1 2169924 FORVALDEHYDE- FREE AUTOCATALYTI C ELECTROLESS COPPER
PLATING 5 This invention relates to the electroless plating of copper from
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Formaldehyde and its polymers have long been used as

reducing agents in the electroless deposition of copper éﬁé
onto non-conductive surfaces such as printed circuit
boards (PCBs) and plastics. But concern has recently
15 risen about the use of formaldehyde: it is toxigc,
volatile and suspected of being a carcinogen. Its use
is strictly regulated in technologically advanced
countries and there has been speculation that the
regulations could be tightened still further.
20
Formaldehyde is believed to act by reacting with a
hydroxyl ion to form a hydride ion (P. Vaillagou & J.

Pelissier, Traitements de Surface, 148, September 1976,

pp 41-45) which is generally adsorbed into an activated (#ﬁ;
25 surface to render it catalytic. In the absence of a
reducible species such as a copper (II) ion, the
hydride ion reduces a different molecule of
formaldehyde to methanol. This self-oxidation/-
reduction of formaldehyde is known as the Cannizzaro
30 :eaction. But when an appropriate reducible species is
present, then it is duly reduced. In this way copper
ions are reduced to copper metal. It is because of the

generation of the hydride ion that the electroless
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generation of the hydride ion that the el ectrol ess 2 deposition of
copper using formal déhyde as a reducing agent is said to be
waut-ecatal ytic'; this neans that when copper is to be plated onto a surfg
whi 6b- has been previously activated to render it catalytic it is 5.
possi ble to achieve a deposit which is thicker than a nere flash. The
reason for this is that when the catalytic sites of the surface are
obscured by the plated | ayer, the continuation of the reduction reactiq
this case is assured because of the 10 generation of the hydride ions
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reactlon in thls case is assured because of the

10 generation of the hydride ions during the course of the

reaction.

Many alternatives to formaldehyde have been suggested.
US Patent No 3607317 discloses the use of
15 paraformaldehyde, trioxane, dimethyl hydantoin and
glyoxal (which are all precursors or derivatives of
formaldehyde) and borohydrides, such as sodium and
potassium borohydride, substituted borohydrides, such
" as sodium trimethoxy borohydride, and boranes such as
20 isopropylamine borane and morpholine borane.
Hypophosphites such as sodium and potassium
hypophosphite are also disclosed as having been used in
acid electroless copper solutions. US Patent No 4171225
o/ ' discloses a reducing agent which is a complex of
25 formaldehyde and an aminocarboxylic acid, an amino-

sulphonic acid or an aminophosphonic acid.

Aldehydes other than formaldehyde and which can undergo
the Cannizzaro reaction have also been proposed for use
30 in electroless copper, but they suffer from the dis-
advantage of being capable of undergoing the aldol
condensation which results in the formation of long
chain polymers and, eventually, resins. Further, other
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t he Canni zzaro reaction have al so been proposed for use 30 in electrol ess

copper, but they suffer fromthe dis- advantage of being capabl e of 3

. yndergoi ng the al dol condensation which results in the formation of Iongg ‘
chaigpol yners and, eventually, resins. Further, other’ 3 al dehydes ar€

ally volatile, like formal dehyde, and/or are so hydrophobic in nature
be insoluble in water. 5 Pushpavanam and Shenol, in an article in

Lghing Industries', Cctober 1977, pp 36 to 43, entitled 'Electrol ess

Cepper/ reviewed the use of hypo- phosphites, phosphites, hyposul phites,

sulptites, sellglehydes esret idegmnaphl Yes,o byt hei nel 1he dfgzraad dghydei d,
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t hese various proposed alternhatives to fornmal dehyde, none seens to' have

been a parti &® ¥AY%®BS5 conspi cuous conmerci al success. US patent No

4279948, which itself advocates the use of hypophosphites as.reducing

agents in el ectrol ess copper . plating conpositions, tends tp confirmthis as
it states at PMSHRA¥3N %@doﬁﬁﬁﬂ%}m 2 h”é’c:a’églﬁéﬁ c’o‘bpeFan'ﬁh‘ﬁé}%ehyde
i's the overwreldis8g ralwste O tcoberr Ci a7 79l abpng & oday 4 3THi anitsi paesibly a
result of theErleelgyrvoelgg%apegsbspgl;:'25reLCiréTv?leg6h¥H%' use of hypo-

phosphites, phosphites, hyposulphites, sulphites,

sulphoxylates, thiosulphites, hydrazine, hydrazoic

10 acid, azides, formates and tartrates in addition to
formaldeyde. -

o /

In spite of all these various proposed alternatives to
formaldehyde, none seems to have been a particularly
15 conspicuous commercial success. US patent No 4279948,
which itself advocates the use of hypophosphites as
reducing agents in electroless copper plating
compositions, tends to confirm this as it states at
lines 58 and 59 of column 2 that:
20
For copper, formaldehyde is the overwhelming
choice in commercial plating today.

This is possibly a result of the relative cheapness of S
25 formaldehyde.

Although hypophosphites have been among the most
commonly proposed non-formaldeyde-derived reducing
agents, they suffer from the major drawback for some

30 applications of being non-autocatalytic. It 1is
therefore difficult to produce more than a flash layer
of copper using them.
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Al t hough hypophosphi tes have been anong the nost commonly proposed
mon- f or mal deyde-deri ved reducing agents, they suffer fromthe nmjor
dr awback for sone 30 applications of being non-autocatalytic. It is
therefore difficult to*produce nore than a flash layer of copper using{
t hem 4 It has now been discovered that g{yoxylic acid (known in
st andar di sed nodern chem cal nonencl ature as oxoet hanoi ¢ acid) function
a highly satisfactory reducing agent in al kaline electroless copper plating
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for sonme considerable tinme, the usefu] ness of |gponporail4ﬁ?|t into
el ectrol ess copb%?oﬁﬁtﬁ§'ﬁ&?qﬂirQﬁﬁﬁAe$$ BERAFEMGTRY RIELRF LAERFe as
i?vertionlmas nageﬁgﬁifmybhhagdjtH&ﬁﬁﬁihﬁs h?ughhi%hlyanaxgbﬁxﬁtbgygfe
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invention was made. If anything, the art has taught
10 away from the use of glyoxylic acid. Saubestre, in

Proc. Amer. Electroplater's Soc., (1959), 46, 264,

U refers to various oxidation products of tartaric acid

(namely glyoxylic acid, oxalic acid and formic acid) as
being reducing agents which "may reduce cupric salts

15 beyond the cuprous state". However} he goes on to say
that: '

"No success was obtained in any experiments
involving use of these materials as reducing
ents."
20 agents

Now Saubestre did not disclose what-the ingredients of

- the compositions of his experiments were. Specifically,

he does not say whether the compositions are acid or-

25 alkali,'although he does mention'that a complex of a
copper (II) ion and a tartrate ion is stable in alkali.
Neither does he say whether any complexing agent for

the copper was used. It is therefore impossible to
guess why Saubestre's experiments were not a success,

30 but the fact remains that he did not disclose how to
provide a functioning electroless copper plating
composition using glyoxylic acid. What he did do was to
discourage any further work on the possible use of any



he does not say whether the conpositions are acid or 25 al kal'i, al though
he does nention that a conplex of a copper (11) ion and a tartrate ion is
stabl e-in alkali. Neither does he say whether any conpl exing agent for the -
er\was used. It is therefore inpossible to guess wiy Saubestre's N
i nents were not a success, 30 but tBe fact remains that he did not
tQge how to provide a functioning el ectrol ess copper plating

tion using glyoxylic acid. What he did do was to di scourage any

Wr wor k aoh the posdiplieqisagentsythats e mentidoeidngaagdasnghat he
mentioned as Haldg, ful aahhﬁds%a@ c%%tresutésrwf@waﬁaapge 'erltéi’:@r]lc?fébég' ess
copper plating conposjtions. Contrary to what wou nat ur

expect ed froﬁ%ﬂﬁs@%éténgegéﬁﬁpﬁ@ét%arch wor k that cul m nat ed in the
present invention has establlshed that glyoxyllc acid can function as a
reduci ng agent in alkallne | ectr ol ositions. And because
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acid and gl yco aC| res ber at
10 ac1d exists 1n the form of the glyoxylate anion in

alkaline solution, and not as a dissolved toxic gas,
many of the safety and environmental problems W
associated with the use of formaldehyde can be
circumvented. Furthermore, the behaviour of glyoxylic

15 -~ acid as a reducing agent has similarites with that of
formaldehyde (it also will undergo the Cannizzaro
reaction but will be oxidised and reduced to oxalic
acid and glycollic acid) and results in the liberation
of a hydride ion: this enables its use as an auto-

20 catalytic reducing agent.

According to a first aspect of the present invention,
there is provided a composition for the electroless
deposition of copper, the composition comprising a

25 source of copper ions, an effective amount of a
complexor to keep the copper ions in solution, the
complexor being capable of forming a complex with
copper which is stronger than a copper-oxalate complex
and a source of glyoxylate ions, thé amounts of

30 complexor and glyoxylate being sufficient to allow
copper deposition from the composition, with the
proviso that, when the complexor is tartrate, the molar
ratio of tartrate to copper is at least 6:1.
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of a hydride ion: this enables its use as an auto- 20 catalytic reducj
agent .. According to a first aspect of the present invention, there is
provided a conposition for the el ectrol ess deposition of copper, the
conﬁbS|t|on conprising a 25 source of copper ions, an effective a
a conpl exor to keep the copper ions in solution, the conpl exor bein
capabl e of fornming a conplex with copper whi&h is stronger than a
copper - oxal ate conpl ex and a source of glyoxylate ions, the amounts o
conpl exor and gl yoxyl ate being sufficient to allow copper deposition from
the conposition, with the proviso that, when the conplexor is tartrate, the
nol ar ratio of Iarisate m@<nnﬂnxstao@1thaasthé:&ermsf?quéSlecb%cld'
under st ood that_fhe yl ac an I ate are,us
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aci ds and -bases e source of copper any soPubIe copper

that is conpatibhetihie hpﬁhééo&mﬁ.smee%mme amdppara thithh édes ame
copper sul phat ecéigigepgtabhy apbafivd aeh hoeres enbiRYagigs’ sﬁd' b)ﬁs@éa' | abl e,
but it is possible that nitrate, other halide or organic salts such as
acetate may be found desirable in sone 15 ci rcunst ances. Cenerally
speaki ng, the amensoufrc®pPLrcopper may be any soluble copper salt

10 that is compatible with the composition as a whole.

Copper chloride and copper sulphate are generally
N\ preferred because they are readily available, but it is
possible that nitrate, other halide or organic salts
such as acetate may be found desirable in some
15 circumstances. Generally speaking, the amount of copper
that should be incorporated in the bath will be within
the range of from 0.5 to 40 g/1 (0.0078 to 0.63 molar),
preferably from 2 to 10 g/1 (0.031 to 0.16 molar) and
typically in the order of 3 g/l (0.047 molar).
20 .
The complexor will generally be capable of forming a
stable, water-soluble complex of copper in the bath,
preferably under conditions of high pH (for example up
L : to pH 12 and above) and high temperature (for example
- 25 up to boiling). The function of the complexor is to
prevent the precipitation of copper oxides or
hydroxides or insoluble copper salts, such as copper
oxalate, from the'aqueous composition. The signifieance
of preventing the precipitation of copper oxalate is
30 that when glyoxylic acid functions as a reducing agent
it is itself oxidised to oxalic acid: there will thus
tend to be a build-up of oxalate ions when the bath is
in use.



~that should be incorporated in the bath will be Wi thin the range of from
0.5°'to 40 g/l (0.0078 to 0.63 nolar), preferably from2 to 10 g/l (0.031 to
0.16-nolar) and typically in the order of 3 g/l (0.047 nolar). 20 The L
compl exor will generally be capable of formng a stable, water-soluble N
conpfexi of copper in the bath, preferably aunder conditions:of high pH (for
to pH 12 and above) and high tenperature (for exanple 25 up to
\ The function of the conplexor is to prevent the precipitation of
copper \oxi fles or hydroxides or insoluble copper salts, such as copper
oxal\ate\ ffro h qﬁqg Sitlan. e ni an o] e t he
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10 water bonds tends to result in precipitation of copper

(I) oxide. It is therefore surmised, although we do not
wish to be bound by this theory, that there is a need <
or at least a desirability for the complexor to occupy
all or a majority (possibly at least five) of the six
15 co-ordinatioﬁ sites of the copper ion in solution.

The complexor may be a compound of the formula:

20 Rl : R3

25

wherein each of R1, RZ, R3 and RrR? independently
represénts a hydrogen atom, a carboxyl group or a
lower alkyl group (e.g. having from 1 to 4 or 6

30 carbon atoms) substituted with one or more
_carboxyl and/or hydroxyl groups,

and R® represents a bond or a lower alkylene chain
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XeheHRY RE gL @wound of the formula: 15
wher el n Ferr represents a hydrogen atom or a carboxy
with the proviso that the compound has a total of
at least two groups which are carboxyl or hydroxyl
groups.

- Alternatively, the complexor may be a compound of the

formula:

wherein R reﬁresents a hydrogen atom or a carboxy
lower alkyl or hydroxy lower alkyl group and each
of R? and R3 independently represents a carboxy
lower alkyl or hydroxy lower alkyl group, each
'lower alkyl' moiety generally having from 1 to 4
or 6 carbon atoms.

Examples of classes of suitable complexing agents
include: |

1. Hydroxy lower alkyl lower alkylene (or lower
alkyl) amines, diamines, triamines and other
polyamines or imines, the alkyl or alkylene
moieties having from 1 to 4 or 6 carbon atoms for



| ower al kyl or hydroxy |ower alkyl group and each of R2 and R3

i ndependent |y represents a carboxy |ower alkyl or hydroxy |ower alkyl

.. each 'lower alkyl' noiety generally having from1l to 4 25 or
' atons. Exanples of classes of suitable conpl exing agents include:
1. Hydroxy lower alkyl l.ower al kylene (or |ower -alkyl) am nes,
triam nes and ot her polyam nes or imnes, the alkyl or alkylene-
aving from1l to 4 or 6 carbon atons for 9 exanple, such as

_ dr oxypr ogkhmi 1w esecHi agi Be te=DTR) hydr dxamer ol Ry b teas bexyl i ¢

r aIkerag,S . T&g&ges, di am nes, triamnes or polyam nes
or imnes, the | owetadirg (EPT r al kyl ene noieties again having from1
to 4 or 6 carbon atons for exanple, such as ethylene dianm ne tetraacetic
acid (EDTA) and di st hyl ene.trkamne t i.C i d; 3. nds whi ch
have attri butes of S(‘:o*ﬁg’uen%sag%ryc- aggg;%oﬁ%gcz aglg%@e,l%&%f %’H)ygi’%gé
hydr oxya kyl or al apiems cadieyinesaci iragimigses dicn peslyamiaeisneor
pol yam nes or | NeRinsleh A Nower!aikyl or NEUSKILIRY] AEMKEELE 1 es

4, Q&g y -, tri- or

diamine-N,N,N -triracetic acid; an roxy nono-,
tetra-carboxylic again having from 1 to 4 or 6 carbon atoms for

example, such as ethylene diamine tetraacetic acid
(EDTA) and diethylene triamine pentaacetic acid;

10
3. Compounds which have attributes of compounds of
classes 1 and 2 above, that is to say hydroxyalkyl W/
or alkylene carboxylic acid amines, diamines,
triamines, polyamines or imines, such as N-2-"

15 hydroxyethyl ethylene diamine-N,N',N'-triacetic
acid; and

4, Hydroxy mono-, di-, tri- or tetra-carboxylic
acids, having for example 1 to 6 carbon atoms

20' other than in the carboxyl group(s), such as
gluconate and glucoheptonate.

Complexors may be used either singly or as a compatible

mixture, provided only that the total amount is
25  effective.

- 30



acids, having for exanple 1 to 6 carbon atons 20 - other than in theg
.car baoxyl group(s), such as gluconate and gl ucoheptonate. Conplexors na
used either singly or as a conpatible mxture, provided only that the t
anosedt ™ is 25 effective. 30 10 Preferred conpl exors correspond to ‘!
of the follow ng general fornulae: 5 [err] 10 where R is an
al kyl group having fromtwo to four carbon épons [err] is a |ower alkyl®
radi cal (eg having fron1one to five carbon atonB) and nis a positive

i nteger (eg fr 1to o] l.exi.ng ~ag S o 4islen FDTP,
pentahydroxypr3%§?f % ?% %5331%8E92§§ﬁ§§?§£y§h% o %HE fog#ine «f
(tripropanolamgﬁnezmﬂ fwrmyMaQXypropyl hydr oxyet hyl ethylene di am ne. EDTP
is especially preferred as it enables plating to be achieved at a
satisfactory rate. Plating using EDTA as the conplexor is slower but
results in a better quality product. 25 Wich is to be preferred in
practice depend u on the particul ar_conmer.ci application that the

pl at ed su%%trate i S i TRORy . OfRER, MR rEP lwhich may be used

i ncl ude et hoxyl ated 30 cy ohexyl angf@s, there being at |east two et hoxy

{/

. . gon
. ! _ol_
(HOR) 2N- (R —1\1)2 R N(ROH)2

10

where R is an alkyl group having from two to four
carbon atoms, R! is a lower alkylene radical (eg

15 "having from one to five carbon atoms) and n is a
positive integer (eg from 1 to 6).

. Examples of these complexing agents include EDTP,

pentahydroxypropyl diethylene triémine, trihydroxy-

20 propylamine (tripropanolamine) and trihydroxypropyl

hydroxyethyl ethylene diamine. EDTP is especially

preferred as it enables plating to be achieved at a

satisfactory rate. Plating using EDTA as the complexor

is slower but results in a better quality product.

25 ‘Which is to be preferred in practice will depend upon

the particular commercial application that the plated
substrate is intended for.

Other complexors which may be used include ethoxylated
30 cyclohexylamines, there being at least two ethoxy
groups attached to the nitrogen atom and not more than
25 ethoxy groups in total, and benzyliminodiacetic
acid; these compounds are disclosed in US Patent



gr oups attached to the ni trogen atom and not nore than 25 ethoxy groups in
total, and benzylim nodi acetic acid; these conpounds areé disclosed in US
Pat. t No 3645749. O her specific conpl exors which can be used in the-
pr ¢s i nvention include nitrilotriacetic acid, 5 glycollic acid,
etic acid, polyimnes and ethanoliam ne, although it will be

u odd that some will not work as well as others under given

coRdi t tops. G ven the variety of conplexors with which it is possible to
achi i ghlyosaé45748tory results, it 10 wll be understood that it is
possible to formul ate an el ectrol ess copper plating conposition in
accordance wth this invention which is free of tartrate ions, such as may
be provi ded tRerheipeciflic dompdexredts whd Jubfast e whedpart i chear
preference statg e%@vﬁvh%%ﬁ%wuﬂhé’i E%'Tp ?%%%B%&?QQ%‘ , e U ggent in
t he conposition results wl ep on t anmount of copper
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or othengoattwill be understood that it is possible to formulate an

electroless copper plating composition in accordance
with this invention which is free of tartrate ions, g}
such as may be provided by Rochelle salt.

15 In generai, and subject to the particular preference
stated above, the amount of complexor that should be
present in the composition for good results will depend
on the amount of coppef present, and the nature of the
complexor itself. The most effective complexors may be

20 foﬁnd to be chelators. The optimum émount for penta-,
hexa- and heptadentate chelators (which are preferred)
may be about 1.5 times the concentration of copper in
the composition, both calculated on'a_molar basis. It
may more generally be the case that the molar ratio of

25 copper ion to complexor concentrations will fall within
the range of from 1:0.7 to 1:3 or beyond, up to the
limit of solubility of the complexor or other bath
compatibility. Bi-, tri- and tetradentate chelators
will usually require higher molar concentrations

30 relative to the copper concentration.

As previously indicated, when tartrate is used as the.
complexor, the minimum level of tartrate to be present



compatibility.
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enough for some purposes.

‘Hydroxyl ions are preferably to be present to maintain

an alkaline pH generally above 10.5 or 11, and
preferably from 12.5 to 13. They may be provided by
any compatible and effective alkali such as an alkali
metal hydroxide, for example sodium hydroxide or
potassium hydroxide. The concentration of hydroxyl
ions in the bath may be from 2 to 60 g/l of sodium
hydroxide (0.05 to 1.5 molar), preferably from 5 to 20
g/1 (0.125 to 0.5 molar), for example about 10 g/1
(0.25 molar). Potassium hydroxide may be preferred
since oxalate ions build up in the working solution and
potassium oxalate is more soluble than sodium oxalate.

'The source of glyoxylate ions may be glyoxylic acid

itself, although it is to be appreciated that in
aqueous solution the aldehyde containing acid is in
equilibrium with its hydrate, dihydroxy acetic acid. An
appreciation of this phenomenon will enable those
skilled in the art to realise that the source of
glyoxylic acid may aiternatively or in addition be a
dihaloacetic acid, such as dichloroacetic acid, which
will hydrolyse in an aqueous medium to the hydrate of
glyoxylic acid. An alternative source of glyoxylic acid



The source of glyoxylate ions may be glyoxylic acid 25 itself, although
It -is to be appreciated that in aqueous solution the al dehyde contai ni ng
acidis in equilibriumwth its hydrate, dihydroxy acetic acid. An R
appreci ation of this phenomenon will enable those skilled in the art to™
reali se that the source of 30 glyoxylicagcid may alternatively or in-:

addf th\om\be a di hal oacetic acid, -such as chl oroacetic acid, which wll
hydy al kse\i n an aqueous nediumto the hydrate of glyoxylic acid. An
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I nvention is at |least _one.rate caontrol]ler.,and/or_stabiliser. These are
conpounds\Mﬂigyﬁﬁiifglﬁﬁlpo %é#% gl%oﬁBQPqé%g?RﬁﬁﬁgigsP%fﬂﬁ? ﬁH?Mting
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10 be present in the bath in an amount of from 0.01 to 1.5

molar, preferably from 0.05 to 0.5 molar, for example o
about 0.1 molar. : o/

An optional but highly preferred component of the
15 compositions.of this invention is at least one rate
controller and/or stabiliser. These are compounds which
generally form strong copper (I) complexes, thus
inhibiting the formation of copper (I) oxide.
_ Combinations of such compounds may be found to be
26 especially preferred. Because copper is autocatalytic,
random copper particles that may form in solution would
be plated indefinitely if they were not stabilised. An
electroless copper stabiliser causes the plating rate
at a given copper surface to diminish as the plating ),
25 time.increases. Among the reasons for using a
stabiliser are the danger that if one were not used the
composition may be decomposed and the fact that its
presence may limit deposition to the substrate being
plated. If no stabiliser were présent, copper
30 - particles or solid impurities falling to the bottom of
the plating tank may be plated. Furthermore, it may be
that they would continue to be plated in an
uncontrolled manner until the solution decomposed due



Conbi nations of such conpounds nmay be found to be 20 especially
preferred. Because copper is autocatalytic, random copper particles tha
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2, 2-bi pyridyls, hydroxypyridine and 2,2'-di -

10 1. Cyanides and complexes of cyanide - such as

tetracyanoferrate (II) (ferrocyanide);

2.  Organic nitrogen-containing compounds - such
as 2,2-bipyridyls, hydroxypyridine and 2;2'-di—
pyridylamine - and the nitrogen containing
compounds of U.S. Patent No. 4301196;

15

3. Organic sulphur-containing compounds in which
20 the sulphur is divalent, such as 2-
mercaptopyridine, allyl thiourea, 2-mercaptobenzo-

thiazole and 2-mercaptothiazoline;

\/ 4, Inorganic thio compounds including sulphites,
25 " thiocyanates, thiosulphates and polysulphides -
these compounds also generally contain divalent

sulphur;

5. Long:chain organic oxo polymers, such as
those of U.S. Patent No. 3607317 which are poly-
alkylene oxides having up to 7 carbon atoms per

30

alkylene moiety and a molecular weight of at least
6000 and preferably in the order of 5,000,000,
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U.S. Patent No. 4450191 discloses what may be a seventh
class of stabiliser for electroless copper, namely

ammonium ions.

Rate controllers corresponding to the above classes may
generally be used in the following amounts:

1. For cyanide ions, from 0 to 50 mg/l
preferably from 5 to 30 mg/1l, for example 10 mg/1;
for potassium tetracyanoferrate (II), from 20 to
500 mg/l, preferably from 50 to 200 mg/l, for
example 100 mg/l (with amounts for other tetra-
cyanoferrates (II) being calculated on an
equivalent basis);

2. For 2,2~-bipyridyl, hydroxypyridine and other
compounds, from 0 to 30 mg/l, preferably from 5 to
20 mg/1, for example 10 mg/1;

3. For organic sulphur-containing compounds from
0 to 15 mg/l, preferably from 0.5 to 5 mg/l, for
example 3 mg/1l;

4, For inorganic thio compounds, from 0 to 5.
mg/1l, preferably from 0.1 to 2 mg/1l, for example

UBsevarEhRINEheR S5 001 Igiiddings e \iHere nedidbe a seventh 10

o
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1. For cyanide ions, fromO to 50 ng/l preferably from5 to 30 ng/l,
for exanple 10 ng/l; for potassiumtetracyanoferrate (I1), from20 to 50
ng/l ~preferably from50 to 200 ng/l, for 20 exanple 100 ng/l (w
anoumes. for other tetra- cyanoferrates (11) being calculated on an
equi val.ent basis); 2. For 2, 2-Dbipyridyl, hydroxypyridine and other 25
conpounds, fromO to 30 ng/l, preferably fropg5 to 20 ng/l, for exanplé
ng/l; 3. For organic sul phur-containing conpounds fromO to 15 ng/l,

preferably from0.5 to 5 ng/l, for 30 exanple 3 ng/l; 4. For
i norgani c thio conpodndserfhomg@ 110 5 ny/l, preferably from0.1 to 2 ng/l
for exanple 16 0.5 or .2 ng/l; 5. For long chain organic oxo conpounds,

fromO to 100 ng/l, preferably from2 to 50 ng/l, for exanple 20 ny/l; and
6. For wetting agests, Foamldhd chain26rgghlic prxed eraipyuhden @ron @ 10

"nar edi ent o gener al | Joard hra idn i tEeA R B3R 4 ViR, SPLRRLTo EEY
under st oodg t hat t he epample @fouwa/slwidnd depend on the precise conditions
used and will be
6. For wetting agents, from 0.1 to 20 mg/1,
preferably from 0.5 to 10 mg/l, for example 2
mg/l. ' .
10
Although indications of the concentrations of
ingredients generally and preferably used have been
given, it is to be understood that the optimum amounts
will depend on the precise conditions used and will be
15 readily determinable by those skilled in the art. 1In
particular, the optimum concentrations of the hydroxyl
ions, the source of glyoxylate and the stabiliser
ahd/or rate controller (when present) will depend on
each other and the temperature at which plating takes
20 place. |

Glycolic acid may be present in the bath from the -
outset. Although, even if it is not initially added,
N\ the concentration will build up as it is a reaction
25 product of glyoxylate, it may in some circumstances be
preferred to add it initially as it appears to have a
beneficial effect on bath stability. This advantage may
be felt to outweigh the slight effect that it has of
reducing the thickness of the resulting'copper'depésit
30 obtained in a given period of time. When initially
provided, the glycolic acid may be present in an amount
of from 0.1 to 50 g/l, preferably 1 to 20 g/l and
typically from 5 to 10 g/1.



15 readily determ nable by those skilled in the art. In particular, the
'optlnun1concentrat|ons of the hydroxyl ions, the source of glyoxylate and
thgﬁs biliser and/or rate controller (when present) wll depend on each-

ot her/ and\ the tenperature at which plating takes 20 pl ace. dycolic at¥d

may sent in the bath fromthe out sef . Al t hough, even if it is not

i nit, added, the concentration wll bUI|d up as it is a reaction 25
prod glyoxylate, it may in some circunstances be preferred to add it
initisy as it appears to have a beneficial effect on bath stability. This
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ta
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of form ”9 a Cor%i%co‘@tﬂei e#a%’& ‘i*laT'éfStf hgt haa”c%m‘iaofgﬁr Wwahate
conpl ex, a source o Xyl at e 1 ons, e anmount's "o
copper which is stronger than a copper-oxalate complex,
10 and a source of glyoxylate ions, the amounts of
complexor and glyoxylate being sufficient to allow
copper deposition from the composition, with the v
proviso that,'when the complexor is tartrate, the molar
ratio of tartrate to copper.is at least 6:1. The
15 composition may be alkaline. Optionally but preferably

a stabiliser or rate controller may be present.

The process will generally bé carried out at a
temperature of from 20 to 85 degrees C typically from

20 40 to 50 degrees C, although the precise optimum in
any instance will depend on the particular composition
used.

‘It is preferred that the composition be agitated during W,
25 use. In particular, work- and/or solution-agitation may
be used. Air agitation, which may be achieved by
bubbling air through the composition in use, has been
found to be particularly effective as it apparently
increases the stability of the composition.
30 |
The process will be carried out for a sufficient time
to yield a deposit of the thickness required, which in
turn will depénd on the particular application. One
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conpl exor and gl yoxyl ate being sufficient to all ow copper deposition from
the conposition, with the proviso that, when the conplexor is tartrate, ¥
mol ar~ratio of tartrate to copper is at least 6:1. The 15 conposition
be dhkaline. Optional Iy but preferably a stabiliser or rate controller .
be present. The process will generally be carried out at a tenperature of
from20 to 85 degrees C typically from20 4®Bto 50 degrees C, although
the precise optimumin any instance will depend on the particul ar T
conposition used. It is preferred that the conposition be agitated during
25 use. |n par&Pedirathenk-thaby drt sérutsviiggiacd i Shataythe wewsent,
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with a copper-cl | am nat e, e sem -additive process or the tive

process. In allimpestantedt tdifastecinoltdes Hopoyphi-dhldfiagf hales

drilled in the laminate. For the low build_subtractive

10 ~ process, thicknesses of electroless copper deposits in
the order of 0.5 microns are typically aimed for,
whereas - in the high build subtractive process
thicknesses in the order of 2.5 microns are typical.
In the semi-additive process, thicknesses of

15 electroless copper deposits ranging from 2 to 10

' microns are achieved, whereas in the additive process
the thickness of the electroless copper layer may be
from 25 to 50 microns. It can therefore be seen that
the process of the invention may be useful in providing

20 electroless copper deposits both less than and greater
than 1 micron thick.

‘Double sided or multilayer boards (rigid or flexible)

U may be plated by:means of the present invention.

. 5 | _ |
The laminates that are generally used for printed
circuit board manufactuke are most frequently epoxy
glass. But other substances, notably phenqlics, poly-
tetrafluoroethylene (PTFE), polyimides and poly-

30 sulphones can be used. '

Aside from the application of this invention in the
production of PCBs, it may be found to be useful in



. is@portant at least in the through-plating of holes dr|IIed in the
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" ele ss copper deposits in the order of 0.5 microns are typically ained:-
reas in the high build subtractive process thitknesses in the onNder
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circuit boar facture are nost re uent y epoxy ass. But
subst an®es, me@uytgmopfwl9§|t;:0%19rrtﬁta§r obREErhe rerrs) (Eb"ﬂ)i[yl m des
and poly- 30 ghfal piwwgyes can be used. Aside fromthe application of this
invention in the production of PCBs, it may be found to be useful in 19
pl ati ng non-conductive substrates generally, I ncludi ng plastics (such as
ABS and pol ycpd bgeale®al ceranigsdand lase. td tséfsavisagedbsitwitene of
the prime prior to the dep051tlon of electroless copper on them.
10 This may be achieved by the adsorption of a catalysing
metal (such as a noble metal, for example palladium)

onto the surface of the substrate. o

For printed circuit board laminates (and other suitable
15 substrates) this may be done by first cleaning and
conditioning the substrate to increase adsorption;
secondly etching any cdpper cladding that is present to
éllow a good bond between the electroless-deposited
copper and the cladding (this may be done by per-
20 sulphate or peroxide based etching systems); thirdly
contacting the substrate in a catalyst pre-dip
preparation such as a hydrochloric acid solution,
optionally with an alkali metal salt such as sodium
chloride also in the solution§ fourthly causing the
25 surface to become catalytic, for example by contacting
it with a colloidal suspension of palladium in an
aqueous acidic solution of tin chloride; and fifthly
contacting the substrate with an accelerator such as
fluoboric acid or another mineral acid er'an alkali -
30 this last step removes tin and prevents drag-in. There
are generally water rinses after the first, second,
fourth and fifth steps.



applications of this invention will be in the 5 production of
el ectromagnetic interfrerence (EM) shielding. In general it is desirab
sensttise substrates prior to the deposition of el ectroless copper on
10 ~Jhis may be achi eved by the adsorption of a catalysing netal (sudgf
a noble netal, for exanple palladium o the surface of the substratie.
For printed circuit board | am nates (and ot her suitable 15 substrate
this may be done by first cleaning and conditioning the substrate to
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essential, at least for copper platlng.

10
For non-copper clad plastics, the procedure may be
k} generally the same, except that plastics etchants
frequently contain sulphuric, chromic and/or other
acids. But in general there will usually be a step for
15 rendering the surface physiéally receptive for
electroless copper and/or a step for rendering the
surface catalytic for the reduction of copper ions to
copper métal. Alternatively, for PCB manufacture by
the additive or semi-additive methods, pre-sensitised
20 laminates may be used.

During plating, copper ions, glyoxylate ions and
hydroxyl ions will be consumed. Therefore, according to
a third aspect of the -invention, there is provided a
method of replenishing a composition for the
electroless deposition of copper as described above,
the method comprising adding to the composition a
source of copper ions, a source of glyoxylate ions and
a source of hydroxyl ions. Rate controllers and
30 stabilisers, if present; will also be consumed, and so
these ingredients may also be replaced as necessary.

According to a fourth aspect 6f the invention, there
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for the el ectrsgdestsdepesgenenrx ol Lyoppek oas tdes friindatl adpect nbéateithod
conpri si ng a%@eg%é(gjhe conposition a source of copper ions, a source of
stabilisers, if present, will also be consumed, and so these ingredients
nmay al sqobe el AGRAAS HECREar howA‘Hi-Pridl PstPaRehOByt BheasBa0lowind he

fir using a tin bath (for exanple) and then a pall adiumbath 5 (again, -
ention is autocatal ytic, sensi tion is not essential, at

cont ali phuric, chromc and/or other acids. But 1n general there wll

t he reduction of copper io soéggg%gggéénetal. Al ternatively, for PCB

the. i nvent | of P SHRFESHs TRAUREES B o5 R MO ORaY cpr BhPSHARF o  SHAEI ¢ on

gl yoxyl at e i oA+ source of hydroxyl ions. Rate controllers and 30

i nvention, there

Examples:
o/
EXAMPLE 1
15 800 ml of the following solution was prepared
8.0 g/1 copper (II) chloride dihydrate (3.0
g/l Cu 0.047 molar]
20 20 g/1 EDTP [0.068 molar]
30 g/1 NaOH [0.75 molar]
12.5 ml/1 dichloroacetic acid [0.15 molar] U
25
and heated to 80 degrees C.
[Note: the reaction of the sodium hydroxide and
dichloroacetic acid reduces the NaOH concentration
30 to 0.6 molar].

This initially gave no deposit of copper on a palladium
catalysed panel. However, after adding a further 10 g



21 is provided a substrate which has been plated with copper by neans
conmposi tion in accordance with the first aspect of the invention and/or :
a- process in accordance with the second aspect. 5 Preferred featureg of"\he
second, third and fourth aspects are generally as for the first asp¢ -
mutatis mutandis. 10 The invention will now be illustrated by t he
foll ow ng Exanpl es: EXAMPLE 1 15 800 m of22 he foll owi ng sol ution ;
prepared 8.0 g/l copper (I1) chlorlde dlhydrate [3.0 g/I Cu 0.047 nolar] 20
20 g/1 EDTP [0.068 nolar] 30 g OH[0.75 nolar] 12.5 m /1| dichloroacetic
acid [0.15 ol aPf 98dand hﬁéfealﬂé SdeégF‘ée§de1[CNb}f‘ér°¥%%t%§a€FF-6naBF1 t he

sodi um hydr oxi dgaard ridf Chl HHnBEEHILC @@I degbises ct he M@y cencantéspper 30
to 0.6 nolar]. ghls i.nitiall ave q§p0€$t of copper_on a pa | adi um
cat al ysed panel ¢ epgaésewas UFpheRepafig Ly Processe seemed

"to give thicker (darker) deposits, and after three to
5 four hours (3-4) copper granules were observed on the
bottom of the glass vessel.

The delay was possibly due to the hydrolysis of di-
chloroacetic acid being slower than expected.
10 _
, The following examples relate to the use of glyoxylic
— - acid solution (9.75 mola;) in water, unless otherwise
stated. '

15  EXAMPLE 2
500 ml of the following solution was prepared

3 g/l copper {(copper (II).chioride dihydrate
20 [0.047 molar]

20 g/1 EDTP [0.068 molar]

L 10 g/1 NaOH [0.25 molar]

25
12.5 ml1/1 9.75 molar aqueous glyoxylic acid

solution [0.12 molar]
and heated to 70 aegrees C. This solution did not fume
.30 and could be prepared and heated outside the fume

cupboard.

[Note: a solution of 0.25 molar NaOH and 0.12



22 of sodium hydroxide and 5 ml of dichloroacetic acid and wai ting 1 hour
2grees C a very thin copper deposit was observed. Further panels
proeebsed seened to give thicker (darker) deposits, and after three to 5~ -

f our 3-4) copper granules were observed on the bottom of the gl ase”
vess el ay was possibly due to thejhydrolysis of di- chloroacetic
aci d shower than expected. 10 The follow ng exanples relate to the
use o l’'yédxylic acid solution (9.75 nolar) in water, unless otherw se
state EXAVRLE12 150Q 1Y oy 1 hie falklion pe- S@Ld HN S JH £ L83 9/ |

copper er (11). chlaride dihydrate 20 [0. 047 _molar] 20 g/l
ED'FI)'FI; [ 0. 068 nol gr]g‘i@p&sllm f’% Zé'hgl nolag FaoH ppd 98'152 nﬁl%;’équeous
gl Iyoi<_yl i cdagi d fo:cwamnm[ @.nﬁoﬂpnarﬂdeﬁr%élgamfdgt er?g&hdg’?ggtiﬁi%ﬁe%ﬁhe

sol ution did no : .

fume cupboar d. [No#jlgftggrscﬁaiﬁﬁtg%ghfeso.%ﬂ% rrtg‘sag ﬁ%ﬁﬁ ant 9512 1°8 Aol ar
gl yoxyligc acid prdveicésnnarnzamel ysed-tion.]

A catalyséd panel was immersed for 10 minutes.
Immediate initiation of deposition occurred accompanied
by gas evolution. The copper deposit was dark pink,

10 electrically conduc;ive and adherent, and totally
covered the panel including hole walls and edges. The
deposit thickness, calculated from the weight gain was \J
2.94 microns. Some copper had deposited on the bottom
of the glass vessel.

15
EXAMPLE 3

The procedure of Example 2 was followed but the
solution was heated to 50 degrees C. A catalysed panel

20 was immersed for 30 minutes. Initiation and gassing
were observed within 10 seconds. The deposit was dark
pink and adherent and through holes were plated.
Deposit thickness was 3.92 microns. Some copper had
deposited on the bottom of the glass vessel.

25
EXAMPLE 4

The procedure of Example 3 was followed but with an
addition of 5 ppm cyanide (as NaCN). A catalysed panel
30 was immersed for 30 minutes. Some copper was-deposifed
on the bottom of the glass vessel but less than in
Example 3. The deposit, which fully covered the panel,
was lighter in colour than that from Example 3 and its



conmposition of 0.13 nolar NaOH and 0. 12 nol ar sodi um gl yoxyl ate. The Na
concentration then further dimnishes due to copper deposition and 5 /
the Canni zzaro reaction.] A catal ysed panel was imersed for 10 mi'nut¢s.

| medkate initiation oft deposition occurred acconpani ed by gas evol ut Oqé

The copper deposit was dark pink, 10 electrically conductive and
adherent, and totally covered the panel inc##ding hole walls and edgek.
The deposit thickness, calculated fromthe weight gain was 2.94 m crons®

Some copper had gep sited on tge bottom of the gl ass vessel. 15 EXAMPLE 3
. The procedure ofPECKRSSE ¥afs3 I POREA™But the sol ution was heated to 50
degrees C. A catal ysed panel 20 was imersed for 30 mnutes. Initiation
and gassi ng WEf%xaﬂﬁﬁﬁy%F wi thin 10 seconds. The deposit was dark pink and
adherent and throug ol"es were plated. Deposit thickness was 3.92 microns.
Some copper had deposited on the bottom of the glass vessel. 25 EXAMPLE 4
The procedure o I it : [ pm. .
cyani de (a$ NaC%fEKﬁqggﬁggygggJ%g%éﬁmgg QH%agbﬁgkggéggd?%w&gﬁg%$gﬁﬁég?s
Sonme copper wasPdepdgieded on the bottom of the glass vessel but |ess than
in Exanple 3. The deposit, which fully covered the panel, was lighter in
col our than that from Exanpl e and its

3 g/l copper (as copper (II) chloride di-

hydrate) {0.047 molar]

10 . '
o 28 g/1 tetra-sodium EDTA [0.067 molar]
(Y
10 g/1 NaOH ([0.25 molar]
15 11 ml/1l glyoxylic acid solution [0.167
molar].
20 [Note: NaOH in solution is reduced to 0.143 molar
with formation of glyoxylate].
The solution was heated to 50 degrees C. A catalysed
i epoxy glass panel was immersed for 30 minutes. The

25 panel was fully covered with an aherent light pink
copper deposit. The thickness was 1.65 microns. No
copper was deposited on the bottom of the glass vessel.

EXAMPLE 6

30 _
500 ml of a solution of the following composition was

prepared



24" t°hi ckpess

ep

was 3.3 mcrons. EXAMPLE 5 5 500 m éf a solution of the

| yoxyl atel . The sol ution wag5heated to 50 degrees C. A

osition was prepared 3 g/| copper (as copper (I1) chloride
0.047 nolar] 10 28 g/l tetra-sodium EDTA [0.067 nol ar] 10-
llar] 15 11 m /1 glyoxylic acid solution [0.107
(Note: NaOH in solution is reduced to 0.143 nolar with

3

xy gl ass panel was i mersed for 30 m nutes. The 25 panel

was 1.65 microns. No copBét \ﬁﬁPRﬁﬁxﬁﬁﬁeG°8ﬁthéIgét?8%Rﬂa9%epﬁpﬁ§s ,
vessel . EXAMPLE 6 30 509yata®é&)a(eodTs8i mslaefrithe fol l ow ng conposition was
pr epar ed 25 5 g/l copper (as copper (l1) sul phate penta- hydrate) [0.078

nol ar] 40 g/l

10

15

20

25

30

tetra-sodi um EDTA [ 0. 096 nol ar]
40 g/1 tetra-sodium EDTA [0.096 molar]

20 g/1 NaOH [0.5 molar]
16 ml/1 glyoxylic acid solution [0.156 molar]}
and heated to 40 degrees C.

[Note: NaOH in solution is reduced to 0.344 molar
with formation of glyoxylate].

A catalysed (activated) epoxy glass panel was immersed
for 30 minutes. Electroless copper deposition and gas
evolution occurred. The panel was fully covered with
an adherent dark pink copper deposit. The thickness
was 1.53 microns. No copper was deposited on the
bottom of the beéker.

EXAMPLE 7

500 ml of a solution of the following composition was
prepared

3 g/l copper (as copper {(II) sulphate penta-
hydrate) ([0.047 molar]

20 g/1 EDTP [0.068 molar]

20 g/1 NaOH [0.5 molar]

Overed with an herent | i ght pink copper depqgsit. The thickness

o/



520 g/l NaCH [0.5 nolar] 16 m /| glyoxylic acid solution [0.156 nolar] 10
and heated to 40 degrees C. (Note: NaOH in solution is reduced to 0.344
molar with formation of glyoxylate]. 15 A catal ysed (activated) epoxy,
gl ass“panel was immersed for 30 minutes. Electrol ess copper deposition
gas evdlution occurred. The panel was fully covered with an adherent Tt
pi nk copper deposit. The thickness was 1.52%nicrons. No copper was
deposited on the 20 bottom of the beaker. EXAMPLE 7 500 ml of a soluf|o
of the follow ng conp05|t|on

5 ared /[l copper (as co
sul phat e penta- hydrate) W?%mﬂ%ﬁﬁiiﬁﬁz a°1§ g°£ut1§8 §1%fﬁ?f B! 068

nolar] 20 g/I NaOH [0.5 nnlar] 26 16 n1/| gl yoxylic acid solution [0.12
nolar] 1 ng/l.sodiun1thiosgl$h?3 di heat,e to 40 degrees -C. [ Note:
NaOH in solution is reduced ¥9/0. % ﬁﬁf OfK Y8R % mat i on of

gl yoxylate]. 10 A cat al ysed epoxy glass panel was i mersed for 30

m nut es. ﬁ%depqgta Rgaégé4tgigbpﬁ?égeé§nggh dark pink copper mhjch fully

covered t pane was oDt al ned.

[Note: NaOH in solution is reduced to 0.13 molar
with the formation of glyoxylate].

10 A catalysed epoxy glass panel was immersed for 30
minutes. A deposit of 4.14 microns of smooth dark pink
— copper which fully covered the panel was obtained. No

copper was deposited on the bottom of the glass vessel.

15 EXAMPLE 8

500 ml of a solution of the following composition was

prepared
20 2 g/l copper (copper (II) sulphate penta-
hydrate) [0.031 molar]
5 g/1 sodium gluconate [0.023 molar)
o ' .
25 10 g/1 NaOH [0.25 molar)

12 ml/1 glyoxylic acid {0.0195 molar)

[Note: NaOH in solution is reduced to 0.0605
30 molar with the formation of glyoxylate].

A dark blue solution was formed with a slight yellow
precipitate. The solution was heated to 70 degrees C



copper was deposited on the bottom of the gl ass vessel 15 EXAMPLE 8 500

m/’o -qutlon of the follow ng conposition was prepared 20 2
gt r (copper (Il1) sulphate penta- hydrate) [0.031 nolar] 5 g/l sodhum®
gluco, [0.023 nolar] 25 10 g/ NaOH [0.25 nolar] 12 m/l Y

gl acid [0.0195 nolar] [Note: Na@hl in solution is reduced to

0."Q6 nolar with the formation of glyoxylate]. A dark blue

sol iJ was formed with a slight yellow precipitate. The sol ution was

to 70akmree&dia1ygédamhaedmwagsédmarmédmﬁ@ﬁrn@rmmhthSBO

m nut es. r u e d S | i ght ully
covered the par?e':felp'lieé‘%%{]t %‘gsééﬁgr%a‘/s ﬁqﬂgrg@%@}; 'E"%re% o&h}%it est
some copper raanSful ldepoey es¢dortheepdoedom Ghe @§¢h9§9&5~@$ 1EXWPLE 9

500 m of a of me £ok! %@90@0@9@' i DB WRS ) coﬁfﬁaer%daé g/ |
copper (as co per %1 hat ent a- % rate) [0 031 nol ar]
10 g/ pot assiapATERGIN %@@ PH. bhe &é@ﬁﬂ Yﬁﬁiﬁ4n¢%&}1[0 25 ol ar]

20 and heated to 60 degrees C. The constituents were
EXAMPLE 9

500 ml of a solution of the following composition was
10 prepared

2 g/l copper (as copper (II) sulphate penta- \)
hydrate) [0.031 molar]

15 10 g/1 potassium oxalate monohydrate [0.054
molar]

10 g/1 NaOH [0.25 molar]

20 - and heated to 60 degrees C. The constituents were
added in the order given. A blue-green cloudy solution
was formed with a grey precipitate. A further 10 g/1
potassium oxalate monohydrate [0.054 molar] was added.
The precipitate did not dissolve to any great extent.

25 18 g/1 EDTP [0.0616 molar] was then added. Within 10
minutes a clear blue solution was obtained. 4 ml/1
glyoxylic acid solution [0.039 molar] was.then added.
A catalysed epoxy glass panel was then immersed for 30
mintes. An adherent deposit of pink copper fully

30 covering the panel was obtained. Deposit thickness was
2.40 microns. No copper was deposited on the bottom of
the glass vessel.



LY

added in the order given. A blue-green cloudy solution was forned with a
grey precipitate. A further 10 g/l potassi um oxal ate nonohydrate [0. 054
mol ar] _was added. The precipitate did not dissolve to any great extent. /
18 gkt EDTP [0.0616 nol‘ar] was then added. Wthin 10 minutes a clear b
solution was obtained. 4 m /| glyoxylic acid solution [0.039 nolar] was
t hen added. A catal ysed epoxy gl ass panel wadBthen i mersed for 30 m.nté
An adherent deposit of pink copper fully 30 covering the panel was -
obtai ned. Deposit thickness was 2.40 mi crons. No copper was deposited on
the bottom of tBEANPIES 10essel . 28 EXAMPLE 10 500 ml of a solution of
the foll owi ng conposition was prepared 5 4 g/l copper (as copper (1)

sul phat e pent a- drate). (0.062 nplar] .20, g/ TP [0.068 nolar].10 20 g/l
NaOH [0 5 ol ar FOBORE HE & 58t fORCPS CBRuEPEL 3. B8y Somaan] L ighaRas
heated to 50 degrepared [Note: NaOH in solution is reduced to 0.4 nol ar
wth fornngion of glyoxylate].

4 g/1 copper (as copper (II) sulphate penta-
hydrate) [0.062 molar]

20 g/1 EDTP {0.068 molar]

10
. 20 g/1 NaOH [0.5 molar]
.
10 ml/l glyoxylic acid solution {0.0975
molar] |
15
and heated to 50 degrees C.
[Note: NaOH in solution is reduced to 0.4 molar
with formation of glyoxylate].
20
A catalysed epoxy glass panel was immersed for 10
minutes. Initiation was very fast with vigorous gas
evolution. A dark pink adherent copper deposit was
S obtained of thickness 3.73 microns. |
25
EXAMPLE 11
The procedure of Example 2 was followed but with the
addition of 10 mg/l 2, 2'-bipyridyl.
30

A catalysed panel was immeréed for 30 minutes. A light
pink smooth and adherent deposit was obtained. Full
coVerage of the panel was obtained and the deposit



20 A catal ysed epoxy glass'panel was i nmmersed for loﬂninutes. Initiation
was. very fast with vigorous gas evolution. A dark pink adherent copper
depgsit was obtai ned of thickness 3.73 microns. 25 EXAMPLE 11 The procedore -

of. Exanple 2 was followed but with the addition of 10 rg/l 2, 2'-bipyridyf.
30 A al ysed panel was inmmersed for 30 mnutes. A light pink smooth and
adher ¢nt \deposit was obtai ned. Full coveraae of the panel was obtai-ned and
th posy t 29 thickness was 2.41 mcrons. Some copper was deposited on
t he

of the glass vessgel. but less th in Exanple 2. 5 EXAMPLE 12

ur &hge |2 S éaé‘fﬂFFBﬁEﬁ'mﬁ%%qﬁmF fiHﬁso@QP%?Hﬁ¥$

2- mer capt ot hicaz ot hee boltk om Ao€atte/sed apanev ewae I nvetsdk dor tBAnniinut es.

The panel was,_fully cgvered with a snooth dark pink-brown deposit. No
E5o0RiS 5

copper was d h the bottom of the glass vessel. The deposit

t hi ckness was 3.65 microns. 15 EXAMPLE 13 500 ml of a solution of the
fol |l ow pg cogg& idd yvas prepared 20 3 g/l copper (copper (I1)
chl ori deé di hy rgjflse!ljﬁqélva _ _

The procedure of Example 2 was followed with the
addition of 1.5 mg/l 2-mercaptothiazoline.

10 A catalysed panel was immersed for 30 minutes. The
panel was fully covered with a smooth dark pink-brown
deposit. No copper was deposited on the bottom of the o/
glass vessel. The deposit thickness was 3.65 microns.

15 EXAMPLE 13

500 ml of a solution of the following composition was

prepared
20 3 g/1 copper (copper (II) chloride dihydrate)
(0.047 molar]
22 g/1 sodium gluconate [0.1 molarl
‘ S
25 12 g/1 NaOH [0.3 molar]

10.2 ml/1l glyoxylic acid solution [0.1 molar]

and heated to 50 degrees C.
30 _
[(Note: NaOH is reduced to 0.2 molar after
glyoxylate formation].



[0.047 nolar] 22 g/l sodium gl uconate [0.1 nolar] 25 12 g/ |
NaOH.[0.3 nolar] 10.2 m /| glyoxylic acid solution [0.1 nolar] and heated
t-o 50 degrees C. 30 (Note: NaOH is reduced to 0.2 nolar after glyoxyl
forRetion]. 30 The solution formed was dark blue and slightly cloudy
The c¢l'oudi ness did «not increase during the test. A catal ysed panel was:}
I mrersed for 30 mnutes. Copper deposition%ﬁeuted wthin 1 mnute. Afte
5 mnutes 5 full coverage was evident. After 30 mnutes 1.63 nicrons\.o
l'i ght pink snooth adherent cqpper .had been d sited.. Sane .c er.was’
deposited on th %Of?g}’h%&fmt %g’rﬂ’legsg'avses{ae’fk el?gue ERAVE %toﬁ ecﬂsf’Béé{dure
of Exanple 13 vesef ellow@inescsemid habt28 nkgéasp0dumihar thef tssiiumA

gl ucohept onat e dj r ed in | e. ear
dark bl ue-qgr eengéggﬂtﬁa%%dﬁngér qrr’éac#] 1%‘@% Sgészf%d‘lp?rpe%&ﬁgggl%m ic}ofg?%lrr 30
m nutes. |nitiadéprsddciaon edtairtieich wibhaot @ mdmditds erAbterngt agd fut¢s
coverage was evident. codfdfla 30 JHALGS e, 98P0St 30 i Ad ST Pg3Of
snoot h dafi‘pintgaghe?gnt cd%per was obf%?ned. No copper haé been_deposited
on microns of light pink smooth adherent copper had been

deposited. Some copper was deposited on the bottom of
the glass vessel.

10  EXAMPLE 14

-/ The procedure of Example 13 was followed except that
28.4 g/1 [0.1 molar] of sodium glucohepfonate dihydrate
was used in place of sodium gluconate.

15 :

A clear dark blue-green solution was formed. A

catalysed panel was immersed for 30 minutes.

Initiation occurred within 1 minute, and after 5

minutes full coverage was evident. After 30 minutes a

20 deposit of 1.04 microns of sﬁooth dark pink adherent

copper was obtained. No copper had been deposited on
the bottom of the glass vessel.

Y ' EXAMPLE 15
25 -
500 ml of a solution of the following composition was
prepared
3 g/1 copper (copper (II) chloride dihydrate)'
30 ~ [0.047 molar]

29 g/1 EDTP [0.1 molarj



the bottom of the glass vessel. EXAMPLE 15 25 500 ml of a solution of the

. fol Lowmig conposition was prepared 3 g/| copper (copper (11) chloride

di hydrfat e) [0.047 nolar] 29 g/1 EDTP [0.1 nol ar] 31 12— -
g/l NACOH [\Q. 3\nol ar] 630 ng/| sodium sul phite [0.005 nolar] 5 o
10 m @z xWic acid solution [0.0975 nolar] and heated-to 50 degrees C.

10 te: NaOH concentration wll3Treduce to 0.2 nolar after

format N\on of ¢l yoxylate ions]. A catal ysed panel was inmersed for 30

m nutesNJnitfation occurred_ i nmedi at el y acconpani ed by gas 15 evol uti on.
A deposi t 5.94 nicrohd &7 LpiNaPHhdfedefe er was obtained. A snall

anount of copper was deposited on the bottom of the gl ass vessel. EXAMPLE
16 20 500 m of a soluti of the follow ng copposi.t|] wa epared 3 g/l
copper (as copper (I1) égﬁopﬁdétﬁqa%H? sufph2th fbﬁbﬁ?éW%faFé.047 mol ar ]
29 g/ EDTP [0.1 nol ar] :

5 10 ml/1 glyoxylic acid solution [0.0975

molar]
and heated to 50 degrees C.

10 [Note: NaOH concentration will reduce to 0.2
molar after formation of glyoxylate ions].

A catalysed panel was immersed for 30 minutes.
Initiation occurred immediately accompanied by gas

15 evolution. A deposit of 5.94 microns of pink adherent
copper was obtained. A small amount of copper was
deposited on the bottom of the glass vessel.

EXAMPLE 16

20
500 ml of a solution of the following composition was

prepared

3 g/l copper (as copper (II) chloride di- W/
25 hydrate) [0.047 molar]

29 g/1 EDTP [0.1 molar]
12 g/1 NaOH (0.3 molar]
30

13.8 g/1 sodium sulphite [0.11 molar]

10 ml/1 glyoxylic acid solution [0.1 molar]



12 g/ NaOH [0.3 nmolar] 30 13.8 g/l sodiumsul phite [0.11 nolar] 10 mi /|
cglyoxytic acid solution [0.1 nol ar] 32 and heated to 70 degrees C.
[ Note: NaCH concentration will remain at 0.3 5 mol ar due to =
f or m&4 on of gl yoxyl at e+ bi sul phite addition compound]. A catal ysed panel -
was i mrersed for 30 .mnutes. Initiation occurred i mediately acconpani'ed
gas 10 evol uti on. A deposit of 12 micron&2of |ight pink smooth adheren
copper was obtained. This deposit, although plated at a higher rate, was of
a higher visible quality than that obtained in Exanple 15. EXAMPLE 17 500
m of a solution of the follow ng conposition was prepared 20 3 g/l copper
(copper (I11) sulapdatread o Myordegreed. @47 nolar] 25 15 g/l
EDTP [0.051 nolar] 12 g/I NaOH [0.3 nolar] 1 ng/l sodiumthiosul phate 30 5
mg/l 2, 2'-bipyridyl 1 ng/l Pluronic P-85 wetting agent

[Note: NaOH concentration will remain at 0.3

5 molar due to formation of glyoxylate-bisulphite
-addition compoundl.

A catalysed panel was immersed for 30 minutes..

Initiation occurred immediately accompanied by gas

10 evolution. A deposit of 12 microns of light pink

_ smooth adherent copper was obtained. This deposit,

N\ although plated at a higher rate, was of a higher
visible quality than that obtained in Example 15.

15  EXAMPLE 17

500 ml of a solution of the following composition was

prepared

20
3 g/l copper (copper (II) sulphate penta-
hydrate) [0.047 molar]

25 15 g/1 EDTP [0.051 molar]
12 g/1 NaOH [0.3 molar]

1 mg/l sodium thiosulphate
30 :

5 mg/l 2, 2'-bipyridyl

1 mg/l Pluronic P-85 wetting agent



33 iO m /1 glyoxylic acid [0.0975 nolar] and heated to 50 degrees C. 5

(Not.e:_NaOH concentration will reduce to 0.2 nolar on formation of

t§s~/ |Thi s panel

e 20

A cat al ysed panel was i mersed for 30 mnutes after 10

conpletely covered with a light pink finely grained copper
t hi ckness of the deposit was,2.377 mcrons. At the same tine a
bl e sided copper clad 15 epoxy gl ass panel was inmersed for

contained 50 drilled holes varying in dianeter from

After electroless copper plating it was evident that

whai-ch =
o

eposited to cover conpletely the edges of the panel and the

t he absence of voiding (areas of msplating). The adhesion of the:
el ectrol ess copper to copper cl adding was sufficient to withstand

separation oAnhflo

st abl e,.no copper being deposited on the bottom of the gl ass vessel.

EXAMPLE 18 30 500 i of a

pr epar ed

10

15

20

25

30

soJ ution of the fol i ng .CO sitiagn S
[Note: Nadﬂ concentration wif%nr%duczp Fo 0.3 molar

on formation of glyoxylate].
[\
A catalysed panel was immersed for 30 minutes after
which time it was completely covered with a light pink
finely grained copper deposit. The thickness of the

. deposit was 2.377 microns.

At the same time a catalysed double sided copper clad
epoxy glass panel was immersed for 30 minutes. This
panel contained 50 drilled holes varying in diameter
from 0.8 mm to 2 mm. After electroless copper plating
it was evident that copper had deposited to cover
completely the edges of the panel and the sides of the
hole walls. Closer inspection of the hole walls showed
the absence of voiding (areas of misplating). The
adhesion of the electroless copper to copper cladding

was sufficient to withstand separation on to adhesive

tape.

The plating solution so prepared was stable, no copper
being deposited on the bottom of the glass vessel.

EXAMPLE 18

500 ml of a soclution of the folloWing composition was
prepared

hol e Wamls/ 1 ol pexy ligspedd 69.8P7bhmokeird wal | s showed

t 2Ppedegre®ReCpl ati ng sol uti on so prepared was



34 3 g/l copper (copper (I1) chloride dihydrate) [0.047 nolar] 39.3 g/l
di et hyl enetri am ne pentaacetic acid 5 [0.1 nolar] 32 g/I NaOH
[6.8 molar] 10 m /I glyoxylic acid solution [0.1 nolar] 10 and heated to-&0
degrdes C. [Note: After-neutralisation of the diethylene- triamne
. pentaacetic and the -glyoxylic acid the 15 concentration of NaGH.i ng
the solution will be 0.2 nolar]. A catal ysed%anel was i mersed for 30
mnutes. Initiation was observed within 10 seconds. After 30 20 mnutes
plating 2.0 microns of |ight pink adherent copper_had been_deposited." Sone
copper was deposited on tHeJ¥dt (ARRAT t HPRPeS s (ThE s LlopidrpREhYgrasethe
procedure of Exanple 18 was.fo7! aveddut with the addition of 20 ng/l of fa

Car bi de) . A catal ysed panel was inmersed for 30 30 m nutes. A coati
of light pink adherent copped wdd cbietlmetienettriamhnek pesstamsetii® actdons,
No copper ¥as deposi ted OTthemBQQEQ”‘Of the gl ass vessel.

32 g/1 NaOH [0.8 molar]

10 m1/1 glyoxylic acid solution {0.1 molar]

10
o and heated to 60 degrees C.
o/
[Note: After neutralisation of the diethylene-
triamine pentaacetic and the glyoxylic acid the
15 concentration of NaOH in the solution will be 0.2
molar].
A catalysed panel was immersed for 30 minutes.
Initiation was observed within 10 seconds. After 30
20 minutes plating 2.0 microns of light pink adherent
copper had been deposited. Some copper was deposited
on the bottom of the glass vessel.
U EXAMPLE 19

25
The procedure of Example 18 was followed but with the

addition of 20 mg/l of a high molecular weight poly-
oxyethylene compound (Polyox Coagulant ex Union
Carbide). A Catalysed panel was immersed for 30

30 minutes. A coating of light pink adherent copper was
obtained. Its thickness was 1.0 microns. No copper
was deposited on the bottom of the glass vessel.



35 EXAMPLE 20 The procedure of Exanple 18 was fol | owed except that air was

passed t hrough a sintered glass disc to aerate 5 and agitate the
solutin.y A light pink adherent copper deposit was obtained. Its ~
t hi'tknhess/ was 2.15 microns. No copper was deposited on the bottom of th
gl ags ve .10 EXAMPLE 21 500 ml of the follow ng conposition was

pr epar-ed g/l copper (as copper (I1) chl@3b6ide di- 15 hydr at e)
a¥] 114 g/l nitrilotriacetic acid [0.6 nolar] 84 g/l NaCH [2.1

0O m /I glyoxylic acid solution [0.1 nolar] and heated to 60

>/ 2EXAMPRE c¢fhcentrati on of NaOH was reduced to 0.2 nolar after
neutral rsation of the acids. A catalysed panel was i mersed for 30

m nutes. A deposit which totaluy covgred the.ca%alysed panel of 3.64
m crons of pitike SWORERNIRENEXIPREL ids BdE af Add OSBrecESHRYr tRAL30

deposi ted on dilte wpsep@éséletbraaghvesstinteredbg EXANPEEs2? th)aatapé 10

molar glyoxyl L, actd, sel uhgn s RS ok 234 s ALK Bih.,

deposit was obtained. Its thickness was 2.15 microns.
No copper was deposited on the bottom of the glass

vessel.
10 EXAMPLE 21
500 ml of the following composition was prepared o/

3 g/l copper (as copper (II) chloride di-
15 hydrate) [0.047 molar]

114 g/l nitrilotriacetic acid [0.6 molar]

84 g/1 NaOH [2.1 molar)
20 |
10 m1/1 glyoxylic acid solution [0.1 molar]

and heated to 60 degrees C.

25 The concentration of NaOH was reduced to 0.2 molar
' after neutralisation of the acids. A catalysed panel
was immersed for 30 minutes. A deposit which totally
covered the catalysed panel of 3.64 microns of pink
smooth adherent Eopper was obtained. Some copper was

30 deposited on the base of the glass vessel.



. 10. 27 nol ar pot assi um hyr doxi de. The m xture was cooled to maintain t
t enper.ature below [err]. The resulting solution was diluted to 1 litre
gkve .a_ 5 nol ar solution of a m xture of potassium glyoxylate 10 ang
glyoyfic acid at pH 3.9 to 4.0. This solution will be referred to A
"reducer” in this Exanple and in Exanples 23 to 25. 500 ml of a solu
the foll owi ng conposition was 15 pr epar ed: 38 g/l copper (as copper
chloride di- hydrate) [0.047 nolar]; 20 20 g/ | EDTP [0..06€§
nolar]; 15 g/l E%S&EQ@? nnlar] 3 mg/l 2,2 -dipyridylamne; 25 20 ni/
reducer; and he 37 A catlysed panel was inmmersed for 30
mnutes. Initiation was observed Wi thin 10 seconds. After 30 m nutes
plating 2.3 mc pL BK hee ogi.t I
anount of coppe?’(bv\rb;sg&e é())g ta(g E' efgr ?‘#99 ’{? fgtc(hlecp ?%slggsl%nmag
EXAMPLE 23 500 nﬁu@taixﬁﬁdnbxnskﬂwtadﬁibi¢0mWhghcahpnsingonfmA§01@1 of

prepared: 3 9/1 19QBRe ' Mb2%COPBRadd{dmCHPFEdRidle. The mixture was

cooled to maintain the temperature below 30°cC.

The resulting solution was diluted to 1 litre to give a

5 molar solution of a mixture of potassium glyoxylate

10 and glyoxylic acid at pH 3.9 to 4.0. This solution

o will be referred to as "reducer" in this Example and in
N\ Examples 23 to 25.

500 ml of a solution of the following composition was
15 prepared: '

3 g/1 copper (as copper (II) chloride di-
hydrate) [0.047 molar];

20 20 g/1 EDTP [0.068 molar];
15 g/1 KOH [0.27 molar];
W 3 mg/l 2,2'-dipyridylamine;
25

20 ml/1 reducer;

and heated to 55°cC.

30



hydrate) [0.047 nolar]; 20 g/l EDTP [0.068 nolar]; 15 g/l KOH [0.27 nolar],
-spdi um di et hyl dithiocarbamate tri- 20 " hydrate; 20 ni/I
er ({rom Exanple 22); and heated to [err]. 25 A catal ysed panel wag~. -
pr sed Jfor 30 minutes. Initiation was observed within 10 seconds. Aftés
30 gin;ﬁk‘ plating 8.23 mcrons of dark pink adherent copper had been
deposi t the bottom of the glass 30 %éssel. 38 EXAMPLE 24 The
progedwre, gf Exanpl e 23 was used except that 6 ng/l of 2-mercaptopyridine

' i | ace of sodjumdi- _5 et hyl di t hi ocarbamate. After 30 m nutes
ol at | Ng~57 508m € RdsY SR UaPERFHK Hdrer SRTESHRA Hadbodh dLbBEt&R:  Sore
copper was depdtiisetlion whe hidsenveld tictigi ass Ovessaindd0 EXANRIE 326 The

procedure of Exanple 23 .nQ ex t hat / f_allylthiourea was
used in pl ae™of s d] @é‘i%’?”%l? '%dg{ﬁcﬁeo?ﬁ;? h‘lpgc%%‘g]égg?é.egﬁp ?ef\éf(?erﬁ nites

pl ati ng 10. 8beenc deposdftadar k Apisma labhaneunt cofperprbed Peen degpoesittesti. Sone
copper \g/as on the bottom of the glass vessel.

EXAMPLE 23

500 ml of a solution of the following composition was

10 prepared:

3 g/l copper (as copper (II) chloride di- \o/
hydrate) [0.Q47_molar];

15 ' 20 g/1 EDTP [0.068 molar];
15 g/1 KOH [0.27 molar];

6 mg/l sodium diethyl dithiocarbamate tri-
20 hydrate;

20 ml/1 reducer (from Example 22);

and heated to 55°c. o U
25 |
A catalysed panel was immersed for 30 minutes.
Initiation was observed within 10 seconds. After 30
minutes plating 8.23 microns of dark pink adherent
copper had been deposited on the bottom of the glass
30 vessel.



- deposited on the bottom of the glass vessel. 20 EXAMPLE 26 500 ml of a
sol ution of the follomﬁng conposition was prepared: 25 3 g/l copper (as "
cepper (I1) chloride di- hydrate) [0.047 nolar]; 20 g/| EDTP [0.068 nDI.r],

30 15>g/| KOH [0. 27 nolar]; 100 g/l potaSS|un1oxaIate nonohydr at e; 7 i
1.5 nmg/l sodiumtriosul phate; 11.4 g/l sodlun1glyoxylate nonohydr at e
nol ar]; and heated to [err]. A catlysed pandi® was i mrersed for 30 nln'
After 30 10 m nutes plating 8.37 microns of dark pink adherent coppéy
been dep05|ted No cogper was deposited on the gl ass vessel. EXAMPLE 2X
(This is a conpBkP¥BREe24nple) 15 500 M of a solution of the fol |l ow ng

conposi tion was prepared 3 g/l copper (copper (Il) chloride dihydrate) 20

[0.047 molar] 28,2 gLl Rachell & 4 xamggf dé.'!' Dot ass! ‘€Rcept that 6 mg/1

of 2-mercaptopyridine was used in place of sodium di-

5 ethyldithiocarbamate.

After 30 minutes plating 5.50 microns of dark pink
adherent copper had been deposited. Some copper was
deposited on the bottom of the glass vessel.

10 :
o EXAMPLE 25
\/
The procedure of Example 23 now used except that 10
mg/l of allylthiourea was used in plae of sodium di-
15 ethyldithiocarbamate.
After 30 minutes plating 10.85 microns of dark pink
adherent copper had been deposited. Some copper was
deposited on'the_bottom of the glass vessel.
20
EXAMPLE 26
500 ml of a solution of the following compositidn was
J prepared:
25
3 g/1 copper (as copper (II) chloride di-
hydrate) [0.047 molar];
20 g/1 EDTP [0.068 molar];
30

15 g/l KOH [0.27 molar];

100 g/l potassium oxalate monohydrate;



tartrate) [0.1 nolar] 25 12 g/I NaOH [0.3 molar] 10.2 m /|
jc acid solution [0.1 nolar] and heated to 50 degrees C. The ratio
to 30 copper was 2.13:1. [Note: NaOH is reduced to 0.2 nolar =
/ gl yoxyhate formation]. 40 Initially a clear bltue solution was
. ~dA\crt al ysed panel was imersed for 30 mnutes. l.nitiation was
pat ¢hy.a onlly partial coverage of the 539 panel with copper was achieved,
W t h\ ot ke as being covered with what appeared to be copper (l) oxide.
Wgre non-conductive. The solution becane cloudy and an
orange>ed pyecipitate was observed on the bottom of the glass vessel. 10
EXAVPLE 00 mM of a spguﬁ?pm 8batilia kelilbawihaposition was prepared
15 3 g/l copper (as copper (Il) sul phate penta- hydrate) [0.047 nolar] 84
g/l Rochelle salt (sodium potassium?20 - tartrate) 10.3 nolar] 12
g/l NaOH [0.3 molar] 101 wl4lgglyexdiiumafl gdoxgild tenmblochydtate £6.1

5 molar];

and heated to 50°cC.

A catlysed panel was immersed for 30 minutes. After 30

10 minutes plating 8.37 microns of dark pink adherent
copper had been deposited. No copper was deposited on o
the glass vessel. o/

EXAMPLE 27 (This is a comparison example)

15
500 ml of a solution of the following composition was
prepared '
' 3 g/1 copper (copper (II) chloride dihydrate)
20 - 1{0.047 molar]
28.2 g/1 Rochelle salt (sodium potassium
tartrate) [0.1 molar]
\or!

25 12 g/1 NaOH [0.3 molar]
10.2 ml/1 glyoxylic acid solution (0.1 molar]

and heated to 50 degrees C. The ratio of tartrate to
30 copper was 2.13:1. '

[Note: NaOH is reduced to 0.2 molar after
glyoxylate formation].



-

and heated to 60 degrees'C. The ratio of tartrate to copper was 6.3: 1.

[Note: NaOH in solution drops to 0.2 nolar on 30 formation
gtyoxylatel. The solution was turbid. A catalysed panel was inmmersgd for 15
m nues. Initiation of plating and 41 gassi ng was observed. Afre 7
precipitate was formed on the bottom of the ghass vessel. The pape

area 58.2 squared cmestinmated to be 90% covered in a snooth pinkic

deposi t. The thickness of this deposit was 5 estimated to be A

m crons. EXAMPLE 29 The procedure of Exanple 28 was foll owed exceph\_tHat 10
t he Rochell e salt conc ﬂ rati on was | eased Hs é68 o/ | nol a ] and
copper (I11) chl drtHEL& ;é'r a?e%%aﬁ's é\‘se t A8 Sdburo& of2 opggfn\% The

rati o of tartratcatalqoqaedr vand?2. 6whs mmeassednofotruridia, ns.ohutuem was

obtai ned. A cat anel r 1 fQr n ti.,ation
of copper deposi r}othl jg fvﬁ?#]mlgrgngnu?'l aI’"aioanl c(gég%gﬁgebfr}l %k?“?ooth
pi nk adher gnt cqarsl d@p‘olm topperawhiseaexhiefhed  hwikheothefr tlreademsirtg was

2.7 mcrons. 20 FXAVELG B%t%jéf ?]%J%éog'o”%éo%%?éf oPr¥edxide.

prepared: 2 g/l copper
concentrate - t/fhegs dawwwei@ ammaq@ncﬂmek}veeo gjl;’he Kgplution became

cloudy and an orange-red precipitate was observed on
the bottom of the glass vessel.

10
' EXAMPLE 28
500 ml of a solution of the following composition was
prepared
15
3 g/l copper (as copper (II) sulphate penta-
hydrate) [0.047 molar]
. 84 g/1 Rochelle salt (sodium potassium
20 tartrate) [0.3 molar]
12 g/1 NaOH [0.3 molar]
: 10 ml/1 glyoxylic acid solution [0.1 molar]
N ' _
25 _ _
and heated to 60 degrees C. The ratio of tartrate to
copper was 6.3:1.
[Note: NaOH in solution drops to 0.2 molar on
30 formation of glyoxylatel.

" The solution was turbid. . A catalysed panel was
immersed for 15 minutes. Initiation of plating and



sol u |on)r[ o0 neutralise oxalic and glycolic acids only] 42 7.6 g/l
glycplicg, acild (as 10.1 m /Il of a 57% solution) 5 47.8 g/l R4
EDTA\.0. 5 y/fl 2-nmercaptothiazoline 7.4 g/l glyoxylic dcid (as 11 m of ¥

50% N\, sol ution) pH 12.7-1310 (as neasured by-pH neter at
1]) j Usted with 45% KCH 15 A suitably prepared ABS test panel was
i mer set=n the bath, which was kept at [err], for 10 mnutes. During the

i mrersi on t @SSP WRS aPPE8ETEIdr ed AP ApPERF LB EB B YaSafiFMed BB d

copper depogiHe b¥ttdh HErohachrastlvesgeli.cr ane) gdlick opsapspdeged. 20 25

3043 CLAMS Lo AFUBPShELER (8" nhNS 0% SE/l RS APOstiLen Bl

copper deposit. The thickness of this deposit was
5 estimated to be 2.4 microns.

EXAMPLE 29
The procedure'of Example 28 was followed except that

10 the Rochelle salt concentration was increased to 168
g/l [0.6 molar] and copper (II) chloride dihydrate was

used as the source of copper ions. The ratio of g\)

tartrate to copper was 12.6:1. A clear, not turbid,
solution was obtained. A catalysed panel was immersed

15 for 20 minutes, Initiation of copper deposition
occurred within 1 minute. Total coverage by a smooth
pink adherent copper deposit was achieved. The
thickness of the deposit was 2.7 microns.

20 EXAMPLE 30
A bath of the following composition was prepared:

2 g/1 copper (in upIQUE(R)  820a copper

¥

25 concentrate - the word UDIQUE is a trade mark). N

60 g/1 KC1

143 g/1 oxalic acid dihydrate

30
82.125 g/1 KOH (as 182.5 g/l 45% KOH

solution) [to neutralise oxalic and glycolic
acids only] )



>

copper, the conposition conprising a source of copper 5 ions, an.-
ef f ectii ve anount of a conplexor to keep the copper ions in solution, th
conpl.exor being capable of form ng a conplex with copper which is stro
t hanSs copper - oxal at e conpl ex and a source of glyoxylate ions, the ano
of conpl exor and gl yoxyl ate being 10 suffig&ent to all ow copper '
deposition fromthe conposition, with the proviso that, when the conpl
is tartrate, the nolar ratio of tartrate to copper is at least 6:1. 2.
conposition as clainmed in claim1, wherein the source of copper is a
sol ubl e copper salt that is conpatible with the conposition_as a whole. 3.
A conposition as clainmed ih&I%alycplighacddn (2 10né BdurkeBha Sofgper
provides a concentration ofopeppsa)Within the range of from0.5 to 40 g/l
(0.0078 to 0.63 nolar). 25 30 44 4. A conposition as clainmed in any
preceding claim wherein the conplexor is one of the follow ng general
formul ae: § [err] 10 where4R8sgAld B|kgpTyroup having fromtwo to four 15
carbon atons, [err] is a |ower alkyléne radical and n

0.5 mg/1 2-mercaptothiazoline.

7.4 g/l glyoxylic acid (as 11 ml of a 50%
10 ' solution)

Lj pH 12.7-13.0 (as measured by pH meter at
26°C) adjusted with 45% KOH

15 A suitably prepared ABS test panel was immersed in the
bath, which was kept at 60°C, for 10 minutes. During
the immersion the bath was air-agitated and appeared to
be stable. A good copper deposit, 25-40 microinches
(1-1.6 microns) thick was produced.

20

25

30
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e integer. 5. A conposition as clainmed in any preceding claim
conpl exor is EDTP or EDTA. 20 6. A conposition as clainmed in
g claim wherein the nolar ratio of copper ion to conpl exor~"-
trations falls within the range of from1:0.7 up-to the limt of.

f the conplexor or other 25 hath conpatibility. 7. A

as clainmed in any preceding claim wherein hydroxyl ions are
pr esent mai ntain an al kal i ne pH above 10.5. 30 8. A. conposition as
I'n Jany preceding claim wherepfiatjyg source of glyoxylate ions is

id itself, dihydroxy acetic acid, a dihaloacetic 11111111

1 111111 45 acid, the bISU|phIte adduct of gl yoxylic acid,

e est eéomrpom@ibﬁr £ ctld@re\ladmeelas%@é)wgittﬂ&ﬂ %3

ﬁy eced£§ claim erein the source of yoxyl ate ions
BReE ot AR SRfehast i qB SoRELAT ng S o rFeeopty SR Be
present g n th.e:rb@l hanhnedf etmime afofurnin &F 04 ctOmblEexmi'ato lk@eplﬁ:.hé\

a

%?:o/p&or %:ls[rg%ﬁl Inlsnaryof eg ! nghgl gom:l% Seiirr]1 capa% OP e rate

forming a complex with copper which is stronger than a
copper-oxalate complex and a source of glyoxylate ions,
the amounts of complexor and glyoxylate being
sufficient to allow copper deposition from the
composition, with the proviso that, when the complexor
is tartrate, the molar ratio of tartrate to copper is
at least 6:1. |

2. A composition as claimed in claim 1, wherein the
source of copper is a soluble copper salt that is
compatible with the composition as a whole.

3. A composition as claimed in claim 1 or 2, wherein
the source of copper provides a concentration of copper
within the range of from 0.5 to 40 g/l (0.0078 to 0.63
molar).

T AL R VA
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11. A conposi tion substantlally as herein described in 15 any one of th
Exanples which is not a conparison exanple. 12. A process for the

et ectrol ess deposition of copper on a substrate, the process conpri si
cont@sting the 20 substrate with a conposition conprising a source
copper ions, an effective amount of a conpl @gor to keep the copper ions-
sol ution, the conpl exor being capable of form ng a conplex with copper
which is stronger. than a copper-oxal ate conplex, and a source of 25

gl yoxyl ate Ionzﬁ., A tESmBBRUN SoRf agoEl £xAedaNth %ﬁ?xb&@&@ﬂhggc&t&imﬁl ent
to all ow copper d P05|t|on fromthe conpposition £% Eit rovi so that
oFREafP

when the conpl dRRF§Et RS FPPLAEOROLSr PREj BF ing $Hets at
| east 6:1. 30 lformuldecess as clained in claim12, wherein the conposition
is as clainmed in any one of clainms 2 to 10. 46 14. A process as clained
in claim12 or 13 which is carried out at a tenperature of from20 to
[err]. 15.g A process as clained in claim12, 13 or 14, wherein 5 t he
conp05|t|on is agitated during use. 16. A prgcess as clainmed in claim15,
wherein the agitation iBOBrN-BgHyat i dHORLN-R7/ ~NAR@bcess as clained in any
one of clains 12 to 16, whepgyn the gﬂgstrate i's sen5|t|sed prior to the
deposition of electroless copper on it.

?OH
1 1
" (HOR)ZN-(R ——N)Z-R -N(ROH)Z

where R is an alkyl group having from two to four
15 carbon atoms, R isa lower alkylene radical and n

is a positive integer.

5. A ‘composition as claimed in any preceding claim,
wherein the complexor is EDTP or EDTA.
20
6. A composition as claimed in any preceding claim,
wherein the molar ratio of copper ion to complexor
concentrations falls within the range of from 1:0.7 up
to the limit of solubility of the complexor or other
25 bath compatibility.

7. A composition as claimed in any preceding claim,
wherein hydroxyl ions are present to maintain an
alkaline pH above 10.5. - '

30
8. A composition as claimed in any preceding claim,
wherein the source of glyoxylate ions 1is glyoxylic
acid itself, dihydroxy acetic acid, a dihaloacetic

AR R



A process as clained in claim17, wherein the 15 sensitisation is
a¢hi eved by the adsorption of a catalysing netal onto the surface of the
substxate. 19. A process substantially as herein described in any one of™ .
anpl es which is not a conparison exanple. 20 20.'A nmethod of

eni shing a conposition for the el ectrgbess deposition of copper as
dinclaiml, the nethod conprising adding to the conposition a

S te of copper ions, a source of glyoxylate ions and 25 a source of
hydr oxyl ionacid],. thergtilsdl pisité aadddctnofl @l o2l ivhercdid) enehyatroror e
rate controll / aplllse e.also 3 22. A substrate
whi ch has beéﬁk%ia.%dgéféﬁ %%p%%rgg9ég %ggéeggggggblggﬁbd I n any one of
clainms 12 to 19.

9. A composition as claimed in any preceding claim,

wherein the source of glyoxylate ions is present in

5
such an amount that the available glyoxylic acid will
be present in the bath in an amount of from 0.01 to 1.5
molar. '

10 10. A composition as claimed in any preceding claim,

comprising at leaét one rate controller and/or
stabiliser. ' g_J

11. A composition substantially as herein described'in'
15 any one of the Examples which is not a comparison
~ example.

12. A process for the electroless deposition of copper
on a substrate, the process comprising contacting the

20 substrate with a composition comprising a source of
copper ions, an effective amount of a complexor to keep
the copper ions in solution, the complexor being
capable of forming a complex with copper which is
stronger than a copper-oxalate complex, and a source of

25 glyoxylate ions, the amounts of complexor and
glyoxylate being sufficient to allow copper deposition
from the composition, with the proviso that, when the
complexor is tartrate, the molar ratio of tartrate to
copper is at least 6:1, .

30
13. A process as claimed in claim 12, wherein the
composition is as claimed in any one of claims 2 to 10.

¢ L R 5 %
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25
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14. A process as claimed in claim 12 or 13 which is
carried out at a temperature of from 20 to 85°C.

15. A process as claimed in claim 12, 13 or 14, wherein

the composition is agitated during use.

16. A process as claimed in claim 15, wherein the
agitation is air agitation.

17. A process as claimed in any one of claims 12 to 16,
wherein the substrate is sensitised prior to the
deposition of electroless copper on it.

18. A process as claimed in claim 17, wherein the
sensitisation is achieved by the adsorption of a
catalysing metal onto the surface of the substrate.

19. A process substantially as herein described in any
one of the Examples which is not a comparison example.

20. A method of replenishing a composition for the
electroless deposition of copper as defined in claim 1,
the method comprising adding to the composition a
source of copper ions, a source of glyoxylate ions and
a source of hydroxyl ions.

21. A method as claimed in claim 20, wherein one or
mere rate controllers and/or stabilisers are also
added.

22. A substrate which has been plated with copper by a
process as claimed in any one of claims 12 to 19.
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