DESCRIPTION Titl e of Invention ELECTROLYTI C HARD GOLD PLATI NG
SOLUTI ON AND PLATI NG 5METHCOD USI NG SAME Technical Field [0001] The present
invention relates to an electrolytic hard 10 gold plating solution capable
of formng a plating filmwhich hardly generates pinholes even when forned
inathin filmand which is dense, as well as to a plating method using
the plating solution. The present invention relates particularly to an
el ectrolytic hard gold plating solution preferably used 15 for sel ective
pl ating of electronic parts such aPESSHHERION and the like, as well as to
a plating nethod using the plating .solution. Background Art 20[ 0002]
OnMng to the recent progress of |IT, electronic apparatuses such as nobile
phone, no l. conputer and the |like have rapidly conme to
possess aﬁﬁfg%fggpaé?%ﬁﬁfcg'snaller size and a higher performance. In
connection 25 therewrbhyTneedsrboGosmipiarrisizzeoand thivghan pehiralRil ity
have becone stronger for electronic parts constituting the above-nenti oned
el ectréni c appaMatieesUs@GASpMating is in wide use in the electronic
parts constituting the above-nentioned el ectroni c apparatuses. [0003]
For exanple; hard gold plating superior in abrasion resistance is applied
to a contqpthﬁenb r whi%g beconmes an el ectric contact of a connector
el ect ri cal iy eRdhRec RG9S el ectroni c apparatuses or el ectronic parts.
[ 0004] OOOl@ontact menber for electronic parts is produced generally by
the follow ng method. First, nickel plating is applied on a base materi al
(e.g. copper natgei ghksewhenabynaill ritkeksf tbmihseferoedl yNext nahard
gold plating is applied on the nickel film whereby a gold ?iln1is f or med.
I n thilg wapld péeéing cbilaitned aapebtlaci fnmériernignawpilehiagnifdékel whiilkm and
a gold filmhave been formed on_a copper material in this order. 15[ 0005]
Si nce gol @&r§lex FeRsireéesgpliahrilem eyeradecphifrrie ¢6l @ shiPngilHonader
when a gold.filmis formed usi a conventional gol l.ating solution, a
o e nomSE cBr i ARGRES SEpesia SRerd: i RHEn PAREO ROr HEn ot e
th'Cknessplating solution. The present invention relates particularly
to an electrolytic hard gold plating sclution preferably used
15 for selective plating of electronic parts such as connector
and the like, as well as to a plating method using the

plating solution.

Background Art

20 [0002]

Owing to the recent progress of IT, electronic

apparatuses such as mobile phone, ncote type personal computer
and the like have rapidly come to possess a lighter weight, a
smaller size and a higher performance. In connectién

25 therewith, needs for smaller size and higher reliability have
become stronger for electronic parts constituting the above-
mentioned electronic apparatuses. Gold plating is in wide
use in the electronic parts constituting the above-mentioned

electronic apparatuses.



20 of 0.1 umor snaller. Wen pinholes are present in a gold film the
nickel film (which is a lower film undergoes air oxidation via the

" pi nhol es, generating nickel oxide. This nickel oxide gives rise to, for
exanpl e, an increase in electric resistance at contact point, causing a
change in 25 electric properties of electronic apparatus. As a result, the
el ectroni c apparatus cones to have inconveni ences. [0006] Thus, a gold
filn1havin% a | arge nunber of pinholes therein has no sufficient

prot ect abilPi%®¢1for nickel film Accordingly, it is desired that the gold

filmh i nhol e, [0007]. L ERRET i bed
| mhas no pinhete, L0007) e op)0 FEMERG LUSEBLYE e, o fodgesori e

that selective e a con using a hard gold 5
pl ating sg!egglscegnegnggl Bbp9idgl ust gr bRAtageNnten I8 Swpl ki BgcsRbYthon
enabl es unitorm el ectrodeposition. Wth this plating solution, however,

t he | ust erilBgtagentoaeapenett ai sohakencirnébetheigal tyf cbmméotned. Wien t he
.additive conmponent such as |lustering agent conponent or the like is taken
into the gdldtirohic eheageltdspar ctyedbcthengsl B2Frfmis reduced. As a
result, the contact nenber cones to have an increased contact resistance
or have alP88dded corrosion resistance. Citation List 15 Patent Literature

: . - . of i i
[0008] PTL 1: Patent Noy,.3933930.  Bupveeys of ol pvent Lo, 20, Teghni cal

Probl em [ 0009] Ireve e present Invention is to

provi de a@e%%%%ﬁﬁ?'%&i%h@aﬁglg@MQnglﬁbkﬂgd$0|Eﬁﬂ§HLVW&@WEiSplating is
preferably used in sélective plating, etc. and which gives no 25 pinhole
in the golagphiilm bor aedaeeemankenatlhéef. gl. mchppea nhteckneds, olherdébpndor
smaller. [0010] O her task to be achieved by the present jnvention.is ???
to pradvi deizksllatfiing et fedngsi-ngNereh hmrel eetd st tihaty applied on

the nickel film, whe£Eby a gold film is formed. 1In this way,
there is obtained a contact member in which a nickel film and
a gold film have'beém formed on a copper material in this
order.
15 [0005]
Since gold is expensive, gold film is made thin for
gold saving. However, when a gold film is formed using a
conventional gold plating scolution, a large number of
?inholes appears therein when the gold film has a thickness
20 of 0.1 pum or smaller. When pinholes are present in a gold
" film, the nickel film (which is & lower film} undergoes air
oxidation via the pinholes, generating nickel oxide. This
nickel oxide gives rise to, for example, an increase in
electric resistance at contact peint, causing a change in
25 electric properties of electronic apparatus. As a result,
the electronic apparatus comes to have inconveniences.
[0006]
Thus, a gold film having a large number of pinholes

therein has no sufficient protectability for nickel film.



gold plating solution. Solution to Problem[0011] 5In order to achieve the
above task, the present inventors nade an investigation first on selective
plating. As a result, it was found that, when an organic oxidizi ng agent
is conpounded in a plating solution, deposition of gold can be suppressed
uniquely in a low current density range, 10 and a patent application was
made on this finding (Japanese Patent Application 2009-165730). This
organi ¢ oxi di zi ng agent raises the, oxidation and. reduction potential. of

gol d uni PG E Y oveurF eftS deisi thA T drige 14 %ufiel?]ghthadse 5 R 50

Al dnR or t@@@%ﬁ and suppresses gold deposition. Meanwhile, 15 the organic
oxi di zi ng does not suppress gold deposition in a nmediumto high

current density range. {:a jcd entydensi tit ofs 20 e 200 Allti®)se TBaits vet he
area in which a plating filmis formed, can be controlled by controlling

the currentzdensiiy aiployed:c Forcthen@bovenreason, nan élact roliti ¢ hard
20 gold plating solution containing an organic oxidizing agent can be

pr ef ersabl ylaisiy i so kel bot | ven prining. 2 [DOIring aoqekt , ThE présent

i nventors nmade an investigatjon on ihi{l-fi | m fotrmati Ogui%{h geld film As a
resul t, i%OWasPRHUNPE 25T hART THHRNS T et BB SV ikt Tdned Jpiating sol ution

cont ai ns organi c, crystal: | 14 Agent - of  t PF eSS ordentd on,
the gold I?f?‘fﬁz? r?’r%%jmf Oerrl’ev&1 ﬁg{é(gé%'er%}?%s no p]f nh%l%ﬁeeven vvhe% the gold

filmforned, bhas; @ & hicknessqofi abosbrBe®5 MWRenThe:preeREnti vienventonsnt
further found that the above-nentioned plating solution can forma gold
filmof highhgeb dlpsidtyng Thgept esenponavent or she ohpket eel tdieeprigsient

i nvention based on the above findings. [0013] 5The present inv ntufn whi ch
‘has atthi eved ghbd abole, t B3R, Ip5daguBESErPheti Betoh? 1415 [4F KT

electrolytic hard gold plating solution conprising,at_|eas er of
a gold cy%ﬁi'ﬂer%ﬁélg%f gB}IE‘)% ‘?L@nE?‘éEiTB%m%%? ¢ ae?/vajg%rl}%gf’ u%?ei%%gi?g&;glt or
a water - sgl HE' & niggfgtﬁﬁéé’ oameglectrigqconduchivsssaht r0i OF Rt ¢ aci d,
an aromat F& 50T onf ¢ aci d-conpound,

Citation List
15 Patent Literature

[0008]
PTL 1: Patent No. 3933930

Summary of Invention
20 Technical Problem

[0009]

A task to be achieved by the present invention is to
provide an electrolytic hard gold plating solution which is
preferably used in selective plating, etc. and which gives no

25 pinhole in the gold film formed even when the f£ilm has a
thicknéss of 0.1 pm or smaller.

[0010]

Other task to be achieved by the present invention is

to provide a plating methed using such an electrolytic hard



15at | east one nmenber selected fromthe group consisting of a carboxylic
acid, an oxycarboxylic acid, and salts thereof, and a

ni trogen-containing five-nmenbered heterocyclic conpound. 20[0015]" [2] The
el ectrolytic hard gold plating solution according to [1], wherein the
concentration of the nitrogen-containing five-nenbered heterocyclic
compound is 1 - 50 g/L. [0016] 25 [3] The electrolytic hard gold plating
solution according to [1], wherein the pH of the plating solution is in a
range of 3¥ﬂ6iplqﬁ¥m9ﬂsquEQQHeulng met hod whi ch conprises spraying the
el ectrolytic hard gold plating solution of [1] onto a to-beplated area of
a to-be-plated naterial to forma gold filmon the to-be-plated area. 5
Advant age QQ,Q&,Fgﬁﬁvtlon [ 0018] The gold filmformed with
the electro ytlc ard go ating solution of the present invention
gener ates mmipijnhol e even mhen the filmhas a thickness of about 0.05 pm
10 The nickel film beneath the gold filmis conpletely covered and
protected by th&ngelrdieli lum andhiectvketbforbovehéamit etnal ppkated with the
present plati sol ution has high corrosion resistance. Further, with the
present ellétsfterrgicytﬁ éﬂai% @ e i atitfrg o tdeSén Ot ke 16sE ARoBrRe 4P 9g0l d

can be nmade snal | sul ti syperio Qno Descrlptlon of

Enbodi ment fbé' u'l( Ié Pﬁf&&% “ﬁarﬁ-go|3%ePaF|n§¥§' ufig%fdlZlng

| n-dept h @%ﬁ%@% hel ow.qn lihg %Io%ttrl%yt Id%p%%lta%@l 89! do1d
plating so tlon of e present |nvent|on [0
e|eCtrO'YUiéhihﬁWidyﬁﬂéﬂﬂéﬁIdﬂiqﬂ@thu@naOﬂohh&uﬁE&&ﬁﬂUehﬂi&@tm@ngeat | east
either of a gold cyanide and a gold cyanide salt is conpounded as a source
of golld@. Botdch aofpazt@rrth@mpm;carieoclomp@um@@ ops thhe gond iogardildeasale,

there are nentioned, for ex anple %% d pota55|un1cyan|de gld,sodium

. cyani de a EﬁﬂQjﬁﬁﬂ%%ﬂ 0§e1 Hey) nayT%éSc6ﬁ%6Hh8e8X§ hgty9or in two
or nore Kinds. [0021 n pr ect! i r | d
plating sdlditito 5 éc&?ceﬁ(t t|l(53rrll o%dt ﬁ‘%%%%tt&%in g) g%ﬁ?,» i&%e%()%L

cyani de Sa}iriic{u%l% ]_'Ll'lt Q 300/ RS %’é@ﬁléli)ﬁyz rta(Plgle5 @ leurRantl ‘él‘é'n%"ilt)j/ of
preferably 3 O g/Linterns of total gold concentratlon
20 A/dm? or lower) and suppresses gold deposition. Meanwhile,
15 the organic oxidizing agent dOeS.not suppress gold depcsition
in a medium to high current density range (a current density
of 20 to 200 A/dm?). Thus, the area in which a plating film
is formed, can be controlled by controlling the current
density employed. For the above reason, an electrolytic hard
20 gold plating solution containing an organic oxidizing agent
can be preferably used in selective plating.
[0012]
Next, the present inventors made an investigation on
thin-film formation of gold film. As a result, it was found
25 ihat, when the above-mentioned plating solution contains an
orgahic crystal-controlling agent of the present invention,
the gold f£ilm formed therewith generates no pinhole even when
the gold film formed has a thickness of about 0.05 pm. The

present inventors further found that the above-mentioned



5 Wth a gold concentration of lower than 0.1 g/L, the cathode current
efficiency is low, making it inpossible to obtain a gold film of intended
t hi ckness. Wth a gold concentration higher than 20 g/L, the cathode
current efficiency does not increase in proportion to the gold
concentration and there is 10 no advantage of using a high gold
concentration; further, the drag out of plating solution in plating
operation is |large, _resulting in |arge ste of platin ol ution. [0022]
In the prE%@ﬁ%nélé@%?%%?@iEaﬁaﬁﬂr@o?dgﬁrgt%hﬁms flﬁ%%mgyi%Aéﬁnﬁgékatic
sul fonic acid_conpound is o] e I 1C; @ei, Lompound
acts as an’organhfc” x%%?%?ﬁggggéﬁﬁﬁgigg?hgﬁ%ﬁ§§%$§%§g%%%%ﬂ%éﬁgégh
conmpound, .t here arg,oepthQneds. for exanple, 2-nitrobenzenesul fonic acid,
3- nitrobenzenesul fonic acid;, 4-nitrobenzenesulfonic acid, 2,4- 20

~di nitrobepgzengsul fonic acid, 2-am nobenzenesul fonic acid, 3-

am nobenzenesufoni c acid, 4-am nobenzenesul fonic acid, and salts thereof.
O these, an afbmmpressuffonvenfePd CorpbuRdsS havh by el t Tt R a2 3
substituent is preferred. They may be conmpounded singly or in tw or nore
ki nds. 25[8023] 9escrib§fePg8Etrol ytic hard gold plating sol ution
containin? @g&ﬂ an aromatic sulfonic acid conpound raises the oxidation
reducti on B ential of gold uniquely in a low current density range (a
current depsityaQfeolowerot hanc20aMdg8ld Asakingesaltitigol chrgeposirtg on is
suppressed in a low current density range. Meanwhile, the electrolytic
hard gol d pl atiag $eksti onccoatbéni 0§ sughlancetohdtiendud fomid aci d
conpound does not suppress gold deposition in a nediumto high current 5
densi 1§ ramgeida eaftent density of 20 to 200 A/dnR). As a result, a

normal gold filmis formed jn a nmediumto, high_current jty .'
[0024] Wth theaeW@E?FﬁFQ?PhgﬁaFggﬁ%Fdsﬁ?St?%gas%?u%¥oﬁgggg1%epﬁg pr esent
i nvention égrnation of plating filmcan be suppressed at an area of

to-be-pla?% frateri al other than the to-be-plated area thereof, by
control ling thegzgurtent ~densbhyueapleyedl [ 0026FgdbTheacoacentrati on of
t he organi c oxidizing agent conpounded in the present electrolytic hard
gol d plating sohktt konmbsi®. dul.éc@0cghkidprefippabfly 0.5 to 5 g/ L,

particularly preferably 1 to 3 g/L. Wth a cancentration of organic
oxi di 25 ng agent abf Lpa@ér onRafetbergFeletheefFelt LBF 26°WRIppr RSt oh”9f

"gol d deposition in a lLow current density,r i I !

concent r aPioft SﬁrgPégﬁFE 8??8?zﬁﬁgO§§8ﬁ¥b8%9%?8h%?ﬁgﬁaénggg%?E? the ef fect
of suppre%ﬁggg of gglyd deposition in a |ow current density range is
unchanged "an ﬁ.gh 35[0026] In the present electrolytic hard

gol d-pl ati ng sohuhkerogancabhexyhtagaciceemeabenrycheboxytyciacid or a
salt thereof is conpounded. They act as a conpl exi ng agent. As the

car boxyl i ecmpbdndt.he oxycarboxylic acid or the salt thereof, there are
mentioned, for exanple, formc acid, glycolic acid, lactic acid,

oxybed%oi ¢08éiPd, succinic acid, malonic acid, malic acid, tartaric acid,

phihalic acid: dhal ¥3obbeoaghde RLLL GoAEl taRRflgoabt 5l bR g8bordsnthe
to [1], wherein the concentration of the nitrogen-containing
five-membered heterocyclic cempound is 1 ~ 50 g/L.
[0016] |

25 [3] The electrolytic hard gold platihg solution according

to [1], wherein the pH of the plating solution is in a ranhge
of 3 to 7. |
[0017]
[4] A plating method which comprises spraying the



- 25 succinate.. ey may be conpoun

5 preferred alkali netal salts such as sodiumsalt, potassiumsalt and the
i ke; alkaline earth netal salts such as calciumsalt and the |ike; and
salts of anmmonia, am ne, etc. They may be conpounded singly or in two or
nore kinds. [0027] 10In the present electrolytic hard gold plating
solution, the concentration of conplexing agent is 1 to 100 g/L,
preferably 5 to 600 g/L. Wth a concentration of conplexing agent of |ower
than 1 g/L, the inorganic inpurities dissolving out fromthe plated
materi al tBRFEe e iCakend L6915 Ehd ol HiLRPf 6Fndd] PREC RorGahfc
inmpurities taken _into the gold filmreduce the,gold rity t ol
film As éﬂfgf ?FeﬁhgfgglgOF%FHP%&Eeﬁnpgﬁﬁgﬁgép%8a§§%§e% gﬁgdt glgoﬁgact
menber has;anh dng¢j.eased. gontagt resistance and has | ower corrosion
resistance. Wth a concentration of 20 conpl exi ng agent of higher than 100
g/ L, no effect corresponding to such a high concentration is obtained, and
such a concentration is not economical. [0028] In the present electrolytic
hard gél d AsivantagesulsuEitdrcts26fa Inrestionl ubl e cobalt salt or a
wat er - sol ubl e nickel salt is conpounded. As the cobalt salt, there are
nent i oned, [%%6¢ lexanpl e, cobalt sulfate, cobalt nitrate, cobalt chloride,
and basi c cobal t,, carbonate t he .ni ckel | 1., r - i , for
exanpl e, nickel&gﬁl98?@,%ﬁﬁgﬁgPrgﬁpfgﬁggeF%%n%%ﬁép§ggV?ﬁ?egggﬁdgﬁ?gkeI
chl oride. Jihey y:heconpa¥nded sirdgly.ton nvntWenoyRRretkisnds. -[0029]
In the present electrolytic hard gold plating solution, 5 the
concent r atdiolhcQfe eakal Wwhaal ther fallekekssal tthiske@F td :Bogkl0.pbetfer.ably
0.1to 1.0 g/L. Wth a concentration of cobalt salt or nickel salt of
| ower PhaTte: @lcgel, filhe jehaatil mhroowed Hadma lsowoRRAEHE3S. CAVER c8l
concentration of cobalt salt or nickel salt of higher th 10 g/L, no
effect 105%B¥E€§5@ﬁ&ﬁﬁgbﬁot§ﬁcﬁoédhﬁdﬁﬂbéﬁgenFFﬁF%gﬁrFs ggﬁapﬁ 8Fl§ﬂd such
a concentration, is. RO c ical : I I |t - t he
R A e
hardness qfssl5Q 40200kl ndRCi dephathy, pruster - sokublel yof -t hergobal &
salt or the 15 nickel salt, conpounded in the present electrolytic hard
gol d pl at ipigitsielqutsicamtrieher $hto usec hmaunat exf golldbidaint et hatlet Baaddl,t can
be dissolved in water in the above-nentioned concentration. [0030] 20In
t he priésemesallédmndoliyt isEPRELG TgEICeNEIMat-i ng sol ution, an electric
conductive salt of organic acid is conpounded. As the electric conductive
salt of organic acid, there are nentioned, for exanple, potassiumfornate,
potassiumdggagﬂﬁ%iogpggsi&gghgggﬁggate, potassiumnitrate, and potassium
nat ed singly or i'n two or nore kinds.
[ 0031] .[0019] (Electrolytic hard gold plating solution)

In—depth description is made below con the electrolytic
20 hard gold plating solution of the present invention.
[0020]
In the electrolytic hard gold plating solution of the
present invention, at least either of a gold cyanide and a
gold cyanide salt is compounded as a source of gold. Both of
25 them may be compounded. As the gold cyanide salt, there are
menticned, for example, gold potassium cyanide, gold sodium
cyanide and gold ammonium cyanide. They may be compounded
singly or in two or more kinds.

[0021]



In the present electrolytic hard gold plating solution, the concentration
of electric conductive salt of organic acid is 10 to 200 g/L, preferably
50 to 100 g/L. Wth a concentration of electric conductive salt of organic
-acid of lower than 10 g/L, the gold filmforned has inferior appearance
and no normal gold filmis obtained. Wth a 5 concentration of electric
conductive salt of organic acid of higher than 200 g/L, no effect
correspondi ng to such a high concentration is obtained, and such a :
concentration i sImdlheemﬁrdalele[m@é]ytﬂm rlilatrleﬂeggﬁés@ﬁnatén@cﬁpéuwpa hard

dompound. | S RSHOGE L THb 4 (1 By aibs H'vé” o S e e od RS BFocyc |
d |
Comound 15 a8 g o1 a5, a0 prgans grysialogantiol1ing agent. The mresent

~inventor consi s as ogen cont ive-me

het er ocycly € COMOUNG 1S a.LdﬁQj/Q?dlrQrtéﬁ% aal @ cg¥anicde d eRnREeseRtibA. the
pl ating bath, or is adsorbed or fornms a conplex with the gold ion after
I|gandsdl9Eﬂgagen3ﬁmjGn@munnhxaumﬁn dfn lanveel edtani © .dogtille tagerathhereby
the growth of gold crystal is controlled and a 20 dense gold filmis

f ormed. Trfélrrﬁqrrfogefrﬁﬂé‘drﬁ%&mlrrg kqwre RS dd REPEEEAPELR @Oc@ﬁﬁéenﬁdaused

th t t ak t | I mf
ther of of e SUHb ‘ot 1 IS FTGH U1 puPt 9 <[ 0043 “2BAET T g-om
ni trogen- qgfrg@zme}% zvoe JRIDS188 HSheLALEl £ OmOURd L OSHB A Rot

ment i oned, for exanple - methylim azo e, pyr
3, 5- di met iy pwAz0lig p%'opdﬂiﬂ&:&mﬂdﬁthe? I @Hn@@ﬂ@ra'ﬂi@ﬁnbﬂdnthere ig

'-5 5-di met hyl hydant oi n, allantoin, succinic acid imde, DL-pyroglutanic

aci d, 1and nsaldvarhergofof [B034] a high .dald hengeesent iehectuokybire haed
gold plating solution, the concentration of nitrogen- contalnln&
fi ve- menbeted 5>q¥et0e‘3r RPN EeHpturRT: |1§1 Pled 190 §PErafiefergblgrgcto 20

o/ L, partlcul r.ef rabI 8 to 1 L W th oncentration of
ni t r ogen- 66%1 Xﬁg %%f i Fﬁﬂg & ?8%&83nd of lower than 1
g/L, the efd 1 of crystal controlling is small and no dense gold filmis

obtained. Wth 'a concentration of 10 nitrogen-containing five-nenbered
heterocyclic conpoun@ @frchicghere tchan AGtail hand ebflackhleenngspenditngnt o
such a high concentration is obtained, and such a concentration is not
econodﬁcakulkﬂmmﬁﬂtﬂd§ﬁuiﬁmﬂa§emtﬂeiemmmmnyﬁidShapmpg@hdeﬁlatTMQ sol uti on
'I's usable in pH range of 3.0 to 7.0, and is used preferably in a pH
range of @r@ﬂta&ls; Ful 4 W@%Q%“H%m aHEn 24, 60 Pﬁgaeaﬁhaéédéaf—ﬁgnt

efficiency |s Iom/ nﬁé ng bt affIC %Ento obt |n a g In1haV|ng an
i nt ended t1HCK ness anwhi e, *20°W %ﬁe SUhP %% t 5.0-"the gol d

f'ln]forn%%4%¥%ﬁ%d, for example, 2—n1trobenzenesulfonlc aCld, 3~

nitrobenzenesulfonic acid, 4d-nitrobenzenesulfonic acid, 2}4—

200 dinitreobenzenesulfonic acid, Z2-aminobenzenesulfonic acid, 3-
amincbenzenesufonic acid, 4-aminobenzenesulfonic acid, and
salts thereof. Of these, an aromatic sulfonic.acid compound
having nitro group as a substituent is preferred. They may
be compounded singly or in two or more kinds.

25 [06023] |

The electrolytic hard goid plating solution containing

such an arcmatic sulfonic acid compound raises the oxidation
reduction potential of gold uniquely in a low current density

range {a current density of lower than 20 A/dm®). As a



reddi sh appearance, nmaking it difficult to obtain a normal gold film
Incidentally, as the pH adjusting agent, there are nentioned, for exanple,
sodi um hydr oxi de, potassi um hydroxi de, amoni um hydr oxi de and dil ute

sul furic acid. 25[0036] The present electrolytic hard gold plating
solution may - contain other substances as |long as the effect of the
present invention is not inpaired thereby. [0037] The pl ating

with the present electrolytic hard gold plating solution can be conducted
by a knowhephati ngohdt ABECSTheCP! afi AGPEARSAFS01 Be2coRHuEEESDY a

sel ective plating nethod of Si | atd nunx . ’ and
oo s peRpRn B TR, e 1Y, Mol R TRIR DR E 8518 L AR

el ectrol yt.i N | ut.i t ENURY 4- chRdeun@zzl e
onto the %giﬁg?%ﬁa?ghgﬁgégbpa?Fégxgﬁpﬁggﬁ%g?gogg%ﬁbﬁ&b HH!Lrﬂecco%sltlitution

of the testegqubpnenppused gnddt hepegakiahi on sembddumsed highasufoéhbws.
[0039] A copper plate of 32-mmk 150 mmx 0.2 mmwas prepared.. 15 On this
copper s pl akeswag fenged(a nuckehtf demsinvacthP@knessC8f AZ2dpm - udisng a

ni ckel sulfamate plating solution, and the resultin | at e was . u ed as a
sanpl e. Cﬁeﬁﬁﬂ§rsénﬁPémﬁésg§&6e?F%ﬁoéédfﬁrgﬁﬁi&BnargﬁﬁéPmnﬁae ﬁﬁgking

pl at e havin% a §qgare.g§eni% eof 10 mm x 10 mm and they were fixed.

20[ 0040] CHFEEREAYGIEEFngT§6PGti on was sent to the injection orifice of

pl ati ng SQb%Eh?” using a punp. The plating solution was injected fromthe
injection orifice onto the opening of the masking plate. Thereby,

sel ective pl atipg:washeoadactedl gni2shthd gaibpl plaAipbasbhuininezefetbe 5
mmin diameter was fitted to the injection orifice of plating solution,
and this pozzketwasvesedoas deransden PIORIptTRE Aéd8uFéReRE of the

t hickness of the gold film fornmed was conducted using.a fluorescent, X-ray
fil m.thi ckhiesscEestleptsER 5156 ﬁénﬁpégﬁﬁpgﬂgﬁ§ S ?rﬁg64§fhfﬁe%éﬁﬂhopgs
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employed.
. [0025]
15 The concentration of the organic oxidizing agent
_compounded in the present electrolytic hard gold plating
solution is 0.1 to-ZO g/L, preferably-0.5 to 5 g/L,
particularly preférably 1 te 3 g/L. With a concentration of
organic oxidizing agent of lower than 0.1 g/L, the effect of
20 suppression of gold deposition in a low current density range
ié small. With a concentration of organic oxiaizing agent of
higher than 20 g/L, the effect of suppression of gold
deposition in a low current density range is unchanged and
high.
25 [00Z6] _
In the present electrolytic hard gold plating solution,
a carboxylic acid or an oxycarboxylic acid or a salt thereof
is compounded. They act as a complexing agent. As the

carboxylic acid, the oxycarboxylic acid or the salt thereof{



8620 10.5) which is a porosity test described in Japanese Industri al
Standards (JIS). In the porosity test, the sizes and nunbers of pinholes
in plating |l ayer are neasured. In the test by exposure to nitric acid
vapor, the above sanple 10 after selective plating is placed on a ceramc
plate put in a desiccator containing nitric acid at the bottomand is
allowed to stand for 1 hour at about 23C. The nitric acid vapor generated
in the desiccator passes through the pinholes of sanple and corrodes the
ni ckel filbhegte SEIfpIENONREYP-he OF5 SHREREE / f EPEIL Gnaerdr ajer §O1 §CcoFrBded,
spots appear an the gold film .The cgondition of spots was exanm ne

ref erri ng 1% te ¥E4'n %¥mﬁ&§Pl§t§ﬁ&§rd58ﬁ§% 1§p8§%9reﬂa?8“k§tﬁgagbf
corrosion i .St (31 850 - 3] 46 1

20Pot ass G cyar Gey & g/ (se ALY POV SSS i Crer 3t ST LA Te aci o
50 g/ L Potassiiumdararated 20 1a/s cGebablr .suhf atiee €206, gitere are -

252- Ni trobenzenesul fonic acid: 2 g/L Imdazole: 10 g/L [0044] A plating
sol uti 6n was prnepar ed kadiingathe sbdve cowposst soAiuTheaptat PAgassiumi on
was adjusted to a pH of 4.2, and selective plating;mas conducted_on a

sanpl e at & ldolaid G erpriatidike '0F S55€TARd At 2a EartEnfUdBngFt §2oF 1 4T
Al dn? so asjkpﬁggygj%% al.d flln]%gﬁ%gn%zﬁé%%ogiQS gﬁ&ngheegg[dé%%%g}forned

on the saﬁﬁ1e ejeﬁﬁgw color uni'form and good ance.

Wth respect, 4 theLRRS o est ort e abi B¢ AUFRekivwas . 9.5-5 and the
total corroded arearatio was above 0.02% but 0.05% or bel ow. [0045]

(Exanpl es @d2015) (Conparative Exanples 1 to 2) Each plating solution was
prepared according to the 10 forrulati on shown in Table 1 and, using the
sol utilén, sel ectlivehs atricsgnvas leondadvedconasdchiosdnpletingt Aelysamen,
manner as in Exanple 1. The gold filmfornmed on

_ ,eaﬁh sangle p@d a | emon
yel | ow coltdie & torthoan @ lg 5P pFeaPaREentThE eshl 18 V0P  tor r osi on
test are %ﬁ% ega%dEgQJ%c?BOO g/L. With a concentration df complexing

agent of lower than 1 g/L, the inorganic impurities
dissclving out from the plated material tend to be taken into
15  the gold film formed. -The inorganic impurities taken into
the gold film reduce the gold purity of the geld film. As a
result, the gold film has inferior appearance, and the
contact member has an increased contact resistance and has
lower corrcosion resistance. With a concentration of
20 complexing agent of higher than 100 g/L, no effect
| corresponding to such a high concentration is obtained, and
such a concentration is not economical.
[0028]
- In the present electrolytic hard gold plating solution,
25 a water-soluble cobalt salt or a water-soluble nickel salt is
compounded. As the cobalt salt, there are mentioned, for
example, cobalt sulfate, cobalt nitrate, cobalt chloride, and

basic cobalt carbonate. As the nickel salt, there are

mentioned, for example, nickel sulfate, nickel sulfamate,



[ 0046]
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nickel sulfite, and nickel chloride. They may be compounded

singly or in two or more kinds.

[00289]

In the present electreolytic hard gold plating sclution,

the concentration of cobalt salt or nickel salt is 0.01 to 10

-.g/L, preferably 0.1 to 1.0 g/L. With a concentration of

cobalt salt or nickel salt of loﬁer than 0.01 g/L, the gold
film fomed has a low hardness. With a concentration of
cobalt salt or nickel salt of higher than 10 g/L, no effect
corresponding to such a high concentration is obtained, and
such a concentration i1is not economical. By compounding the
cobalt salt or the nickel salt in the above concentration,

the gold'film formed has a hardness of 150 to 200 HV.

_Incidentally, “water-soluble” of the cobalt salt or the

nickel salt, compounded in the present electrolytic hard gold
plating soluticn refers to such a water solubility that the
salt can be disSOlved in water in the above-mentiocned
concentraticn.
[0030]

In the present electrolytic hard gold plating solution,
an eiectric conductive salt of organic acid is compounded.
As the electric conductive salt of organic acid, there are
mentioned, for example, potassium formate, potassium citrate,
potassium phosphate, potassium nitrate, and potassium |
succinate. They may be compounded singly or in two or more
kinds.
[0031]

In the present electrolytic hard gold plating solution,

the concentration of electric conductive salt of organic acid

10



10

15

20

25

SS sx3 CL O &I 06/0 I'I Orz 6 SS F-77 p, XE

is 10 to 200 g/L, preferably 50 to 100 g/L. With a
concentration of electric conductive salt of organic acid of
lower than 10 g/L, the gold film formed has inferior
appearance and no normal gold film is obtained. With a
concentration of electric conductive salt of organic acid of
higher than 200 g/L, no effect corresponding to such a high
concentration is obtained, and such a concentration is not
econcmical.
[0032]

| In the present electfolytic hard gold plating solution,
a nitrogen-containing five—meﬁbered heterocyclic compound is
compounded. The nitrogen-containing five-membered
heterbcyclic compound acts as an corganic crystal-controlling
agent. The present inventor considers as follows. The
nitrogen-containing five-membered heterocyclic compound 1s
adsorbed on the gold cyanide ion present in the plating bath,
or is adsorbed or forms a complex with the gold ion after

ligand disengagement (cyanide icn), in an electric double

layer, whereby the growth of gold crystal is controlled and a

dense gold film is formed. The nitrogen-containing five-
membered heterocyclic compound used in the present invention
is not taken into the gold film formed; therefore, the gold
film has a high gold purity.

[0033]

As the nitrogen—cdntaining five-membered heterocyclic
compound, there are mentioned, for example, imidazole, 2-
methylimidazole, pyrazole, 3,5-dimethylpyrazole, 2-
imidazoline, 2-pyrrolidone, hydantoin, 5; 5-dimethylhydantoin,

allantoin, succinic acid imide, DL-pyroglutamic acid, and

11



CL O oz I 06’0 | OF I -17 SS 06 O & a9 O I 1 1 1 Oor

10

15

20

25

salt thereof.
[0034]

Inrthe present electrolytic hard gold plating solution,
the concentration of nitrogen-containing five-membered
heterocyclic compound is 1 to 50 g/L, preferably 5 to 20 g/L,
particularly preferably 8 to 12 g/L. With é concentraticn of
nitrogen-containing five-membered heterccyclic compound of
lower than 1 g/L, the effect of crystal coﬁtrolling is small
and no dense gold film is obtained. With a concentration of

nitrogen-containing five-membered heterocyclic compound of

" higher than 50 g/L, no effect corresponding to such a high

concentration is obtalned, and such a concentration is not
econcmical. |
[0035]

The present electrolytic hard gold plating solution is
usable in a pH range of 3.0 to 7.0, and is used preferably in
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 difficult to

cobtain a gold film having an intended thickness. Meanwhile,

when the pH is higher than 5.0, the gold film formed has a
reddish appearance, making it difficult to obtain a normal
gold film. Incidentally, as the pH-adjusting agent, there
are mentioned, for example, sodium hydroxide, potassium
hydroxide, ammonium hydroxide and dilute sulfuric acid.
[0036]

The present electrolytic hard gold plating solution may

‘contain other substances as long as the effect of the present

invention is not impaired thereby.

[0037]

12
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The plating with the present electrolytic hard gold
plating solution can be conducted by a known plating method.
The plating can also be conducted by a selective plating
method:of_using a platinum-made nozzle as an anode and a to-

5 Dbe-plated material as a cathode and spraying the present
electrolytic hard gold plating sclution from the platinum-

made nozzle onto the to-be-plated material.

Examples
10 [0038]
The constitution of the test equipment used and the
evaluation method used aie as follows.
[0039]
A copper plate of 32 mm % 150 mm x 0.2 mm was prepared.
15 ©On this copper plate was formed a nickel film in a thickness
of 2 pm,.using a nickel sulfamate platihg sclution, and tﬁe
resultihg plate was used as a sample. On this sample was
superimposed a silicon rubber-made masking plate having a
square opening of 10 mm x 10 mm, and they were fixed.
20 [0040]
| A plating sclution was sent to the injection orifice of
plating solution using a pump. The plating solution was
injected from the injection orifice onto the opening of the
masking plate. Thereby, selective plating was conducted on
25 the sample. A platinum nozzle of 5 mm in diameter was fitted
to the injection orifice of plating solution, and this nozzle
was used as an anode. %
[0041]

The measurement of the thickness of the gold film

13



I Oor I 11 Z SS Gol d cyanide (as gold) Potassiumcitrate Ctric acid
Potassium formate Cobalt sulfate N ckel sulfate 2- N trobenzenesul fonic
- acid Sodium mnitro- benzenesul fonate r-9Tozpp, w GJUOPTTGBJAd-Z1 5, 5-

di et hyl hydantoin )

formed was conducted using a fluorescent X-ray film thickness
tester SEA 5120 manufactured by SII.
[0642]
The pinholes genérated in the gold film were evaluated
5 by the test method by exposure to nitric acid vapor (JIS H
8620 l0.5) which is a porosity test described in Japanese
Industrial Standaids (JIS). In the porosity test, the sizes
and numbers of pinholes in plating layer are measured. In
fhe‘test by exposure to nitric acid vapor, the above sample
10 = after selective plating is placed on a ceramic plate put in a
desiccator containing nitric acid at the bottom and 1s
allowed to stand for 1 hour at about 23°C. The nitric acid
vapor generated in the desiccator paéses through the pinholes
of.gample and corrodes the nickel film of sample. When the
15 nickel film (under layer) is corroded, spotls appear'on the
gold film. The condition of spots was examined referring to
the rating number standard chart specified in Method of
corrosion resistance test (JIS H 8502 11.5).
[0043] (Example 1)
20 _ Potassium cyanide: 5 g/L (as Au)
Potassium citrate: 70 g/L
Citric acid: 50 g/L
Potassium formate: 20 g/L
Cobalt sulfate: 0.96 g/L
25 2-Nitrobenzenesulfeonic acid: 2 g/L
Imidazole: 10 ¢g/L
[0044]
A plating solution was prepared using the above

composition. The plating solution was adjusted to a pH of

14



Hd Solution tenperature (cl1C) Current density (A dnR) CPU) 4-) ul-HO0(3
HU -Hi-14-)0- 0 4-)a CR 0]-1 Lk0OOCS OP 0 (3 U - Conditions of

| ati n%b.[0047] Table 2 Rating nunber Tot-al corroded area ratio % Ex. 1
.5-5 ove

p
9
4.2, and selective plating was conducted on a sample at a
solution temperature of 55°C and at a current density of 40
A/dm” so as to give a gold film thickness of 0.05 um. The
- " gold film formed on the sample had a lemon yellow color and
5 uniform and good appearance. With respect to thé corrosion
test, the rating number was 9.5-5 and the total corroded area
ratic was above 0.02% but 0.05% or below.
[0045] (Examples 2 to 5) (Comparative Examples 1 to 2)
Each plating solution was prepared according to the
100 formulation shown in Table 1 and, usihg the solution,
selective plating was conducted on each sample in the same
manner as in Example 1. The gold film formed on each sample

had a lemon yellow celor and uniform and good appearance.

The results of corrosion test are shown in Table 2.

i5



bel ow Ex. 3.

bel ow Ex. 4 9.5-3 Above 0.02% but 0.05% or

bel ow Ex. 2 9. 3-3 Above 0.05% but 0.07% or

9.5-6 Above 0.02% but 0. 05% or
[0046]

0. 02% but 0. 05% or
bel ow
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Ex.5 9.3-6 Above 0.05% but 0.07% or bel ow Conp. Ex.1 4-1 Above 2.50%-but
5.00% or bel ow Conp. Ex.2 4-4 Above 2.50% but 5.00% or bel ow 5[0048]

In Exanples 1 to 5, corrosion was significantly suppressed as conpared
wi th -Conparative Exanples 1 to 2. [0049]

[0047]
Takle 2
Rating number - Total corroded area ratio %

Ex. 1 9.5-5 Above 0.02% but 0.05% or below
Ex. 2 9.3-3 Above 0.05% but 0.07% or below
Ex. 3 9.5-¢6 Above 0.0Z2% but 0.05% or below
Ex., 4 9.5-3 Above 0.02% but 0.05% or below
Ex., 5 9.3-6 Above 0.05% but 0.07% or below
Comp. 4-1 Above 2.50% but 5.00% or below
Ex. 1 | .
Comp. 4-4 Above 2.50% but 5.00% or below
Bx. 2 ' :

B [0048]

,Iﬁ Examples 1 to 5, corresion was significantly
suppressed as compared with Comparative Examples 1 to‘2¢
[0049] - | 7

As 1g clear from above, the electrelytic hard gold
10  plating soclution of the present invention can form a gold
film which ié extremely few in pinholes even when the film
has & thickness of 0.1 um or smaller and which is dense. As
a result, the material plated with the present plaﬁing

solution is superior in corrosion resistance.

17



As is clear fromabove, the electrolytic hard gold 10 plating sol ution of
the present invention can forma gold filmwhich is extrenely fewin

pi nhol es even when the filmhas a thickness of 0.1 pmor snmaller and which
is dense. As a result, the material plated with the present plating
solution is superior in corrosion resistance. - CLAIMS [Claim1] An
electrolytic hard gold plating solution conprising at |east one nenber of
a gold cyanide and a gold 5 cyanide s M- wat er - sol ubl e cobalt salt or
a water-soluble nickel salt, an electric conductive salt of organic acid,
an aromatiGsilfanic acid conpound, 10at |east one nenber selected from
the group consisting of a carboxylic acid, an oxycarboxylic acid, and
salts thereof, amndedenitrodgenccoatral giong bilueinenbeledihst epopyiking
conpound. 15[ Claim.2] The electrolytic hard gold plating solution
according to Cléﬁn#fﬁsﬁhépéiWepﬁér08§cénﬂpégiSMaBFd?h@n%iPrgﬁéﬁ-containing
five-nenbered .heterqcyclic conpound is 1 - 50 g/L. [Caim3] 20The
electpglyf%¥? %ﬁ%ﬂ%ﬁo%d pl ati ng solution according to Claim1l, wherein the
pH of the plating.sekutizen ubs d Rodarnange1ef o3 howZrelCkailondk Aipkating
met hod whi ch conprises spraying the 25 electrolytic hard gold plating
solution ofal@l,aim 1l onto a tobe-plated area of a to-be-plated material to

forma gold film on the_to-be-%]ated ar ea. . .
an electric conductive salt of organic acid,

an aromatic sulfonic acid compound,

10 at least one member selected from the group consisting
bf a.carboxylic acid, an oxycarboxylic acid, and salts
thereof, and

a nitrogen¥containing five-membered heterccyclic
compound;

15 [Claim 2]

The electrolytic hard gold plating sclution according

to Claim 1, wherein the concentration of the nitrogen-

containing five-membered heterocyclic compound is 1 ~ 50 g/L.
[Claim 3] |
20 ” The electrolytic hard gold plating solution according

to Claim 1, wherein the pH of the plating solution is in a
range of 3 to 7.
[Claim 4]
A plating method which ccomprises spraying the
25 electrolytic hard gold plating solu£ion of Claim 1 onte a to-
be-plated area of a to-be-plated material to form a gold film

.on the to-be-plated area.
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