ELECTROLYTIC DESILVERING AGENTS AND

ELECTROLYTIC DESILVERING METHOD

'FIELD OF THE INVENTION

This invention relates to a electrolytic desilvering
agénts and electrolytic desilvering method using the same, and
more .specifically to electrolytic desilvering agents and
desilvering method suitable for electrolytically removing or
peeling off unwanted silver plated portions from silver plated
surface. The term "desilver"_is herein used to meah removing
or peeling off from silver plated surface unwanted silver
prlated portion(s).

This invention also relates to electrolftic desilvefing
agents and desilvering method which permit the prevention of
tarnishing or corrosionlduring storage 6f'desilvered parts or
workpieces based on éopper, copper alloy, or the like.

"The electrolytic desilvering ageﬁts and the method using
the same of this invention do not adversely affect the

bondability of the desilvered parts in the bonding step

-knbwn as die bonding and wire bonding.

BACKGRCUND OF_THE'INVENTION
Electronic parts and devices, such as lead frames and
connector pins, are often partially plated with silver. The
surface portions not to be éilﬁeréélatéd $¥e masked or

otherwise shielded, and yet the silver plated film
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occasionaily extends over base surface portions where such
siiéer plating does not to be made. When this happens, the
excess silver plated f£ilm must be taken away . A method known
in the art for removing the unwanted silver f£ilm is termeq
electrolytic desilvering. The electrolytic desilvering method
comprises immersing the excessively silVer plated workpieces
into a bath of desilverihg agent (desilvering solution) and
carrying.out electrolysis using the objects as anodes, thereby.
removing the unnecessarf'silver £ilm portions.

Electrolytic desilve:ing agents that have hitherto been
used include concentrated selfuric acid mixed with sodium
nitrate, one containing a cyanogen compound, and ones based
on sodium thiosulfate. They have presented problems qf
attacking even necessary silver plated portions while etching
the base (copper or copper alloy) or needing care in_handling
because of the high toxicityﬂof cyanogen eompound.

In view of these, desilvering agents that do not use the
dangerous concentrated sulfuric acid and ﬁighly toxic cyanegen
compound but afe composed mainly of a cyclic acid imide that
contains one nitrogen atom in the molecule have been
developed. Among them are agents based on succinimide or

phthalimide and an alkali metal hydrqxide (Jepanese Patent

Application Kokai No. 2-104699 (Kokoku No. 5-87598) and those

containing 2-pyrrolidone-5-cerboxylic acid with or without the

- addition of a saccharide (Patent Application Kokai No.

6-41800). Patent Application Kokai_No. 2-175825 discioses

five- and six-membered ring compounds having -NH-, such as



L]

3
barbituric acid, uracil, and glutarimide. Patent Application
Kokai No. 7-243100 proposes the use of a hydantoin compound
as a complexing agent.

The desilvering agents of compounds based on cyclic ac;d
imides containing one nitrogen atom in the molecuie have
many drawbacks. They tend to be hydrolyzed with alkalies, and
accumulétion of the decomposition products can undesirably
affect to the necessary silver plated surface such as
passivation, tarnishing, lack of uniformity and others of the
silver plated surface. They also result in excessive

consumption of the main constituent with short bath life.

Another problem is the tendency that desilvering under high

current density condition causes unwanted passivation or
irregular desilvering of the surface. |

Manufacture of sgmiconductor devices involves bonding
steps, known as die bonding'and wire bonding. Die bonding is
a step in which a semiconductor chip is attached to a lead
frame wifh epoxy resin. If epoxy bleédout occurs during the
process, the die pad will be contaminated with organic matter
to cause inferiof ground bonding aﬁd make conduction to the
outside impossible; Wire bonding.is a step for attaching fine

wire of Au, Al, etc. to semiconductor chips and frame inner

-leads to interconnect them. Here again any contamination of

the Ag surface of the inner leads or a very rough surface
condition will not permit conduction to the outside. It is
thus important for a desilvering agent to have no adverse

effect upon the bondability of the desilvered surface. The
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above-mentioned agents of the prior art are unable to meet

these requirements.

OBJECT OF THE INVENTION

It is.therefore an oﬁject of'this invention to deveiop
agents and a method for electrolytic desilvering that permit
‘removal of silver at a high current density while ensuring
long bath life with little hydréiysis of the principal
constituent and further without any deleferious effect upon
the bondability of the desilvered surfaée.

A problem common to the desilvering agents of the prior |
art has been that, when the base is copper, copper alloy, or
the like, desilvering induces some-dissolvihg of the base
material and activation of the surfacé. This in furﬁ tends to
cause surface tarnishing or éqrrosion of the desilvered parts
during storage. Thus it is anothet object of this inventioﬁ
to develop electroiytic desilvering agents and desilvering
method which, when the parts to be processed are based on
copper, copper alloy, or the like, render if possible to
pfevent the tarqfshing or corrosion of the desilvered surface

during storage.

SUMMARY OF THE INVENTION
After our intensive investigations to realize the objects
it has now been found that specifiéd nitrogen cyclic compounds
or their derivatives héving two or more N atoms in the ring

show electron polarized states unlike those with a single N
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~atom and that they hardly undergo hydrolysis and thereby

exteﬂd the bath life, permit desilvering at high current:
density, and, with the addition of a boric acid compound,
preclude adverse effects upon the bondability of desilvergd
surfaces.

On the basis of this discovery, the present invention
provides an electrolytic desilvering agents comprising-a
desilvering component selected from the group consisting of
hydantoin, 5,5-dimethyl-hydantoin, cyanuric acid,
6-methy1-3—pyridazone;“3—methy1-5-pyrazolone,'and allantoin
as a principal constituent and.a boric acid compouhd as an
accessory constituent. A surfactant may be added to the
agents.

It ﬁas also been found that the addition of a certain
copper inhibitor to the electrolytic desilvering agent allows
it to be adsdrbed by the base surface, making it possible to
prevent tarnishing or corrosion of the desilvered surface
during storage.

Based on this finding, this invention provides electro-
;ytic desilvering agents of the above compositions further
containing one or more of the compounds selécted from the
group consisting of benzotriazole, beniimidazole,.thiouracil,
fhiobarbituric acid, benzothiazole, benzoxazole, indazole,
indole, imidazole, imidazolihe, and their derivatives as a
copper inliibitor and inhibitors.

-This invention_further provides an electrolytic

desilvering method characterized by immersing of an
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excessively silver pléted copper'or copper alloy object in a
solution of one of the above meﬁtioned electrolytic
desilvering agents aﬁd carrying out the electrolysis using
said object as an anoée. The electrolytic desilvering is
desirably performed with stirring under the conditions of: pH
of the agent: 7 to 14; bath currént density: 0.1 to 50 A/dnf;
and bath temperature: 10 to 60%3.

| Under this invention the main constituent of the
desilvering égent, which'has two or mdre N atoms in the ring,
shows an electron poiarized'state different from that with a
single N atom and seldom undergoes hydrolysié. That
presumably accounts for extended bath life and the
possibility of -desilvering at high current dénsity. It is
.also presumed that, according to this invention, the
adsorption of a copper inhibitor on a copper or copper alloy
base surface controls the activation of the base surface;
even though it may accompany some dissolution of the base,
and preQents the desilvéred'surface'from tarnishing or

corroding while being stored.

DETAILED DESCRIPTION OF THE INVENTION
The principal constituent of the desilvering ageht of the
invention is a specified nitrogen cy@lic compound or its
derivative having two or more N atoms in the ring. It is
selected from the groﬁp consisting of hydantoin, 5,S—dimethyl—
hydantoin, cyanuric acid, 6-methyl-3-pyridazone, 3-methyl-5-.

pyrazolone, and allantoin. The chemical formulas of thesé
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principal constituents are given below for reference.
[Chemical Formulas 1]

Hydantoin 5,5-dimethyl Cyanuric
hydantoin acid

| H
| e

0 l

ARG e 0

0

6-Methyl-3- 3-Methyl-5- Allantoin
pyridazone pyrazolone

H H ' . H
SO S s
) ' 7~ NH
07 “CHs 0

The concentration of such a principal constituent in a
bath ranges from 5 to 200 g/¢ , preferably from 15 to 100
g/¢ . A too low concentration tends to cause silver
passivation, while a too high concentration is undesirable
becauée if can pose a problem of the desilvering agent
(solution) being wastefully carried out.
| As an accessﬁry constituent, basically as a pH buffering
agent, a boric acid compound such as potassium tetraborate,
(ortho)boric acid, potassium diborate, sodium borate, sodium
pentaborate, or other.borate, diborate, tetraborate,.or_
pentaborate is added. The concentration of the boric acid
compound is in the range of 5 to 100 g/e¢ ., preferably 10 to

50 g/g . 1If the concentratidn-is too low the pH buffering
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action is limited, but if the concentration is too high the

effect is more than saturated to no avail. This accessory

" constituent contributes greatly to.the bqndability of the

desilvered surface.

Further, where necessary, a surfactant is addéd. An
anionic, cationic, or nonionic type or their mixture may be
used. The concentration range of the surfactant is between
0.1 png/¢ and 10 g/¢ , preferably between 10 y g/2 and 1

g/¢ . Inadequate concentration does not produce a surfactant

effect whereas excessive concentration wastefully saturates

its effect.

As a copper inhibitor, any one or more selected from the
group consisting of benzotriazolg, benzimidazole, thiouracil,
thiobarbituric acid, benzothiézole[ benzoxazole, indazole,
indole, imidazone, imidazoline, and their derivatives may be
used. The concentration of the copper inhibitor ranges from
1 to 1000. mg/¢ , preferably from 5 to 500 mg/¢ . Too low a
concentration is not effective in preventing tarnishing while
too high a concentration is no more effective beyond

saturation. The above-mentioned copper inhibitors have the

.following structural formulas:



[Chemical Formulas 2]

Benzotriazole Benzimidazole Thiouracil

H , H
N l ((\fo
N @L N .NH
N l
_ (4]
Thiobarbituric a. Benzothiazole Benzoxazole

Y A0 S 0
a0 OO
S

Indazole TIndole Imidazole Imidazollne

@”_%J ) LJ

Using such a desilvering agent, desilvering is carried
out under predetermined conditions. The de511ver1ng agent is
adjusted with a pH adjuster such as sodium hydroxide or other
alkali metal hydroxide or alkaline earth metal hydroxide to
bH 7 to 14, preferably pH 7 o 12. 1If the pH is below the
range the desilvering rate is so low that the silver surface
tends to become uneven, and poor selective desilvering
results. On the other hand, a pH above the'rangelbrings no

merit.

The objects to be processed in accordance with this
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invention.are those consisting of a base of copper, copper
alloy,.iron-nickel alloy such és 42 alloy, stainless steel,
nickel alloy, or other metal, formed with a silver coating
film on the sﬁrface by silver plating,_silfer soldering, etc.

An object having a silver coating film thus formed on the
surface is immersed into a bath of fhe electrolytic
desilvering agent prepared as above, and electrolysis is
conducted making the object an anode. The material of the
cathode is not specially limited but étainless steél is
usually used. ‘The current density ié between 0.1 and 50
A/d i , preferably between 0.5 and 10 A/nf , with respect to
the area of the silver plated surface to be removed. A too
low current density slows down the desilvering process while
a too high currént density can frequently cause passivation
of silver. The bath temperature for eléctrolyéis ranges from
10 to 60°C , preferably from 15 to 40C . Too low and too high
bath temperatures are undesirable bedause they retard
desilvering and make the -bath unstable, respectively.
Agitation of the bath during electrolysis is advisable and in
order to avoid passiVation eSpecially when the current
density is high, the faster the agitation the better.

When the object to be desilver.consists of a base of
copper or a copéer alloy having a silver coating film fb;méd
by silver plating, silver soldéring,_or the like, it is
immersed in a bath which further contains a copper inhibitor
and is electrolyzed as an anode under the above-mentioned

conditions. Alternativély, the same effect is attainéd by
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dipping the object in a copper inhibitor solution before or

after the electrolytic desilvering. Dipping for at least one
second in the solution proves effectiﬁe for protecting copper
against tarnishing.

When the silver coating film of an object is to be partly
removed by a desilvering bath, it is possible toleither mask
the silver plated surface portions to be retained or locally
immerse the portions to be desilvered into the bath. If the
silver film in the portions to be retained is thick enocugh to
survive the desilvering of the unwanted portions, the whole
object may be immersed in the bath. 15 the case of a lead
frame, the silver coating film in its pad and other necessary
portions usually becomes a low current density region during
electrolytic desilvering while the silver f£ilm in the
surrounding unnecéséary oortions becomes a high current
density region. Thué, the object can be directly desilvered
eléctrolytically without masking the necessary silver plated
portions and only the unnecessary silver plated film portions

are selectively removed.

EXAMPLES
The invention will now be described in further details in
connection with its working examples, referehce examples, and

-comparative examples.

Example Series I

Desilvering baths of different compositions were prepared
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as represented by Example Nos. l~ 6 in Table 1.

Coéper lead frames, with their pads partly silver plated
to a thickness of 5 um eaqh (the portions around the pad
being likewiée silver plated unnecessarily), were used as
test specimens. They were immersed into the 'desilvering baths
and were electrolftically desilvered under the conditions
‘given also in Table 1. That is, the unnecessary portions were
removed by an electrolysis performed at pH 8~ 11, current
density of 3.0~ 5.0 A/d.nf,-bath temperature of 25 °C , and
stirring rate of 1.0 m/sec for 30 seconds.

The desilyered specimens were .evaluated by observation
under a microscope.txlOO) of the outward appearances of the
silver plated and base surfaces and_also of the appearances
of thé bases after boiling. At the same time, the desilvered
film thicknesses wére determined by fluorescent X-ray
analysié; Both die bonding and wire bonding were done, and
the specimens were inspected for any trace of epoxy bleedout
after the former and for the wire bond conditions after the
latter. |

| The same eIECtrblytic desilvering was repeated 42 days
after the preparation of the baths, and the results were
evaluated in the same manner.

The outward appearances of the silver and base surfaces
were all good. Boiling causéd séme tarnishing of the baées
but.not to the extépt thét the bases were unusable. The
'desilvered film thicknesses wefe 0.9~ 1.6 pm, indicating

adequate desilvering performance. Bondability ratings were
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high too. Exactly the same results were obtained in the tests
conductéd 42 days after the preparation of the baths. This

signifies that the baths had outlived the tests.

Reference Examples

As Reference Example Nos. 1 and 2 in Table 1 shows,
similar electrolytic desilvering tests were conducted using a
bath of hydantoin alone and a bath of'hydantoin'and potasSiuﬁ
pyrophosphate, in place of a.horic acid_compound, as the pH
buffering agent of accessory constituent.

With the bath of hydantoin alone, the outward appearances .
of both silver and base surfacés were good but the base
appearance changed due to tarnishing on boiling. The bath of
hydantoiﬁ apd potassium pyrophosphate as the pH buffering
agent deteriorated the both appearances of silver and base
~surfaces, impairing the bondability of the desilvered surface
either. This means the importance of the combination of the
desilvering agent such as hydantoin and a boric acid compound
according to this invention. Tests conducted 42 days after

~ the preparation of the bath gave exactly the same results.

Comparative Examples

A desilvering bath composed mainly of succinimide, a
conventional desilvering agent '‘and another bath_of succinimidé
plus potaSsium tetraborate were prepared, as represented by
Comparative Example Nos. 1 and 2 in Table 1. In the manner

described in Examples, lead frames of copper whose pad
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poftions had been partly silverlplated to a thickness of 5pm
were uséd as test specimens and they were immersed in the |
above baths for electrolytic desilvefing under the conditions
shown in Table 1. That is, silver was removed from unwénteﬁ
'portiﬁns by electrolysis at pH 9,' current density of 3.0
A/4d nf , bath temperature of ‘25C , and stirring rate of 1.0
m/sec for 30 seconds.

The desilvered specimens were evaluated in tﬁe same way
as above. Tests with freshly prepared béfhslshowed that both
the silver and base surfaces of the specimens hadlgood outward
appearances. The base surface tarnished upon boiling. The
desilvered film thickness was 0.8 u m. Tests with the baths
42 days after their preparation gave the silver and base
surfaces uneven and poor outward appearaﬁces. The specimens
'showed poor bondabilities too. The desilvered film thickness
sharply decreased to 0.4, m indicating thaf the bath life had

already expired.



TABLE 1

Comparative Example

Specimen Example ) Reference Example
No. 1 2 3 4 5 . 6 1 2 1 2
principal hydantoin | 5,5-dimethyl } cyanuric 6-methyl-3- } 3-methyl-5- |allantoin. | hydantoin |hydantoin succinimide | succinimide
constituent 50 g/£ | hydantoin acid pyridazone | pyridazone
Bath 50 g/2 |50 g/¢ 2% ¢g/8 50 g/& 50 g/2 |50 g/2 |50 g/2 50 g/8 50 g/2,
composition accessory {ortho) - | potassium potassium sodium {ortho) - {ortho) - - potassium - potassium
constituent boric acid | tetraborate | tetraborate | tetraborate |boric acid | boric acid pyrophosphate tetraborate
30 g/¢ 30 g/ 0 g2 30 ¢/2 30 ¢/2 30 g/2 30 g/¢ 0 /2
surfactant - - polyoxy~ - - lauryl - - - -
ethylene betaine
nonylphenyl
ether
. . 10 mg/ 2 10 mg/2
ol (adj.w/NsOH) 10.0 10.0 8.0 10.0 9.0 11.0 12.0 10.0 8.0 9.0
Desilvering cur dens (A/dni) 5.0 5.0 3.0 4.0 5.0 5.0 5.0 5.0 3.0 3.0
condition bath temp('C} 25 25 25 25 25 25 25 25 25 25
stir rate {w/s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0. 1.0 1.0
time (s) 30 30 30 30 30 30 30 30 30 30
silver surface ) .
appearance good good good good good good good poor good good
Initial | base appearance . good good good good good good good poor good good
base appearance some some some some some some .
after boiling tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish
desilvered film ) ' :
thickness (2 m) 1.6 1.6 0.9 - L3 1.5 1.9 1.6 1.6 0.8 0.8
epoxy bleedout no no no no no 1o yes yes ™0 1o
Results of wire bonding good good good good good good poor poor good good
evaluation silver surface
appearance good good good good - good good good poor poor poor
base appearance good good good good good good good poor poor poor
base appearance some some some some some some
42 days after boiling tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish tarnish
later desilvered film . i
thickness (1 m) 1.6 1.6 0.9 1.3 1.5 1.5 1.6 1.8 0.4 0.4
epoxy bleedout no no no 0 no . no yes yes yes yes
wire bonding good good good good good good poor poor poor poor

qT
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Example Series 11

This series used copper inﬂibitors. Baths of compositions
represented by Example Nos. 1~ 7 in Table 2 were prepared.
Copper lead frames, with their_pads_ﬁartly silver plated to a
thickness of 5 m each (the portions around the pad being
likewise silver plated unnecessarily), were used as test
specimens. They were immersed into the desilvering baths and
were electrolytically desilvered under the condit;ons given
in Table 2. That is, the unnecessafy silver plated portions
were removed by an electrolysis performed at pH 8 ~;12,
current density of 3.0~ 5.0 A/dnf,'bath temperature bf 25C ,
and stirring rate of 1.0 m/sec for 30 seconds. The desilvered
specimens were evalﬁated in the manner described in Example
Series I.

The silver and.base surfaces'of the;specimens after the
electrqusis looked fine. The desilvering performance was
satisfactory with the deéiIVered film thickness ranging from
0.9 to 1.6y m. The desilvered specimens, even after 10
minutes of immersion in béiling pure water, showed good
silver and base'appéarances. Their bondabilities were
favoréble'too. Tests conducted 42 déYs after the preparation
of the baths gave quite the same results. This meant that the

baths still had . service life after the . .tests.

Reference Examples

Electrolytic desilvering was carried out in the same

manner as above with the exception that a bath of hydantoin
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alone and a bath of hydantoin; potassium pyrophosphate as an
accesso;y Constituent as a pH buffering agent, and
benzotriazole as a copper inhibitor were used instead, as

. Réference Example Nos. 1 and 2 in Table 2{

As stated already, the bath of hydantoin alone gave both
good silver and base surface appearances but the base
tarniéhed upon boiling. Witﬂ the bath of hydantoin, potassium
pyrophosphate as an accessory constituent as a pH buffering
agent, and benzotriazole as a copper inhibitor,.the
appearance§ of the silver and base surfaces were poor. The
bondability too was undesirable. These demonstrate the
importance of the combinatidn of the desilvering constitueht
Such as hydantoin, a boric acid compound, and a copper

inhibitor as taught by this invention. Tests repeated 42 days

after the preparation of the baths gave just the same results.

Comparative Examples

A désilvering bath containing succinimide.as a principal
constituent and a bath containing sﬁccinimide, potassium
tetraborate as a pH'buffering agent, and benzotriazole'as_a
copper inhibitor were érepared, as shown in Comparative
Example Nos. 1 and.2 in Table 2. Iﬁ fhe manner,deécribed in
. Examples, lead frameé of copper Whose.pad portions had been
partly silver plated to a fhickness'of 5u m wére used as
tesf specimens and they were immersed in fhe above béths for
electrolytic desilvering under thé conditions shown inITable

2. That is, silver was removed frqm unwanted portions by
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_electrolysis at pH 9, current density of 3.0 A/dnf, bath
temperéture of 25 °C, and stiréiﬁg rate of 1.0 m/sec for 30
seconds. |

| The desilvered specimens were likewise evaluated. Tests
with freshly prepared baths showed that both the silver and
base surfaces of the specimens had good outward appearances.
Boiling tarnished the base in fhe desilvering bath of
succinimide as a chief constituent, but the base sﬁrface
looked good in the bath of succinimide that contained also
potassium tetraborate and benzotriazole. The desilvered £ilm
thickness was 0.8 u m. Tests with the baths 42 days after
their preparation gave the silver and bage surfaces uneven
and poor outward appearances. The specimehs showed poor
bondabilities too. The desilQered'film thickness sharply
decreased to 0.4y m, indicating that the baths had no longer

be useful.



TABLE 2
Specimen Example Reference Example Comparative Example
No. 1 2 3 4 5 6 7 1 2 1 2
principal hydantoin [ hydantoin | 5,5-dimethyl | cyanuric 6-methyl-3- | 3-methyl-6- |allantoin |hydantoin | hydantoin succinimide | succinimide
i desilvering hydantoin | acid pyridazone | pyrazolone
Bath constituent 50 g/ ¢ 50 g/ 2 50 g/ 50 g/ 0 25 g/¢ 50 g/ ¢ 50 ¢/¢2 |50 g/2 |50 g/¢ 50 g/2 50 g/@
composition accessory potassium (ortho) - | potassium potassium sodium sodium sodium - potassium - potassium
constituent tetraborate | boric acid | tetraborate | diborate .| borate pentaborate | borate pyrophos~ tetraborate
. phate
30 g/% 30 g/¢ 30 g/2 (30 gL 0 g/ 30 g/2 30 g/2 30 g/¢ 30 g/2
copper 4-carboxyl~ | benzo- 5-methyl-1, | S5-methyl-l, { benz- benz- 2-thio-- - benzo- - benzo-~
inhibitor 1,H-benzo- | triazole | H-benzo~ H-benzo~ imidazole imidazole uracil triazole triazole
triazole ’ triazole triazole : :
50 mg/@ 50 mg/2 |50 mg/@ 50 mg/ 2 50 mg/ 2 50 mg/ £ 50 mg/ 2 50 mg/ 2 50 mg/2
surfactant - - - Co- polyoxy-~ - - - - - -
- ethylene
nonyl ether
. _ 10 me/8
pH (adj.w/NaOH 12,0 10.0 10.0 8.0 9.0 11.0 1.0 12.0 10.0 9.0 9.0
Desilvering cur dens (A/dm’) 5.0 5.0 5.0 3.0 4.0 5.0 5.0 5.0 5.0 3.0 - 3.0
condition bath temp (°C) 25 25 25 25 25 25 25 25 25 25 25
stir rate (m/s) 1.0 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 1.0, 1.0
time (s) 30 30 -30 30 30 .30 30 30 30 30 30
silver surface .
appearance good good good - good good good good good poor good good
base appearance good good good good good good good good poor* good good
base appearance
Initial | . after boiling good good good good good good good tarnish tarnish tarnish tarnish
desilvered film :
thickness (1 m) 1.6 1.6 1.6 0.9 1.3 1.5 1.5 1.6 1.6 0.8 0.8
epoxy bleedout no no no - no no no no yes yes no no
Results of wire bonding good good good good good good good poor poor good good
evaluation silver surface .
’ . appearance good good good good good good good good poor poor poor
base appearance good good good good good good good good poor poor poor
42 base appearance
days after boiling good good good good good good good tarnish tarnish tarnish tarnish
later desilvered film | _ : .
thickness {um) © 1.6 1.6 1.6 0.9 1.3 1.5 1.5 1.6 1.6 0.4 0.4
epoxy bleedout no no no no no no ' no yes yes . yes yes
wire bonding good good good good good good good poor poor poor poor

6T
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ADVANTAGE OF THE. INVENTION

This invention can proloﬁg the life of an electrolytic
desilvering agent markedly compared with the spans of
existing agents. It perﬁits desilvering at high current
density. Also it has no adverse,effect upon the bondability
of the workpieces. This invention renders it possible to
‘ protect workpieces of copper, copper alloy,'or the like from
tarnishing or corrosion during storage aftér their
élecfrolytic deSilvering. Thus, thehlife of the electrolytic
desilvering agent is by far the longe: than those of
conventional agents, and tarnishing_ér corrosion of copper,
copper allof, or other similar base can bé prevented while

performing desilvering at greater current density.
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What is claimed is:

1. An electrolytic desilvering agent comprisipg}

(a) at least one desilvering constituent selected from the
group consisting of hydantoin, 5,5—dimethjlhydantpin,
cfanuric.acid, 6-methyl-3-pyridazone, 3-me£hyl-5-pyrazoione,'
and allantoin, as a princiéal constituent; and

(b) a boric acid compound as an accessory constituent.

2. An electrolytic desilvering agent comprising:

(a) at least one'desilvering constituent selected from the
group consisting of hydantoin, 5,5-dimethylhydantoin,
cyanuric acid, 6-methyl-3-pyridazone,_3—methy1-5-pyrazolone,
and allantoin, as a principal constituent;

(b) a boric acid compound as an accessory conétituent; and

{c) a surfactant.

3. An electrolytic desilvering agent comprising:

(a) at least one desilvering constituernt seleéted from the
groﬁp_consisting'of hydantbin, 5;5—¢imethylhydantoin,
cyanuric acid, 6-methyl-3—pyridazéne,'3-methy1-5—pyrazolone,
and allantoin, as a principal constituent;

(b)_a boric acid compound as an accessory constituent; and
(c) at least one selected from the group consisting of
'benzotriazolé; benZimidazole, thiouracil, thiobarbituric
acid, benzothiazole, benzoxézole, indazole, indole,

imidazole, imidazoline, and their derivatives, as a copper
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_ inhibitor or inhibitors.

4. An electfolytic desilvering agent comprising:

(a) at least one desilvering constituent selected from the
group consisting of hydantoin, 5,5—diméthylhydanfoin,
cyanuric acid, 6-methyl-3-pyridazone, 3-methy1;5-pyrézolone,
and allantoin, as a principal constituent;

(b) a boric acid compound as an accessory constituent;

(c) a surfactant; and

(d) at least one selected from the group consisting of
benzotriazole, benzimidazole, thiouracil, thiobarbituric
acid, benzothiazole, benzoxazoie, indazole, ihdole,
imidazole, imidazoline, and their derivatives, as a copper

inhibitor or inhibitors.

5. An agent according to claim 4 wherein the deSilvering
'cénstituent as a principal constituent is used’in a bath at a
concentration of from 5 to 200 g) ¢ , the boric acid compound
as an accessory constituent at a concentration of from 5 to
.100 g/2 , the surfactant at a conceﬁtration of from 0.1 pu g-to
10 g/¢ , and the éopper inhibitor or inhibitors at a

concentration of from 1 to iOOO mg/ 2 .

6. An.eleCtrolytic desilvering method which comprises
immersing a workpiece of copper or a copper alloy silvered on
the surface into a bath of an electrolytic desiivering agent "_

according to any of claims 1 to 5 and thereby carrying out
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electrolysis using the workpiece as an anode.

7. A method according to claim 6 wherein the electrolytic
desilvering is performed with stirring undér the conditions
of pH: 7 to 14; bath current density: 0.1 to 50 A/d nf ; and

" bath temperature: 10 to 60C .



