
DESCRIPTION Novel. Compound. and Use Thereof. Technical Field [0001
The present invention relates to a novel compound and use thereof, and,
more soecifically, a tartiary amine compound as a novel compound and a
quaternary ammonium compound obtained by qua ternar zation thereof, as well
as a copper plating bath utilizinq these novel compounds which is capable
of subjecting a semiconductor substrate such as a silicon wafer, or a print
circuit board, a substrate having fine circuit patterns or fine pores such
as blind via holes, through holes and the like to a copper plating at a
high reliability and a copper plating method employing the same, Bee
Xgroun: [00 02 }        Recently, a board laminating process such as a
build up process as a circuit mounting of an electronic instrument such as
a cell phone, a personal computer, a video instrument, a game machine a.
Eld the i.ik.e 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 enabi..i.ng a. reiti-lemthetion. 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, (00031        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 connect Ion
between the circuit layers. On the other hand, a via filling process for
fnhno a via  hole with a metal allows a pore to be filled completely, and
is extremely advantageous for a down-sizing since another via. hole can. be
formed further on this pore if the surface of the via hole part after the
filling is fiat, Accordingly, as a substitute for a. conformal via hole
plating having a limitation in making an insuintt (insulating layer) with
fiat surface, a so-eallect via filling plating to fill an tntet-layet
connecting pore (hole.; is increasingly brought into use 100041         As
the via frilling technology, a copper plating bath. containing a condensate
of an amine with a glycidyi ether and/or a. quaternary ammonium derivative
of said condensate has already been known (Patent: docadent [00051
Nevertheless, this technology involved a difficulty in asszomplishing a
voidiess filling of a high-aspect: via for a tridimensional mounting. such
as a blind via hole, a through hole and a. t .b.Y.011U. icon 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 pir, or mnre) and a relatively small
via aspect ratio (via depth/vae diameter) (1 or less). A copper pla.ting
for 1,Ell can accomplish a. filling for up to an aspect ratio of 4 to S
when the diameter is relatively large (100rm4ornmore) even[na(xlverttional
one, butit:has a diffibeity inaccemplishing esatisfacnmncyfng for a recent
blind via hole having a smaller diameter. 



10006]       As amethedfor precipitating a cooper on a pribt: cirttifi:
hoard, the addition a leveling agent which is a reaction product of a
compound selected from imidazoles and the like with an ether
bond-containing polyepomide compound and whibh has a specific
polydiepersien degree , into a copper plating bath. (Patentdocument [0307]
However, this technology requires the molecular weight   distribution to be
controlled since the aforementioned reaction product is obtained as being.
polymerized, resulling in necessity of an enormous effort for accomplishing
a consistent production of a leveling agent having an ideal polydisperslon
degree. Prior Art Document Patent Document [0008] Patent documentNO
2002/90623 Patent document 2 US 7374652 Summary of the Invention Problem to
be Solved by _e Invention [0009l          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 re.qui red i a a plating fluid technology allowing the blind via hole,
through hole and the like to be filled satisfactorily even. when the
superAH ni al layer plating. thickness is reduced for the purpose of
achieving a finer circuit. Means for Solving the Problems  [0010 



The inventors worked assiduously and found that the aforementioned problem
can be solved by utili CIE; 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. [00111 Thus, the
present. invention is an follows. (1) A. tertiary amine compound obtained
by reacting a  heterocyclic compound with an epoxy group of a glycidyi
ether group of a compound having 3 or moxe olycidvl ether groups. [0012]
(2) ik quaternary a(aOYiLtfln '-"rrnIpOtaild 0 bt a i ned by
(roaternari.z.ing the tertiary amine compound described ib the
aforementioned (I). 1.06131         (3) A. method for producing a tertiary
amine compound comprising reacting. a Neter:acyclic compound with an epoxy
group of a 91yr:idyl ether group of a compound. having 3 or more glycidyl
ether groups. (06141         (4) A method for producing a uirternary
ammenium compound comprising reacting a tertiary amine compound, which is
obtained. by rhacding a heterocyclic compound :41 th. an epoxy group of a
gl ycidyl ether group of a compound having. .3 or more glydidyl ether
groups, with a quaternarizing reegent, [0015]         (5) An additive for a
copper plating bath comprising one or more compounds selected from the
graiip consisting of the tertiary amino compound described in the aforemend
(I) and the quaternary ammonium compound described-in the aforementioned
(2), [0016]         (6) A. copper plating bath comprising one or more
compounds solected from the group consisting. of the tertiary amine
compound described in the aforement(oned (1) and the quaternary ammonium
compound described in the aforementioned (2). 11()(bF/J           (i) A
copper plating method comprising plating a substrate using a copper plating
bath described in the aforementioneb (6). Adyantageous Effects of the
invention 



[0018]        A tertiary amine compound and a quaternary ammonium compound
obtained by guaternarieation. thereof according to the present invention,
when added to a cormuenticnal copper platingbath, allow  a semiconductor
substrate such as a silicon wafer or a print circuit board, a substrate
having fine circuit. oat terns or fine pores such as blind via holes,
through holes and the like to he copper-plated at a high reliability.
[00191         In addition, by means of the aforementioned copper plating,
a blind via bole, through hole and the like formed at a hio0, aspect: ratio
on a substrete can be filled witti a copper in a vbid-free manner. At the
same time, any overplbtinu of the blind via hole, throu0 hole and the like
can be prevented, thereby allowing a superficial layer to be mounted easily
and ensuring the flatness of the substrate surface which allows a.
multi:Layer to be laminated. ea [0020]         Furthermore, the
aforementioned copper plating- allows for a satisfactory fill ing
performance even with a reduced film thickness of the substrate surface
when COMpa Led with the copper .plating of a substrate using a
conventional. additive-contairling copper plating solution. Brief
Description of Drawings [0021]        Fig. 1 shows a photograph as a
sectional view of the nal de of the via hblb 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: 3'd minutes I n A, and 25 minutes
it PD              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
Din Compatetive 2) .        Fig, 4. shows a photograph as a sectional View
of the inside: of the via hole after pdating it Ezample 7, Description of
Embodiments 100221             noiel. compound of the present invention is
a tertiary Bind:RE: Comp:: and (hereinafter referred .to as "a tertiary
compound of the invention") obtained by reacting a compounh having 3 or
more glycidyl ether groups with a heterocyclic compound via a reaction aC
the epoxy group bra the glycidyl ether group, 



[0023]        The compound having 3 or more glybddyl ether groups serving
as a starting material for the aforementioned tertiary compound of the
invent inn is not limited. particularly and may for example be a. compoiand
represented. by Ftimui:ta (I) shown below (he=.inafter referred to simply
as "Compound (I) ") .     A e_o wherein:           is a hydrogen atom, a
formyi group or one or two glycidyi ether groups optionally containing- a
catbonyi. group constituted by. Cc-Cu and 02 -0; preferably a hydrogen
atoBi or a glycidyi ether groub;        Rz is a hydtogen atom, a. methyl
group or an ethyl group, preferably a hydroer atom or an ethyl groupi
R3bye:nage-a atom, a formyl group or one or two glycidyi ether groups
optionally containing. a. carbonyl group constituted by Ca-CEI and 02-04.,
preferably a hydrogen atom or a glycidyi ether group; and, n is an integer
of 1 to 4, 1. tftr2.e.L        Typically, the aforementioned compound (IL)
may for example be those listed below. These compounds (I) are commercially
a Va lable or can be obtained by thos e skilled in the art by reacting a.
polyol co responding to a compound having 3 or more glycidyl ether groups
with epi cdii. o rohydri n according to Chemical Abstract ( vol. 73,
57454n.(1970) ) [00251 



[Table1).  Compound Glycerin triglycidyl ether  Trimethylolpropane
triglycidyl ether  Diglycerol tetraglycidyl ether Erythritol tetraglycidyl
ether Arabinose tetraglycidyl ether Triglycerol pentaglycidyl ether
Fructose pentaglycidyl ether Xylitol pentaglycidyl ether Tetraglycerol
hexaglycidyl ether 1 1 2 1 3 1 1 4 0 -CCHOcH<?  0 -CH2-0-<i--C.Tj 



R2 -CH2CH3 0 -CH2-0-C;R:rS1  0 -CH2-0 -CH2 -a-12-o-cH2 -CH2-0 -CH2 Sorbitol
hexaglycidyl ether 1    pH2--0-cH2-<.? -OH 0--cH2  -CH2-0 -CI-12  [002E]
The heterocyclic cc pound as another starting material for the tertiary
cwmpound of the invention is also not limited particularly and may for
example be those represented by Formnla (II) 



R4 NH wherein:           124 is a 5-membered rinq Ora 6-caembe red ring,
optionally having unsaturated bonds and optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, which is represented. by C2
-CB or a hydrocarbon formillg the 5-mbailgred :ring and the 6-membered
ring, prefe..rably a 04-C.5 hydrocarbon- :100271 preferred. 171e IL eract
yol.ict compound re pr 53 Silt d byrmul a (if) shown above may for e x a mp
le be pyracole, bencimi cliEtzci e, 1,2,4-trlasole,benzotriazol
"pyrcolictLne,piperidine" morpholine, thicmorphollne and the like. Such a
heterocycl1s group  may have a substituent including an alkyl group such as
a methyl group, an ethyl group am:: the like, a hydrozy group such as a
hydroxyl group, a hydroxymeth.y1 group, a hydroxyethyl group and the like,
a carbonyl group such as a formyl group, a carboxyl group and the like.
[00.23           In order to obtain the tertiary compound off the invention
by reacting the aforementioned heterocyclic compound with the epoxy group
of the glycidyl ether group of the compound having :3 or more glythdyi
ether groups, it is important. that the reaction be conducted a.t room
tempera.ture or below, for exampl ce under a cooling. condition at -78 to
25"C. Typically; the cooling to 0 to 10C is enSured upon adding the
heterocyclic compound to the compound. hacring 3 or mere gli:yraidyl ether
groups, and after completion of the addition the temperature is raised to
rogm temperature to ensure no remaining unre,acted epoxy groups; this is
not. a condition for polymerization of the glycidyl ether itself. [00291
The tertiary compound of the invention t: bus obtained is not limited
particularly and may for example be a tertiary amine compound represented.
by Formula (iii R4N.< , OHO.n OH \---/* 



wherein:           RI le a. hydrogen. atom, a fanny: group or one or two
glycidyl ether groups optionally containing a caxbonyl group constituted by
C4----C8 and Or-04, preferably a hyd.rogen atom or a glycidyi ether group;
preferably a hydrogen atom at an ethyl group;            is a hydrogen
atom, a formyl group or one or two glyoldyi ether groups optionally
containing a carbonyl group constituted by 4- CB and 02-0, preferably a.
hydrogen atom or a glycidyi ether group; P4 is a 5-membered6--m,.E!..Filbe
e Ca ring, optionally unsaturated bonds and optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, which is represented by
02.-08 or a hydrocarbon forming the 5-membered ring and the 6-membered
ring, prs:feratdy a C'4-C.5 hydrocarbon; and n is an integer of 1 to 4. [00
Such. a tertiary compound of the invention can befled example by an
infrared (ilt.) spE3C1:: I7 S CO p C measurement:, and can typically be
identified by observing a peak near 3400 cm' to the hydroxy ouo of the
tertiary compound and a peak near 1300 cm-. assigned tb the tertiary amine
compound_ The fa-Ur:wings 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.
(3'. 



) 1R:3 4 0 0 , 2 9 2 0 , 1430, 1320, 1280, 1100 (cm'') 0 (''OH OH C\
Ko,g4.,/ f(II Ii) OH10'OH 11-13400, 2930_1450, 1320, 1280, 1110 (cm'') xN
L., OH,N! ('OH OH OH ( 1 1 1 j)  3 4 1, 220,  1 4 4 0 , 1 3 2 0 , 1 2 7 0 ,
1100 ) 00311 



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 quaternari zing
agent such as a halogenated  alkyl, halogenated alkenyi or. halogenated.
aryl, dialkyl sulfate and the like with a tertiary compound of the
invention, atis quaternarization react.ion as conducted preferably under
reflux or cooling condition, Tyric:,illy, lh.e reaction with. a halogenated
substance is subjectodfor ecampLe ice comditioninvolving a reflux using an
Jiprrehicape-tone or acrd;on ta-MLe 33 a rea .3"C..i 0 II solvent., while
the reaction with thesulfa.te is subjected for oxample to a condition
jhvolyinq a cooling to 0 to 10'C rd.5dErg, aoetono or acetonitrile or wster
as a re.a..ction solvent, f00321 The quaternary CC:MT:D1:11(jthe invontion
thus obtained is not. Hmited particuiarly and 'may for example be a
quaternary ammonium compound represented by. mormu/a. (IV) ;hereinafter
referred to simply. as "Compound ihrV)") ex 11- , OH p5 H--Y4 1
\------401-1- 0 R5.'")R5 



HO. -j cii L; WIN - \ k. (  wherein;         RI is a hydrogen arom a formyl
group or one or two glycidyl ether groups optionally containing a carbonyl
group constituted by CA -C,3 and 02-04, preferably a hydrogen atom or a.
glycldyi ether gronp;         R2 is a hydrogen atom, a methyl group or an
ethyl group, preferably a hydrogen atom or an ethyl group;         P.3 is a
hydrogen atomp a formyl group or one or two alvordyl ether groups
ootionally containing a carbonyl group constituted. by. Ca-Ca and 02-C,
preferably a hydrogen atom or a glycidyi ether group;  an oxygen. atom or a
sulfur atom, which is represented by OrGE; or a hydrocarbon forming the
5-membered ring and the 6-me.airEi ring, preferably: a hydrocarbon;
R5 is a hydrocarbon optionally having unsaturated bonds represented by
c1-C-f, preferably a C1-03 hydrocarbon;         X is a halogen atom or a
monoalkyl sulfate reprenentedbvCce7, preferably a halogen atom selected
from a chlorine atom, brbmine atom or iodine atom, or a mohoalkyl sulfate
represented by CI-C-and, n is an integer of 1 to 4. [0033] The counter
anionof the aforementioned compound (UV) is not imited to those described
above and may for example be a. hydroxideionderilfromtunter anion, Such
alwdroxide 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 ma t rna y compound of the invent ion can be
identified for example by an infrared (IR) spectroscopic measurement and
can typically be identified by observing a peak: near 1700 cm.-1 assigned
to the qindparn,a.ry amavxilum cor,-Exnnrid and a loss of the peak near
1300 a s s n,1 to the tertiary amine compound. The fri L lowings are the
structures of the compounds belong to the quatornary compound of the
invention which were obtained actually by the invebtors together with the
peak: positions obtained by the IR wectrnmei-ry. [00351 Li
1---NOe're-'.0..."-\'('A. "i I iONOOH , .3 -? (1 Va)  act' k IR; 3420,
2950, 1680, 1450, 1110 (cm-1)  (ONO.r6z4 ( 3 V b) CE IR (3400, 2940., 1640,
1440, 1110, 1050, 0E0 (cm I, 



Y0 I 'V.ON NE !O ( 1 V e)  IR:3410, 2040, 1 4 40, 1680, 1100 (cm"II) ( I V)
3 P 3 4 0 0 , 2 9 5 0 " 1 6 4 0 1 4 3 0 , 1 1 0 0 , 1 0 4 0 , 9 4.0 ( m 1 )
k6 OHL64-4 3 V ;666)  IR:3410, 3920,650. 6440, 1 300 (cm-13   



4OH(1 Vf) \ CH \.-- 1114 3420. 2930, 1 6 30, 1450, 1100, 1050, 940 (cm I R
: 3 4 0 0, 2 9 2 0, 1 6 4 0, 1 4 5 0, 1110  (c   1R:3400, 2940, 1650, 1440,
1100, 1050, 060 (cm  ')    R 3 4 2 0 " 2 9 5 0, 1 6 5 0, 1 4 4 0, 1110
(orn" I)  ( VD    IP: 3400, 2950" 1640, 1430, 1100, 1050, 050 (cars  1) 



1R:3410, 2960, 1660, 1440, 1100 (cm) G01 'OH  1 Vn) , t!(''x'c', OH0ON '
HCC-.1.'",   1 R : 3 4 1 0 , 2 9 4 0 , 1 6 4 0 , 1 4 4 , 1110, / 0 4 0 ,
960  ( c tin  / )  I R :3400, 2950, 1 680.  1 440, 11 00 (cm') 



ncr o ai R:3400, 2940, 1640, 1460, 1100, 10 4 0, 960 (cm  IR : 3420, 2960,
I 68 0, 1440, 1110 (cm- `)        .0 e Oh OH z.:1'' .. ,".
..N.......i0".,..N....- \ -...' 0 OH0., 0;I V r) 



R : 3 4 0 0 2 9 5 0 1 6 3 0 , 1 4 6 0 " 1 1 1 0 , 1 0 5 0 , 950  ( rn : OH
"on 9H ,V \-N,". 'N: IR :3420. 2950. 1670, 1430, 1100 (on') C r". 'OH OH
7Th 1\I .N vo ?-? OH 



Ci a ci 1 IR:3400, 2 9 5 0 , 1 6 4 0 , 1 4 4 0 , 1 1 1 0 , 1040., 050 (, c
[0036;        While any of the aforeffntioned. tertiary compound and
quaternary compound of the invention can be employed in various
a)31rcataons alone or in comln in at ion, it can be elllp.i.oyed. for
ezample as a copper plating k7.7,77th additive in such a case, the
concentration of such a compound in the copper plating bath is 0.1 to 1000
mg/L, preferably I to 600 mg/l," [0:7377]         The copper plating bath
to which the copper plating bath additive is added is net: limited
particular 1y and may for example be those containing copper ions and
organic acids or inorganic acddh, [0036]         The copper ion source
capable of be-H-Ig 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
ok.ides, copper c:h1oric!es copper carbonates, copper .p yrophosphate, as
well as copper alkane sultana Lessuch as copper metin:Knesulfonate and
copper propanesalfonate, copper alkanoisulfonates such as copper
isethionate ,an.67 copper propanolsulfonate, organic acid copper snot as
copper acetate, copper citrate and copper thrtarate as well as the salts
thereof, Ally 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 gIL, referably 35 to 75
git1,0(147CU        On the other hand, the organic acid or the inorganic
acid capable of belt-1g contained in the copper plating bath is not.
limited particuirly and any of those capable of dissolving the copper can
be employed, Those: preferred typical I y are sulfuric acid, alkaee
suifonic acids such as metnanesuifonic acid and propanesuifonic acdd,
alkanol sul.fenic acids such as isetbionic abi.d and pr.:Tar:02,81).1f onic
acid, organic acids such as citric acid, tartaric a C id, and formic acid..
Any of these organic acids or inorgElnic acids can be employed alone or in
co:77,7-iina.tion, The copper plating: bath is kept. preferably acidic. The
concentration of this organic acid  or inorganic acid is 5 to 200 g/L,
preferably 10 to 100 g/L in the composition cf the copper plating bath. 



1:004-11        While:this copper platingbath_contains alm:Wal copper as
its primary cbnstituent, it may contain other metals such as Ge, In, Mn,
Mo, Ni, Co. Pb, Pd, Pt, Re, S, Ti, W, Cd, Cr, Zn, Sn, Ag, Rm, Si, Eth, Ru,
ir and the Like. [0042]        Also to this copper plating bath, a halogen
ion such as chloride, iodide and bromide ions can be added similarly to an
ordinaxy acidic copper Hating bath,In such a. case, the concentration of
the halogen ion is 0,01 to 150 mg/L, preferably 10 to 100 mg/L in the
composition. of the copper plating bath. [004S1        Moreover, the
afbremetibnedcopperplatitigbathmaycontain one or more of sulfoalkyisulfonic
acids and the salts thereof, bissulfo-organip compounds and dithiocarbamic
acid derivatives. These are the additive components. also referred to
generally as carrier c:aapononts or brighteners, and those evemplified
typically are the following (1) to (3). (1) A sulfealkylsulfonic acid
represented by Formula (a): H S-L.--S 00A,( a ) wherein L1 is a. CI-Cle,
saturated or unsaturated al<ylenc group and M7 is a hydrogen or an alkaline
metal, (2) R bi=Thp-organic comprnnvi represented by Formula (b): X1LSS
--L.b ) wherein IC1 and Mi are sulfate residues or phosphate residues and
L.2 and 10 are Ci-C2 saturated or unsaturated alkylene groups. (3) A
dithioca2E2io acid derivative represented by Formula  



NCS L.. 4X 2(a)  group, L.4 is a 03-06 alkylone group and X2 is a sulfate
residue or a phosphete residue, [0044]        The aforementioned components
may be employed alone or in coimbilati.on. The concentration is 0.1 to
200:mg/Le preferably 0.3 to 20 ing/i in the composition of the copper
plating bath, fra,045]         In addition to the aforementioned
components, the copper plating may contain other components employed
generally in the copper plating, including poiyethers, such as polyethylene
glycol and. poiypropy.lene glycol, iflillimhic type surf:actin:Ws, TEL
tonic: type surfactants, polymers such as polyethylene glycol glyceryi
ether and poiyei:.hylere glycol di al kyi at ne r s and hume ot ant s for
reducing the surface tension, so-called levellers such as
polyalkyleneimines, alkyl danoline compounds, auramine and derivative
thereof, organic dyes such as phtbelodyanine compounds and limns green and
the like. [0045]        The aforementiened 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
considetation, [0047]        Next, the copper plating method using the
copper plating bath of the present inventian is described. [0048]
The substrate subjected to the copper pa.rtthg method of the invention is
not limited particularly, and maybe a substrate made for example from. a
resin on trnich a. layer of: a conductive material. ..anch as a metal is
formed and patterned, a semiconductor substrete such as a silicon wafer
having a lane Ci.rou t pattern on the surf ace thereof, an electronic
circuit board such as a print circuit board and the like. f0049I Such a
substrate may contain a mixture of a blind via hole,  a. trance (groove)
for a fine circuit, a through hole penetrating the substrate and the. like,



11.0051fl        Typinallys such. a substrate may for example be a pri nt.
board secia as a gmickaT:i bosei La ibnC:h an IC rare ceip is amacitni
(tIreetly, D. silicon wafer to which. an, LST of. the like is mciinted
directly, or a. silicon wafer substrate fur the purpose of manufacturing. a
semiconbuctor chip itself. H30131]         In order to practice the copper
naating method of the inwtaition, a pretreatment: such as formation. of. a
barrier :L yet is pert ortmad lie Pess ary , andt hen a
cCit1(11.1(.171:-.1vitv imp arti g treatment such as formation oi: a. metal
seeb layer servingpower supply layer fot the substrate im performed_ This
conductivity imparting treatment canaCCOMpii..SbeC.1 by : 011(.tiria.ry
rim:induct" vi.ty 1.7.par tiniement meteed such. as a. moinzil (,includieg
carbogi eating treatment usi_ng a elec.: rr.: tess pJaC:LnC4 a
50-05.11j:2dI-CE:Cnt plating treat:Pie-Int Cilcthad, US:LIM:a a carbon or
palladium., a sputtering, a vapor deposition or a chemicai. vapor.
depositien (CPU) and the like, [0052] Following the conductivity
impiiineu:g tiL-arn.aent."the substrate is subjected to a copper plating
coic-iper plating bath. The conuii ion iunler phi ph the copper plat:line
it pertcumnin ibrmig the coppe-c71i: biath of the in VC :It 1_01:1 iS net
limited panticularly, alni any ordlnaLy copper sulfate piating condition
may be abopted _ Thus, the p.lating may be effected a.t. a. f.luid
temperatitre of about 20 to a CA:: :diode burre.nt density of about 005 to
3 The platiingpericy-1 may be adjusted appropriatelyleW Of tile pUTPOSe at:
the plat: i E,CTAlao ap0311tP to enfect a fluid agitation ter example by an
aeration, a pump circulation, a padbie stirrinn and the like.. [0003;
The copper piettinaidnyickiscirilniel above allows a blind via hole, a
through hole, .a t re in c h , a thr u.gp on electrode: t e orementioned
silos:trate to be filled iu. a stat:e. when: the!  



superficial layet pletilig thickness (the thi ckness of the portion of the
substrate which cart be pl;ntod sigwii.aneously with, but is free of the
blind via hole, the through hole, the trench, the through--s LI icon
electrode) is t.11 n , [0054j        Typically, for copper plating of a
patterned board having a blind via hole of SO pm in diameter and 30 pm in
depth to allow the via hole to be filled completely, the plating ne.?ci be
effected for about 30 minutes at. a cathode current density of 1.5 A/dm:2,
In such a ease, the superficial layer plating thickness becomes about 10
pm. ;0055]        Eiir 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 I pm in depth to allow the via. hole or the trench to he filled
completely for the purpose of manuia.ctxmning a semiconductor, the piffling
may be effected for about 150 seconds at a cathode cutaixuit density of 2
PI dP12 In such a case, the superficial layer pLiting .tht-lnie,:s becomes
about I um. r^flz-:,:"1        In a case of the filling plating of a
through-silicon. electrode of 10 pm in diameter and 20 Wa 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 Atidm?. In such a case, the
surier.fli-xLal Layer pi ating thickness becomes about 5 lam, Also in a.
case of the filling plating of a nhrongts-ai ] cnn electrode or 20 in
diameter and 100 vor in depth, the plating may be effected for akxnat 60
mdrnites at a cathode current density of 0,2 A/dm2, In such a case, the
supetliJiial. layer plating thiclness becomes about 2 ,r f 0057]        The
pledxbig methods of the present invention desexibed above can be applied to
various pliEd:in:i prrx>adures or devices with no  Examples 0581
The present invention is further described. in detail with raeferrihg to
Exetples, to which the invention is not limited in any way. [0059] Example
1 Synthesis of tertiary amine. compound ("Lila): 



A. react.ic.n cfmta.iner fluted c,Filah a thermometer, a stigaar aral a
drip funnel was chagmded with 20 g of dIscxeyLn teciglycebdyi ether (epoxy
equivalent: 143 ql) and then also with 100 MI. of pure water for
dissolut)on,. which. was cooled to 0C and then treated with 10.2 g of
pyrrolidine slowly so that the reaction temperature was kept at 30C or
below. Thereafter, the temperature was raised to roof:: temperature and the
reaction was continued f Cr 2 hours, after which the disappear an.ce 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
anti the exce 8 sire pyrrolidine yielded 29,9 g of a teJtH ary amine
cempound. [0060]        The functional groups of the resultant tertiary
amine compound wete ver.Lfged by IR measurement, which snowed the peaks at
3400, 2910, 1450, 1310, 1290 and 1110 orTJ, wiel.,ch were confined, to
include the peak assigned to the hydroxy group (3400 cm:1) and the peaks
assigned to the tertiary amine compound (1310, 1290 cm-1) . [0:UM
Based on these results, it was or-oven that the tertiary amine compound
(TTTal was obtained, [0062: Example 2 Synthesis of quaternary ammonium
compound (ria)        A reaction container fitted with a tliermometera. a
stirrer, a. drip fUnnel and a. Distrotti condenser was charged with 29,9 g
of the tertiary amine compound (Ma) ohtm(ined in Example 1. descti.bed
above, and. then also with 100 aL of acetonitrile for coMplete dissolution,
and charged further with 17.4 mi., of methyl iodide, and reaction was
conducted by heatg.ng under reflux for 12 hours.  Then the reaction solvent
and the excessive methyl iodide were removed by concentration under reduced
pressure, thereby yielding a quaternary' a(Emon.lam compound, C00631
The functional groups of the resultant quaternary compound were verified by
IR measurement, which indicated that the pea.ks assigned to the tertiary
amine compound (1310, 1290 cm') had disaspeareb and the peaks assigned to
the quaternary ammonium compound (1.680 cm-11 was newly observed, [00641
Based on these results, it was proven that the quaternary. ammonium
compound (IVa'). was obtained. [0065] Example 3 Synthesis of tertiary amine
compound (l11: fl        According to Example 1, 20 ci of sorbitel
hoxaglycidyl ether ;epoxy equivalent ): 110 ) and 10,4 g of pipe ridine
were reacted and the disappearance of the signals assigned to the epoxide
(2.54, 2,71, 3.08 ppm) was confixmbb by NMR, thereby obtaining 30,0 g of a
tertiary amine compound. 



[ms is]              flan at OIL a .1 g 1: 0 caps of the resultant:
tertiary compound were vetit ed IR me astir emeat , which showed the peaks
at 3410, 2920 1440, 1320, 1270 and 1100 cra-1, which were confirmed to
include the peak assigned to the, hydroxy group (8410 cm-3) and the pea
lc:3 assigned to the tertiary amine compound CIL320, 1270 e1d-1) [0067]
Rased on these results, it was proven that the tertiary amine compound
(ITij ) was obtained. [00 66 ] Example 4 Synthesis of gbaternexy ammonium
cOMpOiArld. IVt) Accor-ding to Examp]a 2, 30.0 g of the tertiary amine
compound  ITIj ) obtained in Example described above and 1.9.2 at of ally1
chloride were reacted to obtain 39,0 g of a quaternary ammonium compound.
[0059]          The funct.?:_lni crix:rups of the res-ditEunt quatxraxary
amaxmiixa camfxxn-ld were verified by IR. measurement which indicated that
the peaks assigned to the tertiary amine comixipqmi (1320, 1270 caf-1) haul
disac'peared and the rbbks ass i.gned to the Quaternary ammen."-- comooiam
(1640 cm-.(10 and the peaks assigned to :the allyi group (1040, 050 cm-1)
were newly observed. [0070]        Eased on these results, it was proven
that the quaternary amxxxr:nm combo:and (rVt) was obtained, [00211 Ezample
5 Copper plating onto resin board        An epoxy resin board having a seed
layer formed by an electroloss copper platindarxiablindvia. hole of 70
RUEindiameter and 40 ;...om in depth. (aspect ratio: 0.57) was subjected to
copper: electroplatitujusingthecopperplatingbathhavingthecomposltion shown
below containing the tertiary amine compound (11 [a) synthesized in
exanisle 1 under the condition shown below, [0072] 



(Copper plating. bath composition.) Cepper sulfate pentahydrate: 230 VT:
Sulfuric acid (99%): SO 9/1" Chlorine: 40 mgiL Tertiary. amine compound.100
mg/L SPS (*); 1 mg/It * Eis 3 -(sulfebropyi)OisnIfide (Copper
electroplating condition) Plating temperature: 25'C Cathode current
density: 2 P.,/dm..2 Plating Lime: 35 minutes Stirring: Air. stirring.
[0073] Example 6 Copper plating onto resin board        An. eci0Ey resin
board having a seed layer formed "yy an elect:to:Less copper plating and a
blind via hole of 70 un in diameter and 40 pm in depth (aspect ratio: 0,57)
was subiec:teo to copper  electroplating
usingthecopperplatingbatIlhavingthecomposition shown below containing the
quaternary amtpEdum compound (IVal synthesized in Example 2 aader the
condition shown below. 



[0074] (Copper plating bath composition) Copper sulfate pentahydrate: 230
g/L Sulfuric acid (98%): 50 gib Chlorine: 40 mg/L c)ateatary amaontam
ccm,4x)und (ilia): 100 mg/L SOS (*): 1 mg/L *3-Csaliapropylidisuffide
(Copper electroplating condition) Piatima nompraturo: 25C Cathode current
density: 2 A/dm2 Plating time: 25 minutes or 35 minutes Stirring: Air
stirring. [00751 Comparative Example 1 Copper plating onto resin. beard
(1):        A resin board was subjected. to copper electroplating in the
same manner as Example 5 except. that 4 mg/1 of Janus Green B ann 100 mg./L
of PEGA000 wore used in place of 100 mg/L. of the tertiary amine compound
(ii-la) in the copper plating bath. [007())Comparative Example 2 



Copper plating onto resin board (2):        A resin. board was subjected to
copper electroplating -in the sairacE manner as Example 5 except that 100
mg/L of the quaternary ammonium compound constituted by polyethylene glycol
(nano-polymer), dimethylamine and allyi chloride represented by the
iiormula shown below was IISPC: in place of 100 mq/I, of the tertiary amine
compound (Ills) in the copper plating bath, I NO. 9 0 OH CI  [00771 Test
Example 1 Evaluation. of copper plating;        Fig, 1 shows a photograph
as a sectional view of the resin board which has been subjected to the
colryper electroplating in Example 5 (plating time: 35 minutes) and Fig. 2
shows photographs as sectional views of the resin beard 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 hoard which has been subjected to the copper
electroplating in Comparative Example I or 2 CC in Comparative. 1 and C in
Comparative 2, plating tin..e: 35 minutes in both. cases),Example 5 and
Example 6 exhibited satisfactory' f111inbc perwhen compared with
Comparative. Examples 1 or 2. Especially as shown in 13 of 1-r1g.. 2,
Example 6 allowed for a complete vie filling within 25 minutes of the
plating time period, indicating tnat the filling was possible with a
paati.ng thickness as extremely thin as a superficial layer plating
thickness of 9,1. pire. Accordingly, it was indicated that the present
invention can be applied to a. fine pattern. circuit. [007: fl Example 7
Copper plating ontb 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 rn. diameter and 110 pm in. depth (aspect ratio: 5:5) was
subjected to copper electroplating using the copper plating bath having'
the couTosition shoyn below containing the tertiary amine compound. (TTIll
svntnesieed in Example 3 under the condition shown helow. 



[00791 ;Copper plating bath proposition) Copper sulfate pentahydrate: 250
q/L Sulfuric acid (90%): 30 g/L Chlorine: 110 mg/Jr Tertiary amine
compound.10 mq/L CBS (*.I: 1 mg/Jr Bis 3 -(sultopropyi)disulfide  (Copper
electroplating condition) Plating temperature: 25C Cathode current density
; 0.4 2.:11thd2 Plating time: 80 minutes Stirring: Squeeze stirring [0080]
Pig. 4 shows a. photograph as a sectional view of the silicon wafer
bc).Eird which has been subjected to he copper electroplatamg. Based on
this figure, it. was indicated that the present invention exerted a
satisfactory fillina perforuance even for the silicon wafer board [00ai] 



As discussed above:, while a. conventional plating bath for a via fil I i
Tuif 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 fillihg without any void in p7atind a via _._ hole even when aspect rat:
b is MO.C@ than 2, indust rial Applicability [0082]         The novel
compounds of the present: invention can be utilized in an. addit iVe for a
copp.er plating :oath. Th.e copper plating bath containing this novel
compound is preferable especially for plating a substrate.  CLAIMS
A tertiary amine compound obtained by reacting a heterocyclio compound with
an epoxy group of a glycidyl ether group of a compound having 3 rr more
glycidyi ether groups at room temperature or below,        2. The tertiary
amine compound according to Claim 1, wberein the compound having 3 or more
glycidyl ether groups is represented by Formula (I):    wherein         Ri
is a. hydrogen atom, a formyi group or one or two glycidyl ether groups
optionally containing a ca rbonyl group constituted by C4-09 and 07-0.14 R2
is a hydrogen atom, a methyl group or an et:.hyL group;      R3 is a
hydrogen aLu. a formyl group or one or two iclyl. ether groups optionally
containing a carbony_ gs-Joup constituted. by C4 -Cs. and 02-04; and, 



n is an integer of I to 4. 3.The tertiary amine coffiTXREIt according to
Claim 1, wherein the heterocyclic compound. is represented by FormaLa (II):
R4NH wherein:         R4 is a 5-membered ring o a. 6-membered ring,
optionally rravrng unsaturated bonds and optionally substituted by a
nitrogen atom,. an oxygen atom or a sulfur aLorn which is represented by
C---C 8 or a hydrocarbon forming the 5-membf  ring and the 6-membered ring.
1,A quaternary ammonium compound obtained by quaternarizing the tertiary
amine compound according to any one of Ciaimr I to 3,
A amithpd for bi-ociiiifdlg a tertiery amine conmdnilid., coed-ising
reacting a hetbrocycdio wath an epoxy group of a. gdycidyl. eber group of.
a compound having 3 or more. glHicidyl. ether groups at room t.asibu.-_trre
or below.                           A. method for produring a quaternary
ammonium cidqmn1" comprising- reacting a. tertiary amine cqmpound, which is
obtained by reacting a heteocyclic compound. with an epoxy group of a
glycidyl ether group of a compound having 3 or more glycidyi ether groups,
with a quaternarizing reagent at room tempera4aro at below-.        7. An
ai-IclidMkhe for a cooper platinp bath, comprising one or more compounds
selected. from the gromo consistinp of the tertiary amdtna compound
apbording to any one of Claims I to 3 and the quaternary ammonium campound.
according to Claim 8,A copper plating bath, comprising age or more
compounds selebted from the group consisting of the tertiary-amine
compound. accordinp to any one of Claims 1 to 3 and the quaternary
ammeniurl compound according to Claim 4,               The copper platinq.
bath according to Claim. 8, wherein the copper plating bath contains a
copper ion at 10 to SO g/L. and an organic acid or an inorganic acid at S
to 200 gil-        l. The cbpper plating bath according to Claim B or 9,
wherelh the copper plating bath contains one or more compounds selected
from the group caoi:idificlu of the tertiary amine compound according to
any one of Claims I to 3 and. the quaternary ammonium compound according.
to Claim 4 at 0_1 to 1000 mg/Lo 



11. The copper plating bath according to any Of Claims a tc. -IC, wherein
the copper plating bath further contains one  or more components selected
from the group consisting of sultoalkyksulfonic acids or salts thereof,
bissulfo-organic compounds and dithlocarbamic acid derivatives and the
concentration of said components is OA: to 200 mg/L,         12. The copper
plating bath according to any one Of Claims 8 to 11, which is acidic-
13. A. copper 'plating method, comprising plating- a substrate using a
copper plating bath according to any one of Claims 8 to. 12. ,The copper
plating method according. to Claim 13, wherein the substrate has a blind
via hole whose aspect ratio is 1 or more.        1EL The copper plating
method according to Claim 13 or 14, wherein the substrate has a through
holm whose aspect ratio is 2 or more.        16. The copper plating method
according to any one of Claims 13 to 1.5, which is conducted so that the
superficial layer plating thickness is 15 pm or less, 


