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ABSTRACT OF THE DISCLOSURE 

In an electroless copper plating process, the improve 
ment which comprises measuring the pH of a bath con 
sisting of an aqueous solution of formaldehyde, a copper 
salt, a complexing agent and an alkali hydroxide; remov 
ing the hydrogen gas included in said aqueous solution; 
measuring the copper ion concentration in said bath; 
holding the pH at a predetermined value by feeding into 
the bath a concentrated aqueous solution of an alkali 
hydroxide; and supplying a mixture of formaldehyde and 
copper salt in a predetermined mole ratio to said aqueous 
solution so as to hold the concentrations of formalde 
hyde and copper salt at predetermined values. 

FIELD OF THE INVENTION 

This invention relates to an electroless copper plating 
process utilizing a bath consisting of an aqueous solution 
of formaldehyde, a copper salt, a complexing agent and 
an alkali hydroxide, and more particularly relates to a 
method for automatically holding the concentration of 
copper ions and formaldehyde in said bath at a predeter 
mined value for a long plating time. 

DESCRIPTION OF PRIOR ART 

An electroless copper plating process has been widely 
used for plating a metal ?lm onto non-conductive plastics 
and for making printed circuit boards. The process usu 
ally utilizes a bath consisting of a strongly basic aqueous 
solution of a copper salt, a complexing agent and a re 
ducing agent such as formaldehyde or its derivative. 
Conventionally, the copper salt is copper sulfate, copper 
nitrate or copper chloride and the complexing agent is 
ethylenediaminetetraacetic acid, its alkali salt, tartaric 
acid or its alkali salt. 

In the bath an activated substrate is coated with a cop 
per ?lm deposited by an autocatalytic reaction expressed 
by a chemical Equation 1: 

The deposited copper promotes catalytically the reaction 
of Equation 1 and increases the thickness of plated ?lm. 
The above autocatalytic reaction is accompanied by uni 
desirable reactions such as a Cannizzaro reaction (2), 
cuprous oxide formation reaction (3) and disproportiona 
tion reaction (4). 

A highly concentrated bath increases the deposition 
rate of the copper, but at the same time promotes decom 
position of the bath composition due to the reactions (3) 
and (4). The cuprous oxide formed according to the red 
action (3) is converted into metallic copper by the red 
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action (4). The metallic copper so produced promotes 
the autocatalytic reaction (1) and consequently causes a 
copper deposition over all the surface of substrate in 
cluding the portion which it is not desired to plate. An 
other great disadvantage of conventional electroless cop 
per plating is a, decrease in the concentration of the bath 
during the course of plating, which decrease is not ob 
served in a copper electroplating process in which anodic 
copper is provided for continuously supplying copper ions 
to the bath. In addition to the decrease in the copper 
ions in the electroless copper plating bath, the concen 
trations of formaldehyde and alkali hydroxide also de 
crease during the copper deposition according to the re 
action (1). The decrease can be prevented to some extent 
by employing a large bath and a concentration of bath as 
high as possible, but not so high as to cause the de 
composition of the bath. These methods, however, cannot 
effectively prevent the decrease of, and ?nally result in 
an extremely small rate of copper deposition. Therefore, 
the bath is required to be renewed frequently even though 
it still has a remainder of active materials. Therefore, 
by electroless copper plating according to prior art meth 
ods, it is difficult to produce a thick plated ?lm, and 
accordingly it is used as a pretreatment which enables 
one to make non-coductive materials'electrically conduc 
tive for a subsequent copper electroplating. 

BRIEF SUMMARY OF THE INVENTION 

An object of this invention is to provide an electroless 
copper plating process in which a bath composition is 
kept at a given value for a long period of plating time. 

Another object of this invention is to provide an 
electroless copper plating process which produces a thick 
plated ?lm, the thickness being approximately in propor 
tion to the plating time. 
A further object of this invention is to provide an 

electroless copper plating process in which a bath is 
stable without chemical decomposition during plating and 
which results in low waste. 
The electroless copper plating process according to the 

invention comprises utilizing a bath consisting of an 
aqueous solution of formaldehyde, a copper salt, a com 
plexing agent and an alkali hydroxide such as sodium hy 
droxide or potassium hydroxide, and according to the 
invention the pH and copper ion concentration in said 
bath are simultaneously measured; the pH is held at a 
predetermined value by feeding into the bath a con 
centrated aqueous solution of alkali hydroxide; and a 
combination of formaldehyde and a copper salt in a pre 
determined mole ratio is fed to said bath so as to hold 
the concentrations of formaldehyde and copper ions at 
a predetermined value. The apparatus for carrying out the 
method includes means for feeding automatically both 
the necessary alkali hydroxide and the combination of 
formaldehyde and copper salt, in response to variations 
in the pH and copper ion concentration of the bath with 
the plating time. 

It is possible to use any soluble copper salt such as 
copper nitrate, copper sulfate or copper chloride. 
An operable complexing agent is ethylenediaminetetra 

acetic acid, or its alkali derivative, which prevents the 
bath from decomposing even at a high pH value, and also 
protects the plated ?lm from surface oxidation due to a 
low pH of the bath. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be set forth in detail in the follow 
ing description taken together with the accompanying 
drawing showing diagrammatically an electroless copper 
plating apparatus according to the invention. 
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DETAILED DESCRIPTION 

The preferred bath is an aqueous solution having the 
following composition 

TABLE 1 
Mole/l. 

Cupric sulfate _______________________ __ 0.001-0.09 

Ethylenediaminetetraacetic acid ________ __ 0.001-O.20 

Formaldehyde _______________________ __ 0.01-1.5 

Sodium hydroxide ____________________ __ 0.01-l.0 

It has heretofore been difficult to measure and control 
continuously the concentration of formaldehyde in the 
bath during plating. No prior art disclosure concerning 
an electroless copper plating process has been found in 
which the concentration of formaldehyde is automatically 
controlled during plating. 

It has been discovered according to the present inven 
tion that formaldehyde is consumed during electroless 
copper plating by a mole ratio of more than 2:1 and less 
than 3:1 with respect to consumed copper ions. There 
fore, the concentration of formaldehyde in the bath can 
be determined by the determining of the concentration of 
copper ions, which can be measured by a colorimetric 
analysis. The copper ions in the bath form complexed 
copper ions with the complexing agent dissolved in the 
bath and have the absorbence characteristic of the com 
plexed copper ions. For example, the copper ions com 
bined with ethylenediaminetetraacetic acid show maxi 
mum absorbence at a wave length of 760 mp when the 
pH is 11 to 13. 
The intensity of absorbence is not affected by the pres 

ence of such as 504-2, NO3-, Cl— and HCOO“ and other 
compounds such as methanol, formaldehyde and excess 
ethylenediaminetetraacetic acid which may be included in 
the bath, ‘but decreases with an increase in the pH. At a 
constant pH value in the bath, the concentration of cop 
per ions can be measured exactly by colorimetric analy 
sis. The pH value of the bath can be kept constant by 
continuously measuring the pH and automatically feed 
ing a concentrated alkali hydroxide solution to the bath 
in response to the variation in the pH in a manner set 
forth hereinafter. 
The continuous colorimetric analysis indicates what 

amounts of copper ions and formaldehyde are present at 
any time, and the analysis apparatus is electrically 
coupled with the means for feeding copper salt and form 
aldehyde into the bath so as to keep the bath at the pre 
determined concentration of copper ions and formal 
dehyde. There can be employed any feeding method in 
which the amount of copper salt fed into the bath is in 
a mole ratio of from 1:2 to 1:3 with respect to the form 
aldehye fed into the bath. A preferable feeding method 
is one in which a mixture of copper salt and formalde 
hyde in the above mole ratio is supplied to the bath. 
The mixture can be a powder on a solution. 

The operable mole ratio depends upon the plating 
conditions such as temperature, the volume of the bath, 
the concentration of the bath and the size of the object 
to be plated, and ranges from 1:2 to 1:3. The exact mole 
ratio must be predetermined by a test run for the proc 
ess without feeding into the bath the mixture of copper 
salt and formaldehyde. A mole ratio higher than 1:2 re 
sults in an extremely small rate of copper deposition and 
a mole ratio lower than 1:3 causes decomposition of the 
bath. 

Referring to FIG. 1, a bath container 1 made of any 
material inert to the bath contains a solution 2 for 
plating and a stirrer 3 is provided for circulating the bath 
to keep the composition uniform throughout. Samples 4 
activated by a conventional method are imersed in the 
bath while being supported by any suitable holder means 
5. The bath solution 2 is supplied through a glass tube 
6 to a bubble eliminator 7 by a siphon. It is necessary 
for accurate colorimetric analysis to eliminate bubbles of 
hydrogen gas included in the bath solution. Hydrogen 
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4 
gas 8 contained in the bath solution evaporates from the 
bubble eliminator 7. The degassed solution is drawn by 
a pump means 9, through a glass tube 6' to a spectro 
colorimeter 10 for measuring the concentration of cupric 
ions by colorimetric analysis. The solution is then fed 
back to the bath ‘by the pump means 9 after colorimetric 
analysis. The spectrocolorimeter 10 generates an electric 
signal, the strength of the signal depending upon the 
difference between the measured concentration of copper 
ions and a predetermined value of concentration. The 
generated electric signal is ampli?ed by an ampli?er 11 
and supplied to a feeding pump 12 so as to control the 
feed of an aqueous solution of formaldehyde and copper 
salt in the aforesaid mole ratio to the bath through a 
pipe 13 from a container 14 containing said aqueous 
solution 15. Alternatively the ampli?er can be an on-off 
type ampli?er which is actuated to drive the pump when 
the signal falls below a predetermined value. The spectro 
colorimeter 10 is electrically connected to a recorder 16 
for recording the concentration of copper ions. 

In association with the control of concentrations of 
formaldehyde and copper ions in the bath, the pH of 
the bath 2 is continuously measured by a glass electrode 
17 connected electrically to a pH meter 18. The pH 
meter 18 generates an electric signal, the strength of the 
signal depnding upon the difference between the measured 
pH and a predetermined pH value. The generated electric 
signal drives a feeding pump 19 after it is ampli?ed by 
an ampli?er 20. A concentrated alkali hydroxide solu 
tion 21 in an alkali hydroxide container 22 is fed through 
a glass tube 23 to the bath by said feeding pump 50- as 
to hold the pH of the bath at a predetermined value. Al 
ternatively the ampli?er can be an on-off type ampli?er 
which is actuated to drive the pump when the signal falls 
below a predetermined value. The pH meter 18 is elec 
trically connected to a recorder 24 for convenience in re 
cording the pH value of the bath. 

In such a way the bath can be controlled both with 
respect to the pH and the concentration of formaldehyde 
and copper ions so as to facilitate electroless plating at 
a predetermined rate for a long period of time. In the 
bath according to the invention, there is no decrease in 
the pH or the concentrations of formaldehyde and copper 
ions which lowers the plating rate, and there is no need 
to employ an initially high concentration of the bath 
which is apt to result in the decomposition of the bath. 
When the mixture of formaldehyde and copper salt 

is in a ?nely divided powder form, one form of feeding 
means can be a container having at the bottom a small 
hole which can be closed and opened by a stopper means. 
The electrical signal supplied from the spectrocolorimeter 
10 actuates a switch to move the stopper means to open 
said hole so as to feed the mixture into the bath in 
powder form. The powder form of the mixture has the 
advantage that the volume of the bath is not remarkably 
increased by the addition thereof, whereas a solution of 
the mixture has the advantage that the bath composition 
can easily be made uniform. 
The electroless copper plating process according to 

the invention can be made fully automatic by using a belt 
conveyor which moves through the bath at a given rate, 
because the bath is controlled so as to have a composi 
tion which results in a constant plating rate over a long 
period of plating time. The activated objects to be plated 
can be placed on the belt conveyor and immersed in the 
bath for a given period and then withdrawn automatically 
from the bath by the moving belt conveyor after being 
plated on the surface to a given thickness which depends 
upon the plating conditions and immersion time. 
The following example is a speci?c embodiment of the 

invention and should not be construed as limitative. 

EXAMPLE 

The bath composition used is an aqueous solution of 
0.02 mole/l. of cupric sulfate, 0.03 mole/l. of ethylene 
diaminetetraacetic acid, 0.20 mole/l. of sodium hydroxide, 
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and 0.15 mole/l. of formaldehyde. A plastic container 
having a 100 liter capacity is ?lled with 60 l. of the said 
aqueous solution. A phenolic resin board is given a con 
ventional activation treatment by employing a SnCl2 and 
a PdClz solution respectively, and is then immersed in 
the bath. The aqueous solution is kept at 30° C. and is 
stirred by a plastic three blade stirrer which is rotated 
at 750 r.p.m. during the plating operation. 
The aqueous solution is supplied through a glass tube 

having a 5 mm. diameter to a bubble eliminator at a ?ow 
rate of 20 ml./min. by siphon as shown in FIG. 1. The 
bubble eliminator is a round bottom glass ?ask having a 
300 ml. volume. Hydrogen gas contained in the aqueous 
solution evaporates o? at the bubble eliminator. The re 
?ned aqueous solution is fed, by a quantitative suction 
pump, CV-I type of Tokyo Instrument Co., to a spectro 
colorimeter, Sp~20 type of Shimazdu Corporation, for 
measuring continuously the concentration of cupric ions in 
the aqueous solution. After measurements of the concen 
tration, the aqueous solution is fed back to the bath at a 
rate of 20 ml./ min. The measured concentration of cupric 
ions is converted into an electric signal by a conventional 
method. The thus produced electric signal is supplied to an 
on-o? ampli?er which operates when the signal indicates a 
concentration of less than 0.02 mole/l. of cupric ions, and 
which activates a quantitative suction pump when the 
measured concentration of cupric ions is lower than 0.02 
mole/l. The activated suction pump supplies an aqueous 
solution of 0.5 mole/l. of cupric sulfate and 1.2 mole/l. 
of formaldehyde to the bath at a rate of 30 m1./min. from 
a storage bottle until the measured concentration of cupric 
ions reaches 0.02 mole/l. The pH of the bath is continu 
ously measured by a pH meter which is coupled with an 
on-off ampli?er which operates when the pH value falls 
below 12.0. The on-o?f ampli?er activates a quantitative 
suction pump when the measured pH value is lower than 
12.0. The suction pump supplies an aqueous solution of 
6 N sodium hydroxide to the bath at a rate of 30 ml./1nin. 
until the measured pH becomes 12.0. According to the 
method it is possible to keep the composition of bath 
constant, within a tolerance of :10%, for 10 days, with 
5 hours’ operation per day, and to produce a constant 
deposition rate of copper ranging from 2.0 to 2.5 micron/ 
hour thickness. 
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What we claim is: 
1. In an electroless copper plating process wherein an 

article is plated with copper by immersing said article in 
an aqueous solution of formaldehyde, copper ions, a com 
plexing agent, and an alkali metal hydroxide for establish 
ing a pH ranging from 11 to 13, the improvement com 
prising measuring the pH of said solution during said 
process; feeding into said solution an alkali metal hydrox 
ide in response to said pH measurement to maintain the 
pH of said solution at said pH ranging from 11 to 13; 
measuring the copper ion concentration in said solution 
during said process by means of a spectrocolorimeter 
which generates a corresponding electric signal; and feed 
ing into said solution in response to said corresponding 
electric signal a combination of formaldehyde and said 
copper ions in a mole ratio from 1:2 to 1:3 to maintain 
the initial concentration of copper ions and formaldehyde 
in said solution constant during said plating process. 

2. The improvement as claimed in claim 1, wherein 
said complexing agent is ethylenediaminetetraacetic acid. 

3. The improvement as claimed in claim 1, wherein said 
complexing agent is an alkali metal salt of ethylenedi 
aminetetraacetic acid. 

4. The improvement as claimed in claim 1, wherein 
said combination of formaldehyde and copper salt is in 
powder form. 

5. The improvement as claimed in claim 1, wherein said 
combination of formaldehyde and copper salt is in aque 
ous solution. 
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