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SPECIFICATION [TITLE OF THE INVENTION] Electrolytic Hard '.old
Plating Solution and 5 Plating Method Using the Same [TECHNICAL
FIELD] [0001] The present invention relates to an electrolytic hard 10
gold plating solution low in throwing power and suitable for partial plating,
as well as to a plating method using the plating solution. The plating
solution and the plating method using the plating solution are suitable, for
example, for the production of a gold-plated connector wherein a Ni 15

barrier layer is formed, in a caypgetprHaieriginRetween the contact
portion of connector material (hereinafter referred to simply as contact

portion, in some cases) and the substrate-bonding portion of connector

materipk (hsreiqafier FRIGERS IGRTPIY as substrate-bonding portion, in
some 20 cases). [BACKGROUND ART] 0002] In recent years, electric

applianBe& SlieR asmobile 75 FRéfe Phatebosk tomiputEer arddhe like

have begome lighier.and; smaller and haye.come to possess higher
performance. In these electric appliances, connectors as electrical

connecting membrane are used. For the surface treatment of the material

iﬁfﬁew%g@mg soldering plating, 30 etc. are used. 1 0003]

he pIatlng of connector material is conducted as follows. First, nickel
i is applied on a copper

The present invention relates to an electrolytic hard
gold plating soclution low in throwing power and suitable for
partial plating, as well as tc a plating method using the
plating solution. The plating solution and the plating
method using the plating solution are suitable, for example,
for the production of a gold-plated connector wherein a Ni
barrier laver 1s formed, in a connector material, between the
contact portion of connecter material (hereinafter referred
to simply as contact portion, in some cases) and the
substrate~-bonding portion of connector material t(hereinafter
referred te simply as substrate-bonding portion, in some

cases) .

[BACKGROUND ART]
(00021

In recent years, electric appliances such as meobile
phone, notebook computer and the like have become lighter and
smaller and have come to possess higher performance. In
these eleciric appliances, connectors as electrical
connecting membrane are used. For the surface treatment of
the material for connector, gold plating, soldering plating,

etc. are used.
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material which is to become the electrical contact portion of 5 connector,
whereby a nickel film is formed on the copper material. Then, hard gold
plating is applied to the nickel film-formed contact portion. Meanwhile, to
the substrate- bonding portion of the copper material is applied lead-tin
solder plating (hereinafter, the plating by this method is 10 referred to as
di-chromatic plating, in some cases). [0004] Gold is highly superior in
physical property (low hardness), chemical property (very stable) and
elegtrigal property (low resistance) Hence, gold plating is widely 15 used
in production of not only connector but also other electronic parts (e.qg.
printed Efteuit bdatdy 00O5F Mekihile,the tiain stidari Gfdetdéplating

has hegomerlead-freg solder plaging because the use of legd was, 20
regulated by the RoHS directive. The plating solution used in lead-free
BBeReY platif@: frowever: ¢abise Variousprobiems Siich &8 Tovi staiftytafon of

@@{E@&@Htﬂoah@%é@b&”txﬂiklé'@ti@Qﬁﬁ”&%opﬁ?fﬁ%%ﬁlp%}%o'g@ per
wetting, necessity of complicated bath control, and the like. 25 [0006]
Frehieel th conneetorstbiigh préciBibhtand high tRFabifity, tRerfe® on fisel
whole-surface-goldwlated, connggtor inwhish:hard gold plating.is.applied.
not only to the contact portion but also to the substrate-bonding portion.
30 However thé Whole-sutfaceRgBRIEplated EdAnedtdr Patetigr ascad-tin

compared with ggnvertional di-chromatic-plated;conngcton, matesiahog s
causes a problem in solder bonding. 10007]

referred to as di-chromatic plating, in some cases).

[0004]

Gold is highly superior in physical property (low
hardness), chemical property (very stable) and electrical
property (low resistance). Hence, gold plating 1s widely
used in producticn of not only connector but also other
electronic parts (e.g. printed circuit board).

[0005]

Meanwhile, the main stream of solder plating has become
lead-free solder plating because the use of lead was
regulated by the RoHS directive. The plating solution used
in lead-free solder plating, however, cause various problems
such as low stability of plating sclution, low stability of
plating film appearance, poor solder wetting, necessity of
complicated bath control, and the like.

[0006)

Hence, in connectors of high precision and high
durability, there is on rise whole-surface-gcld-plated
connector in which hard gold plating is applied not only to
the contact portion but also to the substrate-bonding portion.

However, the whole-surface-geld-plated connector material, as
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In the conventional di-chromatic-plated connector 5 material, a nickel base
of several mm is exposed between the hard gold-plated contact portion
and the solder-plated, substrate-bonding portion. The nickel oxide film at
the surface of the nickel base is low in solder wetting. Therefore, the
solder used for bonding remains at the 10 substrate-bonding portion of
connector material and a sufficient solder bonding strength can be
obtained. [0008] Meanwhile, in the whole-surface-gold-plated connector,

geldbplating,is first-applied; in it praductionn the 15 whole surfaceof-
connector material. Consequently, the nickel base is not exposed and
Rard okt plafiflgs Hrésertat fe EoneHtt PoRicH tHE8Gbstrate-bonding
peripm The gold plating film is high in solder wetting. Therefore, the
solder used for bonding does not remain at the substrate 20 bonding

portion of'cohfeStoR ifatetiarand $preAdSas taras thesditattsotivh.

This=causes a problem of reductionsiny, solder honding sirepgth atthgeen the
substrate-bonding portion. This problem has become more serious in

Féceht R4PS Bedatise CRISMAIERSze BF confettti HEs Matear6wer

the-pitch, 25-hetweenthecantact. portion and the sybstraterbonding trne
portion. [0009] Fig. 2 shows the bonding between connector material and

SUBtFATR, i contertiond wird1BSsurface2foldplafed Tonfetior 21 is a

¢oRrRecter basermaterial made oha€oppes 39:material - On:thecannector
base material 21 is formed a Ni 3 base 23 by nickel plating. Then, on the

KBS 4 forned & GoRPplating filth S5BY Yol pldtiig: Tn Fig. 2 thé
afrew:a ;side becpmes gcontaet partiopphicopnectar materialand the
[ooos;]

Meanwiile, in the whole-surface-gold-plated ccnnector,
gold plating iz first applied, in its production, on the
whole surface of connector material. Conseguently, the
nickel base is not exposed and hard gold plating is present
at the contact portion the substrate-bonding portion. The
gold plating film i1s high in solder wetting. Therefore, the
solder used for bonding dces not remain at the substrate-
bonding portion c¢f connector material and spreads as far as
the contact portion. This causes a problem of reduction in
solder bonding strength at the substrate-bonding portion.
This problem has become more serious in recent years because

the smaller size of connector has made narrower the pitch

between the contact portion and the substrate-bonding portion.

(G002
Fig. 2 shows the bonding between connector material and

substrate, in conventional whole~surface~gold~plated

connector. 21 is a connector base material made of a copper

materlial. On the connector base material 21 is formed a Ni
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arrow b side becomes a substrate-bonding portion. The 5 connector
material 20 gold-plated on the whole surface is bonded to a substrate 27
by bonding solder 29. In this case, since the nickel base 23 is not
exposed, the bonding solder 29 does not remain at the substrate-bonding
portion and spreads as far as the contact portion. 10 '0010] In the
whole-surface-gold-plated connector, an exposing the nickel base
between the contact portion and the substrate-bonding portion is being

made iworder to allow the, bonding-solder tgremain @ these is formed a
substrate-bonding portion and 15 prevent its spreading to the contact

pBrtibrPfheréittafiet; theé exposed rickel Paseds reférréd o as Ni-b&rreFrov &

layer, in.semescases), {QR11]Farformatien of the Ni bartigr layeria Jasercne
method 20 and a gold plating film-stripping method are known. [001.2] In
e RiseP nTethodo adasseistasplieti-t6Pa hard Gk PIARTT-fifR to foFR a

goldsnicksl-alioylayer coyered, with, nickel oxide.gfJow salder weting, 25,
[0013] In the gold plating film-stripping method, first, partial plating is
Applied td-the! contatt pottiort andthé ©8GbstFatéBsiding portioh (Hiatiscase-

plating saldtion is. sprayed to desired portions,and plating is;made.only ofk »
the 30 sprayed portions). In this case, the partial plating need be 4 made

$6 tHAETo §old pRitigrisThade BrthesértibR of “eOHAECtBP ratehaPwhich
becames a Ni barrierlayer (then portionisherginafter referred to as Ni

barrier portion).
[0010]

In the whole-surface-gold-plated connector, an exposing
the nickel base between the contact portion and the
substrate-bonding portion is being made in crder to allow the
bonding solder to remain at the substrate-bonding portion anag
prevent its spreading to the contact porticn (hereinafter,
the exposed nickel base is referred to as N1 barrier layer,
in some cases).

[0011]

For formation of the Ni barrier layer, a laser method
and a goid plating film-stripping method are known.
[0012]

In the laser method, a laser is applied to a hard gold
plating film to form a gold-nickel alloy layer covered with
nickel oxide of low solder wetting.

[0013]

In the gold plating film-stripping method, first,
partial plating is applied to the contact portion and the
substrate-bending peortion (that is, a plating solution 1is
sprayed to desired portiocns and plating is made only on the

sprayed porticns}). In this case, the partial plating nead be
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[0014] 5 After the partial plating, the gold plating film formed on the whole
surface of connector material is subjected. to gold stripping using a
gold-stripping agent. By this gold stripping, all the gold plating film on the
Ni barrier portion (the gold plating film formed by plating leakage) is 10
stripped, whereby a Ni barrier layer is formed. [0015] There is a
difference in the thickness of gold film between the gold-plated portions
(contact portion and substrate-bonding portion) formed by partial bonding

anddhe 15Nk barrierpartion: Therefore, evendf the thia gald plating, film
of the Ni. barrier portion has been stripped completely, gold plating film
Feaffs artHegai8 iR ated poRidIRC (Bbitagt Portlomdng s Laver (the
substrate-handingortion) of thick geld; platingfilm, wherehy-degsired filn..
thicknesses can be 20 obtained at these portions. The gold plating

ﬁﬁﬁ-]s"tlr]pping method has become a main stream because the laser

method ig thigh+indreating; 6asty [001: 6LIN cannegtion with the seantshittreq
to smaller 25 connector, the Ni barrier portion is becoming finer as well.

A8 d-PesUD Wier? Baf pIAnG RS uSIAG o dartent pTalinG SofiioR?
the platingsQlution spreads: eyen &0 the Ni barger pertion, making difticuly
the selective plating for contact portion and substrate-bonding portion. 30
FOOL75 B 6r efample: wAEA partialthating ts-Eppiied- USing'a Hiard gold
plating.solytien cgptaining:first and seeond-haghteper agents, disglesgd, is
in Patent Literature 1, there is

stripped, whereby a Ni barrier layer is formed.

100157

There is a difference in the thickness of gold film
between the gold-plated portions (contact portion and
substrate-bonding portion) fermed by partial bonding and the
Ni barrier portion. Therefore, even if the thin gold plating
£film of the Wi barrier portion has been stripped completely,
gold plating film remains at the gold-plated pcrtions
(contact pertion and substrate-bonding portion) cof thick gold
plating film, whereby desired film thicknesses can be
obtained at these portions. The gold plating film-stripping
method has become a main stream because the laser method 1is
high in treating cost.

[0016]

In cecnnection with the recent shift to smaller
connector, the Ni barrier porticn 1s becoming finer as well.
As a result, when partial plating is applied using a current
plating solution, the plating solution spreads even to the Ni
barrier portion, making difficult the selective plating for
contact portion and substrate-bonding portion.

[CO17]
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obtained highly uniform deposition on the to-be-plated 5 surface. As a
result, when partial plating is applied to the to-be-plated portions (contact
portion and substrate-bonding portion) using the above plating solution,
the solution spreads widely and a thick gold plating film is formed even
on the Ni barrier portion (hereinafter, this phenomenon is 10 referred to as
plating leakage, in some cases) . Therefore, a long time is needed to
completely strip the film formed on the Ni barrier portion, by the gold

plating tH3-stripping -mefhad. As a-result, the gold films gnthe. coptact,
portion and the substrate-bonding portion are stripped excessively, 15
hedldng flifhpossible do tbtainfilns-efdesired thidkressesn Prioe A

Literatuie] 00181 batent Literatute. b Patent NG, JR39339308 20 [S ¥.0F, ;4
THE INVENTION] [Tasks to Be Achieved by the Invention] 0019] The

preSEt H8vERtioN-Wad hatElin AeW of the cufrent 25 Situdtiorr tiated

seleetive partial plating, js difficylt in the . partial plating using gopyentiond)
plating solution. Hence, the present invention has a task of providing a

GBI Flakihg - SEIUkiB R s partiah platipry (Bl partial plating foF ToRmfry-no

Qd\}itti%ﬁ@?r J%yﬁ{ dNn @.eonnector m@%&iﬁﬁfoé 6%%%’1_"@39 S m?él ergopnecto r),
which can highly suppress the formation 6 of plating film in an unintended
PBRRGHL T e presentHifventibn hastaisther taskief proviting afmetiss foren

applying 1gold plating tq.8,connectermateriat using the abpye gold. plating
ig%gggéd to as plating leakage, in some cases). Therefore, a
long time is needed to completely strip the film formed on
the Ni barrier portion, by the gold plating film-stripping
methed. As a result, the gold films on the contact portion

and the substrate-bonding portion are stripped excessively,

making 1t impossible to obtain films of desired thicknesses.

[Prioxr Art Literature]
[o018]

Patent Literature 1: Patent No. JP3233930B

[SUMARY OF THE INVENTION]
[Tasks to Be Achieved by the Invention]
[6019]

The present invention was made in view of the current
situation that selective partial plating is difficult in the
prartial plating using conventional plating sclution. Hence,
the present invention has a task of providing a gold plating
sclution used in partial plating {e.g. partial plating fox
forming a Ni barrier laver in a connector material for recent

smaller connector), which can highly suppress the formation
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5 [Means for Achieving the Tasks] 0020] In order to achieve the above
tasks, the present inventors made a study particularly on the Ni barrier
layer. As a result, it was found that, since the feeding amount of 10
plating solution is small and plating is made at a low current density, at
the Ni barrier portion, suppression of gold deposition at low current
density portion can suppress the formation of plating film at the Ni barrier
portion. It was further found that the suppression of gold deposition at 15

lgw current density, postion canbe aftained by the.inclusion gf-anitregen
group-containing compound (as an organic oxidant) in gold plating ‘
SBIftvR: Thefirfdings Have led1s fhe ESMpletibhcofthBresentmuvertiBhy g

{00211, 20<khe;niteo group-cantaining.compeund, uniguely, increases Jfhe
oxidation-reduction potential of gold at the low current density portion (Ni
pafiérSortiohY antisuppresses the deposition of gold. Further, in the

msdimstohigh el Yensitydinktions £io:be-plated portions), normal
gold films 25 are formed without receiving the influence of gold deposition

dppression at low current density. [0022] In order to achieve the above
tasks, the present inyentiondsas-desciinegbelow 30 00231 Zd1LAn

electrolytic hard gold plating solution containing a gold cyanide and/ or a
salftheérdol, 8tobaft salt avcatitiictive orgamicatidsaltlt barrier layer.

As a result, it was found that, since the feeding amount of
plating solution is small and plating is made at a low
current density, at the Ni barrier portion, suppression of
gold deposition at low current density portion can suppress
the formation of plating film at the Ni barrier portion. It
was further found that the suppression of gold deposition at
low current density portion can be attained by the inclusion
of a nitrogen group-containing compound (as an organic
oxidant} in gold plating sclution. The findings have led o
the completion of the present invention.
100211

The nitro group-containing compound uniguely increases
the oxidation-reduction potential of gold at the low current
density portion {Ni barrier portion) and suppresses the
deposition of gold. Further, in the medium to high current
density portions (to-be-plated porticns), normal gold films
are formed without receiving the influence of gold deposition
suppression at lcow current density.
[oozz21

In order to achieve the above tasks, the present
invention is as described below.

[0023]
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5 a nitro group-containing compound, and at least one kind of compound
selected from the group consisting of a carboxylic acid, an oxycarboxylic
acid, and salts thereof. [0024] 10 [2] The electrolytic hard gold plating
solution according to ;l], wherein the concentration of the nitro group-
containing compound is 0.1 to 20 g/L. [002] [3] A method for plating a
connector material, which 15 comprises applying partial plating to the
contact portion and substrate-bonding portion of a connector material

using apnelectrobtticinard-gold Rlatng sopitionises fanhn (L. [Effect ofiing
the Invention] [0026] 20 When a connector is produced using the
electrolytic df‘@’@flﬂ"‘b‘?ﬁir‘?dl%luﬁBnaofStﬁéibrgggﬁﬁﬂ%ntion, as
compargdwith whessusing conventional gold plating solution, the
formation of plating film at the Ni barrier portion is suppressed strikingly.
Conseqtiently <4 Ni'bairiar /et cah 25 be*fdfmed even in recent smaller

connectornThe Niqasrigr Jayercan alowdthesalder fordonding to remain
at the substrate-bonding&portion. As a result, the connector material

having & Ni'tiatier fiyer tatthave 5 ¥tHiciBht SBIdeT BondingstreRgtty 5o
8JRRIERIRESGRIOTION QF THE RRAWING 8k Q02 £ig::1 shawsq, and

bonding of a connector material having a Ni barrier layer formed using the

gfethrolytittharf gold

[0024]

[2] The electrclytic hard gold plating sclution according
to [1], wherein the concentration of the nitro group-
containing compound is C.1 teo 20 g/L.

(00251

[3] A method for plating a connector material, which
comprises applying partial plating to the contact portion and
substrate-bending porticn of a connector material using an
electroivtic hard gold plating soluticn set forth in [1].
[Effect of the Invention]

[0026]

When a connector is preduced using the electrelytic
hard goid plating solution of the present invention, as
compared with when using conventional geld plating solution,
the formation of plating film at the Ni barrier portion is
suppressed strikingly. Conseguently, a Ni barrier layer can
be fcrmed even in recent smailer connector. The Ni barrier
layer can allow the solder for bonding to remain at the
substrate-~bonding portion. As a result, the connector
material having a Ni barrier layer can have a sufficilient

solder bonding strength.
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5 plating solution of the present invention, with a substrate. Fig. 2 shows
bonding of a conventional connector material gold-plated on the whole
surface, with a substrate. [MODE FOR CARRYING OUT THE
INVENTION] 10 [0028] The electrolytic hard gold plating solution of the
present invention is described in detail below. [0029] The electrolytic hard
gold plating solution of the 15 present invention contains a gold cyanide
compound as a gold salt. As the gold cyanide compound, there can be

MertaedpaeitREesion ayanigeratkaqditseypnide, gold
ammonium cyanide, etc. In the electrolytic hard gold plating solution of
l%oeoﬁpe]sent invention, the concentration of the gold is 20 0.1 to 20 g/L,

preferably 2 to) 151g/k in terms afgeld gonsantsation. Wheathe: having a
concentration is less than 0.1 g/L, the cathode current efficiency is low,
Fhiakig Tt diffictfttt ™ obRiR e infentied g6ldTT thicknessS Wiren tie -9
goneentration is-mere srandd g/l the cathodercurrent ¥5-afficiency does:-c.
not increase in proportion to the gold concentration and the loss of gold

due to drag out of B&ting 8BItioN i§ tarye WhicH s ofecsriBiital °«

[Q030} iThe glectrolyticthard-goldrplating selutionefdhe 3Pipresentubstrate.
invention contains a nitro group-containing compound 9 as an organic
oxidant. The nitro group-containing compound uniquely increases the

PduonreRciarReteRtal obgoldmt adgwRwrtentKensity range (a
current density of 10 A/dm2 or lower), suppressing gold deposition.
Ijﬁa%éﬂ with the 5 electrolytic hard gold plating solution of the present

The electrclytic hard gold plating solution of the
present invention is described in detail below.
r0o29]

The electrolytic hard gold plating sclution of the
present invention contains a gold cyanide compound as a gold
salt, As the gold cyanide ccmpound, there can be mentioned
gold potassium cyanide, gold sodium cyanide, gold ammonium
cyanide, etc. In the electrolytic hard gold plating solution
of the present invention, the concentration of the geold is
0.1 to 20 g/L, preferably 2 to 15 g/L in terms of gold
cencentration. When the concentration is less than 0.1 /L,
the cathode current efficilency is low, making it difficult to
obtain an intended gold film thickness. When the
concentration is more thar 15 g/L, the cathode current
efficiency does not increase in proportion to the gold
concentration and the loss of gold due to drag ocut of plating
solution 1s large, wnich is not economical.

{00307
The electrolytic hard gold plating sclution of the

present invention contains a nitro group-containing compound
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_nvention, there is no suppression of gold deposition seen at a low
current density, at a medium to high current density range (a current
density of 20 to 200 A/dm2); therefore, a normal gold film is obtained. 10
[0031] As the nitro group-containing compound, there can be mentioned
2-nitrobenzenesulfonic acid and salt thereof, 3- nitrobenzenesulfonic acid
and salt thereof, 4- nitrobenzenesulfonic acid and salt thereof, 2,4 15
dinit-robenzenesulfonic acid and salt thereof, 3-amino-2-

bydroxy-s-hitrebenzeangsy: foni¢ acid and saitdhereafndzining compound
amino-4-hydroxy-5-nitrobenzenesulfonic acid and salt thereof, .
Hrarfiitfohitrobérzeresulfonic agitraid Sar fivelest ‘P nitigbenzéitladd 7o+

and saltthereofy 3nitrobenzoic acid.and 20 salt taereolAr-nitrobenzoie a/dn’
acid and salt thereof, 3,5- dinitrobenzoic acid and salt thereof,
Rramiriee2-nitr6BEAZGIE St a1t Saft thérebf, ‘4Bmind:3ittSheffzdit acid

and salt.thereof i3 amigg2:njsrabenzoic aeid: 2.amino-srhitrgpykiding,
2-hydroxy-3-nitropyridine, 2-hydroxy-3-nitropyridine, 5 25 nitroquinoline, _
BIHiRBGhMBline 84 fitroguitfdliRBPRRSIAER, S-hitFophthaRRfide,t1on seen at

4-nigopbth-adimide 5= p4trouracily 1ymethyl:-6rnitiousacil b-nitrobarbityric
acid, 2-nitro-1,3-indandione, etc. These nitro group-containing

EEMPBUNBISTHAY BetuSed: Singly BF it Gofmbirration’drie or Msree36 kind<

In-the-elegtrolytie;hard:goldiplating.golution of the 10 present invention,
the concentration of the nitro group- containing compound is 0.1 to 20 g/L,
preterably 0.5 to 5 g/L. When the concentration is less than 0.1 g/L, the

gold plafing  leakage-into;Ni harrier-portion g lasgeesulting Kb seducedhe
plating selectivity. Even if the concentration is )

menticoned 2-nitrobenzenesulfonic acid and salt therecf, 3=
nitrobenzenesulfeonic acid and salt thereof, 4-
nitrobenzenesulfonic acid and salt thereof, 2,4~
dinitrobenzenesulfonic acid and salt therecof, 3-amino-2-
hydroxy-5-nitrobenzenesulfonic acid and salt thereof, 3-
amino~4-nydroxy-5-nitrobenzenesul fonic acid and sait thereof,
4d~aminconitrobenzenesulfonic acid and salt thereof, 2-
nitreobenzolc acid and salt thereof, 3-nitrobenzoic acid and
salt thereof, 4-nitrobenzoic acid and salt thereof, 3,5-
dinitrobenzoic acid and salt thereof, 4-amino-Z-nitrobenzoic
acid and salt thereof, 4-amino-3-nitrobenzoic acid and salt
thereof, LS-amino-Z-nitrebenzoic acid, 2-amino-5-nitropyridine,
2-hydroxy-3~-nitrocpyridine, 2-hydroxy-3-nitropyridine, 5-
nitroguineltine, 6-nitrequincline, 8-nitroguinoiine,
nitrolsatin, 3-nitrophthalimide, 4-nitrophthalimide, 5-
nitrouracil, l-methyl-6-nitrouracil, 5S-nitrobarbituric acid,
Z-nitro-1,3-indandicne, etc. These nitro group-containing
compounds may be used singly or in ccmbination of two or more

kinds. In the electrolytic hard gold plating sclution of the

10
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more than 20 g/L, there is no effect corresponding thereto, which is not
economical. [0032] The electrolytic hard gold plating solution of the 10
present invention can be used at a pH range of 3.0to 7.0 and is
preferably used at a pH range of 4.0 to S.O. When the pH is lower than
4.0, the cathode current efficiency is low, making it impossible to obtain
an intended goid plating thickness. When the pH is higher than 5.0, the
gold film has 15 a reddish appearance, making it impossible to obtain a

pownah gold fikn - Incidentally dbis-pessibleiteruses asa phiradjusting.p -
agent, sodium hydroxide, potassium hydroxide, ammonium_hydroxide, )
fARdEdiliea siftfiiie adld, &Y [dod3) 26 Thetelefrdiytictiard dold piating ¢/ *-
solution:of thenpresent invention centains.a gobalt sgjtr Asthe cobelt salticing
there can be mentioned cobalt sulfate, cobalt nitrate, cobalt _chloride,

6B Basic Carbdnidadit! etc. Athedse Cobait Saftdmay Betised Singly or
incembination-afiwae o gore25 kindszJatheg elegtolyic hard-galdiplating
solution of the present invention, the concentration of the cobalt salt is
501%t0 40 y/12 Préférabh0 o £.0°g/LS WRET 117 'Contentration isTess o
than-9. 1:6/L, H4s dnpessibie 1o obtain the film properties of hard gold,

such as film 30 hardness and the like. Even if the concentration is higher
1% 1.0 g/L, there is no effect corresponding thereto, which is not

economicad. By #ising the: eebalt salt gtheshardness ©f sthecplating fifme ne
obtained becomes 150 to 200 AV. [0034] 5 The electrolytic hard gold
&5%ﬁ§%%hhﬂ%?8Fﬂﬁ; can be used at a pH range’of 3.07to 7.0 and

is preferably used at a pH range of 4.0 tc 5.0. When the pH
is lower than 4.0, the cathode current efficiency is low,
making it impossible to obtain an intended gold plating
thickness. When the pH is higher than 5.0, the gold film has
a reddish appearance, making it impossible Lo obtain a normal
gold film. Incidentally, it 1s possible to use, as a pH-
adijusiting agent, sodium hydroxide, potassium hydroxide,
ammonium hydroxide, water-—-diluted sulfuric acid, etc.

[0033]

The electrolytic hard gold plating solution of the
present invention ceontains a cobalt salt. As the cobalt salt,
there can be mentioconed cobalt sulfate, cobalt nitrate, cobalt
chloride, cobalt basic carbonic acid, etc. These cobalt
salts may be used singly or in combination c¢f two or more
kinds. In the electrolytic hard gold plating solution of the
present invention, the concentration of the cobalt salt is
0.01 to 10 g/L, preferably 0.1 to 1.0 g/L. When the
concentration is less than 0.1 g/L, i1t is 1mpossible to
opbtain the film prcoperties of hard gola, such as film

hardness and the like. Even if the concentration is higher

11
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present invention contains a conductive organic acid salt. As the
conductive organic acid salt, there can be mentioned potassium citrate,
potassium phosphate, potassium nitrate, potassium succinate, etc. These
conductive organic acid 10 salts may be used singly or in combination of
two or more kinds. In the electrolytic hard gold plating solution of the
present invention, the concentration of the conductive organic acid salt is
10 to 200 g/L, preferably 50 to 100 g/L. When the concentration is less

tham 10 giL sthere is,for 15-examples deterioratian i plating i -cto, which
appearance, making it impossible to obtain a gold film of normal
appEararfte BV 3f'the E8nténtration s righer thaif200 gifcthisre &'R5° °©F

effectaarresponding theretonwhigh-isheteconeomigak o[§03%] 20 The
electrolytic hard gold plating solution of the present invention contains a

éﬂgl%tﬁﬁg agent. As the chelating agent, there are used a carboxylic acid
and a shat.thereef; apd.an exyearboxyliciagidand.g saltithereef. Jhetee
can be mentioned, for example, formic acid, glycolic acid, 25 lactic aCidi
BR§ENoic At oxXallicatid Arivaforitc aeit! “Succific Hdid thalié aci, 52+ &
tartaric-acidn phthalicacid ; iglycalic acigs eitric agidy angd-saltstheseefi oned
These may be used singly or in combination of two or more kinds. In the
Blectroftichart géibplating Sofutith SFhETsIa5ENnt 36 Tvehtish, the "2t
soncentration:otthe.chelptingagentis deta- 42H0-gAx Preferably-S 1020

g/L. When the concentration is less than 5 g/L, inorganic impurities are
fken‘int§ the Goltf FimToRnEd, whicht o'ifivité’ deteriordfiof in ol

filmy appearance-ard geld-film preperdies. Eyen ifthed egneentrationis s the
higher than 20 g/L, there is no effect _ .

present invention, the concentration of the cenductive
erganic acid salt is 10 to 200 g/L, preferably 50 to 100 g/L.
When the concentration is less than 10 g/L, there is, for
example, deterioration in plating film appearance, making it
impossible to obtain a gold fiim of normal appearance. Even
if the concentration is higher than 200 g/L, there is no
effect corresponding theretc, which is not economical.

[0035]

The electrolytic hard gold plating solution of the
present invention contains a chelating agent. As the
chelating agent, there are used a carboxylic acid and & slat
thereof, and an oxycarboxylic acid and a salt thereof. There
can be mentioned, for example, formic acid, glycclic acid,
lactic acid, oxybenzoic acid, oxallc acid, malonic acid,
succinic acid, malic acid, tartaric acid, phthalic acid,
diglyceclic acid, citric acid, and salts thereof. These may
ke used singly or in combination of two or more kinds. In
the electrolytic hard gold plating solution of the present

invention, the concentration of the chelating agent 1s 1 to
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corresponding thereto, which is not economical. 0036] The electrolytic
gold plating solution of the present invention can be used at a solution
temperature of 20 to 90C 10 and is used preferably at 40 to 70C. When
used at a temperature of lower than 40C, the cathode current efficiency is
low and an intended gold film thickness tends to be unobtainable. Also,
when used at a temperature of higher than 70C, an intended effect tends
to be unobtainable. 15 [0037] The current density in plating is preferably

20 t9 200 A/dm2, mmore preferahly 50110 150 Aldme. 00381 dhe-plating of s
a connector having a Ni barrier layer, 20 using the electrolytic hard gold
pRaitihgSBliition Bf the Ipresent-lifveRtv isésiit\icted “fof example, ase 9019

followss oEirsty a nicketplating filmds formed ona COPRELEORREGION go1d £ilm
material by electrolytic plating. This nickel plating film can be formed by a
RRGWATMBHORTher? ontd the nitk&r 25 p1afing filfiSis dppliedepartial

platingy at-the centact :pojtion afconnestor and the.substrate-bonding
portion of connector, using the electrolytic hard gold plating solution of

e pregent thvehtioh® Thieteaftér the Jg%ld}ﬁl%tiﬁﬁcﬁ}ﬁ’i“%@ﬁwfed is stripped

by @&sknown method, to obtain a gold-plated 30 connector having a Ni

barrier layer. 13 0039] Fig. 1 shows bonding of a connector material

having gﬁ@i Saitier fayer formealising e efectrohtictRardPdoleh platiry &2 ¢
selytion Of the presentinvention Wi B.substiratep dd-is.a-60BReeior 1o 90°c

base material consisting of a copper

and is used preferably at 40 to 70°C. When used at a
temperature of lower than 40°C, the cathode current

efficiency is low and an intended gold fiim thickness tends

to be unobtainable. Also, when used at a temperature of
higher than 70°C, an intended effect tends to be uncbtainable.
[0037]

The current density in plating is preferably 20 to 200
A/dm®, more preferably 50 to 150 A/dm?.

[0038]

The plating of a connector having a Ni barrier laver,
using the electrolytic hard gold plating solution of the
present invention is conducted, for example, as follows.
First, a nickel plating film is formed on a copper connector
material by electrolytic plating. This nickel plating film
can be formed by a known methoed. Then, ontc the nickel
plating film is applied partial plating, at the contact
portion of conrnector and the substrate-bonding portion of
cennector, using the electrolytic hard geold plating solution
of the present invention. Thereafter, the gold plating film
formed is stripped by a known method, te obtain a gold-plated

connector having a Ni barrier layer.

13



material. On the connector base material 1.1 is formed a Ni base 13 by
nickel plating. Then, on the Ni base is formed a gold plating film 15, using
the electrolytic hard gold plating solution of the present invention. In Fig.

1, the 10 arrow a side becomes the contact portion of connector material,
and the b side becomes the substrate-bonding portion. The plated
connector material 10 is bonded to a substrate 17, using a bonding solder
19. Since there is present a Ni barrier layer 14 in which the nickel base
3dsdb exposed, the bonding solder 29 remains at the substrate-

bonding portion and a high bonding strength can be obtained. 0040] The
electrolyticzhard gblersiating Soldticr oftheo presentinvention ilay egntain 2
pihet substanges as long 43 4he .20, efiact of e ussent invantion isgiol
impaired thereby. [EXAMPLES] 0041] The present invention is described
n-moredetail below 25 bywway of ExampleysThe presetit ihventiorrstastte -

festigted Lo these Examples,0042]; There was Used.as A Samp|s, &

copper plate on which a nickel film had been formed in a thickness of 2
paALNieRel- 30°fnt Was forireety phatiiy tsihg hickel shifamate getgtion N1
Q,éi@oﬁ%] L e&?@ﬁ@ﬂ@ﬂa@ﬁ@ .eqtﬂp&e,mcﬂ’pdaﬁg Wt%%%gf is formed a

evaluation, both used in the test are as follows. [0044] 5 A silicone sheet
wakattdched ontbidm achlicnask plate tHat Has openingof10 M X 10

BﬁQtIH§N§gE@@§J%aEthhe present invention. In Fig. 1, the

arrcw a side becomes the contact porticon of connecicr
material, and the b side becomes the substrate-bonding
portion. The plated connector material 10 is bonded tec a
substrate 17, using a bonding solder 19. Since there is
present a Ni barrier layer 14 in which the nickel base 13 is
exposed, the bonding solder 29 remains at the substrate-
bonding portion and a high bonding strength can be obtained.
[0040]

The electrolytic hard gold plating solution of the
present invention may contain other substances as long as the

effect of the present invention is not impaired thereby.

[EXAMPLES]
(00417

The present invention is described in more detail below
by way of Examples. The present invention is not restricted
to these Examples.
[oc4z2]

There was used, as a sanmple, a copper plate on which a
nickel film had been formed in a thickness of 2 pm. Nickel

film was formed by plating using nickel sulfamate sclution.
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a sample. The sample was pressed from above with a pressing block
under which a silicone sheet had been attached, to fix the sample. A gold
plating solution was sprayed through a 10 platinum-made nozzle of 5 mm
in diameter (functioning as an anode) by circulating the solution by a
pump, whereby partial plating was conducted. A notch of 5 mm x 10 mm
was made in a side of "_0 mm x 10 mm opening in the silicone sheet
attached onto the mask plate; the silicone sheet of the notch portion 15
wasgremoved and leakage portion was formed; thereby, there were made
possible the remaining of the plating solution between the mask and the
pressing HodehehtRE MELIRG SO1at6ANEEEEEN &pfayeas angthod of

suhsequentleakage plating. ; Theievaluation.of.the.plating was made by
measuring the gold 20 film thickness formed on the sample of the leakage

éBPtbeH. The measurement of the gold film thickness was made at a point

5 mm apagframdhe intestace hetwaan the-epening of 10, mmnx 40.mB
and the leakage portion, using a fluorescent X-ray film thickness tester

PSEASS 100 a Prod R Y S16 I5 [0045]" (Exakipla™s) FoRAGRITor aFplatiAged

solutigmRotassium-gald cyapide 5 gl (as galdh Polassium elralep12Qsing
g/L 30 Potassium formate: 20 g/L 15 Cobalt sulfate: 0.96 g/L Sodium .
m-fitfobBZenedt]. fohate 52 V€ “Watd P f0046] %5 THeabsve &6itition was ©+*

adiusted to pH 4:2.Jsingthe selitionand the abave sguipment, partial a
plating was . _ o
platinum-made nozzle of 5 mm 1n diameter (functioning as an
anode) by circulating the solution by a pump, whereby partial
plating was conducted. A notch of 5 mm x 10 mm was made in a
side of 10 mm x 10 mm opening in the sillcone sheet attached
onto the mask plate; the silicone sheet of the notch portion
was removed and leakage portion was formed; thereby, there
were made possible the remaining of the plating solution
between the mask and the pressing klock when the plating
solution had been spraved, and subsequent leakage plating.
The evaluation of the plating was made by measuring the gold
film thickness formed on the sample of the leakage portion.
The measurement cof the gold film thickness was made at a
point 5 mm apart from the interface between the opening of 10
mm x 10 mm and the leakage portion, using a fluorescent X-ray
film thickness tester (SEA 5120, a product of SIIL).
[0045]
(Example 1)
Formulation of plating soluticn

Potassium gold cyanide: 5 g/L {as gold)

Potassium citrate: 120 g/L

Potassium formate: 20 g/L



w7}

10

20

25

30

conducted at a solution temperature of 55C by adjusting the plating time
so that the gold film thickness obtained became 0.2 }gym at each current
density shown in Table 1. The gold 10 film formed by deposition had a
lemon yellow color and a uniform satisfactory appearance. The gold film
thickness at the Ni barrier portion (leakage portion) was below 0.01 pm at
each current density and there was striking suppression for plating
leakage. 15 [0047] (Example 2) Formulation of plating solution Potassium

gold cyanide: b d/l: (as @old) Potassium citrate: 120 g/L 20 Potassium
formate: 20 g/L Cobalt sulfate: 0.96 g/L Sodium m-nitrobenzoate: 2 g/L

Water [(O48]25"THe abB08 sotitioiiwae adjGsted t8/9H 4.2. Using the
solutionygngd.the above equipment, partial plating was conducted at a
solution temperature of 55C by adjusting the plating time so that the gold
filhd #fiekness obtained became 0.2 pm at each current density shown in

Table 1T he gold 30fim.formed, by depositionshad.alemonyellow colorhe

and a 16 uniform satisfactory appearance. The gold film- thickness at the
RP bafriér partion (Ealéige’Sortion) Wad belofPd. B1PmPat> BABH ciifrent
density-and there.was:striking suppression-far platingdeakage; &:10049) the
g?gﬁgggegame so that the geld film thickness obtained became
0.2 um at each current density shown in Table 1. The gold
film formed by deposition had a lemon yellow color and a
uniform zatisfactory appearance. The gold film thickness at
the Ni barrier portion (leakage portion) was below 0.01 um at
each current density and there was striking suppression for
plating leakage.

[0047]

(Example 2)

Formulation of plating solution

Potassium gold cyanide: 5 ¢g/L (as gold)

Potassium citrate: 120 g/L

Potassium formate: 20 g/L

Cobalt sulfate: 0.%6 g/L

Sodium m-nitrobenzeate: 2 g/L

Water
[0048]

The above solution was adjusted to pH 4.2, Using the
sclution and the above eqguipment, partiesl plating was
conducted at a solution temperature of 553°C by adjusting the
plating time so that the goid film thickness obtained became
0.2 pm at each current density shown in Table 1. The gold

fiim formed by deposition had a lemon yellow color and a

16
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Formulation of plating solution Potassium gold cyanide: 5 g/L (as gold)
Potassium citrate: 120 g/L 10 Potassium formate: 20 g/L Cobalt sulfate:
0.96 g/L 5-Nitrouracil: 2 g/L Water [0050] 15 The above solution was
adjusted to pH 4.2. Using the solution and the above equipment, partial
plating was conducted at a solution temperature of 55C by adjusting the
plating time so that the gold film thickness obtained became 0.2 pm at
each current density shown in Table 1. The gold 20 film formed by

gdepesitionhad ademanyellgw colorand a unifoun satisfagiomh i ckness at
appearance. The gold film thickness at the Ni barrier portion (leakage

poFfidh) was befow 00t ui al ‘eachiedrentderndity a7 thsteas sthiking 2t
suppressionfor platingleakage 25 {0031(Comparatiyefxampleslhn for

Formulation of plating solution Potassium gold cyanide: 5 g/L (as gold)
Poidsdigm Gifraié©120 g/L 30 Potassium formate: 20 g/i: 17 Cobalt
sulfate; 0.96 g/L Water [0052] The above solution was adjusted to pH 4.2.
Using the 5 solution and the above equipment, partial plating was
GBRANEEE atla solution temperature of 55C by adjusting the

Formulation of plating solution

Potassium gold cyanide: 5 g/L (as gold)

Potassium citrate: 120 g/L

Potassium formate: 20 g/L

Cobalt sulfate: 0.96 g/L

5-Nitrouracil: 2 g/L

Water
[0G50]

The above solution was adjusted to pH 4.2. Using the
solution and the above equipment, partial plating was
conducted at a solution temperature of 55°C by adjusting the
plating time so that the gold film thickness obtained became
0.2 ym at each current density shown in Table 1. The gold
£ilm formed by deposition had a lemon yellow coloxr and a
uniform satisfactory appearance. The gold film thickness at
the Ni barrier portion {(leakage portion) was below 0.01 uam at
each current density and there was striking suppression for
plating leakage.

(0051

{Comparative Exampie 1)

Formulation of plating socolution
Potassium gold cyanide: 5 g/L f{as gold)
Potassium citrate: 120 g/L

Potassium formate: 20 g/L

17



plating time so that the gold film thickness obtained became 0.2 pm at
each current density shown in Table 1.. The gold film formed by
deposition had a lemon yellow color and a 10 uniform satisfactory
appearance. The gold film thickness at the Ni barrier portion (leakage
portion) was 0.030 to 0.042 pm at each current density. [0053] Table 1
Current density Gold film (A/dm2) thickness (pm) 20 0.003 Example 1 40
0.005 60 0.004 20 0.002 Example 2 40 0.004 60 0.003 20 0.005
Example3,400.007 60 0,008 20 9,830 Comparative Example 1 40 0.039
60 0.042 15 [0054] The plating solution of the present invention can be
used al&6irfthe following formulations, for example. Formulation example
1mfplating solution 20 Potassium gold cyanide: 2 g/L (as gold) 18

Potassium citrate: 120 g/L Potassium formate: 20 g/L
The above sclution was adjusted to pH 4.2. Using the

solution and the above equipment, partial plating was
conducted at a solution temperature of 55°C by adjusting the
plating time so that the gold f£ilm thickness obtalined became
0.2 ym at each current density shown in Tabkle 1. The gold
f£ilm formed by deposition had a lemcn vellow color and a
uniform satisfactory appearance. The gold film thickness at
the Ni barrier portion {leakage portion) was 0.030 to 0.042

um at each current density.

[0053]
Table 1
Current density Gold film
(A/dm®) thickness {pm)
20 0.003
Example 1 40 G.C05
60 0.004
20 3.002
Example 2 40 G.004
60 0.003
20 0.005
Example 3 40 G.0o07
60 0.008
20 0.030
Comparative Example 1 490 ¢.039
60 0.042
[0054]

The plating solution of the present invention can be
used also in the follewing formulations, for example.
Formulation example 1 of plating soclution

Potassiuﬁ gold cyanide: 2 g/L {as gold)

18
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Cobalt sulfate: 0.96 g/L Sodium m-nitrobenzenesulfonate: 2 g/L 5 Water
[0055] Formulation example 2 of plating solution Potassium gold
cyanide: 15 g/L (as gold) Potassium citrate: 120 g/L 10 Potassium
formate: 20 g/L Cobalt sulfate: 0.96 g/L Sodium m-nitrobenzenesulfonate:
2 g/L Water 15 [EXPLANATION OF NUMERICAL SYMBOLS] 0056] 10:
a connector material having a Ni barrier layer 11: a connector base
material made of copper 13: a Ni base 20 14: a Ni barrier layer 15: a gold

plating filgy S/ @.substrate-19: a bgnding solder 20: a connector material
gold-plated on the whole 25 surface 21: a connector base material made

of copp&f 23 HNFbasE™ 5 ¥ gald flating film 27: a substrate 30 29: a

bonding-sg/der 19 GLAIMS 4. An glegtrolytic hard gold plating solution
containing a gold cyanide and/ or a salt thereof,
Sodium m-nitrobenzenesulfonate: 2 g/L

Water

[0055]

Formulaticon example 2 of plating solution
Potassium gold cyanide: 1% g/L {as gold)
Potassium citrate: 120 g/L
Potassium formate: 20 g/L
Cobalt sulfate: 0.96 g/L
Sodium m-nitrobenzenesulfonate: 2 g/L

Water

iEXPLANATION OF NUMERICAL SYMBOLS]
[0056]
10: a connector material having a Ni karrier laver
11: a connector base material made of copper
13: a Ni base
14: a Ni barrier layer
15: a gold plating film
i7: a substrate
18: a bonding sclder
20: a connector material gold-plated on the whole
surface
Z21: a connector base material made of copper
23: a Ni base
25: a gold plating film
27: a substrate
259:

Q

bending soldexr
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5 a cobalt salt, a conductive organic acid salt, a nitro group-containing
compound, and at least one kind of compound selected from the group
consisting of a carboxylic acid, an oxycarboxylic acid, and 10 salts
thereof. 2. The electrolytic hard gold plating solution according to Claim 1,
wherein the concentration of the nitro group- containing compound is 0.1
to 20 g/L. 15 3. A method for plating a connector material, which
comprises applying partial plating to the contact portion and
substrate-bonding portion of a congaciorweaterial using an electrolytic
hard gold plating solution set forth in Claim 1. 20 20

1. An electrolytic hard gold plating sclution containing
a gold cyanide and/ or a salt thereof,
a cobalt salt,
a conductive organic acid salt,
a nitro group-containing compound, and
at least one kind of compound selected from the group
consisting of a carboxylic acid, an oxycarboxylic acid, and

salts thereof.

Z. The electrolytic hard gold plating sclution according
te Claim 1, wherein the concentration of the nitro group-

containing compound is C.1 to 20 g/L.

3. A metheod for plating a connector material, which
comprises applying partial plating to the contact portion and
substrate-bonding portion of a connector material using an

electrolytic hard gold plating sclution set forth in Claim 1.
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