-1- DESCRI PTION TIN AND TI N ALLOY ELECTROPLATI NG SOLUTI ONS Technical Field
[ 0001] The present invention relates to a tin electroplating solution and
atinalloy electroplating solution. Background Art [0002] In the past,
tin electroplating and tin alloy electroplating, tin-zinc alloy plating in
particular, had little reliability after soldering and was not practical
because the solder wettability was poor. Moreover, even during the plating
process, the cathode current efficiency was poor, the plating rate was
slow, and the particles of the plated fil mobtained were coarse, thus

al so posing problens with appearance such as |lack of luster. D SCLOSURE OF
THE | NVENTI ON Probl ens that the PRYEREFPEAONs to Sol ve [0003] Based on these
ci rcunstances, a first object of the present invention is to provide tin
el ectroplating and tin alloy electroplating with satisfactory sol der
wettability, and RN #ilyiRdh ATh®Y ELFAATROENATEIINEIsoIgAr@RAfd Ng. | n addi ti on,
the plating rate and the appearance after plating, which were problens in
the past, are to be inproved. Means for Solving the Problens -2- [0004] As
a result DécheitUSKHyesdudying the aforenentioned problens, the inventors .
di scovered that the aforenentioned problens could be resol ved by adding a

conpound F29hY botThrerPriesertz olnveyriougm arell atdy droxy|tin
electroplating solution and a tin alloy electroplating

solution.

Background Art

[0002] In the past, tin electroplating and tin alloy
electroplating, tin-zinc alloy plating in particular, had
little reliability after soldering and was not practical
because the solder wettability.was poor. Moreover, even
during the plating process, the cathode current
efficiency was poor, the plating rate was slow, and the
particles of the plated film obtained were coarse, thus
also posing problems with appearance such as lack of

luster.
DISCLOSURE OF THE INVENTICH

Problems that the Invention is to Solve

[0003] Based on these circumstances, a first object of
the present invention is to provide tin electroplating
and tin alloy electroplating with satisfactory solder
wettability, and to heighten the reliability after
soldering. 1In addition, the plating rate and the
appearance after plating, which were problems in the past,

are to be improved.

Means for Solving the Problems




group in one nolecule to a conventional tin or tin alloy electroplating
solution. [0005] Specifically, the present inventionis: [1] Tin and tin
all oy electroplating solutions, characterized by containing one or nore
conmpounds having an i.m dazole group and a hydroxyl group in one nolecul e.
[0006] [2] The tin and tin alloy eIecF?GpIating sol utions according to

af orenentioned [1] characterized in that the aforenentioned conpound
having an i m dazole group and a hydroxyl group in one nolecule is an

i m dazol e al cohol conpound expressed by the following general formula (1),
[Chemical Fornula 1] At H N NCH2--(™ CHYY)nCH OR4~ (1 ) H4-n I ( )I R
R3 n wher éPRO#A t heAgeaerabulbrofil aetipusRy, sRAdyRdgeard i ndependent|y

repr esent at.o vi nyl . group or. an al kyl group having 1 to 20
car bon atgﬁggéﬂggggggﬁg ggog%%?sbetﬁSiﬁBHEPBBEFhQFS¥8VPB?ﬁlEﬁa§ronatic
ring; R thepangseansneibyeaogesbabas c8uyiNpk Qégemveé“b%') éiég'hiﬂ oyp _having

1 to 20 carbon atons, a pheggl group, or _3 (CH2CH(RS) th R5
r epr esent FRGPIURGdRB8YERTaPBI 0RD aimidpag9leggvoprhaning hydooR@lcar bon at oms

and k reprgsgntihng j r .20, . X represents hydrogen .
atom an glky? grou%éﬂgép%ggﬁétg$6£cg$%%ﬁhg SRl typ %?sﬁbgt?ih%ﬁt that nay
contai n Neléctmopéprésenssianionnteger of fromO to 20; and n and 1

represent[ggogftegggpeéqf{éé{3§hté%éipresent invention is:

[1] Tin and tin alloy electroplating solutions,
characterized by containing one or more compounds hawving
an imidazole group and a hydroxyl group in one molecule.
[0006] [2] The tin and tin alloy electroplating
solutions according to aforementidned [1] characterized
in that the aforementioned compound having an imidazole
group and a hydroxyl group in one molecule is an
imidazole alcohol compound expressed by the following
general formula (1),

[Chemical Formula 1]

— iy

R_,.
PN

H
N NmCngg—(CHX)m~—CH4_n_. (ORY),

40
R2 '33

" wherein in the general formula (1), R!, R?, R® each
independently represent a hydrogen atom, a vinyl group or
an alkyl group having 1 to 20 carbon atoms and R? and R?
may be joined together to form an aromatic ring; R*
represents a hydrogen atom, a vinyl group, an alkyl group

having 1 to 20 carbon atoms, a phenyl group, or -




[0007] [3] The tin and tin alloy electroplating solutions according to

af orenentioned [2] characterized in that the aforenentioned conpound
represented by the general fornmula (1) is an imdazol e al cohol conpound
obtai ned by reacting an im dazol e conpqund represented by the general
formula (2) below with an epoxy conpound represented by the general
formula (3) below, [Chem cal Fornmula 2] ~R11 W'NH (2) n23

[cHrcH (cHx) nfcHANi (CR4)1 (3) n wherein in the general fornulae (2) and
(3), R, R, R3 represent each independently a hydrogen atom a vinyl
group or an_al kell5 group having 1 to 20 carbon atoms, and R2 and R3 nay be
j oi ned t o§eHHe? (R0 XeHm Wihthr BretgrresemginRa rlephmssnt saaitonhydr eggen atom  a

vinyl gro n y . Qup, havi to 20 _carbon atonms, a phenyl group,
or (WZG%?%?O?E%LEWB?ﬁiﬁg %egér!eggn ?]ﬁgoﬁ %g‘aq‘%g%?lga]fom or an al kyl
group haviagréséeot2figcanbontajensoantdrém_#_tol BOF egepspAgs Sk é ni eger of

froml to 20Q; X regresents a__ hydrogen atom an al kgll group having 1 to 6
carbon at BHETCIBR ALLMpsEt ALY L t FEPUPER2EHRY al ntey, 6 OzarhoRpreseat s an

Lr1oger Sbr!AomuBst edlne Mla A ok ERLENGNo Ay | U SA O Jgom 1 10 3.

Effects of the Invention using the tih ‘el ec?rop a m%nsol ution
and tin ahteyerleftfophalitny 30 Widm odnd he pesEsesdnt iavenitaperit is

possible to H@I{loi/etg hf sol der
[0007] [3] The tin and tin alloy electroplating
solutions according to aforementioned [2] characterized
in that the aforementioned compound represented by the
general formula (1) is an imidazole alcohol compound
obtained by reacting an imidazole compound represented by
the general formula (2) below with an epoxy compound
represented by the general forﬁula (3) below,

[Chemical Formula 2]

\ : (2}
72 3

CHE—}H-f(CHX)m Hyn. (ORY), (3

wherein in the general formulae (2) and (3), R, R?, R
Tepresent each independently a hydrogen atom, a vinyl
group or an alkyl group having 1 to 20 carbon atoms, and
R’ and R’ may be joined together to form an aromatic
ring; R’ represents a hydrogen atom, a vinyl group, an
alkyl group having 1 to 20 carbon atoms, a phenyl group,
or —(CH,CH(R®)0)H, with R’ representing a hydrogen atom,

or an alkyl group having 1 to 20 carbon atoms and k




wettability and external appearance of plated objects. Mreover, it is also
possible to inprove the plating rate by using the plating solution of the
present invention. Best Mde for Carrying Qut the Invention [0009] The tin
and tin alloy electroplating solutions  of the present invention are
basically able to use conventional trﬁ‘electroplating solutions and tin
alloy electroplating solutions, and add thereto the aforenentioned
speci fied i m dazol e al cohol conpound. [0010] The tin electroplating
solution and tin alloy electroplating solution are configured by a tin
salt conprising the netal conmponent of a plating film(or a tin salt and
a netal saPpressptiisgngnaintegbrfofningmab tal 2oy xitdpiésonta aetal salt
stabilizeh §§gabhli%er t hat 1gr vents t%n fron1chaq9ing frombivalent to
tetraval ent), ~Ja b ght eAfng  5PEnT-CLRoBERING LgkPte ZRFRR A te®Dosi ti on
prevent at b).feh, Sﬁﬁﬁﬁfﬂﬁﬁéﬂ@ ﬁﬁét Smafméioﬁt@th @J L@I‘ Sh ’r%fese1¥@$lﬂ Regar di ng
the tin salt conprising the netal™ conponent of a plating tfilmand the
met al sal $RBEIGL nef afromof nipg2@n aid oy awd hl t¥epreormt etre Bxgepdres of tin
salts ingkugde tip égl%ate, tin chloride, tin sulfamate, and tin - - -----
met hane sulfonate. Further, zinc, indium bisnuth, gold,
silver, copper, and nickel can be cited as exanples of the netal formng
an all oy m% h tin; and these alloying netals may be used in the form of
salts |iKETTROER of B2 IRYeNtH9R concentration of the tin salt in the tin
el ectropl pahagy sol uly ] apl L. . calculated in
terns of Fr?at aI]. I nLtgi}h(camscian;gepd(r)k%'I ﬁ]lgbtﬁngatg{q%f%%nggts%&&taOinngn;é]ol ution, it
is desirable ahkey tdkecttoiphtdoima avlaition mfaddid ippesantt he tin salt at the

invention, it is possible to improve the solder

wettability and external appearance of plated objects.
Moreover, it is also possible to improve the plating rate

by using the plating solution of the present invention.

Best Mode for Carrying Out the Invention

[0009] The 'tin and tin alloy electroplating solutions
of the present invention are basically able to use
conventional tin electroplating solutions and tin alloy
electroplating solutions, and add thereto the
aforementioned specified imidazole alcohol compound.
[0010} The tin electroplating solution and tin alloy
electroplating solution are configured by a tin salt
comprising the metal component of a plating film (or a
tin salt and a metal salt comprising a metal forming an
alloy with tin), a metal salt stabilizer (stabilizer that
prevents tin from changing from bivalent to tetravalent),
a brightening agent (smoothing agent, abnormal deposition
preventative), conductive salts, and a pH adjuster, etc.
[0011)] Regarding the tin salt comprising the metal
component of a plating film and the metal salt of a metal
forming an alloy with tin, concrete examples of tin salts

include tin sulfate, tin chloride, tin sulfamate, and tin




above-nenti oned preferable concentration, the salt of the netal formng an
alloy with tin preferably in a concentration range of fromO0.01 to 50 g/L,
calculated in terns of metal. [0012] The stabilizer for the netal salt or
salts basically has the function of preventing the oxidation of tin, and
ascorbic acid, erythorbate, polyhydrieb5phenol, and hypophosphite can be
used. The concentration of the stabilizer for the netal salt(s) in the

el ectroplating solution is preferably from1 to 50 g/L in the case of
usi ng hypophosphite and 0.05 to 10 g/L in the other cases. [0013]

Pol yacryl am des and derivatives thereof, polyethylene glycol, and

tri et hanohayshaeeara 1dRnaat.i vearchBer egfipean igaiﬂﬁ?db§§m9£hg hgﬁﬁ]hng agents.
The brightening agent is preferably contained in a concentrdtioh range of
0.01 to 1GigMen.ncompere| aadr sprieilngasobet réhed( 8614katwplhanesul foni c aci d

and salts e f, f.am ¢ _aci nd.salts thereof, hydrochloric acid and

salts theF%%f%%gﬁ& 5& &%ﬁcggcgggg dwégﬁt%lPﬁe?agftﬁﬁﬁébéfEEY%%ﬂ as

exanpl es oktedsdmeli e asktisinThReCOOEMCHIEVEa183l 1iks PhEEET 8Bl ypLont ai ned

in a concentration range of 5 to 300 g/L in the electroplating solution.
tan. _ The conCentrationgofobhs] t&pdsaht himrokedeinpot assi um

hydr oxi dée1apweBhLagt ; A% | C;acy furic acid n cited as
exanpl es gf pH a513§%§§358?g%?%? k§|¢geg§?%$f%i?%?% gc#%,ggl%gghic aci d,
lactic a€cRdcudatedniin derds efhaeeahi ofn the otdiea, opnehetdhyhene di ami ne

tetraacetic.acid,.can be_cited as. exanples of conplexing agents. The
Conplexinaiéagn?lﬁggﬁ?g%aFéﬁgySOlUtlo y 1t is deégzablegthék the

solution contain, in addition to the tin salt at the
above-mentioned preferable concentration, the salt of the
metal forming an alloy with tin preferably in a
concentration range of from 0.01 to 50 g/L, calculated in
terms of metai. _

[0012] The stabilizer for the metal salt or salts
basically has the function of”preventing the oxidation of
tin, and ascorbic acid, erythorbate, polyhydric phenol,
and hypophosphite can be used. The concentration of the
stabilizer for the metal salt(s) in the electroplating
solution is preferably from 1 to 50 g/L in the case of
using hypophosphite and 0.05 to 10 g/L in the other cases.
[0013] Polyacrylamides and derivatives thereof,
polyethylene glycol, and triethanolamine and derivatives
thereof can be used as brightening agents. The
brightening agent is preferably contained in a
concentration range of 0.01 to 10 g/L in the
electroplating solution.

[0014] Methanesulfonic acid and salts thereof,
sulfamic acid and salts thereof, hydrochloric acid and
salts thereof, and sulfuric acid and salts thereof can be
cited as examples of conductive salts. The conductive
salt is preferably contained in a concentration range of

5 to 300 g/L in the electroplating solution.




contained in a concentration range of 0.05 to 100 g/L in the

el ectroplating solution. [0017] in the present invention, one or nore kinds
- of compounds having an i m dazol e group and a hydroxyl group in one

nol ecul e are added to the aforenentioqu tin electroplating base solution
or tin alloy electroplating base solution. The aforenentioned conpl exi ng
agent and the conpound having an i m dazole group and a hydroxyl group in
one nol ecul e may be pre-m xed and then added. [0018] In contrast to the
previ ously described conventional tin electroplating solutions or tin

alloy electroplating solution, in the present invention it is inportant
to use a d9ﬂ¥§i)soﬁﬁﬂﬂﬁw hydrprédei spatidediomehydrombde, kamuond&, conpounds

havi ng an y{Ja |l e.. yl. group ip one | ecul e. The sol der
mettabiIiJbﬂianéqég?%{%%ﬁdggggaggggggg? ?ﬁgth npgstgatggjgéts or tin
al | oy pl atesthnglljeectc @an adjesekyshe i nproved, and the plating rate can

al so be iqg;oved. [0019] Preferably, the conpound having an im dazole
group and @Y oxyMediBupCiLa s oRELRBF eBGEE, USLECPRLE haClgr ebanti¢ nvent i on

S ouri st e ogthigeu SR SRR igk e URAPRAFEEL T .,

| (OR4) | ilapingHtedyaaceNild @eRdCeatH e Chddnad éRhplés & R3 n
complexing agents. The complexing agent is preferably
contained in a concentration range of 0.05 to 100 g/L in
the electroplating solution.
[0017] In the present invention, one or more kinds of
compounds having an imidazole group and a hydroxyl group
in one molecule are added to the aforementioned tin
electroplating base solution or tin alloy electroplating
base solution. The aforementiéned complexing agent and
the compound having an imidazole group and a hydrole
group in one molecule may be pre-mixed and then added.
[0018] In contrast to the previously described
conventional tin electroplating solutions or tin alloy
electroplating solution, in the present invention it is
important to use a plating solution to which is added one
or more kinds of compounds having an imidazole group and
a hydroxyl group in one molecule. The solder wettability
and external appearance of the tin plated objects or tin
alloy plated objects can thereby be improved, and the
plating rate can also be improved.
[0019] Preferably, the compound having an imidazole
group and a hydroxyl group in one molecule used in the
present invention is synthesized by the reaction

represented in the following reaction formula (4),

[Chemical Formula 3]




wherein in the formula, R, R2, R, R, X 1, m and n are the sane as in
the previously described definitions. [0020] If R, R2, R3, and R4 in, the
af orenenti oned general fornulae (1) to (3) are a hydrogen atom a vinyl
group or an alkyl group having 1 to 20 carbon atons; the effects of the
present invention will be fully manifested. The alkyl group has 1 to 20
carbon atons, and preferably has 1 to 9 carbons. Mreover, if R2 and R3
forman aromatic ring, the aromatic ring forned is preferably a benzene
ring. Xis a hydrogen atom an alkyl group having 1 to 6 carbon atons, or
a substituent that may contain N, O; an al kyl group having 1 to 4 carbon
atons is preferablg; as the alkyl group having 1 to 6 carbon atons; and a
hydr oxyl group, cagboxyl group or amno group, etc. nay be cited as the

substituent con n bu, 0. ¢n addition to the previous description R is
preferably a phenyl g p or - ﬁiﬁ 5) rein R5, represents a

hydr ogen atom §r anfal kyl_pgro g%&ﬁ%’é&%iam Eanbé@R3dons and k is an

i nteger of from 20. 002 ]\hggéazole, 2-pl kyli m dazol e, 2, 4-

di al kyl i ni daz&¥e, and¥4-vinylim da¥ble, etc. at@ " preferable as the

i m dazol e conpound repr senkgd in the -8- aforenentioned general formula
(2). If RL to R3 bonde toan i m dazol@Hgroup are an al kyl gr WP and the
al kyl group has 10 or eégéa{ on_.atons, the ttability, of the material
to be plated ray dec?edsy becafie B 2"%§?Gﬂé¥he =@Hyd(@PAbbi city, and the
characteristics may dnop efore, i'h these rases an al kyl group having
1 to 9 carbon atons i | e. I mdazole 2- methylim dazol e nmay be

cited as preferable exa ng these.

wherein in the formula, R', R’, R’, RY, X, 1, m, and n are
the same as in the previously deseribed definitions.
[0020] If R', R’, R’, and R! in the aforementioned
general formulae (1) to (3) aré a hydrogen atom, a vinyl
group or an alkyl group having 1 to 20 carbon atoms, the
effects of the present invention will be fully manifested.
The alkyl group has 1 to 20 carbon atoms, and preferably
has 1 to 9 carbons. Moreover, if R? and R® form an
aromatic ring, the aromatic ring formed is preferably a
benzene ring. X is a hydrogen atom, an alkyl group
having 1 to 6 carbon atoms, or a substituent that may
contain N, O; an alkyl group having 1 to 4 carbon atoms
is preferable as the alkyl group having 1 to 6 carbon
atoms; and a hydroxyl group, carboxyl group or amino
group, etc. may be cited as the substituent containing N,
0. 1In addition to the previous description R! is
preferably a phenyl group or —(CH,CH(R®)Oy)H, wherein R’
Tepresents a hydrogen atom, or an alkyl group having 1 to
20 carbon atoms and k is an integer of from 1 to 20;
[0021] Imidazole, 2-alkylimidazole, 2,4-
dialkylimidazole, and 4-vinylimidazole, etc. are

preferable as the imidazole compound represented in the




[ 0022] Epoxy propanol, epoxy butanol, epoxy pentanol, epoxy hexanol,

met hoxy gl yci dol, n-butoxyglycidol, tert- butoxy glycidol, phenoxy

gl ycidol, and epoxy compounds having al kyl ene oxi de, for exanple, such as
glycidols wth added ethyl ene oxide, nay be cited as exanpl es of epoxy
conpounds represented by the general +8rml a (3). [0023] The

af orenenti oned reaction may be conducted while adding dropw se the epoxy
conmpound into the imdazole conmpound heated at 80 to 200C in a nolar ratio
of the epoxy conpound to the im dazole conpound being 0.1 to 10, and a
reaction tinme of about 5 mnutes to 3 hours is sufficient. This reaction
does not alfeagsentganed genenhyeﬁbrm@ha am)orgaﬁiEISﬁJqénboga@a as

chlorofornb dloxaa t hanol , or g%f may be used as the reaction
sol vent . Far fRer M IHRELE ITRVR' ?E%c?? H%%sg¥ﬁﬂpf%w%rth%wﬂ%ﬁYbr noi st ur e,

it is pregecapl ﬁaé01@vamn¢,ﬁélél§ﬂ9@n0£torﬂ§>' SERK Gre B 1 05 GPNGHCL, d he

reaction in a gas atnosphere that does not contain wat er,” such as dried
ni t rogen @ﬁteﬁigbntO[QQZE}aﬁﬁé1&ﬁﬂu®$1©¢a$ﬂmbaﬂammeeafonpounds havi ng an

i m dazol eg h .. grou in nol.ecule added to the plating
sol ution |g£%# @?g y %j X%O%’?CJQ%E r%eg/q_halfﬁﬁfeelb]rse"fjé?%ﬂ%ﬁ’ fromo0. 1

g/L to 5 @tbp. Weher&fotde ﬂﬁlDttliésé)fcé?éEB tdrorm 18y 1t Q%cﬁjﬁilﬂavﬂrhf yesulting

plating f|In1cannot be dull-finished and has a roug surface.” Furt her,

si nce any“? nproYePR AR tUrREakeraliks ci dmddazmirotask bt ai ned, the
ok ener i SSRGS 0P S0 A SO Bl 0o,
exce55|yeth@@$t|on | owers the plating rate and deteriorates the physical
prOpertlefoéif]reg%&%&yt%ropanol, epoxy butanol, epoxy pentanol,

epoxy hexanol, methoxy glycidol, n-butoxyglycidol, tert-

butoxy glycidol, phenoxy glycidol, and epoxy compounds

having alkylene oxide, for example, such as glycidols

with added ethylene oxide, may be cited as examples of

epoxy compounds represented bY'the general formula (3).

[0023] The aforementioned reaction may be conducted

while adding dropwise the epoxy compound into the

imidazole compound heated at 80 to 200°C in a molar ratio

of the epoxy compound to the imidazole compound being 0.1

to 10, and a reaction time of about 5 minutes to 3 hours

is sufficient. This reaction does not always require a

solvent, but an organic solvent such as chloroform,

dioxane, methanol, or ethanol may be used as the reaction

solvent. Further, because this reaction does not favor

water or moisture, it is preferable to avoid inclusion of

moisture, and to conduct the reaction in a gas atmosphere

that does not contain water, such as dried nitrogen or

argon.

[0024] The amount of one or more compounds having an

imidazole group and a hydroxyl group in one molecule

added to the plating solution is preferably from 0.0l q/L

to 10 g/L, more preferably from 0.1 g/L to 5 g/L. When
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t he oxi dation resistance, solderability, soldered strength, etc.) due to
inclusion of the additives into the plating film A considerably excessive
addition will result in non-plated portions in the plating film [0025)
Next, the conditions will be describedgfor tin electroplating and tin
alloy electroplating using the plating solution of the present invention.
The plating tenperature is from10 to 50C, preferably 20 to 45C. Moreover,
the plating solution my be used at a pHin the range fromstrong acid to

neutral. Specifically, pH2 to 6.5 nmay be used for tin- zinc plating, but
El ectroplating can be conducted with an

this is n articularly lim.t

electroplgkﬁﬁg Ogﬁgrgﬁtgggﬁ§F99 of §°% ﬁwﬁﬁé'tﬁ hgorRpYAEingr ef erably 1

Adn? to bﬁaﬁhﬂ@ﬂf1$ﬂYCﬁﬁnBﬁrB§|dﬁh@LEEﬁish@@kaBBaghgga QBUGﬁOp pl ating

may be applied as the plating nethod. Exanples Next” t he present

i nvent i onSHEERCBe eﬁprﬁhﬁéd SincﬂeﬁaYIlmprngedxaaphede Enaﬂphes of

Synt hesi s dazo L coho 1 to 3, Imdazole 9.2 ¢
§¥QE %g%§ ahg¥tgé gﬁBg % pggaﬁégglﬁaﬁeofs21§Wepoxy

was heat e

pr opanol , amdgaaylmmpﬂovéa sea@érébilﬁtbouéﬁnat B806htarebfai n imdazole
al cohol é. | m dazol e al cohols 2 and 3 indicated bel ow were al so

synt hesi zEQNESHARG HhE, sApels§At REEPStFeEABACRSPAbObBabyed adpusthag t he

?gggd]”D|ofﬁékOhQBdth§n'@k@§§@i@quﬂ§fﬁfgn f&QeEQ°§HeCBYEQEHg LQedi 1

and deteriorates the physical properties (in regards to
the oxidation resistance, solderability, soldered
strength, etc.) due to inclusion of the additives into
the plating film. A considerably excessive addition will
result in non-plated portions in the plating film.
[0025] Next, the conditions will be described for tin
electroplating and tin alloy eiectroplating using the
plating solution of the present invention. .

The plating temperature is from 10 to 50°C,
preferably 20 to 45°C. Moreover, the plating solution

may be used at a pH in the range from strong acid to

neutral. Specifically, pH 2 to 6.5 may be used for tin-

zinc plating, but this is not particularly limited.

- Electroplating can be conducted with an electroplating
current density of 0.1 A/dm’ to 30 A/dm?, preferably 1
A/dm* to 15 A/dm?.

Any of barrel plating, rack plating, or hoop plating
may be applied as the plating method.

Examples
[0026] Next, the present invention will be explained
in detail using examples.
Examples of Synthesis
Synthesis of imidazcle alcohol compounds 1 to 3

Imidazole 9.2 g was heated to 120°C, and after




[Chem cal Fornmula 4] OH NN -CH2-C-CH2- OH I m dazole alcohol 1 H OH N~
NCH2 C 1j- OCH3 Imdazole alcohol 2 ~! HOH NN CH2-C CH2- O CH2CH20) 4H
| m dazol e al cohol 3 H The im dazol e al cohol compounds of the
-aforenmentioned structures were added to a tin plating base solution or a
tin alloy plating base solution, and —pl&ting tests were conducted. [0028]
Exanple 1 Atin alloy electroplating base solution with the follow ng
conposition was used. ------------ -- -11 [Tabl e 1] Conposition Anount
added 15 g/L (added as a sulfonic Tin acid salt, and the anount added is
the value as tin netal) 15 g/L (added as a sulfonic Zinc acid salt, and
t he anpuntaddite diicpuike val ue oFs 2ziane HAt hapnel ani G495 9/l
Guai acol 0.5 g/L A(ﬁmni a su:g?amatg 10(5)%&{L%|rbp-5doq' Was A1 Swel

to react for 3 hours at 150°C to obtain imidazole alcohol

1.

Imidazole alcohols 2 and 3 indicated below were also
synthesized using the same synthesis method as above by
adjusting the added mol ratio of the imidazole compound
and epoxy compound to 1:1,.

[0027]

[Chemical Formula 4]

)

OH ' -
N N-CH2—$~CH2-0H _ Imidazole alcohol 1

C

OH
I .
N—CH2~(H‘,-CH2—OCH3 Imidazole alcoho! 2

L)

)

H
N N“CHQ"E"CHQ_O(CHQCHzO)dH Imidazote alcohol 3

L

The imidazole alcohol compounds of the
aforementioned structures were added to a tin plating
base solution or a tin alloy plating base solution, and
plating tests were conducted.

{0028] Example 1
A tin alloy electroplating base solution with the

following composition was used.




Pol yet hyl ene gl ycol pol ypropyl ene glycol bl ock copol yner (hydrophobic group
3.0 g/L conponent 15% average nol ecul ar wei ght 20,000) Pol yacryl am de
(average 1.0 g/L nolecul ar weight 3,000) Aqueous anmonia Adjusted to pH
4.5 [0029] Plating was conducted using g plating solution in which 1 g/L
of the aforenentioned i m dazole aIcohdﬂJ’tonpound 1 was added to the
conposition above, and the plating rate and solderability were confirned.
Pl ati ng was conducted in a 3 dnB beaker using a tin plate (150 x 150 x

t hi ckness 10 mm with an anode bag as the anode while agitating with a
stirrer (50 mmrotational blade, 300 rpm). The cathode was a 10 x' 25 nm

copper wi ri&akded 3t was rocked at a stroke length of 60 mmand at 24 rpm
nnnnn r~|:Fnr nl tlng

The platlmgmkﬁﬁﬁgﬁ@hure Was 35C The piTy tEes—reastred
at the rfespective cathode cturrent dc“=;sq£§§jéda 5—and—10-_AldnP by
i r%gg[f FE368 36 ehSUlifamithi ckness

I

neasurlné t he weight of the plating fil
] Sty @& de Flieu gmednftor  a

by X-ray|fimorescence. [0030] The sol ¢é&F
predeterfined plating filmthickness of 25955 d5t &hgedadyie- as tin - - |- --
-12- pl ati-rg—w-th-a-cathode current dendieftgldgf 5 A/dnR. A pretreatmdnt for .

the solderability test was conducted iA5ag/aut(eddade aat aastafpanat urje of
105C and| gihunmi dity of 100% (cal | ed "PCatiHeseilnaf therl) ther aficand 16 |hours,
ow processi ng was conduct ed af addpreisheati ogitienper atiyre off 160C

or a ref

and a maj.n _heating metal)
Triethanolamine 7.5 g/L :
Guaiacol 0.5 g/L
Ammonia sulfamate 100 g/L

Polyethylene glycol-

polypropylene glycol block
copolymer (hydrophobic group | 3.0 g/L
component 15%, average '
molecular weight 20,000)
Polyacrylamide (average

1.0 g/L.

molecular weight 3,000) :
Aqueous ammonia {Adjusted to pH 4.5
[0029] Plating was conducted using a plating solution

in which 1 g/L of the aforementioned imidazole alcohol
compound 1 was added to the composition above, and the
plating rate and solderability were confirmed.

Plating was conducted in a 3 dm’ beaker using a tin
plate (150 x 150 x thickness 10 mm) with an anode bag as
the anode while agitating with a stirrer (50 mm
rotational blade, 300 rpm). The cathode was a 10 x°'25 mm
copper wire, and it was rocked at a stroke length of 60
mn and at 24 rpm. The plating temperature was 35°C.

The plating rate was measured for plating at the
respective cathode current densities of 2, 3, 5, and 10
A/dm’ by measuring the weight of the plating film and
measuring the film thickness by X-ray fluoresceﬁce.
[0030] The solderability was evaluated for a

predetermined plating film thickness of 5 um obtained by




tenperature of 230C for a total processing time of 3 mnutes. The

sol derability was exam ned by a neniscograph nethod. A flux NA-200
(manuf actured by Tamara Kaken K. K. ) was used to neasure the zero cross
“time with a lead-free tin-3silver-0.5¢cppper solder at a tenperature of
240C, immersion depth of 2 nm and inmmersion velocity of 2 mmsec. The
results of the plating rate are indicated in Table 5 and the results of

the solderability are indicated in Table 7. [0031] Exanple 2 ---------- -
----- -- -13- [Table 2] Conposition Amunt added 20 g/L (added as a

sulfonic Tjn acid e anount dded s the value as tin neta
13 g/ LI (ao%%gtla%g wsf?nfaorﬁ%qwﬂ" &%ﬁued"fs nSderild %é a%ii%t— added is the)

val ue as zinc AeAldrelRIttARIAEME sb1AWab i 1M &B%
G uconic acid (50% aqueous 100 g/L sol ution) Lactlc acl 50@6aqueous 60

g/ L sol ut¢erudusd dirhydre raitgiojeote (@ver agaperGiigide oWl@@Etcannwehght:
6, 000) humidity of 100% (called “PCT” hereinafter) for 4 and 16

hours, or a reflow processing was conducted at a pPre-
heating temperature of 160°C and a main heating
temperature of 230°C for a total processing time of 3
minutes. The solderability was examined by a meniscograph
~methed.

- A flux NA-200 (manufactured by Tamara Kaken K.K.)
was used to measure the zero cross time with a lead-free
tin—3silver;0.500pper solder at a’témperature of 240°C,
immersion depth of 2 mm, and immersion velocity of 2
mm/sec B .
' The results of the plating rate are indicated in
Table 5, and the results of the solderability are
indicated in Table 7.

[0031} Example 2




Pol yacrylic acid (average 1.0 g/L nolecul ar weight 6,000) Potassium

hydr oxi de Adjusted to pH 2.15 [0032] Plating was conducted in the sane way
as in Exanple 1, except that a plating solution prepared by adding 3 g/L
of the aforenentioned i mdazol e al cohol,, conpound 2 to the aforenentioned
conposition indicated in Table 2 was used, and the plating rate,

sol derability, and reflow characteristics were exam ned. Moreover

fineness of the crystals of the plating filmwas nmeasured using an

el ectron mcroscope. The reflow characteristics were eval uated by placing
each tin-zinc plated test piece on an alum numplate (thickness 0.3 mm
material XFAPard refl om ng by using a hot pIate.-F@rom/mas conduct ed at

a tenper alumposfitidd0C 5C for a reflow mmﬁ%ngyagge%econds. The resuttis of
the plating rate are indicated in Tablg ity
are in Table 7; results of the reflow %ggﬂa% |st| §%5fe Y 6Fe 9, and
_14- the|®ifernal appearance after plati ﬁ Fh Foﬁmogﬁ i ndilcat ed
in FIG 1. [0033] Exanple 3 [Table 3] %g?i i GHeAYBIHE 8§dEdP1s5 gL
(added ag—a—stl-fori-e——aecid-salt—and—t Tin added is the vallue as
tin metal) 15 g/L (added as a sulfonl‘lozﬁﬁ& ééﬁéeéaﬁﬁ aafg Lfpaianoynt

Zinc acid salt, and the amount

added is the value as zinc
metal)

Triethanolamine 7.5 g/L

Hydroquinone 0.5 g/L

Gluconic acid (50% aqueous

soclution) 100 g/L

Lactic acid (50% aqueous

solution) 60 g/L.

Polyethylene glycol (average '

molecular weight 6,000) 3.0 g/L

Polyacrylic acid (average 1 6

molecular weight 6,000) -0 9/L

Potassium hydroxide |.Adjusted to pH 2.15

[0032) Plating was conducted in the same way as in

Example 1, except that a plating solution prepared by
adding 3 g/L of the aforementioned imidazole alcohol
compound 2 to the aforementioned compoéition indicated in
Table 2 was used, and the plating rate, solderability,
and reflow characteristics were examined. Moreover,
fineness of the crystals of the plating film was measured
using an electron microscope.

The reflow characteristics were evaluated by placing
each tin-zinc plated test piece on an aluminum plate
(thickness 0.3 mm, material 1020) and reflowing by using
a hot plate. Reflow was conducted at a temperature of
230°C +5°C for a reflow time of 30 seconds.

The results of the plating rate are indicaﬁed in
Table 5; results of the solderability are in Table 7;

results of the reflow characteristics are in Table 9; and




added is the value as zinc netal) Gtric acid 50 g/L Succinic acid 50 g/L
Hydr oqui none 0.2 g/L Pol yethylene glycol-lI naphthol ether (average 5.0 g/L
nol ecul ar wei ght 600) Pol yacryl am de (average 1.0 g/L nolecul ar wei ght
3,000) Aqueous anmoni a Adjusted to pH 4 0, 6.0 [0034] Plating was
conducted using a plating solution inmn ﬁhlch 1 g/L of the aforenentioned

i m dazol e al cohol conmpound 1 was added to the conposition (pH 4.0)
indicated in Table 3, and the plating rate and solderability were

exam ned. Plating was conducted on a connector part (made of brass) having
a 1 pmthick nickel wundercoat at cathode current densities of 2, 3, 5, and
10 A dnRthedekherphat bppeanteceastitensplating@sand &xeeP! ceflow

Sol derabi ity wgs nea ur ed_and evaluated in the sane way as in Exanple 1,
except thafFet ABAESeRBdeRuFtent ldensity and the plating film thickness

were 10 A/dﬁg3ﬁnd ZepMplbeyresults of the plating rate are indicated in
Table 5, and the results of the solderability are in Table 8. [0035]

Exanpl e 4[T§§lePBht|ng was conduct ed u5|ng a plating solution in which 3
g/L of tNE-AHEEEHEY, I ONed T dazot e ar Qfaeﬁntcgaa grd "L wasadded” to) t he
conposi t o (pH—6-0)—ndi-cated-rn—Tab 7an dedpasa.Li ngui%tn%léan’*
sol derabjlity were exam ned. Barrel plpa ng fn{%
Tin and the amount
added is the value as tin
| metal)
15 g/I, (added as a sulfonic
Zinc acid salt, and the amount
added is the value as zinc
metal)
Citric acid 50 g/L
Succinic acid 50 g/L
'Hydroguinone 0.2 g/l
Polyethylene glycol -1~ - '
naphtholether (average 5.0 g/L
molecular weight 600)
Polyacrylamide (average i 0 q/L
molecular weight 3,000) v g
Aqueous ammonia Adjusted to pH 4.0, 6.0
[0034) Plating was conducted using a plating solution

in which 1 g/L of the aforementioned imidazole alcohol
compound 1 was added to the composition (pH 4.0)
indicated in Table 3, and the plating rate and
solderability were examined. @Plating was conducted on a
connector part (made of brass) having a 1 pum thick nickel
undercoat at cathode current densities of 2, 3, 5, and 10
A/dm’ and the plating rate was measured, as in Example 1.
Solderability was measured and evaluated in the same way
as in Example 1, except that the cathode current density
and the plating film thickness were 10 A/dm*? and 2 pm.
The results of the plating rate are indicated in
Table 5, and.the results of the solderability are in
Table 8.
{0035] Example 4

P e DS L R




barrel : manufactured by Yamanoto-MS Co., Ltd.) was conducted, and copper
plate (10 x 25 mMm) was used as the material to be plated. Plating was
conducted in the sane conditions as in Exanple 1, except that the anount
of solution was 3 liters, the plating f€rrperature was 35C, the plating

time was 50 minutes, and the rotational”Velocity was 10 rpm The plating

rate and solderability were neasured and evaluated in the sane way as in
Exanple 1. The results of the plating rate are indicated in Table 5, and

the results of the solderability are in Table 7. [0036] Example 5 ---
------------- -- -16 [Tabl e 4-1] Conposition Anpbunt added 15 g/L

(added as a sulflHilng was sngusdiad usdida ive pdmduimy  sadded dns dthe val ue as
added s UhEaruc? g8 B A ot e Aoyl A 1sgilni ¢ “aci d 50 o/ L
Hydr oqui nomenghihdy/1 waoladkeletly [tenehgd yeaipds indRiH helretsheny (average 5.0 g/L
mol ecul ar J'Y\r%i%hazte%ooj?n Ft)[%lb%_aec rﬁl Ia%da(%:lhde- plating rate and
solderability were examined. Barrel plating (mini-
barrel: manufactured by Yamamoto-MS Co., Ltd.} was
conducted, and copper plate (10 x 25 mm) was used as the
material to be plated.
Plating was conducted in the same conditions as in
Example 1, except that the amount of solution was 3
liters, the plating temperature was 35°C, fhe plating
time was 50 minutes, and the rotational velocity was 10
rpm. The plating rate and solderability were measured.
and evaluated in the same way és in Example 1.
The results of the plating rate are indicated in
Table 5, and the results of the solderability are in

Table 7.
[0036] Example 5




pol ysul fonic acid copol ymer (average nol ecular weight 1..0 g/L 10, 000)

Agueous ammoni a Adjusted to pH 4.0
same way as in
adding 1 g/L of the imdazol e al cohol cpgpound 1 to the
indicated in Table 4-1 above was
exam ned. The fineness of the crystals of the plating
The results of the plating

4.0)
sol der abi

fil mwas exam ned by an el ectron nicroscope.

Exanpl e 3,

ity were

[ 0037] Plating was conducted in the
except that a plating solution prepared by
conposition (pH

used, and the plating rate and

rate are indicated in Table 5; the results of the solderability are in
Tabl e 8; F@g#}%ﬁagﬁpdition of the crystals of the plating filmis
i ndi cate [0038] Exanple 6 Plating was conducted in the same way
as i n Exdm ppogitirept that a plati ng Aobwit and@edpar ed by adding 5
g/L of tHe im dazole al cohol conpound 2 19 §Me (£&QIRPSAS 1 PT5d PFLAE D)
i ndi cated 4n Table 4-1 above was -17- uUsfshg anh ¢ healgi C PN and
sol der abi|l’ were exam ned. The resuljtsipdg the flatyng,d %{% @{e | cated
in Tabld 5 and the results of the solqﬁggg_llty are in . 039]
Exanpl e Prating was conducted T thesge, way ﬁ-LAu“ nvr pt
that a pllating solution prepared by addi (§§> a%rﬁaqqﬁﬁﬁﬁ%?e
al cohol d¢d¥#psund 3 to the composition Q(@%ﬁﬂ |5P1“°FHBJ e 4-1
above was used, and the plating rate a4 |W%}qﬂNQ§ zinc
metal)

Citric acid 50 g/L

Succinic acid 50 g/L

Hydrogquinone 0.2 g/L

Polyethylene glycol-1-

naphtholether (average 5.0 g/L

molecular weight 600)

Polyacrylic acid-

polysulfonic acid copolymer

(average molecular weight 1.0 9/L.

10,000) '

Aqueous ammonia fAdjusted to pH 4.0

[0037]

Plating was conducted in the same way as in

Example 3, except that a plating solution prepared by

adding 1 g/L of the imidazole alcohol compound 1 to the

composition (pH 4.0) indicated in Table 4-1 above was

used, and the plating rate and solderability were

examined.

film was examined by an electron microscope.

Table 5;

The fineness of the crystals of the plating

The results of the plating rate are indicated in

the results of the solderability are in Table 8

r

and the condition of the crystals of the plating film is

indicated in FIG. 2.

(

0038] Examplie 6

Plating was conducted in the same way as in Example

3, except that a plating solution prepared by adding 0.5

g/L of the imidazole alcohol compound 2 to the

composition (pH 4.0) indicated in Table 4-1 above was




exam ned. The results of the plating rate are indicated in Table 5, and
the results of the solderability are in Table 8. [0040] Exanple 8 Plating
was conducted in the same way as in Exanple 3, except that a plating
solution prepared by adding 5 g/L of the imdazole al cohol conpound 2 to
the conposition (pH 4.0) indicated in Table 4-1 above was used, and the
plating rate and solderability were exam ned. The results of the plating
rate are indicated in Table 5 and the results of the solderability are in
Tabl e 8. [0041] Exanple 9 Plating was conducted in the same way as in
Exanple 3, except that a plating solution prepared by adding 0.5 g/L of
an equi rml%‘cfe‘iri >€1?‘Eﬂ &hs rifing date end esHsleradvdonarereand citric acid
to the conpeshinan (pH 4.0) indicated in Table 4-1 above was used, and the
plating rate and solderability were examned. ----- ------- -18 The
results of the Pleatiasglita efarthe pdiatdined riate Fakl dnBicamedt he resul ts of

the sol derahil ity are, i Tabl e 8. [0042] Exanple 10 Plating was conducted
inthe saﬁ%gﬁE%!%BiVﬁi I%?dif? 8&65&@ FW&@Q&%&%&ﬂ¢ﬁga§8lgpion pr epar ed
by addi ng ®hbigf Is.of the i m dazol e al cohol conmpound 1 to the conposition
indicated in Table 4-1 above was used, and the plating rate and

sol der abi 1§43 er e ExampAed’ The

Plating was conducted in the same way as 1n Example-
3, except that a plating solution prepared by adding 0.5
g/L of the imidazole alecohol compound 3 to the
composition (pH 4.0) indicated in Table 4-1 above was
used, and the plating rate and solderability were
examined. ' |

- The results of the plating rate are indicated in
Table 5, and the results of the solderability are in
Table 8.

[0040] Example 8

Plating was conducted in the same way as in Example
3, except that a plating solution prepared by adding 5
g/L of the imidazole alcohol compound 2 to the
composition (pH 4.0) indicated in Table 4-1 above was
used, and the plating rate and solderability were
examined.

The results of the plating rate are indicated in
Table 5, and the results of the solderability are in
Table 8.

[0041] Example 2

Plating was conducted in the same way as in Example
3, except that a plating solution prepared by adding 0.5
g/L of an equimoiar mixture of the imidazole alcohol
compound 1 and citric acid to the composition (pH 4.0)
indicated in Table 4-1 above was used, and the plating

rate and solderability were examined.




results of the plating rate are indicated in Table 5, and the results of
the solderability are in Table 7. [0043] Exanple 11 [Table 4-2]
Conposition Amount added Tin 25 g/L Citric acid 50 g/L Succinic acid 50
- 9/L Hydroquinone 0.2 g/L Polyethylenggglycol-1 naphtholether (average 5.0
g/L nol ecul ar wei ght 600) Pol yacrylic aC|d pol ysul foni ¢ acid copol ymer 1.0
g/L (average nol ecul ar wei ght 10,000) Aqueous ammonia Adjusted to pH 3.6
[ 0044] Plating was conducted in the same way as in each of Exanples-1 and
3, except that a plating solution prepared by adding 0.5 g/L of the

i m dazol e al cohol ound 1 to the conposition indicated in Table 4-2
above was usedThﬁnHeﬁ wetp| of i Bt relathng sateersdi indicatedeinxani ned. The

results okabhe Bl abhgUha! fedlifrd gt CBhedsbiaelaBl #10y P4 fhe results of
the solderability are in Table 7. ------Z2-222007oo-f 900 oo e
----- ---Tablel8. [0045] Conparative Exanples 1 to 5, 10, and 11 Plating was

conduct ed bg %he sane as in Exanples 1 to 5, 10, and 11, respectively,
except t hEPORAL pIéﬁ% €%d“htlons indicated in Tables 1, 2, 3 and 4 were
used Plating was conducted in the same way as in Example

1, except that a plating solution prepared by adding 3
g/L of the imidazole alcohol compound 1 to the
composition indicated in Table 4-1 above was used, and
the plating rate and solderability were examined. The
results of the plating rate are indicated in Table 5, and
the results of the solderability are in Table 7.

[0043] Example 11

[Table 4-2] .
Composition Amount added -
Tin 125 g/

Citric acid 50 g/L
Succinic acid 50 g/L
Hydroquinone 0.2 g/L
Polyethylene glycol-1-

naphtholether (average 5.0 g/L

molecular weight 600)
Polyacrylic acid-
polysulfonic acid copolymer

(average molecular weight 1.0 g/L

10,000)

Aqueous ammonia Adjusted to pH 3.6
[0044] Plating was conducted in the same way as in

each of Examples 1 and 3, except that a plating solution
prepared by adding 0.5 g/L of the imidazole alcohol
compound 1 to the composition indicated in Table 4-2
above was used, and the plating rate and solderability
were examined.

The results of the plating rate are indicated in
Table 5, and the results of the solderability are in
Table 7.
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Wi t hout addition of the im dazole al cohol conpounds, and the sane
measurenments and eval uati ons were conducted. The results of the plating
rate are indicated in Table 6; the results of the solderability are in
Tables 7 and 8; the results of reflow,characteristics are in Table 9; and
the condition of the crystals of the pi%flng films obtained in Conparative
Exanples 2 and 5 are indicated in FIGS. 1 and 2, respectively. Conparative
Exanples 1 to 5;. 10 and 11 correspond to Exanples 1to 5, 10 and 11,
respectively. [0046] [Table 5] Plating rate Units: mmn. Cathode Exanple
current density 1 234567 89 10 11 (A/dnz) 2 0.89 0.97 0.87 0.62 0.87
0. 92 0.85[00%2510. 82COMBAr . D& ExamiBled. Bxd.®21 0 32ardd 211 1. 31 1.26 1.05
1.10 1.44 1.32, t1 89 1.74 1 63 1.78 1.63 1.83 1.68 1.45 1.51 1.96 1.95

10 2.69 2.31 2713t50G1%as jepnriunten 1 1t ‘é% ﬁal% WHRD, 4B E-}S&lmpl@S----- -
-20 [0047} +pTabl QOﬁlaIPdiailﬁgréé‘gE@c{ @%EX@&H)& eShe Lgiéé rég,ﬂ

Cat hode Exanple current density 1 2 5 10 1 (A/dnR ) % 0. 49 0. 52
0.44 0.515plebipnagindicaigyd m@ﬂ‘aﬁb%s Ol7320.321] 74 W58 used

without addition of the imidazole alcohol compounds, and
the same measurements and evaluations were conducted.
The results of the plating rate are indicated in Table 6;
the results of the solderability are in Tables 7 and 8;
the results of reflow characteristics are in Table 9; and
the condition of the crystals of the plating films
obtained in Comparative Examples 2 and 5 are indicated in
FIGS. 1 and 2, respectively.

Comparative Examples 1 to 5, 10 and 11 correspond to

Examples 1 to 5, 10 and 11, respectively.

[0046]
[Table 5]

Plating rate Units: pum/min.
Cathode Example
current :
density 1 2 3 4 5 6 7 8 9 10 11
(A/dm2)
2 089 | 097 | 087 | 062 | 087 | 092 | 08 | 070 | 082 | 084 | 0.92
3 1.30 1.35 1.21 1.32 1.21 1.31 1.26 1.05 1.10 1.44 1.32
b 183 | 174§ 1.63 | 1.78 | 163 | 183 | 168 | 145 | 151 | 1968 | 1.95
10 269 | 231 ) 212 | 2711 212 | 222 | 2191 198 | 1.60 | 2.80 | 2.48




5 X 0.85 0.87 0.88 0.53 0.70 X 10 X X X X X X X X: Area where plating not
possi bl e (abnormal deposition, generation of burning) [0048] [Table 7]
Sol derability (Meniscograph Method) Data for Copper Plate Zero cross tine
(seconds) Immediately Reflow after PCT 4 hr PCT 16 hr plating processing
Example 1 2.23 2.67 2.76 2.63 Exanplé2§'1.29 2.23 2.48 1.92 Exanple 4
1.51 2.25 2.83 1.09 Exanple 10 1.68 2.32 2.74 1.53 Exanple 11 1.26 2.22
2.47 1.66 Conparative 2 82 4 28 5 seconds 2 99 Exanple 1 or nore
Conparative 3.17 4.55 5 seconds 3 21 Exanple 2 or nore Conparative 3 No
sol der No solder 5 seconds Exanple 4 '28 wetting wetting or nore
Conpar at i [@02738 No sol der No sol der 5 seconds Exanple 10 wetting wetting
OF MOre --rse Sy " ~~-"°°- -21- [Table 8] Solderability (Meniscograph
Met hod) b2 oflconnect or Pin Zero cross time (seconds) Immediately

Reflow  piating rate (Comparative Examples) Units: um/min.

Cathode Example

current

density 1 2 3 4 5 10 11

(A/dm?*)
2 0.82,0.4210.52|0.44(0.51(0.62(0.48
3 0.97;0.61(0.65({0.7310.52|0.71]0.68
5 X 0.85)0.87|0.98|0.5310.70 X
10 X X X X - X X X

X: Area where plating not possible (abnormal deposition,

generation of burning)

[0048]
[Table 7]
Solderability (Meniscograph Method)
Data for Copper Plate
Zero cross time (seconds)
Immediately
after PCT 4 hr | PCT 16 hr Reflow
plating processing
Example 1 2.23 2.67 2.76 2.63
Example 2 1.29 2.23 2.48 1.92
Example 4 1.51 2.25 2.83 1.09
Example .10 1.68 2.32 2.74 1.53
Example 11 1.26 2.22 2.47 1.66
Comparative 5 seconds
Example 1 2.82 1.28 or more 2-99
Comparative 5 seconds
Example 2 3.17 4.33 or more 3-21
Comparative 3.98 No solder | No solder | 5 seconds
Example 4 ) wetting wetting or more
Comparative No solder | No soclder | 5 seconds
2.58 . .
Example 10 wetting wetting Or more _J
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after PCT 4 hr PCT 16 hr plating processing Exanple 3 1.08 1.28 1.83 0.86
Exanple 5 1.00 1.28 1.58 1.01 Exanple 6 0.98 1.33 1.65 1.18 Exanple 7
1.02 1.36 1.62 1.09 Exanple 8 1.20 1.45 1.86 1.36 Exanple 9 0.98 1.19
1.52 1.05 Exanple 11 0.65 1.01 1.11 0.56 Conparative 1.68 No sol der No
sol der 5 seconds Exanple 3 wetting wetting or nore Conparative Exanple 5
1.50 3.26. 4.09 3.59 Exanple 11 was tin plating [0050] [Table 9] Reflow -
Characteristics Inmediately after plating 2 weeks after plating Wthout
NA- 200 Wthout NA-200 flux flux Exanple 2 Q (c) O Conparative 1Exanple 2
XX XX O Uniformy reflows; 0: Had a few uneven parts; X2 D d not fuse,
unchanged &% &nd after processing BRI EF DESCRI PTI ON OF THE DRAW NGS

0051] [FIG 1] E t hs of .plating films obtained
n Extinpl ¢ 2 ant ConsaAPToE abpt ool g dEePl otron m croscope

phot ographs of plating Data for Connector Pin
Zero cross time (seconds)
Immediately
after PCT 4 hr | pcT 16 hr | Reflow
plating processing
Example 3 1.08 1.28 1.83 0.86
Example 5 1.00 1.28 1.58 1.01
Example 6 0.98 1.33 1.65 1.18
Example 7 1.02 1.36 1.62 1.09
Example 8 1.20 1.45 1.86 1.36.
Example 9 0.98 1.19 1.52 1.05
Example 11 0.65 1.01 1.11 0.56
Comparative 1.68 No solder No solder 5 seconds
Example 3 : wetting wetting or more
Comparative : |
Example 5 1.50 3.26. 4.09 3.59
Example 11 was tin plating
[0050] h
[Table 9)
Reflow Characteristics
Immediately after 5 .
plating weeks after plating
Without , Without
£lux NA-200 Flux NA-200
Example 2 © . © ¢ ©
Comparative X
Example 2 X : X X

©: uniformly reflows; O: Had a few uneven parts; X:

Did not fuse, unchanged before and after processing

BRIEF DESCRIPTION OF THE DRAWINGS
[0051]

[FIG. 1] Electron microscope photographs of plating
films obtained in Example 2 and Comparative Example 2;
and

[FIG. 2] Electron microscope photographs of plating

films obtained in Example 5 and Comparative Example 5.




films obtained in Exanple 5 and Conparative Exanple 5. -22- CLAIMS [1] Tin
and tin alloy electroplating solutions, characterized by containing one or
nore conpounds having an im dazole group and a hydroxyl group in one '
nolecule. [2] The tin and tin alloy elgggroplating sol utions according to
claim1, characterized in that the conpotind having an im dazole group and
" a hydroxyl group in one nolecule is an im dazol e al cohol conpound

expressed by the follow ng general formula (1), [Chemical Formula 1] 1 R

H NNCH2--(CHnCH4 n (OR4)1 (1) HR2 R3 n wherein in the general formula
(1), R1, R2, R3 each independently represent a hydrogen atom a vinyl
group or an alkyl group having 1 to XEREi$Hon atons, and R2 and R3 nmy be
joined together to forman aromatic ring; R4 represents a hydrogen atom a
vinyl group, an al kyl group having 1 to 20 carbon atons, a phenyl, or

- (CH2CH( RS} ¥) kH'in vartch tHn radfiroys erltdatg op htdireg eb 18i10fBnHr an al kyl group
having 1 tohgo carbon atons and k representing an integer of from1l to 20;

X repr esent X2 Ry BY GRNTALTHME, 101 U BN i SEounsiss hawben at ons,
or a substard uamidd hate ggﬁﬁpxayaméqﬂydfgx I nNts.an_inte of fromO
to 20; and n and 1 represént an integer %% irc‘)%s%q} oor% H[%L]e(%ﬁee‘ti n and
tin alloy B kcthepitdan agdsdliat kddey edeortaiond attd nej aiomudiceRar acterized in
that the Qﬂﬁﬂﬂ%ﬁ%g’to claim 1, characterized in that the compound

having an imidazole group and a hydroxyl group in one

molecule is an imidazole alcohol compound expressed by

the following general formula (1),

[Chemical Formula 1]

r & 1

AN o "

N"  N—CHyC—(CHYX)—CHypt (ORY)

\‘:‘[3 in

R? R

wherein in the general formula (1), R', R?, R® each
independently represent a hydrogen atom, a vinyl group or
an alkyl group having 1 to 20 carbon atoms, and R? and R’
may be joined together to form an aromatic ring; R
Tepresents a hydrogen atom, a vinyl group, an alkyl group
having 1 to 20 carbon atoms, a phenyl, or ~(CH;CH(R’)0)H,
with R’ representing a hydrogen atom, or an alkyl group
having 1 to 20 carbon atoms and k representing an integer
of from 1 to 20; X represents a hydrogen atom, an alkyl
group having 1 to 6 carbon atoms, or a substituent that
may contain N, 0; m represents an integer of from 0 to
20; and n and 1 represent an integer of from 1 to 3.

[3] The tin and tin alloy electroplating solutions
according to claim 2, characterized in that the compound

represented by the general formula (1) is an imidazole




represented by the general fornmula (1) is an imdazole ---------
----------------------- -23 al cohol conpound obt ai ned by reacting an

i m dazol e conpound represented by the general formula (2) below wth an
epoxy conpound represented by the generg formula (3) below, [Chem ca
Formila2] R ~N NH(2) R23CH 23C-(CH)mH-n-1(CRATF. (3) \~p n
wherein in the general formnulae (2) and (3), R, R2, R3 each independently
represent a hydrogen atom a vinyl group or an aIkyI group having 1 to 20
carbon atons, and R2 and R3 may be joined together to forman aromatic
ring; R4 represents a hydrogen atom a vinyl group, an al kyl group having
1 to 20 calseRodt @@@poangh@hyalgedupy react { OH2Eh( ﬁ).d))akbllevmth R5

repr esent d al kyl 0 hayi 1 1020 carbon

at ons, EB%p%Pgﬁrégg%?§%39§ﬁ g grg8¥e¥g%n¥§r?8¥ 2% P&pP¥sents a

hydr ogen atiin aanepbkyl cgmpuﬁnaayepgeéeheeQ sﬁreﬁa §éﬁa§a1 PbrRu LSt tuent
t hat may cgntaln N, 0; mrepresents an integer to 20; and n and
1 represeft’ HeFﬁWeger of from1 to 3.

[Chemical Formula 2]

RI

2\

—ay.

R2

N NH

(2)

3

CHp—CH—(CHX)m|CHynORY .

wherein in the general formulae (2) aﬁd.(B),-Rﬁ, R*, R>
each independently represent a hydrogen atom, a vinyl
group or an alkyl group having 1 to 20 carbon atoms, and .
'R* and R® may be joined together to form an aromatic
ring; R* represents a hydrogen atom, a vinyl group, an
alkyl group having 1 to 20 carbon atoms, a phenyl group,
or —(CHCH(R®)O)xH, with R® representing a hydrogen atom
or an alkyl group having 1 to 20 carbon atoms, and k
representing an integer of from 1 to 20; X represents a
hydrogen atom, an alkyl group having 1 to 6 carbon atoms,
or a substituent that may contain N, 0; m represents an
integer of from 0 to 20; and n and 1 represent an integer

of from 1 to 3.




