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Two Layered Gold Plating Met hod and El ectroni ¢ Conponent

Techni cal Field

[ 0001]

The present invention relates to a newgold plating nethod for
preventing corrosi on of anunderlying netal andto an el ectronic

conmponent produced by the nethod.

Background Art

[ 0002]

CGol d, superior i nphysical and mechani cal properties, has a high
conductive property next to silver and copper in addition to
a high ductility and high corrosion resistance, thereby gold
isusedfor awiringmaterial and acontact material inthefield
of electronic industry.

A hard gold plating is applied as a finish surface treatnent
on a high reliable contact material such as a connector and a
conmpact relay. The thickness of such a gold plated layer is
required to be 3um or above for obtaining good corrosion
resistance. |If the thickness is | ess than 3um there remains
a pi nhol e and good corrosion resistance i s not achieved. The
aboveisstrictlyrequiredfor acontact material andis aconmon
knowl edgeintheindustry. Nanely, thepinholeof aplatedlayer
i ncreases in an exponential fashion and corrosion resistance

is remarkably deteriorated when the thickness is reduced.

[ 0003]

Patent Literature 1 proposes a sealing treatnment of a pinhole
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of an electric contact point with a noble netal plating using
a sealing treatnment liquid as a technology for elimnating a
pi nhol e produced on a pl ated | ayer.

Patent Literature 1 discloses a sealing treatnent nmethod of a
pi nhol e of a plated material wherein an underlying netal is
plated with gold, silver, rhodium palladium ruthenium or
all oy thereof and the plated material is D.C. electrolyzed in
an aqueous sol ution. The aqueous sol ution includes an organic
compound havi ng a corrosi oninhi bitioneffect for one underl yi ng
netal or nore than one underlying netals, pH of the aqueous
sol ution being |l arger than 7.0, the anode current density being
0. 3A/ dnf or above, and the current amount bei ng 0. 15 coul onb/ dnf

or above.

[ 0004]

Wien a contact material is plated, durability for repeating
open-cl ose operations of the contact point is required in
addition to small contact resistance.

I n vi ewof abrasion resistance of the contact naterial, Patent
Li terature 2 proposes atechnol ogy of pl ati ng gol dor gol d- cobal t
al oy on a nickel plated base. Patent Literature 3 proposes a
t echnol ogy of inproving corrosion resistance of a gold pl ated
product wherein a netal product is applied w th nickel plating
and a gold plating is further applied thereon. Pat ent
Literature 4 proposes that atinned | ayer i s forned on phosphor
bronze and a liquid lubricant with specific conposition is
appl i ed.

Patent Literature 3 di scl oses one exanple of the prior art for
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i nprovi ng corrosion resistance of a gold plated product.

Patent Literature 3 relates to a sealing treatnent nethod of
a pinhole of a plated material with gold or gold-all oy having
anunderlyingl ayer pl atedw thnickel or al |l oyincl udi ng ni ckel .
D.C. electrolysis is applied using the plated material as an
anode fromO0.1V to 5.0V of voltage E between el ectrodes in an
enmul sion type sealing treatnent liquid produced by adding
self-enulsifier in 0.01 to 5.0 weight percent in an inhibiter
aqueous liquid. The object of Patent Literature 3isto provide
a gold plated material, contact point, with no environnental
contam nation, |ow contact resistance and high corrosion

resi st ance.

G tation List

Patent Literature

[ 0005]

PTL 1 : Japanese unexam ned Patent Publication HO5-311492
PTL 2 : Japanese unexam ned Patent Publication H02-173288
PTL 3 : Japanese unexam ned Patent Publication H09-170096

PTL 4 : Japanese exam ned Patent Publication HO5-22322

Sunmmary of Invention

Techni cal Probl em

[ 0006]

The above-nentioned Patent Literature 3 requires application
of a nickel plating or an alloy plating including nickel as a
base layer on an underlying nmetal, thereby conplicating an

operation procedure and requiring troubl esomre works.
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Ni ckel plating is applied as a base | ayer and a gold plating
is further applied thereon, so that the contact resistance
becones hi gher than that of a single gold plating. Therefore,
such aplatingis not desirabl e for an el ectroni c conponent such
as a contact point which requires remarkably |ow contact

resi st ance.

[ 0007]

In case of a gold plating on a contact point of a relay, the
thi ckness of a plated layer is required to be 3umor above in
vi ew of corrosion resistance as mentioned above.

However, gold is an expensive precious netal, so that it is
required to reduce the consunption anount of gold by reducing
the thickness of the gold-plated | ayer. Such a reduction has
been hi ghly requested recently because of rising gold price.
In response to such a request, the present invention proposes
a gol d pl ati ng method wi t h superi or corrosion resi stance at | ow
cost and an el ectroni c conponent for a contact point produced

by the gold plating nethod.

Sol ution to Problem

[ 0008]

As aresult of earnest i nvestigation, theinventor of the present
i nvention has achi eved t he met hod of the present inventionwth
a si npl e operation procedure, renmarkably | owgol d consunpti on,
and enough corrosion resistance.

Inthetwo | ayered gol d pl ati ng net hod of t he present i nventi on,

the met hod conprises the steps of form ng a base gol d-pl at ed
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| ayer on a surface of a netal to be plated as a first plating,
and forming a finish gold-plated | ayer as a second pl ati ng by
an el ectrolytic method depositing a gold crystal smaller than
that of the base gol d-plated |ayer on a surface of the base
gol d-pl ated | ayer.

The first plating of the base gold-plated layer is not limted
to a prior gold plating nmethod by an el ectrol ytic nethod and
i ncl udes agol dpl ati ngby anel ectrol ess nmet hod or agol dplating
by vapor deposition. Thefinishgold-platedlayer fornedbythe
second plating is applied by an electrolytic nethod |ike the
prior gold plating nethod, sothat a specific plating apparatus

is not required.

[ 0009]

In the finish plating liquid used for the second plating
treatnent of the present invention, soluble gold salt or gold
conplex is dissolved in an aqueous liquid including at |east
aliphatic amne of 3 to 8 weight percent and organic acid of
3 to 8 weight percent.

Sol ubl e gold salt and gold conpl ex include gold(l) potassium
cyani de, gold(ll) potassiumcyani de, anmoni um di cyanoaur at e,
gold(l) potassium chloride, gold(ll) potassium chloride,
gold(l) sodium chloride, gold(ll) sodium chloride, gold
pot assi umt hi osul fate, gol d sodi umthi osul fate, gol d potassi um
sulfite, gold sodium sulfite, and so on. In the present

i nvention the conbi nati on thereof can be used.
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[ 0010]

Thefinishplatingliquidusedinthe secondplatingis devel oped
by the i nventor of the present invention as aresult of earnest
i nvestigati on, wherein soluble gold salt or gold conplex is
di ssol ved in a base aqueous liquid including aliphatic am ne
and organi c acid such as citric acid for neutralizingaliphatic
am ne by a predeterm ned ratio. However, soluble gold salt or
gol d conpl ex can be m xed later in the base solution prepared
i n advance.

The finish plating liquid is able to be used as electrolysis
solutioninthe second pl ati ng process executinganelectrolytic
nmethod. In such a case, mnute gold crystal is deposited
conpared with the gold plated layer forned by the prior
el ectrolytic nmethod, sothat a plated fil mgrows at sl ow speed.
As a result, a pinhole remaining onthe base gol d-pl ated | ayer
is effectively sealed. In addition, the finish gold-plated
| ayer coversthebasegol d-pl ated| ayer after sealingthe pinhole,
sothat thefinishlayer isintegrated with the base |layer with

no difference in appearance, color and gl oss.

[ 0011]
In the second aspect of the present invention, an el ectronic
conponent has a gold plated | ayer fornmed by the two | ayered gol d

pl ati ng nmet hod of the present invention.

Advant ageous Effects of Invention
[0012]

In the present invention, the pinhole is sealed by mnute gold
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crystal particles at thetinme of form ng the finish gold-plated
| ayer even when t he pi nhol e remai ns on t he base gol d-pl ated | ayer.
Therefore, when the entire gold plated |ayer of the base
gol d-pl ated | ayer and the finish gold-plated|ayer isthin, the
consunpti on anount of expensive gold is remarkably reduced,

achi evi ng the sanme anti corrosion property as that of prior art.

[ 0013]

In the prior gold plating nethod, the thickness of gold pl ated
| ayer i srequiredtobe 3umi norder toobtainpractical corrosion
resi stance. However, in the experinent by the inventor of the
present invention, the sane corrosion resistance is achi eved
even when the thickness of the base gold-plated | ayer is 2um
or below and that of the finish gold-plated |ayer is 0.8umor

bel ow.

Brief Description of Draw ngs

[0014]

Fig.1la and Fig.1b show di agrammati cal sectional views of a
materi al appliedw th a base gold platingandamaterial applied
with a finish gold plating, respectively.

Fi g.2a and Fi g. 2b show exanpl es of m croscope phot ographs of
the surfaces of the base gold-plated |ayer and the finish
gol d-pl ated | ayer, respectively.

Fig.3is aflowchart show ng basic procedures of atwo | ayered
gold plating nethod of the present invention

Fig.4 shows a basic structure of a plating apparatus for the

finish gold plating.
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Descri ption of Enbodi nents

[ 0015]

The present i nventi on proposes atwo | ayered gol d pl ati ng net hod
wherein a base gold plating is applied in general conditions
as the first plating treatnment and then a finish gold plating

is applied as the second plating treatnent.

[ 0016]

A pure-gold plated | ayer or a hard gold plated | ayer is forned
as the base gol d-pl ated | ayer by a general el ectrol yti c nethod.

The practical conditions, suchas conpositionof aplatingliquid,
vol t age and current between t he anode and t he cat hode, treat nment

tenperature, and treatnent tine, are enpirically determined in
vi ew of cost and quality.

The nethod is not limted to an electrolytic nmethod and a gol d
pl ating by an electroless nethod or a gold plating by vapor

deposition can be applied on the base gold-plated | ayer.

[0017]

Wien a gold plating is applied for a netal product constituting
acont act poi nt of an el ectroni c conponent such as ar el ay devi ce,
corrosion resistance of a gold plated portion is especially
important in order to keep enough durability of the electronic
conponent .

CGol d has very | owi oni zation tendency, so that the plated | ayer
does not corrode. However, when a pi nhol e renmai ns ont he pl at ed
| ayer, the underlying netal portion directly under the pinhol e

i s exposedtoouter air and corrosi ve gas and someti nes corr odes.
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The corrosion of the underlying netal portion is accel erated
by the gold plated | ayer, which is contrary to gal vani zati on,

and such a probl em shoul d not be disregarded.

[0018]

CGenerally inanelectrolytic method, the anode, the cat hode and
amaterial tobeplatedareinmersedinaplating!liquidinwhich
netal salt formng a plated | ayer is dissolved. D.C, voltage
i s appl i ed between t he anode and t he cat hode whil e t he nateri al
to be pl ated contactsthe cathode, netal ionintheplatingliquid
is reduced and deposited on the surface of the material to be
pl at ed, and netal crystal i s produced. Aplurality of deposited
netal crystals are grown and integrated, a layer is formed on
the entire surface of the naterial to be plated, and the entire
surface is plated with the | ayer.

Inresponse to the reduction reaction at the cathode, the anode
shows oxi dati on reaction, thus current fl ows between t he anode
and the cathode. Inthe platingtreatnent, products other than
a pl ated | ayer are generat ed and t he ki nds of t he products depend

on the conposition and pH value of the plating |iquid.

[0019]

Insuchanelectrolyticnethod, small crystalsfirstly deposited
on the surface of the material to be plated grow as a core and
areintegrated, thereby form ngaplated|ayer. Therefore, the
| ayer has a convexo-concave surface on a mcroscopic | evel and
a pi nhol e i s soneti mes caused on t he concave portion where t he

plated layer isthin. Asnmall portion of the plated]|ayer which
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does not attach the base | ayer remains as a pinhole. A crack
caused when the nmaterials to be plated physically contact with

each ot her sonetinmes becones a pinhol e.

[ 0020]

Conventionally, the gold plating applied on the contact point
of an el ectroni c conponent generally requires thickness of at
| east 3umin order that corrosion caused by the pinhole does
not becone a practical problem However, the thickness of 3um
isnot small inthe field of a gold plating and a consi derabl e

anount of gold is consuned, thereby increasing the cost.

[0021]

In the present invention, a base gold-plated |ayer is forned
on the surface of the material to be plated such as a contact
poi nt of an electronic conponent. Then, the nmaterial to be
plated wth a base gold-plated layer is imersed in the
above-nmentioned finish plating liquid and the finish
gold-plated | ayer is further formed by an el ectrol ytic net hod.
Therefore, thefinishgoldplatingis appliedinthe same manner
as the prior gold plating nethod by the electrolytic mnethod,

thereby facilitating application of the above.

[ 0022]

The el ectrol ytic solutionusedasthefinishgoldplatingliquid
is conposed such that soluble nmetal salt or gold conplex is
di ssol vedi nanaqueous |iquidincludingat | east aliphatic an ne

of 3to 8 wei ght percent and organi c aci d of 3to 8 wei ght percent.
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Aliphatic am ne includes condensed am ne and organic acid
includescitricacid, acetic acid, or oxalic acid. Solublegold
salt or gold conplex includes gold(l) potassium cyanide,
gold(Il) potassium cyani de, anmmoni um di cyanoaurate, gold(l)
pot assi umchl ori de, gol d(11) potassi umchl ori de, gol d(I) sodi um
chl oride, gold(l1) sodi umchl ori de, gol d pot assi umt hi osul f at e,
gol d sodiumthiosul fate, gold potassiumsulfite, gold sodium
sulfite, and so on. 1In the present invention the conbination

t hereof can be used.

[ 0023]

About 70g to 150g of gold cyanide is mixed in a solution of 10
liters and a pH adjuster and a brightening agent are used if
necessary.

The pH adj uster includes an aqueous sol ution of sulfate am no
conpound and t he bri ght eni ng agent i ncl udes an agueous sol uti on
i ncl udi ng chl oropl atinic acid.

A desirable pH value is frompH4 to pH6

[ 0024]

Inthe finish plating treatnent, it is preferable that voltage
of 4Vto 6Vis applied between t he anode and t he cat hode to fl ow
current of 0.7A to 1.5A. The treatnment tinme depends on the

t hi ckness required for the finish gold-plated | ayer.

[ 0025]
When a gold plating is applied by the el ectrol ytic nethod using

t he above-nentioned finish plating liquid as an el ectrol ytic
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solution, growth of the plated | ayer becones sl owconpared with
a general plating nethod of the electrolytic nmethod. However,
an elaborate plated |layer is obtained by depositing mnute
crystals. Therefore, even when the thickness of the base
gol d-pl ated | ayer i s reduced and a pi nhol e renai ns, the pi nhol e
is sealed by the minute crystal particle deposited when the
finish gold-plated layer is formed, thereby reducing gold

consunpti on

[ 0026]

Inthe finish gold plating, after the pinhol e remaining onthe
base gold-plated layer is sealed, the crystal particles are
shaped so as to forma thin |ayer on the surface of the base
gold-plated layer. |In view of gold consunption and treat ment
time, the base gold-plated |layer may be 1.2um or below in
t hi ckness and t he fi ni sh gol d-pl ated | ayer may be 0. 8umor bel ow
in thickness. Such values are determined in view of enough
mar gi n, but the gol d consunption beconmes 2/ 3 of the prior gold

pl ated | ayer of 3umthickness.

[ 0027]

Under strict control, it is desirable that the base gol d-pl at ed
| ayer is 0. 9umor belowin thickness and the fini sh gol d-pl at ed
| ayer i s 0. 6umor belowin thickness. |n such a case, the gold
consunpti on beconmes 1/3 of the prior gold plated | ayer of 3um

t hi ckness.
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[ 0028]
The two | ayered plating nethod of the present invention is

expl ained referring to the attached draw ngs.

[ 0029]

Fig.la shows a diagrammatical sectional view of a naterial
applied with the base gold plating and Fig.1lb shows a
di agranmati cal sectional view of a material applied with the

finish gold plating on the base gold-plated | ayer.

[ 0030]

In Fig.la, amaterial to be plated 1is, for exanple, steel and
a base gold-plated layer 2 is forned on the surface of the
material as the first plating treatnment. The base gol d-pl at ed
| ayer 2 has a concavo-convex surface and a pi nhol e i s generat ed

by a m nute no-attachment portion 3 and a crack 4.

[ 0031]

Wien a finish gold-plated |l ayer 5is fornmed on t he upper surface
of the base gol d-pl ated | ayer 2 as the second pl ati ng treat nent,
the finishgold-plated!|ayer 5covers the base gol d-pl ated | ayer
2 and t he pi nhol es 3, 4. Thus t he pi nhol es are conpl etel y seal ed

by the finish gold-plated | ayer 5.

[ 0032]
I't isconfirmed by an experinent that the base gol d-pl ated | ayer
2 and the finish gold-plated layer 5 are integrated in such a

manner that they are not distinguished in appearance.
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[ 0033]

Fi g. 2a and Fi g. 2b show exanpl es of m croscope phot ographs of
the surfaces of the base gold-plated layer and the finish
gol d-pl ated | ayer, respectively.

The base gol d- pl ated | ayer 2 has a r ough concavo- convex surf ace,
on the other hand, the finish gold-plated layer 5 has a very

snmoot h surf ace.

[ 0034]
The basi c procedures of the two | ayered gold plating nmet hod of

t he present invention are explained referring to the draw ngs.

[ 0035]

Fig.3 is a flow chart show ng the basic procedures. The
conditions are different in the base gold plating and in the
finish goldplating, sothat separate equipnent is required for
the finish gold plating in addition to the equipnment for the

base gol d pl ating.

[ 0036]

The step 100 in the flowchart is a procedure of the base gold
plating wherein the material to be plated is inserted in the
base gol d pl ati ng equi pnent. After the step 100, the materi al
formed with the base gold-plated |ayer is taken out of the
equi prent and is cleaned in the step 101.

Inthe step 102, the cleaned material isinsertedinthefinish
gol d plating equi prent for executing the finish gold plating.

After the step 102, the material formed with the finish
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gol d-pl ated | ayer is taken out of the equi pnent and i s cl eaned
in the step 103.

In the step 104, a sanple is extracted for quality test from
the materials forned with the finish gold-plated |ayer. The
corrosion resistance, the hardness of the plated |ayer and so

on are checked in the quality test.

[ 0037]
The fini sh gol d pl ati ng equi pnent is explainedreferringtothe

dr awi ngs.

[ 0038]
Fi g. 4 shows aslant-barrel -type pl ati ng apparatus for the finish
goldplating. Thematerial tobeplatedisacontact point menber

for an el ectronic conponent.

[ 0039]

A barrel 11 of a plating equipnment 10 is nade of resin with
i nsul ation property. The upper part of the barrel 11 is open,
the central axisis slant and the barrel is drivento be rotated
by a notor 12. The vertically sectional viewof the barrel 11
isshowmninthefigurefor illustratingtheinternal structure.
An anode 13 is inserted froman opening 1la of the barrel 11
and a cathode 14 is provided on the bottomof the barrel 11
The barrel 11 includes finish plating liquid 20 the anount of
whi ch does not overflow fromthe opening 11la and i ncl udes one
bat ch of metal products30inthefinishplatingliquid20. Wile

the barrel 11 is rotated, current is applied between the anode
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13 and t he cat hode 14, thereby form ngafil mof the platedfinish

| ayer on the entire surface of the metal product 1.

Ref erence Signs Li st

[ 0040]
1 material to be plated
2 base gol d-pl ated | ayer

3, 4 pi nhol e
5 finish gold-plated | ayer
13 anode

14 cat hode
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d ai ns

1. Atwo |ayered gold plating nethod conprising the steps of

form ng a base gold-plated | ayer equal to or |less than 1.2um
in thickness in which range of |ess than 0.9umis excl uded on
a surface of a netal to be plated as a first plating; and

formng a finish gold-plated |ayer being equal to or | ess than
0. 8u minthickness as a second pl ati ng by an el ectrol yti c nmet hod
depositing a gold crystal snaller than that of said base

gol d-pl ated | ayer on a surface of sai d base gol d-pl ated | ayer.

2. The two layered gold plating nethod as set forth in claim
1, saidfinishgold-platedlayer isformedwithafinishplating
l'iquidin which soluble goldsalt or gold complex is dissol ved
in an aqueous liquid including at |east aliphatic am ne of 3

to 8 wei ght percent and organic acid of 3 to 8 wei ght percent.

3. Anel ectroni c conponent conpri si ngacontact material of which
nmetal to be plated has agol dpl ated|ayer forned by atwo | ayered
gol d pl ating net hod,

wherein a base gold-plated | ayer equal to or |less than 1.2um
in thickness in which range of |less than 0.9umis excluded is
fornmed on a surface of said netal to be plated, and

wherein a finish gold-plated | ayer being equal to or | ess than
0. 8umi n thi ckness formed by an el ectrol yti c met hod depositing
a goldcrystal smaller than that of said base gol d-pl ated | ayer

is formed on a surface of said base gold-plated | ayer.
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Two Layered Gold Plating Method and El ectroni ¢ Conponent

Abstract

A gold plating nethod with superior anticorrosion property at
| ow cost and an el ectroni c conponent produced by the nethod.
Atwo | ayered gol d pl ati ng net hod conpri ses t he st eps of form ng
a base gol d-plated | ayer on a surface of a netal to be plated
as a first plating, and form ng a finish gold-plated | ayer as
a second pl ating by depositing a goldcrystal snaller thanthat
of t he base gol d-pl ated | ayer on asurface of the base gol d- pl at ed

| ayer by an el ectrol ytic method.



