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1 PRI NTED Cl RCU T BOARD MANUFACTURE In the

producti on G{o9epfor&t ed circuit board (PCB), in 5 a first (ﬂ&* 'gé? )
stage a "bare board" is prepared and in a second (nulti- é%# %ﬁ@e
vari ous conponents are - mount ed on the board. The present invention
relates to the final steps in the magufacture of the bare board, in
whi ch the bare board is coated with a protective |ayer prior to 10
passing to the second production stage. : There are currently two
types of conponents for attachnment to the bare boards in the second
stage: | egged conponent s eg resistors translstors etc and, nore
recently, surface nmount deR§ ' attached to

the board by passing, qﬁﬁg > th s I:. oagd and
subsequent |y ensurlg lp%thEL*’ﬂgéf J‘%‘Hgnh.eg ?}ii 539 §° éh I(?%EI? éﬂ
sol der.  Surf acéiﬁsg {multi-sep): stage aat'ﬂbame@oaé'df‘hé% prepareds ande

board by sal dersmoﬁutfomaléiaétappt a8thgal eadidus aﬁl&mﬁhwlaﬂean 20

fayer, 5 conduBPFRESR PR e RRBFA; i s2asans: Renkidn Yerikaq g, Ehe "
t hr ough- hol es E£inplositepsl.in tﬂﬁemboafdcnayebefathe bare board, in which
the bare board is coated with a protective layer prior to
10 passing to the second production stage. '

' There are currently two types of components for
attachment to the bare boards in the second stage: legged
components eg resistors, transistors etc and, more

- recently, surface mount devicgs. Legged components are
15 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 filled with solder. Surface mount
devices are attached to the surface of the board by
soldering with a flat contact area or by adhesion using an

20 adhesive.

In the first stage, a board comprising 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

25 pattern positioned between insulating layers or may
comprise one insulating layer and one conducting circuit
pattern. '

- The through-holes may be plated through so that they
are electrically conducting and the pads which form the

300 areas to vwhich the surface-mount components will be
attached in the subsequent component-attachment stage, are
also electrically conducting.

‘The conductive areas of the circuit pattern, pads and
through-holes may be formed from any conductive material or

35 mixtures of different conductive materials. They are

' generally howéver, formed from copper. Since over time,
copper tends to oxidise to form a copper oxide layer with




mul ti-layer board having nore than one conducting circuit 25

ti - _ : pattern
p03|floned between insulating layers or may" conpri se one

i nsul atin éﬁﬁﬁ§nﬁnd one conducting circuit pattern. The
through;hg#es nmay be plated through so that they are elec ??%aily
conducting and the pads which formthe 30 areas to which the
surface-nount conponents wll be ttached in the subsequent
conponent - attachnent stage, are ~also electrically conducti ng.
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making the bare boards is known as the "solder mask over
bare copper" (SMOBC) technique. Such a board generally
comprises an eppxyfbonded fibreglass 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. Thesconductive matefia1.is'ggnerally metal foil
and most usually copper foil. In.the,sm@Bc 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 depoéits;a copper layer on the
entirety of the board: both on the upper foil surfaces and
on the through-hole surfaces. -

The board material is then coated with a 1light
sensitive tilm-(photo-resist)ﬁ exposed to light in pre-
selected areas and chemically developed to remove the
unexposed a:eas-revealingithe 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 eiect:oplating step. A
protective layer of an etch resist, which is usually a tin-
lead alloy electroplate composition is applied over the
exposed and thickened copper areas.

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 finally required. ' .

In the next step, the tin-lead alloy resist is
stripped away. -
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Whil st there is nore than one way for preparing the bare boards, one

of the nost w dely used processes for maki ng the bare boards is known
as the "sol gryosfiaess over bare copper" (SMOBC) technique oard
general Iy 10 conpri ses an.epoxy-bonded fibreglass |ayer clpgron one or :
both sides with conductive naterial. GCenerally, the board will be a
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resist is . solder mask. The solder does not wet the solder mask so

15 that no coating is formed on top of the solder-mask

protected areas. _ _

At this stage, the board comprises at 1least one

insulating layer and at least one conductive layer. The

conductive layer or layers comprise a circuit trace. The

20 board also comprises a pad or pads and/or through-hole(s)

protected from tarnishing by layer of solder. A single

conductive layer may comprise either a cii-cﬁit 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

25 circuit traces on the board are coated with solder mask.

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: firstly a layer of solder paste (comprising solder

30 and flux) 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 components and the board. This process is.

35 known as reflow soldering. Alternatively a wave soldering

" process is used in which the board is passed over a bath of
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stripped away. WO 96/ 17975
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conmponent sw# gt be attached to the copper circuit traces,
general |y onl'y hecessary to coat the sol der for attachi rﬂ"‘fw
conponents over the through-hole and pad areas but not the traces.
Sol der mask is therefore 5 applied to the board to protect the areas
where t he sol der coating is not reqd‘l red for exanple using a screen

printing proce echnl oved. b devel o nt
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conducti ve | syefacghprotectiond zaating fax the| a:md@c@dwpr metal o cuit
trace. The yhjch the components will be attached, on the PCB’s. It is

essential that the finish applied by the bare board

10 manufacturer 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 in ‘
the subsequent solder step, thereby preventing formation of
a good, conducting ‘bond. between the bare board and

15 components. An extra step inwhich the protective coating
is removed would be undesirable.

As explained above, the conductive metal surfaces are
generally formed of 't_:opp'er and the protective surface must
be applied at the end of the first stage to prevent the

20 formation of non-solderable copper oxide on the copper
surfaces prior to the component attachment. This is
particularly important because generally speaking, the
first stage and the second, component-attachment stage will
be carried out on completely different sites. There may

25 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 -coéting is required which will
retain the sblderab_ility of conducting material and enable

30 . a soldered joint to be made when  the components are
attached to the bare boards. ' _

. The most common protection coating presently used is
- tin/lead solder, generally applied using the "HAL" (Hot air
levelling) process, an example of which is described in

35 detail above.

' HAL processes are la.mited because it is difficult to
apply the solder evenly and the thickness distribution



éO board al so conprises a pad or pads -and/or through-hole(s)

protected fromtarnishing by |layer of solder. A single conducti ve
l-ayer may coygekamIsi ther a circuit trace or -pad(s), ﬂfl‘ st?%
pads will be part of a conductive | ayer which is an out ayer

mul ti-lLayer board. The 25 circuit traces on the board are coated with

sol der nask. Such a board is reagy to proceed to the second stage
for attachnent of the conponents. In this second stage, general ly
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| egged there are now both legged and surface mount components for
10 attachment 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

15 first operation. :
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

20 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.

25 Organic protection for the copper pads during storage
and assembly prior to soldering have also been effected
using flux lacquer. Its use is generally confined to
single-ided boards (ie. boards which have conductive pads

on only one side). The coating is generally applied by

30 dip, spray or roller coating. Unfortunately, it is
difficult 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

35 = relatively short shelf life. A further problem is that in
the component-attachment stage, if reflow soldering is to

be used to attach the components, the components are held



conponents and the surface mount devices and the special 5 ' requirenents
for mounting nmany small closely spaced conponents have resulted in
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15 withstanding successive soldering steps so that the high
temperatures reached in a first 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 giir_en in EP-A-0428383,

20 = where a process is described for the surface treatment of
copper or copper alloys comprising immérsing 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.

25 Processes are also known which provide coatings using
compositions which comprise silver. -

The three common complexing systems for electroless
silver plating processes are either ammonia~ based,
thiosulphate-based or cyanide-based.

30 The ammonia systems are disadvantageous because the
ammonia-containing silver solutions are unstable and
explosive azides may tend to form. 'Thiosulphate systenms
are disadvantageous for use 'in the electronics industry
because sulphur compounds in the silver coatings formed

35 result in poor solderability so that in the subsequent

- component-attachment step, a poor e_l'e'ctriéa-l contact may be
formed between the bare board and the component.



35 detai|l above. _ HAL processes are limted because it is
difficult to -~ apply the solder evenly and the thickness distribution
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5 produced by the use of HAL processes makes it difficggiﬁ?EFmﬂn7
reliably attach the very~"small and closely spaced conponent s
now bei ng used. Several replacesent treatnents for the HAL
coating of 5 a solder layer are being introduced. The coatings nust
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thiosulphate/sulphate will plate directly onto copper
because the copper rapidly dissolves without allowing a

10 silver or gold coating to form. In the introduction of
this reference, "Metal Finishing Guidebook & Directory"
(1993 edition) silver plating solutions comprising silver .
nitrate, ammonia and a reducing agent such as formaldehyde
are mentioned.

15 ' US-A-4863766 also discloses electroless silver
plating, using a cyanide-based plating solution. In Metal
Finishing (1983) 81(1), pp 27-30 Russev describe immersion
silvering of copper powder from a plating solution
containing silver nitrate and a nitrogen complexing agent.

20 In Metal Finishing (1960) August, p 53 Geld describes 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

25 process is for plating of electrical contacts to increase
conductivity.

In JP-A-04-110474 a base material is plated with
silver, dried and subsequently treated with a mercaptan
compound to prevent tarnish. '

30 -~ In DE-C-4316679 base metals such as copper are coated
with palladium in a two-step process including a first-step
in which the surface is contacted with a bath containing a
palladium salt and an oxidising agent, and in the second
step with a bath containing a palladium salt, a complexing
35 agent and formic acid or formic acid derivative. The
latter bath may also contain stabilisers for the bath
itself, which stabilise the bath against decomposition or



protection, imrersion tin or tin/lead plating a
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The  present .invention relates to a displacement
10 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 ‘
oxidise the substrate metal. . A displacement plating
process differs from an electroless process because the
15 silver coating forms on the surface of a metal by a simple
displacement reaction: due to the . relaﬁiv_e - electrode
potentials of the oxidisable metal of the surface to be:
protected and of the silver ions respectively. :
It is reported in for example "Modern Electroplating
20 by F.A. Lowenheim, published by J Wiley & Sons (1963) that
silver will plate by displace‘ment on __mqstﬁhase metals but
‘that immersion . plated silver is poorly adherent. F.A.
. Lowenheim suggests that when electroplating base metals
with silver, it is necessary to deposit first a thin film
25 of silver on the work piece from a high-cyanide strike bath
to ensure good adhesion of the subsequent electroplated
silver layer. .
* The present invention aims to provide an alternative
to the solder protection coating for the copper or other
30 conducting surfaces of bare boards which require protection
"from tarnishing between bare board manufacture and the
component-attachment stage. :
In accordance with the present invention there is
provided a method for - coating a PCB comprising an
35 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 'coet;ing-, the process
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i n pl ace on the underside of the boards with adhesive. In cases where
the flux lacquer is thick, the adhesive dqgs not bond t he conponent

directly toy )t ed boar.d, but i ) -
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" The bright-etch step comprises contacting the pads

15 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. 1In cohtrast, non~-bright etch

20 compositions, 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, non-
porous metal coating, which is particularly suitable for a
subsequent soldering step.

25 Suitable bright-etch compositions are generally
agueous and may be based for example on one or mixtures of
more than one of hydrogen peroxide, sulphui:ic acid, nitric
acid, phosphoric acid or hydrochloric acid.  The bright
etch compositions generally include at least one component

30 which will tend to modify the dissolution of copper in
bright-etch compositions. : :

. 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

35 described in JP 62-188785 A2 (comprising 5.1-10.2 moles/t
nitric acid, 4.6-9.2 moles/¢ sulphuric acid, 0.01 moles/¢

zinc nitrate and 0.4 moles/t copper nitrate in aqueous
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expl osive azides may tend to form Thiosul phate systens are
di sadvant ageous for use in the electronics industry because sul phur

conmpounds * H&&;@_’%l lver coatings formed 35 result in poor 8! der?&él ity
so that in sequent . conponent -attachnent step, é’% trical
contact may be formed between.the bare board and the conponent.

WO 96/ 17975 PCT/ GB95/ 02877
7 ' The cyani de-based systens at@ di sadvant ageous due to t he

toxicity of ng | At 86

el ectrol ess é@f,hf’l@ﬁ sgﬁts%;r}gg%szcéchPﬁlﬁbn%nf#S ‘Q‘aﬁé g&'gﬁg Rfhancer s
for deposit Ngl%ht splphurig apld 6964 a MR8 h}'omlggtonétrjlcngc:ﬂ)pper on
2| yer ot SUl LePosssl 6. She¥ hpgidighi h§dE‘SéﬁibP£é dd¥d (388) Ngha o.s00! d nor
silver el ectr S bat hs th| osul phate hate will

pl ate di rect?'g i?t Yo 'b;p - 5‘§§e skt ) iapi di § a%gég 68331 i t hout
al | owi ngs a 1()comprisfhng ohyMeno@erqyide f osalphuri¢ hacidt ramd@ichireéd Of

this refer engfait #@%gﬂ i Coiﬁ'l“%'i%s‘iﬁt)@o‘ﬂu@épi i )orya (1§?3¥1‘ng tion)

silver plating so npri si ng rate,’ a
reduci ng agehEORPE %Wﬁ?ﬂ%"m‘:sv Sudphurdcanid, hydrochlonc

acid, sodium diethyldithio carbonate); i Trans Inst. Metal
Finishing (Suer-.-isés)'-;: 61, (2), 46-49 (acidified hydrogen
10 peroxide comprising hydrogen peroxide, sulphuric acid and
stabiliser); Oberfliche Surf, (Aug 1979) 20, (8), 178-179
(comprising nitric acid and dodecyl -pfri-dini\m chloride); (
US-A-4510018 (comprising sulphuric acid, hydrogen peroxide,
fatty acid amine and -ammonium cbnpc_i_tiﬂd) ; US-A-4459216
15  (comprising 5-100g/¢ -hydrogen peroxide and 100-300 g/¢
- sulphuric acid and---ar.omatic;_ stabiliser); JP 84-038308
(comprising 0.15-0.3 moles/t¢ hydrochlori'c:- acid; 0.2-0.4
moles/t phosphoric acid and 0.02-0.1 moles/¢ sulphuric
acid) . Where the conducting material of the pads and/or
20 through-holes comprises stainless : steel, particularly
preferred bright-etch éompositi—bns 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
25 = aluminium, a suitable bright-etch is as described in Met.
Finishing (July 1986) 84, (7), 55~59.

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

30 immersion, spray or-'_a-ny- other coating technique, such as is
described in any of the references above, for sufficient
time and at a suitable temperature to enable a bright
surface to form on the conducting -:naterial' of the pads
and/or through-holes. - Generally the: temperature for

35 contact with the -bright-etch composition will be ambient
and the contact time will be from 5 seconds to 10 minutes,




15 US- A- 4863766 also discloses electroless silver pl ati ng,

usi ng a cyani de-based plating solution. In Mtal Fi ni shing (1983)
81(1), pp 2wosmssev describe i mrersion silvering of oeRHsHRMIer
froma plating solution ~containing silver nitrate and a nitrogen

conpl eti ng agent. 20 In Metal Finishing (1960) August, (d PL° ——
‘describes a silver coating process ixwvol ving an initilal % # -d"iéipSEﬁN
the brass or copper substrate, followed by a silver plati R Di n

whi ch a thi ck prefidrablyf ati least i30 jsexoadsf,r om even at delasti 2minfutad,Ver
nitrate and p%ﬁ?&ﬁix‘&?éﬁ% for IBeggéat'gPrQﬁSﬁss' BihQfed! ating of

el ectrical contact’s to i ncrease con UCtIVIty. In

JP- A- 04- 110474 a b&aneraldy After pthecgtrhing step, |there gvwiltl bada

‘subsequent |y tgssd-afindd Btap EommPising rinsidgPRitH d&idH e hater Hind). 30
In DE-C-4316679 base Jreta glﬁuch as.coppen arg coatq%d wi th pall adi um
in a tw-step ¥ ¥ Wy ryipgy_ d are boarfs:hen, i s
contacted w t dixredxitly contherplating steppal Ahternativelyn@aniacidiriirseng
agent, and in Sﬁéﬁ : ' t I Qi a pall adium salt,
a conpl exi ng 3%%%& {Sgané‘cflg?tr‘ﬁag \glgin:%rgrtn?orgﬁﬁgag%i gigg?’[vative. The
latter bath may al SShecplaring:abepi 48y an ckmmexsien n(or displagementy ch

stabilise the ppdtimgadteg. deconposition or
- 8- 10 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
15 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.

A particularly preferred immersion silver plating

20 method is described in our copending British application
filed today under the reference number 64/2031/00.

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

25 is used. _ _

The metal plating ions are generally in the plating
cbmpoition 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/1.

30 Contact of the metal surface with the plating solution
will generally be at temperatures of from 10 to 90°C,
preferably 15 to 75°C, more preferably 20 to 60°C. For
éxample . the temperature of contact with the plating
solution will be from 15 to 50°C, most usually from 20 to

35 40°C,

Contact can be by any method, usually dip, spray or
horizontal immersion coating. Spray coating is preferred.
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"plating-out”. It is suggested that the copper substrate shoul d

previously be etched using a non-bright etch bath I ncl udi ng

per sul pha Ndo-.y;»?ver such pretreatnment steps tend t Qdy .
relativel y?)or Us coatings. The inventors 5 m nimse thg"'ﬁf of the
coating by using the.two-step process in the first of which a v

thin coating is ' formed. This ref grence warns ap RS EHEST AAS BEENr as

corrosion pr ot ect ion due to m gr at i on. The pr eq;@pq_AcE@vent ifon

relates to g i %%ln%%%@q#aylobe UPE" ¥e0rh ”Ettéﬁ' %W i puQus, o

el ectropositive ces ales
surface coating pvecess. Ions of the nore electrop05|t|ve net al

from an el sct ”bStE?er‘??gb" i of) GRETPLathng lution PICH e | oS
| r
surface of a Pi 3°§|§5I ?chie'lﬁﬁﬂ FOxM:pla P'Fﬁﬁgdﬁ'érf%c??le

rel ati vesel eovepdehe metalpot eenenanpfthémounxladltssbhe wilhlbeofrbliciur f ace

to be eqdq? il ver e t: |

eported in PoEbASETESYh %&It*&ﬁectfo pREACECHJRE! off Hess, than 10 !

publ i shed by8$°9N1§y hsssmnstl ﬁa@g foun smq/eei‘ml I’tnsuﬁtéc%snt

di spl acenent caoeﬁaga hﬂsﬁ SEIVEIS doditing andtaﬁtangwrt&i@%ow:abedtﬁé ver is

I dh t. L I
bace eial's ey be,oRaer| soan 36" MinEed. i, oRgtalpnal bereEft 5k 7

25 ofl0si | beenofiouhd foom picomntictrtimehicgh- lo}mrd&hsnr LRembmites. to
ensure good adnesigg Ogrkhsréuasesmgiﬁn&' Sprofabs! °fs an HmdPEiddYe’
e present invention alns rovide an alternat ‘
displacement process and not a true electroless ‘plating
process. = In the preferred plating compos:.tions of the
present invention, metal atoms on the surface of the metal
15 are oxidised 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 'sel-f-limiﬁing ‘because when
plated metal covers all of the surface sites of metal
oxidisable by the plating metal no further reaction and
20 therefore no further deposition occurs. _ '
In a second aspect of the invention there is provided
for coating a PCB comprising an insu’latirié layer and a
conducting layer, with nef’a_l pads and/or through-holes in
which the pads and/or through-holes are provided with an
25 anti-tarnish coating, the method comprising metal plating
the etched pads and/or through-holes by contact with a
plating composition 'in a metal platixig step to form
solderable plated metal surfaces and cohtacting the plated
metal surfaces with a solution of a tarnish inhibitor.
30 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 cleaning éomposition known in the art. Examples are
35 copper conditioner PC 1144 supplied by Alpha Metals
Limited. Where there is a cleaning step using an acidic
cleaning solution, generally there will be a rinsing step
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to the solder protection coating for the copper or other 30 conducti ng

surfaces of bare boards which require protection fromtarnishing

bet ween bar gypagigrgranuf acture and the conponent -attac

Accordi ngly, ‘lpn one aspect of the present invention %&@@g@&?fit hod
of coating a PCB comprising. an 35 I nsul ating |ayer an (‘Ol‘ldUCtI ng

layer, with nmetal pads
and/ or through-holes in which the pads and? or through-

provi ded with Bgaggt aééﬂéibﬁﬂﬁ# Pe hgﬁ surfqg

or etching the and/ o '
and/ or thr oughs°15ti°ﬁol esPEpferablyt axm m#wkﬁﬁn@toﬁbtl tinglude aa net al
plating step tpright-ettHes e plated netal surfaces and cont acting

The |naulat i ng. | ayerndREn ARRRGES,OF| 06 inyentdoRras tornign fnBioftor
descri bed 5abomay be Ppresentyinotieiplatimg solutiimsulitsedf seyehatnthe
conducting cirgybtiRgl 661kt fén Bdhprises the solution comprising tarnish
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

10 (i.e. contact may be during formation of the plated metal
surfaces).

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

15 a further step. The solution is preferably aqueous, being
made up from deionised or otherwise purified water. The
composition comprising tarnish inhibitor may additionally
comprise solubilisers, for example non-agqueous solvents,
surfactants and/or pH buffers.

20 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

25 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,

30 most usually from 20 to 40°C. Contact may be any
conventional means, for example by dip, spray or horizontal
immersion coating.

The most appropriate pH depends to some extent on the
particular tarnish inhibitor used but primarily on the

35 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,

e — .
—
——
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conventional PCB, respectively. The pads and/or through hol es for
plating are those areas of the PCB for which sol derability nust be

mai nt ai nech,a%lﬁr,g achnent of 15 conponents in the subseqﬁ;ecﬁﬁg*%g%i ng

st eps for ‘conponent - attachnent. Preferably of
the present inventipn conprises a bright etch step as the cleanip

R

etching: =~ . step.” 20 The bright-etch step cd € QIR
pads -and/or through-holes with a B4 ght etch c@o‘g' gt? -

and they prodiis, Bl BRBa"BE Kpprepifatd Hh the ShrflE mmr

netal from wsekeated sadthakditydoss nothattack ikheplatinger ihere the

contrast, nongdfiti¥n 26CA silvers PIARShYy CoMpositibiia &BR@&nMﬁr%ﬂs based
on persul phat g grow dg I’é\ cr(%{.ou ened, Cl'eanfdtiéqgf aces. e use of

t he bri gt ERenTangs 3| E8dY-he gib?%ﬂ:%ﬁ 8ply s&8 Aokdsmuth o oys

netal cod& i ngplating) hathpihei pHl mayybeuitab| bower. a .30  subsequent ‘

2ueous and may_pee sofurden EBnprELAY ek Ea I N HivaY RalREI ) Y

one of hydrogenfpRabxrinses $oINLioR, o aPPLligd: ta: the beards préepnseic acid

or hydrochl ordeyiing cof €€ Boaghé. ThetboardoHays undetyol Fubstiquentnc! ude
at least one treatuen ¥ steps -_after_ contact - with  the composition

10. comprising tqrn:'j.sh__ inhibitor. However, generally, after
contact with the solution, comprising_ a tarnish inhibitor
and drying, they are at the end of the first bare board (
manufacturing stage, and are ready for the second

_ component-attachment stage. Optionally, for example, there

15 may be a deionised water rinse step, prior to drying.

The concentration of tarnish inhibitor in the solution
comprising tarnish inhibito:, will generally be from 0.0001
to 5% by weight, i.e. 0.001 to 50g/1. Preferably, the
amount of tarnish inhibitor will be from 0.005 to 3% by

20 weight, and most preferably from 0.01 to 2% by weight, or
even below 1% by weight. : . .

. 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 solderability.

25 - In the second aspect of the invention the metal
plating step is preferably an imme_rs_ion]displa_cement
plating or electroless plating 's_tep. It consists of a
single step using a single plating composition. Most
preferably - the .= plating step will = Dbe an

30 imersibn/displace_ment. plating step comprising' contacting
the metal of the pads and/or through-holes with an
immersion plating composition. y R

Where the plating is other than by the preferred
immersion/displacement process, for example if it is by

35 electroless plating the plating composition may comprise
- alternative :pl_;;a-,tinq_ metal ions, such as nickel.

Foualal

is Sheet Has Been Reﬁaced

"




whi ch will tend to nodify the dissolution of copper in bri ght-etch

conposi tions. Particularly preferred bright etch conpositions
wher e wd'6s/i84s! surface of the pads and/or through-hol

conpri ses copper or a copper alloy are, for exanple as escri bzsg7| n
JP 62-188785 A2 (conprising 5.1-10.2 noles/[err] n

nol es/[err] “sul phuric acid, 0.01 nol es/[egg] zinc 1?{‘132 ﬁﬂ‘\ﬁ BEEN
nol es/[err] copper nitrate in aqueous 15 20

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

5 hours. The porosity inherent in immersion- coatingé is
reduced by the provision of a level surface using the
bright-etch step so that the anti-tarnish properties are
considerably improved, even at the high' tenmperatures
reached in reflow soldering processes. Concern over the

10 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. -

15 In both the above aspects of the invention, an
immersion plating composition preferably contains a
complexing agent for the ions of the more electropositive
metal.

. In a further aspect of the present invention there is

20 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 complexing agent for such

25 ions and a tarnish inhibitor for the more electropositive
metal so as to form a coating of the more electropositive

- metal.
In this aspect of the invention there is also provided
- a new plating composition containing ions of a metal which

30 can be displacement plated, a complexing 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

35 metal.

This aspect of the invention has been found to be
particularly useful for silver or bismuth plating.

- This Sheet Has Been Replaced
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Therefore preferably, the plating composi

~contains silver or bismuth ions.

on described

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.

In this embodiment of the invention, preferably, prior
to contacting.. the - metal surface:. with the plating

composition in the plating stép, the metal- surface is

~ cleaned. Cleaning  may be using an acidic cleaning

10

15

20

25

30

35

composition, such as any cleaning'cOmpositidn known in the

art. Examples are copper. conditioner PC 1144 supplied by
Alpha Metals Limited. -

Where there is a cleaning step nsing an. acidic
cleaning solution, generally there will be a rinsing step
prior to contacting the metal surface with the plating
solution. - : o

Preferably any pre-clea:unq will include a bright-etch
step.

~ Where the plating composition comprises a complexing

‘agent it is preferably present in an amount of from 0.1 to

250 g/1, preferably from 2 to 200 g/l and most preferably
from 10 to 100 g/l, especially around S0 g/l. The
complexing agent may be any complexing 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. : : :

Examples of suitable complexing agents have oxygen-
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 polyacetic acids including ethyléne diamine
tetracetic acid (EDTA) diethylene triamine pentaacetic
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preferably at |east 30 seconds, or even at |east 2 m nutes, and
preferably for no greater than S m nutes. ' Generally after the

et ching st emwodenoom W ll be a post-rinse step conpri srmw
wi th deionised water and 5 - generally wthout drying, the bare boards

t hen proceed di rectly to the plating step. Alternatively, an acid
rinse step may be included, after .}1e agueous rinse.

Preferably the netal plating step conpri ses an i mrer si on/ di spl acement

metal plating psogesf-riyardiyetnid ethiyéneadsamivé @rﬂﬁ&i@‘a@?heﬁ S

contacted wit uéous “sol ution contal ning i ons a mef

h
formin Q;PE‘I@'{%%/’EFQPM%I el Nyp i { réethaTAacRE LGt al agid,
the sai d pads pishydrotyphgiyletndeneediamineqddacetic acidy udiamimei ng

solution ) ChEfoRxfiY LEMCR AT d oar oRBIRERE HTVERYEBES-H i
sol uti on, 5hermm@mﬂwmnoﬂ€mamtﬁs paedidd. and Nﬂlnﬁéollhe pads

or through- hO'SétB@l@féﬁli%W ¥l @aappén o m&kﬁe,suaebé
exanpl es of pl atln g al l'adi um si ver

ona B0l d: i | vana/or arEraeas . mis{bYaroxyarRyLislie fre, sluspuates,
A particul arl ylpceadtespd citeatesp sitaverages,i ngcrown ethérml i andpsoeri bed

in PCT Appli ca& gg gﬁéGBQS/ 02876. As sources of plating netal
i ons, any water T’ netal salt nay be used, for exanple nitrates,

acet at es, 10 sul Bartieulanly spreferred  cemplexingfagentsy f£ersilver, ate
i's used-, are TROTH!a WPEFANY NG armgﬁnsr'qlw-teti-hﬁﬂ-ac:ng
conposition at hadgg%g:%éy i O&yoier];er gTagigg.t'ﬂ-le co%p&exing agent should -
form a soluble complex with plating metal ions in aqueous
_ solution under the pH conditions of the plating solution.
15 - A suitable complexing agent for bismuth is chloride,
and it is generally unnecessary to use a multidentate (ie
bi- or higher-dentate) ligand complexing agent for bismuth.
The complexing agent is preferably used either in
stoichiometric equivalent amounts or in a stoichiometric
20 excess so that all the plating metal ions may be complexed.
- By stoichiometric we mean equimolar. Preferably the
complexing 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
25 preferably (at least 3):1.
Suitable tarnish inhibitors for use in all aspects of
the present invention include for example:
(a) fatty acid amines, preferably having at least 6
carbon atoms, most preferably at least 10 carbon atoms and
30 generally no greater than 30 carbon atoms, they may be
primary, secondary, tertiary, diamines, amine salts,
amides, ethoxylated amines, . ethoxylated diamines,
quaternary ammonium salts, quaternary diammonium salts,
ethoxylated qua_ternary ammonium salts, ethoxylated amides
35 and amine oxides. Examples of the primary, secondary and
tertiary amine-type corrosion inhibitors are ARMEEN™ (™
denotes trademark). Examples of the subsequent amine-type



30 (based on netal ions), preferably fromO0.1 to 25 g/l, nost

preferably fromO0.5 to 15 g/l. Contact of the metal surface with
- the pl au%s&l% will generally be at t enper at ur g 10 to -
90[err] C eferably 15 to 75[err]C, nore preferably Werr]c _
For 35 12 exanpl e, the
~tenperature of contact vmththe platln% solutlon wi.ll be from15 to
50[err]C, nost usually from20 to &0[err]C Such cont act,

nay be part of a substa i.all continuous_coatin Fo

The cont act SFHESI {ff’ﬁ't #Vﬁ’rsﬁnl ut P68 Wi Fﬁﬂ’ﬁ@givegyp f’ﬁﬁﬁé‘ﬁ%’f ace is

suffi ci ent mmm"?mmtmum (RRMID " U (ETHOMEEN™ EMUOMBBNF?H arquapMeral | y

t he cont act ﬂﬂ A | 6(5!%"‘“0 ﬁccow HR™10 W NS 168 B nt act
dmﬁas T’y ﬁg

time of |ess than 10’ 1 secoh gehe béi ng fou to gi
i nsuf fici entAkzo Chemj@ar age with silver coating and alt hough t he cont act
tine s (b) Purines and substituted purines.

(c) N-acyl derivatives of sarcosine, such as the
-SARKOSYL range of products supplied by Ciba-Geigy.
(d) . Organic polycarboxylic acids such as Reocor 190
supplied by Ciba-Geigy. -
10 (e) substituted imidazoline in which substituents are
for example hydroxyl C, . alkyl amino or 'carb:onyl-conta-ining ‘
groups. Examples include AMINE 0, produced by Ciba-Geigy,
especially in conbination with a’ N-acyl sarcosine of
category (c) :
15 . (£) :alkyl or alkyl benzyl - inidazoles, eg undecyl
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. DR IR '
20 (9) benzimidazoles, especially - alkylaryl
' _benzim.dazoles 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-chlorobenzyl) .benzimidazole
25 which is particularly preferred. :
(h) Phosphate esters such as EMCOL PS=-413," supplled by
Witco. : - -
(i) Optionally substituted triazole derivatives such _
as REOMET 42, supplied by Ciba-Geigy. Examples are benzo
30 triazole, tolyl triazole and alkyl substituted triazole
derivatives having a carbon number on the alkyl g‘roup of
from 1 to 22, preferably from 1 to 10. - '
(3) substituted  tetrazoles,  such as
5(3(trifluoromethyl phenyl)) tetrazole, is also a preferred
35 example.
' ~ The choice of tarnish inhibitor will depend to some
extent upon the metal of the plated metal surfaces, but



may be | onger than 10 mi nutes, no additional benefit has been found
froma contact tine of |onger than 10 m nutes. The preferred

pl ati ng pr oow®deiPergn i nmersion/ 15 di spl acenent. .process %,EBWrue
el ectrol ess plating process. In the preferred pl ati ng ‘conposi {1 ons

of the present invention, nmetal atonms on the surface of the netal
are oxidised by the netal plating ions in tJre solution, so - _ that a
| ayer of plated netal deposits on the pad and/ or 20 t hrough holes. The

process is selfg ?-stmv}iﬂg ggc:@i@grv@g Brsoﬁegkﬂ%gat 3h %§Fers all of the

surface sites o oxli di sab g A8 ®r ur £
reaction and ©XamRkgy e#%r%hﬂotﬂﬁﬂ%ﬁhr 3] E)B%T—??onsoct@urt!ﬁ incorporatefn

alternative to itrhfb b i gbltd qbﬁt:&thFbaﬁz ! &Hd adrnish ixﬁﬁﬁ%‘i iﬁg
t pl atr ng

th h hol {

corrglcj)gr ti gnersn e r’?’e a?gﬂac’t‘%‘fgﬁﬂg in gﬁn%ﬁgnr‘lrjﬁr){"?éf? %VI ilyer mlating dic
cleaning 5 dwtlosichlorideysalts may notcbei uged anpdhicy whlkncesuit) in

the art.  Exargdimtiich RO 1%%64%&3“&&}3&1%&?9“ Lg#u;&i 8, Al pha

Metals Limted. V\he‘re ere [ eanrn ste n aci'di c

cl eani ng sol uti on, I""I“?ihjr&’é' Prﬁgeﬁaphﬁs‘?'ﬁ%tﬁalqmr&)rsq 0
contacting the mtaltlm”s‘aamﬂm ist an pgaeoug s6Lutien. However, dali:er

carrying out t m& n N 3 arnis i bitor be
present in the pratifg sol atgm"* A5ib3ReRs Ray b8'dsdd a ough it ma
10 be necessary to include a surfactant/cosolvent in the

solution.

This invention has been found to provide considerable
advantages in preventing tarnishing and conferring humidity
resistance on the bare boards produced so that additional

15 protection is provided between the bare board manufacture
- stage and the component-attachment stage. Solderability is
found to be enhanced. _ :

A suitable pH for a silver plating composition may be
from 2 to 12, but is preferably from 4 to 10. Thus, the

20 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.

A buffering agent may be included in the plating

25 composition to ensure that the pH of the composition is
within the desired range. As the butfering agent, any
compatible 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

30 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 precipitate. Suitable examples include sodium or
potassium hydroxide or a carbonate salt, or where acids are

35 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




- 13 - itself so that the plating solution conprises the

solution conprising tarnish inhibitor. Thus, 1in a preferred

nmet hod of vmlgﬁd'.,gysention, the pl ated netal surfaces apgricaskassyrd W|th .
a solution conprising a 5 tarni sh i nhibitor during thebeTatl ng ste

(ie. contact may be during formation of the plated netal surfaces)
Alternatively, the nmetal surfaces are plated in the plating step and-
subsequently the plated metal surface Pe contacted with a sol ution

COMPEISLTS 34 ST SF i hfens i W bRl Gl pRE '
gg(rj : I : gﬁa}"’ftmim the plmnmslﬁhelon anmmmrnlhuffenhw&nobemy
Ya nde,ﬁﬂ%ft?ﬁr ?Q%ghh §gﬂ§in%o Hexanp e non-aqueous sol vents,

surfactants a nt act t he corrp05|t|on

conpri si ng tarm% plating; picogpogithon,c BA¥ eélnﬁéPgP soptiopal, || pe
for at iénteCeudh, 48 charghtyahts abr | wetting ssgpemuis. téhere

the t h b
cont act n: s g’je‘{‘]%‘lf%‘lﬁt vengs SPRRIER' rlepRBaRYs: | Cfindfe suffactants aBE 1 70
General |y, timclhudmdiwct prefexably bethey areomntredgcﬂdnutia§o Thhe

t enperat ur e i i | , "
oreferably 17 tl%%%lffér]ﬁ\nﬁﬁ amount  88¢%! tHat Qﬂ‘zézﬂteg(bg%%ﬁ b@th'For

exanpl e the tlewpdtidl, be g;esent "c&n??tg?eﬁpfﬁgl‘%é 9fi ZreRy é# 9 3% ay be
from 1560 59jeir] C PPeferabbgt thew! | willrohke20 imorpoﬁpeed] Cat aContact

‘may be any concentration of from 0.1 to 25 g/1 and most preferably at :
a conoentrat_ion ‘of from 1 to 15 g/l - . Any standard ‘
surfactant or wetting agent useful in a‘-:ploting- bath may be |

- used. Nonionic surfactants. are preferred.. Particularly
15  preferred surfactants are alkyl phenol ethoxylates, alcohol
ethoxylates and phenol ethoxylates such as *Synperonic NP9
(ex ICI), *Synperonic Al4 (ex ICI) and *Ethylan HB4 (ex
Harcros), respectively (*denotes trade name).
A further optional ingredient which can be included in
20 the plating baths  of the present invention are grain
refiners. Grain refiners improve the appearance of the
plated metal surfaces by causing formation of smaller
crystals of plated metal having a more densely packed
structure. Suitable examples of grain refiners include
25 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
refiners may be incorporated in the composition in amoim:s
from 0.02 to 200 g/1. More preferably, if a grain refiner
30 is included, it will be a"t concentrations of from 0.05 to
100 g/1 and most - preferably from 0.1 to 10 g/l. Any non-
aqueous solvent should be present in amounts below 50% by
weight of the composition, preferably below 30% by weight
or even below 10% or 'S5% by weight of the plating
35 composition.



convent i onal means, for exanple by dip, spray or horizontal | mer si on
coati ng. The nost appropriate pH depends to sone extent on the

particul ar <yeyegt i nhi bitor used but primarily on the 30 '
1 et i

present in a plating bath which contains the ~tarnish

VWere the tarnish inhibitor is contacted in a separate step with
the plated netal surface, the pH shoul d be appropriate for the

tarni sh.inhibitor and ‘sel ected so tfat it does not attack the

pl ati ng. \Were the k] [ s ilver blating conposition a
convenient pHis Gther Ak 3&9{\1%,_ o in@erf)qrrf.r{gngc? nEs gayy be \yer e
the sol ution itnalwdedut [such ag| atdefpaneris t hespéciallye Xorr |sprway

The sol ution cgw;[' ' e r g | U HA $ @ inal rinse
sol ution, applied %%é?%%ﬁébogér%‘%tlﬁborﬂ{ﬁﬁ%ﬁ. b????ﬁg'o?yteﬁeé%%hrds. The
board may undergo stib@chddance in the geppesitiensigivaterontBeionised t he

conpositi &  wateroopr iothey tpurified nhiter athidho e rhageirterterimy t er
contact Wi ih, i Dondckubbfle, OUPLERA" §nehd' BASEshE LBubSk s ion wilH £ "0
- - the process of the invention. '
In order to form the plating composition for use in
the processes of the present invention, preferably a

10 solution is firstly prepared comprising deionised water,
complexing agent as defined 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

15  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 consuming and, where the
metal is silver, tends to be more vulnerable to photo-

20 reaction which results in precipitation of silver ions out
of solution, as a dark precipitate.

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. :

25 The components are mixed until they have substantially
dissolved. The use of heat for silver dissolution is
disadvantageous because again, it may tend to cause the
formation of a dark silver precipitate.

‘After contact of the bare board with the solution

30 comprising tarnish inhibitor, the board is dried.
Préferably, there will be no post-rinse step between
contact of the board with the solution and drying. _

Drying may be by any means, but is generally using
warm air, for example treated metal may be passed through
35 a drying oven. '
The coating obtained using the method of the present
invention produces a surface which is considerably more



10 manuf acturing stage, and are ready for the second

conponent - attachnent stage. Optionally, for exanple, there may be a
dei oni sed haghk NS€ Step, prior to drying. The concentrati on of
tarni sh irm?%?’?%’?si n the sol ution conprising tarnish BGT/ERISEEET7 i | |
generally be from0.0001 15 to 5%by weight, i.e. Q. 001 to 50g/l
Preferably, the amount of tarnish inhibitor wljTihe SHEENKHADBEENG 3%
by wei ght, and nost preferably froff0.01 to 2%joy weRgPL ACED even
bel ow 1% by wei.gh Th t hod qf t.he sec '
i nventi on rra\égig"hsau %ﬁvﬁngpﬁn:ﬁkgt l?%%ﬁé‘&dognpﬁ?cf‘eﬂye peIHAR as

gol d, ppreFRasesr and hecompaniedr ewithwidtgaminr opeosetdtoni | the .
e i on b Copoeng® 2B Phob a2 rplibtaNE "LE! | S.g%d?si?% OPEraLionsy) oss
pl ating the Eﬁﬁﬁ‘ﬁﬁme’éﬁpos‘?ﬁo TAge&SHMRLG s&his  inventhemi vispl bessig net al
i ons, sush aexpenstve and simpler thanusse of tRéMidkel)yoldl Bi'oiﬁﬂsﬁt‘e 4
tarmish | Pootly S, Bitbledyellt CYarbaRrRaE AcRRES (2tP0R oM vhen
30 stored sompohentsC anel $oidRKetlor optohcthe @lakedlSpadsr | &hd por 2
hours. = The PRFSEERYNOIGS’6F thE BAFEEGAAT. COBS THSLdR of tnd SUEFE) DY Lhe
provi sion of a_level surface usi t he bright-etch_step t he
ant i - t ar ni sh3pR4BE thEugh-holes %&H&F&H&bﬂﬂ#ﬁ% apdgplating metak, hi gh
terrperau_iresuQﬁallyeadhvd_ri,-nan__dfbnwthel,@ﬁﬁi@gpma;sm s mayer the
use of silvepeRhath InterdiSeC” TheIbbRE FSAHRA Yith Yhecomponents has
good electrical conductivity and good bond strength. ‘
After component attachment,. finished boards having
components attached over the plated layer of the present
15 invention, do not suffer joint reliability problems as do
those boards formed using a nickel/gold step.
A composition was prepared in which 50g EDTA and 20.4g
of solid sodium hydroxide were mixed with sufficient water
20 to dissolve them. A solution comprising 1g silver nitrate
in deionised water was subsequently added to the premixture
comprising EDTA and sodium hydroxide solution and deionised
water was added to 1 litre. Copper double sided circuit
boards, having a variety of surface mount feature and
25 plated through holes of various diameter were coated with
‘the silver solution using the following procedure.
Boards were chemically brightened in  an agueous
solution of 20% v/VvH,0, (35%), 0.5% v/v.ﬂzso‘ (96%), 2.5%
1,4-butanediol for 1 minute. A tap water rinse was then
30 employed, followed by an acid rinse in 10% H,S0, for 1
minute. The boards were givén 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
35 board were coated with a bright, even silver deposit.
Coated boards were subjecte_d to three passes through
a typical IR silver paste reflow profile - gsee figure 1,
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(M




-15- 4316679 due to mgration of silver ions is overcome as it
has been found that the present invention substantially prevents

silver m greoegnreys providing a barrier to nDi St ur e. pCT/BB9S2877
When the nmethod of the present invention enploys an inmersion plating

conposition it will preferably contain a conpl exi ng agent for the

i ons of the npst electropositivelngéﬂ. Thi s aspect has been found to
be particularly useful for sidfiver or bismuth plati-ng. 10 15

then wave soldéred using NR300, an Alpha Metals VOC free,
no clean flux. 100% filing of the plated-through holes
with solder was achieved.
Further boards were stored in a humidity cabinet at
5 40°C/93% RH for 24 hours before being passed through 3 IR
' reflow profiles. These'boards showed a slight degree of
tarnishing on the silver coating. However 100% hole
£illing was still achieved during subsequent wave soldering
with NR 300 flux.
10 Example 2
A silver plating solution was prepared by forming a
solution comprising 509 EDTA, 20.4g NaOH, 14g Ethylan HB4
(Akros Chemicals), 3g Crodamet 02 (Croda Chemicals) in
. 800mls deionised water. To this solution was added a
15 solution of 1g AgNO; in 100 mls deionised water. The pH
was adjusted to 6.8 by addition of dilute NaOH/HNO;, then
made up to 1 litre with deionised water.
Double sided bare copper boards were coated with the
above solution using the procedure as described in example
20 1. 100% filling of plated through holes with solder was
achieved during wave soldering with NR300 flux after
passage through 3 IR reflow profiles.
Boards stored at 40°C/93%RH for 24 hours prior to
passage through 3 IR reflow profiles showed no evidence of
25 tarnishing and soldered well during wave soldering trials,
giving 100% hole filling.
Example 3 :
Double sided bare copper boards were coated using the
bath composition and procedure as described in example 1.
30, Following removal of the boards from the silver plating
solution and rinsing, the boards were immersed in a
solution of 4g Reomet 42 (Ciba-Geigy) in 1 litre deionised
water (pH 7) for 1 minute at room temperature. The boards
were then rinsed in tap water and warm air dried. A bright
35 even silver coating was produced. :
The coated boards were stored at 40°C/93% RH for 24
hours then passed through 3 IR paste reflow profiles. The



20

25

30 35

. WO 96/17975 ' PCTIGB95/02877

10

15

20

25

30

35

24

boards showed no evidence of ta-rnish‘i'ng",.- and soldered well
when wave soldered using NR 300 flux.
Example 4 _

Coupons of copper strip (5cm x 'icm) were coated with
the silver coating as described in exai_np;le 2. In addition,
further samples were coated with immersion tin, 63/37 Sn/Pb
and two competitors solderability preservative 'coatings
based on substituted - benzimidazol_e- chemistry. The
following coating procedures were applied for the various

- samples:~-

Coupons were etched in an aqueous solution of Na,S,0,
(5%), H,80, (5%) for 2 minutes, rinsed with tap water, then
rinsed with 10% H,S0, for 1 minute and then rinsed with
deionised water. The coupons were then immersed in an
immersion tin plating solution comprising 33g/t sn (BF,),
150 g/¢ thiourea, 20 g/t fluorcboric acid and & g/t
Synperonic NP9 (ex ICI) in deionised water, for 1 minute at

- room temperature. The coupons were  then rinsed with

deionised water and warm air dried. .

Coupons were etched in an agqueous solution comprising
Na,S,0, (5%) and H,SO, (5%), rinsed with tap water then with
10% H,S0, and then with deionised water. The coupons were
warm air dried. Alpha NR300 flux 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.

Azole 1 1 Azole 2 . o

- Coupons were etched and rinsed ‘as for the immersion
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 vere 'rinse_d
with deionised water, and warm air dried.

The coupons were subjected to a variety of different
pre-treatments.

A. No pre-treatment.. X
B. Passage through 3 solder paste- reflow profiles.



- 16 - Where the plating conposition conprises a conpl exing
agent it is preferably present in an anbunt of fromO0.1 to 250 g/,

preferably Wwo9ghrk0 200 g/ and nost preferably fronpSNGchexiod®d 9/ |,
~especially around 50 g/1. The 5 conpl exi ng agent may be any

conpl exi ng agent for the pl ati ng netal ions which does not forma
wat er i nsol ubl e preci pi tate under,g he aqueous and pH conditions of
t he conposition. M xtures of conplexing agents may al so be

useﬁ Iht |3 d?SItraéI%&éd ézg@q %ngetngg Weusk. are 10 t ]l?l de’Et ate
or higher dentate Ligands singg, § % iLity an 5 9f,5yc

conpl exes ar ePhi gh¥¥oTIER ?*) g 4 36 d}ﬂﬂf? soldeXanpl es
of suitabl e cpaptexreflawoprofikes. oxygen- cont ai ning |ligands, for

i nstance am ng aC'Séofgeeth?'isoJé for > preferably having at |east 2
and up to_ 10 car bon tons, polycarboxy |c aci ds, .usuall y am no

acetic ac$ds, samples W%|¥h¢4 Rqldered Using @ Henigcograph WEkY| ene
pol yanm ne poI HR86b1 £1@k| ds i ncluding ethyl ene diam ne tetracetic
acid (EDTA) diet hy*ﬁg € tkéﬁ?’s@%g?%ﬁ% aacgglsg 21?|et:hod monitors the
solderability by measuring the net force acting between
specimen and solder. The coatings are assessed by the
10 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.
The table below shows the wettxng times in seconds and
15' wetting forces after 2 seconds immersion in mN/mm for

various copper coated samples.
[
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Coating . Pre-'rreatment |
5 | Example 2 A
| Example 2 B
| Example 2 o
10 ‘ R | p
| Example 2 - B
s | T e
Tin B
Tin c
20 Tin D
Azole 1 A
25 Azole 1 B _.
Azole 1 c
Azole 1 D -
30 Azole 1 E
Azole 2 A
Azole 2 B
35
Azole 2 (o]
Azole 2 D
40 Azole 2 E
Sn/Pb A
sSn/Pb B
45
'Sn/Pb c
Sn/Pb D
50 - §n/Pb E
As can be seen from above, the silver coatings
55 prepared according to this invention have shorter wetting
times and higher wetting forces than the Sn and
benzimidazole alternative and retain these properties more
readily after humidity and heat treatnment.
Example § |
60 A displacement bismuth plating compqsition - was

prepared comprising 3.9g bismuth oxide, 183.1g hydrogen
chlorid_e (as 37% solution), 490.5g glycolic acid (70%

4



I nvention nmay be a immersion plating conposition based on 5 any plating

conposition used in the PCB industry. ' In this enbodi nent of the
invention, pyebgiMesy, prior to contacting the netal P%i? i th
the plating conposition in the plating step, the netal sur‘{g@@i‘)ﬂwI

cl eaned. Cl eaning may be using an acidic cleaning 10 conposition, such
as any cl eaning conposition known in the art. Exanples are copper
conditioner PC 1144 supplied by Al pha 3ktals Limted. Wher e

there is a cl eaéuﬂ&fa@p 99 1588 Gofiun ny8EERATRIRUEI O, TR 1Y

there will be a rinsi 0 con Fwith
the plating  Potas %r#odide- 0. Oonmo;lmmréeaelm| aydvég 2p-

include a bri QMhmﬁbenzyl Eﬁeﬁzmzdazole, W@Q&eaaﬁadp{:étdgﬂoﬁﬁ@%éﬁ
conprises a conp eX| n folf)?’é é #?% refera present. I n an anount of

from0.1 to solyt g/ PaLs Peards hawingp) v
from 10 to S.00 gtpper e padsi aanq a:ommt 5€hgbugh Ndlkes wereoghemddadigoent
may be any conpj e S not
1o e and o e gHYer Us (lackiBed in Skdloll fioWHler Uiellhd i tie N0
of the conPtAting rPaﬂ?ﬂ SPE r esmNUERS AL T ME agdncoating £ dismuth
used. It is deswdglfcried Wie thengherase @ﬂemé céppet Aa%ing a ﬁtéi&i&a%t e or

ar o i ghor - harOhane R APEPaosie Botpetani1icy did ERknish SeRTesAan o

conpl exi nguagentsstaveam;fg@nout on tbet mlmteg Ibagznchparfdr shm\tanhcgbcﬂn no

acids and theirregultsatds. s&!ﬂﬁﬁﬂ'ﬂtyhii‘nhnﬂr?hikﬁaﬁ&sfs to 10
car bon at ons, Eol ycar boxylic acids, usually am no acet |c aC| ds,

Douhle sided bare copper boards were bright etched in
‘an aqueous solution of 50% v/v HNO;, 10% H,SO;, 10% H,PO,, 1%

15 HCl for 1 minute at room temperature. Boards were then
rinsed in tap water followed by 10% H,S0, 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.

20 ' The coated boards were stored at 40°C/93% RH for 24
hours then passed through 3 IR paste reflow profiles. The
boards showed no evidence of tarnishing and soldered well
when wave soldered using NR 300 flux.

25 A silver plating bath was prepared by forming a
solution comprising 64.8g diethylene triamine penta-acetic
acid, 23.0g NaOH, 14g surfactant Ethylan HB4 (Akros
Chemicals), 2.59 Crodamet 02 an ethoxylated 3° amine
compound (Croda Chemicals) in 800mls deionised water. To

30 this solution was added a solution of 1g silver nitrate in
100mls deionised 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 litre using
deionised water. : ,

35 Double sided bare copper boards were coated using the
above solution using the procedure as described in Example
1. 100% £filling of the plated through holes was achieved



35 such as nitrilo-triacetic acid or, wusually, alkylene pol yam ne '

pol yacetic acids including ethylene diam ne tetracetic acid (EDTA)
di et hyl e L.aQl ne pentaacetic WO 96/ 17975

PCT] Caos QR 17 FGTFBISIO28T]

N- hydr oxyet hyl ethyl ene diam ne triacetic acid, 1, 3-

di am no-2-propanol -N, N, N, "N,'-tetra-acetic acid, . _

bi shydr oxyphenyl et hyl ene di ani ne di acet4& aci d, .- di.am no cycl ohexane

t et tic acid t hyl | ycol -bis-[(B- 5 o

o noet hy| SR INGNWEVELPALTRFINS 9F; Ghe [RAtad \PRATAS. using Alpha

t et rgki ?h( S-Mmyu)aeppl )fhbhylheua' dpassage dhroughs 3 I.g?d/mﬁmm rates,
N, N-di - rox : e S : ,

Partrarco < ERYEHYS] fndied ngl VIARALE  of cardiBIAnG): arid Jidered

/or . Cryp oL I.cularly
preferred conpllxdwming wave-fsaldering trXaISaqévingm holeyfidl. and
N, N, N, N tgﬁ%q(@ hydr oxypr opyl ) et hyl ene di am ne. The conpl exi ng
e 0

B Tl ey ¢ AP R RTbHo B SAT STo Ll BTGB et el 200U
sui tabl e conpémprigingeos.Iprddionised watel| olgdef nitriamcid, i lgeneral |y
unnecessary b9 Wigy@rMUkEAER.202ak' Of chedden Y2 N dHEfedliish)Clarkd gand
npl exi ng agent.Tor bisnuth. " - _
S 0.4g Mazawet DF :(solubiliser). The pH: was adjusted to 6
10 using a 50% solution of ethylene .  diamine. The bath
produced an adherent silver d_‘POS-it_ on -'eéppef coupons which | ‘
showed good solderability and humidity resistance.
A bismuth plating solution was prepared containing
15  bismuth trioxide 2.1% wt., hydrochloric acid (22°Be) 46.73%
wt., glycollic acid (70%) 49.5% wt., potassium chloride
0.07 % wt., polyethylene ‘glycol 600 .0.1% wt., Chemax
Chemeen C2 0.2% wt., distilled water 1.2% wt. and tartaric
. acid 0.1% wt. A further solution was prépared from which
20 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.
After this exposure the samples were examined, and
25 those prepared in the solution without the Chemeen C2 were
heavily tarnished. The samples prepared in the solution
: cont'ainixig the tarnish inhibitor had a good appearance with
ninimal oxidation, .and when = tested showed good
solderability. '



The conpl exi ng agent ’ﬂ“ﬂ a d either in stoi chionetric
equi val ent anounts or 11 “ﬂmm Mil’l c 20 excess so that all the
pl ating metwp osemas may ‘be’ cohpllexed By stoi¢hionetric lﬂﬁﬁ?]hzm
equi sol ar . Preferably the corrpl exing agent is present in a higher
nmol ar concentration than the silver ions, the nolar ratio preferably
bei ng (at |l east-1.2):1, nore prefer%lgly (at | east ~nre 25

‘preferably (at |east 3):1. Sui t'abl e tarni sh lTl'H tSHEEﬂ'SMS)BEEN
exa '

al | aspects of t he present i nvention include for WPREPLACED
(a) fatty aci g'uam!nes Ere erably havi ng at | east Tar-bo—at-ons

preferably at Y-east Ferarcnat FcB Wélsliygné"grwttlnan 30
carbon atons, layer rraudbe. condfittingy . 1aqmqndewh methlarpadsi andzes.

o e sl meniicaRies SUR She AL Se/or USRS ge hR R 155
quat er nar ¥ ammuﬁegal t'siﬂbt hamy| antd-saruish 35coating ani theox méshod
) Cor ' SRR CEReIpIny S50 e el aRRAYE U
subsequent ani c PP79?‘9 ght-etc step, and
PCT/ GB95/ 02877subsequent1y metal plating the etched p&ds and/or through-
holes by contact with a plating composition comprising ions
10 of a metal which is more electropositive than the metal
from which the pads and/or through-holes are formed and
being substantially free of reducing agent for said ions in
an immersion metal plating step to form solderable plated
metal surfaces. ' '
15 2. A method according to claim 1 in which the plated
metal surfaces are contacted with a solution of a tarnish
inhibitor.
3. A method for coating a PCB comprising an insulating
layer and a conducting layer, with metal pads and/or
20 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 solderable plated metal surfaces and
25 contacting the plated metal surfaces with a solution of
‘tarnish inhibitor.
4. A method according to claim 3 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
30 through-holes is immersion/displacement coated from an
aqueous solution containing ions of the more
electropositive metal and being substantially free of
reducing agent for said ions.
S. A method according to any preceding claim in which the
35 plating composition contains a complexing agent for the
said ions, preferably a multidentate ligand complexing
agent.
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8. A method according to any of claims 2 to 4, 6 or 7 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 any of claims 2 to 4 and 6 to 8
in which the metal surfaces are contacted with a solution
comprising a tarnish inhibitor by dip coating or spray
coating. : L :

10. A method accordmg to any of claims 2 to 4 and 6 to 9
in which the tarnish inhibitor is present in the solution
in an amount of from 0.001 to 5% by weight of the solution.

~11. A method according. to any preceding claim in which the

25

30

35

metal coating of _t;he_' plated metal surfaces comprise nickel,
silver, tin, lead, palladium, cobalt, gold, platinum or
bismuth or their alloys, preferably silver.

12. A method according to any preceding claim in which the
pads or through holes are formed of copper. :
13. . A method according to any preceding claim including a
pfeliminary 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. A method according to any preceding: claim 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. '

—_—
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derivatives having a carbon nunber on the al kyl group of from1l to 22,
preferably from1 to 10. (J) substituted ‘tetrazol es,

such as wooennizs (trifl uor onghy @ azol e, ﬁ %mrn
: N SpBERN klar ni sh |nh| or w

preferred 35 exanpl e.
pI ated nmetal surfaces, -but
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s¢lear to a person sﬁﬂ‘lled in the art. For

| f | d
lat g bath, ore A s Balinb ebibof LIG RECANI cor Al 85, |
contrast, usi ﬂgm&r§ﬂ~PﬂerP1}:ﬂtdﬂ%g°5 Bat¥elativelivicmonet #lectropositivecd as

they will resgetalNon a rémﬁamqn 1@fssaaléa§95yb£ft§+é \ﬁ?éta&h sAbisttate
precipitate. wat er soluble so

inhibito refer
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a surfactant/ gagohy ei&fz%?os:f:.iv@olngeég@n being. substh ﬁt#ﬂ\ﬁy%gg% has

been found to prOV|de con agés- in preven shi ng
and conf er ri n@thFedYcipg agent for said ions.

16. A composition according to claim 15 in which the

tarnish inhibitor is present in the solution in an amount.
10 of from 0.001 to 5% by weight of the composition.

17. A composition according to claim 15 or 16 in which the

said ions are of nickel, silver, tin, lead, palladium,

cobalt, gold, platinum or bismuth or their alloys,

preferably silver.
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resistance on the bare boards produced so that additional 15 protection
is provided between the bare board manufacture stage and the

conmponent - t stage. Solderability is found to hanced.

A suitableq%é?&ggﬁg silver plating conposition may be 3&8%99“?8"12,

but is preferably from4 to 10. Thus, the 20 conposition may be acidic,
up to pH 7. Alternatively, the conposition may be al kal i ne, and have a

pH of greater than 7, or even greater than 7.5. A bismuth plating

sol ution " usually has a | ow pH afyi1l or |ess. A buffering
~agent may be included in the plating 25 ~ conposition to ensure that the pH
of the conposition is within the desired range. As the buffering
agent, any conpatible acid or base may be included. A cpmBati bl e aci d
or base is an acid or base whic¢h iin the amounts required in {. t he

conposition does not result inithe precipitati
the silver ions and/or conplexiingtagent. For
chloride is unsuitable for a silver

n out of 30 sol ution of
exanpl e hydrogen . -
pl at/i ng conpositionjas it forns an

i nsol ubl e silver chl oride iprecipitate. ASuitable exanple§ include

sodi um or pot assi um hydr oxi d¢ or a car ate salt, or mﬁere acids are
35 required, suitable acids nayiinclude gftric acid, nitrig¢ acid or
acetic acid. Borat es pht hal atles,! acetat®€s, phosphonates may be used

but the buffer should not resulﬁ '

Time (mins)

Figure 1
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20 - i*'n precipitatton-.of $hd hetal salts and prefergly gHgﬁegg;hq%M )
| 2,10 on

inhibit the plating rate: Ah dppridpriate buffer wil[ be REP},S I

t he desired working pH. > The plagtog conpobimeion incl ydée"
optional 5 I ngredi ents such as surfactants or wetting agents to

| nprove the coating uniformty. \Were surfactants are I ncl uded,
preferably they are introduced into the conposition in an anount such

that in the platg w & WM e ' of
from 0. 02 to_ploo %Pﬂéﬁ‘?“t y Prfgérs\gg}"bgggﬁgé éﬁﬁleﬁ%g"é%&c‘%%‘g‘?{aﬂt’% ¢ at
a concent r aShemldiprevipusly the mtahed usingoa nanshunight) ehich bathy
co?tC_ent rati 0{1 Of:h]f.énm_ﬂné Opléﬁ?ﬂiﬁh%te.ﬁnYHéﬁgﬂdﬁr duch pé%tﬁ:fe%%h%m: @teps
wetting agent usgful ,jin a platin e ed. ni oni ¢

sur f actg antg s are fﬁ'é‘# & é’&'.°%“53r Fgl:ﬁ?gY‘nga %)oorou& gf’@giﬁgsw%tﬁm‘?%é

al kyl phenop et hekylmiss thal polrobity of dihiw)cpattiag bydupingothettwpesitapes
such as *Synper Qi e e S onl c C

*Et hyl an H&p(e%&cé\f{a%gr (%ée X?%%%C?Fv%%?‘*%ngééi Eér}gd{e Jﬁéﬁg}[% is

A further optionfermedy ediThds \Fekerenge p¥arps| agadnst mping nsijyvexi ag

baths of the presé¥¥od vt PriotectionddaeNto migrsfidiers- Gain refiners
i nprove the appearan

formati on of smaller e P%E?@P& si'g‘lfg‘{ﬁe mci&'%étaifgrs;: e?lgab gdr%%r% Iag’gﬂgm‘y

packed 10 St r unimeysionSumétdll-platimg cdn ocfhixhi a meren@lectroposdtife

| ower al cohol s %ﬁ&fﬁ&%@??&e?%’ il@@sfé?&é{éﬁ’osﬁﬁq}ebg\gtal at ¥ Burklte

exanpl e i sopropanol "an ol'yethylene glycol s,

' to be coated. Ions of the more electropositive metal
oxidise the substrate netal. A displacement plating
process differs from an electroless process because the

15 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.

It is reported in for ekample, "Modern Electroplating”

20 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 suggests that when electroplating base metals
with silver, it is necessary to deposit first a thin film

25 of silver on the work piece from a high-cyanide strike bath
to ensure good adhesion of the subsequent electroplated
silver layer. _

The present invention aims to provide an alternative
to the solder protection coating for the copper or other --

30 conducting surfaces of bare boards which require protection
from tarnishing between bare board manufacture and the

component-attachment stage.

Accordingly, in one aspect of the present invention
provides a method of coating a PCB comprising an

35 insulating layer and a conducting layer, with metal pads
T




for exanpl e PEG 1450 (Carbowax* Union Carbide). Gain refiners may:

~be.incorporated:-in the corrposmt.l on inamounts - : fromO0.02 to 200 g/l.
Nbre preferably, if agraln refiher’ 30, i,s included, it will be at
concentrations of from0.05'to -’ 10Q'aft and'nost preferably fromO.1
to 10 g/l. Any non- . aqueous so|vent should be present in anounts
bel ow 50% by wei ght of the conposition, preferably bel ow 30% by
wei ght or even below  10% or 5% by wei ght of the plating 35
conposi tion. uni form and even than that obtained in the

con;/e'ni i onal !{-Wmd/or tlnrmegis-amlearih wlcmtpah:lmi pads handf@artihrough-
‘protection, n
hﬁdﬁr?ﬁe %o dtehds wrocess o?’ltﬁ HEgknit Al y Q:he

operatlons I nvention |
expensi ve and smeripmd compr [ bngf cLaaningker/ g&palpso@é@s pads and/or | n t he

su?segﬁentlc?ma@sg& dc/%émerﬁeeéﬁgmawﬁg the taﬁsorama garahmi o
ont o epae s”.and/ or e r ebpar rrea
of the pad? hbs es, Ry o?°‘??ﬁ%%g‘ﬁ{ﬂbl%g’l’5(%‘e#fé? a‘l"?lg'p%jp g (in g
metal, 10 usml&t{ilsgls"eép todformt seldezable pliatiedane:tadl cbm:ﬁaqes

and contacting the plated metal surfaces with a solution

of tarnish inhibitor.

The insulating layer and conducting layer of the PCB

10 will be as described 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 which
solderability must be maintained for attachment of

15 components in the subsequent soldering steps for component-

attachment.
Preferably the method of the present invention

comprises a bright etch step as the cleaning or etching
step.

20 .The bright-etch step comprises contacting the pads
and/or through-holesF 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

25 through-holes are formed. In contrast, non-bright etch
compositions, 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, non- ..
porous metal coating, which is particularly suitable for a

30 subsequent soldering step. ' .

Suitable bright-etch compositions are generally
aqueotis 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

35 etch compositions generally include at least one component



‘tend to interm x. The bond formed with the conponents has good

el ectrical conductivity and good bond strength. = After conponent
attachnment, finished bdards having® . conponent s:attached over the plated
| ayer of the present 15 invention, do gt suffer joint reliability

probl eps as do t hose boards fornmed using a nickel/qold step.

The present invention also includes withinits scope an aqueous

di spl acenent /i nrersion plating bath conposition suitable for formng

an i mrersion pl agl rek ap [ f i td a
relatively | ess%e‘lfiggt r%{)hc}s?{%ﬂ\?e Er'lr‘@\s\t g‘Paggﬁst@raaet eﬁﬁ%ﬁaﬁﬁ tdfvg%ﬁéé%n?gi ns
metal ions onl ybsighterEch compesitions. | ead, palladium cobalt,

golt di plati numI or bi ng'tbcupérly retfh“hﬂd Sbé'ightt &@cl@rcdi?b%iftfiﬁhbeﬁﬁe:? |
metal s, a conpl gxing agent for e said iops an arnis ipitor
for Che s Eha metal fitage, ¢ho St qmals AGr throdghdRafesl |,
free of reduci ngomapebsesocoppersard a coppert alllognare, for Eocanple las0

A conposi t4 on egl. i i éygﬁ . gﬁ% ~1Rf 2S04 di um
hydr oxi de wer ev‘%i)s(ggf%é{ihggu{?;’%% wa EIE}A( l(z)j'%d‘f}’%sgl'\]/'e]'?h%n%%kgsip .

sol ution conpri dikgicgagidyct. 62 rhimoles/L isniphuxiics agidat 85 Ohamoles/L
subsequent | y adggdet G jHRatRr YHA< 'YL moles)® Ridppedd REA N dirs Ogkiddus

hydr oxi de sol ution and deionised 35 water was added to 1 litre. ™ Copper
doubl e sided circuit boards, having a variety of surface nount feature
and :
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pI ated through holes of various dianmeter were coated with the silver
solution using the follovm ng procedure ‘ ...Boards were chemcally
brightened in an aqueous . . "oldution of" 20%v/vH[err]qerr] (359, 0.5%
viv Herr]SOerr] (96%, 2.5% 174+ pytanediol for 1 minute. A tap
water rinse was then 5 enpl oyed, followed by an acid rinse in 10%
Herr]SOerr] for 1 m nute. The boards were given a further water
rinse, then “immersed in the silver plating solution at 40[err]C for 4

et er and var m a5t Gherey Lt [6ndl o eehOnddy! §F JF ot deast Sabthildl |
a bright, even smnﬂapreés@gbgy for no greatex:thamdhminute@sSe subjected to
three passes through generaPlfyyRif¢dr |théi b¥ehingsketepsf itherdr Grile besae
figure 1, 15 post-rinse step comprising rinsing with deionised water and
generally without Idrying, the bare boards then proceed
directly to the plating step. Alternatively, an acid rinse

-step may" be included, after the aqueous ringe. .

Preferably the metal plating step comprises an
immersion/displacement metal plating process in which
10 the pads and/or through holes are contacted with an
aqueous solution containing ions of a metal in a form in
which they are more electropositive than the metal of
the said pads and/or through-holes, the said agqueous
solution being substantially free of any reducing agent
15 for the metal ions in solution.
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
20 include bismuth,‘tin, palladium, silver and gold; silver
and bismuth ions are particularly preferred.
A particularly preferred immersion silver plating
method is described in PCT Application PCT/GB95/02876.

As sources of plating metal ions, any water soluble

25 metal salt may be used, for exainple nitrates, acetates,
sulphates, lactates or formates. Preferably silver nitrate
is used.

The metal plating ions are generally in the plating ‘-
composition at a concentration of from 0.06 to 32 g/l
30

(based on metal ions), preferably from 0.1 to 25 g/1, most
preferably from 0.5 to 15 g/l. _

Contact of the metal surface with the plating solution
will generally be at temperatures of from 10 to 90°C,

'preferably 15 to 75°C, more preferably 20 to 60°C. For
35 . ' ) .
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t-han, t hat* obt ai ned |-n t he c.onvem?ronal * pr.ocesses and, conpared
with organic protection; theé’ " RCTRER N

' - 12 -

example, the temperature of contact with the plating
solution will be from 15 to 50°C, most usually from 20 to
40°C.

Such contact, may be part of a substantially

5 - continuous coating process.
The contact time of the plating solution with the

metal surface is sufficient 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

10 seconds has generally being found to give insufficient
coverage with silver coating and although the contact time

may be longer than 10 minutes, no additional benefit has
been found from a contact time of longer than 10 minutes.

The pteferred plating process is an immersion/

15 ~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 oxidised by the metal plating ions in the solution, sc
that a layer of plated metal deposits on the pads and/or
20 through holes. ' The process is self-limiting because when
- plated mefal covers all of the surface sites of metal
oxidisable by the plating metal no further reaction and

therefore no further deposition occurs.

: An alternative to the bright etch step is to clean

25 the pads and/or through holes prior to contacting the

metal surface with the plating composition in the metal

plating step. Cleanmg may be using an acidic cleaning
composition, such as any cleanlng composxtlon known in ‘-

the art. Examples are copper conditioner PC 1144

30 supplied by Alpha Metals Limited. 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.

In carrying out the method of the invention a

35 tarnish inhibitor may be present in the plating solution



coating is nore resistant to,sal dering operations. Furthernore, the

process of this. inverit on i3s Iess 5 expensive and sinpler than use of the

ni ckel / gol'd process.. . 3 'n*>t he subsequent- conponent at t achnment

stage, the

conponent s are sol dered.” onto the plated pads and/or.

t hrough- hol es of the bareboard. The Tetd " of the pad(s) and/ or

t hrough- hol es (generally copper) and plating netal, 10 usual Iy silver;

and/or the plating netal and sol der may . tend to interm x. The bond

formed with the conponents has good el ectrical conductivity and good

itself so Ath&E CG{HJOP Rleidlyt 2681881 onf i dUmpiaGdapakie havi ng
conponents attached over the gﬁ ted

not suffer joi ntturiom; eempr

bond strength.
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*Fwi ng procedure.
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t he boards wer ecomprise solubilisers,_ for example non-aqueous solvents,

15

20

25

surfactants and/or pH buffers. _

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 tempefature 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 usua.lly from 20 to 40°C. Contact may be any

" conventional means, for example by dip, spray or horizontal

30

35

immersion coating.

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 netal 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

di amet er



board wer e

rlnsed with water and vvarma4r dri ed. Copper areas of t he

_coat ed mmmeamw@hke 1ReNs sil ver depbsl t. - , Coat eqd g
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profile- WD 96/ 17975

PCT/ GB95/ - 14 - 23 t hen wave

usi ng NR300, an Al pha Metal s VOC free, no clean flux. 100%fili ng 0

t he pl at ed-through hol es wi th sol der was achi eved. Furt her-
boards were stored in a humdity cabinet at 5 40[err]C/ 93% RH for 24

hours before bggn s;ﬁ.& h I R & T rds
showed a sli ght de ree ¢ hjo&?a%ﬁl shlwr?grgn 'ﬂ{]e SI verdﬂcoa | nhﬁf&mver
100% hol e Pﬁgb@\hh the | pH may daed @¥ ileyeFubsequent wave sol deri ng
with NR 300 fl UX 19he E¥oTWE for? comprisin Anhe E&%iahalhﬁﬂbfaﬁe'tﬂ Hgas
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800 s deisHni séyingeof theéo boardssol llrhe)rbaaasi anhipduadéﬁgo snbsﬁqu!mtof 1g
Aondlert] in 100cgtsoflel CRLAEE VaiEGe  dBRCRL wiehOSuRd) UShisbditib

addi tion of dilut
comprising tarnish inhibitor. However, generany, after

contact with the solution, comprising a tarnish inhibitor
and drying, they are at the end of the first bare board
10 manufacturing stage, and are ready for the second
component-attachment stage. Optionally, for example, there
may be a deionised water rinse step, prior to drying.
The concentration of tarnish inhibitor in the solution
comprising tarnish inhibitor, will generally be from 0.0001
15 to 5% by weight, i.e. 0.001 to 50g/1. 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.
The method of the second aspect of the invention may
20 surprisingly also be used on precious metals such as gold,
o platinum or ruthenium Where it will improve éolderability.

.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

- 25 alternative pllating metal ions, such as nickel.

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 so that the anti-tarnish properties are
considerably improved, even at the high temperatures

35 reached in reflow soldering processes. Concern over the |

use of silver plating as descfibgd for example in DE-C-



made up to 1 litre wi.th dei ori sed water,. ~ Doubl e sided bare copper
boards were coated with:thé @ . .aboveisolution; using the procedure as
described in exanpl e 20 i:‘ ' 100%Ti | ki ng "of * pl atted through hol es with

sol der was achi eved during wave sofdering with ‘NR300 flux after
passage. through 3 IR refl ow profiles. Boards stored at

40[ err] C/ 93%H for 24 hours prior to passage through 3 IR reflow .
profiles showed no evidence of 25 tarni shing and sol dered wel | during

wave sol dering t i . L\ 0 fql.) 10 nq. Doub] e
si ded bare coppe “b%gg.r"%lsdt\x/\%rg‘5 X%%#%sﬁ nrb(? { 1e1")°_‘J q'%ﬁ'gt Fisc?)%‘?'ﬁcﬁ?ajnﬁ
procedure as desi‘FFbé‘Geﬂn foundpithat the presenti ipventibom| substant taklyls
fromthe silver pkavengs silved Uidi?i*aeﬂénriﬁii "Bhrov 13 g0 2k d S Ef fort M S€

in a sol u“ﬁ?iﬁ 4? Reonet 42 (Ciba-CGeigy) tn 1 litre deionised
water- (pH 7). for e at roomtenperature. The boards were then
rinsed in tap water and warmair dried. A bright 35 even siiver coating
was producéd. WhenTkbe:pathgdpefr §hewdressnds dnventiohe emplioyss RH
for 24 houan tivewerisit dplat ohgh c3mbBsRedbs &l | g pr 'e'f%gabl
WD 96/ 17975 oy b PCT/ GB?SIJ/ 02877 @e
contain a complexing agent for the ions of the most
electropositive metal. This aspect has been found to
be particularly useful for silver or bismuth plating.
10 '
15
20
25
30

35



24 boards showed no evidence of tarnishing, and soldered well

when wave sol dered usvng NR 300: flux. 3 * Exanple 4 Coupons of
copper strip (5cmx 1cm) vvefe ‘codt’ed W|‘th 5 the S|1~ver coating as
described in exanple 2. In addition, ° “fourt her- sanpl es were coated with
I mersion tin, 63/37 Sn/Pb and tvio Iformpetitors solderability.
preservative coatl ngs based on substituted benzim dazole

chem stry. The foll owi ng coating procedures were applied for the
various 10 sanpl es: - | mmer si on Tin Coating Coupons were

etched in an aqueous ¥bexeithe dlating qeipasitdan Comprisessy) ¢9mp1exing
Herr]Serr] (5%gen® i€ {8 rab'l?sﬁfle%hé lﬂpaﬂ"aén%%ntt ?@n from ofd

W th 10%H[err]S rg for te and thenrlnse el oni se

water.  The cou%ﬁ \ﬁérep'f‘h%‘?ﬁ EXop 2, te, 200 g/l ApAsment: pPreferably

zgl u} |[ on i:orr]Plrl sifrom3310 [ €or | 160 Q&ELFréh}éeﬂlly arolrid gﬁ?\lgrq' ](1.t hi opfiea,
err uor, rr eronlc X

dei gnl sed ®ater, c%ﬂ?&kﬁiﬁiuggiﬂg ﬁnév ﬁgon??%npe?ﬁl{oﬁx 9‘% g s%’%%

then rinsed wit hmtinqemembetpmatvdriqnoum met r form cal. water :Bwé&hxble

Coat i ng $poERteCafiadt CERE \ﬂz%u%q%wsﬁﬁo <ohl2 B 16RUP OlES!

Na[err]S[err]CIerr g andH er ) wWwith tap water then
with 10% H é:Pl“}’ n%f’EHL‘FF i P &Qm%éﬂgméﬂtsm‘él'c@l}ﬁ@néi‘%r e
25 warm alh r drused. A:ttphts IMQahlluthaagt?heﬂ»;nggﬁgiﬁé i4§eres Which are
coupon. The co Q y I mrer.si.o,
nol t en sohder at @5@@ l‘{fﬁecc% W S:téﬂedg:ate PP%‘H?% singg) the, gkap {ey
Coupons were et clkonstants i of siicls dampliexes rance shigher than mono-dentate
ligands.
Examples of suitable complexing agents have oxygen-
containing ligands, for instance amino acids and their

salts, preferably having at least 2 and up to 10 carbon-

15
atoms, polycarboxylic acids, usually amino acetic acids,
such as nitrilo-triacetic acid or, usually, alkylene
polyamine polyacetic acids including ethylene diamine
tetracetic acid (EDTA) diethylene triamine pentaacetic
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30

35



30 tin sanples. Coupons vere ‘then I mrersed in the solutlon
;containing the azole at. 40ferr] C for 9@ seconds. Af t'er '
"the azol ¢ containing solutton, “t he coupons wer e r| nséd SHEEWW\CS BRER ¢d
water, and warmair ‘dri‘ed. ™ ' Thgzcoupons wer e’ dubj ecB

variety of different 35 pre- t reat ment § A No -pre-trea

ECT/ GES;/S 88;7; ur&uf%r}m?’agg ledw%n RESLS e 8%9{1%& 'i‘gﬁthe cor&venmrﬂﬁ’ m75

{ ora f.
40[ err] O/ 93% Ripriovesd@shoand, comparedstwitiye oxgandfer PY¥eRb f% °96

hours, then 3 g Jnaqﬁ spaﬁo‘aré Effﬂﬂ’ii’féﬁﬂ Q?o soltﬁrimﬁt cupn;faték:ns.
150[err]Cfor npl es vverg eP %glgg’f N% 21ess
meni scogr aph vmmtherNNRSG)O thex. process oL Th PEE t est

method  noni t Qhgendiv@ and s BfpL6E Ahdn ugebyt mmlvmldenr‘m&?e

acting between speci rren nd sol %ng’ﬁ: age éedthu the.
10 | ength of ti me i § dﬁel ﬁﬁm or?:lg“?-ag‘£ si ze 5?

equi li bri utn Wetdomn‘emtse aife ashﬂ-ée&egod%n%s@@s plated H%R/% and/fer | ng a
short wetting ty h@ou% nd188 G#itHd haveboard. 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

10 good electrical conductivity and good bond strength.

After component attachment, finished boards having
components attached over the plated layer of the present
invention, do not suffer joint reliability problems as do
those boards formed using a nickel/qold step.

15 ' The present invention also includes within its
scope an agueous displacement/immersion plating bath
composition suitable for forming an immersion plating
of a relatively more electropositive metal on a
relatively 1less electropositive metal substrate,

20 which bath contains metal ions of nickel, silver,
tin, lead, palladium, cobalt, gold, platinum or
bismuth or an. alloy thereof, a complexing agent for
the said ions and a tarnish inhibitor for the said
metal, the said bath being substantially free of

25 . reducing agent for the said metal ions.

xam
A composition was prepared in which 50g EDTA and 20.4q
of solid sodium hydroxide were mixed with sufficient water
to dissolve them. A solution comprising 1g silver nitrate
30 in deionised water was subsequently added to the premixture
comprising EDTA and sodiun hydroxide solution and deionised
water was added to 1 litre. Copper double sided circuit
boards, having a variety of surface mount feature and

35



~wetting force are preferred. The tabl e bel ow shows the wetting
times in seconds anda 15 wettlng forees vafter 2 seconds inmmersion in nN/mn

~for - . wvarious copper eoat ed- sanpl es oo WO 96417975
" PCt/ GB95/ 02877 - : 1,222 v 126 ' Coat i ng

Pr e- Tr eat méent Vet Wetting force Exanple 2 A
0.7 0.429 Exanple 2 B 0.8 .
0. 444 Ep3aekd €hrough holés of various @ilmeter wereocégeeéowith
Exanpl e 2 0.7 Q. 41 anpl e
E _ othe silver selution using thg following procgdure. 0.9
0.488 15 TBoards were cHiémically brightened in an0O.&8f%eous
Tin 0. 008 ,2 Ti D
> 5 _Osgggtion of ﬁ?gl VS/szoz (35%), &%% Q//v H,SO, 0{'%6%), 2.5% 0. 439
Azol e 1 1,4-butanediol foro;gminute. X tdp water rinse was then

5 employed, followed by an acid rinse in. 10% H,S0, 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

10 board were coated with a bright, even silver deposit.

Coated boards ‘were subjected to three passes through
a typical IR silver paste reflow profile - see figure 1,
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. 25 ~ Azole 1 - . .C. 0.9 0. 443 Azole 1

:D. . 0.9 .’ D 426 30 “»Azole 1 . E 1.0
0.421 Azole 2 3 " R 0.9 s 0. 449 Azol e
o IMNANMMIIN Lo . %Y e C
0.9 Azole 2 -29 - p 1.1 0. 310
40 - AZol & 1.2 . 0.296 Sn/ Pb
A _ 0.8 0.475 45 Sn/ Pb - B 0.8
0.501 Sn/ Pb C 0.8 0. 492
Sn/ Pb c ghs: 0.8 0.474 50 Sn/ Pb E
0.8 0 23 As can be seen from above, the silver

coatings 55 prepared according to this invention have shorter wetting
times and higher wegti ng%f Giéatod ot t@gaﬁh@ng PCB ?‘Is@ﬂfétjﬁylha% gt
R SRy £ M PN SR T = S
pl ati ng Sonpopatsorandypxr thropghphotdscdmprwiicly theg padsuahdgeide,
1§8W;g hydrOge@hroughcﬁbféédeargasﬁ%%@fﬁgdn'éqeh égo g%tgL¥39hi§hac'd
( ° coating, the method comprising cleaning or etching the
pads and/or _through-hoies, metal plating the pads
and/or through-holes by  contact with a plating
10 composition in a metal plating step to form solderable
plated metal surfaces and contacting the plated metal
surfaces with a solution of tarnish inhibitor.

2. A method as claimed in claim 1 wherein the
15 cleaning or etching step comprises a bright-etch
treatment.

3. A method as claimed in claim 1 or claim 2

wherein the metal plating step comprises an

20 immersion/displacement metal plating process in which

the pads and/or through holes are contacted with an

agqueous solution containing ions of a metal in a form

in which they are more electropositive than the metal

of the said pads and/or through-holes, the said aqueous

25 solution being substantially free of any reducing agent
for the metal ions in solution.

4, A method as claimed in any one of the .
preceding claims in which the plating composition
30 contains a complexing agent for the metal ions,
preferably a multidentate ligand complexing agent.

5. A method as claimed in any one of _the
preceding claims wherein the. plating composition
35 includes a tarnish inhibitor and the tarnish inhibitor



CLA‘N\\\\“““-- . A nethod of coating a PCB conpr|5|ng an

'InSU and a ‘conducting layer, wth netal 5

thro ld{ h fhe,pads and/or’ o through hol

with an ‘ntti - ¢oating, the-nethod conpri.si

et chi ng. t he pads and/ or through-hoi®s; netal plating thes

and/ or through-holes by contact with a plating 10 conposition in a
plating step-to form sol derabl e pl ated netal surfaces and contactlng
t he .pl ated net al surfaces with a solution of tarnish inhibitor.

2. A nmethod as ¢ d. i mher the. 15 eaping or etching
step conprises 4 éﬁi §HP éf&ﬁg gggtﬁg ting eRef&in! 3. A nethod

as cl ai ned

comprises an 20 | GIer ShoRethaa! 46°SERIndE! h MAPIddY) PIAGESY b WY Ch

n cIa|n11 or claim2 wherein the netal plating

t he pads and/or throygh holes are contacted wth
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in which the metal plated surface formed in the plating
step are subsequently contacted with a solution
comprising a tarnish inhibitor in a post-rinse step.

7. A method as claimed in claim 6 wherein the
contact time of the plated metal surface with the
solution comprising a tarnish inhibitor is from 10
seconds to 5 minutes.

8. A method as claimed in any one of the
preceding claims wherein the metal surfaces are
contacted with a solution comprising a tarnish
inhibitor by dip coating or spray coating.

9. A method as claimed in any one of the
preceding claims in which the tarnish inhibitor is
present in the solution in an amount of from 0.001 to
5% by weight of the solution..

10. A method as claimed in any one of the
preceding claims in which the metal plated onto the
pads and/or through holes comprises nickel, silver,
tin, lead, palladium, cobalt, gold, platinum, bismuth
or an alloy thereof.

11. A method as claimed in claim 10 in which the
metal or silver. '

12. A method as claimed in any one of the
preceding claims in which the pads and/or through holes
~ are formed of copper.
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-aquegus‘ggL\tlon containing.ions of a.nmetal in a form I n which they

ane nnre eIe‘TTopes#LLMe tshan .t he netdl
ﬂi,sald adqueous 25 sol ution bei:ng substantially free of

LT

met hod &s L clml

for the netal |ons i n 'sol ut'i on.
|n any one of t

t he platlng conposition 30- contains a conplexing agent for
preferably a multidentate |igand conpl exi ng agent.
as clainmed. in any one of the preceding clains

metal .ions,
5 A nethod
wherein the

the tarnish inhibitar,

plating, cQmaathbd@N a¥ c1hMheddgh 2ahPr rarﬁé1 bahihid or and
ed durlqg t he

- 30-
netal plating tpﬁgng4ng claims whlch includes a prel1£¥¥$éy step o
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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. A method as claimed in any one of the
preceding claims including a subsequent step of
attaching conductihg components to the metal plated
pads and/or through-holes using solder in direct
contact with the plated metal surface.

i5. An aqueous displacement/immersion plating
bath composition suitable for forming an immersion
plating of a relatively more electropositive metal on
a relatively less electropositive metal substrate,
which bath contains metal ions of nickel, silver,
tin, 1lead, palladiunm, cobalt; gold, platinum or
bismuth or an alloy thereof, a complexing agent for
the said ions and a tarnish inhibitor for the said
metal, the said bath being substantially free of
reducing agent for the said metal ions.

16. A composition according to claim 15 in which the
tarnish inhibitor is present in the solution in an
amount of from 0.001 to 5% by weight of the
composition.

of :the said pads and/or

t he

4.

preceding clains in which

A



6. A nethod I TN R one clains 1 to 4 in which the

met al pl ated ﬁgﬂm@ﬁwﬁmthe pl ati ng 5 step are subsequently
cont act ed vviLh sol utio . conprising a tarnish inhibitor in a
post-rinse stpp V4 MAY 1998 7. A method as cl ai in clai m6_wherein
t he chatact tinge ofl the plated @etal surfa¥ 'f"ﬁet*ﬂlget 30/¢/98
solution conpfising a tarnish ijnhibitor is from 10 seconds to 5
m nut es. g&——A-net hod as clainmed in any one of the
preceding cl ai ns wherein the metal surfaces are 15 contacted with a

solution conprplaging-out™ii sit is suggestéd bthat the dcgppentsulistmatepr ay

SO 1y 1o P PR R AP i FpAaHE o B

preceding claingi'n sent I n the
solution in an insdndisg pexsuipbate:o However §%=by nnawt@r—nthéteps

sol ut :jon I tend to proiéﬁee&'ét‘ﬁﬂ%l g@r@u@dohﬂiﬁ@!. Onﬁ\@fix{d&to/rs
Precedt g o 3 1o b nle Pobl SolEL Ay FIAAGE 208 hohy vais vl el
cobalt, gold, ppzbcess) instheh first of which aalv;ryhdmziaf coating is
formed. This reference warns against using silver as
corrosion protection due to migration.
The present invention relates to a displacement
10 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
oxidise the substrate metal. A displacement plating
process differs from an electroless process because the
15 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.
It is reported in for example "Modern Electroplating"
20 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 suggests that when electroplating base metals
with silver, it is necessary to deposit first a thin film
25 of silver on the work piece from a high-cyanide strike bath
to ensure good adhesion of the subsequent electroplated
silver layer.
The present invention aims to provide an alternative
to the solder protection coating for the copper or other
30 conducting surfaces of bare boards which require protection
from tarnishing between bare board manufacture and the
component-attachment stage.

Accordingly, in one aspect-ef-the present in'vention
provides a method of coating a PCB comprising an
35 insulating layer and a conducting layer, with metal pads



11. A nethod @5 Lm 10 in which the 30 netal or silver.
12. A net hod @EP&JA@BMNM}H&ET one of the preceding claims in

whi ch thé pads @ \ ol es - are formed of copper. 35

- 31- ég AA thedjas clainmed in any ongubétitulé sheet - BO?4AFE NQ
cl ai ms whi ch |i ncl e"é %1ﬁel fm{nary s{am of applying to exposed
conductor-trdcé of t he PCB a mask whirch is an _

i nsul ator, sych that the 5 pads and/or through-holes are |eft exposed.

14. A met hod . a5 crarmmed—many one of the preceding clains including a

subsequent stepnOtne rande' 3°'€d'%E " Whered tha Teotution "1 Bisauth ' °C
plating bath the pH may be 1 or lower.
The solution comprising the tarnish inhibitor may be
a final rinse solution, applied to the boards prior to
S 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 solution, comprising a tarnish inhibitor
and drying, they are at the end of the first bare board
10 manufacturing stage, and are ready for the second
component-attachment stage. Optionally, for example, there
may be a deionised water rinse step, prior to drying.
The concentration of tarnish inhibitor in the solution
comprising tarnish inhibitor, will generally be from 0.0001
15 to 5% by weight, i.e. 0.001 to 50g/1. 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.
The method of the secend—aspect—ofthe invention may
20 surprisingly also be used on precious metals such as gold,
platinum or ruthenium where it will improve solderability.

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

25 alternative plating metal ions, such as nickel.

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 so that the anti-tarnish properties are
considerably improved, even at the high temperatures
35 reached in reflow soldering processes. Concern over the

use of silver plating as described for example in DE-C-



10 pads and~e+—t=ht-otgh-Roles4usi ng sol der in direct contact with the
pl at ed net al REPLACEMENT SHEE']. 15. An aqueous di spl acenent/i mrersi on

pl ati ng ba conp05| guitable for formng an inmersion 15
plating of a r.Ia | e ellectropositive netal qg e g el at
| ess el ectropo b<trate, - 22 Wwhich baﬁhbcsgﬁ%ﬁ ﬁé ?ﬁZ‘%s

=

pl ati ng net al} ilexas—e 6 off ni ckel, silver, tin, |ead, pal | adi um
cobalt, gold,] plati num or bi snuth, or an alloy of two or nore of these
metal s, a 20 —conprexing agent for the said ions and a tarnish

i nhi bltor for the sald netal substrate, the said bath bei n

substantial |y f BRdLorm and @ven &han that taRtained igatben@avembgqnal HAL
16. A conposi ti pﬂoasseéal e, N Sbaparea | mth orqme tﬁ?oﬁ@é@ioﬂ ONgepy ©

D esent 1 a0 UBNOlndl 14T hore, o SpdysEant Sk 1 goideming, ORBFaR{ANEei ng
agent is presen?urthermore.an ﬁmounpt@fce‘ssomdl l1thds25@ryention is 1less
A L s i i v
In the su sequent component-attachment stage, the
components are soldered onto the plated pads and/or
through-holes of the bareboard. The metal of the pad(s)
and/or through-holes (generally copper) and plating metal,
10 usually silver, ahd/or the plating metal and solder may
tend to intermix. The bond formed with the components has
good electrical conductivity and good bond strength.
After component attachment, finished boards having
components attached over the plated layer of the present
15 invention, do not suffer joint reliability problems as do
those boards formed using a nickel/qold step.

The present invention also includes within its
scope an aqueous displacement/immersion plating bath
composition suitable for forming an immersion plating

20 of a relatively more electropositive metal on a
relatively less electropositive metal substrate, which
bath contains metal ions only of nickel, silver, tin,
lead, palladium, cobalt, gold, platinum or bismuth, or
an alloy of two or more of these metals, a complexing

25 agent for the said ions and a tarnish inhibitor for
the said metal substrate, the said bath being
substantially free of reducing agent for the sald

metal ions.
Example 1
30 A composition was prepared in which 50g EDTA and 20.4g
of solid sodiun hydroxide were mixed with sufficient water
to dissolve them. A solution comprising 1g silver nitrate
in deionised water was subsequently added to the premixture
comprising EDTA and sodium hydroxide solution and deionised
35 water was added to 1 litre. Copper double sided circuit
boards, having a variety of surface mount feature and
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- 32- .. 19. A conposition

as clainﬁd“fn—aﬁy~ﬁﬁe—e#~—— clains 15 to 18 wherein the netal i ons are

silver'
acid, di Bl

tetrakls-* -
as clainmed in any one of clains 15 to 18 wherfeijn

bi snmut h
96/ 17975
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conpl exi ng agent is ethyl
ulﬂ H pentaacetic acid and or ,.;7'
) “et hyl ene diadilne,

L,
ions and the conpl exi ng agent is chlur|det'h‘faéﬁﬁ @ﬁa

102877

13. A method as claimed in any one of the
preceding claims which includes 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. A method as claimed in any one of the
preceding claims including a subsequent step of
attaching conducting components to the metal plated
pads and/or through-holes using solder in direct
contact with the plated metal surface.

15. An aqueous displacement/immersion plating
bath composition suitable for forming an immersion
plating of a relatively more electropositive metal on
-a relatively less electropositive metal substrate,
which bath ¢éontain _méﬂ ions onlyZé%m%ickel, silver,
tin, lead, palladium, cobalt, gold, platinum or
bismuth, or an alloy of two or more of these metals, a
complexing agent for the said ions and a tarnish
inhibitor for the éaid metal substrate, the said bath
being substantially free of reducing agent for the
said metal ions.

l6. A gompqsition as claimed in claim 15 in
which the metal ions are present in an amount of from

0.1 to 25 g/1.

17. A composition as claimed in claim 15 or
claim 16 in which the complexing agent is present in

m 0.1 to 250 1

18. _A composition ag claimed in any one of
claims 15 to 17 wherein the tarnish inhibitor is
present in an amount of from 0.001 to S50 g/1l.
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() Title' PRINTED CIRCUIT BOARD MANUFACTURE
7 Abstract

A process used during manufacture of PCB’s 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.
treated with a tamnish inhibitor. The tarnish inhibitor may be mco:pomd into the nnmemon plating bath. The metal plating is usually
with silver or bismuth and the pads and/or through-holes comprise copper .




