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-thTESHER Hidhg & &Rafter, the plating by this method is 10 referred to as di-chromatic
plating, in somg®ases). [0004]

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.



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, and the like. 25[0006] Hence, in connectors of high
precision andiﬁi% élurability, there is on rise whole-surface-gold-plated connector in which hard. gold

plating is applied notieply$0 1he ggntact partien bt alsortortheisubstatehondiag pertion. 30 However,
the whole-surface-gold-plated connector material, as compared with conventional di-chromatic-plated

connector matefiaP Eausds d probehf it sofded bonding (68871 thecshvamiidhal di-chromatic-plated

connector 5 materiala nickelbase of severakmm isexpesad-betweenthe barg geld-plated contact
portion and the solder-plated, substrate-bonding portion, The nickel oxide film at the surface of the

nickel bae iSO T Soter WEtiRG Y TReFEF6rE thE Sbfier Lsed BT Donding FemafiEat the 10

substrate-bonging partion af-conneciernmateraland a:syfficientsolderbendingstiengthican be
obtained. [0008]6‘8 Meanwhile, in the whole-surface-gold-plated connector, gold plating is first
applied, in its ProfuERSASEN TE 185HhBR U Ace oY BRKECIOT matdrial CEHEEGUENR/, the nickel

base is not expased.and hard gold plating isgesentattheicantaet perion:theisubstrate-bonding
portion. The gold Iatin%film is high in solder Wetti%Therefqre, the solder used for bonding does not
remain at the%‘ﬁﬂdgfﬁét 156 Bohdinty pEriGH 6f ConfreGtoP niatefidl &d SPread€as ¥4r as the contact

portion. This cauyses-aqprablem ofireduction in solderkangding strepgth akthessubstrate-bonding
portion. This problem has become more serious in recent years because the smaller size of connector
has made nart8#&f the pitch

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



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 becomes a contact portion of connector material and the
arrow b side becomes a substrate-bonding portion. The 5 connector material 20 gold-plated on the

whole surface is bonded to&substratej?r?g/lb%id_iré% rsoldeer_.29. IrL1 &'{@ies CEacsoe I§inccte01£he nickel base 23

is not exposé:dfr%ﬁg%%nd‘fﬁ"g Solder 29'd56S fiot Femain at the substrate-bon mS portion and spreads

as far as thecontactgiortion:: 3600 0pr ob L émthenwholeisurfacedyold-plated connector, an exposing
the nickel bal% @SJ&ween the contact portion and the substrate-bonding portion is being made in order
to allow the bon md solder to remain at the substrate-bonding portion and 15 prevent its spreading to
the contact portion (hereinafterptheexposed nitketbasaads tefepregttecas Nibanierdayer, in some

cases). [0011] . For formation of the Ni barrier layer, a laser method 20 a gold plating
film-strip%ing“lrﬁie:ﬁ]%ldaé“r’e ﬁngv%/ﬁft(ﬁ)%%ﬁse Olfrt}) t?l%\fgggrfm&é%(ﬁ, a fs%sﬁg app ied to a hard gold
plating film toforan g gold-micket alloytayer:covered withenickehexide lafdowrsalderwetting. 25[0013] In

the gold plating film-stripping method, first, partial,plating is applied fo the contact.portion and the
substrate-bor?(%%a“proarﬁgn%f%‘a%?,ga %?ﬁ%b%dluﬁ%%ﬁs%%?gled ?oxélégireg pOt‘tEISOFIS aﬁd plating is made
only on the 36spfayed portivrs): i casesthiespartial platingleeed betmade so that no gold plating

is made on t ortion of connector, material which becomes a Ni barrier Iaxertgftllge portion is
hereinafter rg%gréﬁ 8%%’NF’B§rrlseor5pg]oerﬁoH)sﬁ\gof IS%ﬁélr:&tﬁ%gpgr?%fEféstin%, the gold plating film

formed on the wrhole susfaiceraficonnectorimaterial i®subjected 1@ geldistiippmy asing a gold-stripping
ety s SRR, sl gt Al epiedlParer perianhe oold pladng fim
[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



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 gold-plated portions
(contact portion and substrate-bonding portion) of thick gold plating 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. [0016] In connection with the recent

shift to smallé?®% cérin8etor HHE"Ni Baftier Prtioh 16 BecBming Finkr 2837611 *Rs 288G, fihen partial
plating is applied asing:.a curentiplating solulions the plating sotutionispreads exendetbe Ni barrier
portion, making difficult the selective plating for contact portion and substrate-bonding portion.
30[0017]  S¥Gr SEpPRS whérparfal phting L appliedUsifGg %Oﬁafﬁaﬁalﬁiétiﬁ*&%oﬁj%n
containing first:ang.secend brightener-agenisydisclosedqin Ratent Literatuie. 1, there is obtained highly
uniform deposition on the to-be-plated 5 surface. As a result, when partial plating is applied to the
to-be-plated PoHiBAS (EaNTaRE Pbrtion aHd EebState?b6hdmy portiof) Usfhg’the™aéve plating solution,
the solution spreadsawidely. anga thigk goid plating filan isfornedevenon the Nirhasries postion
(hereinafter, this phenomenon is 10 referred to as plating leakage, in some cases). Therefore, a long
time is needed t8 CompiBtély Fifip thé fifim 40rméEd O the*Nibarrier Portdiy By e Goriating-stripping

method. As azesult.dhe-geldfimsien e contact pertien-and they susirate-bending-portion are
stripped excessively, 15 making it impossible to obtain films of desired thicknesses. [Prior Art

Literature] [00TR] PHtEnt Bitérature’ 1-Patéii™NG TP 39339308 20 [SUMARY OF THE INVENTION]
10 [6010]

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 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



-[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 solution. 5 [Means for Achieving the Tasks] [0020]

In order to achiéle fHe abve BaskES the PrédentdnventBisimaie &=tudPparti@ulaty on the Ni barrier

layer. As a resyltnit swvas-found:that, sinee the feeding amount ¢f:10 plating:selutioriis small and plating
is made at a low current density, at the Ni barrier portion, suppression of gold deposition at low current

density portidhicédrnt Shppfessthe fofmation St piatifg filn® at thé' Ni Bafrierporion” itWas further found
that the suppressian of gold deposition at 15 low current density portion can be attained by the
inclusion of a nitrogenfroup-containing compound (as an organic oxidant) in gold plating solution. The

findings Rave led to tfie CompletioRf thé preséntdiSelosiife. J6621P26 Thé hitro grodpcotitaining
compound uniguelydneiessesdhe axidation-redudtiongrotential-af:goldatdhg Jaw:ayrent density
portion (Ni barrier portion) and suppresses the deposition of gold. Further, in the medium to high
current densifjPportidhte-baplated PoRicHs) SnerhfdiEgotd filme 5 are Formiéd iwitHoti receiving the
influence of geld-dgpesitipn-supprassign at lew-gureent densityn[0022]x:  bln-erder to achieve the

above tasks, the Etesent disclosure provides the following. 30[0023]l _ .
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]



[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 from the group
consisting of a carboxylic acid, an oxycarboxylic acid, and salts thereof. 10[0024] [2] The electrolytic
hard gold plating solution according to [1], wherein the concentration of the nitro group-containing
compound is 0.1 to 20 g/L. [0025] 15[3]According to a second aspect, there is provided a method for
plating a connector material, which comprises applying partial plating to the contact portion and
substrate-bonding pdfien Vf A Edrinector Indtefiaf-dding ‘ahtéRetrof tRRdreEgoldIafing solution set

forth in [1]. M[Effect of the, invention} {9026],, -¥¢hen a copnectaris praduced tiging the electrolytic
hard gold plating solution of the present invention, as compared with when using conventional gold

plating solutié, 28 i fotnietivn s platihg ffrat the Nifbafier poricit is'sGppressea<trikiAgly.

Consequently,a Ni bagr i%@m&%m%&%m%e\ﬁ&ﬂb%%m m&ﬂ%m&%& he Ni barrier layer
can allow the solder for bonding to remain at the substrate-bonding portion. As a result, the connector

30 materfal havintea Ri barfief |dT Ear havéa SifficieAt soltRF bohdify dReRgRt [BRIED
DESCRIOTIQN QE THE RRAWING S}, {0024 + » <Eig»d-Shows bending.ef-a connggtormaterial having

a Ni barrier layer formed using the electrolytic hard gold 5 plating solution of the present invention, with
a substrate. pPortion) using the above plating solution, the sclution

spreads widely and a thick gold plating film is formed esven
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



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 ESmptidtiere ¢af be thedton&d Gl POt sidit ey diiide, gdidsodiaftErEnide, gold
ammonium cyafidetaten|mihe elestipdytichard gold-plating selutiomet thes presentdpvsntien, the
concentration of the gold is 20 0.1 to 20 g/L, preferably 2 to, 15 g/L in terms of gold concentration.
When the corg@htrafiont fs-iéds Han®0. £ 37 FheCatibte cuftdnt EHididncy R 160 HakiAg it difficult to
obtain an intepdedgald dbmibickaess. When the concentration is more than 15 g/L, the cathode
current 25 efficiency does not jncrease jn propgortion to the gold concentration and the loss of gold due
to drag ot of PIXGAG-Soltfdn &% é?‘%ﬂ& ggh%t E&ﬁ-ﬁs cal. [0030] The electrolytic hard gold
plating solutioncafthe 30 present invention contains a nitro group-containing compound as an organic
oxidant. The nitro groug-contgining comgognd uniquglg/ increases the gxidatiog-reduction potential of
gold at a low current 5ensﬁ)f raeﬁge g curFen]’[edfeensit%/ of 160 A7dm2 S?Fbﬁér), Euﬁprgsrs?ﬁgerétéld
deposition. Furthem withsthesmelectrotytip/harahgalehyplating selutionofithe presartinventan, there is
no suppressio}g of gold depositipn seen aft a Io%;/g rrgnt densig/, aftla edgj_m to h[ir%h curregt density
range (a curréiit daengﬁys% 20 t(jiTZO‘fSa,&/drﬁ)ﬁl)r;1 eréfore, glh%?ma?ggl fiiriy f‘sngbt%iné‘ld?tlocf 031] As the
nitro group-caontainingscompauridythete cambeimentionad: 2:4nitigbehzenestdfonic acid dndvsalt
thereof, 3- nitrobenzeQe Ifoni% acid :;}_Jndt alt tIQereé)f. 4: nitrobentzenesulfonic acid and sa[é thereof,
2,4- 15 dinitrobenzenesuifonic atid and salt thefeo ,af—ﬁﬁw@lﬁo-%%yﬁ?&y-§-lﬁ?t?6ft?ésr?zl§ﬁlesa onic acid
and salt theregf; 13t afriposd-hidnoxy:5-hittobenzenesulfienis acid andsaltthereof suppress
4-aminonitrob§§ze@%§:ulg nlic r?ciO an? astait nthegieolfmz- @itrggen Qic %cri% agrd sac!'g: tthlecgeof, %—Qitrobenzoic
acid and 20 sa Gfhereolff} “hitroenzol¢ acid and salt thereo , ,%— Blnltrébenf0|c acid and salt thereof,
4-amino-2-nitralenzoic-aeid aiml:salt thereof, e amipe3:pitriobenzbicsadid atwebsall thereoft
S-amino-gnitiobenzoic acid Z:aming;S;nitreRyiding 2y 3ORYRE: sneeson
2-hydroxy-3-n|tropyr|d?n , O-

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.
t00z22] |

In order to achieve the above tasks, the present
disciocsure provides the following.

30 [0023]



25 nitroquinoline, 6-nitroquinoline, 8-nitroquinoline, nitroisatin, 3-nitrophthalimide, 4-nitrophthalimide, 5-
nitrouracil, 1-methyl-6-nitrouracil, 5-nitrobarbituric acid, 2-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
electrolytic hard gold plating solution of the tpresent invention, the concentration of the nitro
group-containirtg co 5781 {°20%y/LE préferabfiP6S-to 5GIETIheR thBXShicettratidh is less

than 0.1 g/L, the-geld plating leakageyinta Niharties pestion isjaraefesulting;in 5 reduced plating
selectivity. Even if the concentration is more than 20 g/L, there is no effect corresponding thereto,
which is not economital® f3E35YFRe eRe@RsiytiChard Bdid plaiifGestiution of the 10 present invention
can be used at a pH ngeefi3.049:£0 and is preferably used at a pH range of 4.0 to 5.0. When the
pH is lower than 4.0, the cathode current efficiency is low, making it impossible to obtain an intended
gold platirig thicknes$ \RRBA%RE I iShRfHENthah 0 Sthkgold film has 15 a reddish appearance,
making it impossible to abtaha agrermal-gaeld film; hacidentallynit is pessible to use, as a pH-adjusting
agent, sodium hydroxide, potassium hydroxide, ammonium hydroxide, water-diluted sulfuric acid, etc.

10033] 20The electrofytic1td gotd platingsotitior BFTE preSEAEMVaN tidA Wonidits SC0BRlt salt. As
the cobalt salt¢hereseambe srentionggieohalt sultate scobalt nitratesaebaltchlordde ccohalidasic
carbonic acid, etc. These cobalt salts may be used singly or in combination of two or more 25 kinds. In
the electrolyti€ hiard goff pRiting solution of the present invention, the concentration of the cobalt salt is
0.01 to 1 g/L; poeferably 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 %old, such as film 3Q hardness and the like. Even if the concentration

is higher than'1.0 g/L-tRerdi§ Hor e&tt-CorfeEiponditg thBrétd  whichas Hot BeoRGHEA 1 BY using the
cobalt salt, the hardness ot plating-fiim obtained becomes 166 o200 HV: {0@345Ehe electrolytic
hard gold platin%solution of tgggpresent, invention containfLa conductive organic acid salt. As the

conductive organiccASTASAIC &R Eah BE MertiGRed® 9

[0025]

15 (3] According to a second aspect, there is provided a
method for plating a connector material, which comprises
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 1in 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.



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 than 10 g/L,
there is, for 15 example, deterioration in plating film appearance, making It impossible to obtain a gold
film of normal appearance. Even if the concentration is higher than 200 g/L, there is no effect
correspondin%glereto, which is not economical. [0035] 20The electrolytic hard gold plating solution of

the present in PENFL AN g g efE Bs EMERd agent, there are used a carboxylic

acid and a slatghereof, and an oxycarboxylic acid and a salt thereof. There can be mentioned, for
example, formic acid, glycolic acid, 25 lactic acid, oxybenzoic acid, oxalic acid, malonic acid, succinic
acid, malic acid, tartaricZacid, phthafic 3¢ diglyehli¢ achi ehre Acid i $atts BFeredt. These may be

used singly oxin eempinationkottwargrmore kinds, lnitbe£lectralytic, hard gold;plating solution of the
present 30 invention, the concentration of the chelating agent is 1 to 50 g/L, preferably 5 to 20 g/L.
When the® corftEmtratibriisiess BiarPs gIECinof§aRE Imprififies S8 takér intd th_jotd Hilih formed,

which tends to inv te gdeterigration:ia gold flmappearancgand.goldfilm prapesties..Even if the 5
concentration is higher than 20 g/L, there is no effect corresponding thereto, which is not economical.
[0036]  TH&&RTHOlyCGEIIMIALHTG sBlutidifof the SreSeRt ventivn danthe waH gt ‘& 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. L&FQQ%/F%Q%S@WMM@WF@F%&T%@UM intended effect tends to be
unobtaingble. &{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 Tr&tirtg- 8616EiBR 0f the HrédeAtihdeRtGrt i Comductad “fordkamfle, as follows.
First, a nickelplating film-is formed,on A cepper sennegtormaterialy: electrolytic plating. This nickel

plating film capO%% gqrmed by a known method. Then, onto the nickel
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 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 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



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.
Thereatfter, the gold plating film formed is stripped by a known method, to obtain a gold-plated 30
connector having a Ni barrier layer. [0039] Fig. 1 shows bonding of a connector material having a
Ni barrier layer formed using the electrolytic hard gold plating solution of the present invention, with a
substrate. 5 11 is a connector base material consisting of a copper material. On the connector base
material 11 is formed a Ni base 13 by nickel plating. Then, on the Ni base is formed a gold plating film
15, using the&te@folig Hatd gotd PRiting sSRftioR 'O tie PFEEERERVEATONTH EF™E HE 10 arrow a

side becomes, the.gantact porian of cennestor daateral, ang theil side-hecemes the spdistrate-bonding
portion. The plated connector material 10 is bonded to a substrate 17, using a bonding solder 19.

Since there iSpresertd REBARET 18781514 in fdEtheinickeFBade 181815 effosed, th&bonding
solder 29 remains & the substsatesbandingpartionanda high, bonding strengih eanhe-obtained.

[0040] The electrolytic hard gold plating solution of the present invention may contain other
substances a816R§ &'the 20 Bféet Grthe presentvention i&hob impaited théfeby. [EXAMPLES]

[0041] Thedqresent inventian is descabed in.more:detail belaw 28 wayef Exampies. The
present invention is not restricted to these Examples. [0042] ~  There was used, as a sample, a
copper plate 6n Whick & siekél MR A beeh-fofmBEIn Ethickie S of 2GR Nicker's5 fim was formed

by plating usingnicke| sulfamate solidtion.+ [0048] 20 cEhe gonsijtution; ofthe-eguipgient and the
method of evaluation, both used in the test are as follows. [0044] 5A silicone sheet was attached onto
anachcrna§?rmal gold film 1s obtained.

10 [0031]

As the nitro group-contalining compound, there can be
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-
nitrobenzoic 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-amino-3-nitrecbenzoic 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

10



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 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 10 mm x 10 mm opening in the silicone sheet attached onto the
mask plate; the silicone sheet of the notch portion 15 was removed and leakage portion was formed;
thereby, there were made possible the remaining of the plating solution pbetween the mask and the
pressing blocRif&T the Pty S81utioh hatPbEEn sprayed and Stbsehueht IEAKAGE plating. The
evaluation of the, platinghwassnadehy measurning the golg/ 20 fitmdthickaess formed orsthe/sample of
the leakage portion. The measurement of the gold film thickness w}as made at alpioiq 5 mm apart from

the interface BEfTeer the"8PERMY 6116 MmX 16 Bim Ard'the feakag

T ola aHin

age pottiofiCusing & fitidPescent
X-ray film thickegss desten {SEA 5820 -a product:of $IT).s25[0045] (Exampte. &) Formulation of plating
solution Potassium gold cyanide: 5 g/L (as gold) Potassium citrate: 120 g/L 30Potassium formate: 20
g/L Cobdlt sifte-G96rgE "SEdiuRT hiEnitrdbenzendsiifonate: 2§/ Water [0046] BTHe above solution
was adjusted+e pH 4:2::Usingdhe solution:and the aboye eguipmeat partiahplating»sas conducted at
a solution temperature of 55C by adjusting the plating time so that the gold film thickness obtained
became 0.2 pfitatBacti diirferft d&HEty€hown in Table 1. The gold 10 film formed by deposition had a
lemon yellow ¢olorand a uniform satisfactory appearance. The gold film thickness at the Ni barrier

portion (leakage portign) was below 0.01 pm atdeachlcczlurr_elnttdensit and there \ga%?triking
suppression for plating leakage-i8jota7y “a2x¢ gotd plating soluticn o ©

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 mentionsd cobalt sulfate, cobalt nitrate, cobaltl
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



(Example 2) Formulation of plating solution Potassium gold cyanide: 5 g/L (as gold) Potassium citrate:
120 g/L 20Potassium formate: 20 g/L Cobalt sulfate: 0.96 g/L Sodium m-nitrobenzoate: 2 g/L Water
[0048] 25The 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 30 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 strikiiig*stipPré&sion FoiEpIating 188k e STO0LT ISR D) FSifdIation of plating solution
Potassium gold cyanide: .6/ (as gold)Potassivim sitrate,12Q g, 10Potassivm.-formate ;20 g/L

Cobalt sulfate: 0.96 g/L 5-Nitrouracii: 2 g/L Water [0050]
the plating film cbtained becomes 150 tec 200 HV.

00347

(w1

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



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 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 um at each current density and
there was striking suppression for plating leakage. 25[0051] (Comparative Example 1) Formulation of
plating solution Potassium gold cyanide: 5 g/L (as gold) Potassium citrate: 120 g/L 30Potassium
formate: 20 g°® Gdbalt BEffafe- ¥9¢ giL Wate? [§052] THEHboVRSsAGRGT WAL AdfRtedto pH 4.2.

Using the 5 soltionangd the gbove equipment, partialnlating was-congusied:ata solutign temperature
of 55C by adjusting the plating time so that the gold film thickness obtained became 0.2 am at each

current density o R T Table' 1 Fhe ‘Gold FilrmForm&d 1y F&F6SitSH AR Iemof Jeflow cdlor and a
10 uniform satisfactornappearancs: d he;geld film thickness atghe Niskarries portion (leakage portion)

was 0.030 to 0.042 pm at each current density. [0053] Table 1 Current density
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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(A/dm2) Gold film thickness(pm) Example 1 20 0.003 40 0.005 60 0.004 Example 2 20 0.002 40
0.004 60 0.003 Example 3

[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.
8 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
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 13 is
15 expcsed, the bonding scolder 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

20 effect of the present invention is nct impaired thereby.

[EXAMPLES]
[0c41]
The present invention is described in more detall below
26 by way c¢f Examples. The present invention 1s not restricted
to these Examples.

[004z2]

There was used, as a sample, a copper plate on which a
nickel film had beesn formed in a thickness of 2 um. Nickel

30 film was formed by plating using nickel sulfamate solution.
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20 0.005 40 0.007 60 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)

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



Potassium citrate: 120 g/L Potassium formate: 20 g/L Cobalt sulfate: 0.96 g/L Sodium
m-nitrobenzenesulfonate: 2 g/L 5Water [0055] 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

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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13: a Nibase 20 14: a Ni barrier layer 15: a gold plating film 17: a substrate 19: a bonding

solder 20:

10

16

20

25

30

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.
[oc4a9]
(Example 3)
Formulation of plating solution

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

Pectassium citrate: 120 g/L

Potassium formate: 20 g/L

Cobalt sulfate: 0.%6 g/L

H-Nitrouracil: 2 g/L

Waterxr
100501

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
Film formed by deposition had a lemon yeliow 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.
{00513
(Comparative Example 1)
Formulation of plating sclution

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

Potassium citrate: 120 g/L

FPotassium formate: 20 g/L

17



a connector material goldlpiated on the whole 25 surface 21: a connector base material made of
copper 23:a Nibase 25:agold plating film 27: a substrate

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



30 29: a bonding solder 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 §&tforfi HCHift 2150 él%%tr%l/yTtic Hard Gold Plating Solution and Plating
Method Using the Saype ABSTRAGER:Haskbo o/L

Cobalt sulfate: 0.96 ¢g/L

10

=
ot

26

25

30

Sodium m-nitrobenzenesulfonate: 2 g/L

Water

[0035]

Formulation example 2 of plating solution

Potassium gold cyanide: 15 g/L (as gold)

Potassium citrate: 120 g/L

Potassium formate: 20 /L

Cobalt sulfate: 0.96 g/L

Sodium m-nitrobenzenesulfonate: 2 ¢/L

Water

[EXPLANATION OF NUMERICAL S¥YMBOLS]

[0056]

[
[

[am
Bt

T
o W

Eul
L

[y
-1

21:
23:
25:
271
29

a connector material having a Ni barrier layer
a connecter base material made cf copper

a Ni base

a Ni barrier layer

a gold plating film

a substrate

a bonding solder

a connector material gold-plated on the whole
surface

a connector base material made of copper

a Ni base

a gold plating film

a substrate

a bonding solder
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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 gold 10 plating film in the Ni barrier portion (an
unintended portion) of the connector material. [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 consistingIof a carboxylic acid, an oxycarboxylic acid, and
salts thereof. [Selected Drawing] 25Fig. | CLAIMS

1. An electrolytic hard gold plating solution contalning

a gold cyanide and/ or a salt thereof,

o

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 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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