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(57) ABSTRACT 

Aprocess used during manufacture of printed circuit boards 
comprises protecting metal pads and/or through-holes to 
provide a tarnish-resistant and solderable coating. In the 
method, the pads and/or through-holes are bright-etched, 
metal plated, preferably by an immersion process, and 
treated With a tarnish inhibitor. The tarnish inhibitor may be 
incorporated into the immersion plating bath. The metal 
plating is usually With silver or bismuth and the pads and/or 
through-holes comprise copper. 



US 2001/0022989 A1 Patent Application Publication Sep. 20, 2001 

(3 , ) aznqeladmal. 



US 2001/0022989 A1 

PRINTED CIRCUIT BOARD MANUFACTURE 

FIELD OF THE INVENTION 

[0001] In the production of a printed circuit board (PCB), 
in a ?rst (multi-step) stage a “bare board” is prepared and in 
a second (multi-step) stage, various components are 
mounted on the board. The present invention relates to the 
?nal steps in the manufacture of the bare board, in Which the 
bare board is coated With a protective layer prior to passing 
to the second production stage. 

PRIOR ART 

[0002] There are currently tWo types of components for 
attachment to the bare boards in the second stage referred to 
above: legged components eg resistors, transistors, etc., 
and, more recently, surface mount devices. Legged compo 
nents are attached to the board by passing each of the legs 
through a hole in the board and subsequently ensuring that 
the hole around the leg is ?lled With solder. Surface mount 
devices are attached to the surface of the board by soldering 
With a ?at contact area or by adhesion using an adhesive. 

[0003] In the ?rst stage referred to above, a board com 
prising an insulating layer, a conducting circuit pattern and 
conductive pads and/or through-holes is produced. The 
board may be a multi-layer board having more than one 
conducting circuit pattern positioned betWeen insulating 
layers or may comprise one insulating layer and one con 
ducting circuit pattern. 

[0004] The through-holes may be plated through so that 
they are electrically conducting and the pads Which form the 
areas to Which the surface mount components Will be 
attached in the subsequent component-attachment stage, are 
also electrically conducting. 

[0005] The conductive areas of the circuit pattern, pads 
and through-holes may be formed from any conductive 
material or mixtures of different conductive materials. They 
are generally hoWever, formed from copper. Since over time 
copper tends to oxidise to form a copper oXide layer With 
poor solderability, prior to passing to the second, compo 
nent-attachment stage, a protective layer is coated over the 
pads and/or through-hole areas Where it is desired to retain 
solderability to prevent formation of a poorly solderable 
surface layer of copper oXide. 

[0006] While there is more than one Way for preparing the 
bare boards, one of the most Widely used processes for 
making the bare boards is knoWn as the “solder mask over 
bare copper” (SMOBC) technique. Such a board generally 
comprises an epoXy-bonded ?berglass layer clad on one or 
both sides With conductive material. Generally, the board 
Will be a multi-layer board having alternate conductive 
layers Which comprise circuit pattern, and insulating layers. 
The conductive material is generally metal foil and most 
usually copper foil. In the SMOBC technique, such a board 
is obtained and holes are drilled into the board material using 
a template or automated drilling machine. The holes are then 
“plated through” using an electroless copper plating process 
Which deposits a copper layer on the entirety of the board: 
both on the upper foil surfaces and on the through-hole 
surfaces. 

[0007] The board material is then coated With a light 
sensitive ?lm (photo-resist), eXposed to light in preselected 
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areas and chemically developed to remove the uneXposed 
areas revealing the conductive areas Which are the plated 
through-holes and pads. Generally, in the neXt step, the 
thickness of the metal foil in the eXposed areas is built up by 
a further copper electroplating step. Aprotective layer of an 
etch resist, Which is usually a tin lead alloy electroplate 
composition is applied over the eXposed and thickened 
copper areas. 

[0008] The photo-resist is then removed eXposing the 
copper for removal and the eXposed copper surface is etched 
aWay using a copper etching composition to leave the copper 
in the circuit pattern ?nally required. In the neXt step, the 
tin-lead alloy resist is stripped aWay. 

[0009] Since components Will not be attached to the 
copper circuit traces, it is generally only necessary to coat 
the solder for attaching the components over the through 
hole and pad areas but not the traces. Solder mask is 
therefore applied to the board to protect the areas Where the 
solder coating is not required, for eXample using a screen 
printing process or photo-imaging technique folloWed by 
development and, optionally curing. The eXposed copper at 
the holes and pads is then cleaned and prepared for solder 
coating and the protective solder coating subsequently 
applied, for eXample by immersion in a solder bath, fol 
loWed by hot air leveling to form a protective solder 
coating on the areas of copper not coated With solder mask. 
The solder does not Wet the solder mask so that no coating 
is formed on top of the solder mask protected areas. 

[0010] At this stage, the board comprises at least one 
insulating layer and at least one conductive layer. The 
conductive layer or layers comprise a circuit trace. The 
board also comprises a pad or pads and/or through-hole(s) 
protected from tarnishing by a layer of solder. A single 
conductive layer may comprise either a circuit trace or 
pad(s), or both. Any pads Will be part of a conductive layer 
Which is an outerlayer of a multi-layer board. The circuit 
traces on the board are coated With solder mask. 

[0011] Such a board is ready to proceed to the second stage 
for attachment of the components. In this second stage, 
generally attachment of the components is achieved using 
solder: ?rstly a layer of solder paste (comprising solder and 
?uX) is applied onto the boards, generally by printing and the 
components are positioned on the printed boards. The board 
is then heated in an oven to produce fusion of the solder in 
the solder paste, Which forms a contact betWeen the com 
ponents and the board. This process is knoWn as re?oW 
soldering. Alternatively a Wave soldering process is used in 
Which the board is passed over a bath of molten solder. In 
either case additional solder is used over and above any 
protective solder coating. 

[0012] The additional complications of attaching both 
legged components and the surface mount devices and the 
special requirements for mounting many small closely 
spaced components have resulted in increased demands on 
the surface protection coating for the conductive metal to 
Which the components Will be attached on the PCB’s. It is 
essential that the ?nish applied by the bare board manufac 
turer does not leave a pad With an uneven surface as this 
increases the risk of electrical failure. It is also essential that 
the protective coating does not interfere With the subsequent 
solder step, thereby preventing formation of a good, con 



US 2001/0022989 A1 

ducting bond between the bare board and components. An 
extra step in Which the protective coating is removed Would 
be undesirable. 

[0013] As explained above, the conductive metal surfaces 
are generally formed of copper and the protective surface 
must be applied at the end of the ?rst stage to prevent the 
formation of non-solderable copper oxide on the copper 
surfaces prior to the component attachment. This is particu 
larly important because, generally speaking, the ?rst stage 
and the second, component-attachment stage Will be carried 
out at completely different sites. There may therefore be a 
considerable time delay betWeen formation of conducting 
pads and/or through-holes and the component-attachment 
stage, during Which time oxidation may occur. Therefore, a 
protective coating is required Which Will retain the solder 
ability of conducting material and enable a soldered joint to 
be made When the components are attached to the bare 
boards. 

[0014] The most common protection coating presently 
used is tin/lead solder, generally applied using the “HAL” 
(hot air leveling) process, an example of Which is described 
in detail above. 

[0015] HAL processes are limited because it is difficult to 
apply the solder evenly and the thickness distribution pro 
duced by the use of HAL processes makes it dif?cult to 
reliably attach the very small and closely spaced compo 
nents noW being used. 

[0016] Several replacement treatments for the HAL coat 
ing of a solder layer are being introduced. The coatings must 
enable formation of a reliable electrical contact With the 
component. They should also be able to stand up to multiple 
soldering steps. For example, as described above, there are 
noW both legged and surface mount components for attach 
ment to the bare boards and these Will generally be attached 
in at least tWo soldering operations. Therefore, the protective 
coatings must also be able to Withstand at least tWo soldering 
operations, so that the areas to be soldered in a second 
operation remain protected during the ?rst operation. 

[0017] Alternatives to the tin/lead alloy solder used in the 
HAL process, Which have been proposed include organic 
protection, immersion tin or tin/lead plating and nickel/gold 
plating. In the nickel/gold process electroless plating of the 
copper surfaces is carried out in Which a primer layer of 
nickel is applied onto the copper folloWed by a layer of gold. 
This process is inconvenient because there are many process 
steps and in addition, the use of gold results in an expensive 
process. 

[0018] Organic protection for the copper pads during 
storage and assembly prior to soldering have also been 
effected using ?ux lacquer. Its use is generally con?ned to 
single-sided boards (i.e. boards Which have conductive pads 
on only one side). The coating is generally applied by dip, 
spray or roller coating. Unfortunately, it is dif?cult to 
provide a consistent coating to the board surfaces so limited 
life expectancy, due to the porosity of the coating and to its 
inconsistent coating thickness, results. Flux lacquers have 
also been found to have a relatively short shelf life. A further 
problem is that in the component-attachment stage, if re?oW 
soldering is to be used to attach the components, the 
components are held in place on the underside of the boards 
With adhesive. In cases Where the ?ux lacquer is thick, the 
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adhesive does not bond the component directly to the printed 
board, but instead forms a bond betWeen the adhesive and 
the lacquer coating. The strength of this bond can drop 
during the ?uxing and soldering step causing components to 
be lost during contact With the solder baths. 

[0019] One other alternative currently being used is pas 
sivation/protection treatment based upon the use of imida 
Zoles or triaZoles in Which copper-complex compounds are 
formed on the copper surface. Thus, these coatings chemi 
cally bond to the surface and prevent the reaction betWeen 
copper and oxygen. HoWever this process is disadvanta 
geous because it tends to be inadequate for Withstanding 
successive soldering steps so that the high temperatures 
reached in a ?rst soldering step tend to destroy the layer 
Which cannot Withstand a subsequent soldering operation 
needed to mount further components. One example of such 
a process is given in EP-A-0428383, Where a process is 
described for the surface treatment of copper or copper 
alloys comprising immersing the surface of copper or copper 
alloy in an aqueous solution containing a benZimidaZole 
compound having an alkyl group of at least 3 carbon atoms 
at the 2-position, and an organic acid. 

[0020] Processes are also knoWn Which provide coatings 
using compositions Which comprise silver. 
[0021] The three common complexing systems for elec 
troless silver plating processes are either ammonia-based, 
thiosulphate-based or cyanide-based. 

[0022] The ammonia systems are disadvantageous 
because the ammonia-containing silver solutions are 
unstable and explosive aZides may tend to form. Thiosul 
phate systems are disadvantageous for use in the electronics 
industry because sulphur compounds in the silver coatings 
formed result in poor solderability so that in the subsequent 
component-attachment step, a poor electrical contact may be 
formed betWeen the bare board and the component. 

[0023] The cyanide-based systems are disadvantageous 
due to the toxicity of the plating solutions. 

[0024] In Us. Pat. No. 5,318,621 an electroless plating 
solution containing amino acids as rate enhancers for depos 
iting silver or gold onto a nickel coating overlying copper on 
a circuit board is disclosed. It is described that neither gold 
nor silver electroless plating baths based on thiosulphate/ 
sulphate Will plate directly onto copper because the copper 
rapidly dissolves Without alloWing a silver or gold coating to 
form. In the introduction of the reference, “Metal Finishing 
Guidebook & Directory” (1993 edition), silver plating solu 
tions comprising silver nitrate, ammonia and a reducing 
agent such as formaldehyde are mentioned. 

[0025] US. Pat. No. 4,863,766 also discloses electroless 
silver plating, using a cyanide-based plating solution. In 
Metal Finishing (1983) 81(i), pp 27-30 Russev described 
immersion silvering of copper poWder from a plating solu 
tion containing silver nitrate and a nitrogen complexing 
agent. In Metal Finishing (1960) August, p 53 Geld 
described a silver coating process involving an initial bright 
dip of the brass or copper substrate, folloWed by a silver 
plating step in Which a thick coating of silver is plated from 
a solution of silver nitrate and potassium iodide. The process 
is for plating of electrical contacts to increase conductivity. 

[0026] In JP-A-04-110474 a base material is plated With 
silver, dried and subsequently treated With a mercaptan 
compound to prevent tarnish. 



US 2001/0022989 A1 

[0027] In DE-C-4316679 base metals such as copper are 
coated With palladium in a tWo-step process including a ?rst 
step in Which the surface is contacted With a bath containing 
a palladium salt and an oxidizing agent, and in the second 
step With a bath containing a palladium salt, a compleXing 
agent and formic acid or formic acid derivative. The latter 
bath may also contain stabilizers for the bath itself, Which 
stabiliZe the bath against decomposition or “plating-out”. It 
is suggested that the copper substrate should previously be 
etched using a non-bright etch bath including persulphate. 
HoWever, such pretreatment steps tend to produce relatively 
porous coatings. The inventors there minimiZe the porosity 
of the coating by using the tWo-step process in the ?rst of 
Which a very thin coating is formed. This reference Warns 
against using silver as corrosion protection due to migration. 

[0028] The present invention relates to a displacement 
immersion metal plating in Which a more electropositive 
metal displaces a less electropositive metal at the surface to 
be coated. Ions of the more electropositive metal oXidiZe the 
substrate metal. A displacement plating process differs from 
an electroless process because the silver coating forms on 
the surface of a metal by a simple displacement reaction due 
to the relative electrode potentials of the oXidisable metal of 
the surface to be protected and of the silver ions respectively. 

[0029] It is reported in for eXample “Modern Electroplat 
ing” by F. A. LoWenheim, published by J. Wiley & Sons 
(1963) that silver Will plate by displacement on most base 
metals but that immersion plated silver is poorly adherent. F. 
A. LoWenheim there suggests that When electroplating base 
metals With silver, it is necessary to deposit ?rst a thin ?lm 
of silver on the Work piece from a high-cyanide strike bath 
to ensure good adhesion of the subsequent electroplated 
silver layer. 

SUMMARY OF THE INVENTION 

[0030] The present invention aims to provide an alterna 
tive to the solder protection coating for the copper or other 
conducting surfaces of bare boards Which require protection 
from tarnishing betWeen bare board manufacture and the 
component-attachment stage. 

[0031] In accordance With the present invention, there is 
provided a method for coating a PCB comprising an insu 
lating layer and a conducting layer, With metal pads and/or 
through-holes in Which the pads and/or through-holes are 
provided With an anti-tarnish coating, the process compris 
ing contacting the pads and/or through-holes With a bright 
etch composition in a bright-etch step; and subsequently 
immersion plating the etched pads and/or through-holes in a 
metal-plating step to form solderable plated metal surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a graphical representation illustrating an 
eXample described in the present application. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The insulating layer and conducting layer of the 
PCB Will be as described immediately above. They may 
comprise the insulating layer and conducting circuit pattern 
of any conventional PCB, respectively. The pads and/or 
through-holes for plating are those areas of the PCB for 
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Which solderability must be maintained for attachment of 
components in the subsequent soldering steps for component 
attachment. 

[0034] The bright-etch step comprises contacting the pads 
and/or through-holes With a bright-etch composition. Such 
compositions are already knoWn in the industry for other 
applications and they produce a bright smooth cleaned 
surface on the conducting metal from Which the pads and/or 
through-holes are formed. In contrast, non-bright etch com 
positions, such as those Which are based on persulphate 
provide microroughened, cleaned surfaces. The use of the 
bright-etch step alloWs the formation of a dense, nonporous 
metal coating, Which is particularly suitable for a subsequent 
soldering step. 

[0035] Suitable bright-etch compositions are generally 
aqueous and may be based for eXample on one or miXtures 
of more than one of hydrogen peroxide, sulphuric acid, nitric 
acid, phosphoric acid or hydrochloric acid. The bright-etch 
compositions generally include at least one component 
Which Will tend to modify the dissolution of copper in 
bright-etch compositions. 

[0036] Particularly preferred bright-etch compositions 
Where the metal surface of the pads and/or through-holes 
comprises copper or a copper alloy are, for eXample, as 
described in JP 62-188785 A2 (comprising 5.1-10.2 moles/l 
nitric acid, 4.6-9.2 moles/l sulphuric acid, 0.01 moles/4 Zinc 
nitrate and 0.4 moles/l copper nitrate in aqueous solution); 
JP 60-190582 (comprising for eXample 20-50% by Weight 
sulphuric acid (96%), 10-25% by Weight nitric acid (67.5%), 
0.5-1% by Weight hydrochloric acid (35%) and 0.5-1% by 
Weight nonionic surfactant); US. Pat. No. 3,668,131 (com 
prising hydrogen peroXide, sulphuric acid and urea addi 
tives); Metal Finishing (February 1986), 84, (2), 67-70 
(comprising sodium dichromate, sulphuric acid, hydrochlo 
ric acid, sodium diethyldithio carbonate); Trans Inst. Metal 
Finishing (Summer 1983), 61, (2), 46-49 (acidi?ed hydro 
gen peroXide comprising hydrogen peroxide, sulphuric acid 
and stabiliZer); Ober?ache Surf, (August 1979) 20, (8),178 
179 (comprising nitric acid and dodecyl pyridinium chlo 
ride); US. Pat. No. 4,510,018 (comprising sulphuric acid, 
hydrogen peroXide, fatty acid amine and ammonium com 
pound); U.S. Pat. No. 4,459,216 (comprising 5-100 g/l 
hydrogen peroXide and 100-300 g/l sulphuric acid and 
aromatic stabiliZer); JP 84-038308 (comprising 0.15-0.3 
moles/l hydrochloric acid; 0.2-0.4 moles/l phosphoric acid 
and 0.02-0.1 moles/l sulphuric acid). Where the conducting 
material of the pads and/or through-holes comprises stain 
less steel, particularly preferred bright-etch compositions 
may be as described for eXample in WO 93-08317; JP 
62-238379 A2; DE 1928307; or Tr. Gos. Nauchno-Issled. 
Proektn. Inst. Osnovn. Khim (1974), 36, 93-97. Where the 
conducting material is aluminium, a suitable bright-etch is 
as described in Met. Finishing (July 1986) 84, (7), 55-59. 

[0037] Thus, any etch composition Which provides a 
bright, cleaned surface may be used. In the bright-etch step, 
contact With the bright-etch composition may be by immer 
sion, spray or any other coating technique, such as is 
described in any of the references above, for suf?cient time 
and at a suitable temperature to enable a bright surface to 
form on the conducting material of the pads and/or through 
holes. Generally the temperature for contact With the bright 
etch composition Will be ambient and the contact time Will 
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be from 5 seconds to 10 minutes, preferably at least 30 
seconds, or even at least 2 minutes, and preferably for no 
greater than 5 minutes. 

[0038] Generally after the etching step, there Will be a 
post-rinse step comprising rinsing With deionized Water and 
generally Without drying, the bare boards then proceed 
directly to the plating step. Alternatively, an acid rinse step 
may be included, after the aqueous rinse. 

[0039] The plating step is an immersion (or displacement) 
plating step. In an immersion plating step, the plating 
composition comprises metal ions of a metal Which is more 
electropositive than the conducting material. The choice of 
metal ions in the immersion plating solution, therefore 
depends on the metal to be plated. Since the pads or 
through-holes generally comprise copper or nickel, suitable 
eXamples of plating metals include bismuth, tin, palladium, 
silver and gold; silver and bismuth ions are particularly 
preferred. 
[0040] A particularly preferred immersion silver plating 
method is described in our copending British application 
?led on even date hereWith under the application number 
94250305, and subsequent U.S. Ser. No. (attorney 
docket no. A0626/7001). 

[0041] As sources of plating metal ions, any Water soluble 
metal salt may be used, for eXample nitrates, acetates, 
sulphates, lactates or formates. Preferably silver nitrate is 
used. 

[0042] The metal plating ions are generally in the plating 
composition at a concentration of from 0.06 to 32 g/l (based 
on metal ions), preferably from 0.1 to 25 g/l, most preferably 
from 0.5 to 15 g/l. 

[0043] Contact of the metal surface With the plating solu 
tion Will generally be at temperatures of from 10 to 90° C., 
preferably 15 to 75° C., more preferably 20 to 60° C. For 
eXample, the temperature of contact With the plating solution 
Will be from 15 to 50° C., most usually from 20 to 40° C. 

[0044] Contact can be by any method, usually dip, spray 
or horiZontal immersion coating. Spray coating is preferred. 
Such contact may be part of a substantially continuous 
coating process. 

[0045] The contact time of the plating solution With the 
metal surface is suf?cient to form plated metal surfaces over 
the metal. Generally the contact time Will be from 10 
seconds to 10 minutes. A contact time of less than 10 
seconds has generally being found to give insuf?cient cov 
erage With silver coating and although the contact time may 
be longer than 10 minutes, no additional bene?t has been 
found from a contact time of longer than 10 minutes. 

[0046] The preferred plating process is an immersion 
displacement process and not a true electroless plating 
process. In the preferred plating compositions of the present 
invention, metal atoms on the surface of the metal are 
oXidiZed by the metal plating ions in the solution, so that a 
layer of plated metal deposits on the pads and/or through 
holes. The process is self-limiting because When plated 
metal covers all of the surface sites of metal oXidiZable by 
the plating metal no further reaction and therefore no further 
deposition occurs. 

[0047] In a second aspect of the invention, there is pro 
vided for coating a PCB comprising an insulating layer and 
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a conducting layer, With metal pads and/or through-holes in 
Which the pads and/or through-holes are provided With an 
anti-tarnish coating, the method comprising metal plating 
the etched pads and/or through-holes by contact With a 
plating composition in a metal plating step to form solder 
able plated metal surfaces and contacting the plated metal 
surfaces With a solution of a tarnish inhibitor. 

[0048] In this aspect of the invention, preferably, prior to 
contacting the metal surface With the plating composition in 
the plating step, the metal surface is cleaned. Cleaning may 
be using an acidic cleaning composition, such as any clean 
ing composition knoWn in the art. Examples are copper 
conditioner PC 1144 supplied by Alpha Metals Limited of 
the United Kingdom. Where there is a cleaning step using an 
acidic cleaning solution, generally there Will be a rinsing 
step prior to contacting the metal surface With the plating 
solution. Preferably any pre-cleaning Will include a bright 
etch step. In both aspects of the invention, the tarnish 
inhibitor may be present in the plating solution itself so that 
the plating solution comprises the solution comprising tar 
nish inhibitor. Thus, in a preferred method of the invention, 
the plated metal surfaces are contacted With a solution 
comprising a tarnish inhibitor during the plating step (i.e., 
contact may be during formation of the plated metal sur 

faces). 
[0049] Alternatively, the metal surfaces are formed in the 
plating step and subsequently the formed metal surfaces are 
contacted With a solution comprising a tarnish inhibitor in a 
further step. The solution is preferably aqueous, being made 
up from deioniZed or otherWise puri?ed Water. The compo 
sition comprising tarnish inhibitor may additionally com 
prise solubiliZers, for eXample non-aqueous solvents, sur 
factants and/or pH buffers. 

[0050] Contact of the composition comprising tarnish 
inhibitor With the plated metal surfaces Will be for at least 5 
seconds, preferably for at least 20 seconds. Where the 
tarnish inhibitor is present in the plating solution, the time of 
contact is generally determined by the duration of the plating 
step. Generally, the contact time Will be from 1 to 5 minutes. 
The temperature of contact is most usually from 10 to 90° 
C., preferably 15 to 75° C., more preferably 20 to 60° C. For 
eXample the temperature of contact With the plating solution 
may be from 15 to 50° C., most usually from 20 to 40° C. 
Contact may be any conventional means, for eXample by 
dip, spray or horiZontal immersion coating. 

[0051] The most appropriate pH depends to some eXtent 
on the particular tarnish inhibitor used but primarily on the 
metal ions present in a plating bath Which contains the 
tarnish inhibitor. Where the tarnish inhibitor is contacted in 
a separate step With the plated metal surface, the pH should 
be appropriate for the tarnish inhibitor and selected so that 
it does not attack the plating. Where the solution is a silver 
plating composition, a convenient pH is in the range of 3 to 
10. Where the solution is a bismuth plating composition, the 
pH may be 1 or loWer. 

[0052] The solution comprising the tarnish inhibitor may 
be a ?nal rinse solution, applied to the boards prior to drying 
of the boards. The board may undergo subsequent treatment 
steps after contact With the composition comprising tarnish 
inhibitor. HoWever, generally, after contact With the solu 
tion, comprising a tarnish inhibitor and drying, they are at 
the end of the ?rst bare board manufacturing stage, and are 
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ready for the second component-attachment stages. Option 
ally, for example, there may be a deionized Water rinse step, 
prior to drying. 

[0053] The concentration of tarnish inhibitor in the solu 
tion comprising tarnish inhibitor, Will generally be from 
0.0001 5 to 5% by Weight, i.e. 0.001 to 50 g/l. Preferably, the 
amount of tarnish inhibitor Will be from 0.005 to 3% by 
Weight, and most preferably from 0.01 to 2% by Weight, or 
even beloW 1% by Weight. 

[0054] The method of the second aspect of the invention 
may surprisingly also be used on precious metals such as 
gold, platinum or ruthenium Where it Will improve solder 
ability. 
[0055] In the second aspect of the invention, the metal 
plating step is preferably an immersion/displacement plating 
or electroless plating step. It consists of a single step using 
a single plating composition. Most preferably the plating 
step Will be an immersion/displacement plating step com 
prising contacting the metal of the pads and/or through-holes 
With an immersion plating composition. 

[0056] Where the plating is other than by the preferred 
immersion/displacement process, for example, if it is by 
electroless plating, the plating composition may comprise 
alternative plating metal ions, such as nickel. 

[0057] The use of tarnish inhibitor in the invention has 
been found to provide metal coatings Which have good 
tarnish resistance (resistance to humidity and oxidation) 
even When stored at 40° C. and 93% RH for 96 hours or at 
150° C. for 2 hours. The porosity inherent in immersion 
coatings is reduced by the provision of a level surface using 
the bright-etch step and using, so that the anti-tarnish 
properties are considerably improved, even at the high 
temperatures reached in re?oW soldering processes. Concern 
over the use of silver plating as described for example in 
DE-C-4316679 due to migration of silver ions is overcome 
as it has been found that the present invention substantially 
prevents silver migration by providing a barrier to moisture. 

[0058] In both the above aspects of the invention, an 
immersion plating composition preferably contains a com 
plexing agent for the ions of the more electropositive metal. 

[0059] In a further aspect of the present invention there is 
provided a displacement metal plating process in Which a 
relatively less electropositive base metal is plated With a 
relatively more electropositive coating metal by contact With 
an aqueous plating composition containing ions of the more 
electropositive metal, a completing agent for such ions and 
a tarnish inhibitor for the more electropositive metal so as to 
form a coating of the more electropositive metal. 

[0060] In this aspect of the invention there is also provided 
is a neW plating composition containing ions of a metal 
Which can be displacement plated, a completing agent for 
the ions, preferably present in higher than equimolar 
amounts as compared to the metal ion, and containing a 
tarnish inhibitor for the said metal, and being substantially 
free of reducing agent capable of reducing the ions to the 
metal. 

[0061] This aspect of the invention has been found to be 
particularly useful for silver or bismuth plating. Therefore 
preferably, the plating composition described contains silver 
or bismuth ions. 
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[0062] The plating composition used in this aspect of the 
invention may be a immersion plating composition based on 
any plating composition used in the PCB industry. 

[0063] In this embodiment of the invention, preferably, 
prior to contacting the metal surface With the plating com 
position in the plating step, the metal surface is cleaned. 
Cleaning may be accomplished using an acidic cleaning 
composition, such as any cleaning composition knoWn in the 
art. Examples are copper conditioner PC 1144 supplied by 
Alpha Metals Limited. 

[0064] Where there is a cleaning step using an acidic 
cleaning solution, generally there Will be a rinsing step prior 
to contacting the metal surface With the plating solution. 

[0065] Preferably any pre-cleaning Will include a bright 
etch step. 

[0066] The plating composition may also comprise a com 
plexing agent. If so, the complexing agent is preferably 
present in an amount of from 0.1 to 250 g/l, preferably from 
2 to 200 g/l and most preferably from 10 to 100 g/l, 
especially around 50 g/l. The complexing agent may be any 
completing agent for the plating metal ions Which does not 
form a Water insoluble precipitate under the aqueous and pH 
conditions of the composition. Mixtures of complexing 
agents may also be used. It is desirable to use complexing 
agents Which are bi-dentate or higher dentate ligands since 
the stability constants of such complexes are higher than 
mono-dentate ligands. 

[0067] Examples of suitable complexing agents have oxy 
gen-containing ligands, for instance amino acids and their 
salts, preferably having at least 2 and up to 10 carbon atoms, 
polycarboxylic acids, usually amino acetic acids, such as 
nitrilo-triacetic acid or, usually, alkylene polyamine poly 
acetic acids including ethylene diamine tetra-acetic acid 
(EDTA), diethylene triamine penta-acetic acid, N-hydroxy 
ethyl ethylene diamine triacetic acid, 1,3-diamino-2-pro 
panol-N,N,N,‘N,‘-tetra-acetic acid, bishydroxyphenylethyl 
ene diamine diacetic acid, diamino cyclohexane tetra-acetic 
acid or ethylene glycol-bis-[([3-aminoethylether)-N,N‘-tetra 
acetic acid)] and N,N,N‘,N‘-tetrakis-(2-hydroxypropyl) eth 
ylene diamine, citrates and/or tartrates, N,N-di-(hydroxyeth 
yl)glycine, gluconates, lactates, citrates, tartrates, croWn 
ethers and/or cryptands. 

[0068] Particularly preferred complexing agents for silver 
are EDTA, DTPA and N,N,N‘,N‘-tetrakis-(2-hydroxypropyl) 
ethylene diamine. The complexing agent should form a 
soluble complex With plating metal ions in aqueous solution 
under the pH conditions of the plating solution. 

[0069] A suitable complexing agent for bismuth is chlo 
ride, and it is generally unnecessary to use a multidentate 
(i.e., bi- or higher dentate) ligand complexing agent for 
bismuth. 

[0070] The complexing agent is preferably used either in 
stoichiometric equivalent amounts or in a stoichiometric 
excess so that all the plating metal ions may be complexed. 
By stoichiometric We mean equimolar. Preferably the com 
plexing agent is present in a higher molar concentration than 
the silver ions, the molar ratio preferably being (at least 
1.2):1, more preferably (at least 2.0):1, more preferably (at 
least 3):1. 
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[0071] Suitable tarnish inhibitors for use in all aspects of 
the present invention include for example: 

[0072] (a) fatty acid amines, preferably having at 
least 6 carbon atoms, most preferably at least 10 
carbon atoms and generally no greater than 30 car 
bon atoms, they may be primary, secondary, tertiary, 
diamines, amine salts, amides, ethoxylated amines, 
ethoxylated diamines, quaternary ammonium salts, 
quaternary diammonium salts, ethoxylated quater 
nary ammonium salts, ethoxylated amides and amine 
oxides. Examples of the primary, secondary and 
tertiary amine-type corrosion inhibitors are 
ARMEENTM to (TM denotes trademark). Examples of 
the subsequent amine-type corrosion inhibitors are 
respectively DUOMEENTM, ARMACTM/ 
DUOMAC, ARMIDTM, ETHOMEENTM, 
ETHODUONEENTM, ARQUADTM, DUOQUADTM, 
ETHOQUADTM, ETHOMIDTM, AROMOXTM, all 
supplied by AkZo Chemie. 

[0073] (b) purines and substituted purines. 

[0074] (c) N-acyl derivatives of sarcosine, such as the 
SARKOSYrange of products supplied by Ciba 
Geigy. 

[0075] (d) organic polycarboxylic acids such as Reo 
cor 190 supplied by Ciba-Geigy. 

[0076] (e) substituted imidaZoline in Which substitu 
ents are for example hydroxyl C1_4 alkyl amino or 
carbonyl-containing groups. Examples include 
AMINE 0, produced by Ciba-Geigy, especially in 
combination With a N-acyl sarcosine of category 

[0077] alkyl or alkyl benZyl imidaZoles, e. g. unde 
cyl imidaZole in Which the alkyl group has up to 22 
carbon atoms, preferably no greater than 11 carbon 
atoms and in Which the alkyl or benZyl groups are 
optionally substituted. 

[0078] (g) benZimidaZoles, especially alkylaryl ben 
ZimidaZoles in Which the alkyl group has up to 22 
carbon atoms, preferably no greater than 10 carbon 
atoms and in Which the alkyl or benZyl groups are 
optionally substituted, for example 2-(p-chloroben 
Zyl) benZimidaZole Which is particularly preferred. 

[0079] (h) phosphate esters such as EKCOL PS-413, 
supplied by Witco. 

[0080] optionally substituted triaZole derivatives 
such as REOMET 42, supplied by Ciba-Geigy. 
Examples are benZo triaZole, tolyl triaZole and alkyl 
substituted triaZole derivatives having a carbon num 
ber on the alkyl group of from 1 to 22, preferably 
from 1 to 10. 

[0081] substituted tetraZoles, such as 5(3(tri?uo 
romethyl phenyl)) tetraZole, is also a preferred 
example. 

[0082] The choice of tarnish inhibitor Will depend to some 
extent upon the metal of the plated metal surfaces, but this 
Will be clear to a person skilled in the art. For example, if the 
tarnish inhibitor is to be incorporated into a gold plating 
bath, the tarnish inhibitor may be a chloride salt, hoWever, 
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in contrast, using a silver plating bath, chloride salts may not 
be used as they Will result in formation of an insoluble silver 
chloride precipitate. 

[0083] The tarnish inhibitor is preferably Water soluble so 
that the solution is an aqueous solution. HoWever, Water 
immiscible tarnish inhibitors may be used although it may 
be necessary to include a surfactant/cosolvent in the solu 
tion. 

[0084] This invention has been found to provide consid 
erable advantages in preventing tarnishing and conferring 
humidity resistance on the bare boards produced to that 
additional protection is provided betWeen the bare board 
manufacture stage and the component-attachment stage. 
Solderability is found to be enhanced. 

[0085] A suitable pH for a silver plating composition may 
be from 2 to 12, but is preferably from 4 to 10. Thus, the 
composition may be acidic, up to pH 7. Alternatively, the 
composition may be alkaline, and have a pH of greater than 
7, or even greater than 7.5. A bismuth plating solution 
usually has a loW pH of 1 or less. 

[0086] A buffering agent may be included in the plating 
composition to ensure that the pH of the composition is 
Within the desired range. As the buffering agent, any com 
patible acid or base may be included. A compatible acid or 
base is an acid or base Which in the amounts required in the 
composition does not result in the precipitation out of 
solution of the silver ions and/or complexing agent. For 
example hydrogen chloride is unsuitable for a silver plating 
composition as it forms an insoluble silver chloride precipi 
tate. Suitable examples include sodium or potassium 
hydroxide or a carbonate salt, or Where acids are required, 
suitable acids may include citric acid, nitric acid or acetic 
acid. Borates, phthalates, acetates, phosphonates may be 
used but the buffer should not result in precipitation of the 
metal salts and preferably does not inhibit the plating rate. 
An appropriate buffer Will be dependent on the desired 
Working pH. 

[0087] The plating composition may include optional 
ingredients such as surfactants or Wetting agents to improve 
the coating uniformity. Where surfactants are included, 
preferably they are introduced into the composition in an 
amount such that in the plating bath, they Will be present at 
a concentration of from 0.02 to 100 g/l. Preferably they Will 
be incorporated at a concentration of from 0.1 to 25 g/l and 
most preferably at a concentration of from 1 to 15 g/l. Any 
standard surfactant or Wetting agent useful in a plating bath 
may be used. Nonionic surfactants are preferred. Particularly 
preferred surfactants are alkyl phenol ethoxylates, alcohol 
ethoxylates and phenol ethoxylates such as *Synperonic 
NP9 (ex. ICI), *Synperonic A14 (ex. ICI) and *Ethylan HB4 
(ex. Harcros), respectively (*denotes trade name). 
[0088] Afurther optional ingredient Which can be included 
in the plating baths of the present invention are grain 
re?ners. Grain re?ners improve the appearance of the plated 
metal surfaces by causing formation of smaller crystals of 
plated metal having a more densely parked structure. Suit 
able examples of grain re?ners include loWer alcohols such 
as those having from 1 to 6 carbon atoms, for example 
isopropanol and polyethylene glycols, for example PEG 
1450 (CarboWax* Union Carbide). Grain re?ners may be 
incorporated in the composition in amounts from 0.02 to 200 
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g/l. More preferably, if a grain re?ner is included, it Will be 
at concentrations of from 0.05 to 100 g/l and most preferably 
from 0.1 to 10 g/l. Any nonaqueous solvent should be 
present in amounts beloW 50% by Weight of the composi 
tion, preferably beloW 30% by Weight or even beloW 10% or 
5% by Weight of the plating composition. 

[0089] Other non-active, non-interfering components may 
be included such as defoamers especially for spray applica 
tions (e.g., A100 supplied by DoW), dyes, etc. 

[0090] The balance in the composition is Water. DeioniZed 
Water or other puri?ed Water Which has had interfering ions 
removed, is used in the plating composition used in the 
process of the invention. 

[0091] In order to form the plating composition for use in 
the processes of the present invention, preferably a solution 
is ?rstly prepared comprising deioniZed Water, compleXing 
agent as de?ned above, and any buffering agent, optionally 
With the other optional ingredients, and a salt of the more 
electropositive metal is added as an aqueous solution to the 
other components Which have been formed into a pre-miX. 
It has been found that this is the most advantageous Way to 
prepare the solution because trying to dissolve the metal salt 
directly into the plating composition is relatively time con 
suming and, Where the metal is silver, tends to be more 
vulnerable to photo-reaction Which results in precipitation of 
silver ions out of solution, as a dark precipitate. 

[0092] Preferably the pH of the composition to Which a 
silver salt is added Will be from pH 3 to 10, most preferably 
from 4 to 8. 

[0093] The components are miXed until they have sub 
stantially dissolved. The use of heat for silver dissolution is 
disadvantageous because again, it may tend to cause the 
formation of a dark silver precipitate. 

[0094] After contact of the bare board With the solution 
comprising tarnish inhibitor, the board is dried. Preferably, 
there Will be no post-rinse step betWeen contact of the board 
With the solution and drying. 

[0095] Drying may be by any means, but is generally 
using Warm air, for eXample treated metal may be passed 
through a drying oven. 

[0096] The coating obtained using the method of the 
present invention produces a surface Which is considerably 
more uniform and even than that obtained in the conven 
tional HAL processes and, compared With organic protec 
tion, the coating is more resistant to soldering operations. 
Furthermore, the process of this invention is less expensive 
and simpler than use of the nickel/gold process. 

[0097] In the subsequent component-attachment stage, the 
components are soldered onto the plated pads and/or 
through-holes of the bare board. The metal of the pad(s) 
and/or through-holes (generally copper) and plating metal, 
usually silver, and/or the plating metal and solder may tend 
to intermiX. The bond formed With the components has good 
electrical conductivity and good bond strength. 

[0098] After component attachment, ?nished boards hav 
ing components attached over the plated layer of the present 
invention, do not suffer joint reliability problems as do those 
boards formed using a nickel/gold step. 
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EXAMPLE 1 

[0099] A composition Was prepared in Which 50 g EDTA 
and 20.4 g of solid sodium hydroxide Were miXed With 
suf?cient Water to dissolve them. A solution comprising 1 g 
silver nitrate in deioniZed Water Was subsequently added to 
the premiXture comprising EDTA and sodium hydroXide 
solution and deioniZed Water Was added to 1 liter. Copper 
double-sided circuit boards, having a variety of surface 
mount feature and plated through-holes of various diameter 
Were coated With the silver solution using the folloWing 
procedure. 

[0100] Boards Were chemically brightened in an aqueous 
solution of 20% v/v H2O2 (35%), 0.5% v/v H2SO4,. (96%), 
2.5% 1,4-butanediol for 1 minute. Atap Water rinse Was then 
employed, folloWed by an acid rinse in 10% H2SO4, for 1 
minute. The boards Were given a further Water rinse, then 
immersed in the silver plating solution at 40° C. for 4 
minutes. After removal from the bath, the boards Were rinsed 
With Water and Warm air dried. Copper areas of the board 
Were coated With a bright, even silver deposit. 

[0101] Coated boards Were subjected to three passes 
through a typical IR silver paste re?oW pro?le (see FIG. 1), 
then Wave soldered using NR300, an Alpha Metals VOC 
free, no clean ?uX. 100% ?ling of the plated through-holes 
With solder Was achieved. 

[0102] Further boards Were stored in a humidity cabinet at 
40° C./93% RH for 24 hours before being passed through 3 
IR re?oW pro?les. These boards shoWed a slight degree of 
tarnishing on the silver coating. HoWever 100% hole ?lling 
Was still achieved during subsequent Wave soldering With 
NR 300 ?uX. 

EXAMPLE 2 

[0103] A silver plating solution Was prepared by forming 
a solution comprising 50 g EDTA, 20.4 g NaOH, 14 g 
Ethylan HB4 (Akros Chemicals), 3 g Crodamet 02 (Croda 
Chemicals) in 800 mls deioniZed Water. To this solution Was 
added a solution of 1 g AgNO3 in 100 mls deioniZed Water. 
The pH Was adjusted to 6.8 by addition of dilute NaOH/ 
HNO3, then made up to 1 liter With deioniZed Water. 

[0104] Double sided bare copper boards Were coated With 
the above solution using the procedure as described in 
EXample 1. 100% ?lling of plated through-holes With solder 
Was achieved during Wave soldering With NR300 ?uX after 
passage through 3 IR re?oW pro?les. 

[0105] Boards stored at 40° C./93% RH for 24 hours prior 
to passage through 3 IR re?oW pro?les shoWed no evidence 
of tarnishing and soldered Well during Wave soldering trials, 
giving 100% hole ?lling. 

EXAMPLE 3 

[0106] Double-sided bare copper boards Were coated 
using the bath composition and procedure as described in 
EXample 1. FolloWing removal of the boards from the silver 
plating solution and rinsing, the boards Were immersed in a 
solution of 4 g Reomet 42 (Ciba-Geigy) in 1 liter deioniZed 
Water (pH 7) for 1 minute at room temperature. The boards 
Were then rinsed in tap Water and Warm air dried. A bright 
even silver coating Was produced. 
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[0107] The coated boards Were stored at 40° C./93% RH 
for 24 hours then passed through 3 IR paste re?oW pro?les. 
The boards shoWed no evidence of tarnishing, and soldered 
Well When Wave soldered using KR 300 ?ux. 

EXAMPLE 4 

[0108] Coupons of copper strip (5 cm><1 cm) Were coated 
With the silver coating as described in Example 2. In 
addition, further samples Were coated With immersion tin, 
63/37 Sn/Pb and tWo competitors solderability preservative 
coatings based on substituted benZimidaZole chemistry. The 
folloWing coating procedures Were applied for the various 
samples: 

[0109] 
[0110] Coupons Were etched in an aqueous solution of 
NaZSZO8 (5%), HZSO4 (5%) for 2 minutes, rinsed With tap 
Water, then rinsed With 10% H2SO4, for 1 minute and then 
rinsed With deioniZed Water. The coupons Were then 
immersed in an immersion tin plating solution comprising 
0.33 g/l Sn(BF4)2, 150 g/l thiourea, 20 g/l ?uoroboric acid 
and 5 g/l Synparonic NP9 (ex. ICI) in deioniZed Water, for 
1 minute at room temperature. The coupons Were then rinsed 
With deioniZed Water and Warm air dried. 

[0111] Sn/Pb Coating 

Immersion Tin Coating 

[0112] Coupons Were etched in an aqueous solution com 
prising Na2S2O8, (5%) and HZSO4 (5%), rinsed With tap 
Water then With 10% HZSO4 and then With deioniZed Water. 
The coupons Were Warm air dried. Alpha NR 300 ?ux Was 
then applied to each coupon. The coupons Were then coated 
63/37 Sn/Pb by immersion in molten solder at 250° C. for 3 
seconds. 

[0113] AZole 1 and AZole 2 

[0114] Coupons Were etched and rinsed as for the immer 
sion tin samples. Coupons Were then immersed in the 
solution containing the aZole at 40° C. for 90 seconds. After 
removal from the aZole containing solution, the coupons 
Were rinsed With deioniZed Water, and Warm air dried. 

[0115] The coupons Were subjected to a variety of differ 
ent pretreatments. 

[0116] A. No pre-treatment. 

[0117] B. Passage through 3 solder paste re?oW pro 
?les. 

[0118] 
[0119] D. Storage at 40° C./94% RH for 96 hours, 

then 3 solder paste re?oW pro?les. 

[0120] E. Storage at 150° C. for 2 hours. 

C. Storage at 40° C./93% RH for 96 hours. 

[0121] Samples Were then soldered using a meniscograph 
With NR300 ?ux. 

[0122] The meniscograph test method monitors the sol 
derability by measuring the net force acting betWeen speci 
men and solder. The coatings are assessed by the length of 
time to reach Zero Wetting force, and the siZe of the 
equilibrium Wetting force. To achieve good results in Wave 
soldering a short Wetting time and high equilibrium Wetting 
force are preferred. 
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[0123] The table beloW shoWs the Wetting times in sec 
onds and Wetting forces after 2 seconds immersion in 
mN/mm for various copper coated samples. 

[0124] As can be seen from above, the silver coatings 
prepared according to this invention have shorter Wetting 
times and higher Wetting forces than the Sn and benZimi 
daZole alternative and retain these properties more readily 
after humidity and heat treatment. 

TABLE 1 

Wet Wetting Force 
Coating Pre-Treatment Time/Sec at 2 Seconds 

Example 2 A 0 7 0.429 
Example 2 B 0 8 0.444 
Example 2 C 0 7 0.429 
Example 2 D 0 7 0.441 
Example 2 E 0 8 0.438 
Tin A 0 9 0.488 
Tin B >5 —0.028 
Tin C >5 0.008 
Tin D >5 —0.148 
Azole 1 A 0 8 0.439 
Azole 1 B 0 9 0.412 
Azole 1 C 0 9 0.443 
Azole 1 D 0 9 0.426 
Azole 1 E 1 0 0.421 
Azole 2 A 0 9 0.449 
Azole 2 B 1 0 0.417 
Azole 2 C 0 9 0.466 
Azole 2 D 1 1 0.310 
Azole 2 E 1 2 0.296 
Sn/Pb A 0 8 0.475 
Sn/Pb B 0 8 0.501 
Sn/Pb C 0 8 0.492 
Sn/Pb D 0 8 0.474 
Sn/Pb E 0 8 0.492 

EXAMPLE 5 

[0125] A displacement bismuth plating composition Was 
prepared comprising 3.9 g bismuth oxide, 183.1 g hydrogen 
chloride (as 37% solution), 490. Sg glycolic acid (70% 
solution), 265.4 g (50% sodium hydroxide solution), 0.077 
g potassium iodide, 0.003 g Synperonic NP9 (ex. ICI) and 
4 g 2p-chlorobenZyl benZimidaZole, Were added to deion 
iZed Water to make 1 liter of product solution. Bare boards 
having copper pads and copper through-holes Were chemi 
cally brightened as described in Example 1, then immersed 
in the plating baths for 2 minutes at 70° C. A coating of 
bismuth Was formed on the surface of the copper having a 
thickness of 0.05 pm. Subsequent solderability and tarnish 
resistance tests carried out on the plated bare boards shoWed 
good results for solderability and tarnish resistance. 

EXAMPLE 6 

[0126] Double-sided bare copper boards Were bright 
etched in an aqueous solution of 50% v/v HNO3, 10% 
H2SO4, 10% H3PO4, 1% HCl for 1 minute at room tem 
perature. Boards Were then rinsed in tap Water folloWed by 
10% HZSO4 for 1 minute. After a further Water rinse, boards 
Were immersed in silver plating bath described in Example 
2 for 4 minutes at 45° C. Boards Were then Water rinsed and 
Warm air dried. 

[0127] The coated boards Were stored at 40° C./93% RH 
for 24 hours then passed through 3 IR paste re?oW pro?les. 
The boards shoWed no evidence of tarnishing When Wave 
soldered using NR 300 ?ux. 
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EXAMPLE 7 

[0128] A silver plating bath Was prepared by forming a 
solution comprising 64.8 g diethylene triamine penta-acetic 
acid, 23.0 g NaOH, 24 g surfactant Ethylan HB4 (Akros 
Chemicals), 2.5 g Crodamet 02 an ethoxylated 3° amine 
compound (Croda Chemicals) in 800 mls deioniZed Water. 
To this solution Was added a solution of 1 g silver nitrate in 
100 mls deioniZed Water. The pH of this solution Was 
adjusted to 6.9 by addition of dilute NaOH solution or nitric 
acid. The volume Was then made up to 1 liter using deion 
iZed Water. 

[0129] Double-sided bare copper boards Were coated 
using the above solution using the procedure as described in 
Example 1. 100% ?lling of the plated through-holes Was 
achieved during Wave-soldering of the coated boards using 
Alpha Metals MR300 ?ux after passage through 3 IR re?oW 
pro?les shoWed no evidence of tarnishing, and soldered Well 
during Wave-soldering trials giving 100% hole-?ll. 

EXAMPLE 8 

[0130] An immersion silver plating solution Was prepared 
comprising 98.2 g deioniZed Water, 1 g of nitric acid, 0.1 g 
of silver nitrate, 0.3 g of Chemeen C2 (antitarnish) and 0.4 
g MaZaWet DF (solubiliZer). The pH Was adjusted to 6 using 
a 50% solution of ethylene diamine. The bath produced an 
adherent silver deposit on copper coupons Which shoWed 
good solderability and humidity resistance. 

EXAMPLE 9 

[0131] A bismuth plating solution Was prepared contain 
ing bismuth trioxide 2.1% Weight, hydrochloric acid (220 
Be) 46.73% Weight, glycollic acid (70%) 49.5% Weight, 
potassium chloride 0.07% Weight, polyethylene glycol 600 
0.1% Weight, Chemax Chemeen C2 0.2% Weight, distilled 
Water 1.2% Weight and tartaric acid 0.1% Weight. A further 
solution Was prepared from Which the Chemeen C2 Was 
omitted. Samples of copper clad printed circuit material 
Were plated in each of the solutions. These plated samples 
Were then placed in a humidity chamber for 16 hours at 60° 
C. and 95% relative humidity. 

[0132] After this exposure the samples Were examined, 
and those prepared in the solution Without the Chemeen C2 
Were heavily tarnished. The samples prepared in the solution 
containing the tarnish inhibitor had a good appearance With 
minimal oxidation, and When tested shoWed good solder 
ability. 
[0133] Other embodiments of the invention are to be 
considered Within the scope of the appended claims. 

What is claimed is: 

1. Amethod for coating a printed circuit board comprising 
an insulating layer and a conducting layer, With metal pads 
and/or through-holes in Which the pads and/or through-holes 
are provided With an anti-tarnish coating, the method com 
prising contacting the pads and/or through-holes With a 
bright-etch composition in a bright-etch step; and subse 
quently metal plating the etched pads and/or through-holes 
by contact With a plating composition comprising ions of a 
metal Which is more electropositive then the metal from 
Which the pads and/or through-holes are formed and being 
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substantially free of reducing agent for said ions in an 
immersion metal plating step to form solderable plated metal 
surfaces. 

2. A method according claim 1 in Which the plated metal 
surfaces are contacted With a solution of a tarnish inhibitor. 

3. Amethod for coating a printed circuit board comprising 
an insulating layer and a conducting layer, With metal pads 
and/or through-holes in Which the pads and/or through-holes 
are provided With an anti-tarnish coating, the method com 
prising metal plating the etched pads and/or through-holes 
by contact With a plating composition in a metal plating step 
to form solderable plated metal surfaces and contacting the 
plated metal surfaces With a solution of tarnish inhibitor. 

4. A method according to claim 1 in Which the metal 
plating step is a method in Which a metal Which is more 
electropositive than the metal of the said pads and/or 
through-holes is immersion/displacement coated from an 
aqueous solution containing ions of the more electropositive 
metal substantially free of reducing agent for said ions. 

5. A method according to claim 1 in Which the plating 
composition contains a complexing agent for the said ions, 
preferably a multidentate ligand complexing agent. 

6. A method according to claim 1 or claim 3 in Which the 
plating composition comprises a tarnish inhibitor and in the 
process, the metal surfaces are contacted With a solution 
comprising a tarnish inhibitor during the plating step, so that 
the tarnish inhibitor is present in the metal plating compo 
sition. 

7. A method according to claim 1 or claim 3 in Which the 
metal plated surfaces are formed in the plating step and 
subsequently the pre-formed plated metal surfaces are con 
tacted With a solution comprising a tarnish inhibitor in a 
postrinse second step. 

8. A method according to claim 2 or claim 3 in Which the 
contact time of the plated metal surfaces With the solution 
comprising a tarnish inhibitor is from 10 seconds to 5 
minutes. 

9. A method according to claim 2 or claim 3 in Which the 
metal surfaces are contacted With a solution comprising a 
tarnish inhibitor by dip coating or spray coating. 

10. A method according to claim 2 or claim 3 in Which the 
tarnish inhibitor in present in the solution in an amount of 
from 0.001 to 5% by Weight of the solution. 

11. A method according to claim 1 in Which the metal 
coating of the plated metal surfaces comprise nickel, silver, 
tin, lead, palladium, cobalt, gold, platinum or bismuth or 
their alloys, preferably silver. 

12. A method according to claim 1 in Which the pads or 
through-holes are formed of copper. 

13. Amethod according to claim 1 including a preliminary 
step of applying to exposed conductor traces at the surface 
of the PCB a mask Which is an insulator, such that the pads 
and/or through-holes are left exposed. 

14. Amethod according to claim 1 including a subsequent 
step of attaching conducting components to the metal plated 
pads and/or through-holes using solder in direct contact With 
the metal plating. 

15. An aqueous plating composition suitable for forming 
an immersion plating of a relatively more alectropositive 
metal on a relatively less electropositive metal substrate 
containing ions of the more electropositive metal and a 
complexing agent for the ions and a tarnish inhibitor for the 
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more electropositive metal and being substantially free of 17. Acomposition according to claim 15 in Which the said 
reducing agent for said ions. ions are of nickel, silver, tin, lead, palladium, cobalt, gold, 

16. A composition according to claim 15 in Which the platinum or bismuth or their alloys, preferably silver. 
tarnish inhibitor is present in the solution in an amount of 
from 0.001 to 5% by Weight of the composition. * * * * * 


