"1 Specification Electroless gold plating solution and met hod for
electroless plating 5 Field of the Invention The present invention rel ates
~t0o an electroless gold plating solution and a nethod for emmm]mmmﬁmm"u’m

pl ati ng. 10 Background Art There have been devel oped a nunb
el ectroless gold. plating solutions which can be used in a neutrghsg«ange at
| ower tenperatures, so that it can be applied for a w der range of
resists and electronic parts to be plated, as a substitute for 15 a _
conventional electroless gold platipgesetuitpsnwhich is strongly alkaline
and used at a high tenperature. These plating solutions disadvantageously
have a |low stability and a poor deposition property. The causes for
lowering stabédtty188s agoh 30 AW i d81 R A %nrd)&:h%h%dc%%Séiéeér{aﬂéestWO
types, nanely, 20 lowering of stability of the electrol ess gold plating
itself andpf WeR¥ng of stability due to inpurity metals mixed into the
pl ati ngssol ution during a plating operation. For solving these problens, a
nunber of attenpts_have been nade to inprove them In order to carry out an
eIectroIesst%fg pf atPRg! FHERE 198 neutral range without using a cyan
conpound, JapanesendrveserfRat Bieitidbn cod 1D Not o 191 7824 19891 di schOs8s use
of ascorbic . acjd as reduci ng agent. in the plating_solution, In addition,
for suppresRtagthg xF A BEOR R i ® yRRERQP sTOF ne beEHECHERE | RE25ENELi on duri ng
a plating operation, or for 30 inproving stability of the plating
sol utign, Jg nese Proy. Patent Publication Nos. 350172/1992 and
145997ﬁ@994 %?%%?%%%9 BfiWi tion of a mercapt obenzot hi azol e based conpound as
a netal-shieldirmheﬂgﬂﬁaﬁa)Uémﬁ|daﬁél@@eﬁokuhhmberFUE¥bEéﬁtﬁapésgsgofﬁov- q
Pat ent Publ j 1 on 35 215677/1991.di scl gses _use razi ng conpoun
(10 to 30 géﬁ%l% sg’ciruéC N |Sn‘6gé§ 20 i canS 8P et raopﬁggragl rtﬁeafaitngower
solution, temperdtusesl ado nthddatit canxamhb@péi@dpmamtbcaﬁddepﬁshﬂéoaﬁrate
in a |l ower r.aty 2 r i e compar.e Q e.above
ol at i ng. batte Ly ng Lt 8785 -bTs BRRER I BB o083, LR RREs Spabnt S

Publ i cabi onra Neenventional electroless gold plating 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,
20 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 gold plating in a
25 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
30 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.
35 215677/1991 discloses use of a hydrazine compound (10 to 30 g/1)

as a reducing agent in an electroless gold plating solution,
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"5 314871/1992 discloses that the electroless gold plating solution is

i nproved by addition of a benzotriazole based conpound as a

. metal -shielding agent which is used for suppressing mxing of inpurity
metals into the plating solution during a plating operation or for
inmproving stability of the 10 plating sobution, and that this shielding
agent can be practically used in a wde use range (3 to 10 g/1). On the
ot her hand, Japanese Patent No. 2972209 di scl oses use of a thiourea

conpound ora@dnhﬁﬂylJgﬁﬂpgygqtﬁsganrgéﬂféego %ﬂ@ggtfeélt%ggggagoga §9Lgt'°”

and that thiourea can reddce In a w-concentr at t he
t hi ourea hash & EyPUBFeWn@ﬁ’é’éréylﬁfldﬁfjditf@ sEduRilogr eaenet exg @Ioa’p@r@tﬂabol ity

of the plathdGsobutioi 2hg YecaMueseqt Aecplaikngosglution. In. addition,

the phenyl conpound based reduci ng agent pro that it cannot
reduce gold i n a FtheimeEsgel IR Fse oP70%) Baiterd Reptication Neevitably

used insa vepkdyl Al &2 i DEsEBHYEs BRat Nahe éb@c@k@iégg ﬁgi&tbPQEiﬁ

deconposed during the plating. For solving t es% Prov.
Pat ent Publ §41 % b?P NoS 111@121%‘779/9111@913§¢bbb@@soénaebeez%réééo ol Bapedt i ng

sol ution C&tﬂﬁ}%tﬁhd‘%@% hméth@llQhPéI@ﬂn?OQQQHBdwﬁDth![‘3 pheaykogonmpound 25
as reducing a en and this plating solution is |ngrove in stability

since the pH %W&lﬁﬁs%ﬁ FeRHFdityghabeht IntQbbe P e Bngprebukiont
thiourea. Fuitied.a JARAESE JPedat R eyt f%ibh'mf)%tolv@ﬁgl\'@tablﬁzg§96$99}ze

t he above el ectroless gold platin bath is inproved by

di scl oses t hat
addi t i Zﬁ %%b’h%oﬁ%%%%r bR dtRahpbihd %&l%l PG| 24RREl 8RRgPAgent which
is used forpzsamtpr@esm)ﬂg;mdilng anlldéTprlﬁétyaﬂ@éa| s tet potgmpl ating

| ut d t f th
;FaglhgnsorL;Pgn%hpﬁﬁ Inﬁ%?rqﬁ{%iplQP%hﬁsﬁaFﬁggégﬁhggg§é 07 é¥%o%???§ as
conpared 3%¢ @ifaacohienteanabmpbahdngr batgherAsk ardrpowari dshaSr@dlh@il\hg

duci f t. bi
br obl et hatS T Hie 52 aEERN T PRGN snhEhst b BEROeRt RS 48247 on
as 60 L6 1001 gy/llow morsEnhmatg o pr dowievalr, deépesithionreat Basi agprolé&mt o
1.0 th I ' t he

m U ﬁ%ﬁ%ﬁ@é 6f ytl'?:foﬁpg p({ig‘E%PQ??Q{é' é@gblf ?11_% of the

ner capt obenzot conpound as drn s a probl em
that it ha®Biiry sarroleusandg amgeor(l@os_e the 5pb@tr;n@nd0h@tu:@n exHirbits | ow
operation p f i_S n a

B gor amount Ve S BT AP heohpbald s EBLLIES MM his b Sffer

t he resul t dftatpliat FAgnBAt Fedeee &chikva a prucrd talangspdpht 7 6o 7r &t eand a

| 'ow redoci ngeraaent CONGRIIAHH 0N LsRY SRR 14021 R81ine 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

25 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

30 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

35 to a conventional plating bath.

Ascorbic acid has a low reducing efficiency as a reducing



“plating bath using ascorbic acid. However, the hydrazine conpound has
itself a poor stability, failing to secure a sufficient stability of the

. plating solution. This plating 15 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-ipte 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 20 nentioned

above, and @femt I eIHdre &) biskyreh ct Heidldd RO0presh bhi O €A pliskere
i nproved enough for a practical use. The el ectrol ess grgjlcéj{bpl at | ng sol ution

cont ai ni ng botH ¥'hé SERILEHY 88CC5RAEENACRRANE AL HAR NS denéOasor Eeici ng

agents is ¢ npreptedeict rahabhldiacicd Pdepiond tivsPraduct s, of, thipupea, @5
with the phenyl conpound based reduci ng agent. However, it has a problem
that the byWpr othiet sl@ferinduseabihihvtobetkonpl 2t Ehy sebefuter to t he

originab reduci norrageRi: cRpE o ZoRMiaRIoNe cOMpPLRYULd & RELSESsHEPDSLfgon
failure or Iovverﬁ_? stability of the plating solution, thus naking

1t
difficult tFRNT® £ FF QT Gt 4t 5 Pt yesy PRETBFalFRgrapeat ionl It

i's an obj ecto 0§ piie) PARSEMéncEVERH 119t § 01 P O¥pELaBllon B LEL £ DL RS, Uphd

pl ati ng sol ution, and et hod far el ectroless old plating, which can
mai ntain a PrARTT e 115 & 4555 W tﬁtal§é'gqﬁ‘g&rhﬁohjﬁ?gﬁif P¥tici ng

agent and achi evéilexcel Irgniraz3nestcabipouny dfs LBedpkat kngedot Uhy oagerdt,
D scl osyre

the pr esen&c? %@%ﬁ{lovae%gggtéglgg%ggé %grb%:at alen_\{ﬁt)%Bg%g\{gégigéégggﬂef%ect >
agent havi ntptee Hirgh redusidur iefd iageeancyonsenthat ibnstadiddntps refd aoptiaé i ng
they have iy aet e Sl R ERe el dEVors RRsi AR ™
f ound jthat QmOLpr@mamehf mtmgs@tﬂﬁ)blmynefa;nbim@st@tﬁwm ai am ne,
Gol d pl ati g o tren TERP Gy SrE e DR EL T Cho BubEMh T St B eRe"
reduci A§ aderfth 48 ampeduernyy &gistitt ionwhér 2 the reretiy liamp lanbekedt cohpssngol d
ol Lt on e B ea e e B e L B ST oL AR T o
15 stabi | i t8€ ifiRHddY ggsalisngnhppelae aneat il sedpdsian enripgoperiatimhe
present i nuspiddah dis N26aCLRpEERIngSsE bl P1ey dAknA gokdiRbatdng: S ution
ConprISIrmlﬁ%égﬂéﬁys%%%’s%ag9§9¥b of the reducing agent itself is poor as
20 mentioned above, and as a result, stability of the plating
solution cannot be improved enough for a practical use.
The electroless gold plating solution containingboth the
thiourea compound and the phenyl compound as reducing agents
is improved in stability by reducing by-products of thiourea
.25 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
30 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

35 stability of the plating solution.



" conpound based reduci ng agent and a water-soluble anmine. 20 (2) The

el ectroless gold plating solution according to (1), wherein the phenyl

. eonpound based reduci ng agent is represented by the formula (I): R ~4
wherein R represents a hydroxyl group or an amino group, 25 R2 to R 4 may
be the sane or different, and independenily represent a hydroxyl group, an
am no group a hydrogen atom or an al kyl group. (3) The electroless gold

pl ati ng solution according to (2), wherein the alkyl group for R2to R4

is methyl o504 ofifY oMW, 1 nddh©od -butyl group. (4) The el ectroless
gold plating solution according to (1) or (2), wherein the phenyl conpound
based reduci ng adéhtohder Hgy ibridle ARRA Mantqiatbib]ests, the

p- phenyl enggliydme. i ndnt Jhe 1l w140l &S @0l b1 NSorRbiitd %ﬁor ding to

any one of (1) to (4), wherein the water-soluble amne is e e 5
di ani ne basERFtORHAREN Y 8)2THY & et gl kradueind f Bisirrand 9 dihatecor di ng

to any gne stfbiildt @£ &)plaH £ fatrndchen ezgnpéw%imaqédreyrﬂ))fy roducts
nmet al -shi el di ng agent as an additive. (7) The el ecCtrol ess” go oppl atin '
sol uti on addRMRS €8 FBYUCt 1N Wr&cEss -+ fRdithsur heyemads l§ﬁ?@|sawﬁgarafgent

i s benzotriaadesivasedieospound. a Pesihe , eheey ?la8es fARind Rhalki Resol ution
according to any one_ of (1) to wherein a pH of the el ectroless gold

7), t
plating sdliRITIFS 8finvehe Fﬁﬂbébiﬁ anune §8ch 5 ¢y enecisaings etc.
el ect r ol essi 9l Aintpg s OJIPY | Fhifheh ¥ 4MERES6 S0t Pon NBd s i 4 mdecated into a
gol d plLating saolution whic conprises a gold salt, a | conmpound based
reduci 51 AGEHRCEERIE R T A UHTS St oo Lfo dte‘ggfin%( iGH iR
drawi ngs Fighehyls conpapid dusedogredueing | ayebetawen tddudindesgeraf, pl ating
operations and deposition rate in _gne ex I f.__the present invention.
25 Best m&grlefroeﬁbycgg?ééﬁﬁgoaﬁ © ﬁgtgpgggﬁtgﬁ@gﬁ#&mﬁt fhef et Qﬁtarro‘?“& gol d
pl ati ng sollum/dn ehdtpeopidsent elenteniiess, gakd diatgolgdssalit jorikdvein@ cyan
based gold I - cyan base ) can_ be ed. t.he cyan
based gold asrgaﬁtﬁé,glgloﬁq"cﬁ] %hagtylg% - pegilgag’sﬂgeu rﬁé}loér agrglecf?‘fﬁl;llsecrgc}:ansf%eqtplocfnassi um
30 canlbe weabilAs yheitdrowly apdidsiew gadrksmnce anhldemeaitate; a gol d
sulfite, aﬂygégggypsulfate, or a gold thionmal ate can
The present invention 1s characterized as follows.
(1) A gold plating solution comprising a gold salt, a phenyl
compound based reducing agent and a water-soluble amine.
20 (2) The electroless gold plating solution according to (1),
wherein the phenyl compound based reducing agent is represented
by the formula (I):

R1
R2
(I)
R3
R
wherein erepresents a hydroxyl group or an amino group,
25 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 (2),
whereinthealkylgroupforfﬁtx>R4ismethylgroup,ethylgroup,
30 or t-butyl group.

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



" be used, and these can be used individually or in conbination. O these,
preferred are gold sulfite and gold thiosulfate, and it is preferred that
.tthe content of the. salt in the plating 35 solution is in the range of 1 to
10 g/I, in terns of gold. Wien the gold content is less than 1 g/l, the
gol d dep05|t|on reaction 6 may be difficglt to proceed. On the other hand,
when the gold content exceeds 10 g/l, stability of the plating solution
may becone poor, and the amount of gold consuned will increase

acconpani ed(py, awh@§§1ﬁftra@epﬁéawngoﬁgbuha%as%' Eédhélé esgeam‘ ¢ally
dlsadvantageous Further, it is nore preferred that content of

the plating hydrogprsnons. | Rethulhufdgeauanonpey oox ETPheEXéﬁﬁﬁééaE#néonpleX|ng

agents incl yge m@@lsa@tttr%,le%tscaolaspmﬂgﬂs%mml% éEQoPQEﬁésﬁé‘@n%/Yéﬁbde
and non-cyan_salts 10 aS sulfites,” thiosulfates, and”thi omal ates.

These can bRfused tﬂdlé?duﬁhﬁyebﬁ Fhecﬁﬁ%ﬁﬁaFPéHleIamh@§elsp?§h¥ﬂﬁéé are

sulfitesg an@léﬁiﬁguﬁggégscoﬁpguhg is preferred that the content of the
conpl exi ng ent in_the solution is in the range of 1 to 200 g/l.

atin
When the co ]éyﬁhﬁlégéﬁpl@éﬁtgﬁ%d|894Q%ﬂ9IﬁﬁéHtEinaEFPrdﬂﬁé oy one

conpl exi ng abi k 1tyt<may5 bﬁcaﬁecm@ﬁrtﬁekoaﬂ% rstabi bht ymphribe plating
sol ution t hand, when the cggPFeX|ng agent content exceeds 200

h e
gl l, stablIT?%aﬁfs?ﬁﬁidb?%t?ﬂ@nEo?ﬁt?Bn mpFoved, but crystallization
may di sadvant pgebeséyeotedless @bEdpbaétﬂggSQbMﬁtDﬁnaﬂdcbhﬁlﬂ§et@f 620 the
conpleﬁlng ent | sadvant geou

h
econoni-Cal % ?ﬁ?l%ft@%éﬁpgﬁﬁiﬁﬁeTegngnfglﬁﬁgén%r%@%P et® gﬁHFOFﬁéaZOle
conpl exi ng agead compeatdis in the range of 20 to 50 g/l. As the redu0|ng

t, it d ta nd_base red cin ent
?g;e):]eselnted%%gnﬁﬁEe % tgvnuse 98$§d§?giﬁﬁg Sogn%géﬁ 9@855 Ao u I eg fits a
hydr oxyl grofip(br anm aﬁinowgenepn aF@HtofFﬁhaagleetrhEesangobd plétengnt
and |ndepenggpé{¥og {gp{gfﬁﬂ%hgagﬁgr8§yg gLoyp, an am no group a hydrogen

atom or an ove forrnula (1), as the alkyl group for R
2 to R4 (%}eziemertéwthf@raelliem:e:awol@Sprémth@@,alcby\prgsang hamengitgte 5 6

carbon at org, : anga i uEb hes pIEEE "efeare iansfgt%%bﬁéps'eﬁgnawﬁy& group

having | to 4 carbon atons, such as net group, group, and t-butyl
g
gr oup. comprises a gold salt, a pheny compound based reducing agent

and a water-soluble amine.

20 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.

25 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
30 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
35 solution is in the range of 1 to 10 g/1, in terms of gold. When
the gold content is less than 1 g/1, the gold deposition reaction



" Speci fic exanples of conpounds of this type include phenol, o-cresol,
p-cresol, o-ethyl phenol, p-ethylphenol, 10 t-butyl phenol, o-am nophenol,

. p- am nophenol , hydroqui none, catechol, pyrogallol, nethyl hydroqui none,

ani l i ne, o-phenyl enedi am ne, p-phenyl enedi am ne, o-toluidine, p-toluidine,
o-ethylaniline, p-ethylaniline, etc., ang these can be used in conbination
of one or nore kinds. O these, 15 preferred are p-phenyl enedi ani ne,

met hyl hydr oqui none, hydroqui none, etc. , and it is preferred that the
content of in hng bt LS 4 h 0 5to
50 gfl. V\h’{éér?tbheg%gg%ig%tltoFBPﬁreB%ﬁée%'| Oég%tgugghﬁgs}é%“?e JE%%‘E%%%%? in
the platingcedtent airgecdedd oian etabigity af prlee thiledlin sgdpddion mayr at e,
i.e., 0.5 anng b bt gk n e h ; : ent of
t he phenyl %%Térr{)héﬁnd_ b%‘seﬁn@r%%cigﬂou%e%? %ngeje‘g{s’“g%’qgﬁ Mgmsgﬁgf%?g%t
stability ofc¢ereranpiedilhy aolessonichhfoplabiBecapédtirnr t HBichi isis nore
preferred tabndecE£PY e s Hdvaheapbony! camond Based peducppgrépragent
isin the range of 2 to 10 g/l. As"the water-soluble am ne, a

nonoal kanol &hihe:na gqiidapl@a!rgmnérrpﬁe,tha P+a bl kAN bt Frn & Hyl ERet FRBERNe,

m hexyl am neg 2 et agreg hyl enedi am ne, pent anmet hyl enedi ani ne,

hexanet hyl enedi am ne, " hept amet hyl enedi am ne, et hyl enedi am ne, 30

di et hyl enet ri ani feftenRiet 1R SrERAPEAN&Ientd AacimAcefepeneanihe, Speht a
et hyl enehexgndoditum dyEiivd alfidi®ot ddd ki anairmdd)e andy deaxyhani Bg1syl fat e,
an EDTA salt, etc. C?E be used. Ci these, preferred are ethyl enedi am ne,

di et hyt&net FFFhiaTeSUL FLERRAyI UM B+ ERT 8, a8 LBEPRELAYPENepERt 3FiGH PaNd
pen]E aet hél aﬂ@MﬁﬁfﬁMd@mm?&t r11np&e:ﬁusﬁﬁ@dlibg |' etdﬂﬁ”t_&fé%ﬁﬁ@rﬁ@erl&eﬁt ak8
preferred t the content o wat er-soluble amne in t platin

sol ution i ssﬁf%%ees laélﬁig’éhb?sﬁ.l%a%s 1 GAE. 1S WrEd SEre bR T tgtﬂ EBPEean' ne
content is deghet hampletighlagedre irethechl @t tvegl satl Uay caddistiorhef rahgeani ne
cannot be suff.ici 5 hi bi.ted. On.the_other hand, when t.he content of
Che et or - <01 dbf & 29 ¥4 TexcEes To0cgrPLetEadiient SrnERE ot aciiRs S8 ut i on
may be lbowel egl/ Ui stau agt bdjeoorspyexFugtalei 1ity msynbeeomprpberred lbasrt he

wat er - sol ubl.e ] n t 4 Jd e f ta, 10 | . ,One or re
ki nds of the & ov{e%?eésgcﬁlu%leﬂ]gl%%gﬁirtﬁgg]’na@nbtg-‘ea 5%‘8?%’;1%%‘3‘09"%ae&&ggon of
the wat er - sodrubl exang regend chetenecexoeeds Zoddgplat shgbsbiuyi ofi, thae
deposi ti on Sl n@Ts iM% AupCiL OLfasoBoud Bhatpdseol vilop; GAnLby T ncreased,
the appearance of the gold-plated surface Is Thproved as wel S
disadvantageously occur in the plating sclution and the use of
20 the complexing agent in such a large amount is disadvantageous
froman economical point of view. Further, it is more 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
25 compound based reducing agent represented by the following

formula (I):

R1
R2
(I)
RS
R4
30 Wherein R! represents a hydroxyl group or an amino group,

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



"the deposition property, and in addition, solution stability 15 of the
plating solution is significantly inproved. In the electroless gold plating
.solution of the present invention, in order to maintain a desired
deposition rate and pH, etc., constant, a pH buffer can be added. Exanples
of conpounds which are conventional |l y-preferably used as the pH 20 buffer

i ncl ude phosphates, acetates, carbonates, borates, citrates, and sulfates,
and one or nore kinds thereof can be used. O these, preferred are borates

and sul fates, andrééré§en@%eﬁyec§f@gyi ?‘ng%ﬁ%‘i?ﬂto %P@&pﬁ h}c?&e%&arggggﬂi LS

in the range of 1to 100 g/l" Wen the
less 25 than 1 g/Pf #meabkYbcgre@®Pbuffering pHis not exhibited, and

condition of the pjathdhsdd fEYmbEsC Q}ap,geéi_f %tm@s?ﬁl{?m% pehep the

amount of thge pH buffer added exceeds re-cr I"’zat1 on may
occur in th® pPiEifFrss atron, L ikeeh 95 brﬁ@tChﬁldeﬁéM’édgr@ﬂ@thnq £l £t& nore

preferrad tHaiathn %%Hﬁt §9d0fuf{‘ﬁep|ﬂ>Méﬁe@%%d 'Plrﬁé‘af%er F?QHEhQE 20

to 50 g/l. Further, inpurities, such as pieces of rust of atin
appar at us, atE&Yhi 9(%‘6”1? H’tad’lt% loitat ﬂn@%’éPGt?%‘Pﬂ“ﬁurﬁ‘-&@’ a?splf'“@ftlhﬂé Géﬁépat i on,

or an underéyhpg gebap, i snd xegutggoggggppl ating solution due to
deposi tion fallure of the materjal to be plated, 35 so that inpurity ions

of copper, nickelSPeFiiion ¥E®P%%sn?&eﬂomPﬂ?BdFh%pr%%FnEYE%Ih@?bﬂdeln such

a case, an pmem@lppmai@s&lrepcbr@sow bklseh?/lfaﬁeﬁE)Q?eﬁdetHylEEei%@t' ng

sol ”“2@ a%ﬂ}gl to dgcorrposltlo t he g ating solutjon

suppr esSi ngt StehY L RRER AL p? 0P BPRNE 88&t|8n PANPR eBPét|H§d§89H%P6ﬂe'an
inmpurity nesoéeldlpeldynggagent, cmetbgzlagldedqtnonbhs phatihgesol ution. 5 As
the inmpurit netal shi el di ng_agen era enzo zol e based
conpound ca% ey e‘i &% gh?ﬁl‘?ﬁﬂgdl%@ﬁ%trPaEBﬁBlgba?um
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Further, in consideration of optim zing
pr ef erred t3RNEHE BRBuNtabINg e LuRiwn £y lees a'-lhaéhpeﬁcﬁffﬂg« agemc‘ad@leh is

in theypangee 92 {0 1094 ) -1.e., 0.5 um/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
25 agent is in the range of 2 to 10 g/l.

As the water-soluble amine, a monocalkanolamine, a
dialkanolamine, a trialkanolamine, ethylenetriamine,
m-hexylamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, heptamethylenediamine, ethylenediamine,

30 diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamine, dimethylamine,
triethanolamine, hydroxylamine sulfate, an EDTA salt, etc. can
be used. Of these, preferred are ethylenediamine,
diethylenetriamine, triethylenetetramine,

35 tetraethylenepentamine, and pentaethylenehexamine, and most

preferred is ethylenediamine.



20 It is preferred that the electroless gold plating solution has a pHin
the range of 5 to 10. Wien the pH of the plating solution is |less than 5,
-there is a danger that a sulfite or a thiosulfate as an Au conpl exi ng
agent contained in the plating solution is deconposed to generate a toxic
sul furous 25 acid gas. On the other handg when the pH of the plating
solution to be used exceeds 10, stability of the plating solution may

di sadvant ageously be | owered. Further, the electroless gold plating

solution is nore pfeferghlyeseqd ahae @He'&ﬁ@&fa@gethgfwétép—%lmes) R
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obt ai ned sheet was eval uat ed
compounds which are conventlonally preferably used as the pH

20 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

25 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

30 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 the material tobe plated,

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

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



“followi ng el ectroless gold plating. For evaluation of an electroless gold
pl ati ng solution, a plating bath nmade of a pol ypropyl ene resin was used.
.(Method of plating. bath stability test: 75C) 30 In the plating bath
stability test, a one-liter beaker nade of a polypropylene (PP) resin was
used as a plating bath. Before startingothe test, the plating bath was
washed with aqua regia (nitric acid: hydrochloric acid = 1:3, diluted with
pure water so that the concentration becane 50 % at roomtenperature 35
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t he bath fdretlelrm&el%rwoﬁwtmede@area%edtlae range of 2 to 10 g/l.

20 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

25 acidgas. Onthe other hand, when the pH of the plating solution
to be used exceeds 10, stability of the plating solution may
disadyvantageously 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.

30
Examples
(Preparation of samples)

A calendered copper sheet having a size of 3 cm x 3 cm
x 0.3 mmwas used as a sample for plating test, and it was treated

35 withanaciddegreaser, 2-200 (trade name; manufactured by WORLD
METAL CO., LTD.), at 45°C for 3minutes to remove rust and organic



O (Excellent); a plating bath in which no defective deposition occurred in
the bath for 5 hours or |longer but |ess than 10 hours was evaluated as L
.((Moderate); and a plating bath in which 35 defective deposition occurred in
the bath within 5 hours was evaluated as X (Poor). - 12 (Exanples 1 to 7)
The results of Exanples are shown in Tahlee-1. In Exanples 1 to 3,

el ectrol ess gold plating was individually conducted in ethyl enedi am ne
concentrations of 1 g/l, 2 g/l, and 5 g/I. As 5 can be seen in Table 1, the
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each plating bath Furctdherm)re eac at| ng so ution such ‘excel | ent
storage sta#DieFEyPless M- Bepketine %‘Bl‘éf'éb@l@t tNBRSotedr fedade némepl ating

bath after peiigastored B niCoMm ! ePRERALYT eclor BPqdpYSaPrgb@ngRyy 75 13
minutes so that the nickel-phosphorus deposit had a thickness
20 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 pum, and washed with water
25 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)

30 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

35 for 6 hours or longer to remove impurities adhered to the inside

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



"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 0.59 nfhr, as conpared to
.that in Exanple 5,. but it was satisfactory for a practical use. Further,
each deposit had 5 an excel |l ent appearance with uniform|enon yellow | uster
and suffered neither discoloration nos 1deposition. Further, each plating
bath was eval uated as excellent in the plating bath stability test (750,
and also in the plating bath stability accelerated test (90C), being

stable for 10 hom{spokthARISIth éQamweptt&@@%@%&ﬂ%&s&t\é\% smae«%' on in
each pl ating bath. Furtherrmre each ting solution had such excellent

storage st@pingtihe h%k?oﬁﬁ%‘lépé?@%%?@ephé‘bb@gt}P@hhoééﬁr’F@ﬁtr nathéapiagi ng
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- G 1(LoUsDr ooN7'5%¢ a ¢S £ H cgﬁPe%ﬁ@@Zcﬁe%%‘]ralture slightly higher than

the temperature at which it is generally used. 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
inwhich no defective deposition occurred in the bath for 5 hours

10 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

15 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:hydrochloricacid=1:3,
diluted with pure water so that the concentration became 50 %)
at room temperature for 6 hours or longer to remove impurities

20 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. Usingthe above-preparedplatingbath for test,
a plating solution was treated at a plating load of 0.5 dm?/1

25 for one hour (70°C), and then the temperature of the resultant
plating solution was elevated to 90°C so that the plating
solutjion 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

30 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

35 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. InExamples
1l to 3, electroless gold plating was individually conducted in
ethylenediamine concentrations of 1 g/1, 2 g/1, and 5 g/1. As
5 can be seen in Table 1, the deposition rate was gradually
improved, i.e., 0.36 pm/hr, 0.51 pm/hr, and 0.61 um/hr even
under conditions such that the concentration of hydrogquinone
as a reducing agent was low. In addition, each deposit had an
excellent appearance with uniform lemon yellow luster and
10 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
cr longer, without causing a defective deposition in each
15 plating bath. Furthermore, each plating solution had such an
excellent storage stability that no defective deposition
occurred 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
20 individually conducted by changing concentration of
hydroquinone 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
25 that the plating solution had a low reducing agent concentration
(2 to 3 g/1), and in around a neutral range at pH of 7.5. 1In
additjion, each deposit had an excellent appearance with uniform
lemon yellow luster and suffered neither discoloration nor
deposition. Further, each plating bath was evaluated as
30 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
35 deposition occurred in the plating bath after being stored at

room temperature for 30 days or longer.



'7 cdCL) 1r COco i..0Cco..+, ;5 d +0 cd~oi~t~i rn 1.4,ba) aQ (1)0. 1VWHx
----------------- =L CU bl)y; t" ycd Cd O- 1Ccdc " 0 -rd4aC 4-2coa) 0 w
.0.41a'CD 14 a xa~'6xa ) v~ oa j_a3awA; UAP f - 15 (Exanples 8 to 10)
Usi ng pl ating sol utions having the conpositions shown in Table 2,

el ectrol ess gold plating was continuousiy3 carried out to evaluate the
practical performance in continuous use of each 5 electroless gold plating
solution. The test was carried out continuously for 5 days. The changes in

the deposition rair?%xa@ffpﬁesho"\@hérbf'ogf the Jbgtpﬁ@témﬂf&amn&ﬁa
carried out manner, for successive 5 days, repeatln

cycles, at %@?@ iéyégfgéﬁfl Thg @8BASHEiERaRPERSIB EXAMRIR] 7 ¥ag0as
e|eCtr0|955aQO©d5@|@ﬁYWﬂ CQQ'Qoﬁﬁaf@@tt8u9H§£y1HS§Qaﬁ£l@ 5de89§'££09a§ate
of 0.4 to O, atlsféctopyagoété(g}aé{2é§¥:use Further, each deposit had
5 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,
10 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.

15



Exanples 8, 9, and 10, the deposit. obtained in each of the 25 cycles had
an excel |l ent appearance with uniformlenon yellow |luster and suffered
-neither discoloration nor deposition 15 failure. - 16 Table 2 Bath
conposi ti on: g/ LExanpl e8Exanpl e9Exanpl e-194Ad i on source Au sodi um
sulfite2.5 g/L in terms of Au Conplexing ; Sodiumsulfite (anhydrous)323232
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(Examples 8 to 10)

Using plating solutions having the compositions shown in
Table 2, electroless gold plating was continuously carried out
to evaluate the practical performance in continuous use of each
electroless gold plating solution. The test was carried out
continuously for 5 days. The changes in the deposition rates
are shown in Fig. 1. The plating treatments were carried out
in a practical manner, for successive 5 days, repeating 25
cycles, at 70°C. As a result, in each of Examples 8, 9, and
10, electroless gold plating could be continuously used at a
deposition rate of 0.4 to 0.7 pum/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

failure.
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(VS BN -Yaaa'a'sslaWa e Nale (‘1nnn:|'téb‘l§?r1n1 8161 6{16 .
Bath composition:g/L Example8 1+ Example9 1 Examplel0
Au ion source | Au sodium sulfite 2.5 g/LL in terms of Au
Complexing : Sodium sulfite (anhydrous) 32 : 32 : 32
agent 1 Sodium thiosulfite 26 : 26 : 26
| pentahydrate : X
pH buffer : Dipotassium tetraborate 25 : 25 : 25
) tetrahydrate : :
Metal-shielding ; Benzotriazole 2.5 : 2.5 : 2.5
agent ! ! !
1 L] ]
Water-soluble | Ethylene diamine 3 : 4 \ 5
amine ! ! !
Reducing agent | Thiourea | X
\ Hydroquinone 2 \ 1 \ 1
pH 75 ' 75 ' 15
Plating load(dm?/L) 0.5 : 0.5 ! 0.5
Bath temperature 70 X 70 X 70
Deposition rate(um/hr) 0.7 E 0.52 E_ 0.49
______________________________ oo R
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
in Examples 8, 9, and 10 individually exhibited such excellent
stability that no defective depositioh 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.



11

11
11

1
272277 ccC

I A1l |
00 .~
F~1111
I

0

a)
-A-a00000 C)" W 001 ou FCC O I0Ooo_em QOel 1 0) eq 1lEyw X

1 111 C O0Qaaa)a~ 00O
1111111 11
11rn +L~161~161pl"' ~1~1~161m "' ~1~1"~I"~I~I'm ~I m mL~1~1

11111111
11111111111111111
I

a

!
—
N~
c
e _
C —
.n“ _ __ G0 g0 b 850 6z
4 SUo MEMHM-N%BM -- |mw¢|”0| -- MEMHMWN%M& -- |m Nm -- m:mm_u%wm%uo.ﬂ - - |v|m.”|o| - - - w Nl -
¢ GU°N) O samoy [ejo]) |- - 0 GIN) O smoy [ejo]) |- - 90 __} (BUN) O smoy [ejoy,) |- - 890 _ Aep mg _k_
11— mor | _9%0 __ Iyt LA mor | 980 __ _%
1 ---180 -850 __ V90 _ LA
1 ___wo __ __gvo__ 16°0 02
T = £7°0 V0 -~ gg0 _ 6L _
1 A L0 [ _ 290 LT
I~ R 4 AV __evo__ . L__ €50 _ _ 9L
| S . A _wo__ ¢y L__ 80 _ _ -
- 880 7] O R R g0 VL
F (BUON) O Yzl ___T¥0 __J@uN) O Yz __S¥0__} (®UON) O Yzl | _ 190 _ | feppig |_ I _
- 1A 14 B 190 _ _ oL
S A B4 S I 990___ I
1 Y/ AV 44 -850 ot
i .80 B4 S 650 _ _ 6
L¥ 0 g0 19°0 8
(o] --%_-r - 4-"-"z57x~-""-r* 0 Fr--~7Tv—-- ===
L0 - -
BUoN) O g1 “-m%p TGN O g1 -- Wm.m --1 (ueN) O g1 - - -w.w..m. - -] 4eppug |- .w. -
. B __6r0__ | €90 __ 8
- o __BS0__ _ 690 __ 2
- __ 980 _Iso_ VL. LLO _ 8
@I©oN) O g ___1S0 __J(euoN) O 48 __850__|] (euoN) O 48 | __690__ | Lep3st |_ 37
670 280 L0 T
) ”ﬁﬁ.% 0,02 - Aep/ay Iyo yreq % 0,02 - &ep/ay Ty yequ | O,04-Lepq  ayyu
jugnmsodap [m- == - -fm - - s o - - uonIsodop |- - - - - - -m - s — uonIsodop |- ---=----f-mcoo - - Sunyerd
[, 299330 owr} Surjesyy noﬁmﬂwﬂom 2ampage(] | S} BUNESY coﬁwwwma eA1oaja(] | ST} SUBESY =o~MMM.MwQ Jo m.hha SoP4D
P - or1o[dwexsy gordumexyy ga[duwexy =
z _ € 91qe,

—




CAT11 0 1111111212000 0ttt
1 L 1L 1 1 1 11 44bj)cz > co-gnmnAP. cX0all I I 11 I I 1 11 111
B O T O T T A

U-1'cVim eMI1J Cp' |~ 670" O ol ~-i 1C~11m d~I I nl Cpl t~I ppl Q-1 01.-11 O m
41 ml 11 111111-4NU112121361-11111111211111111 I

- 18 (Conparative Exanpl es) In Conparative Exanples 1 and 2, hydroqui none
was used as a reducing agent in a conventional plating bath, and the test
results are<@&%\@rg@l;rgbt§a,ﬂplég Corrparatl ve Exanple 1 in which 5 the
hydr oqui none concentration was 1.1 g/l, the deposit had an excellent
appear ance Wwit ho&nﬁﬂmiéﬁ‘lf%@l‘b%@éﬁmﬁkﬁﬁ flaigngr €, hyewegsdnongewaspusedi on

rate was asaé%eauelag anjéHt 1ar51 c%nv@%QQ%'nta'l%'lé'@iﬁg qeteer, %Hsdcrl%vteslt g

subtracting the_deposifion of about O. m formed by substitution
pl ating froﬁ?%‘ﬁ%tél?d%?esﬁewﬂéﬁbgﬁpllérﬂTatlél WemPasat e dxamrd® iy which

i ndi cat |5ng E}I‘B@thﬁif&:ﬁhnd‘& @%@Q%htt'r@'ﬁl% wgsupti QY 1pr Qﬁgeﬂj@&osf@rhat&"bﬁ
reason, nsi dered that this atlng solution is difficult to be

br ought |n?’6c‘f)f ?Fc%Ppﬁééa”%dwhE%%t PHELBFARPngeBaEht PRI PLL Y Best ,

the platinohbaéhest abhdidep @@9@&{ af@@etv?a'sé a PN fa% tests La/nr1Sagkhogage
stability vxﬁre not . conduct eg ot her hand, in gpar ative Exanple 2,

for inprovi SP°F hel QR pbaFE| ﬁt?a%neﬁﬂah AYPWARCELRRI BRSoHEPARAELOD K-

condi tions aléeh d.Mapmt h@rmedus §Qb§ﬂ§ﬂ&t§8ﬂcgﬂﬂtd %ﬁ.'a@'in‘@a§r@r9cﬂﬂe bBeee
times Shl h as that in Conparative Exanp ke in arative 20

Exanpl 4t OFebbST tr AtEIV AR k.Y 3%t - Qﬁ)pb@bfrharncénwlt:ﬁ*éaf‘g e aipAgt
deposi ti on ﬁ@ld&p@an tH}Erdﬁ}i]@illtoanprba'é%dwaS aBor |t s asdoy A, is

Further, in Iat|n at.h, st b|||tyt def o] ono urred
in the bath" (i%n E%Crist Q%JCS PLALIR44T e %%iori‘ r]istcﬁef%)r erfng §3aet ‘ﬁrgPa lity
accel er at edinestprazi iidalhasebesrd heund, t tiag pdeftectg batkﬂespxmmhm:ry vestuyred

o nee ot nihd Ta O TachictAB i), D88.PERR. LUNESE Naling lehd BoEoRbLl Of

storage st ective deposition OCCurré
pl at i n§5sol$,|‘¢¢mg@va%tabibmy1 weyrgtraml aondechedenperature for one day,

making it difficyht ha Uskf AEnA! &t @mp§9a§9]vgtﬁ>%}npﬁr5/2 "¥dx 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
20 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,
25 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
30 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

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

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



"Further, in Conparative Exanple 3, for inproving the deposition rate,

pl ati ng was carried out under conditions such that the reducing agent
.concentration was five tinmes as high as that in Conparative Exanple 1 and
the pH of the plating 35 solution was 9.0. As a result, the plating
solution showed a practical depositiongrate of 1.1 mhr. No deposition
failure - 19 was observed, but the deposit had a bad appearance, which was
reddi sh brown. In addition, it was found that the plating solution had

very poor sjabididervend Haf egd aeFeg@esrﬁaO&l baczfcaweea%%et h&nlahh,deri ng
plating (7 making it difficult 5 to use the pl'ating sol'ution any nore.

For this re’é%%ﬁillsli‘tb¥%wncoﬁ§} RSEE kNt ¥hive DI RN SRution plaEing i cul t

to be broughdlut bR REACHEER! pySE, s@@g1h§99e’aﬁaedgk@EtPGebé&ﬁo§§@?bh'ty
accelerated test and the test for storage stablllty were not “carried out.

10 I'n addi t?ePurFed donphedra e dexdmgl lating €106 r oneksng ol diffacihg

sol uti or USttcﬂng'ie W@Qfaltqfi*@ s@h@ﬁtllaa BathmogeNt ae“cm Nt layRes ek is
corrponents i hi ourea as a_reduci ngjééagent and hydI’OCIUI none as a

reduci ng pr%?féﬁﬂeﬁie Q to¢4 th eRlatAsIs et en s ihel gkl tAPRFAUIht

stability tﬁﬁﬁoéﬁrg@@icﬁmlﬁﬁeﬂ5ah§ Repeact tgal pl 8OPREALLER, sthbaSty
eval uated as no er havi n enfectlve g)rrposml on in the bath in about 8
Eﬂb%ﬁ t

hours. In atfdf%tor° ec?tt DTG BheTF94t Fﬁﬁ‘bééllﬁﬂ’l YRTRaBOR
deposition castredvidit n a practical range of 0.75 mhr. Further, it has

beenf nd that the d it had ood earance, but 20 de 05|t|on

fail ureldvvas partlf;ﬂ %Fecg]chsje?Wedl qFT(f%? %f‘é? Famiple 'ee?f‘f%ﬁ?ﬂt’f‘h]a?ssl i ke
i n Conpar atgwikd Bdeantpd reg 2so1unt 1 dre u@im@mgcm'tzén’siaballpyaaﬁ:ﬁglleaahed t est,
defective dg&,?é%tl on tW%curred in_ the bath in about ours to.deconpose

I wo
the plating R PE AR St 6 ﬁsetﬁ}}feo‘bﬁea% Fig S6AHEFBA any
25 nore. | g tarc;h hydrdta.&m afsoundebllmaungl prbhet'eestvafsc«;va%@tage

ol uti on’ s & FOREG e o Bt Bt Tk T Gt Aeep P ARt P25 Ty CrakFhgh -
di fficdbt tis agwadteiqdlatengersohaei cart Ay ermleqateqzes mae@ ate)) hamhan Ul
defective deposition in the bath in about 8 hours. 1In addition,
it has been found that the plating solution had a deposition
rate within a practical range of 0.75 um/hr. Further, it has
been found that the deposit had a good appearance, but
20 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
25 more. In addition, 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 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
5 practical deposition rate in a low reducing agent concentration,
as compared to a conventional plating bath using hydroguinone,
and it can achieve both excellent stability and high deposition
rate.
Further, it is found that the electroless gold plating
10 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
15 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
20 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.

25 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
30 agent and achieve excellent stability of the plating solution.



"Aad UOcd ~ac Cd Cd CO41 ?2d ;-4 11 b Ccd p,cd O ti Fl x .~ QO I 0Q
NOF tid u~:WA U A 0 s~.cdcda an = =C - 21 Fromthe above results, it is
.fround that the electroless gold plating solution of the present invention
can achieve a 5 practical deposition rate in a | ow reduci ng agent
concentration, as conpared to a convenbi.anal plating bath using

hydr oqui none, and it can achi eve both excellent stability and high
deposition rate. Further, it is found that the el ectroless gold plating
10 solution of the present invention canhg continuously used while
achieving a practical plating rate (0. 5 to 1.0 mhr) under conditions of
pHin a proximty of neutral range (6 to 8 and at a | ow tenperature (60
to 700), ang. t hatgdihe BIAGHP!@I% QU cALING S Y gwan sag, cX! A I,g
excellent stabilit as conpared 15 to a conventl on el ectrol es

pl ating sol%?TBﬂ?nénBaﬁ%ﬁc§9dPFlﬂ§ pBSBFbpBAtL B Uéﬁ@fdé@ébb}eréﬁmﬁé a | oss
in operagtion, such as a labor of changing contents of the plating bath.

Ther eby, it IS osilble to realize electroless gold plating in _a neutral
range, whi ch RSEChEen e5Potghe E?]rﬁ%m@@oéruéétqncapc%@lfl@rt% Cladsoh, t hat

the plati ngwﬁ@i'élilh Q@lé"@ﬁeﬂypwmpoﬁrﬁ)bbbéa I@?ﬂ)&@@@begg 1@91913?@55!%@355
productlon drfl| Frefo the electroless gold plating can be applicable
for a wider OF"hfeffhFs and el ectronic parts. 25 | NDUSTRI AL
APPLICABILITY As descrlbed above, according to the present invention,
there can be provided an Iectroless gold plating solution and

R2
(I)
RS
R4
10 whereinIﬂ'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.

15 3. The electroless gold plating solution according to Claim 2,
whereinthealkylgroupforIﬁIx>R4ismethylgroup,ethylgroup,
or t-butyl group.

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

hydroquinone, methylhydroquinone, or p-phenylenediamine.

5. The electroless gold plating solution according to any one

of Claims 1 to 4, wherein the water-soluble amine is ethylene
25 diamine based compound.

6. The electroless gold plating solution according to any one
of Claims 1 to 5, which further comprises an impurity
metal-shielding agent as an additive.

30

7. The electroless gold plating solution according to Claim 6,



"a’'nethod for an electroless gold plating, which can maintain a practical
deposition rate using a reduced anount of a reducing 30 agent and achi eve
.excellent stability of the plating solution. 1. A gold plating solution
conprising a gold salt, a phenyl conpound based reduci ng agent and a

wat er-sol uble amne. 5 2. The electrel egs-gold plating solution according
to daim1, wherein the phenyl conpound based reducing agent is
represented by the forrmula (1) : RL (I) R4 10 wherein Rl represents a
hydroxyl grQuer&inaph&n fusl eYPme 211 0nRE1 8By gbE5LAL §gnBeHEOG&‘E£gé?Qt’
and i ndependently represent a hydroxyl group, "an”am no group a hydrogen
atom or anP@afRylcgrBEBNdi5 3. The el ectrol ess gold plating sol ution
according to Claim?2, wherein the alkyl group for RR to R4 is nethyl
group, ethyl group, or t-butyl group. 4. The electroless gold plating

sol uti on acRorthh§licstacdiansi9oig Bradingheebihlohea prrerging dipenydonased
reduci ng agentciSiny dr eguy Nanes r &8 Y bRYdE ogulh RO+ U1 P PheY ﬁ?s‘éﬁﬂg‘ ne.
5. The electrfless gold, plating solution according to any one o arms 1
to 4, wherefAleheohat erisotel 82aafnefis ePhjPene 25 diani ne based
conpound. 6. The electroless gold plating solution according to any one of

Clains 1 to 5 _which further coggrises an inmpurity netal-shielding agent

as an addit7ve?® BBCHOd Ther P et HP eSS got 3t pPat i AEBBE AL NENIBREEFHRAGAL O
Claim6, - B3tenheletd bhéeplapedi iyt oesayoshi gl dinggagenhitisnbppzenri azol e
based ﬁﬁnpound. 8. The electrgless old flatin sol ution according to any
one 570f GRMRE IS S POLFhERn & PRERYL (HRIRAWNT RASES T§6MG ipat PRRL
solution isand &heatengeoblibbetomife.9. A nethod for electrol ess plating,
conprising inmmersing a nmaterial to be plated into a gold plating solution
whi ch 10 conprises a gold salt, a phenyl compound based reduci ng agent and
a wat er-sol ubl e am ne.



