-1- DESCRI PTION TIN AND TI N ALLOY ELECTROPLATI NG SOLUTI ONS Technical Field
[ 0001] The present invention relates to aijtin 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 effici or, the plating rate was
slow, and the particles of the pl a%ﬁ?%%gt ai ned were coarse, thus

al so posing problens with appearance such as |lack of luster. D SCLOSURE OF
THE | NVENTI ON Probl ens that the Invention is to Sol ve [0003] Based on these
circumstances, a firFst BYPedINoALLPK: EBEETRAFPLARNA SORUIIONS provide tin
el ectroplating and tin alloy electroplating with satisfactory sol der
wettability, and to heighten the reliability after soldering. In addition,
t he pl ati ng Temthmiard. tFieldappear ance after plating, which were problens in

t he past, qgﬁnhg be Eg%roved. Means for, Solving the Problenms -2- [0004] As
a result of 'seridusly'SEulyERGHhd P VE S LORe A B0 &d8, the inventors

di scovered ftelalctridia aafionemNitared PR e cauld, ke Ja500yed Ny, adding a

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 INVENTION

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. In addition, the plating rate and the
appearance after plating, which were problems in the past,

are to be improved.

Means for Solving the Problems



conmpound having both an im dazole group and a hydroxyl group in one

nol ecule to a conventional tin or tin allLgy electroplating solution.

[ 0005] Specifically, the present invention is: [1] Tin and tin alloy

el ectropl ating solutions, characterized by containing one or nore
conmpounds having an imdazole group and a hydroxyl group in one nolecul e.
[ 0006] [2] The tin and tin alloy electroplating solutions according to

aforenentlon i ch acterlzggl that t aforenentloned conpound
having an i dazo gr'oup h?/ﬂr%%]ro YABH otecul e is an

i m dazol e aI&ﬁ@mém@mnpmm@ﬂ Eéﬁ@ﬂ @hétfﬁwéﬁ%éﬁgﬂ@9808@@?&@' %QEnU|a (1),
[ Chem cal Formul a 1] N- (CHXYmCH4 n I(OR4)1 (1) HRR3

n mhereln|11W?mﬁ%ﬁ#ﬁﬁ%ﬂt¥Qﬁ¢ﬂnBF?Q}Gm$?CO¢&§ 22} E@@@lve@dbpeadénn@ya
represent a an aI having 1 to 20
pres YR QGED l?éxp%g %cyfﬁyén 9 PHR, 2 pt%n(? ﬁﬁ%ﬂ (\é%'%ﬂa .

carbon atons and RZ2 and mnedZ oge tic
ring; R regjrcsgemtrs wmmb@m&@tmna acdmrbﬂt;g:sxwp,t@,ﬁl &t kyinogp havi ng

1to 20 carb t ons hen group, or -3- (CH2CH(R5)0)kH, with R5

representindg %ﬁﬂﬂﬁﬁﬁ%éﬁ(ﬁ@iﬂ TP al kyl group having 1 to 20 carbon atons

and k represgigsng agﬁégl%%ral@‘ frtq@bggjlie%e%g KIS gsents, a hydrogen
car

atom an al kyl group having 1t ato
[1] Tin and tln alloy electroplating scolutions,

characterized by containing one or more compounds having
an imidazole group and a hydroxyl group in one molecule.
[0006] [2] The tin and tin alloy electroplating
solutions according to aforementioned [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]

- ] -

H
/\N—"‘CHQ I (1)

N —H—(CHmmmcm-n-t(OR“).

R2 R3 -0

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

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



or a substituent that may contain N, O; mrepresents an integer of fromO
to 20; and n and 1 represent an integer -3f from1l to 3. [0007] [3] The tin
and tin alloy electroplating solutions according to aforenentioned [2]
characterized in that the aforenentioned conmpound represented by the
general formula (1) is an imdazole al cohol conpound obtained by reacting
an i m dazol e conpound represented by the general fornula (2) below with an

epoxy conpo 3 ed . e r.al , for mul 3). _bel ow._ [ Cheni cal
Forml o o] RS B3 eibhy e 5PBRGRBh RO PrbihakE: BlorbPturte (2)
and (3), R ,alR%1 RFoupemssian leach Jondepsrdenidonsa dnginogen atom a vinyl
group or an al kyl group having 1 to 20 carbon atons, and R2 and R3 may be

‘joi ned toge EGY & t§1c Ofy ifrem R4 Yoepilss éhteRy 9BANtGgeén atom a
vinyl group, ﬁ}og@nkﬂtoﬂ{,o% Ay gr?grion% il%hV&gl:gbq.n 3 YT%a e %;loup,

or -(CH2CH(R5) O KkH, wth R5 represe ogen atom or an a
group havi n@rl at ¢uR@ tddnieort atherts maryd donté-inr ér €gemt ineprasdmiseger of from

1 to 20; X r.epresents hydrogen atom_an al kyl group having 1 to 6 carbon
atons, or a STHST Pﬁe%traﬂ‘%gt %?Pagocoﬁf’éii i I"il,nd'o?i ARSI B At 99fteger of
fromO to 2@ aaedmn1ard, b represent an integer of froml1l to 3. Effects of

the invention
[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 formula (3) below,

‘[Chemical Formula 2]

\ : (2)
R 3

CHg—;H—-—(CHX)m Han- | {ORY) RIS

wherein in the general formulae (2) and (3), R!, R?, R’
represent 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 I to 20 carbon atoms, a phenyl group,
or —~(CH,CH(R’)0)xH, with R’ representing a hydrogen atom,

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



[0008] By using the tin electroplating solution and tin alloy

el ectropl ating solution of the present .igqwention, it is possible to

i nprove the solder wettability and external appearance of plated objects.
Moreover, it is also possible to inprove the plating rate by using the
plating solution of the present invention. Best Mde for Carrying Qut the
i nvention [0009] The tin and tin alloy electroplating solutions of the
present inv i.on are basically able to.use . conventional tin

el ectropl at ﬁégp <oI Ut RS Hhd- 1559 Ioo{/ Tram e (b1 &t i iy HRIYHS &nd add
thereto the hafeigrentianeds eyl efdup daaal)y al cehd Sampang.omd 0010]
The tin electroplating solution and tin alloy ‘electroplating solution are
configured WF & tSubsdaltuendporipratsingy e tragtralN c shpanerpwfsantsd atring film

(or a tin sgl aaé]d aé(t mrising a nmetal formong an _.alloy with
tin), a rretgl se t éjtafabrﬁolqdzeof Ostzg(ﬁirrﬁnid(:rnt ﬁnfﬁeﬁfeeﬁ?ﬁ%?f%ﬁﬁ?ﬁ%ngi ng
from bival emtf tiordretlr avaldent), a brighteni ng agent (snoothing agent,
abnornmal deposition preventative), conductive salts, and a pH adjuster,

etc. [0011l] Regarding the tin salt conprising the netal conponent of a
plating fil maddshe et ﬁﬁyéhﬁyb metal formng an alloy with tin
concrete exanples of tin salts 1include tin sulfate, tin chloride, tin

sul famate, dR®08In - 5Byneshage thel ftanakéecEupphart,inzg 8ol uitidinugngbi snmut h,

gol d, silv%r.,n CQpper, an% ni ckel. can he cited as _exanples of the netal
form ng an &fod With ShSF--ToRd % Je "Ry Ry O tmdtsl PTEEPBe used in the
formof sal isvienk@obhose afs thesibiiR cEheneeReRNhal i@l @ the tin salt in
the tin electroplating solution is preferably from1l to 60 g/L,
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, ete.
[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



calculated in ternms of netal. In the case of the tin alloy electroplating
solution, it is desirable that the solutdéon contain, in addition to the
tin salt at the above-nentioned preferable concentration, the salt of the
metal formng an alloy with tin preferably in a concentration range of
fromO0.01 to 50 g/L, calculated in terns of nmetal. [0012] The stabilizer
for the netal salt or salts basically has the function of preventing the
oxidation of tin, and ascorbic acid, erythorbate, polyhydric phenol, and

hypophosphi tE 1SS N Re dINEEIT at3 OiF of IAdidim stlabimitlr dokdi he
tal salt(sijgesh t ion | to 50
Lol St gt bkl oy 0L 50 B hpraPlipsona Lo

g/L in the case of using hypopho Ite an

cases. [00131e Pustyenlc rid awinde sararedl deyr iwidth veisn ¢ hareofhes oo yeshitene

gl ycol, and i et hanol am ne_and. der.ivatives _thereof can be used as

bri ght eni ng nil%tea ss.maﬁh}e B GheEhi HiE 9% SAidrerkbls WRiaitedhis a
concentrat i anif anggéfecdhdnd @i m/ds ithd hein &l LGt rgplatd '\91J§0' ution.

[0014] Methanesul fonic acid and salts thereof, sulfamc acid and salts
t her eof , hydsdismlatdaid smiditisdl tis e feofablandsut fluric @ialiand salts

t hereof can [ es. of _.canductive salts. The conductive salt
is prefer abl%ﬁgéﬁma;t?egjegﬁ} ﬁa%}ﬁésj'orﬁs:feﬁr[ertﬁ "og[cnr at\ri‘bee G5 e % g:e}fﬁ)dt]d") L in the
el ect r opl at iaig cgoledtdaroplbrt i ka1 uSadinym iRy dr0xide; r DOt ssi4m ¢pedr oxi de,
amoni a, hydrochloric acid and sulfuric acid can be cited as exanples of
pH adj ust er SCYUFFLE MItaE il addifiomdiad thy ddonisaldciat, thectic

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 metal.

[G012] 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/I, 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.



acid, succinic acid, ethanethiol, thiourea, and ethylene diamne
tetraacetic acid can be cited as exanpl essof conpl exi ng agents. The

conpl exing agent is preferably contained in a concentration range of 0.05
to 100 g/L in the electroplating solution. [0017] In the present

i nvention, one or nore kinds of conpounds having an i m dazole group and a
hydr oxyl group in one nol ecul e are added to the aforenentioned tin

Thes: ropl o one COITpCig rtd}{id’g l tt%esg‘%%{ﬁngg}ﬁoh@{qwebasaw I 2ol

The af orenen exi ng agent and g an 1m dazol e
group and a hydirexylor gr cupid reohesuiofvecid eaaday dren ree-anibest] aand t hen

added. [Ooéﬁgngg}coqﬁéast Hf thelfreV|oust descri bed conventional tin
el ectropl at i @ i UnPHragIys el ectroplating solution, in the
present invepgdpgy it 'P%lﬂd%gl%ﬁnhltt%ll&%c%&' Qgtld&rﬁ‘&' W 101 tl%d”ﬂcch i's

added one of nore kinds of conpounds having an im dazol e group and a
hydr oxyl gr cpidn smeipleadial, ‘HtélagtﬂtdeerMetthmenaw, aantl evekers

appear ance of. t he t|n Iate bjects or tin | ated 0 S can
Choreby he (Y AT iR h g Al et o A SR & ° Go1o)
Preferably, dqu;mtmwrw;d}m@ Ngran doiglasolfy Lfaup @WCbxaeﬂéich | group in
one nol ecul e used in the present |nvent|on 'S nt hesi zed b the reaction
repr esent ed G EHESD 0 FPIERGE SR FoHANZE (Qfg,o JCHeni 0k it a 3]

-7- S\NY @ﬂéfgﬁedé%opfgﬂldg A dfignliondl A\ t---t/

[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 aforementioned complexing agent and
the compound having an imidazole group and a hydroxyl
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]



R" n RRI1 CH (4) ---~ NNCHRHCHmCH4-n_1 (OR4)] R2 3 n wherein in the
formula, R, R2, R3, RO, X, 1, m and n are the sane as in the previously
described definitions. [0020] If Rl, R2, R3, and Rin the aforenentioned
general formulae (1) to (3) are a hydrogen atom a vinyl group or an al kyl
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 rmig fornmed is preferably a benzene ring. Xis a
hydrogen atom an allyl group having 1 to 6 carbon atons, or a substituent
that may contai ng#” 0, al kyl [group having 1 flo 4 carbon atons is

pref erabl e as theyal kyl fgroup hayi ‘l{gp_qcﬁgob d a hydroxyl
group, carboxyl grgggzg( anm Ao #ggz e C|{%6 %Phe substi t uent
containing N, 0g2i'n adgstion tolthe\gfevious de ayiption Ris preferably

a phenyl group oﬁ -(CH2 (R5)Ck)H wheérein R5 represents a hydrogen atom
or an al kyl group having to A 0 car bon gﬁ ns and k is an integer of from

1 to 20. [0021] Inldazol Ilnldaz , 2,4- dialkylinidazohﬂ, and
4-vinylim dazol e,_etc. ref (jtqa und
represented in the -8- af r ment i ned ngy a Ppgl %ﬂHthRﬁHﬁ to R3
bonded to an im dazole gfo an al kyl group gnd the al kyl group has
10 or nore carbon atons, ThE wett@dility of the erial to be plated may

decr ease because of

wherein in the formula, R', R?, R’, RY X, 1, m, and n are
the same as in the previously described definitions.
[0020] If R', R?’, R’, and R! in the aforementioned
general formulae (1) to (3) are 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®)Ox)H, wherein R®
represents 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



strengt hened hydrophobicity, and the characteristics may drop. Therefore,
in these cases an al kyl group having 1 _g 9 carbon atonms is preferable.

| M dazol e and 2- nethylim dazole may be cited as preferabl e exanpl es anong
t hese. [0022] Epoxy propanol, epoxy butanol, epoxy pentanol, epoxy
hexanol , net hoxy gl ycidol, n-butoxyglycidol, tert- butoxy glycidol, phenoxy
gl ycidol, and epoxy conpounds having al kyl ene oxi de, for exanple, such as

glycidols w.th added ethyl ene oxide, may be cited as exanples of epoxy
conpounds r eﬁﬁoé%eétfﬁrbt&odﬂﬁ‘ilﬂee O uI (£ )3) IT [Foo$8] RThended

af orement i onef JreaiGi QY IRY ROGPRICERD 2 W1 ¢ RAY NG AR RMS&ihe epoxy.
conpound into the imdazole conpound heated at” 80 to 200C in a"nolar ratio
of the epox@isonmpdiasd it athandns dazdios edmpeundhseiwed tabllity bE taed a
reaction ti of...aboyt m nutes, to.3 hours is sufficient. This reaction
does not al V\q/%fs?rrlgaau&roe%ae pgtﬁalt\?éinﬂayb&ecgﬁa&eg}rﬁc %61 Pent such as

chl orof orm s tdicaxpnenate anephodicaitignahdmnh b e nised tas iihe dseasli on
solvent. Further, because this reaction does not favor water or noisture,

it is prefefdiFe t Fharsif@tienclidsitéeset cagsiss twr @l karid greugomdvdna He
reaction in S [ .t.h t cqnt.al ter,, such as dried
' 1N @a%a%Eng%Q%n%hlk %%eQ%?EFﬂ%. A% R Glg %

nitrogen or argon @ armpunt of ~orie or nore conpoudds having an

i m dazol e gmedhydrshislazydreoxyly dreown.tied ase prelfeculbde agdeglce bR ating
solution is preferably from0.01 g/L to 10 g/L, nore preferably fromO.1
g/L to 5 g/ EP®ffen -9- the anount of addition is too small, the resulting

plating filmeeanqot besdull pibphabed éngyaﬁuﬁaBBEQhepoxy 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 g/L
to 10 g/L, more preferably from 0.1 g/L to 5 g/L. When



surface. Further, since any inproved cathode current efficiency cannot be
obtained, the plating rate is low and a®~inproved sol derability cannot be
observed. Consequently, desired effects cannot be obtained. On the other
hand, an excessive addition |owers the plating rate and deteriorates the
physi cal properties (in regards to the oxidation resistance,

sol derability, soldered strength, etc.) due to inclusion of the additives
into the plad i égqy'- Cessive it i1l result in
non- pl at ed p%%ét fmé[}lidrﬁlnot ep 2%1%(3{9%7@1 Iytn(%ed([”?g%’ !@g‘%,ﬁ‘%%%&o!ln%i tions wll
be descri bedifairing rfilel extnmup] dtd rpland itd isdd ayndeltent ropt@iding using the
pl ati ng solution of the present invention. The plating tenperature is from

10 to 50C, Prefiiabl y BT 45E Wbty SmPIREDI R FIRFSSAUHIYH may be

used at a pRAfLdiedARGEHIOBSURARG RA d e Deltid raRecdigally, pH 2
to 6.5 may be used fc%f1 tin- zinc plating, but thlsjiﬁsaénrot pgirticu arly

limited. Eladet o dmiprp vesh sed deowdudtidd wiarnain bet exdigeapteati ng  current
density of Q. t.o 30, A/.dn2, ferably 1 A/dnR to 15 A/ dnR. Any of
barrel " pl at %r?és'grqg‘{c%t&ye{t R o] ﬁ%&%‘%saﬁ%ﬂlow %que’d 1S thie
pl ating net batherEhamd eain [(X26]s iNeXladdite i esfird RURNTH 1R W] - P&

explained in detail using exanples. Exanples of Synthesi's Synthesis of
i m dazol e aP@GheetEsHPsat@s Fheo Physimedazviorertlias vida mestaadist 420C, and

after -10- %@1@' %gci%%%q\gns%ejsqcs%a?lfc e2,’ %bei%%)iyabql%&%rn,ms’o l\@esre%l | oved

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 electroplating 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 soluticn
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 imidazole alcohol compounds 1 to 3

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



to react for 3 hours at 150C to obtain imdazole alcohol 1. Im dazole

al cohols 2 and 3 indicated bel ow were aIsE synt hesi zed using the sane

synt hesi s nmet hod as above by adjusting T 8-added ol ratio of the

i m dazol e conpound and epoxy conpound to 1:1. [0027] |[Chem cal Formula 41
OH N/~NCH2-6-CH2- OH Il mi dazo | e alcohol 1 HOH NZ'

N CH2- G CH2- OCH3 | mi dazole alcohol 2 H N'N -CH2- H -CH2-O (CH2CH20 4H I m
dazo | e alcohol 3 The imdazole al cohol conpounds of the aforenentioned
structures wafdipdddacrpeigetlth ol afi Ag3-bnery spropanol prwast ablatkay

pl ati ng base_sol utipn ang latin ;s were conducted. [0028] Exanple 1
Atin alloy & el(#‘%%%l 5eFn }bcglé]és s%’?ui? i Wi IPRYFELD g g Hep fﬁiﬁﬁi@li on
was used. -11. [Table 1] Conposition Amount 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 H'&{d30H @lAalact rrdl i, indirated drolow 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

/\ .

NZ N~CH2-5-CH2-OH - Imidazole aicohol 1
OH

/\ i .

N\’/—/N—CH2~S-CH2-OCH3 Imidazole alcohol 2
H

ND

N—CHa—H-CHa-O(GHQCH20)4H Imidazole alcoho] 3

[

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

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

following composition was used.



added is the value as zinc netal) Triethanolamne 7.5 g/L Guaiacol 0.5
g/L Amonia sul famate 100 g/L Pol yet hyLepe gl ycol polypropylene glycol

bl ock copol yner (hydrophobic group 3.0 g/L conponent 15% average _

nol ecul ar wei ght 20, 000) Polyacrylam de (average 1.0 g/L nolecul ar wei ght
3,000) Aqueous ammoni a Adjusted to pH 4,5 [0029] Plating was conducted
using a plating solution in which 1 g/L of the aforenentioned i m dazole

al cohol s added to the conposition above, and the plating
rate and sorﬁg?ﬁg?|%¥a were confirned. Plating was conducted in a 3 dnB
beaker usingCempenitpdmte (150 x 150 x thjakoess d84eW) with an ancdé bag
as the anode while agitating wth a stirfes 7P Wg&aggaggogabu lFade s 390
rpm). The clathode was a 10 x 25 mm coppera$ﬁ3esa§g Lha“efe 9pKedcat a
stroke | engt th'®»f 60 mmand at 24 rpm The 3 g&lgg ﬁgpg ﬁagrg VWas 350 The
pl ati ng ratle was neasured for plating at t spec rve“cathode ¢lrrent
densi ties gf—27—3; 5 —and-10—Ardm2—by—ren ;S E % Mn'%hf “;ufhempLaL4ng
filmand neasuring the filmthickness by §  { 29r8d cRACR, £6086F The
sol der abi | i{tFinvas eval uated for a predet effifed®pFat fRY FREnpRARBKNESS |of
5 mobtaindgd by -12- plating with a cat hoddd@adr &épt thensaiyeofsszindnp.

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
mm 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 fluorescence.

[C030] The solderability was evaluated for a

predetermined plating film thickness of 5 um obtained by



A pretreatnent for the solderability test was conducted in an autocl ave at
a tenperature of 105C and a humdity of -1@0% (called "PCT" hereinafter)
for 4 and 16 hours, or a reflow processi ng was conducted at a pre- heating
tenperature of 160C and a main heating tenperature of 230C for a total
processing time of 3 mnutes. The solderability was exam ned by a

meni scograph nethod. A flux NA-200 (manufactured by Tamara Kaken K. K.)

was used tO BRASYLE %@%nzgrea%eaé Bl et Beﬂs'fi%gggg Sasn? . depth of

tin-3silver-0.5copper solder at a tenperature o

2 mm and i mrersi &npvekoeatyent Porntheesoldbeabedukystettt raspl ating rate
are indicated in Tahle 5 and the results of the solderability are

i ndi cat ed i n°93BPET?d [D03R] aRkafpRrEe2at 18- tpmARBIratareCofpd8Bi ¢ oandnaunt

added 20 g/ Lhtaddedyasraispkf enheiedi Ppaghdnsakt nogpd th u ded is
the value as tin n%tal) 10 g?L (agded as a sul?gﬁ?c rgi§8§ggighgaﬁg, and

the armount B@ded. i ertheredlae progeasingewab) cdndethadohanhneré-5 g/ L
Hydroqui none, 0, 8 34 - e s o e 2L 41 65900 A0 U £0% i ng
temperature of 230°C for a total processing time of 3
minutes. The solderability was examined by a meniscograph
method.
| A flux NA-200 (manufactured by Tamara Kaken K.K.)
was used to measure the zero cross time with a lead-free
tin~38i1ver;0.500pper solder at a temperature of 240°C,
immersion depth of 2 mm, and immersion velocity of 2
mm/sec.
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



sol ution) Lactic acid (50% aqueous 60 g/L solution) Polyethylene glycol
(average 5.0 g/L nolecul ar weight 6,000);f0l yacrylic acid (average 1.0 g/L
nol ecul ar wei ght 6, 000) Pot assi um hydroxi 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 im dazole
al cohol conpound 2 to the aforenentioned conposition indicated in Table 2

was used, an&rggg g% ting rate, solderability, and reflow characteristics
wer e exam ﬂ fineness of the crystals of the plating filmwas

measur ed lﬁﬂqmeﬂuEﬂ@mtron m croscope. Themoehtowdgbaracteristics were
eval uated hy placing each tin-zinc pIatedzgegprygggegnagnaaggmfgﬁgbplLte
(thickness |0.3 nm naterial 1020) and ref 9&hggSQXtUSéHQ £ Qﬁogh@te ]
Ref | ow was [cotftiucted at a tenperature of 239535 av5 E% % tlcgg 30
ﬁ able , resylts

seconds. The results of the plating rate a&gtéf |cate ol : s
of the sol derabitityare-—+n—Ttable—+—-rtes ow—chatact-eri-s

are in Tablle 9; and -14- the external appe%? %7% %??g?apﬁﬁt?naugﬁﬂné?ter
reflow ar¢dindicated in FIG 1. [0033] Ex%ﬁg e H%B el Be EBABBEI ti on
Amount added 15 g/L (added as a sul fonic |added ls € value as zinc

metal)
Triethanolamine 7.5 g/L
Hydroquinone 0.5 g/L
Gluconic acid (50% agueous
solution) 100 g/L
Lactic acid (50% aqueous
solution) 60 g/L
Polyethylene glycol (average 5.0 q/L
molecular weight 6,000) 09
Polyacrylic acid (average 1 b /L
molecular weight 6,000) =
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 composition 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 indicated in
Table 5; results of the solderability are in Table 7;

results of the reflow characteristics are in Table 9; and



Tin acid salt, and the amobunt added is the value as tin netal) 15 g/L
(added as a sulfonic Zinc acid salt, andghe anount added is the value as
zinc netal) Gtric acid 50 g/L Succinic acid 50 g/L Hydroquinone 0.2 g/L
Pol yet hyl ene gl ycol -1 napht hol et her (average 5.0 g/L nol ecul ar wei ght 600)
Pol yacryl am de (average 1.0 g/L nolecular weight 3,000) Agqueous anmoni a
Adj usted to pH 4.0, 6.0 [0034] Plating was conducted using a plating

sol ution iqimhich 1 g/L of the aforenentiqgned i m dazol e al cohal conpound
1 was added % t%%\%doﬁﬂlawamﬁ ATPPT PG dRGedTih 2T 2I18% t he

pl ating rat gand nsH[dabi idtps ware exam ned. Plating was conducted on a
connector part (nmade of brass) having a 1 mthick nickel undercoat at

cat hode cur rld¥33densi fixespdfe 2, 3, 5, and 10 A/dn2 and the plating rate
was neasure&wéﬁié ﬁ Exanple 1. Solderability was nmeasured and eval uated in
t he sane way i 1 JExanpl e 1, except that the cathode current density and

t he pl ati ng Compmstiftiichness were 10 A/ dn? |dmcbihtmadde] results of the
plating rate are indicated in Table 5, 4gne ta reddds £f 4 htulfonic
solderabili%x are in Table 8. [0035] Exdmrdi® 4alt, and the amount
h added is the value as tin
metal)
15 g/L (added as a sulfonic
7inc 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 1.0 a/L
molecular weight 3,000) v 9
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 um 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 um.
The results of the plating rate are indicated in
Table 5, and the results of the solderability are in
Table 8.
[0035] Example 4



-15- Plating was conducted using a plating solution in which 3 g/L of the
af orenenti oned i m dazol e al cohol conpoundsl was added to the conposition
(pH 6.0) indicated in Table 3, and the plating rate and solderability

were exam ned. Barrel plating (mni- barrel: manufactured by Yamanoto- VS
Co., Ltd.) was conducted, and copper plate (10 x 25 nm was used as the
material to be plated. Plating was conducted in the sane conditions as in

Exanpl e 1, except ol.ution_wa . i t he.plating
t enper at ure was BE%QQEHéhﬁ?QP? du?£ﬁé mé%ngoanP;ﬁ?égg ﬁﬁ uFﬁ8 r&BationaI
vel oci ty waswh@chr Bm;/il.'hefptﬁél agoram@namdnéal driahibi by aneoBoreasured and

evaluated in the sane way as in Exanple 1. The results of the plating rate
are |nd|cate8°WB°u¢QbFeW§5 afdedhkor QGIP@mEPS@ﬁéOQOKEHrébpnlty are in

fane - o[ 08h Eeaam! gnSrabfe §Tabha ¢nll pfRrPRS|LLen aggunt added 45 of L

(added as a sulfonic Tin aci e ano is the value as
tin metal) $6ldétabatliiey wera emhidned. ZBaEramlplsahhg andntihe anount
added is the valu manuPacturegl%yc§gégﬁogglﬁ558og{ 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
Exampie 1, except that the amount of solution was 3
liters, the plating temperature was 35°C, the 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 as 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



Succinic acid 50 g/L Hydroquinone 0.2 g/L Polyethylene glycol-I _
napht hol et her (average 5.0 g/L nol ecul ar1gei ght 600) Polyacrylic acid
pol ysul fonic acid copolynmer 1..0 g/L (average nol ecul ar wei ght 10, 000)
Aqueous ammoni a Adjusted to pH 4.0 [0037] Plating was conducted in the
same way as in Exanple 3, except that a plating solution prepared by
adding 1 g/L of the imdazole al cohol conpound 1 to the conposition (pH
4.0) indicathabfeT biE 4-1 above was used, and the plating rate and

sol der abi | i t.y_were m ned. The fineness of the crystals of the platlng
filmwas exph?RRRISBYiam el ectron m cr oscopdmoling mdsieldt s of the pl ating
rate are indicated in Table 5; the resul1$50b/Lh¢aﬁdbdehab@igulﬁwwid n
Tabl e 8; ng the condition of the crystalaceli shetpl ahidn@nk lafoluht
indicated in F1 G 2. [0038] Exanple 6 Pl at hRgewasscenduchadd Rt Rg same [way
as in Exanpl e 3, except that a plating sahgtbgq prepared by addlng 0.5

g/ L of the [Fm dazole al"cohol—compound 2 LJlsng/LbéHBH%dLb%na\%ﬁl?gﬁéc

indicated ijn Tabl e 4-1 above was -17- use at.ing rate

t
rabililt4ingere exanined. The results B ?b g %tndi cat ed
?gld$agPe 5,@and the results of the sol def& t alue as zine

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)

Agueous ammonia Adjusted 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. The fineness of the crystals of the plating
film was examined by an electron microscope.

The results of the plating rate are indicated in
Table 5; the results of the solderability are in Table §;
and the condition of the crystals of the plating film is
indicated in FIG. 2.

[0038] Example 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



Table 8. [0039] Exanple 7 Plating was conducted in the same way as in
Exanple 3, except that a plating solutionyprepared by adding 0.5 g/L of
t he i m dazol e al cohol conpound 3 to the conposition (pH 4.0) indicated in
Tabl e 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 Table 8. [0040] Exanple 8 Plating

was conducted.i.i t S [ anmpl.e except..that a plating
sol uti on preggkgd E@dagggngﬁétaéﬂnggét%gdiﬁ?gg?5ﬁélgﬂgghgprgonpound 2 to
the conposiexenipdl.4.0) indicated in Table 4-1 above was used, and the

plating rate and solderability were examned. The results of the plating
rate are indicated?fnre34bte 8L Hhe Phatirguraseoprenandaratedbinity are in

Table 8. [00 9 i c i 1€ . as in
Eeaml o 50 ey fpafd JehbokLRd1 Ko £OEHU L ETaLRbIT i ERRRENE® oL of

an equi nol arTabkeuBe of the inidazole al cohol conpound 1 and citric acid

to the conposj}i (pH. 4.0 indicated in Table 4-1 above was used, and the
pl ati ng ratgbéthsold%§%m%}?t§ were exam ned. -18- The results of the

plating rate are pnghcadedasnedabherdd BRdchdesirsuhs 9 thepsghderability

are in
3, except that a plating solution prepared by adding 0.5

g/L of the imidazole alcohol 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 9

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 equimolar 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.



Tabl e 8. [0042] Exanple 10 Pl ating was conducted in the sanme way as in
Exanple 1, except that a plating solutigg_prepared by adding 3 g/L of the
i m dazol e al cohol conpound 1 to the conposition 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 Table 7. [0043] Exanple 11 [Table 4-2]

Conposi tion Amount added . Tin 25 g/L_ Ci.tric acid 50 .9/ ucci.nic acid 50
0/ L' hydr oqui nond 6 3Gt ayty By PAAE B CALEL RpHRICATE ‘Caver age 5.0
g/ L ol eculpa, 1weisghty 0 Mh PG IF aGied ROl aNits, agled igopol yner 1.0
g/L (average nol ecul ar wei ght 10,000) Aqueous ammoni a Adjusted to pH 3.6
[ 0044] PI at iTagplwa$ .conducted in the same way as in each of Exanples 1 and
3, except t pl ati_ng _sqluti.on prepared by adding 0.5 g/L of the

i mi dazol e a“?@ﬁ%ﬂ co#ﬁgﬁﬁgelﬁpo the conposition indicated in Table 4-2
above was used, andtlihg Rladt icdediatedand stledeyaa hidyy agnane mxaplred. The

results of the plating rate are indicated in
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 25 g/L
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 sclution
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.



Table 5, and the results of the solderability are in Table 7. -19- [0045]
Conpar ative Exanples 1 to 5 10, and 11 Blating was conducted in the sane
way as in Exanples 1 to 5, 10, and 11, respectively, except that the
plating solutions indicated in Tables 1, 2, 3 and 4 were used w thout
addition of the imdazol e al cohol conpounds, and the sane neasurenents and
eval uations 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 rl&A%W chaCeEparpdiives ExpaplesTdpite® &/ difd amsk ldondition of the

crystals of the £ 5 i i i I npl 5 are
indicated in Fl %’%aaﬂf nyaﬁﬁgggﬁe{%&dy%h%%@aﬁaﬁ %%@I%é@%&%. 10

and 11 corrédspgand t d0 ,Baanpllds raspdntik@land ekgeptespedt ithed yoldO0dH]

[ Tabl e 5] Pl atii rate Units: mn._Cathode Examle current density 1 2
54567 89UHIPRS (Jﬂgﬂlﬁ@)teﬂm&%é"aé’.lﬁ 31'872'0.36?%?847“@@ b 0.70 0. 82
0.84 0.92 ikl Bhikidh bB32pk dhikadblel 26:hdB donkdbundd, L2 5
1.89 1.74 1.63 1.78 1.63 1.83 1.68 1.45 1.51 1.96 1.95 0 2.69 2.31 2.12

2.71 2.12 2the ram® MQSUEed@nrsg@ e 48al2(t (64 Hefelatinslgited.

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: pm/min.

Cathode Example

current

density 1 2 3 4 5 6 7 8 9 10 11

(A/dm2)
2 089 1 097 | 087 | 062 { 0.87 | 092 | 085 ¢ 070 | 0.82 | 0.84 | 092
3 1.30 | 1.35 1.21 1.32 1.21 1.31 1.26 | 1.06 110 | 1.44 1.32
5 189 | 1.74 { 1.63 | 1.78 | 1.63 | 1.83 | 1.68 | 1.45 | .51 | 1.96 | 1.95
10 269 | 231 | 212 | 271 | 212 | 222 | 219 | 198 | 190 { 280 | 2.48




Plating rate (Conparative Exanples) Units: mimn. Cathode Exanple current
density 1 2 345 10 11 (A/dn2 ) 2 0.82.0,49 0.52 0.44 0.51 0.62 0.48 3
0.97 0.61 0.65 0.73 0.52 0.71 0.68 5 X 0.85 0.87 0.98 0.53 0.70 X 10 X X
XX XX X X Area where plating not possible (abnormal deposition,
generation of burning) [0048] [Table 7] Sol derability (Meniscograph

Met hod) Data for Copper Plate Zero cross tinme (seconds) |Imediately
Reflow after PCT 4 hr PCT 16 hr plating processing Exanple 1 2.23 2.67
2.76 2.63 Bk 2 1.29 2.23 2.48 1.92 Exanple 4 1.51 2.25 2.83 1.09
Exanmpl e 10 %i%%féag 2.74 1.53 Exanple 11 1.26 2.22 2.47 1.66 Conparative
2.82 4.28 5 seconds 5.99 Exanple 1 or nore Conparative 3.17 4.55 5 seconds

3.21 Exanplmelax g nodee Garmgsatd viersd . Bl ) defid: Seldein 5 seconds

Exanpl e 4 wetti ngagtijJm@rornore CUdelﬁ%éMﬁlg No—sotder—No—sol der 5
seconds current
density 1 2 3 4 5 10 11
(A/dm?)
2 0.82{0.4910.52|0.44|0.51{0.62{0.48
3 0.97{0.61(0.65|0.73(0.52]0.71(0.68
5 X 0.85|10.87|0.98|0.530.70 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 riiiizzn
plating P 9
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 5.89 1.28 5 seconds 2.99
Example 1 Or more
Comparative 3.17 1.55 5 seconds 3.21
Example 2 Oor more
Comparative 3.28 No solder | No solder 5 seconds
Example 4 ’ wetting wetting or more
Comparative No solder No solder 5 seconds
2.58 . .
Example 10 wetting wetting or more




Exanple 10 '58 wetting wetting or
(Meni scograph Met hod)
| medi ately after

1.68 No sol der

No sol der

PCT 4 hr

PCT 16 hr

5 seconds

nore -21-
Data for Connector,Pin Zero cross tine (seconds)

[ Tabl e 8] Solderability

Ref |l ow processing plating 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

Exanple 3 wetting wetting or

nore

Conparative 1T88*® 8k 4.09 3.59 Exanple 5 Exanple 11 was tin plating

[0050] [Table 9] ReflowsShasagheiie iFﬁeﬁ

plating plating Wthout NA-200 Wt
Data for Connector Pin

Q

Conparative X X X X

out NA-

RS D “ampie 2 6 0o 0

Zero cross time (seconds)
Immediately
after PCT 4 hr | pCT 16 hr | RETIOW
plating P essing
Example 3 1.08 1.28 1.83 0.86
Example 5 1.60 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 No solder | No solder 5 seconds
1.68 . .
Example 3 wetting wetting or more
Comparative
Example 5 1.50 3.26 4.09 3.59
Example 11 was tin plating
[0050]
[Table 9}
Reflow Characteristics
Immedlate%y atter 2 weeks after plating
plating
Without Without
flux NA-200 flux NA-200
Example 2 © © 0 ©
Comparative
Example 2 X 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.



Example 2 O Uniformy ref lows; 0: Had a few uneven parts; X: D d not
fuse, unchanged before and after processing BRI EF DESCRI PTION OF THE
DRAWNGS [0051] [FIG 1] Electron nicroscope photographs of plating filns
obt ai ned in Exanple 2 and Corrparatlve aarrpl e 2; and [FIG 2] Electron

m cr oscope phot ographs of plating i f obtai ned in Exampl e 5 and
Conparative Exanple 5. - 22 - CLAII\/IS 1 Tinand tin alloy electroplating
sol utions, characterized by contalnlng one or nore conpounds having an

i m dazol e group and a hydroxyl grouf H%ne nol ecul e, wherein the conmpound
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 follow ng general formula (1)
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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,
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 thatmaycontain
N, O; mrepresents an integer of from 0 to 20; and n and 1 represent

an integer of from 1 to 3.



group having 1 to 6 carbon atons, or a substituent that may contain N, O;
mrepresents an integer of fromO to 20; and n and 1 represent an integer
of fromlto 3. - 23 2 The tin and tin alloy electroplating solutions
according to claim1, characterized in_that the conpound represented by
the general fornula (1) is an imdazol® al cohol conpound obtai ned by
reacting an i mdazol e conpound represented by the general formula (2)

bel ow with an epoxy conpound represented by the general fornula (3) bel ow,
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wherein in the general formulae {2) and (3), 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 forman aromatic ring; R* represents a hydrogen
atom, a vinyl group, an alkyl group having 1 to 20 carbon atoms,
aphenyl group, or — (CH,CH(R?)0)H, withR’ representingahydrogen
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.



