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

The present invention relates to a novel conpound and use thereof, and,
nore soecifically, a tartiary am ne conpound as a novel conpound and a
guat er nary anmoni um conpound obt ai ned by qua ternar zation thereof, as well
as a copper plating bath utilizing these novel conpounds which is capable
of subjecting a sem conductor substrate such as a silicon wafer, or a print
circuit board, a substrate havingpfs@er@ifguit patterns or fine pores such
as blind via holes, through holes and the like to a copper plating at a
high reliability and a cépper Gimmauag reehdee eptdfiing t he same, Bee
Xgroun: [00 02 } Recently, a board | am nating process such as a
build up process as a circuit nounting of an electronic instrunment such as
a cel | phemenigapetisdnal conputer, a video instrunent, a gane nachine a.
Eld the ighkye is brought: into an extensive use. Thi s build up process

i nvol ves a through hole or a via hole provided in a | am nate board, and a.
met al preC|p|t?ﬁQﬂPHQ$e§@chnﬁeﬂFh@np@?kﬁ%ﬁﬂﬂ%@sat60§§iaﬁ@mﬁﬂﬂﬁﬁ-@@ﬁnééFlon
between the, ghfCuidy | aae%ssbge&ep&awb'a tegaBy BRLLL-LGMEABH Q8. s0f the
circuit . Among such. fine pores, the blind via Kole IS subjected, for the
pur pose BPVPFeePPPYEtd e FrefEkleRER Rl eI i sHavEr WA aRBEe Plat i ng
or a Viaghilling plAticngnd 0031, swellasN§¥8§§Q§F§§§ln Re Ui ihgkengl ating
in which a nmetal filmis fornmed on the inner he bottom of the via
hol e i nvehyes navaﬂfcpn@epﬂgsuwm@mrﬁ FrpRl T OAGUPIPFE LN APeT FIRTREEEBR t he
pore andsreguiies dhe et al filhmopr geiepit ablkng gF L 10 R&uitngLaagedaf or
ensuring a sufficient current conducti on’ upon establishing a connect |on
between EWeserdlcuhpviagerisie OArehet giatderRand: i BOTTY PFURY T 6¢€8S for

fnhno a yiandQe witd.gh mBLak a’ﬂd QW B RONE 4 e Rk a0 copplLhely, and
is extrenely advantageous for a down-sizing since another via. hole can. be

formed faetherion % [Fins poFePPerthbdsiitT aee eRELOY &Nhotle Fafe-after the
filling is fiat, Accordingly, as a substitute for a. conformal via hole
plating having a limtation in nmaking an insuintt (insulating layer) with
fiat surbPaeedraisbAeal lect via filling plating to fill an tntet-I|ayet
connectingopore (hole.; is increasingly brought into use 100041 As
the via frilling t echnol o y, a copper plating bath. containing a condensate
of an ani ne wildreatglycigdyicagtchdrdndtorjarrgaater ARFY ammdnPim derPvati ve

of said ?M%tsea h@ﬂ(ﬂllrteﬁgﬁnt??ﬁ? M%‘M‘eig@%ﬁfﬁlc decadentnt QQRP1as

Neverthel ess, this technolo%g involved a difficulty in asszonplishing a
voi di ess? FEILLIERPTSH BPAFFADAS FERPUTST aafbidep 17T e AL ohaPUFBARPIAG. such

as a blignd;vha lricﬂeels ErBB&HHQQtQOA@eQBQnﬁVé us®: YL, 4 Conp ehreet s ode

having a small via dianeter to neet a. recent demand for structure
ref i nenevolaiasheughcoudh bahe readi 12 Aeésrpiasiniechen g Lpnher et Pa2bfi nd vi a

hol e having 2 d-ange viai di aneier ( L0chi &, Qe 'ﬂ%rr%) sapde& delatbyel ynsnal |
via aspect ratio (V|a dept h/ vae dlaneter% S@d | ess). A copper. pla.ting

for 1,Eld canngeesndl icsiivgensths ngirepi CHf ASPEECY atiP oY fo S

when themﬁ&rrelta@frma%leﬁléflaﬁ%l yﬁ&ilgze (AQQﬁ@%Q{dWPL@é p%\f%% na{xbyentit i onal
one, butit:has a diffibeity inaccenplishing esatisfacnmcyfng for a_recent

blind vialhdlechdvi RyPacshart ef ol Fifetirpose 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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10006] As amet hedfor precipitating a cooper on a pribt: cirttifi:
hoard, the addition a |leveling agent which is a reaction product of a
conmpound sel ected fromi m dazoles and the like with an et her
bond- cont ai ni ng pol yepom de conpound and whi bh has a specific

pol ydi epersien degree , into a copper plating bath. (Patentdocunent [0307]
However, this technol ogy requires the nol ecul ar wei ght distribution to be

control l,gdcsi,nce § e @forement QD?Qré eastdon;phedustmb se@btial ned as being.
polynerized, resulling in necessity of an enornous effort for acconplishing
a consi SEEAETPEHRETIDRIOUE Fevel | drfageritl lHavitAge an ' dedl Vel Vai-§per sl on

degree. PBrigr Aty ogurent . Pat ent sDocurent (0008} ¢ Rat ent + docUNERLND
2002/ 90623 Pat ent docunent 2 US 7374652 Sunnar¥ of the Invention Problemto
d

be Sol vedrbyatiest ienfibhi[OOG9IELat. Accoragesrdi myfl y, SePEopper® pPating
technol %%o%lfm}ﬁﬂamgvgavlhélgob@atmj ough; hpl.e and dhe ohi ke hawing anhi gh

aspect .ratio to be filled has been required for a board such as a silicon
board fdmsalseni ¢oneluctiomy dmvsrganiiénmateri arr borid,2 sttt @ ldéfafié board.

Al'so refQﬁhiBSdpiaé&dﬁ'Rbakﬁﬂg 44 uind ct-eehpel agyh Aldrawigngokherlidd i a hol e,
through hole and the like to be filled satisfactorily even. when the
super AHigicrarsiager piatdhig intRi ERRess is reduced for the purpose of

achi evi ngoasfiiner circuit. Means for Solving the Problens [0010

As the wvia filling technology, a copper plating bath
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 for 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 £illing
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

2



The inventors worked assi duously and found that the aforenentioned problem
can be solved by utili CIE, in a conventional copper plating technol ogy, a
novel compound including a tertiary am ne conpound obtai ned by reacting a
conpound having 3 or nore glycidyl ether groups with a heterocyclic
conpound under a gentle condition or a quaternary anmoni um conpound deri ved
therefrom thereby establishing the present invention. [00111 Thus, the

present. d'l@‘é?ﬂf)h@f'oﬁ St &b d @Jnce%néa) sfncé erid aarﬁb&mbaels%@mtq%al ned
by reacting a heterocyclic conpound with an epoxy group of a glycidyi

et her gr ®4pdeftal e oipeunedhavilri® erlvereisrycithadvldiher 1grgesesifto012)
(2) Tk quat gpnany AROUALSN £or" BEBLRSE ALl Th Jnéd%sﬁseggtt%%oductlon

(roaternari.z.ing the tertiary amne conpound descri bed
aforenenpﬁoﬁeaeY¢}lnq_qnﬁnilhaVlng an( gyeal pretWOGPREFipROURETSRy a tertiary
am ne conpound conprising reacting. a Neter:acyclic conpound with an epoxy
group of a 91yr:idyl ether group of a conpound. having 3 or nore glycidyl
et her gr8upsr fo614dcument (4) A nmethod for producing a uirternary
ameni uMpgPARPURL. ¢RI i sing reacting a tertiary am ne conpound, which is
obt ai ned. by rhacding a heterocyclic conpound :41 th. an epoxy group of a
gl ycidyll0O8PRér group of a conpound having. .3 or nore glydidyl ether

groups, whibna QUALALNAM Zipg 26eegentss [ 0015] (5) An additive for a
copper plating bath conp r|S|ngaone or nore conpounds selected fromthe
[

graiip cBAsEBTidecwienthe 't &bt i’drg©ani no conpound described in the af oremend
(1) and the quaternary ammoni um conpound descri bed-in the aforenenti oned
(2), [0016] (6) A copper plating bath conprising one or nore
conpound§u§@ﬁéit%@ fheomeatgPbup consisting. of the tertiary am ne

conmpoundpdgsesh bed i dhe af erereat {oned {J) and the quaternary ammoni um
conpound described in the aforenentioned (2). 11()(bF/J (i) A

copper pllaPPhy met hod conprising plating a substrate using a copper plating
bath descri bedydid,tNeAkorerepblongbclf)-+ Adyanbageous Ehbect saebikhe

i nvention
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 assiduously and found that the
aforementioned problem can be solved by utilizing, 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

3



[ 0018] A tertiary am ne conpound and a quaternary anmmoni um conpound
obt ai ned by guaternarieation. thereof according to the present invention,
when added to a cornuenticnal copper platingbath, allow a sem conductor
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,

t hrough holes and the like to he copper-plated at a high reliability.

[00191 heterocybDi@d@idbbRd BENBRARSQY, dheiabor-eqgentionedieoppebupl ating,
a blind via bole, through hole and the I1ke formed at a hio0O, aspect: ratio

on a subdt PefEMBRARBFT11%d Wit PPra Toppetyli FTAeVbPHf?%e manner. At the
same tinw,piany overplbtinu of the blind via hole, throu0 hole and the |ike

can be prevented, thereby allowing a superficial |ayer to be nounted easily
and ensuring theATuERGTess rgfate §HrEPare A ea 08 Ik S @ T s 239

mul ti:Layer ctec ber) aminat ednp&@nd (R0 ibed in trRULFREEABE€iodde (1) .
af orenenti oned copper plating- allows for a satisfactory fill ing

per f or nel¥®é3éven with a reduced fil mthickness of the substrate surface

when COWpa Ledswi tzh hben&opper -RlAaticigqofa atsubstFat entisknNg:dpound
conventional . additive-contairling copper plating solution. Brief
Descri pti8wrof LB alf #gsl [OGR IFLerocyCl i ompodngnd L5 piidt Gifrap ¥ 88 a
sectionalr wi gwofatihetnal gdeogf dehe vdnddibldnattes ploat hage idl yoxanpl e 5.
Fig. 2 shows photographs as sectional views of the inside, of the via hole
after pltfichg9rAiv"Bxanmple 6 ;plating time: 3'd minutes | n A and 25 ninutes
it PD [0014] 3 shows a phot ograph as a sectional view of the inside
of the via hole after plating in Copparative 1 or 2 (Cin Coqparative 1 and
Din Conpat eti v&) 2§ method forpprodiClug I [HEESYr aPACAs" S SEE6Mal Vi ew
of the idwsipdesinh the-wvirgy Boterafdr spdaki Bgnpdukzamplien7is Rescriinptl on of
Enbodi ments 100221 . _noiel. conpound of the present invention is
atert irrg’ryyr B Hid-"Re NBbRPOSY ahid® f?f&?%‘frﬁ%‘f’{gg? aPeefpeof‘rye%rc?‘fpoogg Y G éjry'lt1 iary
conpouna ek rt heoum\eenti esnyowht abredghy dareacté ngl & icgnpeundr hanvtiupg ,3 or
nor e glyqig¥l et her grou S wth a Feterocyclic compound via a reaction aC
the epoxy 'gr Buf prar ?ﬁ?{;%ﬂﬂﬁﬁﬁpeg her group,

[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
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[ 0023] The conpound having 3 or nore glybddyl ether groups serving
as a starting material for the aforenentioned tertiary conpound of the
invent innis not limted. particularly and may for exanple be a. conpoi and
represented. by Ftinui:ta (I) shown below (he=.inafter referred to sinply
as "Conmpound (1) ") . A e_o0 wherein: is a hydrogen atom a
fornyi group or one or two glycidyi ether groups optionally containing- a
cat bonyi ., gérfwo&mséaﬁ y&@&pysb Cocfasand 92 oft kel ox atdy ot dysragen
atoBi or a glycidyl ether grou Is a hydtogen atom a. nethyl
group or ba?ﬁlrélt, h@/lsl@séaptem@flémﬁllyealﬂw@epab’@%?ﬁ&)loraﬁlfé% Ry € §rolip

R3bye: nage- ﬁlfﬁ&%aahé%gy'u&ro% ﬁslgy%nartwagéey%% CSEJBC% I OURs

optionally containing. a. carbonyl group constituted and 02-04.
pref erablar a hydhog@hl%kxﬁﬂtw a glycidyi ether group; and nis an |nteger
of 1 to 4yplg tftr2.e. L Typically, the af or enent i oned compound (IL)

may for exanple be those |isted bel ow. These conpounds (I) are commercially
a Va |l abl e or ¢amrdtltobprai heduidnns héstlee siiolreadnt hordré capPelbyr Fabidtd ng a.

bol yol _cq £espending,!o, a:59uBauNc haxiing, 3 10k eL &l YEi ¥ LI r oups

with epi cdii. o rohydri naccording to Chenical Abstract ( vol
57454n. (I@?@P pn[@oggﬁgtrate can be filled with a copper in a void- free

manner. At the same time, any overplating of the blind via hole,
through 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 multilayer to be laminated
easily.

[0020]

Furthermore, the aforementioned copper plating allows for a
satisfactory filling performance even with a reduced £ilm 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

[0022]



[ Tabl el). Conpound G ycerin triglycidyl ether Trinethyl ol propane
triglycidyl ether Diglycerol tetraglycidyl ether Erythritol tetraglycidyl
et her Arabinose tetraglycidyl ether Triglycerol pentaglycidyl ether

Fruct ose pentaglycidyl ether Xylitol pentaglycidyl ether Tetraglycerol
hexagl ycidyl ether 1 1 2131140 -CCHOcH? 0 -CH2-0-<i--C. Tj

A novel compound of the present invention is a tertiary amine
compound (hereinafter referred to as "a tertiary compound of the
invention™) obtained by reacting a compound having 3 or more
glycidyl ether groups with a heterocyclic compound via a reaction
at the epoxy group of the glycidyl ether 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)").

1

W/\o 0 (1)

0] e} n 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,



R2 -CH2CH3 0 -CH2-0-CRrS1 0O -CH2-0 -CH2 -a-12-0-cH2 -CH2-0 -CH2 Sor bi t ol
hexagl yci dyl ether 1 pH2--0-cH2-<.? -OH 0--cH2 -CH2-0 -Cl-12 [002EF]
The heterocyclic cc pound as another starting material for the tertiary
cwrpound of the invention is also not limted particularly and may for
exanpl e be those represented by Formmla (11)

57454n. (1970)).

[0025]
[Table 1]
Compound n R R? R®
Glycerin triglycidyl ether 1 H H H
Trimethylol i idyl
rimethylolpropane triglycidy : H —CH,CH, H
ether
Diglycerol tetraglycidyl ether 2 H H H
Erythritol tetraglycidyl ether H H —CHZ—O—CH,_-<?
Arabi tetraglyci h —GH o
rabinose tetraglycidyl ether 1 ("') H —CH,—0-CH,—~<]
Triglycerol pentaglycidyl ether 3 H H H
Fructose pentaglycidyl ether 1 —C—CHZ—Q—CH2—<? H —CH,~O—CH, _<(|J
1] 2
Xylitol pentaglycidyl ether 1 —CHZ—O—CH2—<? H —CH2—-O—CH2—<C|)
Tetraglycerol hexaglycidyl ether | 4 H H H
Sorbitol hexaglycidyl ether CHZ—O-CH2<? o
1 —C/{* B H —CH,—0~CH,~<]
0-CH, <]
[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

(II):

VRN
R4 NH (11)
-

wherein:
R4isza5—memberedringorwa6—memberedring,optionallyhaving
unsaturated bonds and optionally substituted by a nitrogen atom,
an oxygen atom or a sulfur atom, which is represented by C,-Cs or
a hydrocarbon forming the S5-membered ring and the é-membered ring,
preferably a C4-Cs hydrocarbon.
[0027]
Apreferred heterocyclic compound represented by Formula (IT)
shown above may for example be pyrazole, benzimidazole,
1,2,4-triazole, benzotriazole, pyrrolidine, piperidine,

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



R4 NH wherein: 124 is a 5-nenbered ring Ora 6-caenbe red ring,
optionally having unsaturated bonds and optionally substituted by a
nitrogen atom an oxygen atomor a sulfur atom which is represented. by C2
-CB or a hydrocarbon formllg the 5-nbailgred :ring and the 6-nenbered
ring, prefe..rably a 04-C. 5 hydrocarbon- :100271 preferred. 17l1e IL eract
yol .ict conmpound re pr 53 Silt d byrmul a (if) shown above nay for e x a np
| e be pyrac b t. a b t ZQbthvl
pyrcol*C?Lﬁ%&éE’%&%é?%gﬁéﬁg %ﬁ! ln% %%l%%%b'%gkﬁﬁeggﬁgé%gg ﬁ%ﬁey Such a
het er ocgcbts, gnaupudnmymhavedahsdb§%ﬁtméM@r®&bBﬁ§PR§U§hEﬁ1k?wd696hb such as

a methyl group at h sugh as a
hydroxylgrg §U alﬁﬂﬁ%&?%%tﬂ ?#Bxﬁﬁ%roun§d£6€ﬁﬂ¥§gyégﬁg %#%Syﬁhnd the Iike,

a car boaytagbcmapl s_mrohpasucdl faor pyfognougroare at Wﬂoxgﬂow%hd‘fﬁdhéhh ke.

[ 00. 23 In order to obtain the tertiary conmpound off the invention
by reacg|ng'the af orenenti oned heterocyclic conpound with the epoxy group
of the dbgeBdyl ether group of the conmpound having :3 or nore glythdyi

et her groups, ﬂ r' @Epfooottgrﬂh e %Er%tﬂgr&%%'ogﬂdb& ¢oRducted i@t b{yoom

tenpera.ture or r exanpl ce under a cooling. condition at -78 to
25" C. Typkcalhy: trtdqef@@emmgmroeco hegeroey Fblersuredgdpehtaddien§PPhE

het er 0cYLlg FOTRAUIL L0, [iNe oML JbaAld RIndo0haTBKE Gl b A Abdy! et her

groups, ter ¢ etion o e addition the tenperature is raised to
rogm t egperatut e etbeensyrerno ﬂém&&n%@??ﬁﬁ%ﬂ%ﬁﬁﬁﬁF Xy THROEHY PRis is

not. a condiLton aftofo&f?lt)éﬁﬁé}:g@ﬁfé)ﬁrq;eltdlﬁ obycixdyp1 etihefe i 4 $8bflin[;00291

The tertiary conpound e invention bus obtalned is not_|imted
partlcubanﬂytaﬂ@fﬁhy”ﬁoﬁoe&%ﬁbleTXEQ%?%kﬁtF@Pyc%ﬂ4¥%9dﬁhﬁoﬁﬂd“}gpﬁésented

by Forn%h@ugéahpgﬂ%dalnd%ﬁgﬁbé@iécycﬂlccompoundtothecompoundhav1ng
3 ormore glycidyl ether groups, and after completion of the addition
thetemperaturejjsraisedtx:roomtemperature133ensurelunremaining
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):

~~of
//—\\
R4
\\,/

NOH

(d

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

(1rrr)

wherein:

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

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



wher ei n: Rl le a. hydrogen. atom a fanny: group or one or two

gl ycidyl ether groups optionally containing a caxbonyl group constituted by
C4----C8 and Or-04, preferably a hyd.rogen atomor a glycidyi ether group;
preferably a hydrogen atom at an ethyl group; is a hydrogen
atom a fornyl group or one or two glyoldyi ether groups optionally
containing a carbonyl group constituted by 4- CB and 02-0, preferably a.

hydr ogen at i, d rou a 5-menbered6--m . E'..Filbe
e Cari né)r %m %%XI gyl){ r%a/q ftéja1 5nas %ﬁayji')pq Odlr%{lly substituted by a

ni trogen atom Rélisoxytgﬂrca;ta)fmobma $lﬂofrmyla<§ﬂdﬂQp whi che i ltepr@B}entm by
02.-08 or %hydrocarbont orm.n thg menbered ring and t m%r%

ring, prs: tératliy s’y Jéfl?rﬂw'gr%é‘ ?68?{19 a"hoc%r‘t? ngFﬁPBgE?n%"f 00
Such. a ftogr Ci-aryyananpeund mfefidrabilyvent ydrogan abefil @d exyappl éybyetarr
infrared (ilt.) spE3CL:: I7 S COp C neasurenent:, and can typically be
identifig'oﬂy'observing a peak near 3400 cmi to the hydroxy ouo of the
tertiary conporhdsant-reemealkdneiarg d3006-emambeassiigned ddx tdre ltleritdvamy ani ne
conpound a- Ur

Che’tor L PP CEERGOO BT PAE PROCHRS brY WhiCh UAFSS Bbral RGACRED BTy by t he
i nvent or sint ogethera it lvrt hespedkr posint, i ehscobtaimedcbynt he bR Spectoronet ry.
(3" 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.

(I11a)

=

Q

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

’J\OH (I 11Ib)

4

J

IR:3400, 2820, 1440, 1310, 1280, 1110 (cm™")



) IR3400, 2920,

Ko, g4.,/ f(I1 1i) OHLO' OH

L., OHN ("OHOHOH (1 11j)
1100 ) 00311

IR:3410, 2910, 1450,

OH
O
IR:3400, 2910, 1440,

RO

4 OH

OH
N

O

IR:3400, 2910, 1460.

IR:3400, 2920, 1440,

0
Lo

LD

HO%
o,

IR: 3410, 1440,

1430, 1320, 1280, 1100 (cm')
11- 13400, 2930 1450, 1320, 1280, 1110 (cm') xN

341, 220, 1440

(I111le

1300, 1280, 1100 (cm"")

(1114d)

1310, 1280, 1110 (ecm™")

(IT1T1e)

1320, 1270, 1100 (cm™")

(rrif

1310, 1280, 1110 (em"")

(111g)

1320, 1270, 1090 (em~™")
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The aforenentioned tertiary conpound of the invention can be quaternarized
to forma Quaternary amoni um conpound (hereinafter referred to as "a

guat ernary conpound of the invention") The quaternarization of the tertiary
conpound can be achi eved for exanple by a reaction of a quaternari zing
agent such as a hal ogenated al kyl, hal ogenated al kenyi or. hal ogenat ed.
aryl, dialkyl sulfate and the like with a tertiary conpound of the
invention, atis quaternarization react.ion as conducted preferably under

reflux or cooling condit¥on, Tyric:,illy, Ih.e reaction with. a hal ogenated
substance i s subjectod [ ecanple ice conditioninvolving a reflux using an
Ji prrehi cape-tone or crdton ta-Me 33 area .3"C..i 0 1l solvent., while

the reaction with thésulfa.te is subjected for oxanple to a condition

jhvolyingiéiﬁqdrb o/ﬁrﬁﬁagg'c rd. 5dBErgihaoet ono or acetonitrile or wster
as a re. ticgn solyentgH f 21 The quaternary CC: MI:D1:11(jthe invontion

thus obtained is notl Hmted particuiarly and 'nmay for exanple be a
quat er nary anmoni uffl cgnpound represented by. nmormu/a. (1V) ;hereinafter
referred to sinply. d@sy'Compound ihrV)") ex 11- , OHp5 H-Y4 1

\------ 401-1- 0 R5.' 5
IR:3400, 2920, 1430, 1320, 1280, 1100 (em"")

@A
LW:OH N

Ao
Hoj\N

),

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

(1111

SI?L(O“/k“gij (1 I13j)

IR:3410, 2920, 1440, 1320, 1270, 1100 (em"1")
[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



HO -j cii L; WN - \ k. ( wherein; Rl is a hydrogen arom a fornyl
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.

gl ycl dyi ether gronp; R2 is a hydrogen atom a nethyl group or an
et hyl group, preferably a hydrogen atom or an ethyl group; P.3is a
hydr ogen atonp a formyl group or one or two al vordyl ether groups

oot i onal { ycont.aiBLAG. A= GarDANYI1 GrOUR1 SRSt dddited. by Cay Casand 1Q2- C,
preferably a hydrogen atomor a glycidyi ether group; an oxygen. atomor a
sul fur atsm ththi £HSG s7irtdpreesenttdd rby com@E Ngr °a hydr 68EEBor P or fiMg t he

S5- nembergd d NG and+t BE Led®iahr B ohddcc Bh eferrablby yaiydr eearbons:

R5 is a hydrocarbon optionally having unsaturated bonds represented by
cl-Cf, prefiecasiopdatceno3 hydroddnboryie reactiox yatla halofiFERGH or a
monoal kyd,isyldfratke; & g%g@@fg@@@y@%ﬁplgr&f grahhyt ac-hahogen: a4 amsehect ed
froma chlorine atom brbm ne atomor iodine atom or a nohoal kyl sulfate

r epr esent®d bR CIALCoaRE, SALT SN A §HtEFeroofRCEtea1 471 | ©033] 2 THE Cowht er

ani onof {he,afor grent ioped.conpound chUMle i anQt 1l sited d ost hose descri bed
above and may for exanple be a. hydroxideionderilfrontunter anion, Such

al wdr oxi ‘o icFAM@eri Ved £PEME R couitlernanf ofP e b éECobt d néd” BF tBeat i ng

the compound(d V) fiekrexample Wit haapranson exchange sheskAcaccording to a
st andar d[.oorg%t]hod,

The quaternary compound of the invention thus obtained is not
limited particularly and may for example be a quaternary ammecnium

compound represented by Formula (IV) (hereinafter referred to

simply as "Compound (IV)"):

S R gaf .
® & N\
R N’\K\OP\{/\\O%\(\N R*
— oH 0 non [N (1Vv)
RS RS
X
HO @c
Rs,N}
.
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;

R'is a 5-membered ring or a 6-membered ring, optionally having

unsaturated bonds and optionally substituted by a nitrogen atom,

12



[ 0034] Such a ma t rna y conpound of the invent ion can be
identified for exanple by an infrared (I R) spectroscopi ¢ neasurenent and
can typically be identified by observing a peak: near 1700 cm -1 assi gned
to the gindparn,a.ry amavxilum cor,-Exnnrid and a | oss of the peak near
1300 a s s n,1to the tertiary am ne conpound. The fri L |ow ngs are the
structures of the conpounds belong to the quatornary conpound of the

i nvention Waig &ewt%moe&a%ygﬁh uablhy Pyidhe d %F%Qéﬁté&gﬁ;t kercwoth the

peak: positions obtained e IR wectrnnei -ry
1- - - NCe' pehydipcarhop fopuing thej ONEOMered3ring @pdve)e bgeenbrreRri3420,

2950 16 c 1624 ( 3 V b) CE IR (3400, 2940.. 1640,
1440 11%9 %g%gly g)alEg)@ (& rﬁﬁroc'(a%n ( ) (

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

X is a halogen atom or amonoalkyl sulfate representedby C1-Cv,
preferably a halogen atom selected from a chlorine atom, bromine
atom or iodine atom, or a monoalkyl sulfate represented by C;-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 dquaternary
compound of the invention which were obtained actually by the
inventors together with the peak positions obtained by the IR
spectrometry.

[0035]

Q’Y\ 0™y o ’Y\b

(I va)
OH
b
N
0%

IR:3420, 2950, 1680, 1450, 1110 (em~"")
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YOI "V.ONNE!O( 1 Ve IRB3410, 2040, 1 4 40, 1680, 1100 (cnt'll) ( | V)

3 P3400, 2950"16401430, 1100, 12040
k6 OHL64-4 3 V ;666) |R 3410, 3920,650. 6440, 1 300 (cm 13

e Jsse

el

(1VDb)
OH
V@N'
0% )
Cl
IR:-3400,. 2940, 1640, 1440, 1110, 1050, 950 (cm
-1),

QOY‘ 0™ Y\Q

g\ (Ive)
OH
-

IR:3410, 2940, 1440, 1680, 1100 (cm™")

| L
N |~
SIS ETS

9¢

®

SN
C

R:3400. 2950, 1640, 1430, 1100, 1040, 940 (cm
)

I
.

ool
RN GRS

(I Ve)
OH

L
0

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

14

94.0( m1)



40H(1 Vf) \ CH\.-- 1114 3420. 2930, 1 6 30, 1450, 1100, 1050, 940 (cml R

3400, 2920, 1640, 1450, 1110 (c 1R 3400, 2940, 1650, 1440,
1100, 1050, 060 (cm ') R3420" 2950, 1650, 1440, 1110

(orn" 1) ( VD  IP: 3400, 2950" 1640, 1430, 1100, 1050, 050 (cars 1)

N
OH 0 OH Q (1v
Lo
[~

I1R:3420, 2930, 1630, 1450, 1100, 1050, 940 (em

(1ve

IR: 3400, 2920. 1640, 1450

of e Ho

‘)\ (I Vvh)

TN

O el

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

é’\{\o{'\/\oﬁf\ﬁ 8o !

OH o] OH

(L Vi)
,:LOH
SN

Q
|

. 1110 (em- )

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

a | |
¢ {r\(«,}\(\@)@@
N 0 o) N
/\(\ i
OH o) OH (;) (1vj
"‘"\\\/\g\OH
N
o)

cl

IR:3400,. 2940, 1650. 1450, 1110, 1040

. 950 (ecm
-')
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1R 3410, 2960, 1660, 1440, 1100 (cm &1 'OH 1 Vn) , t!(''x'c',

HCC-.1.'", 1R: 3410, 2940, 1640, 144, 1110,
960 ( ctin [/ ) |1 R :3400, 2950, 1 680. 1 440, 11 00 (cm)

|
o OH O OH
|

OH
“N®e|

(1 Vk)

IR:3400, 2950, 1660, 1450, 1100 (cm"")

(rvhn

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

o
@
S
N»J
OH
0
| -
9@| I@e| (1 Vm)
N (6] ho) N
(D on on ()

~

HO"™

-
$ad

IR: 3410, 296860, 1660, 1440, 1100 (cm"")

\L_em

a | 0 |

o [ ~ oCl (1Vn)

@N/\]/\O/\( O/\l/\x'

[;) OH 0 o
H ]j
© AN

N
[ Ve
~. Cl

IR:3410. 2940, 1640, 1440, 1110, 1040, 960 (cm
.1)

16

/ 040

OHOON



ncr o ai R 3400, 2940, 1640, 1460, 1100, 10 4 0, 960 (Cnl IR : 3420,

| 68 O, 1440 1110 (cm ) .0 e Ch ™Hz.:1"" .. |
ONL L 10". N - 0 C}D., 0;1 V r)
>N

S
G)el
OH
0
I f\]/[ N
[::ﬂ;\T/\O oY TN (1Vo)

o OH 0 OH i

| |

HO
o aN”
|

IR:3400, 2950, 1680, 1440, 1100 (cm~")
N (1 Vp)

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

K/Lc:/[o\)\, (IVq)
| |
N7 0 o N
CR T LD
I

HO
e@WUNT
[

IR:3420, 2960, 1680, 1440, 1110 (cm-")
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R: 340029501630, 1460" 11120, 1050, 950

"on 9H ,V \-N". "N IR :3420. 2950. 1670, 1430, 1100 (on') Cr".

7Th 1\l . N vo ?-? CH

|
@5
NH T /E (IVr)

IR:3400, 2950, 1630, 1460, 1110, 1050, 950 (cm

(1 Vs)

o OH 0 ol
|

HO N
o Oy~

U

IR:3420, 2950, 1670, 1430, 1100 (ecm"")

/\Q[ % @,O

I o o A N
Yo (1Ve)

IR:3400, 2950, 1640, 1440, 1110, 1040, 950 (cm
)
[0036]

(rn: OH
'OH OH

While any of the aforementioned tertiary compound and

quaternary compound of the invention can be employed in various
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G aci 11R3400, 2950, 1640, 1440, 1110, 1040., 050 (, c
[ 0036; Wil e any of the aforeffntioned. tertiary conpound and

guat ernary conpound of the invention can be enployed in various
a)3lrcataons alone or in comn in at ion, it can be elllp.i.oyed. for
ezanpl e as a copper plating k7.7,77th additive in such a case, the
concentration of such a conpound in t he copper plating bath is 0.1 to 1000

ng/ L, pr t bat h
o whi ohePRoCCBustr B0t BRPR B Ik 15 cand e SERPehr Rk
parti cul as alyorrer Pyt fog bekararpildetbeet hdsaeswnaa:laﬁemghecrprperentansland
organi ¢ aci ds_,or. inor ani 0036 pper- d rce
capabl e o% iycq+§ g°C g%ajned |% %? T platln ﬂtgtf%éfgagﬁ ¥2§y1€§9§hy of
t he copppreﬁenmendBtﬂﬂ@b@ymd/Ln an. ordlnary copper plating bath w thout
any lim I Those exenplified typically are copper sulfates" !copper

ok. i des, coppEF c: hloric!es copper carbonates, copper .p yrophosphate, as
wel | as copperTrad kaneesultlananbedstichtaswboppetharetéppaingsiultfiogabtetand

copper pf, Baé‘esa'foné‘&e COHQ@&ia'i‘%aflo' 'Icou’l%tﬁg, Sélr%‘mgfé’lp%i

i set hi onate 67 ¢ copper “propanolsu fiohat ni ¢ aci d copper not as
copper abetaheseccmWMHlnmngznoppamdlooppendthrgama¢ea@mdamﬂﬂ iaorgheisal ts
t her eof , Al&g of these copper conpounds can be enployed al one, or in
conbi nat £ 6n. [ 0039] The concentration of the copper ion in the
conposi tilon3®f a copper plating bath is 10 to 80 glL, referably 35 to 75

gitl, 0(1l47cU Ofl%hebeclotpg% Dgn éaﬁrc(?h gt’aﬁﬂge Pr&e‘?ﬂ{ cgﬁkgltgéd lrhe slu%?lrgam ¢

acid capabl e cont ai ne e cop atin at h
limted pappénmlravr@ndbaahymei/ bdozey caq‘oattbiee coppdrss@hmurgia r%lpdgppér can

be enpl oygd, !;Qeiﬁ r&! glgw 3l h mgﬁgﬁgtﬂp{}g&mﬁ& o @ %ﬂsg%

sui fonic aCIdS SUC eSUI nIC acl panesulrtroni ¢ ac
al kanol s&émpbxﬁmchctwdscsmth ase icoppbironi tfabis d capdeproxiidas ,02080r 1f oni c

aci dof tgﬁ‘f&&&%d Sptaa;e*} %Sar%'owa'tgsa%g é@r%g{acpcnoaa@gattq aedg@;mgg aci d.

Any ese orgdni ¢ aci ds or |norgEIn| aci enpl oye one or in
co: 77, 7-comet abhanam@ltﬁoppeesmua:ha@copaehmleghkepsulim@f@ami;zoaeieai c. The

concent rﬁ%é@%n 0. uflfgj Sat%rga%' ? agi dal%m%f&ﬁ %C' 4.8 5 8 g
preferably To 09/t in the conposition ¢ e copper atln ath
isethionate and.copper‘propanolsulfonate organ;x:a01d(:opper such
as copper acetate, copper citrate and copper tartarate as well as
the salts thereof. BAny 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
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1: 004-11 Whi | e:this copper platingbath_contains al mWl copper as
its primary cbnstituent, it may contain other netals such as Ge, In, M,
Mo, Ni, Co. Pb, Pd, Pt, Re, S, Ti, W Cd, C, Zn, Sn, Ag, Rm Si, Eth, Ru,
ir and the Like. [0042] Also to this copper plating bath, a hal ogen
ion such as chloride, iodide and brom de ions can be added simlarly to an
ordi naxy acidic copper Fbting bath, I n such a. case, the concentration of

(he hal 09514 8012 0,08 Los190 M by, pLaier by 1o o 100 i e

conp03|P|on he copper reover, the
afbrenetbhpedcpppemﬁlahetcgpaehnﬁynnnmabatbne or nore of sulfoalkylsulfonic
acids a goﬁ?f salts thereof, bissulfo-organip conpounds and dithi ocarbam c
acid de rvative These are the additive conponents. also referred to
generally as Wiar]rei ehis cagpengnts iow rtilghteneiss aandtahoserevewplifi ed

robr eeht el by ForR At sy i BB il THREE N T E S G e
sat ur at &éd, OMnumﬁatNmat©®,&HﬁyPéncé@dep andr M7 W,s Cd, hydr dgen Sor %%ralkallne
net al , 82) R, bHB ?‘ %%nlgrcggpr viy jrepresented by Formula (b): XI1LSS

--L.b) wheref n 1 are su ate reS|dues or phosphate residues and
L.2 and[m04ale G -C2 saturated or unsaturated al kyl ene groups. (3) A

di t hi oca2Ezi o fézé dc de{ﬂ satcio\%)%erreq{l%stqﬂgeﬂatex, Fgr m&ggen ion such as

chloride, iodide and bromide ions can be added similarly to an
ordinary acidic copper plating 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.
[0043]

Moreover, the aforementioned copper plating bath may contain
one or more of sulfoalkylsulfonic acids and the salts thereof,
bissulfo-organic compounds and dithiocarbamic acid derivatives.
These are the additive components also referred to generally as
carrier components or brighteners, and those exemplified typically
are the following (1) to (3).

(1) A sulfoalkylsulfonic acid represented by Formula (a):

HS—L,;,—S0;M, (a)
wherein L; is a C;—C;s saturated or unsaturated alkylene group and
M; is a hydrogen or an alkaline metal.
(2) A bissulfo-organic compound represented by Formula (b):
X;—L,—S8S—8—Lz;—Y, (b)
wherein X; and Y; are sulfate residues or phosphate residues and
I, and L3 are C;—-Cig saturated or unsaturated alkylene groups.

(3) A dithiocarbamic acid derivative represented by Formula

(c):

RG
AN
NCSL,—X, (c)
|
R’ S

wherein each of R6 and R7 is a hydrogen atom or a C1-C3 lower alkyl

20



NCS L.. 4X 2(a) group, L.4 is a 03-06 al kyl one group and X2 is a sulfate
resi due or a phosphete residue, [0044] The af orenenti oned conponents
may be enpl oyed alone or in coinbilati.on. The concentration is 0.1 to

200: ng/ Le preferably 0.3 to 20 ing/i in the conposition of the copper

pl ating bath, fra, 045] In addition to the aforenentioned
conponents, the copper plating may contain other conponents enpl oyed

general ly t he ,copper - pl |nclud|n hers, such_as_paol thylene
gl ycol ﬁﬁlgﬁé Eérégyglégéﬁéfg%flen fPf?V ype Suf E§C||1%%§

tonic: typeasphbaphanﬁsre$nhyners such as polyethylene gl ycol glycery|

et her anq¥Rﬂl .hylere glycol di al kyi at ne r s and hune ot ant s for
reduci ng urf ace tension, so-called |evellers such as

pol yal kyl enei ml.“hesaffaxtéwdntdanmldi remponPounNdssy a ampneyaddaterd wat iive

t hereof , organi es .such as elod oun and n and
the Iike. 70045 lOX H Onc?é)r%%ﬁopie%ed coﬁgg& ?atpﬁﬁfﬁﬁ?ﬁf%ay be

pr epar ed thy 2& standar dchetdroghostiheéoded @i tise ofopwhrc v lmaynhebatet er m ned
approprigﬁ%hg]by t aki ng respective conponent conpositions and contents into

consi detation, [0047] Next, the copper plating nethod using the
copper plati ngIbaadadbttictrhetqor‘etsernfdnmmttiianeﬂscdmpcnérble:i JH3048pper

The subs ected to the cop ha. rtth i nvention is
not lim e%tE a?tl%ﬁlé tal%ﬁﬁgﬁarﬁg &S sFraRB e %ﬁe%£§ﬁble f%0n1 a

resin on Ctoppecrplaatﬂr@yemnoiudm@muethv&rraixﬁm a!s polmmhhla;se alvetcdl is
formed a tter , ndyct or _.su strete S il icon mafer
. %ﬂaﬁ?olé%r%ggle?iea%tycoq yf onic type sur er eo? éfe% ; 6/ Co

havi ng a ern ‘on e SUI’ ace an e ec
circuit boafdcsachs aspoelyplemst suclnczm tpobgatdyhanie tc_l'ﬂa/dqlkglyé@ﬁyttglet&emh a
Fubstr oSSR B PLELM BuRLRLILR L IEhE s SRS ) e
thesurfaceten51on,so calledlevellerssuchaspmlyalkylenelmlnes,
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,

21



11. 0051f | Typinal lys such. a substrate may for exanple be a pri nt.
board secia as a gm ckaT:i bosei La ibnCh an ICrare ceip is amacitni
(tlreetly, D. silicon wafer to which. an, LST of. the like is ntiinted
directly, or a. silicon wafer substrate fur the purpose of manufacturing. a

sem conbuctor chip itself. H30131] In order to practice the copper
tr;aatmg rrethod of the inmaition, a pretreatrrent such as formation. of. a
arrier : ert otmad i e Pess

cGit1(1%. ’if 7h_L (sng eV rtjtme “tteat n‘er‘lat tgucﬁghe&f SEP6R% 61 a. et al

seeb | ayee sebyingpowerd supplLyrcéayer fot the substrate i mperformed_ This
conduct i é EX inparting treatnment canaCCOMpii..SheC. 1 by : 011(.tiria.ry
riminddcf?oVi . ty 1.7.par tinienment neteed such. as a. minzil (,includieg
car bogi eat| ngygsi@altmntsuusia Egbﬁtﬁit&(:mayrfor ekesslptaCalinChtaboard

50- 05. 11 at i at Ple t Clcthad rbon or
pal | adi ﬁ %ﬁ&%@?grﬁfargg@ g%cagﬁo& g%'ﬁ OrPat 8m§{(—3§|ﬁ Mﬁe@tf?

deposi taemi%i) waitert he hihvkey dr0052] oFottkleov]mk@ ttlaem@ummictdllvet?yly,

i nmpiiineu: -arn. ae supstr at |s subj ect atin
coi c-i pér gl atthg'bat erTﬁé‘BEB arf Eoornecl (i élﬁfp gﬁ ‘ﬁ%ﬁé%gg‘g?ﬁ%f)gt | ge
it perteunmtondbeimg dtie coppefc7li: biath of the in VC:It 1 01:1iS net
limted @ggﬁzcul arly, alni any ordlnaLy copper sulfate piating condition
may be a Thus, the p.lating nay be effected a.t. a. f.luid
tenperatitre of about 20 trraatCAe: thai odeodsur relattirgensdithpdofofabéde 005 to

3 The plalllpoper . ov: L Uay,be adlusted ARRLORLLLELYLEW L, tide PUIPCSe at

t he platl oenfect l'uid agitation ter 'exanple by an
aerat i op,eraopma@ ici rrami&stalrgm aral plae:tbae:cstdwcrtllnmtan@ptaﬁélng Keeatenos;

The coPBRLHRLE L naLdnN! Skl sqktbinkely abous ablove, 3 bliashd audphe; o

sil os: trlatyertﬁmbEhélddbesdtrlaue iz ptatownedphefhism@nductivity imparting
treatmentcankxaaccompllshedbyanlord1naryconduct1v1tylmpartlng
treatment method such as a metal (including carbon) coating
treatment using a electroless plating, a so-called direct plating
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 dimparting 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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superficial layet pletilig thickness (the thi ckness of the portion of the
substrate which cart be pl;ntod sigwii.aneously wth, but is free of the
blind via hole, the through hole, the trench, the through--s LI icon
electrode) is t.11 n , [0054] Typically, for copper plating of a
patterned board having a blind via hole of SO pmin dianeter and 30 pmin
depth to allow the via hole to be filled conpletely, the plating ne. ?ci be

ef Fect ed 1953000, 3 MWt 60,25 118 ALOAAR LR SRy densld Yy ofpdid off dm 2

In such a ease icral” layer ating t ness becones about 10
pm ; 0055]f the subsElnatecwppeh palathm@l@fceel subst rateusdohwasha. b [Hiscon

mafer ha r renchy m l§¥ﬁ%er d 0.2
to | pn1%hgge% t?o ﬂﬁB% Fﬁg &ng hoﬁé gP}?%gh??gﬁﬁh ?%aﬂ% §%%

conpl et elthrbopht kel perposie agfronenuiia. thxmmi ng a sem conductor, the piffling
may be eﬁ%%ggid for about 150 seconds at a cathode cutaixuit density of 2
Pl dP12 I'n such a case, the superficial layer pLiting .tht-Inie,:s becones

about | um ’\Tifzzicall'yl, for copper @l@as'egocliftaheattemer@ bplaatii ngvofg a
through-ghl{, a%'o%%téf’%%l ok %Odﬁg}nw?ﬁ;aar{ﬁe%ﬁrw?% 89% aﬁf«‘&s hptor the

pur pose of "a trIdInEnSIO mount i ng, ating may ff ect ed or about
10 mi nut edaahode twabhoflel bedt remp ldeénsit ytlmf p2aptindnmay be sﬁﬁﬁci’aectaf%, t he

suri er . 1 Lbaxbala hayeloplaal 19, Ll oknass Decorms, abouts B/ham sk a.

case of f Tatin a nhrongts ectro in
d|anEteraandsaooﬂwDEUPﬁrdepuhl ldee plrdkicAganayl benefs deredes orbakxddt 60
mdrnites at a cathode current density of 0,2 AdnR, In such a case, the
supetllJfl | ayer plating thiclness beconmes about 2 ,r f 0057] The
pledxblg[ﬁéﬁﬁbds of the present invention desexibed above can be applied to

various pli Ed: bg; | Rix>agUten o0 cdevi ges Wi dh e, Exagmles 898karer

The present i nvent urt escri etail with raeferrihg to
Exetpleshavgnwhiwhathelenmeﬁttoﬁn¢@<ﬁb9 ﬂJh@ﬂb@ i anyiwag teF 0OBO -Exanpl e

1 Synthe%bsqunJthEBEM é%HJYiowcgﬂgoyfgjﬂgﬂé bé)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 um.

[0056]

In a case of the filling plating of a through-silicon
electrode of 10 pm in diameter and 20 pum 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 pum. Also
in a case of the filling plating of a through-silicon electrode
of 20 ym 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?. In
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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A react.ic.n cfma.iner fluted c,Filah a thernoneter, a stigaar aral a
drip funnel was chagnded with 20 g of dlscxeyLn teciglycebdyi ether (epoxy
equi valent: 143 gl) and then also with 100 M. of pure water for

di ssolut)on,. which. was cooled to OC and then treated with 10.2 g of
pyrrolidine slowy so that the reaction tenperature was kept at 30C or

bel ow. Thereafter, the tenperature was raised to roof:: tenperature and the
reacti or}:%lggnti nued f C 2 hours, after which the di sappear an.ce of the
signals assigned to the epoxide (2.54, 2.71, 3.08 ppm) was confirned by
NVMR.  Conldéntriat i on under reduced pressure for renoving the reaction sol vent
anti the exce fi.shresdl Lokieding,vie! ded 29 Sedcoloaateltdlary aaine
cenmpound. [oogf‘ e functional groups of the resultant tertiary
am ne comgeundnuete Neampllfeged thy wh Reedstrigmentt L onhii e hnethovied: telle 1peaks  at
3400, 29:.1][%, w£§50’ 1310, 1290 and 1110 orTJ, wiel.,ch were confined, to

i ncl ude the peak assigned to the hydroxy group (3400 cm 1) and the peaks
assi gned @0t héxeept¢ ary anmi ne conpound (1310, 1290 cm1) . [0: UM

Based o .r.esHl i QL - t tertiary am ne conpound
(TTTal \r/\bé}snr%g%tgélgnég,{froto%a%@é%l gg S@Ar}?h(elts%)éf quat ernary anmoni um
conpound (ri ap reactionfgqreagdmiesnt cormcarhel of fhraaprwitel & Fierapretlera. a
stirrer,, @rigrf&hﬁéﬂﬁaﬁé éﬂgkékd Q&%ETﬁﬁtd ofOGLENSEM Was §9@i&5¥1éﬂhEQ 29,9 ¢
of the tertiary am ne conpound (Ma) ohtn(ined in Ex_anp?e 1. descti. bed
above, ampoxtvheauatasendit A4300/atdof sadetbant#lie Wwigh &8Nt @“S$Sol uti on,

and charged fart ReE WM & &Y - Ak waQf cdrBthylo ivedigg, r1and cLeactd @ntwas
conducted by heatg.ng under reflux for 12 hours. Then the reaction solvent

and t he 1éxcdesstv@yrephyilinodide Wefe eroled ByREotertFatT o ifhdéf reduced

pressur g dihereypcybelging, a auaternaly’ catErmon.d ameemeynd, i 00631
The functional groups of the resultant quaternary conpound were verified by

| R nmeasUrefe ReTP (e & AT ddttedct hiator He Sped WS Uugssf ghedPerthéftertiary

am ne copoundd 4319429 end 3 thad idinsaspeasiep cand the cpeakacassisgned to
t he quat ernary ammoni um conpound é)\%a 80 cm 11 was new y observed, [00641
- .

0
Based orf ‘t'Hesé- ¢&&um s7ag copasrprovenhat CPRecyuat erstarpde amAsHiIcGM

corrpoungu(els\é@'r)e- AWas oht-aiiAgd .+ 005 tExanpleg v3ndy phhesirs: afxdistivary am ne
conpound (111: fI . According to Exanple 1, 20 ci of sorbitel

hoxagl y&vdyrLléther yepelar equidval Bht 2) teaig )y FRdNE0Ca™ g ¢t pi pe ri di ne
wer e regefogd and the di sappearance of the signals assigned to the epoxide

(2.54, 2,71, 3.08 ppm was_confixnbb by NWR thereb%/ obtaining 30,0 g of a
tertiary am néhgo fgonal 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
thepeaksassignedtx>thetertiaryaminecompound(1310,1290cmd).
[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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[mB i5S] flan at OL a .1 g 1: O caps of the resultant:
tertiary conpound were vetit ed IR ne astir eneat , which showed the peaks
at 3410, 2920 1440, 1320, 1270 and 1100 cra-1, which were confirnmed to

i nclude the peak assigned to the, hydroxy group (8410 cm3) and the pea

I c:3 assigned to the tertiary am ne conpound Cl L320, 1270 eld-1) [0067]
Rased on these results, it was proven that the tertiary am ne conpound

(I'Tij $,0 ai ned., [ Q0 5 n at.er Y ni um
(LTaky e P bR pedl 190 86 L Eraml 5.4 Synthenis Al gpeterngyy aqwor
conpoundremzﬁqsd)byobbacenetdraﬂcﬁ(anpée m&ﬁmdbpdesadumm ahdrdb9.y2edatdiog allyl
chl ori de meretéeacte%H&% Obta'8m3§u§hg of a quaternary anmoni um conpound.

[ 0059] e fanet P e rups of the res-ditEunt quatxraxary
amaxm i xaoeanf xxn-1d were ver|f|ed by IR neasurenent which indicated that

t he peaks assigned to. the ertlar € con m 0, 1) hau
di sac' peared ar%l %‘f F%'R% rouP%ﬁ%g]c ﬁ]seu%‘] ite H%%grzn rrrrvé% %pf&ﬁé%m)m am
(1640 CHWetéOVGWEEiduahgeaRsmassugemmhtx)wnﬂmh ahuycage@uphiﬂihh@ p@5Bscm 1)

wer e nemA observ 0070]., . Eased on _thes ul S oven
that the éua?erna?y 5%XX£?¥E%?E .%%dc?mgﬁﬁn gl ﬁ?al%%d) %Bmg Egézanple
5 Copperdptappegrontand esien hoaid assignedAntepoxy aesiarrboar draviing a seed
| ayer forned a ecLr Ioss copper pl ati ndarxi ablindvia. hole of 70
RUEi ndi afeter %%dﬂ%gi miin Eegﬁﬁ %aspé% ratio: 0.57) was subjected to

copper: éD@&%Toplatltu1u5|ngthecopperplatingbathhaV|ngtheconposltlon shown

beIOM/contain Cﬂ t%kg §r¥egu ts, quggpgféé%a[ggaéyakb%ﬁb%%anQY

exanisle 1 un &'con ion s el ow
ammonium compound (IVa) was obtalned

[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 cmt) .

[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
(ITTj) 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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(Copper plating. bath conposition.) Cepper sulfate pentahydrate: 230 VT:

Sul furic acid (99%: SO 9/1" Chlorine: 40 ngiL Tertiary. am ne conpound. 100
mg/L SPS (*); 1 ng/lt * Eis 3 -(sul febropyi)Q snlfide (Copper

el ectroplating condition) Plating tenperature: 25'C Cathode current

density: 2 P.,/dm .2 Plating Linme: 35 mnutes Stirring: Ai r. stirring.

[ 0073] Exanple 6 Copper plating onto resin board . eciOEy resin

bl nd via hot G5 7 an Th SRt & Hhd 10 BTy %fa““?%ﬁ%‘@ﬁé@{%?%%fﬁg 0. 59)
was subi:empbemd mreomearfleei bgtIrR)mbaNJnsgnant which indicated that the
qQuat or n&Fg LA FEAURT CORBBUNE (1 V1 SonEhoer e T il o2 Sader the
condltlamssbp@mméuﬂamw the peaks assigned to the quaternary ammonium
compound(1640cmfﬂ and the peaks assigned to the allyl group (1040,
950 cm™!) were newly observed.
[0070]
Based on these results, it was proven that the quaternary
ammonium compound (IVt) was obtained.
[0071] Example 5
Copper plating onto resin board
BAn 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
electroplatingusingthecopperplatingbathhavingthecomposition
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 pm in diameter

and 40 pm in depth (aspect ratio: 0.57) was subjected to copper
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[ 0074] (Copper plating bath conposition) Copper sulfate pentahydrate: 230
g/L Sulfuric acid (98%: 50 gib Chlorine: 40 ng/L c)ateatary anmaontam
ccm4x)und (ilia): 100 ng/L SOS (*): 1 ng/L *3-Csaliapropylidisuffide
(Copper electroplating condition) Piatim nonpraturo: 25C Cat hode current
density: 2 A/dn2 Plating time: 25 mnutes or 35 mnutes Stirring: Ar
stirring. [00751 Conparative Exanple 1 Copper plating onto resin. beard

(1): resin, board subjected.. to I € tro i .i.n the
Sae manfer s ERA e e A nst e Sl P BEPP S SRR BT B 10 /1
of PEGAOBGQowor eelisedciontpliateg ofhd0Quagétnagf drtreortiemt i @mpoamidneg IFenpound

(hi-Ta) o, thescopper, RLALNY BatRyel 0040 FURALA! LKSWIDGRLE 2
[0074]
(Copper plating bath composition)
Copper sulfate pentahydrate: 230 g/L
Sulfuric acid (98%): 50 g/L
Chlorine: 40 mg/L
Quaternary ammonium compound (IVa): 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: 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.

| S
H " OH \@
—N '{'\/ ‘I\/l\/ .
N i
N |
Cl

27



Copper plating onto resin board (2): A resin. board was subjected to
copper electroplating -in the sairackE manner as Exanple 5 except that 100
ng/ L of the quaternary ammoni um conpound constituted by pol yet hyl ene gl ycol
(nano-pol ymer), dinethylamne and allyi chloride represented by the
iitormula shown below was [1SPC. in place of 100 nmg/l, of the tertiary am ne
conpound (I115s) in t he copper plating bath, I NO 9 0 OHC [00771 Test

Exanpl e copper plating; Fig, 1 shows a photograph
as a secipaﬁ tw%é‘lamprli esin board which has been subjected to the

col rypervel ect toplat iougppenr Exanphe: 5 (plating time: 35 minutes) and Fig. 2

h hot h t I f th b
Subj scted 1o THE copBer ol GEFGHIBETng i b BB Bt RI NG { we: 5

m nut es bbArA andc5h&d rutas Ethjl):tEl:igtoBthhSOOmﬂ@N\BeJa&CmI@@dgltaph as a

sectional resin hoard mhlch has b n opper

el ect ro&lxéf“f’ﬁﬁ ?n(péﬂﬁbﬁgaﬁve %)% bt G5 lof ™ %58‘% gloftvgtrgﬁhgnd Cin
Conpar atisvee 2t i @lat vngwki oif e Bésnm nutaesl whlbkntl’ms basess)ukﬁemmldetg and
Exanple exhibite tlsatory f111inbc. p C r B
Conpar at'i Co@(%ﬁrﬂqe?%fog S5 INESEe AP ?/Qag @111""@‘3@9 95{{8@_()?}15 1\-Mrl ti‘gtesz
Exanpl e i6 al howezs frmimﬁteca)mml El)e vitigy f i3 leilsg whths ne 2819tianrteed 6fF £he

Pt | "o e el eL L0y bR S8 o B8 W o hED %R0 BOTSLELE e Ehied

paati.n Ss as ex rem§1S n n"as a superficia yer plating
t hi cknemppérQ e‘lleqmrb@laAmngr dmngd:qmpartaﬁm i Bdirated 1t hat ?he Gr ésent

i nventi %Ina%:)grrla e applied tq %O%né%pﬁgg\?%?sr Bla‘&iﬁ&‘ﬂltme [ 997 lr{dtelgxggpl e 7

Copper i'ng ontb Si |con wa I'i con wafer board
havi ng &oCu me@sl) ayetExfampﬂred Shyaral mmes@temlbﬂgteainoﬁ%tltﬁﬁaﬁﬁo\%fa hol e

f 20 a . i
Subj ect ad 14 ngopper el wargr@ohgarggm H{ B9RBSL{ Ald 9afipBls Y8

ectr ing using the copper plating bath having'
t he couTosiEsmrrishiioyn abeISbwmonltiaﬁi m g itche 2 e EKREPYC afri Hel CHPpSPAd2 (TTI I |

SvntneSI%%gle egﬁépg ?1?n8%ﬂ%%1BWﬁsﬁﬁﬂﬂkE5QQE%ﬁ@“ﬁii%ﬂé&Wnﬂe period,

indicating that the filling was possible with a plating thickness
as extremely thin as a superficial layer plating thickness of 9.1
um. 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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[ 00791 ; Copper plating bath proposition) Copper sulfate pentahydrate: 250
g/L Sulfuric acid (90%: 30 g/L Chlorine: 110 ng/Jr Tertiary am ne
conmpound. 10 ng/L CBS (*.1: 1 ng/Jdr Bis 3 -(sultopropyi)disulfide (Copper
el ectroplating condition) Plating tenperature: 25C Cathode current density
; 0.4 2.:11thd2 Plating tine: 80 mnutes Stirring: Squeeze stirring [0080]
Pig. 4 shows a. photograph as a sectional view of the silicon wafer

bc).Eird X‘@&%P%ﬁe%%?%gi%@%egt?e% ‘%0‘} he ycopper el ectropl atany. Based on
, In e

this figure ica e present i nvention exerted a _
sati sf act Btytind |tiempepetiioruabt® even for the silicon wafer board [00ai]

Cathode current density: 0.4 A/dm?
Plating time: 80 minutes

Stirring: Squeeze stirring

[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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As di scussed above:, while a. conventional plating bath for a via fil | i

Tuif has a difficulty in a bottomup filling when the aspect ratio is 1 or
nmore which leads to a void in a via hole, the present invention allows for
afillihg without any void in p7atind a via _._ hole even when aspect rat:
bis MO C@than 2, indust rial Applicability [0082] The nove

conpounds of the present: invention can be utilized in an. addit iVe for a
copp.er plating :oath. Th.e copper plgtisng bath containing this novel
conmpound i s preferable especially for plating a substrate. CLAIM

A tertiary am ne conpound obtai ned by reacting a heterocyclio conpound with

an epoxy grou&_of a glycidyl EQ%%lgggugﬂ%Hla gﬁﬁgﬁggg Qﬁ*;ggeéh nmor e

gl yci dyi ether groups at roon1tenpera ure or %ertlary
am ne con@mumdnacaom@t@gobgcmlalmmmpoubereumhthslcepp@nndrhaylm@'33or nor e

gl ycidyl _ethe ro isre ent For, ) e Ri
is a. hy%?%g %V%t&#f a :““ﬁg %§r06%g1%%8ﬁehg&h 8 P§CF8%P ggkg%dgroups
optlonaléyh@nn;amnun@taroamrbemgér@mnupcunm@ﬂDWUted by C4-09 and 07-0.14 R2

S a hydrogen Atom, a URLbYL 07 P, o7 8. 8liy ML LAUR: o LB 5,

hydrogen alLu. a fornyl group or one of |cIy groups optionally
contaJn|w@pzexmrb@@ygpg@ewmmphanhsli3uDedm0b§ GAyc@8yl anth@2- 049uRdhd,

is represented by Formula (I):
R1 R2R3 A}¥

VR 0

o o n g (1)

wherein:

R' is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C4-Csg and 02-04;

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 opticnally containing a carbonyl group
constituted by C4—-Cg and 0,-04; and,

n is an integer of 1 to 4.

3r. The tertiary amine compound according to Claim 1,
wherein the heterocyclic compound is represented by Formula

(II):

7N
R? NH (11)
AN

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 S5-membered
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nis an integer of | to 4. 3. The tertiary amne coffi TXREIt according to
Claiml1l, wherein the heterocyclic conmpound. is represented by FormaLa (I1):
RANH wher ei n: R4 is a 5-nmenbered ring o a. 6-nenbered ring,
optionally rravrng unsaturated bonds and optionally substituted by a
nitrogen atom. an oxygen atomor a sulfur aLorn which is represented by
C---C 8 or a hydrocarbon formng the 5-nmenbf ring and the 6-nenbered ring.
1, A quatr%;lnar%datng@rg lﬁ@m%%r’rggupg bt ai ned by quaternarizing the tertiary
am ne conpgun accordi ng to any one of Cainr | to 3,

A amit hpd for4bi-ociii |q‘szbltgraatErt renynanh neccoperm | i dotaloed- i ng

O e RE R ORRel Lyl D, AN, RPoXY, A LB Ml fh SONEIAY ebesy group of

t
a conpo na ﬁawn %I’ m)re groups at roomt. asi bu. - _trre

or bel owne of Clalms 1 to 3. A nmet hod for produring a quaternary
ammoni um ci dgmm1" conpri si 95, ti t ry. £anp nd, which is
obt ai ned by rggcu ng a hetg‘ocycﬁgg cfro%%p in Ctm%h aaﬁ%%%&y gr%ﬁp of a

gl yci dylcompbendgrwmnfsmgccmpotmdghavhel‘geﬁoqyclmr eogbyendyviet her groups,
With a quaternarizing re t aro at bel ow 3 7. An
ai -1cli dNKRé for a coope&‘g)z#1 it er%%tr@h I’%IéSI ngcgo ggor rr%‘rflen%orrpounds

sel ect edr fpom glmcmﬂmtbemsgs©vmp of Itdmal ttempi apyuemdin @ ¢ompound

apbording to any one of O ai,ms 3 t quaternary ggggph canpound.
according to % aim8, A copper mIga%llgng ath }b%oonprl ?I ng age or rr%%%

conpoundsmsel ebt edorfiz@ma,he cgreupsconsi swﬁglrm‘ tthe teeittpayy- ani e
compound,88aRLN N 14 an, oneAlnChal ip 1103 Rd o hecauaberaaly

amreni url conpound according to 4, he copper pl ati nq.
bat h accomdingdt @i Chakm esoxwh@r@llm @ﬁeawﬁap@idﬂ at HrF b@fCPPR:d?if’E atns a

copper 0.t giL...an a PohPOr ganice acid at S
to 200 CQ.RoSEn& QH%Q léé gbrgplg(r)f‘% g{l?%gld zlit ﬁétglceg)r% Cr)lgﬂ'gto ClaimB or 9,

wher el hqtlhéel:ra@p?efrlrm ettelam@nbaﬂh ot di i ore U6F frbreeE@hpounds sel ect ed

fromthe group cagl: 'a%fﬂcew of, .t he Lertiany .anhpeconpoundoacsording to
any one of Clainms | to 3 and. the quaternary amoni um conpound accor di ng.

to d ai sna atr @m@etgxm@@@ndg/§§lected from the group conslsting 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
gquaternary 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
quaternary ammonium compound according to Claim 4 at 0.1 to
1000 mg/L.

11. The copper plating bath according to any of Claims

8 to 10, wherein the copper plating bath further contains one
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11. The copper plating bath according to any O Clains atc. -1C, wherein
the copper plating bath further contains one or nore conponents sel ected
fromthe group consisting of sultoal kyksul fonic acids or salts thereof,

bi ssul f o- organi ¢ conpounds and dithl ocarbam c acid derivatives and the
concentration of said conmponents is OA: to 200 ng/L, 12. The copper
pl ati ng bath according to any one O Clains 8 to 11, which is acidic-

13. A coppeford! ablpgnaRNode €0NDGT Sig: PLALT N0 SUbRt{AtgUSLAQ 8
copper plating bat ccording to any one of ai he copper
pl ating methodlackbordiong.c to-Csai ﬁil@al\‘Mﬁer’fé”laTetOIfe smlﬁﬁurlefpeOﬁaénac bl i nd
via hole pegt 41 atyi; }Eé_tT copper pjating
nmet hod ac}(%@ ;éjﬁfgéto %iial ?111 %giécgiﬁmﬁeraelchdt hgesu tr‘g%e h%gga thr ough
hol m \Ahosenas@*ezcatlrcat i isei2 opmpeprents is 0.1160 TAe wopper pl ating net hod

according to apy ong,aof | gp?elgﬁ 536041 %ghwcc&rldgngo%ucgﬁg S0P that the

superficial |ayer plati ness I's pm or
Claims 8 to 11, Wthh 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.

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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