CIRCU T BOARDS ;Printed circuit boards are well known i ndustri=dls praducts
and are used for a wide variety of commercial and consuner el ectronic
appl i cations such as in appliances, radios, machines, etc. Basically, the
board contains a desired circuit configura{ion 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 on the opposite faces by through-holes, which are drilled or punched
‘in the desired configuration, and tGERGAIT SBGARPSd with an electrically
conductive material. There are essentially two nethods for preparing
"printed circuit boards (PCB s) one being terned the "subtractive" nethod
‘and the other terned the "additive" nethod. Both nmethods are well known and
are described in U S Patent No. 4,233,344. Basically, .in the additive
system e starting boarRFintedrpirarit Jpoards: areywedl kne@y| foil, and
the netal circuit is then builf up upon the non-cgnductive substrate in the

desi.red pattern. neductss and | ake npsedgforan yide, Ay
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such as in appliances, radios, machines, etc.

Basically, the board contains a desired circuit

configuration in the form of electrically conductive
A 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
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 them built up upon the
non-conductive substrate in the desired pattern. In
one of the subtractive methods, a nonconductive
substrate, such as epoxy bopded fiberglass, has

adhered to two sides thereof, a metal cladding or



| am nate, nost often copper. Holes are drilled through the copper Ianinaté
board exposing the plastic. It is then deburred, chemcally cl eaned and
rinsed. The board is then treated for plating the through-holes by . -
contacting wwth a dilute acid solution, dipped into a catal yst, nost
comonly a lLdikc pall.adi ' tal yst o _activate,the plastic for
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el ectrol esS deposit's, rinse er," trea | erator to

activate t ﬁnrggbﬁl ¥he W or %ﬁi%éﬂégu%@gd%#ggﬁéﬁggth to an electrol ess

plating bath to plate a yze ces ard including-

formation gfa@¢§aNdUeli ¥ ¢RRN RBHIFLLE, | 'ﬁ¥bgi1%h8189ﬁgﬁgh'h°|e to

electrically connect the two netal (copper) sides. An etch resist is then

appl i ed oVghdt PensBdANt PHeCBRAA A'sChdr) tihatdd CHoE Hﬁiigﬁ&_ desired. The
board is then cleaned, electroplated with copper and coated with Sn/Pb. The

etch resi s¢héSthpeighehBIes Byl kohtatATRPWEEE $04iinee 4eigher solwent or
al kaline solution) to expose the underlying foil and el ectrol ess copper

t hereon angolétiofippatpped hatevadcatadydt Nguodteseiyonlpvadi ng the
desired circuit. Regardl ess of the nethod for making printed circuit
boards, thscidiecpaliladium—pint catalyisti,heto Zactivate the

plastic for electroless deposits, rinsed in water,
treated with an accglerator-to activate the catalyst

metal, again rinsed and immersed into an electroless

C

plating bath to plate all catalyzed surfaces of the
board including formation of a conductive coating on
the inside of the through-hole to electrically
connect the two metal (copper) sides. An etch-
resist is then applied over the unwanted copper
areas in the eircuit'pattern:desired. The board is
then cleaned, electroplated with copper and coated
with Sn/Pb. The etch resist is then removed with an
apprépriate.solution'(either solvent or alkaline
solution) to expose the underlying foil and o
electroless copper thereon and this copper is
removed by etching, thereby providing the desired
circuit.

Regardless of the method for making printed

circuit boards, the non-conductive portions of the
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substrate nust be activated prior to netallization by either electrol ess or
celectrolytic netal plating. Unfortunately, it is not commercially feasible
to treat only the non-conductive portions of the board and, as a result,
the entire board is inmersed or dipped into all the treating baths,
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desired circurt pattern, uding tenting of roug oles, wth the

unwant ed COppéfeEEeBnQ?C Eﬂeehﬁﬁe@oﬁah@%z@mzﬁ%gxn%Qﬁi%ﬁ%cﬁ&&‘e or

ferrigs<chloride. The efch resist is then renov

el ect Rl ess| yapat 86, aMebBullbe enbyeaea&bomﬂ@tﬁﬂ HifidiBddicori rcui t ines
and t he through- ﬁoles The use of an organic solvent sol uble etch resi st

normal | y doesaippedr £6€6! a21PthHR eFeatihg’ batdss! indMuweMRy .béeoval of the
etch resist using, e.g., alkaline solutions, renoves the -3-

the catalyst solution and the electroless 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, inqlﬁding 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 portions
L/ plated being the circuit lines and the

through-holes.
The use of an organic solvent soluble etch
resist normally does not present a problem,

_ljnfortunately, however, removal of the etch resist

using, e.g., alkaline solutions, removes the
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catalyst fromthe through-holes making the netal plating ineffective. This
Is a particularly serious problemwhen an environnentally preferred aqueous
soluble etch resist is used since the commonly used KOH stripping. sol utien
readily renoves the catal yst absorbed on the through-hole wall. It is an
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i nvention will becone readily apparent fromthe

description. -gom StéiﬁbﬂﬁgaQSQh@EBﬁ'E%aaﬂiy?ieﬁﬁﬁﬁittﬂé &beapygeent Nt
i nvention there is provided a nethod of treating a non-conductive substrate
(having a surfssgoPbedcaat tBal thebugh-hbleS wall.
"It is an object of the subject invention to
provide a method for treating a catalyzed.
non-conductive substrate to enhance its resistance
to compositions used in the plating process. It is —
'a further object:of the present invention to provide
an efficient and effective method for preparing a
printed circuit board containing through-holes.
Another object of the present invention is to
provide printed circuit boards prepared by the novel

method of the invention. These and other objects of

the present inventiog will become. readily apparent

from the following detailed description.




coated with a nmetfal) that has been contacted with a 5 catal yst (which
rmay be terned catal ysed), such as in preparation for electroless netal

pI ating, the method 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 performed before (electroless)
metal plating the substrate. The non-conductive substrate is preferably
made of a pl asthBsnaceordD-ngaha na?lmtaai’smﬂ:ha:!% thepregent cdnvastion
circuit board. e PR éaﬁeyse NS aPeLtanod AHdHUEdRIndE AR N

a plastic surface wﬁl c as been cat el ectrol ess netal plating,

the method conpFhbEkyatecathawing a sunfaceatat yieasfumarte aft whdeh is

accel erator, treghtea twbﬁtxaceelﬁéeéﬁg HHA{ACRa Wl tﬂseénreamanﬁ:aﬂea&tﬁnda
heating the treated surface for an eff

ective ti rre at an evat
tenperagu?P e pri GREASYSECEYRICR s MR e pitarmed 3 ‘Fﬁg tas in
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substrat¥0 performed before (electroless) metal pla ing the
substrate.
et 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
treating a plastic surface which has been catalysed for
electroless 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 invention 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 contacting the catalysed substrate
with an accelerator, treating the accelerated substrate
with a reducing agent, followed by baking the treated
substrate.



6 The contacting with a catalyst is preferably achieved by imrersing the
substrate in a liquid catal yst conposition, so that the through-holes are
al so cat al ysed. The contact with the reduci ng agent (also preferably a
liquid 5 conposi tion) may al so be achieved by inmersion of the
substrate. The invention finds particular use with regard to the
preparation of ﬁrinted circuit boards having. through- hal es whi ch

10 ,
nust be pl at ed, TR FRRFAGELRE VLERNPrGARRLY BB RECTFTSP LY AGHISXLE dber
foil clad boar dimfePeihdCthardubPteits rod aratikad dicataa yite supdsiveidn on

thus conprises:_15 (a),_ contacting the substrate with a catalyst .(cat Si ng
the board, incl®i r%‘%‘ﬁe%?ﬁ o%bﬁgﬁgp‘eg" ch3%§ b?S‘Fﬁrre?gf'Bﬁ&ﬁfdf he Fd
in a catal yst cooposctiwith stivd redwe g \esyenion: 1 s ipttaf exeabhyli aink iquid
catal yst;z 20 (b | S rat.e W a e|{ﬂﬁg : Laccel qnati ng
t he cat alsysed b%%'r[%%fggﬂgo&# ct#ﬁ%‘st%‘g a%\%:ﬁe e‘?%%e%gsu]bs rlg%%&\?\/i tgﬁ :&3‘&(
reduci ng 25 substratent, such as by treating the accel erated. board by

i mmersing the board in a reducing conposition; (d) heating the substrate,

preferably by baking the reduced board by heating at an effective el evated
The invention finds particular use with regard to the

preparation of printed circuit boards having through-
10 holes which must be plated, including the cleaning and
pretreating of a drilled copper foil clad board.

A particularly preferred method of the present invention \u/
thus comprises:

15
(a) contacting the substrate with a catalyst (catalysing
the board, including the through-hqles) such as by
immersion of the board in.a catalyst composition, such as
_ a conventional acidic palladium~tin catalyst;
20

(b) contacting the substrate with an accelerator
(accelerating the catalysed board);

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

(d) heating the substrate, preferably by baking the
reduced board by heating at an effective elevated
30 temperature; and

(e) applying an etch resist over the desired circuit
pattern and tenting the through-holes.



30 tenperature; and (e) applying an etch resist over the desired
scircuit pattern and tenting the through-holes. 7 The nethod of the
present invention preferably additionally conprises: (f) etching any -
exposed nmetal (usually copper); 5 (g) renpving the resist, e.g. using a
suitabl e solvent; (h) electrolessly plating the substrate, e.g. the board,

I ncl udi ng the through-holes, by imersing the 10 . treated substrate
in a suitable el®romethad at bfig sthet | @resErd sulisvemtdomy prefeyably
sui tabl e spl asti g f&néfi f Qg lg&gstlcs substrate, e.g., acrylonitrile-
15 butadlene styrene, Iys rene, polycarbonate, etc. For convenience
only, the follow ng descrlptlon wll be directed to copper | am nated epoxy

resin substratesg & End NEnv¥Oskps EHDﬂE¥aMS skl edpperie printed
ci r cuit~ board |ndF2try, aIt%ougﬂbl%ps oul d be agprecia?ed EF% ) that the
|nvent“0n 5s not linmted to such substrates. The pre-catal yst procedures
for preparing a @J ougéin@@iﬁgsmétfééfstgrefer a8ingl asshigtaphst seu@enreqy
vary widely depending on the article to be produced. Cenerally the 2

substrate will be at least partially coated with a netal,
{(h) electrolessly plating the substrate, e.g. the board,

including the through-holes, by immersing the

10 treated substrate in a suitable electroless plating
solution.

St C o The substrate may be any suitable plastic and/or

reinforced plastics substrate, e.g., acrylonitrile-

15 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
20 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

- 25 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 substrate 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

30 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



e.g. copper clad, and may be deburred, chemcally 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 [err] PC 475
30 sol d by Enthone, Incorporated, Wst Haven, Connecticut which
contains cationic and non-ionic surfactants. Suitably after water rinsing,
the board may then be inmmersed in a copper etchant such as [err] AD-485
which is of the2@et®y288€phat Eheyhe ¢an fhen ebegtwatergy zinsed cand.

The board . can t%ﬂtéﬁl%&%eﬁ@*ﬁrﬁ%?%#@@ yféméeﬂmﬁt&%é@rid éar
two minutes at 20 to [err] The subs e, after drilling, my be

used as such or2§39 be treated using organic swellants and/ or oxidants such
as chromc acid, sulphuric acid, pernanganate solutions and the like to
enhance the ad lon f th I These treatenfs are scus d
ks e AT Nt W PR TR St O, _
catalysis,truammpsbeammeatQGRMSigglmmganmk|swermanasabpﬂanNﬁxid&mﬂm o)

that the catalygholabe aflsghbed 2818, (NELTURREIY © 3 2o lhangaiited

wel | known in the art € cata e enplfoy
surface of the sobatians myl ehe aldkes & ugnhgnceorth@am@hesmneof the

commercially avget&P! 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 catalyst composition so that o/

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_avaiiable

mixed tin-palladium (e.g. chloride) catalysts, which are

_ usually solutions. Various amounts of both tin and
20 palladium can be adsorbed on the substrate surface
depending on the concentration and temperature of the
catalyst, the time spent in the catalyst and
preconditioning treatment of the (e.g. resin) substrate.
Usually an increased temperature,; longer immersion time

25 and higher concentration of the catalyst solution tend to
leave more catalyst on the surface of the (e.g. resin)
substrate. Often there is a minimum amount of catalyst
required on the substrate surface in order to properly
initiate electroless metal deposition to occur, and this

30 minimum amount can wusually be achieved easily by
immersing the substrate into the Sn/PAd catalyst solution

within the given set of parameters specified by the
suppliers of the commercial catalyst solutions.
Exemplary catalysts are given in U.S. Patent No.



m xed tin-pal)adium (e.g. chloride) catalysts, which are usually sol utions.
:Various anmounts of both tin and 20 pal | adium can be adsorbed on the
substrate surface depending on the concentration and tenperature of the-
catalyst, the tine spent in the catalyss and preconditioning
treatnment of the (e.g. resin) substrate. Usually an increased tenperature,
| onger immersion tinme 25 and hi gher concentration of the catal yst
solution tend to3)}@byeS2Bre catal yst on the surface of the (e.g. resin)
substrate. Oten there is a mninum anount of catalyst required on the

substrate surface in order to properly initiate electrol ess netal
deposition to octO¥, RYRLeFRRCSp a qammenmddland®rd- caFidif)al cptajyst

achi eved easil yoomyos {EE6A| B6ntaEn EHYSEFGH CLAN 1D D YA paAlidddAim and
solutign within the given set of paraneters specified t he suppliers of

the -~ clghet ¢i al TEMaPydP 100194% drid ERBnPrarFedar YR A% At gRV&YRIFAS S
Patelnt No. 9'_&ﬂé&r@ﬂ@rgﬁ)ﬁfp;Ef’:ﬁﬁiggwcazgﬁmﬂ?rbw lsl(zdggblqciﬁdr) an
catal yst conposifion containing fro fo adi um an
from3:to 10 g/ InP’P?F%hﬂnbé"la’?ea?{ srﬁnﬁ'ﬁma? aF°a%.t%§€E§mlgrg]t W@%rrferdom
[err] to [err] scommdtgiddbr catalysdr sisn ENRTATE® fAOTIVATORT3 4@ nsokd. byA
preferred commrﬂélm&g'g alyst is [err] (Trade Mar'k) ACTI VATOR-444 sol d by

10
The catalysed substrate can then be treated with the
. accelerator (or postactivator) to enhance the plating
St ' 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

to further processing compbsitions (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

1889, an acidic fluoboric acid based composition, and

- 28 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,S0, 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.



Ent hone. 10 The catal ysed substrate can then be treated wth the,

accel erator (or postactivator) to enhance the plating step, followed by

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

t he catal ysed 15 substrate is contactedl@ith an accel erator, and after
accel eration, the accel erated.substrate can be treated with a reducing
agent foll ovved by baki n%io forma catal ysed surface which nmay possess.

enhanced resi stAit SWitakie e INE AIHRE AN Re sRPLoYed cFUGR 2 LKy
used.20 | N AARYE ehpine Ui boRonésl namdf aglKagit omeeEDV e vbnGdides.

resist). A preferred accel erator is (‘)IdIC SO4 sition ch as
[err] PA-493 s&i® E’rﬂ%ﬁ% BRI o1 %&% Sﬁ%

[err] PA 1889 huronydirmél am-leorespeciall]msgtaﬁnmmitbeuauw @b theifrerr]
PA 2748 on e l.erafqr. Il
activate the C#ﬁ%{?%%%@&?&&&?&f%%%gh? % ttcl{gl ﬁ%%%yée%w
exanpl es of suiacxsleeratvesl emmfntse|mlcmtdctedewathdthesueﬂmrgeagdm:r| c,

err] or phos [ Kk t I
[SOdI Lm canong{%’r & Eghgeﬁ-%‘éui"‘aecide er a%r 1|5$ %?e?gﬁgb;&at agfe gra(?t urte of

fromi15 to [er mooms temperature, r 9K tampavidable tenghkbt of rr%lmg' s@-abl y
from3 to 5 m BchF.1 Ged - 160RMuted] NebBécially from 4 to 6 minutes.

10 .
For DMAB, a concentration of from 5 to 20 g/l, preferably
8 to 12 g/1, is suitable. The pH is suitably from 7 to
14, such as from 9 to 13 e.g. about 11, which may be u
achieved by adjustment. Preferably an agueous solution
15 of DMAB is employed with DMAB present at 10 g/l, so that

the pH is about 11.

Suitably the DMAB is at a temperature range of from 21 to
44°C, e.g. at about room temperature. Contact for 3 to
20 15 minutes, especially about 5 minutes may be found to
provide excellent reéult:s, particularly when used to
treat epoxy boards catalysed with a commercial tin-
palladium catalyst and accelerated with an acidic
accelerator at room temperature for from 3 to 5 minutes.
25 For sodium borohydride, a preferred concentration is from
1 to 5 g/1, e.g. from 1.5 to 2.5 g/1l, for example at a
temperaturé of 20 to 30°C. Contact with the substrate is
preferably for from 3 to 8 minutes, e.g. from 4 to 6

e

ot

o minutes.

30
The treated catalysed substrate can then be heated at any
suitable temperature up to- the softening '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



10 Any suitable reducing agent nmay be enpl oyed such as C al kyl am ne
:boranes and al kali netal borohydri'des. Di nethylam ne borane (DVAB), - and
particul arly sodi um borohydri de are especially preferred because of their 5
deénonstrated effectiveness. Preferably the qatal ysed accel erated surface
I's contacted with the reducing agent at a tenperature of from15 to [err],
such as at about roomtenperature, for a suitable length of tine, e.g. from
1 to 10 minutes, esappdial |60 firicmtes o #ndiiwilksdependopnDVe temperature

concentration of {ng?g&gdto %&vﬁ\}er pr iﬁf@%ﬁ%t@lﬂg gghn |1§ sfq:lg bi .%%'Se

pHis suitably from 7°to 14, such ds bout
be achi eved by a8P UBLABSES  Peefer SBOP 30 &@Jé&ﬁ“wt«ﬁﬁon 15 of DIVAB i s
enpl oyed with DVAB present at 10 g/l, so that the pHis about 11. Suitably

the DMAB is at a_tenperature range of from21 to [er at about r.oom
t enper &Lur®. ConPREE ffd?'eSCPGaQU%ed %@ﬁ%?%sha%s %?BI I‘% YnithR es

may be found to apevedfetnoadl tnatpfepad.—iﬁmﬁadsflm qsiynu@athméamt

boar d | ysed I ad Ly
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m nutes. 25 Enownodnuttheomaitydri de, a preferred concentrationis froml
to 5 g/l, e.g. from1l.5to 2.5 g/l, for exanple at a tenperature of 20 to

30C. Contact with the substrate is preferably for from3 to 8 mnutes, e.g.
from4 tol® 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
N ' 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
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



m nutes. 30 The treated catal 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 [err]. This-may
be for up to, for exanple, 60 mnutes, angd will depend on the

tenperature enpl oyed. However, a preferred time span is from1l0 to 50
mnutes, e.g. from30 to 40 mnutes. 5 Once the catal ysed substrate has
been treated bykthsré.baveOﬁetﬁnﬂllhé plewhlet isided tdRppeY ntalddi remmixy

board can be c ,n._t%gi ny "y t I ques 4k e%lﬁe
art. 10 In(iia}t erre egr}%o ﬁéﬂtﬁ %% aﬁ)'f8 fﬁéﬂaﬁyaéﬁeous él o m
strippabl e et cIPrieé’;ﬁrsﬁd fax Elfét%j%%l\#%%ln@lthﬁl f%iewm mg:qemlre-

t hrough-hol es, the unwanted copper can be etched using anmoniacal cupric
chloride_or ferric chloride, etc. This can then be follaowed by renmowi.ng
the 15 5 etcrflresP:ﬂrW‘?ﬂgP% ARRMAAr &Y drmeT i Eer 5Ii>3\9rfp‘1y uch
et fhi ng resi st %’d rw;ne’ W&SZ D54 266l é%@spébﬁib;lw;ﬁom%«ﬂgs-
solution is pr 2 t eard nmay be
treated by spr z‘?gng %PFW 1195{ %ﬁ%ﬁ%iggps’sui tably for
from 20 30 seconds to 2 mnutes, such as at 50 to [err]. After rgnoval
of the resist, the board is ready for '




el ectrol ess plating using any of the well-known plating conpositions.
-Exenpl ary conpositions include those found 25 in U S Patent Nos.
3,698,940 and 3,976,816. The plated board nay then be prepared for use by
ary other method known in the art. The invention will now be described by

are intended Lo be Rl oib 4—%@[&2%&%%”%5 FrolBE. St he pr esent

i nvention. Crrcuit Boar zgeulon 12 A series of drilled double sided
copper cl.ad epoxy print C|rcd't board panels 18 inch x 24 inch were
prepared for plating using the follow ng procedure: 5 (1) pernmanganate

desnear by immersi for.; /5 m d . .60-71C/ 71-82C/ 54-[err]
respectively in [e?%]) réﬂsfé) :é] % ﬁ'e%?pand [err] MB-[err]; (2)
imerse in [err] PG475 at [err] for 5 minutes; (3) rinse in cold water;

(4) inkefFse in [err)ADi485 ale % MErATHEAR- 485U €520-25°C. for

2 minutes;
{(5) rinse in cold water;

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

for 1 minute;

st
(7) rinse in cold water;
(8) immerse in ENPLATE®¥C-236‘ at 20-25°C. for
1 minuté:
{9) immerse in ENPLATﬂEACT-444 at 38°C. for 10
minutes;
(10) rinse in cold water.
W, t  Alkaline aqueous—solvent (glycol-ether)

solution to condition the substrate.

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

¢ Neutralizer solution containing an amine
type reducing agent.

4 NaCl-CE1l pre-dip solution

13



*

(5) rinse in cold water; (6) imerse in 10%[err] at room.tenperature
for 1 mnute; (7) rinse in cold water; (8) imrerse in [err] PC[err] at
20-[err]. for 1 mnute; (9) inmerse in [err] ACT-444 at [err] for 10 : .
m nutes; (10) rinse in cold water. a Al kaline aqueous-solvent :
(glycol -ether) solution to condition the substrate. b Al kaline pernmanganate
solution having a pH of 13-14. ¢ NegXAMPLESIT sol ution containing an am ne
type reducing agent. d NaCl -CHL pre-dip solution 13 EXAMPLE | "A nunber

of the above panel s weAenpmbersofdthe tbevieolpandls) wirmp prodessederse.in
accelerator [err] PA-493 at roomtenperature for 4 mnutes; (2) inmerse in
a 10 g/| DvVABY Cthet figllowingbstepsyr sol ution (pH 11) for 5 minutes at room

t enper at ur e;

[V

(1) immerse .in accelerator ENPLATSzfA-493 e

at room temperature for 4 minutes:

(2) immerse in a 10 g/1 DMAB
{(Dimethylamine borane) solution (pH

11) for 5 minutes at room temperature;

{3) Adry:;
(4) heat for 30-40 minutes at 132°C:;
(5) 1let cool to room temperature:;
{6) immerse in a 2.25 weight % KOH
solution for 1 minute at 60°C. (to
simulate the etch resist stripping
step):
(7) immerse in ENPLATEBPC-455° for 5 W,

" minutes at 60°C.;

(8) immerse in ENPLA AD-485 for 2

minutes at 20-25°C.;

14



(33 dry; (4) heat for 30-40 mnutes at [err]; (5) let cool to room
»tenperature; (6) imerse in a 2.25 weight % KOH solution for 1 mnute at
[err].- (to sinulate the etch resist stripping step); (7) imerse in [err]

PC-[err] for 5 mnutes @L rr] AD- 485 for 2 m nutes
at 20-[err]; 14 (9) ?ﬁ;FeFP]ggipiggbfé A3 E0% & at room
tenperature. (10) plate mnth for 12- 16 hours at [err]. e
Non-ioni c surfactant cleaner %%ﬁ%%% iy oﬁ°°? tEPBE P5PEEs copper sul phate
pl ating solution containing 1-2 g/l copper c | exed with ethyl ene diam ne
tetraacetic acid using n en ng a pH
of about 12.5. The pIa.%%éna%gst%gﬁ}g 'y covere by %°ig %OQin“Tg
B hours at 60°C.
¢ Non-ionic surfactant cleaner
composition.
f Electroless copper sulphate plating
solution containing 1-2 g/1 copper
complexed with ethylene diamine '
tetraacetic acid using formaldehyde as
the reducing agent and having a pH of
about 12.5.
St The plating substantially covered the
through-holes.
EXAMPLE II
EXAMPLE I was repegted except that the DMAB
step was replaced using a 2 g/l NaBH, solution for 5
minutes at room temperature. The plating
substantially covered the holes.
U COMPARATIVE EXAMPLE I

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

of the holes was incomplete.

15



t hrough- hol es. EXAMPLE Il EXAMPLE | was repeated except that the.DVAB step
was replaced using a 2 g/l [err] solution for 5 mnutes at room
tenperature. The plating substantially covered the holes. COWARATIVE *
EXAMPLE | EXAMPLE |1 was repeated except that the postactivation step (1)
was omtted. Metallization of oles ' et e. COVPARATI VE
EXAMPLE 1| EXAMPLES | and 11 ﬁéﬁ€?$% 2 Fggiéggggggkhat reduci ng step (2)
was not performed. The hole netallization was inconplete. The san®e

neompl ete hol 6 et ol | SANERES (B CEF BEEk RepRRFRA Shalbite il

repeat ed excepleghRding tstieyd 102 2y eﬁﬁfﬂéﬁﬁ;@;ﬁd—ﬁ&a[ er irhePhioq a3

post-activation was omtted e | zat1 on was | nconpl ete.

Simlarly, BEXpWelah1i243S orRRd Scheomsideéhat step (1) and the heating.step
(4) was onmitted. The hole netallization was i nconplete. COVPARATI VE EX/PLE

v The same experiment without reducing step

(2) and heating step (4) provided incomplete hole

metallization.

COMPARATIVE EXAMPLE IIX

EXAMPLE I was repeated except that step (1)
~ immersion in the ENPLATﬂ§}1-493'post-activation
was omitted. The hole metallization was incomplete.
Similarly, EXAMPLE I was repeated except
that step (1) and the heating stgp-(4) was omitted.
The hole metallization was incomplete.
COMPARATIVE EXAMPLE IV
EXAMPLE I was repeated except that both i;J

steps (1) post-activation and (2) reduction, were
omitted. Only trace metal plating was obtained.
Similarly, when heating step. (4) was also omitted,

only trace metal plating was obtained.

16



EXAMPLE | was repeated except that both steps (1) post-activation and (2)
sreduction, were omtted. Only trace netal plating was obtained. Simlarly,
when heating step (4) was also omtted, only trace netal plating was

obtai ned. 16 17 CLAIMS 1. A nethod of tgeating a non-conductive
substrate, the nethod conprising contacting the substrate with a 5

catal yst, contacting the catalysed substrate with an accelerator, -
contacting the accel erated substrate w thcpargguci ng agent, and heating the
substrate before any netal plating of the substrate. 10 2. A et hod
as claimed in claim1l wherein the reducing agent is an al kyl am ne borane or
an al kali netal borohyduettheod Rf treatdmigpa@ asnccandudtive sabstrate,”? the
wherein the 15 al | aci.di ‘ [ [ . 4s A

met hod :as cl ai n'el?:leilﬂgéél a%%{gpt%gﬂg \/\Egbce\cla% gdre uéci nrgg&%gir.%élés élth 2

di met hil_a® no botakrl¥st/ orcondd@iaking r Shedreatalyged, substratied with| amed

in any of claimBded Pefatbp! Cbontdot BGCLREAEEL 8raedChibstaitd 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 alkylamine borane or an alkali metal
borohydride . '

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.

6. A method as claimed in any of claims 1 to 5
L 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

* c L [} s *



6. A nethod as clainmed in any of clains 1 to 5 25 conprising: (a)
catal ysing the substrate, including the through- holes, by imersion of the
board in a catal yst conposition; 30 (b) accelerating the catal ysed
(c) treating the accel erated subgigrate by i mrersing the

substrat e;

substrate in the reduci ng agent; and (d) baking the reduced substrate

for an effective tinme at an el evated tenperature; before plating the

substrate.

5

(dy. bakingt bheé reducadreshbstrate ofor| anneffective time

A

additional ly conpris%ﬁgé?(giegﬁgkaingg%sg%%%éjﬁnst over a desired circuit
e ' - ;

pattern and tenting

hroug ol es ét chi ng any exposed netal ;

(g) renoving tHeetoxre plating the subgkratel.ectrol essly plating the
substrate including the through-holes by imersing the treated substrate in
a suitable electroless plating solution. 8. , A nethod as_clainmed in agg of

clains 1

%07

wher eih methodiias cladmad ins agy gfi dFdaipsg | &di 2 n

chloride conposiaddPPionally comprising:

10

15

20

25

30

(e) applying an etch resist over a desired circuit
pattern and tenting the through-holes;

(f) etching any exposed metal;

(g) removing the etch resist;

(h) electrolessly plating the substrate including the.
through-holes by immersing the treated substrate in

a suitable electroless. plating solution.

8. A method as claimed in any of claims 1 to 7 wherein
the catalyst is an acidic palladium~tin chloride
composition.

. 9. A method as claimed in any preceding claim wherein

the reducing agent is an aqueous 10 g/1 DMAB solution
having a pH of about 11.

10. A method as claimed in any preceding claim wherein
the substrate is a board. '

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

x 'C L ] s *



953 A nmethod as clainmed in any preceding claimwherein the reduci ng agent

is an aqueous 10 g/I DMAB sol ution 25 havi ng a pH of about 11. 10. A
met hod as clainmed in any preceding clai mwherein the substrate is a board.
30 11. A nethod as clainmed in any precedijgg cl ai m wherein the

substrate is at least partially coated with copper. 12. A nethod as cl ai ned
in any preceding clai mwhen used in the preparation of a printed circuit

board from a ']EPRR@%elamanahededubshﬁhtatHabﬁﬁ QhEQh QBPH les. 14. A
substrate treated by a nethod as clained in any o cl al

14. A substrate treated by a method as claimed

. in any of
claims 1 to 13. Y

-
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