PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4.

)

. (11) International Publication Number: WO 87/ 07981
HO1L 21/306 Al (43) International Publication Date:
30 December 1987 (30.12.87)
'(21) International Application Number: PCT/US87/01433 | (74) Agent: ST.ONGE, Ronald, J.; St.Onge Steward John-

(22) International Filing Date: 17 June 1987 (17.06.87)

(31) Priority Application Number: 875,485
(32) Priority Date: 18 June 1986 (18.06.86)
(33) Priority Country: us

(71) Applicant: MACDERMID, INCORPORATED [US/
US]; 50 Brookside Road, Waterbury, CT 06720 (US).

(72) Inventors: KUKANSKIS, Peter, E. ; 245 Quassapaug
Road, Woodbury, CT 06798 (US). COBB, Charles, T.
; 5 Lawton Drive, Simsbury, CT 06070 (US). LETIZE,
Raymond, A. ; 47 Linwood Street, West Haven, CT
06516 (US). WILLIAMS, Ann, S. ; 174 Strongtown
Road, Southbury, CT 06488 (US). MONTFORT,
Anne ; 245 So. Main Street, Cheshire, CT 06410 (US).
SLOMINSKI, Leo, J. ; 93 Tunxis Road, Bristol, CT
06010 (US).

+

-

ston & Reens, 986 Bedford Street, Stamford, CT
06905 (US).

(81) Designated States: AT (European patent), AU, BE (Eu-
ropean patent), CH (European patent), DE (Euro-
pean patent), FR (European patent), GB (European
patent), IT (European patent), JP, LU (European pa-
tent), NL (European patent), SE (European patent).

Published
With international search report.

”

»

(54) Title: METHOD FOR MANUFACTURE OF PRINTED CIRCUIT BOARDS

24 14 2620 /6,12 24
< \ \1//////;\ P 2
NN NN
AN S /:/ NSNS AN
N /:AV /10
10 /;:/ /\;
’
SN \\\\\/,\C /:/\\\\ W Y
2 e \\ b aarata \\ 4L
/6 N YOI vV 722N T\
20// 24}
(57) Abstract

A method of preparing printed circuit boards in which the solder mask (24) is applied over a thin layer ("smut”) of
tin covering the copper circuit traces, the tin layer being that which remains after stripping tin or tin-lead alloy etch resist
(22). This represents a significant cost saving as compared with processes in which the tin-lead alloy (20) is completely
stripped leaving bare copper to which the solder mask (24) is applied in the SMOBC type of circuit board.
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WO 87/07981 PCT/US87/01433

METHOD FOR MANUFACTURE OF PRINTED CIRCUIT BOARDS

BACKGROUND OF THE INVENTION

The present invention relate§ to printed eircuit

boards of the type having a solder mask over non-reflow-

5 able metal and, more particularly, to a method of manu-

facture of such circuit boards and to the unique printed
circuit beoards resulting therefrom.

As 1is well understood in the art, the manufacture of
double-sided printed circuit boards requires the provi-

10 sion of conductive through-holes for interconnecting com-
ponents on opposite sides of the board or, in the case of
multilayer printed circuit boards, for interconnecting

the 4inner layvers. The nonconductive surfaces exposed

when through-holes are drilled in a non-conductive sub-

15 strate having metal cladding on both sides must, there-
fore, be provided with a conductive coating, and this
generally is accomplished by a first electroless deposi-

tion of copper onto the suitably conditioned through-hole
surfaces, followed by electroplating of copper to build

20 up additional thickness. .
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In application of the actual circuit patterns to the
metal-clad board surfaces, it is necessary to employ plat-
ing resists so as to prevent all but particular areas of
the board (through-holes and/or traces and/or pads and/or
other areas) from receiving applied metal platings such
as the copper electroplate used in through-hole plating
or the commonly-employed tin-lead coating applied as an
etch-resist preliminary to the step of etching away un-
desired metal down to the non-conductive substrate sur-
face so as to form the appropriate conductive circuit

pattern.

Apart from its use as an etch-resist, tin-lead is a
preferred overplating for otherwise exposed copper areas
on the circuit board so as to prevent oxidative degrada-
tion of the «copper surfaces and to ensure subsequent

soldering of components. -

In the ultimate fabrication of a printed circuit
board in which various components and connections are
soldered, it 1is generally accepted that improved solder-
ability of circuit pads and through-holes can be provided
to the ultimate fabricator by having the manufacturer pre-
coat these areas with a solderable metal, generally a tin-
lead composite closely similar in composition to the
solder actually used in the eventual soldering of compon-
ents and connections. For applications where hand-solder-
ing by the fabricator is to be performed, little diffi-
culty is encountered in applying solder to desired areas
without disturbing or inadvertently soldering adjacent
conductive traces. However, when soldering is to be con-
ducted in mass techniques, such as with wave soldering or
dip soldering methods, inadvertent soldering and improper
connections can occur. As a consequence, manufacturers
apply a solder resist or solder mask over thcse areas of
the board to be protected from solder, including the

tin-lead coated copper traces.

LY
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It has been recognized that the technique of. solder
resist over tin-lead coated copper can, however, lead to
its own peculiar problems. For example, since the tin-
lead 1is a reflowable metal, ultimate wave or dip solder-
ing can cause the tin-lead to wick up under the mask or
simply to melt and no 1longer provide support for the
mask. Due to these disadvantages, it has been proposed
to apply the solder mask directly over bare copper at
those areas where protection from solder is desired.
This "solder mask over bare copper" (SMOBC) technique
avoids the problems inherent in the application of the
mask over tin-lead coated copper, and can yield printed
circuit boards with finer line definition and higher cir-
cuit density capabilities. Unfortunately, the known
solder mask over bare copper techniques involve added
manufacturing operations, _and hence-added cost, and pre-
sent waste Qisposal and pollution control problems.

In order to explain these disadvantages in more
detail, a typical SMOBC process 1is schematically set
forth in the cross-sections represented by FIGS. 1A
through 1J. Layer thicknesses and through-hole sizes are
not representative of either actual or relative scale.
For ease of representation of the various steps in the
process, a section of the printed circuit board is shown
involving, on each side, one through-hole, one pad, and
one trace line; the trace will be in association with a
different pad and through-hole area on the board (not
shown), while the through-hole and pad will be associated
with a different trace on the board (not shown).

As shown in FIG. 1A, a non-conductive substrate 10,
typically an epoxy glass resin, has applied to it on both
sides thin copper foil 1laminate 12. A through-hole 14
has been drilled 1in the laminated bocard, and the inner
hole surfaces are thus composed of the non-conductive
substrate.
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In order to provide a conductive connection betyeen
the circuitry eventually applied on both sides of the
laminate, the through-hole surfaces must be made con-
ductive. = As shown in FIG. 1B, the first step in this
process is to electrolessly deposit a copper layer 16 on
the entirety of the board, i.e., on the through-hole sur-
faces and on the copper foil 12 (conditioning and activat-

ing steps preliminary to copperrdeposition not shown).

The desired circuit pattern 1is then applied to the
electroless copper layer through application and sub-
sequent exposure and development of a negative photo-

resist. The areas of the photoresist exposed to light
cross-1link and become insoluble to developers which
remove non-~exposed, non-cross-linked areas. As a con-

sequence, there are now present on the electroless copper
layer, exposed ‘copper areas corresponding to traces, pads
and tﬁrough-holes, while remaining areas are cév@red by
material 18 resistant to subsequent plating, as shown in
FIG. 1C.

In the next step in the process, copper thickness in
the exposed areas 1is built up through an electroplated
copper layer 20 to arrive at the configuration shown in
FIG. 1D.

'Following copper electroplating, an etch resist 22,
generally tin-lead, is electroplated onto exposed copper
surfaces as depicted in FIG. 1E. After completion of
this step, the plating resist 18 is removed (FIG. 1F) in
preparation for copper etching, the etching resulting in

the configuration shown in FIG. 1G.

Since the solder mask is to be applied to bare
copper, the tin-lead etch resist 22 is stripped away in
the next step as shown in FIG. 1H. It is now desired to
solder coat the pads and through-holes but not the traces

)
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and, accordingly, a solder mask 24 1is applied to the
board in a pattern appropriate to protect all areas where
solder 1is undesired, as shown in FIG. lI. Thereafter,
the exposed copper at the holes and pads ‘is cleaned and
prepared for solder coating, and then solder coated by,
e.g., immersion in a solder bath followed by hot air
level solder to present the solder-coated surface 26 as
shown 1in FIG. 1J. Electrolytic processes for application
of a solder coat cannot be employed in this method at
this stage since the prior step of copper etching has
removed the electrical continuity among areas of the
board.

As will be readily apparent, the known techniques for
solder mask over bare copper, while effective for elimi-

_nating problems inherent in application of solder mask to

tin-lead ’'coated copper, involve a number of steps which
on their face appear almost duplicative but which never-
theless are necessary to gain the advantages of SMOBC.
In particular, it will be seen that tin-lead is applied
in the normal course of manufacture as an etch-resist
over surfaces such as traces, pads and holes, and this
tin-lead etch-resist 1is generally of the same or similar
alloy composition as the solder eventually applied to the
pads and holes. Nevertheless, the manufacturing sequence
requires that this tin-lead etch-resist be stripped and
removed so that effective solder masking of bare copper
traces can be accomplished. Not only do these additional
steps result in increased manufacturing cost, but signi-
ficant waste removal and pollution concerns arise.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
printed circuit boards of the type in which a solder mask
is present directly over a non-reflowable metal coated on
bare copper surfaces.
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- A further object of the invention is to provide a
process £for manufacturing boards of the type described
which 1is economical in execution and eliminates problems
present in known processes as to waste disposal.

5 A more particular object of the invention is to pro-
vide printed circuit boards, and methods for their manu-
facture, of the type containing solder-coated pads and
through-holes, and solder mask applied directly over a
non-reflowable metal coated on bhare copber surfaces.

10 The term '"non-reflowable metal" as used herein means
a metal which does not flow at any of the temperatures
employed 1in the processing steps involved in the prepara-
tion of the printed circuit board when said metal is in
place on said board. ’

15 The above objects, and other objects which will be-
come apparent from the description which follows, are
achieved by the process of the invention wherein the pro-
cess of stripping the tin-lead etch resist prior to appli-
cation of the solder-mask is not carried to completion,
20 i.e., to the stage at which bare copper surface is
exposed, but is terminated when a thin £film of tin
residue remains on the copper surface. This residue
(hereinafter "tin smut") is principally tin but may also
contain small amounts of other components such as
25 residual lead and or metal oxides. Thereafter the solder
mask is applied selectively to the board including the
trace surfaces covered by the thin film of tin smut but
not the 1loci which are to receive solder such as the
throughholes, surrounding pad surfaces and any lands for
30 attachment of surface mount devices (SMD's) and the like
which may be present. As will be appreciated by one
skilled in the art, there may be other areas or devices
present on the board such as fingers and the like which
are not to receive either solder mask or solder. 1In the

™
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interest of brevity, it will be .assumed for purposes of
the description which follows that, if such areas or
devices are present, the appropriate steps conventionally
employed in the art will be taken to prevent deposition
of unwanted solder mask or solder at these locations

whether or not such steps are specifically mentioned.

After the solder mask has been applied the thin layer
of tin smut remaining exposed on the surface of the
copper at the loci to which solder is to be applied is
removed using an appropriate tin stripper typlically an
acid. The bare copper surfaces so exposed are then
subjected to a soldering step to yield the finished
circuit board.

_ The method of the invention eliminates the need for
complete removal of etch resist-from all trace surfaces,
which précess,is frequently accompanied by loss of copper
from the underlying copper layer due to the vigorous
stripping conditions such as those encountered using
strong oxidizing acids. The principal type of stripper
composition employed to remove such tin-lead etch resists
is based on a combination of a nitrosubstituted aromatic
compound such as nitro-substituted aromatic sulfonic
acids and salts thereof and an acid such as fluoboric,
acetic or 1like aliphatic acids or aromatic acids. The
nitro~aromatic compounds are oxidants for the tin-lead
and the other acid 1is an acceptor for the cations so
oxidized. Illustrative of such compositions are those
disclosed in U.s. Patents 3,677,949; 4,004,956;
4,397,153; and 4,439,338.

Another type of stripper employed to remove tin-lead
etch resists is based on hydrogen peroxide as the prin-
cipal active ingredient in acidic medium. Representative
of this type of composition are those disclosed in U.S.
Patents 3,926,699; 3,990,982; 4,297,257; 4,306,933;
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4,374,744 and 4,424,097. However such compositions have
a number of disadvantages. Thus, they are too unstable
on storage to be provided in ready-to-use form and have
to be prepared just prior to use. Further the reaction
involved in the stripping using the hydrogen peroxide
based compositions is highly exothermic and the tin-lead
alloy turns black. A white deposit is formed on the
substrate and significant attack and removal of copper
from the substrate takes place.

The nitro-aromatic compound-based compositions dis-
cussed above are generally preferred because they are
reasonably stable and are less aggressive towards the
copper substrate than the hydrogen peroxide based com-
positions. However they normally leave a residual thin
layer of tin ("tin smut") thought to be due to rgdeposi-
tion of tin from .the str;pping bath or inqémplete
stripping. Such redép@sition bf tin caniﬁe avoided by
replacing the stripping bath at frequent intervals to
prevent build up of tin therein but this adds greatly to
the processing costs and is therefore undesirable.

It has now been found that it is unnecessary to
remove the aforesaid tin smut layer from the underlying
copper before applying the solder mask to the circuit
trace patterns. This finding not only significantly
reduces the time and cost normally involved in removing
this residual film of tin smut in order to expose the
underlying copper but 1is highly unexpected in that the
overall performance of the final circuit board is not
affected deleteriously. The present invention therefore
takes advantage of what has hitherto been regarded as a
drawback in the process of the prior art, namely, the pro-
duction of a residual tin smut £ilm which was difficult
to remove in the final stages of stripping the etch
resist. The invention also goes counter to conventional
wisdom which has considered it to be desirable, if not
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essential, to remove all traces of the etch resist before

applying the solder mask.

The process ¢f the invention has been discussed above
in regard to the use of tin-lead alloy as etch resist.

5 The process of the invention can also be applied where
tin rather than tin-lead alloy is employed as etch
resist. The use of tin etch resist rather than tin-lead

etch resist has the advantage of avoiding the need to
dispose of waste products containing lead. The steps of
10 the process of the invention are exactly the same whether
the etch resist is tin or tin-lead alloy and it is to be
understood that the invention is not limited to the use
of tin-lead alone. However, in the interests of brevity,
the further description will be directed to illustrating
15 the invention as it applies to processes employing

-

- tin-lead as etch resist..

As will be readily apparent to one skilled in the
art, the process of the invention is applicable not only
to the manufacture of double sided printed circuit boards

20 as discussed above but also to other types of printed cir-
cuit boards including single sided boards, semi-additive
type boards, molded boards, multilayer boards and the
like. The invention will be illustrated hereinbelow by
reference to the manufacture of double sided printed

25 circuit boards but this is for purposes of illustration
only and the scope of the present invention is not
limited thereto.

‘ BRIEF DESCRIPTION QF THE DRAWINGS

As previously noted, FIGS. 1A through 1J represent
30 schematic illustrations of a circuit board cross-section
during its various stages in a known solder mask over

bare copper (SMOBC) manufacturing method.
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DETAILED DESCRIPTION OF THE INVENTION

The method of the invention is carried out broadly in
accordance with procedures and using materials conven-
tionally employed in the art to fabricate printed circuit
boards but with the exceptions that (i) the stripping of
the tin-lead alloy etch resist is not carried to comple-
tion but is terminated when a thin film of tin remains on
the surface of the underlying copper circuit traces and
through-holes and surrounding pads (ii) the solder mask
is applied to circuit board including the copper circuit
traces covered with tin smut but not over the tin smut
layer on the 1loci which are to receive solder and (iii)
the tin layer on the latter locations is subsequently
removed prior to the application of solder to the

underlying copper at those locaticns. -

- z - -
&

Thus, the method of the invention makes use ‘of a con-
ventional non-conductive substrate, containing through-
holes and having a layer of copper such as copper foil
laminated on both sides of the substrate; generally in an
amount to provide a coverage of about one ounce of copper
per square foot (0.0014 inches thickness) on each side.
The copper surfaces and the exposed non-conductive
through-hole surfaces are then treated according to any
known electroless copper depositing process (including
the various conditioning, activating, accelerating, and
rinsing steps 1involved 1in conditioning the surfaces and
securing suitable deposition) to deposit a layer of
copper thereon, generally of about 40 to 120 X 10-6
inches in thickness.

A plating resist which can be any of those convention-
ally employed in the art, is then applied to the electro-
less copper surfaces. Such plating resists include inks
which can be applied in the required pattern by stencil
or screen printing or other known methods. Generally,

£
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- the resist will be a photosensitive type (negative or

positive-acting) and can be of the dry film or liquid
type. Dry £ilm resists will be employed where it is
desired that certain through-holes receive no further
coatings, since the dry film will easily tent over and
protect these holes. Alternatively, these holes can be
plugged with 1liquid resists. Preferably the plating
resist will be a negative photoresist in which exposure
to light results in insolubilizing of the resist
material, while those areas not exposed to light remain
in a form which permits dissolution and removal with a
suitable developer. The through-holes and surrounding
pads, and any other loci, such as lands for attachments
of SMD's and the like, which are to receive solder, are
not  protected with plating resist material. An
electroplated copper coating is applied to these loci.as
well as to the pattern traces created in the plating
resist. Any of the known plating techniguyes and baths
can be employed.

A tin-lead alloy etch resist is then applied, advan-
tageously by known electroplating techniques, to the
pattern traces and all exposed copper surfaces after
which the plating resist is removed using techniques
well-known in the art. The copper layers which had been
covered by the plating resist are then etched away using
standard techniques and using appropriate copper etchants
to which the etch resist tin-lead coating is resistant.

It is the next step of the process wherein the pre-
sent invention first departs from the conventionally
employed  procedures for fabricating printed circuit
boards. Thus, instead of removing the tin-lead alloy
etch resist completely using strong oxidizing acids and
exposing bare copper in the circuit traces, through-holes .
and pads, the stripping is carried out under conditions
such that a thin layer of tin smut remains on the
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surfaces 1in question due to redeposition of tin from the
stripping bath. This step is conveniently accomplished
by immersing the substrate in a bath of the stripper com-
position advantageously at a temperature of about 20°C to
about 70°C and preferably at a temperature of about 25°C
to about 60°C.

The stripper composition employed in the above step
is preferably one which comprises as the main active
ingredients, a nitro-substituted aromatic compound and an
inorganic or organic acid or acids. The nitro-substitu-
ted aromatic compound can be any aromatic compound having
one or more nitro-substituents on the aromatic ring and
having a water-solubilizing substituent also attached to
the aromatic ring. Illustrative of such compounds are
o-, m~ and p-nitrobenzene sulfonic acids and alkali metal
salts thereof; o-, m- and p-nitrobenzoic acids and alkali

imetal salts thereosf; o-, m- and p-nitrochloro benzenes,

o-, m- and p-nitrophenols; and o-, m- and p-nitroanilines
and mineral acid salts thereof. A preferred group of
nitro-substituted aromatic compounds are the nitrobenzene
sulfonic acids and alkali metal salts thereof. A partic-
ularly preferred such compound is sodium m-nitrobenzene
sulfonate.

The acids employed in association with the nitro-
aromatic compounds can be any of those which are capable
of readily reacting with tin and lead to form water-
soluble salts but which do not form a water-insoluble
film on the tin or tin-lead alloy being stripped. Illustr-
ative of such acids are fluoboric and fluosilicic acids

and sulfamic acid.

Optiocnally, but preferably, there is also present in
the above stripper compositions an organic acid such as
formic, acetic, propionic, chloroacetic, bromoacetic,
trichlorocacetic acids and the like which act as accele-
rators in enhancing the rate of stripping.

PCT/US87/01433

(¥
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The various components of the stripping composition
are present advantageously in proportions within the
following ranges:

nitroaromatic compound: 30 to 120 g. per liter

inorganic acid: 50 to 200 g. per liter
organic acid: 25 to 100 g. per liter
water: to make 1 liter.

When the above stripping step has been completed the
circuit board is rinsed with water and dried. Thereafter
a layer of solder mask is applied selectively over the
whole board including the tin-coated copper circuit
traces but not over the loci which are to receive solder.
Any of the known solder masks can be used and applied in
accordance with standard techniques such as screen print-
ing and the 1like. The application of the solder mask
over the tin layer represents the segond signif}cant -
departure from the prior arf prdcmdures. ;'

In the penultimate step of the invention, the tin
smut layer remaining over the copper layer at the loci to
receive solder is removed to expose bare copper at those
locations. This 1is accomplished by subjecting the cir-
cuit board to the action of any of the strong oxidizing
acid stripper compositions conventionally employed to
remove traces of tin from copper. A particularly pre-
ferred stripper composition is an aqueous solution of a
mixture of nitric and fluoboric acids. Illustratively
such a solution contains equal parts by weight of the two
acids in about 2 parts by weight of water per part by
weight of total acid.

The stripping of the tin smut layer is accomplished
conveniently by immersing the substrate in a bath of said
stripper composition. The latter is preferably at a tem-
perature within the range of about 20°C. to about 70°C.
and most preferably at a temperature within the range of
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about 25°C to about 60°C. The progress of the removal of
the smut-layer of tin can be followed best by visual
inspection the endpoint being signalled by a change in
color of the surface of the substrate from the brown-gray
of the tin smut-film to the bright color of clean copper.
When this stage is reached, generally within a matter of
a few minutes, the substrate is removed from the bath and
rinsed with water to remove last traces of the stripper
solution. '

In an optional step the clean copper surface so pro-
duced 1is coated with an organic protective coating such
as that available under the trade name SEALBRITE from
London Chemical Company to protect the copper layer from
oxidation by contact with air prior to the soldering
step. In- the latter step the solder can be applied
directiy:bver the coatiné without removing the latter.

The final step of the method of the invention com-
prises applying solder to the clean copper surfaces or to
said surfaces protected by SEALBRITE using conventional
techniques such as by immersion in a solder bath followed
by the known hot air levelling procedure.

In a modification of the embodiment set forth above
the penultimate step of the process, namely, the strip-
ping of the tin smut layer from the loci which are to
receive solder, is carried out using an aqueous solution
containing a mixture of an alkali metal hydroxide and an
alkali metal chlorite. any of the alkali metal hydr-
oxides and chlorites, 1i.e. the sodium, potassium and
lithium hydroxides and chlorites can be used 1in any
combination. However, a particularly prefe;red
combination comprises a mixture of sodium hydroxide and

-sodium chlorite. The alkali metal hydroxide is

advantageously employed in a concentration within the
range of about 10 to about 200 grams per liter and,
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preferably, in the range of about 100 to about 200 grams
per liter. The alkali metal chlorite is advantageously
employed in a concentration within the range of about 5
grams per liter up to saturation and, preferably, in the
range of about 50 to about 150 grams per liter. The
stripping wusing the above composition is accomplished
conveniently by immersing the substrate in a bath of the
composition. The latter is preferably heated or
pre-heated to a temperature within the range of about
20°C. to about  100°C. and most preferably to a
temperature within the range of about 50°C. to about
100°cC. The progress of the removal of the smut-layer of
tin can be followed best by visual ‘inspection. The
endpoint 1is signalled by a change in color of the surface
of the substrate from the brown-gray of the tin smut-£film
to a dark brown or black color due to formation of a film
of copper oxide. When this stage is feiéhed, generally‘
within a matter of a few minutes, the substrate is
removed from the bath and rinsed with water to remove
last traces of the stripper solution.

The layer of copper oxide which remains on the copper
layer at the through-holes and surrounding pads is then
removed by immersing the circuit board briefly in a bath
of aqueous acid such as dilute sulfuric or hydrochloric

acids for a time sufficient to effect removal of the

copper oxide. The final step of the process, namely,
application of solder, is then carried out as described
in the embodiment discussed previously.

The use of this modified penultimate step in the
process of the invention has the advantage that it
employs a less aggressive stripping of tin smut from the
areas to receive solder than that employed in the other
embodiment. There is thus less likelihood of loss of any
significant amount of copper from the underlying copper
layer at the locations in question.
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The procedure of the invention, in addition to the
advantages of reduced costs and time of operation,
possesses a number of other benefits which will be
apparent to one skilled in the art. Illustratively, if
there is to be any significant interval of time between
the step of applying the solder mask and the step of
applying solder to the through-holes and pads, the cir-
cuit board can be stored after application of the solder
mask and the thin layer of tin on the through-holes and
pads 1s removed immediately before applying the solder.
In this way the oxidation of copper surface, which would
occur if the tin coatings were removed and the resulting
circuit board stored before application of the solder, is
avoided very neatly. Other such benefits will be readily
apparent to one skilled in the art.
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WHAT IS CLAIMED IS:

1. A method for manufacturing printed c¢ircuit boards

said method comprising the steps of:

(a) providing a non-conductive substrate having a
copper layer on both sides thereof and having through-

5 holes made therein;

(b) electrolessly depositing copper on the copper
layer and through-hole and surrounding pad surfaces;

(c¢) applying a resist image of a trace pattern on
said copper layer;

10 (d) subjecting the resulting substrate to a copper
electroplating process to deposit additional copper
thickness on all exposed copper surfaces including said
trace pattern and said through-hole and surrounding pad
surfaces;

15 {e) applying a tin or tin-iéad alloy etch resist to -
said éx§osed.cop§er surfaceé}

(f) removing the imaged material;
(g) removing all copper from those areas not
protected by said etch resist;

20 (h) subjecting said etch resist to the action of a
stripper composition comprising an oxidant for the metals
of said resist and an acceptor for the cations so
oxidized to 1leave a thin film of tin smut on said
surfaces previously protected by said etch resist; and

25 " (i) selectively applying a solder mask to at least
the said trace pattern.

2. A method according to Claim 1 which comprises the
additional steps of:
(j) removing said thin £film of tin smut from the
loci which are to receive solder; and
5 (k) applying solder to said loci.
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3. A process according to Claim 1 wherein said stripper
composition comprises an aqueous solution comprising
fluoboric acid and a member selected from nitro-
substituted aromatic sulfonic acids and alkali metal
salts thereof.

4. A process according to Claim 3 wherein said nitro-
substituted aromatic sulfonic acid is m-nitrobenzene
sulfonic acid and said stripper composition also

comprises acetic acid.

5. A process according to Claim 2 wherein said step (j)
is accomplished by dipping in a bath of an aqueocus acid.

6. A process according to Claim 5 wherein said acid bath
comprises an aqueous salution comprising a mixture of

-

nitric and fluoboric acids.

7. In a method for manufacturing printed circuit boards
the steps comprising:'

(a) providing a circuit board material containing
through~holes and pads surrounding the surface openings
of said through-holes, said board comprising a non-
conductive substrate material having copper foil
laminated to each side thereof, the areas defined by said
through-holes comprising layered coatings, radially
inward to the center of said hole, of electroless copper,
electroplated copper and etch resistant electroplated
tin-lead, the areas defined by said pads comprising
layered coatings, commencing from said non-conductive
substrate' surface, of electroless copper, electroplated
copper and etch resistant electroplated tin-lead, and
having a trace pattern on at least one surface of said
non-conductive substrate comprising layered coatings,
commencing from said substrate surface, of copper foil,
electroless copper, electroplated copper and etch
resistant electroplated tin-lead;
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(b) removing copper from the areas of said circuit
board not provided with said etch resistant tin-lead
layer;

(c) subjecting said tin-lead etch resist to the
action of a stripper composition comprising an oxidant
for the metals of said resist and an acceptor for the
cations so oxidized until a thin film of tin smut remains
on said trace pattern, through-holes and surrounding pad
surfaces;

(d) selectively applying a solder mask to the said
trace pattern but not to said through-holes, surrounding
pad surfaces and any other 1loci which are to receive
solder;

(e) removing said thin £film of tin smut from said
loci which are to receive sclder; and

(£) applying solder to said loci.

~ -
-

8. A process according to Claim 7 wherein said stripper
composition comprises an aqueous sclution comprising
fluoboric acid and a member selected from nitro-
substituted aromatic éulfonic acids and alkali metal
salts thereof. ‘

9. A process according to Claim 8 wherein said nitro-
substituted aromatic sulfonic acid is m-nitrobenzene
sulfonic acid and said first stripper composition also
comprises acetic acid. ’

10. A process according to Claim 7 wherein said step (e)
is accomplished by dipping in a bath of agueous acid.

11. A process according to Claim 10 wherein said acid
bath comprises an aqueous solution comprising a mixture
of nitric and flucboric acids.

12. A process according to Claim 7 wherein said step (e)
is accomplished by immersion in a bath comprising an
aqueous stripper solution of a mixture of an alkali metal
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hydroxide and an alkali metal chlorite thereby removing
5 said tin smut layer from said loci which are to receive
solder and producing thereon a layer of copper oxide
which layer is removed using aqueous acid before step (f)

is carried out.

13. A process according to Claim 12 wherein said aqueous
stipper solution comprises a mixture of sodium hydroxide

and sodium chlorite.

14. In a process for the preparation of a circuit board

which includes the steps of employing tin or a tin-lead

alloy as etch resist during the etching of unwanted

copper, subsequently stripping said tin or tin-lead alloy
5 and applying solder mask to the copper circuit pattern,

the improvement which comprises:,

. (a) subjécting the tin or tin-lead alloy fesist to

the action of a stripper compositibn comprising an

oxidant for the metals of said resist and an acceptor for
10  the cations so oxidized until a thin film of tin smut
remains on the copper substrate; and

(b) applying solder mask directly over the tin smut
layer on the copper circuit pattern.

15. A process according to Claim 14 wherein said stripper
composition comprises an aqueous solution comprising fluo-
boric acid and a member selected from nitro-substituted
aromatic sulfonic acids and alkali metal salts thereof.

16. A process according to Claim 15 wherein said nitro-
substituted aromatic sulfonic acid is m-nitrobenzene
sulfonic ~acid and said stripper composition also

comprises acetic acid.
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