstkxaten (hasding = osurfaeet |a1'g lda&sacpdnﬁ acbfdwhlibha(i%
with a reduci ngG el ¥i¢pheat |n{g.{ ?%t elgaéur ae(i_}e %Biﬁ‘tg e‘gi l\{e t| me
0 ‘el ec et d25

at an el evated terrperature prio roless
present Pnvent iRtIAYSHe (WhdEhtmay Xe bberpedasatalysed) Apﬁucinnas 1n

di scovery that g ﬂwpé@tféﬁn%rofefééewféésn%wdpisﬂﬁgéubéﬂéa
COITpOSItIOI’lS used in aélélgngr ocesses and In artT cul ar onposi tions -
é;# t

used to renmove GAMRF+ aching §BPth%h’fse}@-l supstratepyith an -
enhanced by cordcalieatde, C@éﬂtd@ﬁﬂnguﬁﬁér@&@cé’.’téﬁa&éﬂ@c‘é?b.%:t%(t{je tv)m:h
LEatng, (e SGeSLahgkehe el sl RedeihEPUAY llheakd OB 10

10 - performed before (electroless) metal plating the

substrate.

The non-conductive substrate is preferably made of a
plastics material, and may be a laminate, for example a
15 circuit board.

Thus the invention can be envisaged as a method for
'tfeating a plastic surface which has been catalysed for
electroles_s metal plating,; the method comprising treating
20 the catalysed surface with an accelerator, treating the
' accelerated surface with a reducing agent and heating the
treated surface for an effective time at an elevated

~ temperature prior to electroless metal plating.

25 The present inve'nt'ion'may be thought of as being based on
the Applicants’ discovery that the resistance of
catalysed non-conductive substrates to compositions used

- in plating processes and, in particular, compositions
used to remove etch resists, such as solutions of KOH,

30 may be enhanced by contaéting. the catalysed substrate
with an accelerator, treating the accelerated substrate
with a reducing agent, followed by baking the treated
substrate. '
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6 The'contacti

substrate in a liquid catalyst conp05|t|on
al so cat al ysed.

ng'mdth;a eatalyst is preferably achi eved by |nner5|ng the

The contact with the reduci ng agent (also preferably a

liquid 5 conposition) may al so be achi eved by inmersion of the

substrate. The
preparation of
nmust be pl at ed,

i nvention finds particular usge with regard to the |
printed circuit boards having through- 10 hol es whi ch -

i ncluding the cleaning and pretreating of a drilled Coppei

so that the through-holes are-

=

.- foil clad boaramaAqnnﬁacnﬂngIwatheﬁtnataﬂysthbd pfefbeaplysanh;e@eﬂhtwon;“...

HTRUS LGONpri Ses

(catal ysing the n@%z(s? q inc u?i‘tlJ a{#&@f%ﬁ%%ﬁhﬁp&%@aiggﬁ élatﬁggsa.m%gngl

of the board

s &hes ythecomguehuholssc haxe aalsmvmta%mse@cu di he

pal ladi umtin Rimlact with Ehle r%ﬁ%tcﬁﬁm? e@eﬁmals%betreeteeaw B 1aaum

accel erator (accelerating the catal
accel er afed sulfURQSALHEQ MAYJ Rk S?IRJ

boar d C) Qntactln th
be ach:.eved % n L ImE T ogg qg,g, the

treating the agaglsiitasl board by i mmersing the board in. a reducing

conposition; (d) heating the substrate, preferably by baklng the reduced

board by heating at. an effective el evated

10

The invention finds particular use w1th regard to the
preparatlon_of_printed.clrcult-bcards_having through-

holes which must.heiplated, insluding the'cleaning and

pretreating of a drilled copper foil clad board.

A particularly preferred method of the present invention

15

20

25

30

thus comprises:

(a) contactlng the substrate w1th a catalyst (cata1y51ng

the board, including the through~holes) such as by

immersion of the board in a catalyst composition, such as
a conventional acidic pal;adiumstinﬂcatalyst;

(b) contacting sthe~-sﬁbstratea witht.anv'aCcelerator
(accelerating the catalysed board);

(c) contacting the accelerated substrate with a reducing
-agent, . such as by treating the accelerated board by
immersing the board in afreduqing composition;

(d) heating the subst;ate,'_preferably* by baking the
reduced board by heating at an effective elevated

temperature; and

(e) applying an etch resist over the desired circuit
pattern and tenting the through-holes..
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circuit pattern .and- tenting the thediugh-heles:. 7 The nethod cof the
present invention preferably additionally conprises: (f) etching any

exposed net al

in a

-.sui-tabl e _.pl asthe amdthodr ej dﬁf_Qf_Ct_ﬂfé_p[_.@&_@:ﬁt_subiﬁﬁéhtiﬁﬁ.,.g,.gt 3 L
15 . chutadiene rene, . -pol ystyrene, .-pol'ycarbonat.e, efc. -
For conveni encé oﬁ%ﬁodﬁigiiéaﬁkéiﬁkékscription wll be directed to copper

(usual ly copper); .5 (g) renoving the resist, e.g. using-a
sui tabl e solvent; (h) electrolessly plating+he substrate, e.g. the board,
I ncl udi ng the through-holes, by inmersing the 10

itabl e el ectrol ess pkating solution. The siibstrate may be any

Traerylonitril é-

eferably.

| t.enper at ur e; and (e):-anfyLngién-etch'resist over -the desired-

treated substrate

- I am nat ed epoxy resin substrates which are the nost commonly used pl astics

in th i nt ed (G ' | _ ah,d u JAppreci ated 20
ItRat tehgr: zvgnt(?g:lciégcr%qq %r#’{]é%%%g%%%é%sﬁ%‘%aegwﬁgpgrgg?éat al yst

procedur®s for preparing a through-hole substrate, or for any plastic

substrat e,
General ly the

net al

10

15

20

25

30

‘may %qr Y réindRi ol UMY Heil A, tél%.ardéﬁ{@ 4 %\thﬁféuggfveﬂt'

substrate will be at least partial coated wt

(h) electrOIessly'plating.the'substrate, e.g. the board,
including the through-holes, by immersing the
treated substrate in a suitable electroless plating
solution.

The substrate may be any suitable plastic and/or

‘reinforced plastics substrate, e.g., acrylonitrile-

butadiene styrene, polystyrene, polycarbonate, etc. For
convenience only, the following description will be
directed to copper laminated epoxy resin substrates which
are the most commonly used plastics in the printed
circuit board industry, although it should be appreciated
that the invention.is not limited to such substrates. -

The pre-catalyst procedures for preparing a through-hole

- 'substrate, or for any plastic substrate, may vary widely

depending on the article to be produced. Generally the
substrate will be at least partially coated with a metal,
e.g. copper clad, and may be deburred, chemically cleaned
and rinsed. For example, the sﬁbstrate-can be a panel
which may be treated with a cleaner for five minutes at
60°C to 70°C. An exemplary cleaner is ENPLATE® PC-475
sold by Enthone, Incorporated, West Haven, Connecticut
which contains cationic and non-ionic surfactants.

' Suitably after water rinsing, the board may then be
‘immersed in a copper etchant such as ENPLATE® AD-485

which is of the peroxy sulphate type for 1-2 minutes at

&
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e.g. copper clad and may ‘be deburred chem cally cleaned and rinsed. For.
exanpl e, the substrate can be a panel which may be treated with a cl eaner
for five mnutes at [err] to [err]. An exenplary cleaner is ENPLATE[err]
PC-475 30 sol d by Enthone, Incorporated, West Haven, Connecticut which
contains cationic and non-ionic surfactants. gSuitably after wat er r|n5|ng,,
the board may then be immersed in a copper etchant such as ENPLATE[err]

AD- 485 which is of the peroxy sul phate type for 1-2 m nutes at 8 20 .

- Eer r% fThet boar gocaip tﬁtgﬂgget WRhLE!- Hdd"ﬁi?dcaﬁ_cli_ tHe gBtby wdﬁ@?" ti-@.ﬁs?@l hﬂr(ﬂ
~ferr or-two-mnytes:a er he_su rate,-after. dri- |ng,
may be used as §ugf;a§;y. t’-mﬂ‘ﬁfsﬁb tjr"La?c‘gﬁ Ha$% tP%akVe i oFo
oxi dants such asecchromc acid, sulphuric acid, pernanganate solutlons
and the |like to enhance the adhesion of the netal plating. These

treatnents are discussed in U S 10 Patent No. 4,592,852. Wen the
substratesis re@dg Substmatbysafterhdridiimogt amays hes amdd/ asmmuatedor nit he
catal yst COMPOS{L{,0 g;esoc:té}ﬁ!e& hﬁsﬁﬁ&;a' arl{e/ ei‘f’éﬂé@egn&?& Qe idants
substrate surface 'S e art ab

catal yst may besu@Bl o§ed Sh¥omAE séFf'-Qae &leélrétﬁ’osﬁcdi"e nﬂ%ﬁwmm‘s«sed
using, for exangbguthibBfAsCIHEI€hal hikevaid abhRance the adhesion of the

metal plating.  These treatments are discussed in U.s.
10 Patent No. 4,592,852,

When the Substrate_is ready-for_catalysis, the substrate

is usually immersed in the cataiyst.composition-so,thatf

the catalyst may be adsorbed onto the substrate surface

15 - as is 'well known in the art. Any suitable catalyst may
be employed and the surface of the substrate may be
‘catalysed using,;for example, the commercially available

mixed tin-palladium (e.g. chloride)-catalysts, which are
‘usually solutions._ Various: amounts' of bbth tin and

20 palladium can be adsorbed on the substrate surface
depending'on the conqentration and temperature of the
catalyst, ~the time spent  in the catalyst and
preconditioning treatment of the (e g. resin) substrate. n
Usually_an increased temperature, longer.1mmers1on time &d

25 and higher concentration of the catalyst'sdlution'tend to
leave more catalyst on the surface of the-(e.g; resin)
substrate. Often there is a minimum ameﬁnt:of-catalyst
required*dn the substrate surface in order to properly
initiate electroless metal deposition to occur, and this

30 minimum amount can usually be achieved easily by
immersing the substrate into the :Sn/Pd catalyst solution

within the given set of parameters -sp_ec,ifiéd- by the
suppliers of the commercial catalyst solutions.

" Exemplary catalysts are given in U.S. Patent No.

'-.n;n)w«n.m...suuﬁ:. ettt e e e it b e e e b € T B e 0 S 1 6 o AT Y S AL STl SRS U st
- »
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m xed ti n-'paI"I adium (e.g. chloride) catalysts, whi ch are usual | y'

solutions. Various anounts of both tin and 20 pal | adium can be
adsorbed on the substrate . surface depending on the concentration and
tenperature of the catalyst;”” the time spent iH-the catal yst and.
preconditioning treatment of the (e.g. resing substrate. Usually an

I ncreased tenperature, |longer imersion-tine 25 and hi gher concentration
of tﬁe/cat al yst solution tend to | eave nore catalyst on the surface of .the

-.(e,g. resin) . subNxrie20. Ften there:is.a .m.ni num amunt - of catalyst

-requi red-on t he Substrate surface in order to- properly initiate &l ectrot ess
nmetal deposition to occur, and this 30 m ni mum anmount can usually

- be achieved &3 ;pretgﬂnem.su Ry cenmexigsialat  e.gt.0 alma.dﬁd)PdcaMany@i

sol ution Wit hi gl #58h Eond 1 RERG il &d)ec%f'sﬁdn@/ 3110 g °L

the comercial_ catal ut 1 ons: ary cat re-grven in
Pat ent NG. Frem 3 zezéo gl g émhclee uaeémrrﬁmh @As b, g typdical)

cat al yst- conpotidnperaaiteai o9 ff@;m 199o&0 €80 ABsE péh&eﬁbug* apdy> an
from3 to .10 g/ tin can ge us uch as at a ty ca ture o

from [err] to™mergion H“&bl BP‘“&n?‘Pn’réwsq ‘%{1 g?#r&ﬁ’?—@eﬂ-'é'eﬂs
m nut es. - Aprcdmemia:bmtaugbtcaml mmw RTOR-A43| \&J1d H44

sold by Enthone.
' 10 : .
The catalysed substrate can then be treated with the
accelerator (or postactivator) to enhance the plating
step, followed by electroless plating. It is preferably
: at this . point after catalysis that the catalysed
15 - substrate is contacted with an accelerator, and after
| acceleration, the accelerated substrate can be treated
with a reducing agent followed by baking to form a
catalysed surface which may possess enhanced resistance
o to further processing compositions (such as the KOH used
20 - in printed circuit board manufacture to remove the etch
resist). A preferred accelerator is an acidic H,S0,
composition such as ENPLATE® PA-493 sold by Enthone,
Incorporated. Other accelerators include ENPLATE® PA
L,f ' 1889, an acidic fluoboric acid based composition, and
- 25 ENPLATE® PA 2748, an alkaline based composition.
Generally the accelerator will activate the catalyst (and
so may be thought of as an activator) and examples of
suitable accelerators include dilute acids, such as
perchloric, H,80, or phosphoric acid and alkaline
30 materials such as NaOH, sodium carbonate, etc. The
accelerator is preferably at a temperature of from 15 to
50°C, such as about room temperature. Contact time is

suitably from 3 to 5 minutes, e.g. about 4 minutes.
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Enthone. 10 The catalysed substrate can then be treated with the

accel erator (or postactivator) to enhance the plating step, .fol |l owed by

el ectroless plating. It is preferably at this point after catalysis that

t he catal ysed 15 substrate is contacted with an accel erator, and after
accel eration, the accelerated substrate canjge treated with a redu0|ng
agent follomed by baking to forma catal ysed surface whi ch may possess
enhanced reS|stance to further processing conpositions (such as .the KCH\_)
used 20 . .. y Hueitable tddieing agent afatyln@tempmyw sléh £ e, ~c,

" oresi.st A cel 'S er as: -
ENPLAT)E[ err] pr AL dat“gf E‘h%]%‘h% ﬁ‘?% %&% ttéggtg g§ 8@8@?’&%%’
i ncl ude ENPLATIQmei}hmnlm horang dl(cmmmoboram apagrtissdanignpsoddum, -
and 25 ENP'%Q{@ ddiadPa ir%7 Ky PdFeraf ClecalROSot | Yheir
acce g

General ly the ator w vate the: cat al yst (an SO nay be thought
of as an 5act i vaAenonsirrtsd rﬁﬁf&c"%ﬁ"%}%ﬁ-’t%bl Praferahly ed ande

aci ds, such as élﬁiéi]éﬁtéd é@ff&c@ri@t@éﬁ)ﬁ@étédaﬁiehaﬁﬁeakbahbaag%gent
material s such as NaOH, %IUH]C nate1 _Jhe agégleratg o
preferably at & eﬂp@?&?ﬁi’é §°’Po Fereq"i SQUEh sYCH AR boAb out

tenperature. QﬂﬁmCteﬁpﬁfat&_reul tﬁdx‘ yaf switalle Slehgtheof etimepbeuly.4
mnutes. from 1 to 10 minutes, especiall'y" from 4 to 6 minutes.
10 | - |
For DMAB, a concentration of from 5 to 20 g/1, preferably
8 to 12 g/l, is suitable. The pH is suitably from 7 to
' 14, such as from 9 to 13 e.g. about 11, which may be
achieved by adjustment. ' Preferably-' an aquebus solution
15 of DMAB is employed with DMAB present at 10 g/l1, so that
the pH is about 11. . :

Suitably- t_he_ DMAB"- is at a t_empjeif:‘aﬁurfe' range of from 21 to
44°C, e.g. at about room temper_a—tﬁf'e_._ . Contact for 3 to
20 ~ 15. minutes, especially about 5 inihutes__. may be found to
provide excellent results, particula-rly when used to
treat epoxy boards catalysed with a commercial tin- -
palladium é.atalyst and accelerated: with an acidic
accelerator at room temperature for -frbm_ 3 t_d. 5 minutes.
25 For sodiuin borohydride, a preferred concentration is from
1 to 5 g/l, e.g. from 1.5 to 2.5 g/l, for example at a
temperature of 20.to 30°C. Contact with the substrate is
preferably for from 3 to 8 minutes, e.g. from 4 to 6
minutes.
30 L . _
The treated catalysed substrate _can then be heated at any
suitable temperature up to the sbft’ening._ temperature of
the substrate, i.e. preferably from 60 to 150°C and more
preferably from 130 to 150°C. This may be for up to, for
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10 Any suitable redUC|ng agent nay be enployed such ‘as [err] aIkyI ‘am ne
boranes and -alkali metal borohydrides. Dinethylamne .borane (DVAB)
and particularly sodi um bor ohydri de are especially preferred because of
their 5 denonstrated effectiveness. Preferably the catalysed and - .
accel erated surface is. contacted wi'th the redqucing ‘agent at a tenperature
of fqontlS to [err], such as:at about roomtenperature, for a suitable
Iengbh/ of time , e.qg. from1 to 10 ninutes, .espec¢ially from4 to 6

. nutes.. 10. Fore;awa,e,a €omtntutesi, oandl wflrlmﬂ&eﬁam?%ﬂ/thepte lare t o

n 2% 2l of ol g a4 3T € e M N SR M D i 3 nds’} wow, oy g A R R N o L L W W A G N U A E TN LD, e et .

T t0 13 -

i27glll, s, SUII The ably.f romi7 .t.0. .14, suc

e. ggj about 11, lggg%ﬁf% é #f&rfﬁqrértﬁm Iﬁ%?'érgﬁl grﬁﬂ (?u&ﬂus
solution 15 5QﬁmInW¥BSB el ofcomvw80htoOMAB pinutes.at 10 g/l, so that
the pHis about 11. Suitably the DMAB is at a tenperature range of from 21
to 440C, e.g. at about roomtenperature. Contact for 3 to 20 15.
m nut es, SespeciofNgg Bhsurcaralysed s swpgtyatieouhast dearnytreasedel bynthe

results,  partigbdvd metMy) ﬂh%?ﬁbx‘e?at a‘ﬁbxﬁ%h@ogﬂﬁt&@ &hyead tMobl %Ir?

connerC|aI tin- palladium cata accel era an _ac

accel erator at S83bnP® eFRBEANYES f‘lﬁi‘?‘i offh¥ &f 52 m"ﬁﬁ't‘-&é’-y ﬁ techpiques um
bor ohydri de, akmosfrerirectinoreetniration is froml.to 5 g/l, e.g. froml1l.5 to

2.5 g/l, for exanple at a tenperature of 20 to [err]. Contact with the
substrate is preferably for from3 to 8 mnutes, e.g. from4 to 6
10 In a preferred embodiment, after applying an aqueous dry

film strippable etch resist over the desired circuit and
tenting the through-holes, the unwanted copper can be
etched using ammoniacal cupric chloride or ferric
chloride, etc. This can then be followed by removing the
15 etch resist using an aqueous solution of KOH. Exemplary
of such etching resists include RISTON 3800 and 4200 sold
by Du Pont. The KOH solution is preferably from 2 to 2.5
weight % KOH and the board may be treated by spraying or
by immersion in the solution. This is suitably for from
20 30 seconds to 2 minutes, such as at 50 to 60°C.

After removal of the resist, the board is ready for
electroless plating using any of the well-known plating
I\ compositions. Exemplary compositions include those found
25 in U.s. Patent Nos. 3,698,940 and 3,976,816. The plated
board may then be prepared for use by any other method

known in the art. -

The invention will now be described by way of example

30 with reference to the accompanying Examples, which are
intended to be merely illustrative of, and not limiting
on, the present invention.

Circuit Board Preparation
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m nut es.. 30 The treated cat al. ysed substrate can’ then be heat ed at any

. suitable tenperature up to the softening tenperature of the substrate, i.e.
preferably from60 to [err] and nore preferably from 130 to {errj. This may
be for up to, for exanple, 60 mnutes, and will depend on the
tenperature enpl oyed. However, a pref erredlﬁr me span is from10,to 50
mnutes, e.g. from30 to 40 mnutes. 5 - Once the catal ysed substrate has
been treated by the above nethod the preparation of the printed circuithw

board can ‘be cant. samdsusong aﬂylbédadmmysﬁfdetdecmpq:m eladn epoxt_ve

art I'n’:a rregd . ef Iy.| EQuSLdr R
stri ppable etcﬁ’rl"g’ﬁescf BYEFUL Ck&%%é d’ eﬁ'(,su ant en?‘ ﬁ%&'t h&% ¥eI:-E o

t hr ough- hol es, priepanedrfiea plaiping osing ﬁneh:é@llrewhggapﬂcﬂedua'le-cuprr c

chl oride or ferrrc chloride, etc. This can then-be foll owed by renoving the

15 etch resi st using an aqueous solution of KOH Exenp Iar¥ of such
etchi ng Besi stdﬁ)nclnﬁmm@@%%mw pyodmasrsing Borr8/io/Freinates

ts?Iegt Iegnbl s p:gftere%biméd m-%z?‘b%sﬂé—d@‘@@e dSivaryt in mm-rtﬁ?ﬁmsf-or
y spraying | Sj | S. sui y
from 20 304§§cqen TES MRS 7 ﬂ‘e@% é&#ﬁ] ef? " After renoval

of the resist, the board is ready for
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'electroless platlng u5|ng any of’ the mellaknomn platlng conp05|t|ons

Exenpl ary conposi tions..include those found 25. - in U'S. Patent Nos.
3,698,940 and-3, 9%6,816. The plated board may then be prepared for use by
.any ot her met hod known in the art. The invention will now be descri bed- by
way of -exanpl e 30 wth reference to the acconpanyi ng Exanpl es, which
‘are intended to be merely illustrative ofs and not . limting on, the present
i nventifon.. G rCU|t2Boam@ﬂ§ﬂﬂﬁu¥n|EHPLATd§E¢r43§rabs4OfCdrtbkea doubl e

.si ded .copper. cl ad, epoxy prrnted circuit -board panels 18 inch x 24 inch were ..

'"ﬁprepared for- plating UBLARGEES £.0l 1-owi ng: procedur.e: {1)- ‘permanganat e

desnear by i mmersing for 5/10/5 m nutes at [err] respectlvely in
ENPLATE[ err] NLB-( g .ENPLATE[ er.r and ENPLATE[err] [err]:: (2)
i merse in ENPLAT (@ igsg;dn,cokd Wateric [err| (3) rinse in cold water:

(4) imerse in ENPLATEAD[err] 485 at [err]. for 2 m nutes;
(4) immerse in ENPLATEékD-485 at 20-25°C. for

2 minutes;
(5) rinse in cold water:

{6) immerse in 10% H,SO, at room temperature

N\ .
: for 1 minute;
(7) rinse in cold water:
(8) immerse in ENPLATﬁg£C-236‘ at 20-25°C. for
1 minute:;
(9) immerse in ENPLATﬂ§ACT4444 at 38°C. for 10
minutes;
(10) rinse in cold water.

®*  Alkaline aquequs—éolvent (glycol-ether)
solution to condition the substrate.

> Alkaline permanganate solution having a pH
of 13-14.

¢ Neutralizer solutlon conta1n1ng an amine
type reducing agent.

4 NaCl-CH1 pre-dip sqlutidn

13
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(5) rinse in cold water;

e L A e
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H K

(6) imﬁﬁseinﬂﬂ%ﬂerﬂ at}odmtemmrﬁurefor

1 minute; (7) rinse in cold water; (8)- imrerse in ENPLATA.err]

[err] for 1 minute; (9)

i mmerse in ENPLATE[ err] ACT-444 at [err]

m nutes; (10) rinse incold water. a Al kaline aqueous-sol vent

(glycol -ether) solution to condition the substrate.

sol ution having a pH of

. .of the above. panels.- wer

[err] at
€. for 10

b Al kal i ne permanganate

13-14. ¢ Neutralizer solution containing an am ne.
type reduci ng agent. d NaCl-CHL pr?)?}ﬂ’tﬁé) tion 13 - EXAMPLE |

e -processe ol1ow ng steps: (1)

A nunief

i.mer se, |n'..”

. ~accel Briat or "ENPLATE[-epf hﬁ@%xﬁtw&%dwﬁw ewépe grotasked; (2) -
i mrerse in a'10 g/1 DMAB (D nethyl am ne borane) solution (pH 11) for 5

mnutes at rggMmchenelabwitig steps:

(1) immerse in accelerat§rhENPLATS§f1-493-

(2)

(3)

(4)
(5)

(6)

(7)

(8)

at room_temperature_fét'4ﬂminutes:

immerse in a 10 g/l DMAB

(Dimethylamine borane) solut1on {pH

11) for 5 minntes at rpém temperature;

dry;
heat for 30-40 minutes at 132°C;
let cool to room tempergtu:e:

immerse in a 2.25 weight % KOR
solution for 1 minute at 60°C. (to
simulate the etch résiSt stripping
step);

immerse in ENPLAT&EE¢%¢55‘ for 5
minutes at 60°C.;

immerse in ENPLAT! AD*Q&S fof_z

' minutes at 20-25°C.;

14
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H(3) dry; (4) heat for 30- 40 m nut es ‘at. [err] (5) let cool to room
tenperature; (6) ismmerse in a 2.25° merght @6KCH solution for 1 mnute at
[err]. (to simulate the etch resist stripping step); (7) imrerse in

ENPLATE[ err] [err] for 5 minutes at [err].; (8) imerse in
ENPLATE[ err] AD-485 for 2 mnutes at 20-25 C.; gl4 (9) immerse in ENPLAT
PA-493 for 4 m nutes af{9)oocimmenper inuENP PAY48 3 fort M4

ENPLAIE[err]ClLQOll[err] for.,.12-16 hours at [err] sNon-i oni ¢ surfactant
.. cl-eaner .conposition. Electr%i%gseaopperogulphmp@qatnneg;solutron .
‘.cont-ai fiing..1-2-g/.| - copper. conpl-exed-wi th, ethylene di‘affi.ne tetraacetic. acrd

“'usrng f or mal dehyde as, t he reducrng agent and vrn% apr of about 12.5. The
plating substantial | y(dQ\erRiat@cWith ENPLATE-CU-9011* for 12-16

hours at 60°C.

¢ Non-ionic surfactant cleaner
composition.

f Electroless copper sulphate plating
solution containing 1-2 g/l copper
complexed with ethylene diamine
tetraacetic acid using formaldehyde as

, _ the reducing agent and having a pH of
N ) about 12.5.
The plating substantially covered the

through-holes.
EXAMPLE II

EXAMPLE I was repeated except that the DMAB
step was replaced using a 2 g/1 NaBH, solution for 5
minutes at room temperature. The plating

substantially covered the holes.

COMPARATIVE EXAMPLE I

EXAMPLE II was'repeated except that the
postactivation step (1) was omitted. Metallization

of the holes was incomplete.

15
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-through holes EXAMPLE || EXAVPLE | was repeated except t hat the DVAB step
‘was -repl aced using a 2 g/l [err] solution for 5 minutes at .room .
tenperature. The plating substantially covered the hol es. CQOVPARATI VE
EXAMPLE | EXAMPLE |1 was repeated except that the postactivation step (1)
was omtted. Metallization of the holes was inconplete. 15 COVPARATI VE |
EXAMPLE II| EXAMPLES | and Il_were regeated except that' -reducing step (2).

was not performed. The hol EHRARATIVE | BRAMBLE |FEoanete The sane *

experiment w thout -“reducing step.(2) and heati.ng: step. (4) .provided .
e o rar e QR 'Xgr%)(?%’%%h'ﬁe)tf%)f%%%ﬁ%s
B art " Ekhe Bl k), Wi IRU€ B bR, °?t§’a§ﬁ%@f e heating step
(4) vas om t peta1iiGdtdh W' Idldipfleds 'ncorm' ete.
The same exper1ment w1thout reduc;ng step
(2) and heatlng step (4) Prov1ded 1ncomp1ete hole

metallization. .

242 S SRS EIOCH I LNG  DI IR wle LS e '-.:-.e;-.;.;;.- i i LA A TERL Sl L o O UL T PP V. AL atel dhanieteiaia il i

hIrey

' COMPARATIVE EXAMPLE III W

EXAMPLE I was repeagedpgxcgég]gqa;,step (1)
- immersion in the BN?LATég%Af493.pé#tfagtivation
was omitted. The ﬁble metallization was'incomplete.

Similarly, BXAMPLE-I'Qés repeated except
that step (1) and the heating.steﬁ;}c)“wag omitted.

The hole metallization waé'inCthlete....

COMPARATIVE EXAMPLE IV

EXAMPLE T ﬁas repegted except that both
steps (1) post-aétivatidn.énd iﬁf”fé&uction,_were
omitted. Only trace ﬁetal_plaging_was-ébtainéd.
Similarly, whep heating step,t@) was also omitted,

only trace metal plating was ohtained.

16
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’COVPARATI VE EXAMPLE |V EXANPLE . was repeat ed except t hat both steps (1)
post-activation and (2) reduction, were omtted.. .Only trace netal. plati ng
was obtai ned. «Sim:larly, when heatl ng step. (4) was aI so omtted, only :

trace netal plating was obtdined. 16 17 CLAIMS ‘1. A“mn ng
a non-conductjve substrate, the met hod conp§25|ng conta , Hﬂ ” ﬂma .

wth ab catal yst, contacting the catal ySed substrate*wahtanw
accelerat or, contacting the accelerated substrate with a reducing agent

. and heat| ng the substrate. before any met%%ﬂq%tl .ng. of ‘the substrate.: 10
e reducnng agent .is .an:

al kyl ami ne borane or an alkali netal borohydride. 3. A nethod as ¢l ai med
inclaim 1 or 2 wherginetHva bt treaQ:eltnaj WShohscehdactdive pildstdata ! ithe

S e MR PRl FonkaikThas, Shys, I obebiate® Withe! 20,

as claingd in a:rgtaifys:li,al epntaitifigihthei ncatalysed substrate with an
accelerator, contacting the accelerated substrate with a
reducing agent, and heating the substrate before any
metal plating of the substrate. '

10 2. A method as claimed in claim 1 wherein the reducing
agent is an alkylanu.ne borane ‘or an - alkali metal
borohydrlde .

3. A method as claimed in claim 1 or 2 wherein the
15 catalyst is an acidic palladium-tin catalyst.

4. A method as claimed in claims 1 to 3 wherein the
reducing agent is dimethylamino borane and/ or sodium
borohydride.

20 .
5. A method as claimed in any of claims 1 to 4 wherein
the accelerator is an acidic solution.

N\ 6. A method as claimed in any of claims 1 to 5
25 comprising: ' ' '

(a) catalysing the substrate, including the through-
holes, by immersion of the board in a catalyst
composition;

30
(b) accelerating the catalysed substrate;

~ (c) treating the accelerated substrate by immersing the
substrate in the reducing agent; and
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t he accelerator is an acidic solution. 6;_ CA netﬁ“d‘as—e+a+ned_Ln__ny of
clainme 1to 5 25 - conprising: (a) cataIyS|ng , I ncl udi.ng-.
t he through- holes, by imersion of the board @ ”ﬂ
conposition; 30 (b) accel erating the catal ysed subs r lLlng t he
accel erated substrate by imersing the subsjgate in the redu0|ng agent; and -
18 (d) baking the reduced substrate for an effective tinme at an el evated-
tenperature; before plating the substrate. 5 - 7. A met hod as clalmwy

- in any of claing).l B@cﬁx@%é'ﬁééﬁé&dcgﬁb@t%a% £ apREyeogice elige’
' resist ‘over a esrred Clﬂmi %ern and_fenting the through- holes; - 10, (f)

et ching any exposed Het3l @ rf'b%’?ﬂﬁr?'l'érﬁfch resist; 15 (h)
el ectrol essly Mefiore ﬁmm@stnatmbsuttauﬁeng t he through hol es by
imrersing the treated substrate in a suitable electrol ess plating solution.
8. A nmethod as claimed in any of clainms 1 to 7 wherein '

. 5 7. A method as clalmed in any of claims 1 to 6

addltlonally comprlslng'

(e) applying an etch res;st ‘over a de51red c1rcu1t
pattern and tenting the through-holes,

10 . .
(f) etching any exposed metal; . o
(g) removing the etch resist;.
15 (h) electrolessly plating the-substrate including the
throughéholes by immersing the treated substrate in
a suitable electroless plating solution.
8. A method as claimed in any of claims 1 to 7 wherein
20 the catalyst is an acidic palladium-tin chloride
composition.
9. A method as claimed in any preceding claim wherein _
the reducing agent is an agqueous 10 g/l DMAB solution 'QJ
25 having a pH of about 11.
10, A method as claimed in any preceding claim wherein
the substrate is a board.
30 11. A method as claimed in any preceding claim wherein

the substrate is at least partially coated with copper.

12. A method as claimed in any preceding claim when used
in the preparation of a printed circuit board from a
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20 t he catalyst is an aC|d|c palladlun}tln chlorlde conp05|t|on
9. A nmethod as clained in anyprecedlng cl ai'm whetein the reducing

an aqueous 10-g/1.-DVAB sol ution 25 havi ng a pH of abomm

net hod as claimed in any preceding clai mwherein the subs m m”mmm
30 11. A nethod as clained in any. pre ing claimwhefeifh then s

substrate is at | east partially coated with Ccopper. 12. A nethod as cl ai rred
in ah.y/precedl ng clai mwhen used in the preparation:of a printed circuit

- SUbstrate-treafORREY TR B AR G ol gk ohgheBo oo M A

14. A substrate treated by a method as claimed in any of
claims 1 to 13.




