1 1 MAR 2005 - 1 - Specification Electroless gold plating solution and

nmet hod for electroless plating Field of the Invention The present invention
relates to an electroless gold plating solution and a nethod for

el ectrol ess plating. Background Art There have been devel oped a nu it dfARRH005
el ectroless gold plating solutions which can be used in a neutral range at

| ower tenperatures, so that it can bé épﬁlied for a wider range of resists
and el ectronic parts to be plated, as a substitute for a conventional

el ectrol ess gold plating solution which is strongly alkaline and used at a
hi gh tenperature. These plating $Sekgtifdestdiosadvant ageously have a | ow
stability and a poor deposition property. The causes for lowering stability
of a plating solution are roughly classified into two types, nanely,

| oweri ng oElstabpllesy gbltiheleteoyrobbssigolahplattimngd i fceldleamdoleneri ng
of stabilitxaggﬁ to inmpurity netals mxed into the plating solution during
a plating gpera Pon. For solving these problens, a nunber of attenpts have
been nade to inprove them In order to carry out an electroless gold plating
in a neutral .range w thout using a cyan conpound, Japanese Prov. Patent
Publ i cati on RS ? 1?3%/?§§§n§ﬁggloses use of ascorbic acid as a reducing
agent in the pl arthagpsekahtoinventaddi redareborosuppeessitng lsd R 1of

inmpurity nmetals int he plating solutiaqn during a.plati operation, or
or " | ror OBLAG 2FBPREEY OB “PHe STBEPAY SOruPLons 2 AEate Sa i - pat ent
Publ i cati on Nos. 350172/1992 and 145997/ 1994 di sclose addition of a
nercaptobegzo&hiazole bgsed conpound as a netal-shielding agent to the
pl ati ng soPGEFEARUEGr PRér, Japanese Prov. Patent Publication No.

215677/ 1991 di sctbses Wsee abean hysavarémed compourelr (A0 dle3rgldys @sl@
reduci ng a sol uti.on MAR 1005 - 2

and this pgzgkﬁégﬁgg%gégﬁﬁ%gﬁﬁzébggkg?gL%%%g?nd%65§Vngn%?éﬁg aFﬁl%V?Bmer

concentr at itempefatheeseduci hjaagent caasbe onpal eed t for thevabover phat i bat h

Uo1109, SecoLbLe SR8 g LTI Spdananess, Rt baceny Pyblicel s

i nproved by addivthonoablachenzabileazokbelblagédting solution which is
strongly alkaline andused at a high temperature. Theseplating
solutions disadvantageously have a low stability and a poor
deposition property. The causes for lowering stability of a
plating solution are roughly classified into two types, namely,
lowering of stability of the electroless gold plating itself
and lowering of stability due to impurity metals mixed into the
plating solution during a plating operation. For solving these
problems, a number of attempts have been made to improve them.

In order to carry out an electroless gcld plating in a
neutral range without using a cyan compound, Japanese Prov.
Patent Publication No. 191782/1989% discloses use of ascorbic
acid as a reducing agent in the plating solution.

In addition, for suppressing mixing of impurity metals
into the plating solution during a plating operation, or for
improving stability of the plating solution, Japanese Prov.
Patent Publication Nos. 350172/1992 and 145997/1994 disclose
addition of a mercaptobenzothiazole based compound as a
metal-shielding agent to the plating solution.

Further, Japanese Prov. Patent Publication No.
215677/1991 discloses use of a hydrazine compound (10 to 30 g/1)

as a reducing agent in an electroless gold plating solution,



conmpound as a netal -shi el ding agent which is used for suppressing m xing of
inpurity metals into the plating solution during a plating operation or for
inmproving stability of the plating solution, and that this shiel @?&qmﬁnt
can be practically used in a wide use range (3 to 10 g/1). On the o

hand, Japanese Patent No. 2972209 di sclgses wuse of a thiourea conpound or a
phenyl conpound as a reducing agent in-“he plating solution, and that

t hi ourea can reduce gold in a |low concentration. However, the thiourea has
a problem that by-products of thiourea deteriorate stablllty of the

pl ati ng sofDfi ohl arl Hebdipose) e gicatieng soPaRFéAcCallndenddt £i6A, rahe
phenyl CO@Q%@W@%%@%Q&%@J%Q@B& PRS A drophemgdhat aist -6 Q%dﬁ%’“ce
gold in a neutral range (pH 7 to 7.5) and hence |t is inevitably used in a
weakl y al kaPgnebpdage; a§én9h§@thtWélﬁmaﬁﬁﬁ?%ﬁﬂQHQQWﬁ|s deconposed during
the plating. Forg ﬁ%gmsr&h%egg%%s,pr%%pa@%%%n%r B RaLENPYR T cati on

No. 104877/ 1991 proposes an el ectroless gold plating solution containing

both the tBi6&real88rApodng langst idashdmd ecmssaycr@@ha@ra@ents and
this platipg;solyhi 99 hﬁgr%f ‘&V%Q/ 1184k 1dd % %é}&‘f‘oé %%‘yéaggérpound

based reduci ng agent uces a by-product of t iourea. Further apanese
Prov. Pateﬂ@mPDbhdcaslénWN@al E@l&ﬁ@ﬂb@QEQ$mﬁﬂwﬁmﬁﬁtJﬁHU3m%i%bbve

el ectrol es | ¥y addity ol e
based conp%ﬁ%gkgggkgg§@%§l hle nnggenteah ﬂg?Qhﬁggggngegﬂggégégﬁng

m xi ng of dinpogi eyphetahs PRedathenppat fay sopueyongdetsnygl atpl af i vge
operation gi fof |ggigyggq sggglkhgx ofy, sthe platdy s%gégu n @hd that this

plating bath Is roved I h stability, as conpare to conventlona
pl ating baphaCAS@@&bVCua@ddlnag aflld@wuﬁ@da@m ef¥ ited drﬂ:yg/aJs a reducing 1 1

MAR 7005 - 3 ageft.,c %%%%frOBSndasf%%%'éﬁsggéaﬂgé‘ﬂsN% pﬁ@bb?@bté@/%é?%‘ﬂ be

used in a sodlunlascorbate concentr as 60 to 100 g
securing aupeaet ixdnidepos (dOPTHEIE 0L 2ePhe0ys FomMpoOndmpSthusedionend ng

stability Q{;eﬁhelrpk%'t;ﬁh t?ﬂllé”s'oq'&tlme IBG caplobgnzatbhazol ecqonpoynd as a

met al -shi el ding agen as a probl emthat it has a very narrow use’ range
(0.1 to 5ippm)land-dereetexhibits fﬁ%’/\?‘é@ér athontlieiefentys arrokiepdsition

failure arisgs wheprbhiukssused t'h'lo%re%r GRS AN \hen, @ hdraging conpound
is used as a redUC|n? agent, the resultant plating bath can achi eve a
u

practical BepbsPgi sALUFAPE PRdadEeRMPOGECITHE dgeritl Nttt on Inas
conpared t@4&bheion, the phenyl compound based reducing agent has a problem

that it cannot reduce gold in a neutral range (pH 7 to 7.5) and
hence it is inevitably used in a weakly alkaline range, so that
the plating solution is decomposed during the plating. For
solving the problems, Japanese Prov. Patent Publication No.
104877/1991 proposes an electroless gold plating solution
containing both the thiourea compound and the phenyl compound
as reducing agents, and this plating solution is improved in
stability since the phenyl compound based reducing agent
reduces a by-product of thiourea.

Further, Japanese Prov. Patent Publication No.
157859/1997 discloses that the above electroless gold plating
bath is improved by addition of a benzotriazole based compound
as ametal-shielding agent which is used for suppressing mixing
of impurity metals into the plating solution during a plating
operation or for improving stability of the plating solution,
and that this plating bath is improved in stability, as compared
to a conventional plating bath.

Ascorbic acid has a low reducing efficiency as a reducing



pl ating bath using ascorbic acid. However, the hydrazine conpound has
itself a poor stability, failing to secure a sufficient stabilit% PMAﬁmﬁﬁ
plating solution. This plating bath is inproved by addition of a

benzotri azol e based conpound as a netal -shielding agent which is used for
suppressing mxing of inpurity netals 5nLo the plating solution during a
plating operation or for inproving stability of the plating solution.
However, the stability of the reducing agent itself is poor as nentioned
above, and as result, _stabilit f the platin | uti on cannot be

ot oved eAGEER- T orie bF AT GHCTREC Tabhat s Gie Pl ARG ot on
containingubeahlmhesddmumuggtdmm$ﬂue@n@e@tkﬁe1mne@¢Ih@gﬁp@endoaeorEHMCIng

agents is i oved in stability b educi ng_by-products of thiourea wth
he bheny! SCONFOLRP BHSEH PeBBC QL AUGHECTRMARI e Has - alpPobPe  hat

the by-product snof thieureg canpol ibe Ls@m%et ehywtineducad i@t he original
reduci ng agent and the remaining by-products causes deposition failure or

| oner ed st abil i t?/h%fmel%cf?é"iﬂ%ﬁri%t@cﬁ%ﬂlleoﬁo"ﬂ%@%ﬁﬁl%@eihtald‘%‘mt%{ﬂhtng 0

secure a sybhtchgebtaspabblbhyr bt the pdatd ngesplilien, dde isarade opj ect of
t he present invention to provide an electrol ess gold platlng solutlon and a

met hod for 8l ecPPBI eg8d BSP&ep?éPﬂﬁ@tswﬁPHhOEaﬁaﬁ&PWt& i 1§ i5raet i i

deposi tiondegbeitWbhhrai m@leceﬁll@é@wﬂerpfltaleedeeungna@eﬂgr@m acdigve
excel | ent stabllltx of the Iatln ol ution. MAR 2004 Di sclosure of the
invention In ord&refo? At YA R Pﬁ% %%W%rﬂﬁ cﬂﬁ et AYT9 FETEM

inventors haverseheeied @lahen%lbmweeungcb@eed a I'elued s agRIfodtiavidlg a
hi gh redu0|gg eff|C|enc SO stability of a Iatlngasolutlon is |less

spoi | ed by* plrl?)d’u&fjé’ PrOdURER IS r ERTSEO ridtessS aHUPERES havd frade

i ntensive @mgtlﬁkjtBQEhV@sihgde@&orA&caaanm thloiz@ﬁ&rhaiiﬁefﬁyﬂ@atzhate t he
presence of a matgr solubleggnlne such a th | ene .di.am ne, etc.

surpri si ngFY"PRPFrEvBadepbSFtitof PAPE SF Gﬁralal P@@tF&1é§§“ﬁﬁ1d3platlng
solution (pHf7i@ikAt7sbhrbusing blﬂethehemyﬂtwe:qrre@wmdll@a;sedmeéu@uegmgent as
a redu0|ng agent . v\/nere(t:%i\/gena(ftl)%H lectrol ess go d Iat at a ate of

ar ound AED atid PG ag%?HZBF ?na QWRH
excellent abaimegaappeaea@degam@eﬁmweKQEILenkusﬂﬁw&1@mppsée&ﬁimﬁmmxwmghout
spoi | i ng appear ance_and de 03|t|on pr tty. The pres i hventiaon is
char act or | Joc BaToFf GUEte L)\ "A 5o BT act hy SO BELan Sorbri < NG 3 gbi d
salt, a phepgkation or for improving stability of the plating solution.
However, the stability of the reducing agent itself is poor as
mentioned above, and as a result, stability of the plating
solution cannot be improved enough for a practical use.

The electroless goldplating solution containing both the
thiourea compound and the phenyl compound as reducing agents
is improved in stability by reducing by-products of thiourea
with the phenyl compound based reducing agent. However, it has
a problem that the by-products of thiourea cannot be completely
reduced to the original reducing agent and the remaining
by-products causes deposition failure or lowered stability of
the plating solution, thus making it difficult to secure a
sufficient stability of the plating solution.

It is an object of the present invention to provide an
electroless gold plating solution and a method for electroless
gold plating, which can maintain a practical deposition rate
with a reduced amount of a reducing agent and achieve excellent

stability of the plating solution.



conpound based reduci ng agent and a water-soluble amne. (2) The el ectrol ess
gol d plating solution according to (1), wherein the phenyl conpound based
reduci ng agent is represented by the formula (1): R (1) ~4 V\hergiQMﬁlm%
represents a hydroxyl group or an amno group, RZ to R may be th ane or
different, and independently represent ,a_hydroxyl group, an ami no group a
hydr ogen atom or an al kyl group. (3) The el ectrol ess gold plating solution
according to (2), vvherei n the al kyI group for R2 to R4 is methyl group,

et hyl grou Lz but rou The el ectroless gold plating solution
accordi ng Po f%)s“lre © R/ﬁ gﬁgg )On wherein the phenyl conmpound based

reduci ng agent iBn dydkeoquonaneainethyl bipdvegqueneienecadr opjpkesyl ehedi am ne.
(5) The el ectrol sol.utiaon acc rdi g to _an ne_of (1) to
(), wher eF et RBCuar 27t EaPinna Bt e e 2Bt Ay FOREY e 8 Compound.
(6) The el eeﬁmieg%gehd pbahnggasallth @@d@@d@rgdienfg?ltdlemw on® tofat(1l) to

5), which t . met al -shi el di t
a1 ve, 7P Th et BY 604 PGoP LR bt rig SGLt: PR ACUORATG HE L)

wher ei n t heroapuedtin Héﬁabtibheﬂ)dbﬁgaﬁg%md tRebenzed iaazol gt ehased azenpound.
(8) The elec roless | ati sol ution according ta any one (1) to
(7), wher e?ﬁ E) Hv%f g glsect‘zggl%sgeﬁlﬂ)fd' pF}étan g?oFBPPén“Pgti (ﬁLFhe range
of 5to 10pré9énéeIﬂﬁt@@dtfe&f—s@:ll&ﬂﬂl’@hﬁSﬁe[ﬁﬁh 8g,e o hgmi MERrsicng a
material to_be E at ed to.a gold @ ating.sol ution \%Qgtc % rises a gold
salt, a phenyP" %ﬁb%h’ﬂ% BasBHT PEFuErRG Sagent Tand & dI°ubl e ani ne.

Bri ef descel@ttﬁmetbt@eldr p\h/'angsnglsglmtllsna @maﬁh Oshewing )a uselnat itor

bet ween thennu R gdogeaatl ons _and_ a _depositjon rate |n one
exanpl e of P THhé p?%@%ﬂf‘ ?nv%ﬁ FonSOBEL INBEE Fof Sc &r MG 8% 2OFE pr esent

i nvention Werhleyelractﬂn@igess gjod ok pd et 3 gosal gulabnn@fa Ltdalerameesemtround

i nventi on, 188 t he ld salt, either a an bhas . d sa : nQn-cyan
based ool d'Chf 1 G BEoFear =R T A D eda Gafa Pasfv b Gl A
cyani de- potasskual bengoptlét ihgcyapedeapotassdumn excellent Solutlon

stability, without spoiling appearance and deposition
property.

The pressnt invention is characterized as follows.
(1) A gold plating solution comprising a gold salt, a phenyl
compound based reducing agent and a water-soluble amine.
(2) The electroless gold plating solution according to (1),
wherein the phenyl compound based reducing agent is represented

by the formula (I):
R1
RZ
(I
R3
R4
wherein R! represents a hydroxyl group or an amino group,
R? to R4Inay be the same or different, and independently
represent a hydroxyl group, an amino group a hydrogen atom
or an alkyl group.
(3) The electroless gold plating solution according to (2),
wherein the alkyl group for‘thc>R4i51nethyl group, ethyl group,
or t-butyl group.

(4) The electroless gold plating solution according to (1) or



can be used. As the non-cyan based gold salt, a chloroaurate, a gold
sulfite, a gold thiosulfate, or a gold thionalate can be used, and these
can be used individually or in combination. O these, preferred arp]?ﬂ$qm5
sulfite and gold thiosulfate, and it is preferred that the content o he
salt in the plating solution is in thec.range of 1 to 10 g/I, in ternms of
gold. When the gold content is less than 1 g/l, the gold deposition
reaction 1 1 MAR 2005 - 5 nay be dlfflcult to proceed On the ot her hand,

when t he go nt ent excee I|ty of ati sol uti on may
bocome oo 2l and e Anbint S6E g0 SOUSALIRRE-G T Odle = dtorani ed by 4

| oss of thaypkat;uagoael umeenylmdequnoeeon@m ealghye rdi isadvaintraigeous .
Furt her, re pref%éred ngt the content of the plating solution
s in the réﬁg e Fler e po arﬁb‘ré% oGS EetR $ O ARY (RIS cyan

salts, suchr as)sedi um c;yaneaelan@heomaeelrurs*qu@mede,mam NErEtCAresal t s,
such as sulfltes t hi osul fates, and thi omal ates. These can be used

|nd|V|duaIpﬁaﬁﬁnﬁnbééﬁﬁlﬁaFP8H“ &f these, preferred are sulfites and

thiosul fat gg) and ditedtssrefeybed bphat i hhescant e aéa‘oztdheﬁ%plaﬁgﬂ&ge agent
in the pIatrng solutron is in the range of 1 to 200 en the

conpl exi ng®agent ¢6ntlent rElFéngFﬁﬁﬁf f“@PFlS?ﬁea@oPﬂmﬁﬁﬁﬁDeX|ng ability

nmay becormrne@erl tsa bowehg stahbil by aef atlietphati ng sol ution. On the other
hand, when Iexrng@a ent _cont ent exceﬁds 200 g/, stablllt of t he

pl ating solf ﬂlgﬁe §1PAPre BatdcPyétarsi 28 U&ﬁcﬁhj“%ﬁ%ﬁﬁﬁﬁﬁn st y

occur in theepkahi RgesOhglironyandcthesuselaf ngt raeemrrm@&é}gzcagergzdrb such a
| ar ge anpunt i s di sadvantageous from an econonical point of view Further,

it is norePpP&FfeFPBBCUPHat the conpl exing agent content is in the range of
20 to 50 gAl.TAs dihe-thedusingoadept atihgiso prefed raectd@lu;s@,et@ phemye

conmpound based _reduci ent represented by the follown Ia (I) I)
Wher ei n Rloﬁepﬂeseﬁtéqg hgaﬁ6§§P Gr Bip©or TAR SRS TGHSUD %QQg)éEJ

t he sane 0@odutﬁehemé iandhendepeadert 5y «d 10MAR 2005 o7 represent a

gﬁg{/gx%’gr ar {xl Tet@énd nﬁ%Lgrqol’%tJb%dr 9 na %tz'loqmo cogmoapl Sail'll( lirgrrlreoru_ i_'nclr na the
materlal to be plated into a gold plating solution which
comprises a gold salt, a phenyl compound based reducing agent

and a water-soluble amine.

Brief description of the drawings
Fig.l is a graph showing a relation between the number
of plating operations and a deposition rate in one example of

the present invention.

Best mode for carrying out the present invention _

In the electroless gold plating solution of the present
invention, as the gold salt, either a cyan based gold salt or
a non-cyan based gold salt can be used. As the cyan based gold
salt, gold(I) cyanide-potassium or gold(II) cyanide-potassium
can be used. As the non-cyan based gold salt, a chloroaurate,
a gold sulfite, a gold thiosulfate, or a gold thiomalate can
be used, and these can be used individually or in combination.
Of these, preferred are gold sulfite and gold thiosulfate, and
it is preferred that the content of the salt in the plating
solution is in the range of 1 to 10 g/1, in terms of gold. When

the gold content is less than 1 g/l, the gold deposition reaction



R4, preferred are a |linear or branched al kyl group having 1 to 6 carbon
atons, and further preferred are a |linear or branched alkyl group having 1
to 4 carbon atons, such as nmethyl group, ethyl group, and t-butyl group.
Speci fic exanples of conpounds of this type include phenol, o-cresqlMAR 2005
p-cresol, o-ethyl phenol, p-ethylphenol, ,t-butylphenol, o-am nophenol,
p- am nophenol, hydroqui none, catechol, pyrogallol, nethyl hydroqui none,
ani | i ne, o-phenyl enedi am ne, p-phenyl enedi am ne, o-toluidine, p-toluidine,
o-ethylaniline, p-ethylaniline, etc., and these can be used in conbjnation
of one or WBVeb?i%égy‘b‘aﬂf Hé%é’,rocﬁreé!f'er PBJtBF L P ph RN Enddicaniche, 901d
met hyl hydr eguiteaneexcB¥dE0U0I LN, stelsi 1 it @R ithel p1REEhEr s68Uut hah hbg
content of the conpound in the plating solution is in the range of 0.5 to
50 g/l. VREARCHMRePEBAt e of- NENEMSHEHY IO Tc SRS e rekitiei HOCT Bt i n
the platingcsehpgbhgRd Byl 859 dsharn 0.thO/draddy adiwalon deposthi pn rate,
i.e., 0.5 mh cannot be obtained. On the _other hand, when the content of
t he phenyl SE6RPBGRA LBYsEd S2F¥AREIERF CAFent FEXEBBds 5D §PF I MOES SRFFFeT &P
stability ehathehepyald ngosedat i ©n Canpatahe secured.orfust RAr chit rdsgdore
preferred that the content of the phenyl conpound based reducing agent is
in the ran&é éf £2 @ogié'gll . As the water-soluble am ne, a nonoal kanol am ne,
a dial kanol am nExaﬁpléisabEa@@ﬂnﬁmeﬂﬁngeélj&h@Beiﬁ@:@HB@ecyam Hexyk and ien
t et ramet hyl enedi am ne, pent anet hyl enedi am ne, . hexanet hyl enedi am ng,
heptanethyﬁénéa?anngyaafﬂ9|@ﬂedgaﬁ?ﬁé}umd?é?%y@%ne%?ﬁ hecyan salts,
triethyl eneiehrafmnisig.fitlee!,r agtbylarepent aghae: h eM Bet dy| eneherarbneye
di mret hyl am ne,, . triethan ﬁam’ ne, hydroxyl am ne sul fﬁte, an EETA salt, etc.
can be uséa.edd‘nfih%%‘:lag éf eF red %?‘@ i BhrediCant RESS: dPEEhGF ERELFT A ne,
triethyl enetiefrramsnesd thatosaatiwd anepent afiirep r andr peataetthy henehexai ne,
and nost g[ceferred i.s et hyl enedi am ne. 1 MAR th)OS.- 8. It iF‘ preferred
that the cBht'eht SOMRYTE et 8PS5I bBI e e Bitithe inSPhEC pPAtT hd "sblGti BT s in
t he range of Dtb 200X0Q g/ WhenVhre ddiep Mat @tg agkull ecatene iconkeBtthsn | ess
than 0.1 g/l /ghet effetitd ai nred at. (%?la%d i.tti on of .the am ne cann be
suf fi ci ent I'y9/ &xhi*BFt 881 S0f ' Re S o, E YRS (5 EEN IR of© tHE ST
wat er - sol ubkebaning ekceedsldf@ng/ solstabnl i tOn ahetbehet atamy weehutheon nmay
wat er - S0l UBT B A RECoBREER CP8 Tt RE e 20T <7 PIAIIER SIS L
plating solution is improved, but crystallization may

disadvantageously occur in the plating solution and the use of
the complexing agent in such a large amount is disadvantageous
from an economical point of view. Further, it ismore preferred
that the complexing agent content is in the range of 20 to 50
g/l.

As the reducing agent, it is preferred to use a phenyl
compound based reducing agent represented by the following

formula (I):

(I)

Wherein.Rl.represents a hydroxyl group or an amino group,

R? to R® may be the same or different, and independently



of 2 to 10 g/l. One or nore kinds of the above water-soluble amnes may be
added, and by addition of the water-soluble amne to the electroless gold
plati ng solution, the deposition rate of the electroless gold plating
solution can be increased, the appearance of the gold-plated sur f adel MAR 2005
improved as well as the deposition property, and in addition, solution
stability of the plating solution is significantly inproved. In the

el ectroless gold plating solution of the present invention, in order to

mai ntain a desired degosition rate_and EH’ etc,, constant, a pH buffer can
be added. Exanpl ESPBFSCRERBUATS *WHi THOAr e SCoRREMT FERIA § BT8R {°Tised as
the pH buffer ipel udeaphosphatey,. acetates, carbonates, borates, citrates,
and sul fates, and one or nore kinds thereof can be_  used. O these

preferred are bofAt B82aRBO¥EI FAFBELaadd )it aSs ther 8L&YRedTORR fORe Ranbant

thereof togrbe mdded isyidrd Be1iasge oofplahOnd@G )1 el the iapuntoof the
pH buffer added is less than 1 %%I, the effect of buffering pHis not

exhi bi t ed, CapdrLeB it on 26F £HE Tprat PR IBATRCNAYS be ldR&Tgelr TRaR@Re8t her

hand, whenikhe geeuptnebihfel ptb widenpaddedexceeds 2Q0ng8thyl group,
re-crystallization may occur in the plating solution, which is hot

preferred. SEOVENEEOUPY REINGrEYref &4¥tP that the anpunt of the pH buffer

added is in the rpagerof 2Qakp18Q &t cImMpddiRls JMRWiS I8 e SUGHL @se Pi eces
of rust of a plating apparatus, are mxed into the plating solution during

a plating POBBPari BNCTEFC%An Bnder3filng et dlY iRNFAXed RTROTY He1¢rat i ng

sol ution _dlﬂeth%/dL%Iﬂ@%btli,06.—faﬂwji|dé>r;ﬁleqfojl,h%ﬂ'€%ﬁﬁ{d}ﬁ”!er§&l,bglikﬁﬁé@lﬁjinoﬁ@, t hat
inmpurity ions of copper, nickel, or iraon may be mxed into the plating

sol ution. FAT8GER'a £¥$8I3dn ilnapldpritMEr QI NS 2005 L1%e reaction is
likely to prpeeadlehctihamphat,i pgpiRIMiilakdl £ahdg oo decomposi tion of the
pl ati ng solutign” For suppresiiﬁg such an #n pgtgpriate reactign in the

pl ati ng soPGtPoRidRer nBurFfy2 ﬁépﬁshpéﬁﬁ'ﬂga gentScafthe adB8d £ 95Ehe

pl ati ng sokuhi bB. uAsdt he icopwriinzy ikt & £ drieldh ngp Bgaenindgenerfaldngses,

benzotriazoIeraseg conpogng cag be used, andﬁg;ag&%e i nc] ude
benzot ri az8F&-§64F0nf "HeRz 81 FdZ61E T ul© - tet Pyt obeRZot ri azol e,
nmet hyl benzaytirazoliepneni ¢t obenzat ditazdlpefeirred thias phefernrecht bat thbae

amount of the inpurit netfl-shield'ng.agent adqﬁg is in the.r n?e gé 0. 5
to 100 g/ 1 °WRER"thd" andunt %tfl?%es?Jrr‘b FPE et Bl hitén#on gt dgént Cadded i s
| ess than 6/5.g/Whet hehefdectent shiehd pigeny bpoemnp oesd naysde peducang a

SUffICIentaagggliﬁtéﬁeoglgg§nglgéiggion is less than 0.5 g/1, a practical

deposition rate, i.e., 0.5 pum/h cannot be obtained. On the
other hand, when the content of the phenyl compound based
reducing agent exceeds 50 g/l, a sufficient stability of the
plating solution cannot be secured. Further, it is more
preferred that the content of the phenyl compound based reducing
agent is in the range of 2 to 10 g/l.

As the water-soluble amine, a monoalkanolamine, a
dialkanolamine, a trialkanolamine, ethylenetriamine,
m-hexylamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, heptamethylenediamine, ethylenediamine,
diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamine, dimethylamine,
triethanolamine, hydroxylamine sulfate, an EDTA salt, etc. can
be used. O0Of these, preferred are ethylenediamine,
diethylenetriamine, triethylenetetramine,

tetraethylenepentamine, and pentaethylenehexamine, and most

preferred is ethylenediamine.
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inpurity netal -shiel ding agent added exceeds 100 g/l, re-crystall i1zfiMiA}?‘Zb05
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a thi cknesgH, etc., constant a pH buffer can be added Examples of
compounds which are conventiocnally preferably used as the pH
buffer include phosphates, acetates, carbonates, borates,
citrates, and sulfates, and one or more kinds thereof can be
used. Of these, preferred are borates and sulfates, and it is
preferred that the amount thereof to be added is in the range
of 1 to 100 g/1. When the amount of the pH buffer added is less
than 1 g/1, the effect of buffering pH is not exhibited, and
condition of the plating bathmay be changed. On the other hand,
when the amount of the pH buffer added exceeds 100 g/1,
re-crystallization may occur in the plating solution, which is
not preferred. Further, it is more preferred that the amount
of the pH buffer added is in the range of 20 to 50 g/l.

Further, impurities, such as pieces of rust of a plating

apparatus, are mixed into the plating solution during a plating
operation, or an underlying metal is mixed into the plating
solution due to deposition failure of thematerial to be plated,

so that impurity ions of copper, nickel, or iron may be mixed

into the plating solution. In such a case, an inappropriate



of about 5m and the sheet was washed with water for one mnute. Then, the
resul tant sheet was imersed in a substitution gold plating solution,

HGS- 500 (trade name; manufactured by Hitachi Chem cal Co., Ltd.), %\t Aﬁ%af)
for 10 mnutes so that the gold deposit had a thickness of about b f"m and
washed with water for one minute. The gbtai ned sheet was evaluated by the
follow ng el ectrol ess gold plating. For evaluation of an electroless gold
pl ating solution, a plating bath made of a pol ypropyl ene resin was used.
(Met hod of ating bath stabilit ). bath stability
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effect, it is more preforred that the amount of the impurity

metal-shielding agent added is in the range of 2 to 10 g/l.
It is preferred that the electroless gold plating
solution has a pH in the range of 5 to 10. When the pH of the
plating solution is less than 5, there is a danger that a sulfite
or a thiosulfate as an Au complexing agent contained in the
plating solution is decomposed to generate a toxic sulfurous
acidgas. On the other hand, when the pH of the plating solution
to be used exceeds 10, stability of the plating solution may
disadvantageously be lowered. Further, the electroless gold
plating solution is more preferably used at a pH in the range

of 6 to 8, most preferably in the range of 7 to 8.

Examples
(Preparation of samples)

A calendered copper sheet having a size of 3 cm x 3 cm
x 0.3 mm was used as a sample for plating test, and it was treated
with an acid degreaser, Z2-200 (trade name; manufactured by WORLD

METAL CO., LTD.), at 45°C for 3minutes to remove rust and organic



for one hour (70C), and then the tenperature of the resultant plating
solution was elevated to 90C so that the plating solution was under severe

conditions, and a period of tinme until defective deposition of gOHd]MMiU%
occurred in the bath was neasured and used as an index for eval uation o?
stability of the plating solution. ._ Iatlng bath in which no defective

deposition occurred in the bath for 10 hours or |onger was evaluated as O
(Excellent) ; a plating bath in which no defective deposition occurred in

the bath for 5 hours or longer but |less than 10 hours was evaluated as 0
(Mbder at e) SURRE2A CFiFat T Y TH&t AUT 12 WhitOR Teddfect 198/ déjfosFERbh2BECUIFEd i n
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St b har RO Lo R A R B atlen
manufactured by Hitachi Chemical Co., Ltd.), at 85°C for 25
minutes so that the nickel-phosphorus dep051t had a thickness
of about 5 um, and the sheet was washed with water for one minute.
Then, the resultant sheet was immersed in a substitution gold
plating solution, HGS-500 (trade name; manufactured by Hitachi
Chemical Co., Ltd.), at 85°C for 10 minutes so that the gold

deposit had a thickness of about 0.1 um, and washed with water

for one minute. The obtained sheet was evaluated by the
following electroless gold plating. For evaluation of an
electroless gold plating solution, a plating bath made of a
polypropylene resin was used.

(Method of plating bath stability test: 75°C)

In the plating bath stability test, a one-liter beaker
made of a polypropylene (PP) resin was used as a plating bath.
Before starting the test, the plating bath was washed with aqua
regia (nitric acid:hydrochloric acid = 1:3, diluted with pure
water so that the concentration became 50 %) at room temperature
for 6 hours or longer to remove impurities adhered to the inside

of the bath, and then, it was used in the test.



excellent in the plating bath stability test (75C), and also in the plating
bath stability accelerated test (90C), being stable for 10 hours or |onger,
wi t hout causing a defective deposition in each plating bath. Furthet dd4Ag,2005
each plating solution had such excellent storage stability that no
defective deposition occurred in the_pl_@ti_ng bath after being stored at
roomtenperature for 30 days or |onger. 1 MAR 2005 - 13 In Exanple 7, the
pH of the plating solution was changed from7.5 to 7.1. The deposition rate

in Exanple 7 was as |low as O, r, as conpared tqQ that in Exa Ie 5 but
it was satlsfa%?%ﬂiafwgabﬁacsﬁ%%lh%te?ﬁ? FrefFareaeh Yehasi 1o haes
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inwhichnodefective deposition occurred in the bath for 5 hours
or longer but less than 10 hours was evaluated as A (Moderate);
and a plating bath in which defective deposition occurred in
the bath within 5 hours was evaluated as X (Poor).

(Method of plating bath stability accelerated test: 90°C)

In the plating bath stability accelerated test, a
one-liter beaker made of a polypropylene (PP) resin was used
as a plating bath. Before starting the test, the plating bath
was washed with agqua regia (nitric acid:hydrochloricacid=1:3,
diluted with pure water so that the concentration became 50 %)
at room temperature for 6 hours or longer to remove impurities
adhered to the inside of the bath , and then, it was used in
the test.

The plating bath stability accelerated test was carried
out as follows. Using the above-preparedplatingbath for test,
a plating solution was treated at a plating load of 0.5 dm?/1
for one hour (70°C), and then the temperature of the resultant
plating solution was elevated to 90°C so that the plating
solution was under severe conditions, and a period of time until
defective deposition of gold occurred in the bath was measured
and used as an index for evaluation of stability of the plating
solution. . A plating bath in which no defective deposition
occurred in the bath for 10 hours or longer was evaluated as
O (Excellent); a plating bath in which no defective deposition
occurred in the bath for 5 hours or longer but less than 10 hours
was evaluated as A (Moderate); and a plating bath in which

defective deposition occurred in the bath within 5 hours was

evaluated as X (Poor).
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(Examples 1 to 7)

The results of Examples are shown in Table 1. In Examples
1 to 3, electroless gold plating was individually conducted in
ethylenediamine concentrations of 1 g/1, 2 g/1, and 5 g/1. As
can be seen in Table 1, the deposition rate was gradually
improved, i.e., 0.36 um/hr, 0.51 pum/hr, and 0.61 um/hr even
under conditions such that the concentration of hydroquinone
as a reducing agent was low. In addition, each deposit had an
excellent appearance with uniform lemon yellow luster and
suffered neither discoloration nor deposition failure.
Further, each plating bath was evaluated as excellent in the
plating bath stability test (75°C), and also in the plating bath
stability accelerated test (90°C), being stable for 10 hours
or longer, without causing a defective deposition in each
plating bath. Furthermore, each plating solution had such an
excellent storage stability that no defective deposition
cccurred in the plating bath after being stored at room
temperature for 30 days or longer.

In Examples 4, 5, and 6, electroless gold plating was
individually conducted by changing concentration of
hydroguinone as a reducing agent to 0.5 g/1, 2 g/1, and 3 g/1.
The deposition rate was gradually improved, i.e., 0.38 um/hr,
0.83 um/hr, and 1.01 um/hr. This result showed that a practical
deposition rate could be achieved even under conditions such
that the plating solution had a low reducing agent concentration
(2 to 3 g/l), and in around a neutral range at pH of 7.5. 1In
addition, each deposit had an excellent appearance with uniform
lemon yellow luster and suffered neither discoloration nor
deposition. Further, each plating bath was evaluated as
excellent in the plating bath stability test (75°C), and also
in the plating bath stability accelerated test (90°C), being
stable for 10 hours or longer, without causing a defective
deposition in each plating bath. Furthermore, each plating
solution had such excellent storage stability that no defective
deposition occurred in the plating bath after being stored at

room temperature for 30 days or longer.
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In Example 7, the pH of the plating solution was changed
from 7.5 to 7.1. The deposition rate in Example 7 was as low
as 0.59 pm/hr, as compared to that in Example 5, but it was
satisfactory for a practical use. Further, each deposit had
an excellent appearance with uniform lemon yellow luster and
suffered neither discoloration nor deposition. Further, each
plating bath was evaluated as excellent in the plating bath
stability test (75°C), and also in the plating bath stability
accelerated test (90°C), being stable for 10 hours or longer,
without causing a defective deposition in each plating bath.
Furthermore, each plating solution had such excellent storage
stability that no defective depositicn occurred in the plating
bath after being stored at room temperature for 30 days or

longer.
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cycles had an excell ent appearance with uniformlenon yellow |uster and
suffered neither discoloration nor deposition 15 failure. 1 1 MAR 2005 - 16
Tabl e 2 Bath conposition: g/ LExanpl e8: Exanpl e9Exai npl el 0 Au ion soquﬁMfﬁ%
sodiumsulfite2.5 g/L in termsof An Conpl exi ng Sodium sulfite
(anhydr ous) 323232 agent Sodlun1th|osulf%Le262626 pent ahydrate pH buffer ,

D potassium tetraborate25, 25, 25 tetra ydrate Met al - shi el di ng

Benzotri azol e2. 52. 52. 5 agent Water-sol ubl e Et hyl ene di am ne345 am ne
Reduci ng agent ; Th| urea--; - Hydroquinone2l; 1 pH7.57.57-5 Plating

| oad(dm -/ Ly8288156, % é&tﬂotenperature70 7070 Deposition

rate(m hr)0. 70- 5@91&? prating 'solutloHS”hav1ng'the'composrtlcns Bﬂbmnsiﬁb|||ty
test(7SC)O (10 hr)O (10 hr (10 .hr) _Days of continuous use (day)5 days or;
5 days or5 653]@ or q J%ﬁﬁg%rqoolﬁjgéllaﬁéﬂﬂsw%?f C@d‘rﬁll"rﬂﬂ)‘tﬁslmééﬁflrﬁﬁéh?‘f 00) 50

hrs or50 hisg @W@OU§%§tﬁkzbQQg@&Egﬂgﬁéfﬂ@ﬁ@énf@ﬁhﬁ@bnL%hhauéaﬁﬂe%F ¢8ch
stability of the plating _solution, as shown in Table 3, it has been

confirned Fﬁﬁ?ttﬁéeﬁpaﬂpﬁﬁ BARKS NS SR Ltampl-esTBe §955nHaEOC?ﬁHF%?dﬂ%}Iy

exhi bited sdghiexeelshentorstabhl sty tatcmnodef et kve deposithion ¥»a@ses
observed in each plating bath after the plating bath was continuously used

for 8 houP§SofNPERgeR He¥- day g B1a&y eI 5ZCRGHEE tisnWesRaFF L AL S0 T whi ch
is a practijgah begperatur&antr, bor MOLID®e 272q2ys, repeating 25
cycles, at 70°C. As a result, in each of Examples 8, 9, and
10 10, electroless gold plating could be continuously used at a
deposition rate of 0.4 to 0.7 um/hr. In addition, in each of
Examples 8, 9, and 10, the deposit obtained in each of the 25
cycles had an excellent appearance with uniform lemon yellow
luster and suffered neither discoloration nor deposition
15 failure.
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Table 2
Bath composition:g/L Example8 : Example9 : Examplel0
Auion source |, Au sodium sulfite 2.5 g/Li in terms of Au
Complexing : Sodium sulfite (anhydrous) 32 \ 32 : 32
agent \ Sodium thiosulfite 26 : 26 : 26
| pentahydrate ; !
pH buffer . Dipotassium tetraborate 25 : 25 : 25
, tetrahydrate | \
Metal-shielding , Benzotriazole 2.5 \ 2.5 : 2.5
agent : ! :
Water-scluble |, Ethylene diamine 3 \ 4 \ 5
amine 'l ! :
Reducing agent , Thiourea \ :
. Hydroguinone 2 \ 1 : 1
oH 5 v 15 15
Plating load(dm?2/L) 0.5 : 0.5 \ 0.5
Bath temperature 70 \ 70 ; 70
Deposition rate(um/hr) o B 0.7 | 0.52 : 0.49
Bath stability test(75°C) O (10hr) ' O (10hr) ! O (10 hr)
Days of continuous use (day) 5daysor , 5daysor , 5daysor
longer ! longer ! longer
Hours of continuous heating(hr/70°C) 50 hrsor | 50 hrsor | 50 hrsor
longer ! longer ! longer
Further, with respect to stability of the plating solution,
as shown in Table 3, it has been confirmed that the plating baths
5 in Examples 8, 9, and 10 individually exhibited such excellent

10

stability that no defective deposition was observed in each

plating bath after the plating bath was continuously used for

8 hours or longer per day for 5 days (52 hours in total) at 70°C

which is a practical temperature.
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reduci ng agestltn ae:ehmentnorralbl[el ati nlgq Datbarand vehexsmeste Ir ESthﬁckar e
showmn in T aratlve Exanple 1 i e hydroqu

concent rat FOR WAL AT TS e S o had san- L Okebt 1'G1h “ABBEAranRS T t hout
suffering depesnénonafspehuaﬁco howvever, stiliecdepasidepars irtdton Wasi 1asrd 0w as
0.13 mhr, and a dep03|t|on rate determned b subtractlnr%}he de 03|tion
of about BOWEVRFoFABdIBNOSLbsPTt LRFBNVEBI @S ptAYidY § romnH e b

deposi ti ondepbeivasnasaktewdiase@m@3denl bry, slurhﬁlrfaa:ttum@ tehad dRoresitt 1910 of

deposition by reduction proceeded, For this reason, it is considered that
this platifgosbiUti &R FQrmRE A gRPsSte “Bé 1protght plating from the above

deposition rate was as low as 0.03 um/hr, indicating that almost
no deposition by reduction proceeded. For this reason, it is
considered that this plating solutionisdifficult to be brought
into practical use, and hence, the plating bath stability test,
the plating bath stability accelerated test, and the test for
storage stability were not conducted.

On the other hand, in Comparative Example 2, for improving
the deposition rate, plating was carried out under conditions
such that the reducing agent concentration was about three times
as high as that in Comparative Example 1. Like in Comparative
Example 1, the deposit had an excellent appearance without
suffering deposition failure, but the deposition rate was as
low as 0.3 um/hr. Further, in the plating bath stability test,
defective deposition occurred in the bath in 5 hours at 75°C.
In addition, in the plating bath stability accelerated test,
it has been found that defective deposition occurred in the bath
in 2 hours. Further, it has been found that, in the test for
storage stability, defective deposition occurred in the bath
after the plating solution was allowed to stand at room
temperature for one day, making it difficult to use the plating
solution any more.

Further, in Comparative Example 3, for improving the
deposition rate, plating was carried out under conditions such
that the reducing agent concentration was five times as high
as that in Comparative Example 1 and the pH of the plating

solution was 9.0. As a result, the plating solution showed a

practical deposition rate of 1.1 um/hr. No deposition failure



into practical use, and hence, the plating bath stability test, the plating
bath stability accelerated test, and the test for storage stability were
not conducted. On the other hand, in Conparative Exanple 2, for inp}(?\rﬂégg
the deposition rate, plating was carried out under conditions such pqﬁe
reduci ng agent concentration was abaut;dhree tines as high as that in
Conparative Exanple 1. Like in Conparative Exanple 1, the deposit had an
excel | ent appearance wi thout suffering deposition failure, but the
deposition rate was _a low.as 0,3 mi.hr. Further,_in the plating bath

stob 1ty tee YR kY i i et PRSP RE BARR | VS RO a
75C. | n adddtiieh, brnwhhe phatdagtbabh stabaki fpuadceéhetated péstingit has
been found (t)gahdgf gcti ve de %%i ti Qn oc‘icll%rre% i&a”]fect%altvhe 'en O2.l Qurs.
Further, it has Beenafjoﬁfﬁéyt att isnatbﬁe test S St age s gnﬁitlyo,n

def ective depasretoinh ateunaed dur ide phatthngaf vefCt hewaial ng S fitduanre was

al | owed to,_stand at_room. temperature for ane da)égrnggiingreiaé difficult to
use the pl a?i%g 501 Ution Ay Tor e Farth&P S npara?ive a’rerIeJT:’c', for

i mprovi ng thesidepedittiaonthabeylqdiatg aglwasoecars dedfautilundebe doradightons
such that.the reducing.,agent concentrati was fi.ve tines as, hi as that
b Conparat 108 BEANGIES1 SRt ASCoROF ot ha Tl ST R A o e 1807 as
result, thecptatragesotasioanshomedtast pfactstoatageposilhiloity ateereofndt 1

m hr. No dggositi on fcai lure 1 1 MAR 2005 - 19 was observed, but the deposit
had a bad apﬁﬁé?gngg,'mhich was reddish brown. In addition, it was found
that the platingInsafidaitodoonhainveépyppoetistabixbmpye dndadekéetitveldsposition
occurred i e n_durin | ati 700, [ it diffi. 0 use the
pl ati ng sopa}f!l}o%%%gngmrsg.lgﬁg?%t Higgngegs)gﬁ?q’i%ﬁtﬁq%naclo%slla el?lé]dtbtaﬁa this

pl ati ng sotantannisgdifd tgpkt docbepbnenght i.ientotpriactieeds ageduanddience,
the plating bath N : I 1 I I
stability %.%TISE n%lﬁ&atg%é#%%%lrgﬁgg %%aéa%%f%lnm?ﬂ% np%]?j{}ﬁg\c/%v@;g%ﬁtlae%e& an
el ectrol esads gadeks pltat iimg teel pl & bhnyshangh as tednveit y areedt plta? iy batikch

cont ai ni ng; L [ [ : nt and
hydr oqui noﬁ%‘%@%%@?%gg%it%gﬁﬂé%%{%, %?aegv%%%g?gégé ﬁmgd%gggﬁ ?%an%ﬁe

pl ati ng bathfecabitidgrasisticn 1n0die wALbhin eboatp? acvircal Iemderiatipre, it
was eval ua r AVl 'R pOsi t i { i-n about
8 hours. I%gg%%?t%%? %%%@%@gnh%%l%&t%ggt t géipcf%?%ndg%so%%to?gtr}qﬁgd a
deposi ti onrate within a practical range of 0.75 pum/hr. Further, it has

been found that the deposit had a good appearance, but
deposition failure was partially observed. Furthermore, it
has been found that, like in Comparative Example 2, in the
plating bath stability accelerated test, defective deposition
occurred in the bath in about two hours to decompose the plating
solution, making it difficult to use the plating solution any
more. In addition, it has been found that, in the test for
storage stability, defective deposition occurred in the bath
atter the plating solution was allowed to stand at room
temperature for 5 days, making it difficult to use the plating

solution any more.
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From the above results, it is found that the electroless
gold plating solution of the present invention can achieve a
practical deposition rate in a low reducing agent concentration,
as compared to a conventional plating bath using hydrogquinone,
and it can achieve both excellent stability and high deposition
rate.

Further, it is found that the electroless gold plating
solution of the present invention can be continuously used while
achieving a practical plating rate (0.5 to 1.0 um/hr) under
conditions of pH in a proximity of neutral range (6 to 8) and
at a low temperature (60 to 70°C), and that the electroless gold
plating solution has extremely excellent stability, as compared
to a conventional electroless gold plating solution, and hence
it is possible to considerably reduce a loss in operation, such
as a labor of changing contents of the plating bath.

Thereby, it is possible to realize electroless gold
plating in a neutral range, which had not been brought into
practical use for a reason that the plating solution has a poor
stability and cannot be applied to mass production, and
therefore, the electroless gold plating can be applicable for

a wider range of materials and electronic parts.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided an electroless gold plating solution and
a method for an electroless gold plating, which can maintain
a practical deposition rate using a reduced amount of a reducing

agent and achieve excellent stability of the plating solution.
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Claims

1. A gold plating solution comprising a gold salt, a phenyl
compound based reducing agent, and a water-soluble amine
selected from the group consisting of ethylenediamine,
diethylenetriamine, triethylenetetramine,

tetraethylenepentamine and pentaethylenehexamine.

2. The electroless gold plating solution according to claim
1, wherein the phenyl compound based reducing agent 1is
represented by the formula (I):
R‘l
Rz

w

R4
wherein R' represents a hydroxyl group or an amino group, R’
to R* may be the same or different, and independently

represent a hydroxyl group, an amino group, a hydrogen atom

or an alkyl group.

3. The electroless gold plating solution according to claim
2, wherein the alkyl group for R® to R* is methyl group, ethyl

group, or t-butyl group.

4. The electroless gold plating solution according to claim
1 or 2, wherein the phenyl compound based reducing agent is

hydroguinone, methylhydroquinone, or p-phenylenediamine.
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1 1 MAR 2005 Fromthe above results, it is found that the electroless gold
pl ati ng solution of the present invention can achieve a practical
deposition rate in a |low reducing agent concentration, as conpared] § MR 2005
conventional plating bath using hydroquinone, and it can achieve both
excellent stability and high deposition rate. Further, it is found that the
el ectroless gold plating solution of the present invention can be
continuously used while achieving a pﬁ%ttlcal plating rate (0-5to 1.0

m hr) under conditions of pHin a proximty of neutral range (6 to 8) and
at a low tenperature (60 to 70C3 and that the electroless gold plating
sol ution has eXef ePbt§t ekt ¢intl SPABitingy SCastésRpareardi8JateoAvENt i ona

el ectrol esgc 9ok d-pl akd ng Solut '“ﬁﬂd@r}c&ﬂa%@%ecotnbrage@oaﬁ' bl:8ul-@rgonsi derably
reduce a oss in operation, such as a labor of changing contents of the

pl ati ng bathal Therehying tagentpessidnl eddotieal.i ze el ectrol ess gold plating
in a neutral range, which had not been brought into practical use for a
reason that the plating solution has a poor stability and cannot be applied

to mass peoducthenel aéntholdey efQre pithe nel eetinekessagebddphat togctanmbe
applicable for a wder range of materials and electronic parts. | NDUSTRI AL
APPLI CABI BI T P11 eR? | HEtH oy &etadcsrdienging RAENPr 68eRENFAVEREFSIE there
can be prgyided-an.shegtroless gold plating solution and a nethod for an

el ectrol ess gold plating, which can maintain a practical deposition rate
using a reduced anmount of a reducing agent and achi eve excellent stability

of the plating.sol a tpan nprising
a gold sa?f ﬁ gi gn%%ﬁ%%ﬁE%ﬁ%ggﬁgt%ngAggﬁgqégén l:Qgré%gvvifglgerﬁgoluble
am ne one of clalms 1 to 3, wherein a pH of the electroless gold

plating sclution is in the range of 5 to 10.

8. The electroless gold plating solution according to claim
4, which further comprises an impurity metal-shielding agent

as an additive.

9. The electroless gold plating solution according to claim
4, wherein a pH of the electroless gold plating solution is in

the range of 5 to 10.

10. The electroless gold plating solution according to claim
5, wherein a pH of the electroless gold plating solution is in

the range of 5 to 10.

11. The electroless gold plating solution according to claim
6, wherein a pH of the electroless gold plating solution is in

the range of 5 to 10.



selected fromthe group consisting of ethyl enediam ne, diethylenetriamne,
triethylenetetram ne, tetraethylenepentam ne and pent aet hyl enehexam ne. 2.
The el ectroless gold plating solution according to claim 1, wherein the
phenyl conpound based reducing agent is represented by the fornul a { MR 2084
(I') wherein R represents a hydroxyl group or an amno group, R2 to R4 may
be the sane or different, and i ndependently represent a hydroxyl group, an
am no group, a hydrogen atom or an alﬁyl group. 3. The electroless gold
plating solution according to claim 2,%herein the alkyl group for R2 to R4
is nethyl group, ethyl group, or t-butyl group. 4. The el ectroless gold

pl ati ng solution according to claim 1 or 2, wherein the phenyl conpound
based redwi ngflegentedtsrolpady apdichadet imet Byl hypdproqgaiceemnedingr to claim

p- phenyl epedi,ami ne. |11 005 - 2 . e_el r.al ol.d plating

sol ution {kx%ﬁe|?é?t%?%ﬂ%ﬂgﬁﬁiagﬁmgﬁé%dngafggorgég%gﬁghggépghég conprises an
i mpurity hyetaduistivred dimngneagsnthyvas-cauiadeiet.i ve. 6. The el ectrol ess gold

pl ati ng solution according to claim 5 wherein the inpurity netal -shielding
agent is benzotriazole based conpound. 7. The electroless gold plating

sol uti on aecoreidg 1@y e AN Afd ¢1aitMB sb@u%aio\‘!!h%rc%b@dﬁn%"lt@f cthem

el ectroless gold plating solutionis in the range of 5 to 10. 8. The

el ect rol €%, goter pirattiliy wolanisond videordilng 6 efavhrngdigiier -furt her
conprises an inpurity netal-shielding agent as an additive. 9. The

el ectrol ess gold plating solution according to claim 4, wherein a pH of the
el ectrol ess. gofite ptlatdtnglsolutgadnt i atingt kelnange ekcbrtidng0rolBlaihe

el ectrol ess | d platin ol utiion according to claim 5, wherein a pH of the
of oct r ol 658 GOt PaLTiHG SLETUL G CPRES ARGRCGF 95667501511, The

el ectrol essagehdifpdad i ng sol ution according to claim 6, wherein a pH of the
el ectroless gold plating solutionis in the range of 5 to 10. 1 1 MAR 2005
- 24

15. The electroless gold plating solution according to claim

14, wherein the water-soluble amine is ethylenediamine.

16. A method for electroless plating, comprising immersing a
material to be plated into a gold plating solution which
comprises a gold salt, a phenyl compound based reducing agent,
and a water-soluble amine selected from the group consisting
of ethylenediamine, diethylenetriamine, triethylenetetramine,

tetraethylenepentamine and pentaethylenehexamine.

17. The method according to claim 16, the phenyl compound
based reducing agent is hydroquinone, methylhydroquinone, or

p-phenylenediamine.

18. The method according to claim 17, wherein said phenyl
compound based reducing agent is hydrogquinone or

methylhydroguinone.



12. The electroless gold plating solution according to claim 4, wherein the
phenyl conpound based reduci ng agent is hydroqui none or nethyl hydroqui none.
13. The electroless gold plating solution according to claim 12, wherein
the water-soluble amne is ethylenediamne. 14. The el ectrol ess gbll MABIZi ng
solution according to claim 12, wherein the phenyl conpound based reducing
agent is hydroqui none. 15. The electroless gold plating solution according
to claim 14, wherein the water-soluble anm ne is ethylenediamne. 16. A

met hod for electroless plating, conpristhg immersing a material to be
plated into a gold plating solution which conprises a gold salt, a phenyl
conpound based reducing agent, and a water-soluble amne selected fromthe
group consPsti fige okteblyhepeddany ne; disetmhyléeneteirammeaid water-
triethyl enetetram ne tetraet hyl enepent am ne and pent aet hyl enehexam ne. 17.
The nethoﬁoigég?dﬁﬁbhFolﬁl3€H¥Q%?e$ﬁgmﬁﬁ%nyl conpound based reduci ng agent

i s hydroqui none, nethyl hydroqui none, or p-phenyl enediam ne. 18. The net hod
according to claim 17, wherein _said phenyl conpound based reduci ng agent is
hydr oqui néfle oFRenBERGPAYAFBETT Hehet© 11 WNR 200 er <45 sp3d $Re dnet hod

accor di ng .t 9 ¢hai aL18, ; wher gl iy sal domat &les 301 URLR A& 18Ry kepediani ne.
20. The nethod according to claim 16, wherein sard gol'd plating sol ufion
further ceppnises an papurivy.netal -shielding agent as an additive.



