SPECIFICATION [TITLE OF THE INVENTION] Electrolytic Hard Gold Plating Solution and
5Plating 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 connector material, between the contact portion of connector material
(hereinafter referred to simply as contact portion, in some cases) and the substrate-bonding portion of
connector material (hereinafter referred to SFATH-ES-SUbS#&--bonding portion, in some 20cases).
[BACKGROUND ART] [0002] In recent years, electric appliances such as mobile 25 phone, notebook
computer and the like have become lighter and smaller and have come to possess higher

performance. IR g€ REticEEpphdNEEN TS ectors as electrical connecting membrane are used.

For the surface treatment of the, materigl-forconnestor: gold plating; saldexiag plating, 30 etc. are
used. [0003] The plating of connector material is conducted as follows. First, nickel plating is

applied oh a copper miateriaPwhithistobecsié fife efétdrical 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-thTESHERF Hidhg T &Rafter, the plating by this method is
[0001]

The present invention relates to an electrelytic hard
10 gold plating sclutlion low in throwing power and suitable for
partial plating, as well as to a plating method using the
plating solution. The plating scluticn and the plating
method using the plating sclution are suitable, for example,
for the production of a gold-plated connector wherein a Ni
15 Dbarrier layer is formed, in & connector material, between the
contact portion of connector material (hereinafter referred
to simply as contact portion, 1n some cases) and the
gubstrate~bonding pertion of connector material (hereinalter
referred to simply as substrate-bonding porition, in some

20 cases) .

 [BACKGROUND ART]
{00023
In recent vyesars, electric appliances such as moblle
25 phone, notebook computer and the like have become lighter and

smaller and have come to possess higher performance. In
these electric appliances, connectors as electrical
connecting membrane are used. For the surface treatment of
the material for connector, gold plating, soldering plating,

30 ete. are used.



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 electrical property (low resistance).
Hence, gold plating is widely 15 used in production 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 20 regulated by the RoHS directive. The plating
solution used in lead-free solder plating, however, cause various problems such as low stability of
plating solution, low stability of plating film appearance, poor solder wetting, necessity of complicated
bath control, aRd%Ré like. 25[0006] Hence, in connectors of high precision and high durability,

there is on rise wholessuriace+geld-platesd-cornecteor ipwhichshards geld: platingsis=applied not only to
the contact portion but also to the substrate-bonding portion. 30 However, the

whole-surfacé Yol plated t8AMector fiatbrial, Hs: CompardBRuitit LonveAtiGivalRdiichromatic-plated

connector matgrial; Causgs -problemdnsolder bending: [Q007] da the sppyentipaakdi-chrematic-plated
connector 5 material, a nickel base of several mm is exposed between the hard gold-plated contact

portion afd tH&SBRIEr Plated! StibLtrafe-BORBfHg HontBn- ThEFHEKE §idé fifmStHR& Surface of the
nickel base isilow in; solderwetting-Therefere, the-solder usedfarbonding remains akthe 10
substrate-bonding portion of connector material and a sufficient solder bonding strength can be

obtained. [0068]- ™~ £ Wig5AWRRE SATheRIRGIESSurfallé o1d: pldted ‘Connettd-yold prating is first
applied, in itsypredugtioncen the 15:whele swface-ofhcernecior materal: Gonsesuentlynthe nickel
base is not exposed and hard gold plating is present at the contact portion the substrate-bonding

portion. The gAdFiatiRg fifm 38 highPirdolasH fetting: T Reraforad 1 soiie? JER W 13F bonhding does not
remain ajthe substrate- 20 bonding-partion:of coanectonmaterialsanc speeagds) as far as the contact

portion. This causes a. problem of reduction in
[0004]

Gold 1s highly superior in physical property (low
hardness), chemical property (very stable) and electrical
property (low resistance). Hence, gold plating is widely

15 used in production 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

20 regulated by the RoHS directive. The plating solution used
in lead-free solder plating, however, cause various problems
such as low stability of plating solution, low stability of
plating film appearance, poor solder wetting, necessity of
complicated bath control, and the like.

25 [(0006]

Hence, 1in connectors of high precision and high
durability, there i1s on rise whole~surface-gold-plated
connector in which hard. gold plating is applied not only to
the contact portion but also to the substrate-bonding portion.

30 However, the whole-surface-gold-plated connector material, as



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 25 between the
contact portion and the substrate-bonding portion. [0009] 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 30 material. On the connector base material 21 is formed a
Ni base 23 by nickel plating. Then, on the Ni base is formed a gold plating film 25 by gold plating. In
Fig. 2, the arrow a side becames a contact portion of connector material and the arrow b side
becomes a sﬁ%%ﬁ%fe%o%ltng 58&?6%{1 ﬁ%ng%o§ﬁ§€%$%n§té?igl P, ag%ogf -p?gt% eocr% (tghge whole surface is
bonded to a sizhsirdte127 bybondirg sotder29. in thisicise, simogithe.nickel base 23 is not exposed,
the bonding E%Ig%] 9 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 portioe ancrthersubsieate sonding pettion-isilseing madeda brder to allow the
bonding solder to remain at th&j{létist{)ate-borpig% portign and 15 prevent its, spreading, to the contact

portion (ﬁereﬁ% {er, fhe’ expélse RickeT B&se is referred to as Ni barrlecﬁayer, In some cases). [0011]

For formatiomaf-thegNi Barrierdayer; ataset method @0 and! atgeld platieg film<stépping method are
known. [0012% In_the laser method

gold-nickel al 6133/0 I%/%? covered with ﬁ8E§ Ijl“g%%rel of gl\)/:/{’?s% ?S?\Z“g%%n%g%%% 1:];Irlllgtlﬁgg ;?)rlrgl] Sating
film-stripping smethodk: ficst, padial platidg issapplied toctheicontattportiontand:the substrate-bonding
Forton (Ot SOl Spved st ORI G e iy on e 20
portion @6 connectarmatetiakviliich becomes adNi bammee dayer (the.erial and a
sufficient solder bonding strength can ke obtained.
[6008]
Meanwhile, in the whele-surface~gold-plated connector,
gold plating is first applied, in its production, on the
15 whele surface of connector material. Conseguently, the
nickel base is not exposzed and hard gold plating is present
at the contact portion the substrate-bonding portion. The
gold plating film is high in solder wetting. Therefore, the
scider used for bonding does not remain at the substrate-
20 bonding portion of connectcocr 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 mere serious in recent ysars because
the smaller size of connector has made narrowsr the pitch
25 between the contact portion and the substrate-bonding portiocn.
(00091
Fig. Z shows the bonding between connector material and
substrate, in conﬁeﬁtional whole-surface-gold-plated

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

30 material. OCn the connector base material 21 is formed a Ni



portion is hereinafter referred to as Ni barrier portion). [0014] S5After 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 and the 15 Ni barrier portion. Therefore, even if
the thin gold plating film of the Ni barrier portion has been stripped completely, gold plating film

£

remains at the yotd-ptattdl Porfibhs (BoAtt Portion and Stbstrate Bordiig portior)otihick gold plating

film, wherebydesireghfilm thicknessesscan, be2Qi0btainad. gt these pogions, The-gelgplating
film-stripping method has become a main stream because the laser method is high in treating cost.

[0016] In confiediorPfitfthe recent SAftoShaér 25 EofifBERT e RiFbARTE? pdHion 8 Pecoming
finer as well. As acresillts when parial plating.is-applied-using aneursent-plating selytion, the plating
solution spreads even to the Ni barrier portion, making difficult the selective plating for contact portion
and subs%r)ategﬁélﬁ&iﬁﬁoﬁom%?éhfdofﬁ 901 Bl EE pE! Wén BaRiat piating s appiied using a
hard gold plating.gelution containing first and seconshhrightener agents; disclosediip Ratent Literature
1, there is obtained highly uniform deposition on the to-be-plated 5 surface. As a result, when partial
plating is appfied & the fo-beate P poftions (oLt poffoh and SubstAtEbording b@ﬁfon) using the
above platingsplution: the:solutien spreads.widalyandathigkgeldplatipg fimris faemed even on the
Ni barrier portion (hereinafter, this phenomenon is 10 referred to as plating leakage, in some cases).
Therefore, a IBRG IS i€ iebded16 cofipletaly 3tip BRFfintformed on the Ni barrier portion, by the
gold plating-stripping method. As a result, the gold films on the contact portion and the

substrate-bonding portion are stripped excessively, 15 making it impossible to obtain films of desired
tmcknesses_[Pﬂor/“{EHEHQUWQOle—surface—gold—plated connector, an exposing

the nickel base between the contact portion and the

substrate-bonding portion is being made in order to allow the

bonding solder te remaln at the substrate-bonding portion and
15 prevent its spreading to the contact portion (hereinafter,

the exposed nickel base is referred to as Ni barrier layer,

in some cases).

[0011]

For formation of the Ni barrier layer, a laser method

20 and a gold plating film-stripping methed are known.
[cel12]

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

25 [0013]

In the gold plating film-stripping method, first,
partial plating is applied to the contact portion and the
substrate~bonding portion {(that is, a plating sclution is
sprayed to desired portions and plating is made only on the

30 sprayved portions). In this case, the partial plating need be



-[0018] Patent Literature 1: Patent No. JP3933930B 20 [SUMARY OF THE INVENTION] [Tasks to Be
Achieved by the Invention] [0019] The present invention was made in view of the current 25
situation that selective partial plating is difficult in the partial plating using conventional plating solution.
Hence, the present invention has a task of providing a gold plating solution used in partial plating (e.g.
partial plating for ~ forming a Ni barrier layer in a connector material for recent 30 smaller connector),
which can highly suppress the formation of plating film in an unintended portion.The present invention
has another task of providing a method for applying gold plating to a connector material using the

above gold plating siuticR. 5 INednsFoPARhigving-the" a8k < [0836] POT T Wrdéfto achieve the

above tasks, the peesent inventors made arstudy particulany: opdhe Ni-barsier layernAs a result, it was
found that, since the fee‘din?t amount of 10 plating solution is small and plating is made at a low current

density, at th&Ni batfier portiort: ‘Suppréssion o gofd deposifioN att6w cuitet tensity’ 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 low current density portion can be attained by the inclusion of a nitrogen

group-conitaining compdand 8 aRfdrganic xidant)dn goltf piting SoidfidRThe fRdig<have led to
the completiop-ofithe present disckasuse (00234 20T heMitra Groypsconiaining sempoung uniquely

increases
gold stripping using a gold-stripping agent. By this gold
stripping, all the gold plating £film on the Ni barriex
portion (the gold plating film formed by plating leakage) is
10 stripped, whereby a Ni barrier laver 1s formed.
0013]

There is a difference in the thickness of gold film
between the gold-plated poriions {(contact portion and
substrate-bonding portion) formed by partial bonding and the

15 Ni barrier portion. Therefore, even 1f the thin gold plating
film of the Ni barrier portion has been stripped completely,
gold plating film remains at the gold-plated portions
{contact porticn and substrate-bonding portion) of thick gold
plating f£film, whereby desired film thicknesses can be

20 obtained at these portions. The gold plating film-stripping
method has become a main stream because the laser method is
high in treating cost.

[001e]

In connection with the recent shift to smaller

25 connector, the Ni barrier portion is 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 porticn.

30 [0017]



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
portions), normal gold films 25 are formed without receiving the influence of gold deposition
suppression at low current density. [0022] In order to achieve the above tasks, the present
disclosure provides the following. 30[0023] [1] According to a first aspect, there is provided an
electrolytic hard gold plating solution containing a gold cyanide and/ or a salt thereof, a cobalt salt, 5a
conductive organic acid salt, a nitro group-containing compound, and at least one kind of
compound selected ffor theciotip consistimg 6F atarbodlitrscid SaronyearboidAitacid, and salts

thereof. 10[0924];[2) The glectralyfic;hard gold plating solution-accgrding;tasElowherein the

concentration of the nitro group-containing compound is 0.1 to 20 g/L. [0025] 15[3]According to a
second aspe&t: HeresB providedts methoe fof pratiny & e5RAECtbr FRateraT Swhich ¢sthprisés applying

partial pmingoﬁ?t@?n%'tﬁ%b@ﬁrﬁuou%%&Hbégﬂﬁs‘@@r‘i‘éiﬂgﬁp@gg of &.eNReGtor Material using an
electrolytic hard gold plating solution set forth in [1]. M [Effect of the Invention] [0026] When a
connectot is FioetRed usig thedeettolyticifardryid platingSolufien of tRepresénttifvértion, as

compared withjwhen using gonwentional gold.plating selution,25 the fofmatqn of platingfilm at the Ni
barrier portion is suppressed strikingly. Consequently, a Ni barrier layer can be formed even in recent
smaller conn&&BE e Nt bafdertayetrancalfowt the Solder iorisBnding to Femain at the

SUbStfate'bonﬁiQ%Q&’éti%-d%%ﬁ r§§H|tath§1§9@n%g95 plating film is formed even
on the Ni barrier portion (heresinafter, this phenomenon is
16 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 film-stripping
methed. As a result, the gold films on the contact porticn
and the substrate-bonding portion are stripped excessively,

15 making it impossible to obtain £ilms of desired thicknesses.

[Prior Axrt Literature]
[0018]
Patent Literature 1: Patent No. JP3833830B
20
[SUMARY OF THE INVENTION]
[Tasks to Be Achieved by the Invention]
i0019]
The present invention was made 1n view of the current
25 situation that selective partial plating is difficult in the
partial plating using conventional plating solution. Hence,
the present invention has a task of providing a g¢gold plating
selution used in partial plating (e.g. partial plating for
forming a Ni barrier layer 1n a connector material for recent

30 smaller connector), which can highly suppress the formation



30 material having a Ni barrier layer can have a sufficient solder bonding strength. [BRIED
DESCRIOTION OF THE DRAWINGS] [0027] Fig. 1 shows bonding of a connector material having
a Ni barrier layer formed using the electrolytic hard gold 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 & sub3taté i FORCARRYIRE OTFTHERRVEITFION] 160285 Fhe
electrolytic hareh-geld ptatingssolationf the prrsent ipventian s deserbeddn detaihbeDn.{§029] The
electrolytic hard gold plating solution of the 15 gresent invention contains a gold cyanide compound as

a gold salt. A9t gdid tyanfie ConiboliRt fHerg cal bementiondd §81d Yotassiihiccy dRide, gold

sodium cyanige sgaldamelonidancyanide, etc. In the electrolytic hard gold plating solution of the
present inventjon, the concentration of the golq is 20 0.1 to, 20 g/L, preferably 2 to 15 g/L in terms of
gold concentraftT-WhehQfe %ﬁﬁ i5Ss I‘?a%jkogoi g/L, the cathode current efficiency is low,
making it difficuibtooobtain an intended gold film thickness. When the concentration is more than 15
g/L, the cathode current 25 efficiency doeshnot incre%se in %rgportion tg the gﬁ#d concentration and the
loss of gold due to drgaE out'o %llratiﬁéa soldtion i‘éelargée,e Whith 5ot 858 omicat™ [O(ﬁfﬁ Sﬁnetelectrolytic

hard gold plating-salution afdikhe 39 present weniionlcoriginsa nitre groupscatitaininggempound as
an organic oxidant. Thesght({:o group-contglnln%cgwggund ,unlguel inc ea§es the omdaﬂoggeductlon

potential of g(ﬁﬁ ataléw currenlt%le‘ﬁ%ﬁy rgﬁléle @ carrent &gﬁsnyto 10 Aidmd amount

10 plating soclution is egmall 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 £ilm at the Ni barrier porticn. It
was further found that the suppression of gold deposition.at

15 low current densgity portion can be attained by the inclusgion
of a nitrogen group-containing compound (as an organic
oxidant) in gold plating solution. The findings have led to
the completion of the present disclogure.

[0021]

20 The nitro group-containing compound uniguely increases
the oxidation-reduction potential of geold at the low current
density portion (Ni barrier portion) and suppresseg the
deposition of gold. Further, in the medium to high current
dengity portions (to-be-plated portions), normal geld filme

25 are formed without receiving the influence of gcld deposition
suppression at low current density.
f0022] |

In order to achieve the above tasks, the present

disciocsure provides the following.

30 [0023]



or lower), suppressing gold deposition. Further, with the 5 electrolytic hard gold plating solution of the
present invention, 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-nitrobenzenéslilfonftca@8H it saltthefeof F-hitrobarzehesultBRiccacitFanB L3 thefeof4-

nitrobenzenesulfonic-acigt and saltdhgraef, 2415 dinitrehenzenesiiienic acld and salt thereof,
3-amino-2- hydroxy-5-nitrobenzenesulfonic acid and salt thereof, 3-

amino-4-hydroxy-5-nitrobeh2 eFgehiioRicdd &M &alf tHerebRe afRfinonitrobenzenesulfonic acid and
salt thereof, 2- nitrobenzqigacid and:salt thereof, 3-nitrobenzoic acid and 20 salt thereof,
4-nitrobenzolc acid and salt thereof, 3,5- dinitrobenzoic acid and salt thereof, 4-amino-2-nitrobenzoic

acid and galt thereof, %-SHiAGSEAtfoSEN I Gcifafd Saltthereof, 5-amino-2-nitrobenzoic acid,
2-amino-5-nitropyridine n2-hydrepas3nittepy Heline 2-pydraxyndrnitsepyridine, 5- 25 nitroquinoline,
6-nitroquinoline, 8-nitroquinoline, nitroisatin, 3-nitrophthalimide, 4-nitrophthalimide, 5- nitrouracil,
1-methyl-6-nitrouraci® B-nitr85arbfttfic Stif 220itr 6T BMBdnGivheCER THeZR it gfd i ontaining
compounds mayhbe siseeksingly or knepmbjnationefitivo enmers 39-kinds-1inthg lectralydic hard gold
plating solution of the present invention, the concentration of the nitro group-containing compound is
0.1 to 20 g/L, Prefefablyod.830 5 g/L. When the concentration is less than 0.1 g/L, the gold plating
leakage into Nidaargier portion is large, resulting in 5 reduced plating selectivity. Even if the
concentration js more than 20 g/L, there.is no effect corresponding thereto, which is not economical.
[0032] The ele[&}oIytig%%rc?éS%tﬁ%ﬁﬁls%lJ?Foﬂdofglﬂédlogﬁﬁgéﬁ?ini?@ﬁﬁl&ﬁ%ﬁn BEWEEH BEa pH range
of 3.0 to 7.0 and is preferablyeusad at aHpH rasgeafd:-01ie 0. Whenthe pHiistewegihkam 4.0, the
cathode current efficiency is low, making it impossible to gbtain an intended gold plating thickness.
When the pH & ﬁf@%éﬁﬁygn ?@?t%%n&olgsﬁl&‘ ﬁa§‘15‘2§ r8ddish appearance, making it impossible to
obtain a normab goeki film. Incidentally, it is possible to use, as a pH-adjusting agent, sodium hydroxide,
potassium hyo!r%xide, ammaonium hggroxide, water-diluted sulfuric acid, etc. 10033] 20The electrolytic

hard gold’platirig solution of tharesanttnvEficH Cortaed cobait dalt. AS th8'cohaitAlt there can
be mentionedeabaltisulfate, cobaltinitrate, cobaltchlatidenaobalt Hasic eathenicacigrete= I hese
cobalt applying partial plating to the contact portion and
substrate-bonding portion <f a connector material using an
electrolytic hard gold plating solution set forth in [1].
20 [Effect of the Invention]
inoz26]

When a connector is produced using the electrolytic
hard gecld plating solution of the pregent invention, as
compared with when using conventicnal gold plating solution,

25 the formation of plating film at the Ni barrier portion is
suppressed strikingly. Consequently, a Ni barrier layer can
be formed even in recent smaller connector. The Ni barrier
layer can allow the solder for bonding to remain at the
substrate-bonding portion. As a result, the connector

30 material having a Ni barrier layer can have a sufficient

sclder bonding strength.



salts may be used singly or in combination of two or more 25 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, it is Impossible to obtain the film properties of
hard gold, such as film 30 hardness and the like. Even if the concentration is higher than 1.0 g/L,
there is no effect corresponding thereto, which is not economical. By using the cobalt salt, the
hardness of the plating film obtained becomes 150 to 200 HV. [0034] 5The electrolytic hard gold
plating solution of the present invention contains a conductive organic acid salt. As the conductive

organic acid SHRRtHER: BRFReHTENd B8taSEEMRRARE NS &Esium phosphate, potassium nitrate,

potassium su¢gipate, 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 theScond v orgahfc acidsaltis AV HES06 b/ referably 50 46900 g/L. When

the concentrationds Jess tham 1@ 9/l these is,ford5@xample-deteripration in-platingsfilm appearance,
making It impossible to obtain a gold film of normal appearance. Even if the concentration is higher

than 200 Yy/L, RREfe RN G IfeEE EOrrespdHGing tREFELS, WhItH 1516t ecbnomital Jo635F26The

electrolytic hard gold piating selutien afdhepresent invention contains achelating agent. As the
chelating agent, there are used a carboxylic acid and a slat thereof, and an oxycarboxylic acid and a

salt thereof. THEFE THI-hE PEMtbITEE ForBx Ak & FEriRicadd 2§y colic Akid? 25agtiE akid, oxybenzoic
acid, oxalic acid, malonic acid, succinic acid, malic acid, tartaric acid, phthalic acid, diglycolic acid,
citric acid, and salts thereof. These may be used singly or in combination of two or more kinds. In the
electrolytic hal¥gB8 pFfg QWh@H%s?ﬁ%ﬁm%%concentration of the chelating
agentis{hto HOg/k; preferably 5 to 20 g/L. When the concentration is less than 5 g/L, inorganic
impurities are taken into the gold film formed, which tends to inv te deterioration in gold
filmappearance and golg fimSsropertedst EVEn i tHe 5tahlicehtrationds Righar tﬁ%nt%? g/L, there is no

effect correspopding.thergte,whigh is sokeconomucalin decail below.
F0029]
The electrelytic hard geld plating solution of the
15 present invention contains a gold cyanide compound as a gold
salt. As the gold cyanide compound, there can be mentionad
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 gold is
20 0.1 to 20 g/L, preferably 2 teo 15 g/L in terms of gold
cencentration. When the concentration is less than 0.1 g/L,
the cathode current efficiency is low, making it difficult to
obtain an intended gold f£ilm thicknsss. When the
concentration is more than 15 ¢/L, the cathode current
25 efficiency does not increase in proportion to the gold
concentration and the loss of gold due to drag out of plating
solution is large, which 1s not economical.
[0030]
The electrolytic hard gold plating sciution of the

30 present invention contains a nitro group-containing compound



[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 to 200 A/dm2, more
preferably 50 to 150 A/dm2. [0038] The plating of a connector having a Ni barrier layer, 20 using the

electrolytic hard gold plating solution of the present lnvention is conducted, for example, as follows.
First, a nickeFplaftfig ffifa8 f6rhsd GH'a co% COhRERIGH ARSI By BIESREVGE IS This nickel

plating film cap, befermed.by-a kpown-methed dLhen-onta dhe nickel 25tplating filmrisapplied partial
plating, at the contact portion of connector and the substrate-bonding portion of connector, using the
electrolytic hattl gold Prafitg §6RitioRearthehredartinyBnidi “Fhdreifiat 1he §5ldMafitgFim formed

is stripped by a kngygp.methad, to.0bfain-a gold:plated 30-connector hawing aNidareet layer. [0039]
Fig. 1 shows bonding of a connector material having a Ni barrier layer formed using the electrolytic

hard gold plafing SoRiibR-orthesgieseft hvertion ithd Sl Sirate™ 59 FiFa Tohnector base material

consisting of a,copper material,Qn the connestor basematerial Liluisfepned:a bi baserl 3 by nickel
plating. Then, on the Ni base is formed a gold plating film 15, usi_ngathe electrolytic hard gold plating
solution of thé ptéderftiivéstiort IR TFIGY 1, fHe $0BROWS shde BeeoneSthe Cortattportion of

connector materigl. and theb-side bacomes the substrateshondingsortion. Sherplatgd gonnector
material 10 is bonded to a substrate 17, using a bonding solder 19. Since there is present a Ni barrier
layer 14 in WG i nfkEFbase™ 38 PHeRPOSE, the bonding solder 29 remains at the
substratggbongig 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 20
effect of the present iftveftitn Te-héCINIF&IFET BH&TEBYRing compound, there can b&

mentioned Z2-nitrobenzenesulfonic acid and salt thereof, 3-
nitrobenzenesulfonic acid and salt thereof, 4-
nitrobenzenesulfonic acid and salt thereof, 2,4-

15 dinitrobenzenesulfonic acid and salt thereof, 3-aminc-2-
hydroxy-5-nitrobenzenesulfonic acid and salt thereof, 3-
amino-4-hydroxy-2-nitrobenzensesulfonic acid and salt thereof,
4d—aminonitrobenzenesulfonic acid and salt thereof, 2-
nitrobenzeic acid and salt thereof, 3-nitrcbenzoic acid and

20 salt therecof, 4-nitrobenzeoic acid and salt thereof, 3,5-
dinitrobenzoic acld and salt therecf, 4-amino~2Z-nitrobenzoeic
acid and salt thereof, 4-aminc-3-nitrobenzoic acid and salt
therecf, 5S-amino-2-nitrobenzoic acid, Z-amino-f-nitropyridine,
2-hydroxy-3-nitropyridine, 2-hydroxy-3-nitropyridine, &5-

25 nitroguinoline, 6-nitreguinoline, 8-nitroguinoline,
nitroisatin, 3-nitrophthalimide, 4-nitrophthalimide, 5-
nitrouracii, I-methyl~6-nitrouracil, 5-nitrcbarbituric acid,
Z2-nitro-1,3-indandione, etc. These nitro group-containing
compounds may be used singly or in combination of two or more

30 kinds. In the elesctrolytic hard goid plating solution of the
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[EXAMPLES] [0041] The present invention is described in more detail below 25 by way of

Examples. The present invention is not restricted to these Examples. [0042]

There was used, as

a sample, a copper plate on which a nickel film had been formed in a thickness of 2 um. Nickel 55 film
was formed by plating using nickel sulfamate solution. [0043] The constitution of the equipment
and the method of evaluation, both used in the test are as follows. [0044] 5A silicone sheet was
attached onto an acrylic mask plate that has opening of 10 mm x 10 mm. Thereon was placed a
sample. The sample was pressed from above with a pressing block under which a silicone sheet had
been attached “fo*fitthe- B3fipte °R ‘goidt pI&Y ESIItiaH Wb Sprayed thrdigh 810 Biatinum-made
nozzle of 5 masirtdiameter {fnctioning as amanede) by;circulatiag sheisolutionsby a purgpr.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 th& &fiftoh8 SHedt Httachad Ghto the Thgsk pats; the'sifiéotie sHeefst-

A6teh Portion 15

was removediandlegkagerpomtioniyas fermed;:therebys, shererwere mada possiblesthe remaining of

i

the plating solution between the mask and the pressing block when the%

sprayed, aind S8BLEGTeRl RakaGe 5IAfTG The Lvaluativh of the HlatiRg

atin%solution had been
ntratilo ) .
As hiacde By mMeasuring the

gold 20 film thiekness-fosmed an the sample 0f the leakage-pasition: Ihenmeasurenestof 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 leakalje potior, HEingSs AGBFEStRNt X-ray film thickness tester (SEA 5120, a product of SIT).
25[0045] (Examoplezl) Formulation of plating solution Potassium gold cyanide: 5 g/L (as gold)

Potassium citrate: 120 g/L

THe electrolytic hard gold plating solution of the

10 present invention can be used at a pH range of 3.0 to 7.0 and

ig preferably used at a pH range of 4.0 to 5.C. 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

15 a reddish appearance, making it impossible to obtain a normal

gold film. Incidentally, it is pessible to use, as a pH-

adiusting agent, sodium hydroxide, potassium hydrexide,

ammonium hydroxide, water-diluted sulfuric acid, etc.

[G033]

20 The electrolytic hard gold plating solution of the

present invention contains a ccbalt salt. As the ccbalt salt,

there can be mentioned cobalt sulfate, cobalt nitrate, cobalt

chloride, cobalt basic carbonic acid, etc. These cobalt

salts may be used singly or in combination of two or more

25 kinds. In the electrolytic hard gold plating scolution of the

present invention, the concentration of the cobalt salt is

0.0 to 10 g/L, preferably 0.1 to 1.0 g/L. When the

concentration is less than 0.1 g/L, it is impossible to

obtain the £ilm properties of hard gold, such as f£ilm

30 hardness and the like. Even if the concentration i1s higher

11



30Potassium formate: 20 g/L Cobalt sulfate: 0.96 g/L Sodium m-nitrobenzenesulfonate: 2 g/L Water
[0046] 5The 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 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 Pota&§iti golt EyanideRsTfL {asHol® P EGEsshfh thPe™4 209/ L PoP6tassitit formate: 20

g/L Cobalt sulfate; 0.96 @ik 3adiim m-iitrohenzoate..2 gl Water [0Q48]-25The, aboue salytion was

adjusted to pH 4.2. Using the solution and the above equigment, partial plating was conducted at a
solution temperature df 55T by dujGstify i platirgrifte s6thaPthe’Joldfilm thickness obtained

became 0.2 pm@i £ach current density shown in Table 1. The gold 30 film formed by deposition had a

lemon yellow color and a . )
5 The electrolytic hard gold plating solution cof the

present invention contains a conductive organic acilid salit.
As the conductive organic acid salt, there can bes mentioned
potassium citrate, potassium phosphate, potassium nitrate,
pcotassium 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 than 10 g/L, there is, for

i85 example, deterioration in plating film appearance, making it
impossible to obktain a gold £ilm of normal appearance. Even
if the concentration is higher than 200 g/L, there 1s no
effect corresponding thereto, which i1s not economical.

[0035]

20 The elesctrolytic hard gold plating sclution of the
present invention contalins a chelating agent. As the
chelating agent, there are used a carboxylic acid and a slat
thereof, and an oxycarboxylic acid and a salt thereof. There
can be mentioned, for example, formic acid, glycolic acid,

25 lactic acid, oxybenzolc acid, oxalic acid, malonlc acid,
suaccinic acid, malic acid, tartaric acid, phthalic acid,
diglycelic acid, citric acid, and salts therecf. These may
be used singly or in combination of two or more kinds. In
the electrolytic hard gold plating solution of the present

3¢ invention, the concentration of the chelating agent is 1 to

12



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. 5[0049]
(Example 3) Formulation of plating solution Potassium gold cyanide: 5 g/L (as gold) Potassium citrate:
120 g/L 10Potassium formate: 20 g/L Cobalt sulfate: 0.96 g/L 5-Nitrouracii: 2 g/L Water [0050] 15The
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 um at each current density shown in Table 1. The gold 20 film formed

by depositionad 4tentSFEyalIan eBlor drid 4 UrfifoFm sHRGEClors appRaFRTEE “Fid gofd film thickness

at the Ni barrigr portion {leakage portien),wasbelew,0:01 1 ak eachausrentdensityandhthere was
striking suppression for plating leakage. 25[0051] (Comparative Example 1) Formulation of plating

solution Potadditifh §6MIMEmiHE: 5/ ¢a8 gold) Potassminteitrtecrsgyan in gold film

appearance and gold film properties. Even 1f the
5 concentration 1s higher than 20 ¢/L, there is no effect
corresponding thereto, which 1s not economical.
[0036]
The electrolytic gold plating solution of the present
invention can be used at a solution temperature of 20 to 90°C
10 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 £ilm thickness tends
to be unobtainable. Also, when used at a temperature of
higher than 70°C, an intended effect tends to be uncbtainable.
15 [0037]
The current density in plating is preferably 20 to 200
A/dm?, more preferably 50 to 150 A/dm?.
100381
The plating of a connector having a Ni barrier layer,
20 using the electrolytic hard gold plating scolution of the
present invention is conducted, for example, as follows.
First, a nickel plating fiim is formed on a copper connector
material by electrolytic plating. This nickel plating Film
can be formed by a known method. Then, ontc the nickel
25 plating film is applied partial plating, at the contact
portion of connector and the substrate-bonding portion of
connector, using the electrolytic hard gold plating solution
of the present invention. Thereafter, the gold plating film
formed is stripped by a known method, toe obtain a gold-plated

30 connector having a N1 barriexr layer.
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30Potassium formate: 20 g/L 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 conducted at a solution
temperature of 55C by adjusting the plating time so that the gold film thickness obtained became 0.2
am 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
(A/Jdm2) Gold film thickness(pm) Example 1 20 0.003 40

10

15

20

26

30

[0039]

Fig. 1 shows bonding of & connector material having a
Ni barrier laver formed using the electrolytic hard gold
plating solution of the present invention, with & substrate.
11 is a connector base material consisting of a copper
material. On the connector base material 11 is formed a NZ
base 13 by nickel plating. Then, o¢n 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
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 13 is
exposed, The bonding sclder 29 remains at the substrate-
bonding portion and a high bonding strength can be obtained.
[00490]

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]
[0c41]

The present invention is described in more detall below
by way of Examples. The present invention 1s not restricted
to these Examples.

[oo4z]

There was used, as a sample, a copper plate on which a

nickel film had beesn formed in a thickness of 2 um. Nickel

film was formed by plating using nickel sulfamate solution.

14



0.005 60 0.004 Example 2 20 0.002 40 0.004 60 0.003 Example 3 20 0.005 40 0.007 60

10

20

30

[0043]

The constitution of the equipment and the method of
evaluation, both used in the test are as follows.
[G0441

A silicone sheet was attached onto an acrylic mask
plate that has opening of 10 mm x 10 mm. Thereon was placed
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 scolution was sprayed through a
platinum-made nozzle of 5 mm in diameter (functioning as an
ancde) 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 % 10 mm opening in the silicone sheet attached
onto the mask plate; the silicone sheet of the notch portion
was removed and leakage pertion was formed; thereby, there
were made possible the remaining of the plating solution
between the mask and the pressing block when the plating
solution had been sprayed, and subsequent leakage plating.
The evaluation of the plating was made by measuring the gold
film thickness formed con the sample of the leakage porticn.
The measurement of the gold film thickness was made at a
point 5 mm apart from the interface between the opening of 10
mm % 10 mm and the leakage portion, using a flucrescent X-ray
fiilm thickness tester (SEA 5120, a product of SIiI).
[0045]
(Example 1)
Formulation of plating soluticn

Petassium gold cyanide: 5 g/L {(as gold)

Potassium citrate: 120 g/L

Potassium formate: 20 g/L



0.008 Comparative Example 1 20 0.030 40 0.039 60 0.042 15 [0054] The plating solution of the
present invention can be used also in the following formulations, for example. Formulation example 1
of plating solution 20Potassium gold cyanide: 2 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 5Water [0055]

Cobalt sulfate: 0.86 g/L
Sodium m-nitrobenzenesulfonate: 2 g/L
Water

[0046]

5 The above solution was adjusted to pH 4.2. Using the
solution and the above eguipment, partial plating was
conducted at a solution temperature of 35°C by adjusting the
plating time so that the gold film thickness obtained became
0.2 um at each current density shown in Table 1. The gold

10 film formed by depcesition 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
eacnh current density and there was striking suppression for
plating leakage.

15 [(0047]

(Example 2)

Formulation of plating sclution
Potassium gold cyanide: 9 g/L {as gold)
Potassium citrate: 120 g/L

20 Potassium formate: 20 g/L

Cobalt sulfate: 0.%6 g/L
Sodium m-nitrobenzoate: 2 g/L
Water

[0048]

25 The above solution was adjusted to pH 4.2. Using the
sclution and the above eguipment, partial plating was
conducted at a solution temperature of 55°C by adiusting the
plating time so that the gold film thickness obtained became
0.2 pm at each current density shown in Tabkblie 1. The gold

30 £film formed by deposition had a lemon yellow coclor and a
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Formulation example 2 of plating solution Potassium gold cyanide: 15 g/L (as gold) Potassium citrate:
120 g/L 10Potassium formate: 20 g/L Cobalt sulfate: 0.96 g/L 15 Sodium m-nitrobenzenesuonate: 2
g/L Water [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

uniform satisfactory appearance. The gold film thickness at
the N1 barrier portion (leakage portion) was below 0.0]1 pm at
each current density and there was striking suppression for
plating leakage.
5 [oc4a9]
(Example 3)
Formulation of plating solution
Potassium gold cyanide: 5 g/L {as gold;
Pectassium citrate: 120 g/L
10 Potassium formate: 20 g/L
Cobalt sulfate: 0.%6 g/L
H-Nitrouracil: 2 g/L
Waterxr
(00501
15 The above solution was adjusted to pH 4.2. Using the
sclution 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 obtailned became
0.2 um at each current density shown in Table 1. The gold
20 film formed by deposition had a lemen yelliow color and a
uniform satisfactory 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.
25 {00513
(Comparative Example 1)
Formulation of plating sclution
Potassium gold cyanide: 5 g/L {(as gold)
Potassium citrate: 120 g/L

30 FPotassium formate: 20 g/L

17



14: a Ni ba'rrierllayer 15: ‘agold plating film 17: a substrate 19: a bonding solder 20: a
connector material gold-plated on the whole 25

Cobalt sulfate: 0.96 g/L
Water
[0052]
The above solution was adijusted to pH 4.2. Using the
5  solution and the above eguipment, 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 um at each current density shown in Table 1. The gold
fiilm formed by deposition had a lemon yellow color and a
10 uniform satisfachtory appearance. The gold film thickness at
the Ni barrier portion (leakage porticn) was 0.030 to 0.042

um at each current density.

{00531
Table 1
Current density Gold f£ilm
{(A/dm”) thickness (pm)
20 0.003
Example 1 40 0.005
60 5 0.004
20 0.002
Example 2 40 0.004
60 0.003
20 0.005
Example 3 40 G.007
60 0.008
20 0.030
Comparative Exanmple 1 40 0.039
60 0.042
15
[0054]

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

20 Potassium gold cyanide: 2 g/L (as gold)

18



surface 21: a connector base material made of copper 23: a Nibase 25: a gold plating film 27:a
substrate 30 29: a bonding solder

Potassium citrate: 120 g¢/L

Potassium formate: 20 g/L

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 ¢/L

Water

15 [EXPLANATION OF NUMERICAL SYMBOLS]
[0056]
10: a connector material having a Ni barrier layer
11: a connector base material made cf copper
13: a Ni base
20 14: a Ni barrier lavyer
15: & gold plating film
17: a substrate
19: a bonding solder
20: a connector material gold-plated on the whole
2b surface
21: a connector base material made of copper
23: a Ni base
25: a gold plating film
27: a substrate
30 2% a bonding solder
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CLAIMS 1. An electrolytic hard gold plating solution containing a gold cyanide and/ or a salt thereof, 5a
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
10salts 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 connector material using an electrolytic hard gold plating solution set
forth in Claim 1. 20 Electrolytic Hard Gold Plati%ﬁ%n and Plating Method Using the Same
ABSTRACT 5 [Task] To provide a gold plating solution which, in the partial plating for forming a Ni
barrier layer in a connector material, can suppress the formation of %old, 10 plating film in the Ni barrier

ponmn(anuﬁﬂuend@@pahﬁﬁﬁQﬁ%ﬁg%%nﬁ%ﬁﬁnqﬁé&”&&atlng solution contalning

a gold cyanide and/ or a salt thereof,

a cobalt salt,

o

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 scluticn 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 ceontact portion and
substrate-bonding portion of a connector material using an
electrolytic hard gold plating scluticn set forth in Claim 1.
20
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[Means for Achieving the Task] The formation of gold plating film in Ni barrier portion can be
suppressed by conducting partial plating a 15 connector material using an electrolytic hard gold plating
solution containing a gold cyanide and/ or a salt thereof, a cobalt salt, a conductive organic acid salt,
20a 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. [Selected Drawing] 25Fig. |

Electrolytic Hard Gold Plating Solution and Plating Method
Using the Same

ABSTERACT

[Task]
To provide a gold plating solution which, in the
partial plating for forming a Wi barrier layer in a
connector material, can suppress the formation of gold
10 plating film in the Ni barrier portion {an unintended
portion) of the connector material.
iMeans for Achieving the Task]
The formation of gold plating film in Ni barrier
portion can be suppressed by conducting partial plating a
15 connector material using an electrolytic hard gold plating
solution containing
a gold cyanide and/ or a salt thereof,
a cobalt salt,
a conductive organic acid salt,
20 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.
[Selected Drawing]

25 Fig. 1
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