DESCRI PTI ON Novel Conpound and Use Thereof. Technical Field [0001]

The present invention relates to a novel conpound and use thereof, and,
nore specifically, a tertiary am ne conpound as a novel conpound and a
guat er nary annoni um conpound obt ai ned by guaternarization thereof, as well
as a copper plating bath utilizing. these novel conpounds which is capable
of subjecting a sem conductor subSISCRIETIGEh as a silicon wafer, or a.
print circuit board, a gbsfrége hgvéngnéige c'rguég patterns or fine pores
such as blind via holes, Y roudﬁp%o?es and the ?lﬁe {o a. copper plating at
a high reliability and a copper plating nmethod enpl oyi ng the sane.
Background Art [ 0002] Recently, a board | am nating process such as a
bui | d dFCPrdCads Fd€14 circuit mounting of an electronic instrument such as
a cell phone, a personal conputer, a video instrunent, a ganme nachine and
the like is brought into an extensive use. This build up process involves a
t hr ough hol eTbe aresanholavpnsviodedeilatgsl &9 Ranevisdarcdmrawd da amst alse

pr eci pi in ch fli r rves _t : j .3 _C i_on _het ween
Phe o FoR By 8P HBr by PoR Ao 1 il B aa A D RS T & P
Anong swoek 1f iqrenguorres, atdieablouad evina riyol senmcn subj echedund opbthénpdr pgse of
precipitating a.netal therein, to a conformal via _haole ating.qr, a via

P TTi hUBatTAG 1 TP0008 Therect, SRuthtt REHERPPFhe WAL IHOPRL i 17 whi ch
a net akhtiskmdsef ebRpduanstiel dinercapid1 and durs atitrm Glertikendua thel e
involves a difficulty in nounting a conductive |ayer further on the Pore
and reg§uPeésatre sstalr s id mpketihitatthg aFed P51BE FAEFEase®°PSF eRsuring

a suf figl,eRt 4G ur 1@%@%@%@%@&1&@&%@%@ §Piﬂ91@p%%@egaéc9w%h%%n the

circuit |ayers. he ot her hand, via filling process for filling a via.

hol e wivtih laches altratdumts ha lper entlotibe Ifiikd éd sompimtrey}atand &t axtigénel y
advant%gﬁgg%i&o% aa% wg-%gzigg sﬁ%%%nano%Q %dy%a qpl%npa@hpe f Epnd further
on this pore it the8" suff ac&P6f £hé vig hole pargmhf?érgtheefﬁ ing is flat,
Accordingly, as a substitute for a conformal via hole plating having a
limtation in making an insulant (insulating layer) with fiat surface, a
so-calﬁ@&ngQuPplﬁFgg plating to fill an inter-layer connecting pore (hole)
i's increasbngly brought into use. [0004] As the via filling

technol ogy, a copper plating bath containing a. condensate of an amne with
a glycidyl eRReen&ndsor it el waryabrmdnPuacaesi vardhyeaof ashidldondensat e

has alﬁggggsgegg &QQMﬂnﬁﬁgkﬁﬂﬂﬁjQQf%%Egh éiec£999§é instrument such as

a cell phone, a personal computer, a video instrument, a game machine
and the like is brought into an extensive use. This build up process
involves a through hole or a via hole provided in a laminate board,
and a metal precipitated in such a fine pore serves to establish
a connection between the circuit layers thereby enabling a
multi-lamination of the circuit. Among such fine pores, the blind
via hole is subjected, for the purpose of precipitating a metal
therein, to a conformal via hole plating or a via filling plating.
[0003]

Nevertheless, the via hole plating in which a metal film is
formed on the inner wall and the bottom of the via hole involves
a difficulty in mounting a conductive layer further on the pore
and requires the metal film precipitating area to be increased for
ensuring a sufficient current conduction upon establishing a
connection between the circuit layers.

On the other hand, a via filling process for filling a via
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Nevert hel ess,this technology involved a difficulty in. acconplishing a
voidiess filling of a high-aspect via for a tridinensional nounting such as
a blind via hole, a through hole and a through-silicon el ectrode having a
smal | via dianeter to neet a recent dermand for structure refinenent,
al though it can readily acconplish the filling of a blind via hole having a
| ar ge ‘nica edivarmdt er met@ li ralldrowrmtaepoemad ta el a(ftijl\l@@ el lebdly ,aspectisr ati o
(V|a de h/VI s er_.pl ati.n fer | can _a o l'ish
| RS e Rl hefut T o P g B g et L AP

r eI at i \tehybbafgeméaOBuﬁmte@romrﬁ)s ey Ad&( zaaventranal odneye buita iHolkas a
difficulty in acconplishing a satisfactory filling for a recent. blind via
hol e h&¢iFhg2AteRaFNert o &t oS 1G006] ACCOrdipgly, ndf o ¥ott grEd gidat i ng

a coppear Q@ Rdinty £l fﬁé’fé Beardngt headdi td Oplﬁitétigﬂehhnaa@{%@t a\Mﬂ ch
is a reaction product of conpoung-se l ected fromimdazoles and the |ike

Wi t h aAaneuhentbdridsedmttding ng ot v epoxi dél@bnp@uﬁacanda\/\ﬁpclq:aﬂé@da vdgeci fic
pol ydi %‘Eﬁl%%nggggﬁgﬁnhoﬁg% &r?pﬂ?{%afé @Paé&@é‘él dé ”Fffbt e%) 10007]

distri ion Si nce orene i one reac ion pro is
obt ai nedcasabeéinng ypolrpnehitzedtor eswl.t i ng i n necessity of an enornous effort
for ac g Iishing a consi stent production of a |eveling agent having an
i deal E 5@ ispersion degree. Prior Art Docunent Patent Docunment [0008]

Patent documeat dhe WQi2002490623 Ratemtotogunent 2opWSr7374662h Summty of

the Invention Problemto be Solved by the Invention [0009
containing a condensate of an amine with a glycidyl ‘ether and/or

a quaternary ammonium derivative of said condensate has already
been known (Patent document 1).
[0005]

Nevertheless, this technology involved a difficulty in
accomplishing a voidless filling of a high-aspect via Zfor a
tridimensional mounting such as a blind via hole, a through hole
and a through-silicon electrode having a small via diameter to meet
a recent demand for structure refinement, although it can readily
accomplish the filling of a blind via hole having a large via
diameter (10 pm or more) and a relatively small via aspect ratio
(via depth/via diameter) (1 or less). A copper plating for LSI can
accomplish a filling for up to an aspect ratio of 4 to 5 when the
diameter is relatively large (100 nm¢ or more) even in a conventional
one, but it has adifficulty in accomplishing a satisfactory filling
for a recent blind via hole having a smaller diameter.

[0006]

As amethod for precipitating a copper on a print circuit board,
the addition of a leveling agent which is a reaction product of
a compound selected from imidazoles and the like with an ether
bond-containing polyepoxide compound and which has a specific
polydispersion degree, into a copper plating bath (Patent document
2).

[0007]

However, this technology requires the molecular weight
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Accordingly, a copper plating technologyal allow ng a via hole, through
hol e and the |i ke having a high aspect ratio to be filled has been required
for a board such as a silicon board for a sem conductor, an organic
material board, and a ceramc. board. Also required is a plating fluid
technol ogy allowing the blind via hole, through hole and the |ike to be
fill edddattirgbadtion Ity éeemcaniem ltlsesl §upex#|uhaﬂaﬂqn&meqﬁxnnaq;ndaqﬂQNESS is

duced_ for th f _achi f | h
Pr obl ok CToGE01 S Po BT R e P oot or E P KBt Geo T GHBUeT Y A, FOUT Thdl the

af or emeifit ia@nee optfmehlse M fra the oo lavedbniputsHiirg rg, cdrn;:mntem:tncmmitmpper

pl ati ng technology a novel caonpound including a tertiary am ne conpound
obt ai n&d By ﬁ@&éﬂpﬂgagqaﬁnQﬁﬁ%PQN%ﬂrﬁ???%NPQﬁ¥Q%%ﬁ%R§%ﬂﬂ FAIES gr oups with
a heterocyclic conpound under a gentle condition or a quaternary amoni um
conmpound derived therefrom thereby establishing the present invention.

[ 0011] PTAeS, Atrive Docesemtt i nvention is as follows. (1) A tertiary am ne

conpou%g Q Eab%%%ng%_reactlng het er ocycli ¢ conpound with an epoxy group of
a CIIyCIé et’her group of a conpound having 3acre glycidyi ether groups.

[0012] [0008] (2) A quaternary anmoni um conpound obtained by qua ternari z
ng the tertiary amne co r ed in the aforenentioned (1) . [0013]
(3) A MEtREdG F8FUHF8§U§1W§I gg%ﬂv%§é@ am ne compound conprising reacting a
het er ogyekine copawnd Wt ysarepwsy group of a glycidyl ether group of a

compound having 3 or nore glycidyi ether groups. [0:014 (4) A
met hod for producing a quaternary amoni um conpound conprising reacting a

.1-e.rsgmhgr amp ne cqmpeynd,, which is obtained by reacting a heterocyclic
conmpoun an epoxy group of a glycidyl ether group of a conpound,

havi ngPr3bdemntoe bei Gpll vetchéry dheupgs,vemittifbra quat er nari zi ng reagent.

[0009]

Accordingly, a copper plating technology allowing a via hole,
through hole and the like having a high aspect ratio to be filled
has been required for a board such as a silicon board for a
semiconductor, an organic material board, and a ceramic board.
Also required is a plating fluid technology allowing the blind via
hole, through hole and the like to be filled satisfactorily even
when the superficial layer plating thickness is reduced for the

purpose of achieving a finer circuit.

Means for Solving the Problems
[0010]

The inventors worked assiduocusly and found that the
aforementioned problem canbe solvedbyutilizing, in a conventional
copper plating technology, a novel compound including a tertiary
amine compound obtained by reacting a compound having 3 or more
glycidyl ether groups with a heterocyclic compound under a gentle
condition or a quaternary ammonium compound derived therefrom,
thereby establishing the present invention.

[0011]
Thus, the present invention is as follows.

(1) A tertiary amine compound obtained by reacting a
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[ 0015] (5) An additive for a copper plating bath conprising one or
nore conpounds selected fromthe group consisting of the tertiary am ne
conpound described in the aforenmentioned (1) and the quaternary anmoni um
conpound described in the aforenmentioned (2). [00]. 6] (6) A copper
plating bath conprising one or nore conpounds selected fromthe group

consi st%wigemcy ¢ eromeaiydai- he adorpedidd dese dibedr ivcidiel aftbeengneioned
(1) an gﬂﬂ; r U u i in f orenenti oned
(2). [80061% S Ha g %gébp(g}r %ﬁ%iﬁ%’%@iodggg%%rgéﬁn%gbl ating a
substrat®&] . 1qg a copper plating bath described in the aforenentioned (6).
Advant ageous fects of the Invention [00].8 _ Atertiary amne
conpound and )q§é?@ﬁﬁﬁ??”ﬁhﬂ%ﬂ?ﬁthéﬁ%ﬁﬁ%HH}%BFﬁ?ﬂ%ﬂhﬁ&q%ﬁﬁﬁ fatfZali on

t her eoftracaerdiing -t antihe: ResRAthd Bertiord Whedhadds &E268mt Rt 2ogoaVeENt i onal .
copper Elatlng bath, allow a sem conductor substrate such as a silicon

waf er OOQQ%ﬁint circuit board, a substrate having fine circuit patterns or
fine pores su a i i I -ough_ h - the.liLke

copper - pl at ed@(}t % Ef%l%ﬂlqcr)%l ?fa%ol ???fﬂh%g%]a qe%la%}??' agg\ll%llbon?&@?/&r?rne%ns of
t he af oramenits iored copperg pi dtd g oay dl 1 mdcampotrod ey tiraugkpdroy egamado t he

i ke foryred ata.high spect ratip on a substrate can be filled wt

cooper 4 n ogyRd o RERnar oL O {1 S PR R O BF ot gt U P
bl i nd wtahdwlge;oddy.ough hol e and the |ike can be prevented, thereby

allowing a superficial |ayer to be nmounted easily and ensuring the flatness

of the tlrate surface which allows a mul tilayer to be [ am nated easily.
[ 0020] (dhurd herdAI e, £d:h & Rl Al el Tt d et Copp el A a-&hd S8y f or
satisfactory filling performance even with a reduced fil mthickness of-the

subst r & UrTidee nARet icenpated twiettly enéneoppepophdt i wgioh Bs sulbsaiea@
usi ng gﬁggz{gg&@ggmﬂlﬁggg&wﬁ8%&@0%%999%%d%%ig'}%u@%f'gi Sy By £
ether group of a compound having 3 or more glycidyl ether groups,
with a quaternarizing reagent.
[0015]

(5) An additive for a copper plating bath comprising one or
more compounds selected from the group consisting of the tertiary
amine compound described in the aforementioned (1) and the
quaternary ammonium compound described in the aforementioned (2).
[0016]

(6) A copper plating bath comprising one or more compounds
selected from the group consisting of the tertiary amine compound
described in the aforementioned (1) and the quaternary ammonium
compound described in the aforementioned (2).

[0017]
(7) A copper plating method comprising plating a substrate

using a copper plating bath described in the aforementioned (6).

Advantageous Effects of the Invention
[0018]

A tertiary amine compound and a quaternary ammonium compound
obtained by quaternarization thereof according to the present

invention, when added to a conventional copper plating bath, allow

4



[ 00211 Fig. 1 shows a photograph as a sectional view of the inside

of the via hole after plating in Exanple 5. Fig 2 shows phot ographs
as sectional, views of the inside of the via hole after plating in Exanple
6 (plating ti"ima: 35 mnutes in A, and 25 mnutes in B) Fig. 3

shows a photograph as a sectional view of the inside of the via hole after
pl ati ng semConperatpvesubarrat g €uch Corpar at ¢ve vk fandoD d prlohparatiie 2)

Fi g. 4sho as. a ctional vewof the insi.de of the via hole
o er Bhhtgd BB AT PE hA e IR POR ol e e Fob5 o re IS

novel ee;rrpmu_ﬁd oiatmel@sr,e&eﬁtougmveauie@naha tthe tlerdd abybamdig oot
(hereinafter refer red to as "a tertiary conpound of the invention.")

obt ai néd B’yl"rlé’é’t:trieﬁglaé”éolrﬁi’ound having 3 or nore glycidyl ether groups with
a heteregrye)ji c conpound via a reaction at the epoxy group of the glycidyl
et her group. [0023] The conpound having 3 or nore glycidyl ether
groups servi Ag addatsvartbrgiemterialthtoprfphemahbi enedt ¢ opledr tierati dry,

Comou%dbﬂnghx‘?lér}l Nt | ggro%gfgor&%%{a rﬂrﬁ%%ﬁ‘%\&/\%g“% xké/d ‘(”én”cd a"RY rﬁl

be a conpound re reserit erein re erred
t o si nplayias om@rrmumxix(alt) )can bewferldied with a di’ilppesr auh;mlrxmg]eh—fatezm a

caxbongigrBup. BonSErtEREa. CEF ORTCs SARTROR-040 ret BFant Y d TYOrBUS at om
or a ghybiclyh el HOUPhe like can be prevented, thereby allowing a
superficial layer to be mounted easily and ensuring the flatness
of the substrate surface which allows a multilayer to be laminated
easily.
[0020]
Furthermore, the aforementioned copper plating allows for a
satisfactory filling performance even with a reduced film thickness
of the substrate surface when compared with the copper plating of
a substrate using a conventional additive-containing copper plating

solution.

Brief Description of Drawings
[0021]

Fig. 1 shows a photograph as a sectional view of the inside
of the via hole after plating in Example 5.

Fig. 2 shows photographs as sectional views of the inside of
the via hole after plating in Example 6 (plating time: 35 minutes
in A, and 25 minutes in B).

Fig. 3 shows a photograph as a sectional view of the inside
of the via hole after plating in Comparative 1 or 2 (C in Comparative
1 and D in Comparative 2).

Fig. 4 shows a photograph as a sectional view of the inside

of the via hole after plating in Example 7.

Description of Embodiments

(00221



R' is a hydrogen atom a nethyl group or an ethyl group, preferably- a
hydr ogen atom or an et hyl group; R3 is a hydrogen atom a fornyl
group or ¢ le or two glycidyl ether groups optionally containing a carbonyl
group constituted by C4-Cl3 and 02-04, preferably a hydrogen atomor a

gl ycidvl ether group; and, nis an integer of | to 4. [0024]

Typi cal |y, tHén@W@ﬂeﬁ@hP@@ﬂ@dﬁé@hpd@m@5¢9tthWeﬁdﬂxéxaﬁpiéebélﬁth@mim%ted

bel ow. S%Igﬁejl n %::L[egjl :?(%% A& & Oﬂ‘éecicd a] v "%V% Ir%lia gnélofélgo%lgg 8Pt€111ged by

t hose y react i'ng a oi corresp 0 a cofpound
havi ng Bhvsnmmmm"gipbtdyheﬁhenzgr@M@@lmgtb enmqhhnﬂbhwdvingaecaﬁﬁlmgréo

Ar 2b1 nB TR A HPe LRI g1 e B o S REAYIC ShReP Froctbee
pentaglyciyd @idey ¥ obr perd agl yei @yl &ther group.
[0023]

The compound having 3 or more glycidyl ether groups serving
as a starting material for the aforementioned tertiary compound
of the invention is not limited particularly and may for example
be a compound represented by Formula (I) shown below (hereinafter

referred to simply as "Compound (I)").

M}\ﬁ
w7 o i (1)

O ®) ®]

A

R' is a hydrogen atom, a formyl group or one or two glycidyl

wherein:

ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04, preferably a hydrogen atom or a glycidyl ether
group;

R is a hydrogen atom, a methyl group or an ethyl group,
preferably a hydrogen atom or an ethyl group;

R® is a hydrogen atom, a formyl group or one or two glycidyl
ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04, preferably a hydrogen atom or a glycidyl ether
group; and,

n is an integer of 1 to 4.

[0024]

Typically, the aforementioned compound (I) may for example
be those listed below. These compounds (I) are commercially
available or can be obtained by those skilled in the art by reacting
a polyol corresponding to a compound having 3 or more glycidyl ether

groups with epichlorohydrin according to Chemical Abstract (vol.73,



Tetragl ycerol hexagl yci dyl ether [ 00261 The heterocyclic
conpound as another starting material for the tertiary conpound of the
invention. is also not limted paiticularly and may for exanpl e be those
represented by Fornula RANH wher ei n: R4 is a 5-nmenbered ring or a
6- menbered ring, optionally having unsaturated bonds and optionally

substi tut€dihy alni®rbgen atom an oxygen atomor a sulfur atom which is
represep@gQSFy C2-Ce, or a hydrocarbon form ng the 5-nenbered ring and the
6- menbered ring, preferably a C4-05 hydrocarbon. [0027] A preferred
het er ocyTdlb e conpound represented by Fornmula ()11) shown above may for

exanplle be pyr@%gkgw“pen2|n1da29te, 1,2 @+triazof e, genzotri azoke,
pyrroligiuc f Ul.ri e, —orphot e, —throperphotrne—and—thet+ike,—Such{a
het er d¢ W??QP*IQ&%#V W&?rhavp a dubstitue including?an al kyl g*nup su¢ch as
a met hyfrirg¢tbul|9!pr@manettl'iglvcigvloup and the | il_ﬁe, a hydroxy, gfoup sugh as a
hydr oXydther oup, a hydroxynet hyi group, a hydrozvet hyl?. “group an the Ii ke,
a CarbQﬂ!Wc&%PHRn&E%MyP&h@rTOrnﬁ' group, @ carboxyl group and the Tike:
[ 0028] : . o)
Erythritol tetraglycidyl ether 1 H H —CH,—0-CH,~<]
i i —C-H
Arabinose tetraglycidyl ether 1 6 H —CHz—O—CH2<?
Triglycerol pentaglycidyl ether 3 H H H
: 0
Fructose pentaglycidyl ether 1 —g“CHz—O‘CHr‘(J H —CHZ—O—CH2—<C|)
Xylitol pentaglycidyl ether i —CHZ—O—CH2—<? H —CHZ—O—CH2—<CJ)
Tetraglycerol hexaglycidyl ether | 4 H H H
Sorbitol hexaglycidyl ether /CH2_0_0H2_<? o
1 —CH o H —CH,—0-CH,~<]
O_CH2<I
[0026]

The heterocyclic compound as another starting material for
the tertiary compound of the invention is also not limited
particularly and may for example be those represented by Formula

(IT) :

77 N\
R4 NH (11)
N

wherein:
R4isaa5—memberedringcn:a6—memberedring,optionallyhaving
unsaturated bonds and optionally substituted by a nitrogen atom,
an oxygen atom or a sulfur atom, which is represented by C,-Cg or
a hydrocarbon forming the 5-membered ring and the 6-membered ring,
preferably a C4-Cs hydrocarbon.
[0027]
Apreferred heterocyclic compound represented by Formula (IT1)
shown above may for example be pyrazole, benzimidazole,
1,2,4-triazole, benzotriazole, pyrrolidine, piperidine,

morpholine, thiomorpholine and the 1like. Such a heterocyclic group



In order to obtain the tertiary conmpound of the invbn ion by reacting the
af orenenti oned heterocyclic conpound with the epoxy group of the glycidyl
et her group of the conpound having 3 or nore glycidyl ether grotips, IL 50
i nportant that the reaction be conducted at roomtenperature or below, for
exanpl e under a cooling condition at -78 to 25C. Typically, the cooling to
0 to 106y saensuar edbapohuaddi hgciheihet enogVkyl cgconmpounch tas teheecdrybdound

having 3 or nore lLyc idyl ether oups nd_after co etion of th

nadl t D ghotRe Torporar e erfutea e P pnAPRR St STRE S huleatA

r emai Nighguhr easladoePRXY hgLoypsipt b shySroeyeth gONgidi®midrthe like,

pol yneri zation of the glycidyl ether itself. 10029i The tertiary
conpouRdCeFPPRE L AYRRP| YRCE MS DBCAMYEd JireURet 2| FATPRAY pa¥EF RIS y8nd may
for exanple be a tertiary am ne conpound represented by K ozrrall_a

7- \r' R4 6Hn\ 0, OH------ wher ei n: is a hydrogen atom a fornyl
group dP08me or two glycidyl ether groups optionally containing a carbonyl

group constituted by .C4- and, 02- 04 r ef er abl e . Aa.
o voPayt "ot nalt Srany, CEeStAAN e PorcREe) SRR MR SOl
group, reprefiegabhy arbydmnegencatdmeteancethyt gomoppund with tR3: iepoxy

opt i ORGPy ECORt Hinicn e L5y BORG" GFOUR Corisls CUVEIPEY! DAVGRIan DRGS
preferabhy ahydiogen at-emar, aigl ysi dpstthaiiar et the reaction be
conducted at room temperature or below, for example under a cooling
condition at -78 to 25°C. Typically, the cooling to 0 to 10°C is
ensured upon adding the heterocyclic compound to the compound having
3 ormore glycidyl ether groups, and after completion of the addition
the temperature is raised to room temperature to ensure no remaining
unreacted epoxy groups; this is not a condition for polymerization
of the glycidyl ether itself.
[0029]
The tertiary compound of the invention thus obtained is not
limited particularly and may for example be a tertiary amine

compound represented by Formula (III):

R1 2R3
N R 7N
R4 N/\[/\O{)\’)\O N R

NOH

@

R' is a hydrogen atom, a formyl group or one or two glycidyl

(rri1)

wherein:

ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04, preferably a hydrogen atom or a glycidyl ether
group;

R?> is a hydrogen atom, a methyl group or an ethyl group,



is a 5-nenbered ring or a 6-nmend: ,red ring, optionally having unsaturated
bonds and optionally substituted by a nitrogen atom an oxygen atomor a
sul fur atom which is represented by C2-C8 or a. hydrocarbon formng the
5-nmenbered ring and the 6-nmenbered ring, preferably a C4-05 hydrocarbon;
and, nis an integer of 1 to 4. [0030] Such a tertiary conpound of
t he i nyentficambdan.a bedradeytn fated foor aex&r‘qﬁﬂ by nfrared (I R)

spect roscopi ¢csnmeasurenent, and can typic be identified rving-
ook near - 3XO0 L I RSHGNENOT EHCHIA SR GroRHCorT L HE Bt A
conpourd hand @ ReaK dealbnklql, Gydtassirgned danHchﬁ/lt du%{ VecHatie gepound.
The folthwings are the structures of the conpounds b to the tertiary
conpourdy 6f~theTlichPen®i o iffictbler @ dycaicHes aépmaprya ¥R hvadiest s
togeth%rr \Mgth t he peak. positions cft)tained by the IR spectronetry. R : 3
410 73 0, 1460, 1300, 1228, 1100 ( 0 m1) 1R 3400,
2910, 1440 Bél@aaﬁzﬁ@mbkrﬂd(xn@orya6NmEmbRreaMth29@a;om46®yhﬁ%ﬂhg1270

1100 (%E%%t%&atedcgghds a%dtgﬁtlonally substituted by a nitrogen atom,

a

an oxygen atom or a sulfur atom, which is represented by C;-Cg or
a hydrocarbon forming the 5-membered ring and the 6-membered ring,
preferably a C4-Cs hydrocarbon; and,

n is an integer of 1 to 4.

[0030]

Such a tertiary compound of the invention can be identified
for example by an infrared (IR) spectroscopic measurement, and can
typically be identified by observing a peak near 3400 cm! assigned
to the hydroxy group of the tertiary compound and a peak near 1300
cm' assigned to the tertiary amine compound. The followings are
the structures of the compounds belong to the tertiary compound
of the invention which were obtained actually by the inventors

together with the peak positions obtained by the IR spectrometry.

OELRD

(@] OH
(I11a)
OH
O

IR:3400, 2910, 1450, 1310, 1290, 1110 (em"")

‘J\OH (Ir11b
O

IR:3400, 2920, 1440, 1310, 1280, 1110 (ecm~™")



R :3400, 2920, 1430, 1320, 1280, 1100 (cm 1) 1.7,N.) ... . . . ..,

I
1.,. LGN i1 OH N N O R 0 P RS 7 S A A N
ON. OH - /. HO'" " R340029 30, 1450. 1 320. 1 280, 1110 (cm

te())1-1 OHr--- N

N
OH
(I'I1ec)
OH

IR:3410, 2910, 1450, 1300, 1280, 1100 (¢cm"1")

/qoﬂ
(11 1d)
OH
O

IR:3400. 2910, 1440, 1310, 1280, 1110 (cm"")

(11 1e)

IR:3400, 2910, 1460, 1320, 1270, 1100 (cm™")

e
(\I\OH (rrif
O

IR: 3400, 2920, 1440, 1310, 1280, 1110 (cm-")

O
(11r1g
CY O 0N
OH 0 OH
Hoj\

IR:3410, 2920, 1440, 1320, 1270, 1090 (ecm~™")
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i'Nt? () HLOOHHO | R : 340, 2920, 1440, 1320, 1270,
1100 ( ((I 1) [00311 The aforenentioned tertiary conpound of the
i nvention can be quaternarized to forma quaternary anmoni um conpound
(hereinafter referred to as "a quaternary conpound of the invention") . The
gquat ernari zation of the tertiary conpound can be achieved for exanple by a
reaction of a quaterna&{i%ing agent such as a hal ogenated al kyl,

hal ogenat ed al kenyl on hal ogenated aryl, dialkyl sulfate and the like with
a tertiary conpound oshe invention. This guaternari7ation reaction is
conducted pflferabl younder reflux or cooling condition. Typically, the
reaction with a haljogenat ed substance is subjected for exanple to a
conditionNThﬁabﬁTméi;ﬂhé?Nu usi ng an¢&Apridvi ¢ sol vent acetone or

acet oni | €Has afxeactFo I vent, while the reaction with the dial kyl
sulfate is subject for exanple to a condition involving a. cooling to O
tb 10C using acet'Bn ne, or acetonitrile or water as a reaction sol vent,

[ 00. 321 The @Quat ernary conpound of the invention thus obtained is
not limted partic Iy and may for exanple be a quaternary anmoni um
conpound! Reps event e by .Forraud a 1(3 ¥p .(hereonaft ero rererned to s inp Iv as "
Conmpaund ( IV ) ") wher ei n; Ri is a hydrogen atom a fornyl
group or one or two glycidyl ether groups optionally containing a carbonyl
group constit ted by ay and 02-04, preferably a hydrogen atom or a gl ycidyl
et her group;N -2 is a hydrogen atom a nethyl group or an ethyl
group, prefeFT?l a-Nydrogen atom or an ethyl group

OH OH

(I 111)
mﬁu

HO
N

-

IR: 3400, 2930, 1450, 1320, 1280, 1110 (cm™")

OH

KE OH OH
2 (1113
Q«m

N‘-‘.
U
IR: 3410, 2920, 1440, 1320, 1270, 1100 (em™")
[0031]

The aforementioned tertiary compound of the invention can be
quaternarized to form a quaternary ammonium compound (hereinafter
referred to as "a quaternary compound of the invention"). The
quaternarization of the tertiary compound can be achieved for

example by a reaction of a quaternarizing agent such as a halogenated

11



R3 is a hydroden atom a fornmyl group or one or two glyci yl ether groups
optionally containing a carbonyl group constituted by C4-C8 and 02-04,
preferably a hydrogen at= or a glycidyl ether group; R4 is a
S-meittlacred ring or a 6-menbered ring, optionally having unsaturated
bonds and optionally substituted by a nitrogen. atom an oxygen atomor a
sul fur ats V\hﬁéﬁg?Qaﬁéér essAngd by tzazoqezat@d arkydr dcalllbgﬁl soldfrahg t he
5 menber g t ferably a CA-Cs droc bon;

P. Is a ﬁgd&gga %g% op |onal %%%ggf uﬁlrdgtog% %nd%mr’%prt’e ent egFl

Cl-C. 7, gpaeéenabliyagién- ﬁéa@&dmma&rb@nducted.préfsrabhghﬂgﬁﬂrakﬁﬂhﬁﬁo&
nmonoal kvi iul fate reﬁr esented by preferably a hal ogen atom sel ected from a

chl ori nE°8tOHY GPBAI éogtomTé’PliCB i'He rSiC e GondHtky? atpgerated
representBdt BYcEA- shhjaBdedrdSeABmbNtedeh Andh idinl8933hg a ref1uthe
counter anion ( C of the afbrenentioned conpound. ( El) is not limted to
t hose deSeRPbel aB&¢E1igndorayiftor catams ©bhed e hgnirioxi e #onadeepgedonr om
t he cou i d n r t c i ion
can Do obe o et by ¢ iy e aore e CAE e WA pRbagtLeon
exchangéore@xmlab@dmjlmg:qrxdla:lstnan@modvmtghadpopmmﬁg]to 0 to 19ichuaing

t d_of th t be identified le b
i 1 or G0 LT By CRboT 7 BSRbRL b hoctlr ERBRE  “and EARCEYBICaPt oD dent 1 ed by

observi hgoa2 peak near 1700 cm 1 assigned to the quaternary anmoni um

conmpouhd and | oss of the peak near 1300 cm 1 assi gned to the tertiary
ami ne conpound?€ FHE YESIEGW RGEPar R tHe tEEr iR e B NFeCRbirbdeRds Befong

to the Mi@é@%{a\’r&ﬁm%%‘nc{ heyi B¥ent R, WRigh a“%ﬁ%t%?h%ﬁf%egxlmggﬁy%l y by

the inventors together with the péeak positions obtai'ned by t
Spectrdﬁ@m@gun?ogggresented by Formula (IV) (hereinafter referred to

simply as "Compound (IV)"):

® ®7 \
R N/\I/\o O/}Y\N R*
1  oH o) noH [N (1V)
R5 R5
HO @ex
R5/Nj
.
wherein:

R' is a hydrogen atom, a formyl group or one or two glycidyl
ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04, preferably a hydrogen atom or a glycidyl ether
group;

R is a hydrogen atom, a methyl group or an ethyl group,
preferably a hydrogen atom or an ethyl group;

R?® is a hydrogen atom, a formyl group or one or two glycidyl
ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04, preferably a hydrogen atom or a glycidyl ether
group;

R4isaf¥ﬂemberedringcnfa6—memberedring,optionallyhaving

unsaturated bonds and optionally substituted by a nitrogen atom,

12



420, 2950, 1680, 1450, 1110 (cnf 1) 3400, 2940, 1640, 144
0, 1050, 950 (cm |l R3410, 2940, 1440. 1 630, 1100
ER 3400, 2950, 1640. 1430. 1100, 1040. 940 (cm lk: 3 41 0, 2

= -

1650 / 440. 1100 ( rn - 1)

an oxygen atom or a sulfur atom, which is represented by Cy,-Cg or
a hydrocarbon forming the 5-membered ring and the 6-membered ring,
preferably a C4—Cs hydrocarbon;

R> is a hydrocarbon optionally having unsaturated bonds
represented by Ci-C;, preferably a C;-C; hydrocarbon;

X is a halogen atom or amonoalkyl sulfate represented by C1-Cy,
preferably a halogen atom selected from a chlorine atom, bromine
atom or iodine atom, or a monoalkyl sulfate represented by Ci-Cs;
and,

n is an integer of 1 to 4.

[0033]

The counter anion (X ) of the aforementioned compound (IV)
is not limited to those described above and may for example be a
hydroxide ion derived from the counter anion. Such a hydroxide ion
derived from the counter anion can be obtained by treating the
compound (IV) for example with an anion exchange resin according
to a standard method.

[0034]

Such a quaternary compound of the invention can be identified
for example by an infrared (IR) spectroscopic measurement, and can
typically be identified by observing a peak near 1700 cm! assigned
to the quaternary ammonium compound and a loss of the peak near
1300 cm™ assigned to the tertiary amine compound. The followings
are the structures of the compounds belong to the quaternary
compound of the invention which were obtained actually by the

inventors together with the peak positions obtained by the IR

spectrometry.
[0035]
ol

®| l@o |

N/\(/\O/\('\O/\I/\N
[;) OH 0 OH (;3

(I Va)
OH
~

IR:3420, 2950, 1680, 1450, 1110 (em"")
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R :
6 50, 1 44 0, 1110 (64111) | R:
104 0, 950 (cm 11)

3400, 2940, 1650, 1440, 1 100, 1 050, 960 (cm Il R:

3400, 29 4 0, |

, e OH

%1\ (1Vb)
H
[ ©
@N
o)
Cl
IR:3400, 2940, 1640, 1440, 1110, 1050, 950 (cm
.1)
| |
NWO/\(\O/\(\@N
OH O H -
o (S}
! I (I Ve)
OH
IR:3410, 2940, 1440, 1680, 1100 (ecm™1")
)
N/Y\
0O
;l~ (1vd)
(NJ@OC'
IR: 3400, 2950, 1640, 1430, 1100, 1040, 940 (cm
")
&
@] |@®I
N/\(\O Of\l/\N
[;} OH 0 0H<;3
(I Ve)
OH

~
N
)
|

IR: 3410, 2920, 1650, 1440, 1100 (em™")

14

3420, 2950,
6 50, 1 450, 1 110,



40H (1 V k) | R 3400, 2950" 1660, 1450, 1100 (cm- ( | VI)
2950, 1640, 1430, 1100, 1050, 950 cm ( I Vv nt) 1 4 4 0, 1100

n)

YOR

g
\\/\N

0®
Cl

I1R:3420., 2930, 1630, 1450, 1100, 1050, 940 (cm
.1)

(1rve

|

OH
\Neel

)

IR:3400, 2920, 1640, 1450, 1110 (em"™ ")

Cf Yo Ho

N@Om

e

IR:3400, 2940, 1650, 1440, 1100, 1050, 960 (cm

(IVvg)

(I Vi)

IR:3420, 2950, 1650, 1440, 1110 (em™1")

N
OH«/ (1Vvj
s ’J\OH
SN
o)
Cl
[IR: 3400, 2940, 1650, 1450, 1110, 1040, 950 (cm

.|)
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(cm
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| R 3410, 2940. 1640, 1440, 1110, 1040, 960 (cm | R 3400., 2950,
1680, 1440, 1100 (cm | ) | R 3400, 2940, 1640, 1450, 1100, 1040,
960 (cm . 1) | R; 3420, 2960, 1680, 1440, 1110 (cm 1) IR 3420, 2950,
1670, 1430, 1100 (cm 1)

@ OH 4OH

OH
“N®e|

@

IR: 3400, 2950, 1660, 1450, 1100 (em~™")

(1Vk)

OH
cl ‘j\ cl (rvhn
OH
o~

IR: 3400, 2950, 1640, 1430, 1100, 1050, 950 (cm
-1)

©
©
v
(IOH
o)
o ] o ol (1 Vm)
®N o O/\K\N
(:) OoH o OH Q;)

-
IR: 3410, 2960, 1660. 1440, 1100 (ecm-")
X, o
®
@
(EOH
c o |
e@ ®ec| (I Vn)
N/Y\O O/\|/\N
o) OH(;)
Hojﬁ
Ne

e
Cl

IR:3410. 2940, 1640, 1440, 1110, 1040, 960 (cm
_1)
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|l R:400, 2- 950, 1640, 1440, 1110, 1040,950 (n. [0036]
Wil e any of the aforenentioned tertiary conpound and quaternary conpound
of the invention can be enployed in various applications alone or in
conbi nation, it can be enployed for exanple as a copper plating bath
additive. in such a case, -the concentration of such a conmpound in the
copper plating bath is Q o 1000 ng/L, preferably | to 800 ng/L. [00311]

The copper plating bat whi ch the copper plating bath additive is added
is not limted particu ¢ y and may for exanpl e be those containing copper
ions and organic acid i norgani ¢ acids. [0038] The copper ion

source capabl e of beging contained in such a copper plating bath. May be any

of the Qpe%/eﬁ N |.eyed in an ordlnan% copper plating bath w thout
any Ii&fﬁy@nOHT 0sg exe Bfie typlcally opper sul fates, copper
oxi des, “Cofjper chl oni des, €Eopper carbonates, copper ophosphate, as well as

copper al kane sul f, es such as copper ne hanesul f onat eam copper
propanesul f onat e, r al kanol si'|fonates such as copper isethionath
andoopber pr opanol sul{f onate, organi c acid copper such as copper acetate,
copper citrate and c er tartarate as well as the salts thereof.. Any of
t hese copper scoopourds saan be senployedo al pAe Or(d A -oonbi nati on. [0039]

The concentration of the copper ion in the conposition of a copper plating

bath is 10 to 80 g/L, preferably 35 to 75 ga, [0040] On the ot her
hand, the organic acid. gf the inorganic acid capable: of be.i. Lie
contained in the copper ting bath is not limted particularly and any of

t hose capabl e of dissolvitg the copper can be enpl oyed. Those preferred
typicaIIY are sul furilc é@ d, ai kane sulfonic acids such as nethanesul fonic
aci d and-propanesul froni Cld al kanol sul fonic acids such as isethionic
acid an & d, organi ¢ agijdsysuch as citric acid, tartaric
acid and frmc acid.” A hese organi c acids or inorganic aci ds can be
enpl oyed” @ one G in conthati on_ The copper plating bath is kept
preferably acidic,,he concentration of this organic acid

0 ONTF

"

IR: 3400, 2940, 1640, 1450, 1100, 1040, 960 (cm
.1)

I
(o} OH OH \G‘j"}
[j[:/[O\/l\/N (1Vq)
|
i
o) I O/\T N

IR: 3420, 2960, 1680, 1440, 1110 (cm"")
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or inorganic acid. is 5 to 200 g/L, preferably 10 to 100 g,L in the
conposition of the copper plating. bath. [0041] Wil e this copper

pl ating bath contains a nmetal copper as its primary constituent, it may
contain other metals such as Get Fe, In, M1, M, N, Co, Ph, Pd, Pt, Re, 3,
Ti, W Cd, C, Zn Sn, Ag, As, Au, Si, Rh, Piu, Ir and the like, [0042]

Also to thléfyo per ¢p 1 at iq bath, a hal ogen ion such, as chloride, iodide
and bromyd@»kﬁﬁs ca@, added S|nllarly to an ordlnary aci di c copper

pl ati ng bat hil wHsUC se, the concentration of the halogen. ion. is 0,01
to 150 ng/ M refzggbly to 100 ng/L in the conposition of the copper
plating b ]OH OH reover, t he af orenenti oned

copperpla?ﬁngba one or nore of sulfidal kylsul fonic acids and

t he sal eg . fo- ganlc conpdunds and dit hi ocarbam c acid
derlvatygé TRes a? apldi tive conponents also referred to generally

as carrleﬂ%c5hpon nt sor 8t teners and those exenplified typically are the
follomnng (D) tgods% DA sulfoalkyisulfonic acid represented by Fornul a
;a NN (a) wherein LI is a CG. 8 saturated. or
unsat ur at ed .1ky|an roup and ML is a hydrogen or an alkaline netal. (2) A
hi ssulifo-ordanic c ound represented by Fornmula b X i(b) wherein X 1 and
Y. are sURfaté ¢ esidBEC or! PRISpHat & Or.edildu€s afcd 2 BA@ L8rmare G -Cim
saturated or unsaturated al kyl ene groups. (3) A dithlocarbamc acid
derivative represented by Formul a

LT: 91 d
PSS
| i{( e
S 2acaats
o OH 0 OH o
' |

HO
o N7

U

IR:3420. 2950, 1670, 1430, 1100 (cm~"")

T

L \)\,O
®og (1Vt)
N’“T/“ 0 N
e
0k
HO
Lz

e@N/\/
U
IR:3400, 2950, 1640, 1440, 1110, 1040, 950 (cm
")
[0036]
While any of the aforementioned tertiary compound and

quaternary compound of the invention can be employed in various
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N CS L2 RIS wherein each of RE and .R7 is a hydrogen atomor a O -C3 | ower
al kyl 20 group, L4 is a C3-C6 al kylene group and X2 is a sulfate residue
or a phosphate residue. [0044] The af orenenti oned conponents nay be
enpl oyed al one or conbi nation. The concentration is 0.1 to 200 ng/L,
preferably 0.3 to 20 ng/L in the conposition of the copper plating bath.

[ 0045] abmp laddittiicomr £hem icaned coniioreritss,, theatoppemilogtadnfo mekacpriteai n

ot her conponents | oyed generally in the ¢ er plating, includin

ol yet 8L COBHER Mg o1 BE POIFEHE- g ol TEnth SibRy By RGOS 2 PRur oni ¢
type surf agtant om@iuNiiG TtYl@ecéﬁﬁSéﬁCéPé‘Eﬁn PRI BHBISS 0 S UCho as ety ene
gl ycol glyceryl ether and pol yet hyl ene glycd? di al kyl ethers and hunectants
for reddeifrgabte lstkof 80€ fiersi-on, so-cal l ed levellers such as

polyal%bbgq i mnes, alkyl.imdazoline conpounds, auram ne and derivative

t her eof, organi c dyes such as phthal ocyani ne conpounds and ja.nus green and
the like. [0046] copper plEteraf dragrientd omedcicopper cpbatirnglbatihaméng tive

prepared Y sestandaldl Tl hed | Lhe. detalls of M eh Mo ke delsumged
consi deeathoie [BAHining copper ions and organic acids or inorganic
acids.
[0038]

The copper ion source capable of being contained in such a
copper plating bath may be any of the copper compounds employed
in an ordinary copper plating bath without any limitation. Those
exemplified typically are copper sulfates, copper oxides, copper
chlorides, copper carbonates, copper pyrophosphate, as well as
copper alkane sulfonates such as copper methanesulfonate and copper
propanesulfonate, copper alkanolsulfonates such as copper
isethionate and copper propanolsulfonate, organic acid copper such
as copper acetate, copper citrate and copper tartarate as well as
the salts thereof. Any of these copper compounds can be employed
alone or in combination.

[0039]

The concentration of the copper ion in the composition of a
copper plating bath is 10 to 80 g/L, preferably 35 to 75 g/L.
[0040]

On the other hand, the organic acid or the inorganic acid
capable of being contained in the copper plating bath is not limited
particularly and any of those capable of dissolving the copper can
be employed. Those preferred typically are sulfuric acid, alkane
sulfonic acids such as methanesulfonic acid and propanesulfonic
acid, alkanol sulfonic acids such as isethionic acid and
propanolsulfonic acid, organic acids such as citric acid, tartaric
acid and formic acid. Any of these organic acids or inorganic acids
can be employed alone or in combination. The copper plating bath

is kept preferably acidic. The concentration of this organic acid

19



Next, the copper plating nethod using the copper plating bath of the
present invention, is described. [0046 The substrate subjected to

t he copper plating nethod of the invention is not |limted particularly, and
may be a substrate made for exanple froma. resin on which a |layer of a.
conductive material such as a netal. is forned and patterned, a

sem conaduchorgsubstsaat @ issuchtas2a0sdq/t 1 cravad @b haviongoal O 0 ng/ iirc ttihte
pattern on the surface thereof, an electronic circuit board such as a print
ci r cui COBBRPG AR Phe PE KEPPEGORGERPY &3&hstrate may contain a mixture
of a bljippd,1jvia hole, a trench (groove) for a fine circuit, a. through

hol e penetratin? the substrate and the |ike. [0050] Typi cal Iy, such
a substrate Wayleorhexagscembhelatprimatboardtadels asietgjacERBEE 'bvartd st o

whi ch . a LP. LS+ n j y i [ an LS
o he e P e Bt Bl ot o T Y ST B bt TarE o7 (RS

pur posénef Mmanud ac¥ iy i Gy, ePlsemdomducRer, €hi piit8el €d, [VO5n,: ISm,0Rder to
bract " copper. plati t hod of the invention, a pretreatnent such as
fornat%ﬁn gP’a%ﬁargger uayif F?dpgpﬁbﬁﬁéﬁ'if necessary, and then a
conductiowuby inparting treatment such as formation of a netal seed | ayer

serving as a_power supply layer for the substrate is perfornmed. This
conduct i vi t yALAPalCl gt it eaRPt BaAtBBIaLEGHp| i HEH I8F AN oF dPHafy 2s

conducthyity dellPaLiing LhRAtERM: Jethad such 8s aqiebak i nghudi pg car bon)

coating treatment using a eiectroless plating, a so-called diréect plating

t r eat memdinaevhodc idi ag roemonletiPal |kafilum alzpuwtucdy i ag, casvapdhne

deposi t.i m.cal , va 0siiio ) i ke. [

L owi ngoPReeBsadieerv by iRt o B R Pl B2 ¢ O b T it PretPElvea o

a coppep pbationgmgrlaieopper cphabisig ibat bf The copgietd eiatdider battihch t he

copper plating is perfornmed using the copper plating bath of the invention
Podet

is not PPl ed particularly, and any ordinary copper sulfate plating

condi tion nmaycbeoadeptett aFitsmenite dleat EbgpaRYp ke i6ff setathaf c@nftluind
tenperature of about 20 to 30C, a cathode current density of about 0.05 to

3 Al dnPneThe plogs mf t5 el el i 10k WO b a@lf 4d$ ednappheprrateél Fhickoifew of
ef foct LT RrTat fon B UeTami e by i oRerSrrer, 5 ure e radlStion. a
paddl eTsteer Bmg ahd thdilkiike. cp@@58knts also referréd to generally as 1
carrier components or brighteners, and those exemplified typically
are the following (1) to (3).
(1) A sulfoalkylsulfonic acid represented by Formula (a):
HS—-L,—S0O;M, (a)
wherein L; is a C;—-Cig saturated or unsaturated alkylene group and
My is a hydrogen or an alkaline metal.
(2) A bissulfo-organic compound represented by Formula (b):
X;,—L,—8S—S8S—L;—Y, (b)
wherein X; and Y; are sulfate residues or phosphate residues and

I, and L3 are C;-C;g saturated or unsaturated alkylene groups.

(3) A dithiocarbamic acid derivative represented by Formula

(c):
RS
AN
NCSL,—X, (c)
|
R’ S

wherein each of R6 and R7 is a hydrogen atom or a C1-C3 lower alkyl
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The copper plating nethod descri bed above allows a blind via hole, a

t hrough hole, a trench, a through-silicon el ectrode on the aforenentioned
substrate to be filled in a state where the superficial l|layer plating

t hi ckness (the thickness of the portion. of the substrate which can be

pl ated sinultaneously with, but is free of the blind via hole, the through
hol e, tdmwum.ench,ids e Adv@ughtisilércoryehetarotied? i s tdigul fO054esidue

Typically, far ¢ er plating pi a patterned hoard having a blind via hole
of 50 6F¥%I$ﬁﬁ%§ﬁgﬁﬁ éﬁ%“%ﬁgpmirldepth to allow the via hoe to be filled
conpl et@osathe plating nmay be effected for atanlt 30 m nutes at a cat hode

current density of 1-5 A/dn2. In such a case, the superficial |ayer plating
t hi ckness beddifes yeHeMe PR (ToBgBRents may mg LEHPRFehIRIHRy.C0of 1k

substr algSiueft iah a Fhll CORYRE 8Lt DANING 0a 1vi 8 IWd &0, A LEEBERLOY .3l to
0.5 .1.min dianeter and 0,2 to 1 pmin depth to all'ow the via hole or the

t rench o e fdAl edh davepl@tmedgs ftorort ef pure oz r marmifiact dwdtiy a.
senicoquﬁf r, the plating-may be effected for about 150 seconds at a.
cat hode current density of 2 AAdM2. In such a case, the superficial |ayer
pl ati ng t hi ckmessidigciomest @abobé 4 fprempO056hebn campasenats,t hévdf idddpwgy

pl atin t hrough-silicon electrode of 10 pmin dianeter and_20 prn in depth
Por t NS IAIpEb T SETTA H neher bGP HBURE Eig TES BT adiens iy e 161 1R eq

for abodppkd piiautes,ai ndl 6at N9Us, Ly 18t s densint ¥sObo Ryéeh e Jiy&dich a
case, the superficial layer plating thickness becones about 5 pm Also in a

case offheC{YPrPRYLBNEtT N Of, & LUAPHAGht $P¢ ister ssltedttsodEe bEoRDpHPe

di anet i h e.pl ati f . 0
MUt es et Cat BB Tt Shener By Pot VB B e AR Sy RS i P e
super f iagidapoll ggehypkati gyt dhl ckrdsy betbaes abdhtun® cprn t[s0067 Jreducing The
pl atin

A B L T L e AT TR T
alkylimidazoline compounds, auramine and derivative thereof,
organic dyes such as phthalocyanine compounds and janus green and
the like.

[0046]

The aforementioned copper plating bath may be prepared by a
standard method, the details of which may be determined
appropriately by taking respective component compositions and
contents into consideration.

[0047]

Next, the copper plating method using the copper plating bath
of the present invention is described.
[0048]

The substrate subjected to the copper plating method of the
invention is not limited particularly, and may be a substrate made
for example from a resin on which a layer of a conductive material
such as a metal is formed and patterned, a semiconductor substrate
such as a silicon wafer having a fine circuit pattern on the surface
thereof, an electronic circuit board such as a print circuit board
and the like.

[0049]

Such a substrate may contain a mixture of a blind via hole,
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The present |..: ...tion is further described in detail wich referring to
Exanpl es, to which the inventionis not limted in any way. [00591 Exanpl e
| Synthesis oi tertiary arane. conpound (ifia) A reaction
container fitted with a thernoneter, a stirrer and a drip funnel was
charged with 20 g of glycerin triglycidylL ether (epoxy equivalent: 143

g/ e. q. p amédnichengabsoew tbhr180inpucervat ey 4 orhithsgolidlieomenttircit iwas
cooled to 00 % with 10.2 g of pyrrolidine slowy so that

and then treat
the reddf & éﬁﬁéﬁéﬁﬁ?%tﬁﬁé - at 30C or below. Thereafter, the

t enper gtowrsg jwas rai sed to roomtenperature and the reaction was continued
for 2 hours, after which the disappearance of the signals assigned to the
epoxi de (2.54yr2cplly3. 98ChpinS ukes redief Maedobye:NKR LeChscene Fatt croadisder
reduce re r ' t he tq I - v

T e el e R R T

The fumrctildnabngwedps 0b whéchesnol Lantot erlhié arykanm nenconpourd neertd v,

verified by I.P.neasur nt, i ch showed .t he peaks at. 3400,_2910,. 1450,
1310, P390 &nd‘tPio “ert” \ﬁrﬁbvc\sl%Rﬁgree}p@otn%@ené’dpﬁpooﬁ%c%&@‘}%@%éﬁ%%sai gned
to t he shydronugreup (h340Q tem1f). and the peaks assigned to the tertiary
am ne conpound (1310, 1290 cm 1) [C 061.] Based on these results,

it was [fPven that the tertiary amine conpound (Ilia) was obtained. [00621

Exanpl e 2 Sypthesi g of 1gualernafye apRNi AB,ComPeYRd; (B @ethod of theh
reaction container fitted wth a thernoneter, a stirréer, a drip funnel and

a Dl nr driveodndenserrwasrehanged sweh 29 rpadfiarhett erbaarieaniaieecdpound
(rrr-a t al Ny le 1 rib ve,. i t mL of
acet onft %:%Ioe%%??l%glﬁp%%{% r&,sggﬁﬁcﬁe&%%ﬁ%ﬁ ccreicalrvgenag' Hﬁ? ?ﬁgéﬁ%tt earlty‘.]e%c%nt of

met hyl siuati de, fandat ¢éaant o Ora wast cloncuet éd vy beating asderpavedf lswporflor 12
hours. . Then_the reaction sol vent d the excessive nethy| iaqdide were

r emoved BB FCBNEaTits AP akdet = RETUCERTH esalr e, CTRGHeby YT LG 1o

quat er REW tRPRNEMNLoIPOHREL 1 §0883]y an ordinarkhechynet i onal inoupsof the
resul tant quaternary conpound were verified by IR nmeasurenment, which

i ndi caté@atRantt Heepleaks sassi gned at onehel t erticdryf id nea2Eeapourrd (3D,
1200 ey PR SPRECE S ol ! ULy 08 bt L ond v
treatment method using a carbon or palladium, a sputtering, a vapor
deposition or a chemical vapor deposition (CVD) and the like.
[0052]
Following the conductivity imparting treatment, the
substrate is subjected to a copper plating in a copper plating bath.
The condition under which the copper plating is performed using
the copper plating bath of the invention is not limited particularly,
and any ordinary copper sulfate plating condition may be adopted.
Thus, the plating may be effected at a fluid temperature of about
20 to 30°C, a cathode current density of about 0.05 to 3 A/dm?. The
plating time period may be adjusted appropriately in view of the
purpose of the plating. Also upon this plating, it is preferable
to effect a fluid agitation for example by an aeration, a pump
circulation, a paddle stirring and the like.
[0053]
The copper plating method described above allows a blind via

hole, a through hole, a trench, a through-silicon electrode on the

aforementioned substrate to be filled in a state where the
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1. 00611 ] Based on these results, it was proven that the

quat ernary ammoni um conpound (1:Va.) was obtai ned. [0065] Exanple 3
Synthesis of tertiary am ne conpound (I11-j) : According to Exanple 1, 20 g
of sorbitol hexag, cidyl ether (epoxy equivalent: 170 g/e .q., ) and 110.4
g of piperid-i ne were reacted and the di sappearance of the signals

assi gnediptea ftike adpoxivde ©Pabidng AlhiSkd8s ppmhavasicankissmed tye VRt itdrer eby

obt ai ni ng 300 of tertiary am ne conpound. [00661 The funct.i onal

oF oups S0F T SHESHIFERRt EAER GPY REdpDORH W E LT P PP R By 18 mediur Sront
whi ch shewed #t hendepksnat v3410,01292Ghel 4400 dg20no1270tand tkEQQ@HGMthe Whi ch
were confirmed to include thﬁxgsak assigned to the hydroxy group (3410

cm 13 &fd oiled edks oas Silgvdd t A& tdYidi-ary ami ne conpound (1320, 1270
cm-) .olp@087] Based on these results, it was proven that the
tertiary amne conpound (II1j ) was obt a. i rl ed . [0068] Exanple 4
Synt hesi s of Tgwatcerddary famooppar cohpoung f ¥t prtferned boapgddordimy & o

Erapl & g Bag o Eh %) BRSSPI (Ul b a0t 8L netld et
39. 0 gvofa aoquatermarsyi Bnmdnriduplcangioynadhd 8069ling may be effected for
about 30 minutes at a cathode current density of 1.5 A/dm®*. In such
a case, the superficial layer plating thickness becomes about 10
pm.
[0055]

For copper plating of a substrate such as a silicon wafer
having a via hole or a trench of 0.1 to 0.5 pm in diameter and 0.2
to 1 um in depth to allow the via hole or the trench to be filled
completely for the purpose of manufacturing a semiconductor, the
plating may be effected for about 150 seconds at a cathode current
density of 2 A/dm?. In such a case, the superficial layer plating
thickness becomes about 1 pm.

[0056]

In a case of the filling plating of a through-silicon
electrode of 10 pm in diameter and 20 pm in depth for the purpose
of a tridimensional mounting, the plating may be effected for about
10 minutes at a cathode current density of 2 A/dm®. In such a case,
the superficial layer plating thickness becomes about 5 pm. Also
in a case of the filling plating of a through-silicon electrode
of 20 pm in diameter and 100 pm in depth, the plating may be effected
for about 60 minutes at a cathode current density of 0.2 A/dm*. 1In
such a case, the superficial layer plating thickness becomes about
3 pm.

[0057]

The plating methods of the present invention described above

can be applied to various plating procedures or devices with no

limitation.
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The functional groups of the resultant quaternary ai noni um conpound were
verified by | Et nmeasurenent, which indicated that the peaks assigned to the
tertiary am ne conpound (1320, 1270 cal) had di sappeared and t he peaks
assigned to the quaternary ammoni um conpound (1640 cull) and. the peaks
assignecito the allyl group (1040, -u 950 cm) were newly observed. [0070]
Based drxkdmebk®sresults, it was proven that the quaternary anmmoni um
corrpounfio(ggé/]t) was obtai ned. [0071] Exanple 5 Copper plating onto resin
board. An epoxy resin board having a seed |ayer formed by an

el ectrol ess coppesfdadnnganeeniai ol i Hdfwviehdol @ 6F r MO @m h Nddit anetwrt@and 40
pmin depth (aspect ratio: 0.57) was subjected to, copper el ectroplatinghe
copper TR bl hEFRER HYS t hed colmpesi Erdnl SHomnl Bl % 2oht bR W t He
tertiary, mﬂ,zpﬁ conpound (I1Ta) synthesized in Exanple 1 under the conditien
shown. bel ow,” [ 0072] (Copper plating bath conposition) Copper sulfate

pent & at @ 5PBERAMESulFuric acid (98%: 50 g/L Chlorine: 40 ng/L Tertiary

am ne %%qﬂﬂﬁggiéIéfagérg{g&§mg$ine compound (IITa):

A reaction container fitted with a thermometer, a stirrer and
a drip funnel was charged with 20 g of glycerin triglycidyl ether
(epoxy equivalent: 143 g/e.qg.) and then also with 100 mL of pure
water for dissolution, which was cooled to 0°C and then treated with
10.2 g of pyrrolidine slowly so that the reaction temperature was
kept at 30°C or below. Thereafter, the temperature was raised to
room temperature and the reaction was continued for 2 hours, after
which the disappearance of the signals assigned to the epoxide (2.54,
2.71, 3.08 ppm) was confirmed by NMR. Concentration under reduced
pressure for removing the reaction solvent and the excessive
pyrrolidine yielded 29.9 g of a tertiary amine compound.

[0060]

The functional groups of the resultant tertiary amine
compound were verified by IR measurement, which showed the peaks
at 3400, 2910, 1450, 1310, 1290 and 1110 cm™!, which were confirmed
to include the peak assigned to the hydroxy group (3400 cm™) and
the peaks assigned to the tertiary amine compound (1310, 1290 cm!).
[0061]

Based on these results, it was proven that the tertiary amine
compound (IITa) was obtained.

[0062] Example 2
Synthesis of gquaternary ammonium compound (IVa):

A reaction container fitted with a thermometer, a stirrer,
a drip funnel and a Dimroth condenser was charged with 29.9 g of
the tertiary amine compound (IIIa) obtained in Example 1 described
above, and then also with 100 mL of acetonitrile for complete
dissolution, and charged further with 17.4 mL of methyl iodide,

and reaction was conducted by heating under reflux for 12 hours.
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SPS (): 1 nmg/L * Bis 3- (sulfopropyl) disulfide (Copper electroplating
condition) Plating. tenperature: 25" C Cathode current density: 2 A/ dnR
Plating time: 35 minutes Stirring: Air stirring [00731 Exanpl e 6 Copper

pl ati ng onto resin board An epoxy resin board having a seed | ayer
formed by an el ectrol ess copper plating and. a blind via hole of 70 pin in
di anet eheand 40 radn cdepdi faspectd rahe 0exOe57) vaasesubjledbeddet @ecepper

el ectropl ati usi ng the copper ti bat.h havi t it h
el ow CRROAPACRY HE Sl R v Binro RO EOnpbR N LTV hE R RaSrSRad
Exanpl e Zudrdenat-he aganditiorospewmdoel ow. [0074] (Copper plating bath

conposi tion) Copper sulfate pentahydrate: 230 git Sulfuric acid (9896): 50
g/ L Chil8PieAe: 40 ng/ L

The functional groups of the resultant quaternary compound
were verified by IR measurement, which indicated that the peaks
assigned to the tertiary amine compound (1310, 1290 cn™') had
disappeared and the peaks assigned to the quaternary ammonium
compound (1680 cmﬂd was newly observed.

[0064]

Based on these results, it was proven that the quaternary

ammonium compound (IVa) was obtained.
[0065] Example 3
Synthesis of tertiary amine compound (IIIj):

According to Example 1, 20 g of sorbitol hexaglycidyl ether
(epoxy equivalent: 170 g/e.qg.) and 10.4 g of piperidine were reacted
and the disappearance of the signals assigned to the epoxide (2.54,
2.71, 3.08 ppm) was confirmed by NMR, thereby obtaining 30.0 g of
a tertiary amine compound.

[0066]

The functional groups of the resultant tertiary compound were
verified by IR measurement, which showed the peaks at 3410, 2920,
1440, 1320, 1270 and 1100 cm™ !, which were confirmed to include the
peak assigned to the hydroxy group (3410 cm™') and the peaks assigned
to the tertiary amine compound (1320, 1270 cm™ty .

[0067]

Based on these results, it was proven that the tertiary amine

compound (IIIj) was obtained.
[0068] Example 4
Synthesis of quaternary ammonium compound (IVt):

According to Example 2, 30.0 g of the tertiary amine compound
(ITIj) obtained in Example 3 described above and 19.2 mL of allyl
chloride were reacted to obtain 39.0 g of a quaternary ammonium
compound.

[0069]
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Quat ernary ammoni um conpound (I _Va.) : 100 rag/l, SPS (*) 1 ng/L * Hs 3-
(sui foprop, (Copper electroplating condition) Plating tenperature: 25C

Cat hode current density: 2 AAd[M"' Plating tinme: 25 mnutes or 35 m nutes
Stirring: Air stirring ng [ 0075] Conparative Exanple 1. Copper plating
onto resin board (1) A resin board was subjected to copper

el ectropl ati mgel fuhbeisane gronps af Exand eubcextceptattdratady myhondfumdanus

Green B and 100 na/l: of PE&E000 were used in place of 100 /] f th
terti ary &fiRe %ﬁﬁo‘cﬁfalmf R LR T Copber pirdtily BAERC (P Bo7es the

Conpar akiwe ExanghedZ Sepreteptabi-Poa®Me dagoupand262)1270 cm™') Aaesin
board was subjected to copper electroplating in the same manner as Exanple

5 excepselpacarey my/d ofet Reagdarterdanfdantont it E8APEGIRE TCorSTINUEd by
Fopt csouTBATBY TRe: D 6Pl 2SN Fhl ou veis teed Bl Acd of 160 i,
t he t eptilarcy amwer<onpoundfddrtal) in the copper plating bath. a CH N
[0070]
Based on these results, it was proven that the quaternary
ammonium compound (IVt) was obtained.
[0071] Example 5
Copper plating onto resin board
An epoxy resin board having a seed layer formed by an
electroless copper plating and a blind via hole of 70 um in diameter
and 40 pm in depth (aspect ratio: 0.57) was subjected to copper
electroplating using the copper plating bath having the composition
shown below containing the tertiary amine compound (IIIa)
synthesized in Example 1 under the condition shown below.
[0072]
(Copper plating bath composition)
Copper sulfate pentahydrate: 230 g/L
Sulfuric acid (98%): 50 g/L
Chlorine: 40 mg/L
Tertiary amine compound (IIIa): 100 mg/L
SPS (*): 1 mg/L
* Bis 3-(sulfopropyl)disulfide
(Copper electroplating condition)
Plating temperature: 25°C
Cathode current density: 2 A/dm?
Plating time: 35 minutes
Stirring: Air stirring
[0073] Example 6
Copper plating onto resin board
An epoxy resin board having a seed layer formed by an
electroless copper plating and a blind via hole of 70 um in diameter

and 40 um in depth (aspect ratio: 0.57) was subjected to copper
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0 OHa [0077] Test Exanple 1 Evaluation of copper plating: Fig 1
shows a photograph as a sectional view of the esin board which has been.
subj ected. to the copper electroplating in Exanple 5 (plating. tinme: 35

m nutes) and Fig. 2 shows photographs as sectional views of the resin board
whi ch has been subjected to the copper electroplating in Exanple 6 (plating
time: 2fenitmopés tiingAiaindg 2hentoppes pilrtBnoRrgth Jealisw shewsrgoshidtiogr aph
as a se tionig vi ew of the.resig boa2%§¥hich has been sub%ecteg H%Vt e
copper SEPHRt FEPIAL | A F A EhAPar At VEBR Y 1PBPORN e FRMESHEar atié 1 and
0 in Ceppanakiived2.inplEaking et PMend3s> mhrutesdin iket heaseskldmxanmpl e 5 and
Exanpl e 6 exhibited satisfactory filling performances when conpared with
Conpar aPi0Vé 1Exanpl es 1 or 2. Especially as shown in B of Fig. 2, Exanple 6

al | oned -{,0r, .2 Letepuird HdddRg+within 25 mnutes of the plating tine
period? i%ﬁfca ?%glt at . theckk*ﬁinchgs possible with a plating thickness

as ext Ceppky shilfaas pensapedfracical 238 e/ Ipl ating thi ckness of 9.1 pm

Accor di,ngl 1t _was indicat that the present invention can be applied to
a finesﬁgF¥gﬁﬁ 8F%§uﬁ9g°[00$élg anpl e 7 Copper plating onto silicon wafer
board: chlorineA g0l mggm wafer board having a Cu seed. |ayer forned by a
vacuum sputtering and a blind via hole of %% min dianmeter and 110 pmin
dept h PHSpELHaFYT PEMORIET \Re&POYHedtidd /t'o 68 H%électroplating usi ng the
copper spkating baty /aving the conposition shown bel ow containing the
tertiary am ne conpound (l1ij) synthesized in Exanple 3 under the condition
shown BePéw. 3F06PIfopcepper dglsatlifdgicbat h conpositi on) Copper sul fate

pentahydrater 230 9hbpPulhiuy ¢.a%i4d:163§% - 30 o/L Chlorine: 40 ny/L
Plating temperature: 25°C
Cathode current density: 2 A/dm?
Plating time: 25 minutes or 35 minutes
Stirring: Air stirring
[0075] Comparative Example 1
Copper plating onto resin board (1):

A resin board was subjected to copper electroplating in the
same manner as Example 5 except that 4 mg/L of Janus Green B and
100 mg/L of PEG4000 were used in place of 100 mg/L of the tertiary
amine compound (IIIa) in the copper plating bath.

[0076] Comparative Example 2
Copper plating onto resin board (2):

A resin board was subjected to copper electroplating in the
same manner as Example 5 except that 100 mg/L of the quaternary
ammonium compound constituted by polyethylene glycol
(nano-polymer), dimethylamine and allyl chloride represented by
the formula shown below was used in place of 100 mg/L of the tertiary

amine compound (IITa) in the copper plating bath.

cl

“\ OH \ &

—-N/\I/\O'[’\/ OJr/I\/NF

" o 9 H|
cl
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Tertiary am ne conpound (ILIj10 mg/L SPS (*): | nmd/L * Ells

3-(sul fopropyl)disulfide (Copper electroplating condition) Plating
tenperature: 25C Cat hode current density: 0.4 A/dn?: Plating tine: 80
mnutes Stirring.: Squeeze stirring [0080] Fig. 4 shows a.

phot ograph as a sectional view of the silicon wafer board which has been
subj ect €d 070 ]t heseoppeaimpeleeat ropl at, na. Based on this figure, it was

i ndi cated that, the present invention exerted a satisfactory filling

per f or FERCE v ER PSS RIGIn Wkf er hoard. [0081] As di scussed

above, whlleﬁqgconvgﬁbwgnalpﬁbébgeg hath fotcacivhal fHldd ngr has aesin
difficulty in a bottomup filling mﬁen the aspect. ratio is 1 or nore which

| eads b@%iduﬂh#QH1Qﬁ&l%ﬁ%@l@Ubﬂﬁ@tﬁde§@nthﬁn¢@@DQM1%ﬂGQﬁﬁﬁgiﬂtkﬁq|Mﬂ|ng
U NP0 ) 008, LR LR 50T DB S T €
as sectional views of the resin board which has been subjected to
the copper electroplating in Example 6 (plating time: 35 minutes
in A and 25 minutes in B). Fig. 3 also shows a photograph as a
sectional view of the resin board which has been subjected to the
copper electroplating in Comparative Example 1 or 2 (C in
Comparative 1 and D in Comparative 2, plating time: 35 minutes in
both cases). Example 5 and Example 6 exhibited satisfactory
filling performances when compared with Comparative Examples 1 or
2. Especially as shown in B of Fig. 2, Example 6 allowed for a
complete via filling within 25 minutes of the plating time period,
indicating that the filling was possible with a plating thickness
as extremely thin as a superficial layer plating thickness of 9.1
pm. Accordingly, it was indicated that the present invention can
be applied to a fine pattern circuit.
[0078] Example 7
Copper plating onto silicon wafer board:

A silicon wafer board having a Cu seed layer formed by a vacuum
sputtering and a blind via hole of 20 pm in diameter and 110 pm in
depth (aspect ratio: 5.5) was subjected to copper electroplating
using the copper plating bath having the composition shown below
containing the tertiary amine compound (IIIj) synthesized in
Example 3 under the condition shown below.

[0079]

(Copper plating bath composition)
Copper sulfate pentahydrate: 250 g/L
Sulfuric acid (98%): 30 g/L

Chlorine: 40 mg/L

Tertiary amine compound (IIIj): 10 mg/L
SPS (*): 1 mg/L

* Bis 3-(sulfopropyl)disulfide
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The novel conmpounds of the present invention can be utilized in an additive
for a copper plating. bath. The copper plating bath containliicithis novel
conpound is preferable especially for plating substrate. CLAI M
1.Atertiary am ne conmpound obtained by reacting a heterocyclic conpound

wi th an epoxy group of a. glycidyl ether group of a conmpound having 3 or
nore gl {Corlyer et hert grolpsing. Jhedieionary am ne conpound according to=11s

in. t. §%§€§ ﬁgﬁﬁggggu%$¥i99%§ or nore glycidyl ether groups is
e or a.

represen : wher ei n: P1 is a. hydrogen atom a
fornyl Gaoupdercenecwr dawspgtyci dyi mrdet groups optionally containing a.
car bonyl| roup constjituted by C4-C8 and 00-04; P.2 is a hydrogen atom a
met hyl %&% BrEHRe Bt FY I VR ObES R3 is a. hydrogen atom a fornyi

group oftDReiQf; t alycigdyl -ether groups optionally containing a carbonyl

group constituted by C¥4-Cw§and 2-04; and,
[0080]

Fig. 4 shows a photograph as a sectional view of the silicon
wafer board which has been subjected to the copper electroplating.
Based on this figure, it was indicated that the present invention
exerted a satisfactory filling performance even for the silicon
wafer board.

[0081]

As discussed above, while a conventional plating bath for a
via filling has a difficulty in a bottom-up filling when the aspect
ratio is 1 or more which leads to a void in a via hole, the present
invention allows for a filling without any void in plating a via

hole even when aspect ratio is more than 2.

Industrial Applicability
[0082]

The novel compounds of the present invention can be utilized
in an additive for a copper plating bath. The copper plating bath
containing this novel compound is preferable especially for plating

a substrate.
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nis an integer of 1. to 4. 3. The tertiary am ne conpound
according to Caiml, wherein the heterocyclic conpound is represented by
Formula (I11): R4ANH wherei n: R4i sa5- nenber elri ngora 6-nmenbered ring,
optional | yhavi ng unsaturated bonds and optionally substituted by a nitrogen
atom an oxygen atomor a sulfur atom which is represented by C2-C8 or a
hydr ocarbon form ng the 5-nenbered cimgMand the 6-nmenbered ring.

4. A guaternary armoni um conpound obt ai ned by quaternanzing the tertiary
am ne conpound according to any one of Cainms 1 to 3, 5. A nmet hod

for producing;a teptiary;am ngneaaPedRdousMBLILSIRGJr 83CRgtankeker ocyclic
conpound with an epoxy group of a glycidyl ether group of a conpound having
3 or nbegegloyricdyic etheeugdoUifs) an epoxy gr@upAChet Bod Cf i Lpe balere igiyp u®

guat er nar i , conprisi - ti t iary am ne
conpou%%,%mﬁggﬁgpégggggﬁﬁég%bf%:ggg%iﬁg Cﬁggﬁefggggyéﬁ%%#g%onpound. w th an
epoxy 'group pf a Tgkydedyliatyheamgteouponpoandorpeundlitgp, tagC3adm noro

glycid et her groups, with a quatern-arizing reagent. 7. An

Qs t | PR or T on SRt e Clh 3 CORRPE g SRLCRY FbPETCaREHRRAS S

sel ect edpire@unthe grouR geNsi stiyng of the tertiary am ne conpound
acd,ording to any one of Clains 1 to 3 and the quaternary anmoni um conpound

according to C aim4. 8. A copper plating bath, conprising one or
nor e conpound Réﬁgﬁét d fromthe group consisting of tho tertiary aatfte
conmpound accor|di to lany one of Cains 1. to 3 and the quaternary amoni um
conpou accobrding te |Cam 4, 9,Th@lpopper pl ati ng bath according to Caim
8, wher® n the cgpper P abi ng bath contains a copper ion at 1.0 to 80 g/E:
and an organic acid or an inorganic acid at 5 to 200 g/ L. 10. The
copper plating batjp according to Claim8 or 9, wherein the copper plating
bat h contains onefgp nore conpounds selected fromthe group consisting of

the tertiary am ne conpound according to any one of Claims 1 to 3 and the
quat er Waeyeamioni um conpound according to CCaim4 at 0.1 to 1000 ny/L.

R! is a hydrogen atom, a formyl group or one or two glycidyl
ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04;

R? is a hydrogen atom, a methyl group or an ethyl group;

R?® is a hydrogen atom, a formyl group or one or two glycidyl
ether groups optionally containing a carbonyl group constituted
by C4-Cg and 0,-04; and,

n is an integer of 1 to 4.

3. The tertiary amine compound according to Claim 1,

wherein the heterocyclic compound is represented by Formula (II):

/—\
R? NH (11)
__/

wherein:

R?is a 5-membered ring or a 6-membered ring, optionally having
unsaturated bonds and optionally substituted by a nitrogen atom,
an oxygen atom or a sulfur atom, which is represented by C,-Cg or
a hydrocarbon forming the 5-membered ring and the 6-membered ring.

4. A quaternary ammonium compound obtained by

quaternarizing the tertiary amine compound according to any one
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11. The copper plating bath according to any one of Clains 8 to 10, wherein
the copper plating bath further contains one or nore conponents sel ected
fromthe group consisting of sulfoal kyisulfonic acids or salts thereof,

bi ssul f o- organi ¢ conpounds and dithi ocarbam ¢ acid derivatives and the
concentration of said conponents is 0.1 to 200 ng/L. 12. The copper
pl atin@fbaﬂJaiacscdrdjon@to any one of Clains 8 to 11, which is acidic.

13. A copper plati met ho r| sing platin Substrate usi ng, a
copper pl ating-bat ‘anﬁ éﬁf}u Sré‘gofa %F%aéyté‘mirﬁe P Copper

pl ati n@dﬂ@tﬂ%qr@cwa@tqglgt e @eaaéﬁ&e%;clwterc%nrpddaﬂi subst rat e dys, yldgd via

hol e whose aspect ratio is 1 or nore. 15. The copper plating nethod

accor difgat 61 grafml 13tber 19 oy et feian CoR@Osis PRHEAThAsC A RN G HElYe whose
aspect Jratl.0 gll% 5 hor e, 16. The copper plating nethod according to

any one of c’ains 13 to 15, which is conducted so that the superficial

| ayer pl ating6thi cRmesshog 5 papdncliegss quaternary ammonium compound,

comprising reacting a tertiary amine compound, which is obtained
by reacting a heterocyclic compound with an epoxy group of a glycidyl
ether group of a compound having 3 or more glycidyl ether groups,
with a quaternarizing reagent.

7. An additive for a copper plating bath, comprising one
or more compounds selected from the group consisting of the tertiary
amine compound according to any one of Claims 1 to 3 and the
quaternary ammonium compound according to Claim 4.

8. A copper plating bath, comprising one or more compounds
selected from the group consisting of the tertiary amine compound
according to any one of Claims 1 to 3 and the guaternary ammonium
compound according to Claim 4.

9. The copper plating bath according to Claim 8, wherein
the copper plating bath contains a copper ion at 10 to 80 g/L and
an organic acid or an inorganic acid at 5 to 200 g/L.

10. The copper plating bath according to Claim 8 or 9,
wherein the copper plating bath contains one or more compounds
selected from the group consisting of the tertiary amine compound
according to any one of Claims 1 to 3 and the guaternary ammonium
compound according to Claim 4 at 0.1 to 1000 mg/L.

11. The copper plating bath according to any one of Claims
8 to 10, wherein the copper plating bath further contains one or
more components selected from the group consisting of
sulfoalkylsulfonic acids or salts thereof, bissulfo-organic
compounds and dithiocarbamic acid derivatives and the concentration
of said components is 0.1 to 200 mg/L.

12. The copper plating bath according to any one of Claims
8 to 11, which is acidic.

iLSe, A copper platingmethod, comprising plating a substrate
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using a copper plating bath according to any one of Claims 8 to
12.

14. The copper plating method according to Claim 13,
wherein the substrate has a blind via hole whose aspect ratio is
1 or more.

15. The copper plating method according to Claim 13 or 14,
wherein the substrate has a through hole whose aspect ratio is 2
or more.

16. The copper plating method according to any one of Claims
13 to 15, which is conducted so that the superficial layer plating

thickness is 15 pm or less.
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