PRI NTED Cl RCUI T BOARDS 2118369 This invention relates to a process for
nanufac-fturlng printed circuit boards which can be used in, for exanple,
busi nesg,! ‘communi cation and el ectric machines and tools, and to printed.
circuit b6ards manuf actured by 5 t he process. Cbnventlonal processes for
manufacturing printed circuit boards of the so-called copper through-hole
printed type have been roughly classialed into two processes known as the
subtractive process, wherein the 107 *printed circuit board is nmade froma
copper-clad | am nate, and the additive process, wherein the printed circuit
board is nmade froma copper foil catal yst-included | am nate. The foll ow ng
are exanples of the former process. 15 1) the so-called tenting process

whi ch conprises the stepsBRi R h the | am
plating the hole walls and the copper foil to the thick- ngfftagfged for
the hole yvalls by electrolysis; covering the hole walls with ink which

fornms an etching 20 resist filmon the required circuits; renopving
unnecessary por tlobs phvebtionppelatek! tby acprbicegs Fod mhﬁnfae#DV|ng t he

et.ching re | c S ap se
Lai d- open Etﬁéﬁééﬁé%&égé.lon %ggES?YB%BEW%ilgicgﬁ%rlgéggfﬁeléfe§§?bf maki ng
necessary zsxamnlecubu%1@msshecoanunapetbpnea@nlpgecwanpnganbﬁgssthrough

the | am natgqfesei89 ﬁn@r€érﬁﬁih99d|é¥§6u9@ bbarael mandlirhetardaciiycui ts by
eIectroIesaH? mechani cal ly. renoving the pretreating layer fromthe-

| atin
circui t¥ ?n?ﬁPé?%%fder resist filmon required portions of the board;
30 and form nCativeh eifdrinl eppopesses formmanutfhetheliagnpriatead required

cireuits. ’%if%&&%iﬂ@i¥déh§f“€££5s8§Xa?§ed copper.through-hole

printed type have been roughly classified into two

processes known as the subtractive process, wherein the

10 printed circuit board is made from a copper-clad laminate,
and the additive process, wherein the printed circuit
board is made from a copper foil catalyst-included
laminate. _

The following are examples of the former process.

15 (1) the so—calléd tenting process which comprises the
steps of making holes through the laminate; copﬁer
plating the hole walls and the copper foil to the thick-
ness required for the hole walls by electrolysis; -
covering the hole walls with ink which forms an etching

20 résist film on the required circuits; removing unnecessary
portions of the copper foil by etching; and then removing
the etching resist film. (2) a modified process as
disclosed in Japanese Laid-open Patent Application

- 13965/1979. which comprises the steps of making necessary

25 circuits on the laminate by etching; making holes through
the laminate; forming a pretreating layer on the hole
walls and qircuits by electroless plating; mechanically
removing the pretreating layer from the circuits; forming
a solder resist film on required portions of the board;

30 and forming an electroless plated film on the hole walls
and required circuits. Alternatively the holes may be
made after the solder resist film has been formed.



mpde after t.he solder resist filmhas been forned. -2- . An exanple of the

| att-er additiwve process is as follows. (3) a process which conprises the
sreps'o(?épplyLng a bonding agent on to a catal yst-included | am nate; PN
Jreki ng -hol es through the lam nate; formng a 5 permanent resist filn106j€9
‘those portions other than circuits; forning a copper |ayer on the hole ™~
mplkg and circuits by electroless platim,-and formng a solder resist film
‘Where necessary. However, these conventional processes include various 10
shortcom ngs as regards quality and productivity. This will be explained

“ih relation to each exémpéxangle hef ativy el ateter addi toivwe gosesssTHs msocess

"of exanple (1) is | Vg Ny t 1d< tAkESh % ' he
“copper fromthe. u%‘?%ﬁfér éd@%%%dﬁ%én%s by et cﬁﬁérﬁlg{,ﬁbéeéc{;&sﬂeé)tie it ﬁ?’c ness of
the copper, whi chreRRIPIRE R RORAINE AGRRL QR th& ARy Foilncdndeadat of
‘the throUgh-hol e DAmindige; i:ﬁax_ﬁgg |holed cthidifih Afhe? 1GPRRItd Oidorntieipce, the
circuits nust be undercut, consj eggﬁh%, W th a res |IIQ% qg%frl ration in.
di mensi omal  20° aRIFERRPETHECHIRE foL RS RoXt AN QheT fRakcause

h: 'gie circuits are é¢iwemiltdy Hdxming,a tdopmaf tlxyer layerhe hdle vad len anfde

hal e wal I s and thg, Sl ' r the |am re opper
foil has been et E‘Eie%ﬁ%ﬁ,gfh%%‘#fg#gasysgrp ]?H(}rlﬁ‘ oa‘gﬂ% %qui\#%iiat sst oLi;%/l et
.pretreatnent for. Desigy cbilm|wherengdeapary nechanical ly renoved and there-

‘after electroless pl atdybver COHBEL &bnvddtichdl ifiddddsds iRMMR various
Jconpl etely the |ayer forngdln/éwetrea nent f.or eIectroIess_pLatlngT%nd,
therefore trkp*ﬂ%hquqgg%ggs as regards quality and productivity. is

R U will be explained in relation to‘each example of the above

mentioned processes.
The prbcess of example (1) is-defective in that it
takes a 1ong time to remove the copper from the unrequired
15 portidns by etching, because the thickness'of the copper,
which co@prises‘the_thickness of the copper foil and
that of the'throhghehole plating, is nearly twice that
of a copper foil. Hence, the circuits must be undercut
' considérably, with a resulting deterioratiqn in dimensional
20 accuracy. The process of example (2) is defective because
the circuits are formed by etching, thereafter a layer. is
formed on the hole walls and the solder resist film, or
on the laminate where-the copper foil has been etched away,
then the layer formed on the circuits by pretreatment for
25 electroless plating is mechanically removed and there-
_ after electroless plating is conducted. It is difficult
3 $é- to femove completely the layer fdfmed by pretreatment for
' | - electroless plating and, therefore, the plated layer
. remaining on the unnecessary portions brings about short
30 circuits or degrades the insulation resistance between

circuits. The.process of example (3) is defective in

that, since it is necessary to use a special and expensive
base material, namely thé catalyst-included laminate, it
is not only expensive but also unsuitable for general

35 use. Furthermore, as the plating is carried out on
permanent resist-formed circuits, the dimensional accuracy
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besieyshs§ OhMBAcOPpd Pec it LRI A AN A ngMd idialytic
layer on the hole walls and on the copper c1adding by

dipping the board in a catalyser of the palladium-tin

colloid system; forming an etching resist film on
required 1land, wiring and eircuit areas; ‘removing
uhrequired_ areas of the copper cladaiﬁg and of the
catalytic layer by etching; removing the etching resist
film; actlvatlng the catalytic 1ayer as a pretreatment

.for electroless plating; and forming an electroless

20

25

30

35

plated film of copper or nickel on the activated

catalytic_laye: formed on the hole walls'and land, wiring -

and circuit areas. :

A solder resist film may be formed on the required
portions before or after the formatlon of the electroless
plated £ilm. ' ) _ '

Embodiments of the invention will now be described,
by way of examplé, with reference to the accompanying
drawings, in which: | B

Fig. 1 to Fig. 8 are cross-sectional views
illustrafing a process in accordance with the invention
for manufacturing a through-hole printed circuit board.

Referring'to Figs. 1 and 2 of the drawings, firstly
holes 3 are made at required positions through a
conventional copper-clad laminaté, which comprises a
copper'foil 2 on each side of an insulating material 1.
These holes may be made by ﬁsing a drill or a punch.
Then a conventional pretreatment for electroless plating

.
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and- circuit ‘areas. A sol der resist filmmay be forned on the required

Enbodi/fent's of, the invention will now be described,” by way of exanple,
reference to the acconpanyi ng draw ngs, in which: Fi g.- 1 to Fig. 8
-are cross-sectional views 30 illustratlisgwyg a process in accordance with
it hévi nvention for manufacturing a through-hale printed circuit board.
-‘Referring to Figs. 1 and 2 of the drawmings, firstly holes 3 are nmade at

:required positi ogsoéo co%%nt hgﬂghaggppﬂ; Cd fspé@nitat @n WalkAli
..sconprises a 35 per 2 on each side of an i sul at i gg nat er

. These hol es nnyd%rmﬂbn%yh}ﬂuﬁg S @S &e §lﬁl§ﬁcht ShERTA2ESRven |onél
pretreat nent foéo &6t 85 £S5n@! BhéNJole walbs|fandethen Theis| dnppadelnl s

dipped in ea l]iquid so as to clean- the surfaces of
‘ the copper foi IaaﬁdV?Lﬁ%gﬁa’éogﬁf‘?g Cand then it is dipped in a 5 vol %
hydrochlori® 5 10 15 20 25 30 35 ' ' .
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"acid aqueous solution to activate the copper foil surface. It is then -

di ppg n an aqueous solution, the so-called catalyser, containing -
~3bg/ ] itonic concentration of dihydric tin conprising stannous chlorlde
“pal | adfum chl oride and 5 hydrochloric acid, 0.25g/[err] ionic concentration

as to forma tin-palladiumcollold type catalytic layer 4 (Fig.3). The C}
surface on which the catalytic | ayer ‘4 has been formed by adsorption is

- then subjected.to 10 forced or natural drying so as to have a sufficient
adhesi ve p . E QL NYAa g S I after an
et chi ng rgé?s?&?¥PLQ sB?ﬁ?iBh go QCE% ngﬁ§§e%§%?%%sf%¥f fE% e etching
resist miy BE &heRedippRdoinaafr JARCOUS %ﬂHuF%@nfo¥hﬁt$QﬂF 3be nmade by

nmeans 1509%a8ykBer éoﬁ{:b,ﬂhiﬂg DSQEES%Qicac@ﬂ@é@ﬂf@@m& &f 0gBSPdric

Corat | BhbcBRBRRLPAES SbiRrany) SBTorLE; corhinafS SEEREERe g cr O 1"

,hydroshlhydroehndrmc bbedl i Be25E/ Y. Sdnliheoneemtyattohaqﬁrdﬂhwmsbmbed on
"t.he copp | 2tgel val of the
copper fgaﬁgy e c a 58@ xgéq'qué%t %t @f&?&%}{%ﬂ%haéf onger :
exi sts oot A8 &Oeigrmhérélnhga&bpébumf@@1198@ bﬁﬁﬁ @4%%%E¢bﬂay but t hat

part of wgei:aaakrig%baye'rhéowféaea wewm:ﬁ %etbﬁtéwwhﬂfﬂﬁ 3 is not

renoved, I's retained because it i s adsorbed recé ¥ on the
i nsul at i fighad: Bee) Tormed Px ?ﬁ%°ﬁ%§%°ﬂa}§eﬁh%ﬁa§gki%ﬁ?% ?c of this
i nvempi oforBed b9 hhtarhdyeryiggesdrasess hhati agsuffbeiedtke pl ace

of di hydric pall adi um and 200n1/;%§rr] of concentrat ed hydrochl oric acid, so
|

a

Formi ng_ 30°RRbEcEroRREtHCraF By ErRREE efErfaiaBRr o Rl BERE 00 e i

circui t sapdytheresfiger aw eaqbedg reaishiélbmnhetsltmmmed 2% the be noted
that _gofgepﬁh§ehuai~e&sotrﬁm9' UNYRET SLERVRLCroE1 8D dhyabé Siedant may be
_ ink or a dry film, and its formation may be made by means
15 of either a printing process or a photographic process.
Thereafter, unrequired areas of the copper foil are
removed by etching with a solution comprising 400g/% of
ferric chloride and 3g/2 of hydrochloric acid or the like
_ (Fig.5). The catalytic layer 4 adsorbed on the copper
20 foil is completely removed simultaneously with removal of
the copper foil by etching. Consequently, the catalytic
'layef 4 no longer exists on the areas where the copper foil

has been etched away, but that part of the catalytic layer

formed on the wall of the through-hole 3 is not removed, Q_}

25 and is retained because it is adsorbed directly on the
insulating material. This is the most marked characteris-
tic of this invention. Due to this layer, electroless
plating cannot take place anywhere other fthan on the
required portions during the subsequent circuit forming

30 process, and deterioration in insulation resistance between
the circuits may no longer be daused. In this connection,
it is to be noted that a known solution of ammonium
persulphate or an alkali etchant may be used for etching
purposes.

35 | Next, the etching resist film 5, which is no longer



pur poses: 35 Next, the etching resist filmb5, which is no |onger
required, des renoved, in the usual manner, using trichlene or methylene ~
dichl € idee(Fig.6). Then, a solder resist filmé6 (Fig.6') is formed on (jgs
‘required areas for preventing the circuits frombridging and/ or for
protecting the 5 surfaces of the circuits @nd the insulating material from
steam and the |ike at the tinme of soldering’conponents. Thi s sol der resist
+filmhas recently becone indi spensabl é for industrial printed circuit

boards in order to secure long reliability of the boards and is regarded as
inmportant, 10 espemjuilred, st remoxed,ofint ltbhecuspel manneyl- tsiegt ypichlene
printed circuit I ol st ¢l S fe r an
epoxy-type ink, Eﬁ?n%ngE%n%oﬁggglg?igélthkgbgf d?géﬁho g%é%%%€i€€g%§£in
‘film Next, the ¥idm r??lat(é' lige 6di)paed framgd1 0B, YSQUiTrpAuRTeas cfer sereyeRbing

activalte t he Pagadb)é{ iqiﬂcﬁf.&rs 4 rom g!i-at‘lg&?gchﬁﬁ'éeﬁsfﬁ_ﬁppﬁéteéﬁ%ﬁagt%@y bg _
properly carri out.in cceedi ng_ st ep. e lamnate is then. djpped in
an el ectrol es® ¢SRS, Prnéfgﬁa r§‘89§§ P‘gdfg fh nﬁvg?tﬂnﬁo'ﬂﬁg?rﬁjr By
el ectrol ess pl at istpancamnid whe 2Gkenathé¢heatlimeuofaseddefingectmpeseBt®n t he
cdtal ytic |layer e d .Cl i r h

copper foil 5 ( FiK e s i ball FESeRE1y Besdihe g nodante
eqndi tion of thisfan dadusitedalcppioted adrayisrboardssinferdensto mecure

f--lol | owi _ngscg_rrposutdh ﬁlq3ﬁqﬂ§w§l e7s tHBYbBErEEeg%S; {gcibygrded Ohs Nidbosbaed,
_P atyng. odl4 mxgg eé?yilf 7 Qget%%ggcg%a%ge copgeLe££lough-hole type of

P printed circuit board. The solder resist film 6 is

;'kJ preferably formed of an epoxy-type ink, but may be formed of
a-liquid 6r dry photoéensitive resin film,
Next, the laminate is dipped in a 10%
15 sulphuric acid solution to activate the cata;ytic layer
4 so:that electroless copper plating may be pfbpérly
ca:riéd out in the succeeding step. The laminate is then
dipped in an electroleés copber plating bath so as to form
a plated copper film 7,by electroless plating.réaction,_
20 on the wall surfaces of the holes 3 on the catalytic
layer 4 and on required circuit areas on the surface of
the copper foil 2 (Fig.7'). | |
Examples -of the bath composition and the plating

N . condition of this electroless copper plating are as -
: 25 follows, . = - | L
- The following'composition:and conditions may be used
efiectively for high-speed plating: -
Sodium ethylene diamine tetracetate 40g/%

- _Copper sulphate (Cu804.5H20) ~ 1log/%

30 Paraformaldehyde 10g/2
Sodium cyanide 100 ppm
pH 12

Temperature _ 60°c.



Copper sulphate [err] “log/[err] 30

| 0g/ [

12 T

- conpo
Rochel
5

8g/[err] Sodi um cyani de

Parafornaldehyde
. Sodi um cyani de. 100 ppm pH
Fature 60 C. The fol |l owi ng’

Par af or mal dehyde 15g/[err] Sodi um hydroxi de

100 ppm Tenperat ure

C The thus-obtained el ectrol ess plated copper film7, 10 as stated
previously, is fornmed with strong adhesion selectively only on the

catalytic layer 4 fornmed on the wall
on the land and circuit areas,

t/on and conditions may be used effectively for | ow speed plating:
e salt 409/ [err] Copper sul phate | Og/[err]

G

25

surface portions of the holes 3, and
d therefore does not formon the other

unrequired areas. 15 Fi g. % shows a board prepared by the steps which’
have been described above;, i.e. a finished printed circuit board according
to this invention. |In this connection, it is to be noted that the sol der

resist fi|n1Ehea¢OBAOWénsegoppp5itﬁentnedepeednﬁﬁege pR3t Peg as shown in

Fig. 6 %Qedaaefteb%&%w esrshewnsbaeﬁl p1dtipg: the film6 may be formed
after the electroless plating has been a&glled as shown in Fig.7 and
t hereafter fPRF?ﬁé&ea§a§ﬁown in Fig. 7.

& the solder resist film®6 is

not requiredcoppest salphatel ating may bgogpmlled directly on--to the board

as s%pwn 25 bgrikgrmhlggg he board may ge |n|shed as shown in F|g 7.

10

15

20

25

Sodium hydroxide 8g/L
Sodium cyanide . 100 ppm
Temperature | - 25%

The thus-obtained'electroless plated copper film 7;
as stated previously, is formed with strong adhesion
selectively only on the catalytic layer 4 formed on the -
wall surface portions of the holes 3, and on the land
and circuit arees, and therefore does not form on the

.other unrequired areas.

Fig.7' shows a board prepared by the steps which have
been described above, i.e. a finished printed circuit
board according to this invention. 1In this connection,
it is to be noted that the solder resist film 6 may be
formed prior to the electroless plating as shown in Fig.e'
and finished as shown in Fig.7', or the film 6 may be formed
after the electroless plating has been applied as shown
in Fig.7 ahd thereafter finished as shown in Fig.7'. When
the solder resist filth is_not reQuired, electroless
plating may be applied directly onLto'fhe board as shown
in Fig.6, and the board may be finished as shown in Fig.7.
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invention with those obtained according to the conventional

manuf ac

When conbarjng the printed circuit board obtained according to this ég

proceSses as regards performance and cost,

can be summari sed as shown in the foll ow ng table.

processes process
(3)\Base material used
requi red for manufacturing
Probable m nimum 0.1 nm
Fntercircuit insu- -[err]

Exanpl e

resi stance Danger -of short Danger of shorts
exist circuits Soldering rate
‘60% Sol der resist form ng accuracy

exi st

cheap

the resul t's obtai ned the

Qur Conventional
~ Exanpl e Exampl e (1) (2) -
_ cheap cheap expensi ve Tine
" short’ short short | ong
0.3 mm <30 2m O. 5 mmcircuit wdth
'[err] _ [err] lation
none S none
. 100% 80% 80%
easy easy difficult

easy Al though the abamendeamndmihgemh@dmuﬁnmsdacércudtebna@dwbbhaanpdocess

for nanufacturl
copper pl ated f

S 3 g o

RULhB W E:Bti'in%'de

and circult

S nmay a

%

%%?%a§§§ely

be formed by usﬂiﬂg eemnme@éféqmaémanpnfmqwging processes 26 regards
performance and cost, the results obtained therefrom can

be summarised as shown in the following table.

i,j Our Conveptional pfocesses
process Example Example Example
(1) (2) (3)
Base material used | cheap cheap cheap expensive
Time required for short shﬁft short: long
manufacturing
Probable minimum | L
circuit width 0.1 mm 0.3 mm 0.2 mm 0.5 mm
Intercircuit insu- 12 ..13 12 .13 7 8 12 13
lation resistance 107°-10""21107"~-107""Q 10" -10°Q 107 "-10""Q
'Dapger.of short none none exist exist
circuits _
. Soldering rate 100 80% 80% 60%
f Solder resist . cps
| forming accuracy easy easy difficult easy

| Although the above-described embodiments are concerned

with a proCess for manufacturing plated through holes and
circuits with an electroless copper plated film, the plated
through holes and circuits may alternatively be formed by
using electroless nickel plating.



CLAI M5 1. A process for manufacturing a printed circuit board, conprisrng
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colloid system,- forming an etching resist film on

required land, wiring and circuit  areas; removing

unrequired areas of the copper cladding and of the
catalytic layer by etching; removing the etching resist
film; activating the catalytic layer as a pretreatment

for electroless piating; and forming an electroless
plated - film of copper or nickel on the activated

catalytlc layer formed on the hole walls and land, wiring
and circuit areas. _ ' :

2. A process as clalmed in any one of claims 1 to
3, wherein a solder resist fllm is formed on requlred

areas before or after the electroless plated metal film -

" has been formed.

3. A process as claimed .'in "claim 1 and
substantially as hereinbefore described with reference to
the accompanying drawings.

4. A printed circuit board manufactured by a
process as claimed in any preceding claim.
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