WO 2005/ 049584 1 PCT/ EP2004/ 012551 Acidic Bath for Electrolytically
Depositing a Copper Deposit Containing Halogenated or pseudohal ogenated
nmononeri ¢ phenazi ni um conpounds Specification: 5 The invention relates to
hal ogenat ed or pseudohal ogenat ed nononeri c phenazi nium conpounds, to a
met hod of pre@aNsMgssdane, to an aci dicqj bat h cont ai ni ngPERERR4EGISPOUNIS f Or
electrolytically depositing a copper deposit as well as to a nethod of
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bri ght eposits coppe er t pro uce |ve surfaces.
The conpounds may noreover be used as additives in copper plating baths to
sel ecti vel gpadntatigirpl etely fill with copper blind microvias in printed
circuit boards and trenches and vias on sem conductor 15 wafers. The
conpounas may al so be utilized as additives in copper plating baths for
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quality of the thus obtalned copper |ayers meets no” neans
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during the manufacturing process of integrated circuits, with the entire semiconductor

substrate surface being uniformly coated with copper.

20 For depositing bright copper surfaces, organic additives are usually added in small
quantities to most of the acidic copper electrolytes in order fo obtain bright copper
layers instead of a crystalline matte deposit. In this approach, an additive compound
or a combination of several additive compounds such as polysethylene glycols,
thioureas and the derivatives thereof, thio hydantoin, thio carbamic acid esters as

25 well as thio phosphoric acid esters is often added. Nowadays however, the additives
mentioned are no longer significant, due to the fact that the quality of the thus
obtained copper layers meets by no means today's requirements. The thus obtained
coatings are efther too brittlé or exhibit poor brightness and insufficient leveling.

30 The utilization of certain phenazinium compounds such as phenazine dyestuffs e.g.,
safranines and of the derivatives thereof, that are also used as paper and leather
dyes and as dyes for keratin-containing fibers, has long been known for producing
bright copper layers. In accordance with DE-PS 947 656, these dyes, e.g., dimethy!
safranine azo dimethyl aniline, diethyl safranine azo dimethiyi anitine, Janus grey and



safranines and of the derivatives thereof, that are al so used as paper and
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With the copper electrolytes described in DE-AS 1 521 062 however it is not
possible to utilize a higher cathodic current density. Moreover, the deposited
copper surfaces can only be nickel-plated after having been subjected to a
preliminary intermediate treatment.

It is further known to use hydroxylated and haiogenated phenazine dyestuffs of
the safranine type as levelers and brighteners, such as DE-OS 2 028 803. This
document relates to polymeric phenazinium compounds, the phenazinium
skeletal structure being substituted with hydrogen, lower alky! or substituted or
unsubstituted aryl.

1973: 43420 CAPLUS relating to A. Ya. I'chenko and V. N. Rudenko in: Khimiya
Geterotsiklicheskikh Soedinenii (1972), (10), 1425-1429 schematically discloses
the synthesis of 3-chloro-5-methyl-7- (phenylamino)-phenazinium perchlorate.

The use and production of monomeric halogenated phenazine dyestuffs for
acidic copper baths is i. a. described In the Patent Abstracts of Japan
corresponding to JP 60-056086 A. The dyestuffs are prepared in a two-stage
synthesis consisting of a



unsubstituted aryl. 1973: 43420 CAPLUS relating to A Ya. |l'chenko and V.
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di ssol ution of the dyestuff, a separate reaction vessel is needed. As a

result of the digerordScdimetivi-brabenyrrhepaziniien ehletideat e stability of the

di azoni um conpounds, which easily deconpose in an acidic medi um
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products desire such - consumng reactirons is very
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di sadvant ages A)sf a lngensz%wr%)f ﬁwoeolgng rea% ion tlmtegean t%}f%et mgaertape stability of the
diazonium compounds, which easily decompose in an acidic medium,
uncontrolled reactions may take place, resulting in variable quality of the
products desired. Moreover, such type of time- consuming reactions is very
expensive from an economical point of view.

In order avoid the above disadvantages of known copper baths, the object of the
present invention is to more specificaily provide additives by means of which
particularly uniform and brifliant, rﬁeaning mirror bright, as well as leveled and
ductile copper coatings may be reproducibly prepared. The additives are hereby
intended to be readily Synthesizable at a low cost while remaining unchanged in
quality and exhibiting high purity. It further intends to enable production of mirror
bright, leveled and ductile copper layers using a relatively high current density.
The composition of such a copper plating bath is intended to constantly permit,
during bath operation over a long period of time, to obtain copper layers having

the required quality.

The present invention 'comprises providing halogenated or pseudohalogenated
monomeric phenazinium compounds in accordance with claim 1, the method of
preparing said compounds in accordance with claim 10, the acidic bath
containing said compounds for electrolytically depositing a copper deposit in
accordance with claim 22, the uses of the bath in accordance with the claims
26,27 and 28 as weli as
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semiconductor substrate surface.

The compounds of the invention are meant to be halogenated or
pseudohalogenated monomeric phenazinium compounds of a purity of at [east
85 mole-%, preferably of at least 90 mole-%, with a purity of at least 95 mole-%
being particularly preferred and a purity of at least 98 mole-% being most
preferred, having the following general chemical formula :
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plating bath for electrolytically depositing a copper deposit onto

sem conduct or substrate (wafer) surface§ provided with recesses during the
manuf acturing process of integrated circCuits, nore specifically onto
surfaces having high aspect ratio recesses. The copper deposit is thereby
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the requirenent sdibakd filoh Helgtoliitlcegprsinghe phenazi ni um conpounds are

i) 3-chloro-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium salt,
i} 3-bromo-7-N, N-dimethylamino-2-methyi-5-phenyl-phenazinium salt, and
iii} 3-bromo-7-N, N-dimethylamino-5-phenyl-phenazinium salt.

The phenazinium compounds of a purity of x mole-% as mentioned herein
above, herein after and in the claims refer to a mixture of the phenazinium
compounds and impurities, with the phenazinium corrrpounds being contained in
the mixture at a concentration of x mole-% and the impurities at a concentration
of 100-x mole-%.

The term lower alkyl as mentioned herein above and herein after and in the
claims preferably refers to Cl-to C4-alkyl, meaning to methyl, ethyl, n-propyl, isc-
propyl, n- butyl, iso-butyl and teit-butyl. By substituted alkyl as mentioned herein
above, herein after and in the clarms sulfo-or carbonic acid-substituted alkyl is
preferably meant.

Aryl as mentioned herein above or herein after and in the claims preferably
refers to phenyl or polycyclic aromates such as naphthyl-1 and naphthyl-2,
wherein these residues may be unsubstituted or substituted respectively. If these
residues are substituted, they are more specrfrcally substrtuted by alkyl,
preferably by lower alkyl, halogen hydroxy, amino, aminoalky wherein amino is
NH2, and wherein aminoalkyl is NHR or NR'R", wherein R, R'and R" in turn can
be lower alkyl, cyano, thiocyanate and mercapto. Phenyl may more specifically
be substituted at a 2-, 4-and 6-position.
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Halogen as mentioned herein above or herein after and in the claims, more
specifically in combination with the terms"hydrogen halide”,"metal halide"and
"halide", refers to fluorine, chlorine, bromine and iodine, preferably to chlorine

and bromine.

Pseudohalogen and pseudohalide respectively as mentioned herein above or
herein after, refer to cyanate (-OCN), thiocyanate (-SCN), isocyanate (-NCO)
and isothiocyanate (-NCS).

Alkali metal or earth alkali metal as mentioned herein above or herein after and
in the claims, for example in"salt of earth alkali metal", preferably refers to
sodium, potassium, magnesium and calcium,

In the phenazinium compounds of the invention, R, R?, R*, R% R", R"", R® and
R? are selected independently of each other from a group comprising hydrogen
and lower alkyl. Alkyl may more specifically be methyl or ethyl.



herei n above or herein after and in the clains preferably refer to carbonic
acid esters of the |ower al cohols such as- COOCH3, - COOC2H5 and so on or to
sulfonic acid esters of the |ower alcohols such as-S03CH3, - SGBC2H5 and so
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j i)  3-bromo-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium salt, more
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5 Particularly suited phenazi ni um conpounds are selected froma group
conpri sing hal ogenated phenazi ni um conpounds, the conpounds herein bel ow
being the nost preferred hal ogenat ed phenazi ni um conpounds: 10 i)

3-chl or o- 7- N, NEQI208E4833# ani no- 2- net hyl henyl - phenazi ni BET/ERG4/01286) e -
specifically the chloride: H H/, CI-BGD(CI-lAN\I\FCI HPhH d 11 15
1) 3-brono-7-N, Ndi net hyl am no- 2- rret hyl - 5- phenyl - phenazi nium salt, nore
speci fi cal | yii} hé-typwei7dd.N-dithplaminos-phe@idbhe(&HB) A Nal\ndPe specfioalld th&® 20 11|
and WO 2005/ 04933¢hie.PCT/ EP2004/ 012851 iii) ‘

3- brono- 7- N, N- di et hyl am no- 5- phenyl phenazi nium salt, nore specifically the
bromde: H HNCH3 (CH3)2N N~ Sr

H H
H /N CH,
=+
(CHg),N I‘Id Br
H Ph H

Br
5 v

as well as pseudohalogenated phenazinium compounds, the compound herein below
being the most preferred pseudohalogenated phenazinium compound:

10 iv) 7-amino-2,8-dimethyl-3-thiocyanato-5-phenyl-phenazinium salt, more
specifically the tetraflucroborate:

H
H3C /N CH3 ‘
N
HzN l}] S-CN
' Fh
BF‘;
v ‘

15
The compounds herein above are advantageously utilizable in an acidic copper-
plating electrolyte. 1t has been found that the halogenated or pseudohalogenated
monomeric phenazinium compounds are particularly advantageous in copper-plating
baths, where they are characterized by a high plating activity.

20 _
Using the halogenated and pseudohalogenated monomeric phenhazinium compounds
of the invention in an acidic electrolytic copper-plating bath, it is possible to operate
the latter at a high current density. In combination with well known other additives, it
is moreover possible to achieve particularly even, brilliant copper deposits. Further,



HPhH Brr 51V as well as pseudohal ogenat ed phenazi ni um conpounds, the
conpound herein below being the nost preferred pseudohal ogenated

phenazi ni um conpound: 10 ivV) 9

7-am no- 2, 8-di net hyl - 3-t hi ocyanat o- 5- phenyl - phenazi nium salt, nore
specifically the tetrafluoroborate: HH H3C Nr CH3 H2ZN N+ S-CN H Ph H

BF4 'V 15 The eRigmsieasy dﬁ‘f&h@h@lo@@ﬁé‘t@d@h@ paéwdawaﬁg@ﬁaféhmbﬁdrhérkabl e in an
aci di ¢ copper - EI ating electroly It has been und that the hal ogenated

or pseudohal ogé ﬁ’ﬂ%@'“'ﬁlﬂi@ﬁ%‘ﬁﬁdﬁ 'ﬁﬁ@@é@‘i‘ RY e wanihsy mee syitbesized iNcul ar | y
advant ageous i Be&HRRRe w;k@menevermem% 3 rMBQE 8f th8®ig (R Euﬁﬁggﬁﬂ%ﬁ St @y

hi gh plating activity. ng t hal ogenat ed an seu | ogenat e
nmononeri c phenémwmﬁiﬂ@éiﬁﬁ@hﬂﬁlﬁm%% tTihis megrsthabiheisybaianges af the évedtiem! yti ¢

copper - pl at i ”gngﬁttatﬁ a Fdaxin rﬁ%ﬁ? mtﬁ’e tJ/Ooiq LAkiés. Jhgg’e |rﬁﬂﬁrﬁ%§%aﬁngﬂegh current

density. In conbination w her I's nor eover
possible to acIspemiacaﬁwbémd:gbmersyofethepheltazmullmanmpoupdmrfomqanmle the dimetsher, 9

the efficiency qof . .the | ogenat a seu al nat e noner i
bhenazi n um oy 0% dimers et PEa8dns i BREPRGE o B Btel R RECPbEy i »
accordance W t I&letctrelytmwétabomrdmglyeammbtpeﬁécttﬂmnahcgbnmuyurthéy thereof. This
purity amounts to at | ea? (535 nol e-% This nmeans that the substapces of the
i nvention concentration of additives used |s clearly lower than when using comparable

known phenazinium compounds of much lower purity. Efficiency and, as a result

thereof, profitability are thus considerably increased.

In contrast to the phenazinium compounds of very high purity of the invention,
the compounds described in the Patent Abstracts of Japan corresponding to JP
60-056086 A are of much lower purity. These substances contain a considerable
fraction of oligomers of phenazinium compounds, more specifically of dimers and
trimers, as can be easily experimentally proven. This fraction of impurities
typically lies within the range of 40 to 50 mole-%. Accordingly, the compounds
disclosed in this document are much less. suited for use as additives in an
electrolytic copper-plating bath than the compounds of the invention. .

The halogenated monomeric phenazinium compounds set forth below :
i) 3-chloro-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium salt,
i) 3-bromo-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium salt,
iii) 3-bromo-7-N, N-diethylamino-5-phenyl-phenazinium salt, and

the pseudohalogenated monomeric phenazinium compounds, preferabty :

iv) 7-amino-2, 8-dimethyl-3-thiocyanato-5-phenyl-phenazinium salt,

have proved to be particularly efficient both separately and as a mixture, since
they exhibit perfect brilliance both at a high and at a low current density with a

much lower operative concentration being utilized in the copper electrolyte.

These properties are



contain a maxi mum of 15 nole-%of inpurities. These inpurities may nore
specifically be oligoners of the phenazi ni um conpounds, for exanple the
dimers and trinmers thereof. In adding the conpounds of the invention to a
copper el ect W91 80#958he accordingly achjeves perfect briqYEEHER12E !t hough
the concentration of additives used is clearly | ower than when using

conpar abl e known phenazi ni um conpounds of much |lower purity. Efficiency
and, as a r esligady aphievesiofsinggllef theabpnazinuraeempdungs ofdhs insrention! githpug@ly eased. I n
contrast to {eqinbenasidntum conpounds of very high purity of the invention,
the conpounds described in the Patent Abstracts of Japan corresponding to JP
60- 056086 A are of nuch | ower purity. These substances contain a
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nol e- % Accotocthagiffsznngﬂnethctbsmmlepisatnodl sclosed in this docunent are much | ess
suited for use as additives in an electrolytic copper-plating bath than the
conmpounds of the invention. The hal ogenated nononeric phenazi ni um conpounds

set forth beDoetatheitwo-Step InptepacatiBn Method in several synthesis vessels (diazotization

it et ) SRS bR AR T bl 2

- 8-di met hyl - 3-t hi ocyanat o- 5-

N- di et hy@ni AomBRYSHe ﬁsﬁcc@ﬁen@zw 0sQfi6086 énﬁjvqrh@orp@@a@d s b@@n at ed
nonomer i ¢ phenagimHg /s EPMHHQ and %ﬁérﬁé@ﬁltﬁ{e desirby Proﬁu&g\ﬂb?eo%er varying

enazi ni um sal have proved t0 be

parti cul ar | y2effeitehiheyy ﬁtag@ﬁéf@ﬁélaﬁ%\% CQ@P@JW%{"‘UF@P‘*Q"HH@ lortEhey exhi bi t
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e copper electrolyte.

L By ¥%84 10 PCT/ EP2004/ 012851 al ready achi eved

- using al Hsof the phenazi ni um conpounds of the invention, although to a

different exygap

-056086 A neither describes nor mentions the preparation of pseudo-
halogenated monomeric phenazinium compounds,

Starting from monomeric phenazinium compounds of the general chemical formula
20 VI given herein below, halogenated or pseudohalogenated monomeric phenazinium
compounds, such as for acidic copper-plating baths, may now be selectively
- provided, with compounds of high purity being achievable in good yield:

The halogenated or pseudohalogenated monomeric phenazinium compounds are
25  synthesized using a novel preparation method. In contrast to a conventional method
in which, in a first synthesis step, a diazonlum compound is formed from a
monomeric phenazinium compound by diazotization in a first synthesis vessel in the
presence of mineral acid and diazotization means, said diazonjum compound being
next reacted, in a second synthesis step and only after having been transferred fo a
30 second synthesis vessel, into a halogenated or pseudohalogenated monomeric
phenazinium compound in the presence of mineral acid and copper(I) halide or
pseudohalide, the method in accordance with the invention involves a first and a
second reaction step that are both run in one single vessel in the presence of the



The reason for the higher purity of the conpounds of the Invention over the
5 phenazi ni um conpounds di scl osed in the docunent nentioned herein above is
due to the differing nmethods of preparation: Due to the two-step

prepar ati on m¥hWEsHM8Esever al synt hesi s,yvessel s (di azot i PEVERIF/ORAT
subsequent hal ogenation), the prepar atiyn of hal ogenat ed nononeric 10
conpounds in accordance with JP 60-056086 A is very conplicated and ti ne-
consum ng, wnbtertdre mheabzitiymaodchppurah Getrhineraladcid, the diestization peadtistds nor eover

varying as em?wg&r p%uéd?ﬁli&eo(%%éé’tgﬂééﬁci% of the diazoni um conpounds wth

respect to the reaction Sinturn may result in varying
efficacy of said products or product mxtures in the electrolyte. 15 JP

60- 056086 A Tigist Bigsorfifs €bibSidS Afe ABIISIRASIShE ShePdrRik Alingl, 2fd pseudo-
hal ogenat ed nononeri ¢ phenazi ni_.um CO%&?ﬁlinds' Starting from npnoneric

phenazi ni um EEFAF8ITRE_MBIUNGR EeagRRinediatlnin shy ifascatiaace wWith te IYeRYeR her ei n
bel ﬁw, h?I ogeHeheH it e%bio@é@iﬂ?hf@déﬁ@cgﬁgoﬁdndmﬁmﬂiﬁfrhé‘rigﬁihéﬁﬁml lidh uﬁflhpmmoungsa
such as for acidic co r-plati aths, ngw be sel ectiv provi ded,
Wi th conpourBGPYar GHaiaenalPr B maER] aflaieacy rTRRRRraEn dirtiste

hal ogenat ed ielides sestbhabegdiat. ed nononeri ¢ phenazi ni um conpounds are 25
synt hesi zed using a novel preparation nethod. In contrast to a conventi onal

method in which, in a first synthesis step, a di azonium conpound is forned
froma Mdnofier ieectjume mez therabynpoderpoiy noh Usingci saffstenihabigloconcanteatibn o6t synt hesi s
vessel in the, g% | i i I.£alJ id

- di azoni um coﬁ%’gg‘ghgls el ﬁ%@'%%gx% Fg%gg'?%%ﬂ?@%gg ﬂé%égélﬂc?ﬁ @éysnrﬁ%}'eﬁg%%@éeggﬁand only
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- step thaysar giQiufds. Uths Ralids of pSIkiEnA8SSAb alidbd IR thdib@s BMidalMaliddacat | 1|
' least a onefold, preferably a twofold to threefold molar excess is needed. If hydrogen
halides are the only halogen source used, an at least half-concentrated, preferably a
concentrated acld is utllized in order to achieve a sufficiently high concentration of
halide without addition of metal halides; an at least threefold molar excess over the
20 phenazinium compounds is thereby required. The diazotization means is added to
the one pot method preferably last or together with the halide or pseudohalide. The
reaction temperature chosen is above room temperature, and preferably ranges from
30 to 70°C, the reaction time preferably ranging from one fo three hours. Usually, the
reactions are run at normal pressure although it is also possible to work at a pressure
25 above atmospheric.

The monomeric phenazinium compounds which are preferably utilized as the starting

compounds in the preparation method of the invention are meant to include in

particular phenazinium compounds containing at least one primary amino group with
30 phenazinium compounds of the general chemical formula VI being particularly

preferred:



WO 2005/ 049584 1) PCT/ EP2004/ 012851 nononeric phenazi ni um conpound,_the

m neral "acid, the diazotization neans and the halide or pseudohalide (one
pot method). Thus, diazonium conpounds are first formed using the one pot
met hod, said 5 di azoni um conpounds reacting i mediately in situ in
accordance with the invention to formthe hal ogenated qr ohal ogenat ed
nonomeri ¢ pheW22Mi it conpounds. 1n the event of halog%ﬁggiﬁﬁgmﬁgxt%e
m neral acid already contains hal ogen, further halides need not be added.
10 The reacti are thereby preferably run using a sufficiently high
concentration|of hiflides of'pseudohal i des, whereby sai &' halides or

¥ Pl i ed irke the formgaf salts,or dcidse [In order to

obtai n pure hal ogg dohal ogenat ed i nazj ni um
conpounds in oJo ial | des or pseudd S, t be ptilized,
dependi ng of ' I ar "N cess overmr*t he I i untbp conpounds. | f
the halides o § degsare added in the fg 3 tal halides, at

| east a onefold; preferably a twofold to threefold nolar excess is needed.

I f hydrogen halides are the only hal oo source used, an at | east

hal f-concentrated, preferably a concentrated acid is utilized in order to
achieve a sufficiently high concentration of halide w thout addition of
nmet al hal i deghereim at | east threefold nolar excess over the 20 phenazi ni um

conpounds: i s thege L£Qdi ke o Qi j ' ' t he one
pot net hcs‘)r)d pr ef ei?al%yyﬁl'g%sdtﬁo%ﬂ?gggt%Jgr%%%eﬁﬁ{dhg&\qgﬁﬁ@geggw(gfs?%ﬁ%gh%fei de. The
reaction tenper agravecerhprising hysregenvislagenmnmiegvgeiing alkyd hydnody, pyafoer abl y r anges

f 30 to 70C, b ! i th
rom 0 tpwgﬁarfa@é}%dﬂﬁ&y%hé{@, o?éﬁaft@[n%ggérfnﬁgi‘ﬂ%'r to, E&%@?ﬁg&gﬁ nree

hours. Usual |y, reactions are run a pressure a ghit is
al so possi bl e t oth@sek catbonicgstessylie thesaltihyed. wifaestehdvet akyhaYhonomeri ¢

phenazi ni um conpguiB@anMRhERNicaéiR nBtetdradigds,y utilized as the starting
conmpounds in the preparation nethod of the invention are neant to include in

parti cul & phenazi ni um conpounds contai ning at | east one prinmary am no group

S with 30I ph;anazi NRURseRaRAURESa Gloup Bempeieylakerel@anand iteraml, VI bei ng
© particularly

A is an acid anion.

15 Particularly preferred monomeric phenazinium compounds of the general chemical
formula VI are those belonging to the safranine dyestuffs, wherein R', R*, R®and R®
are each hydrogen, R% is phenyl and R7 is NR''R", with R'® and R"" being each
independently of each other h'ydrogen or lower alkyl, Alkyl preferably is methyl or
ethyl. '

20
Aminoalkyl is meant to preferably refer to N-methylamine, N-ethylamine, N,N-
dimethylamine and N,N-diethylamine. Aryl can preferably be phenyl or tolyl.

The acid anion A~ preferably is a sulfate, hydrogen sulfate, halide, more specifically
25 chioride and bromide, tetrafluoroborate, hexafluorophosphate, nitrate, acetate,

trifluoracetate or methanesulfonaie.

The mineral acids used in the method of the Invention are preferably selected from a
group comprising hydrogen halides, sulfuric acid, tetrafluoroboric acid,



preferred: WD 20051049584 12 PCTI EP2004/012851 RO R~-RL RB/ \ ~. RZ RN Rz
RNNHg RRRO + / NHZ A RR6 R4 Re RS RA VI wherein 5 Rl, R, R4, R, R, R
and RO are sel ected i ndependently of each other fromthe group conprising
hydr ogen, halyagsiseddgyno, am no al kyl,. hydroxy, cyano, pci/beaswaast e,

| sot hi ocyanate, cyanate, isocyanate, mdBcapto, carboxy, the salt thereof,
carbonic ester, sulfo, the salt thereof, sulfo ester, |ower alkyl, aryl,

het er oar yl grou
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Parti cul arlghab%hséws&ﬂ' h%ﬁ%ﬁ#ﬁélnﬁh@ﬁ@zewemﬁmmﬂmdaﬁf the general

chem cal formula VI are those belonging to the safranine dyestuffs, wherein
R1, R4, R6 and R9 re ea R5 is phenyl and R is NRLORLt, with
R10 and RllTB%P’ﬁéer%@EHseq‘ﬁ é?‘ %qqaps srmeglatiriie: Wik otk BEER Oor | ower al kyl .
Al kyl prgf enigbbysuifarieBdidl péing bartiedldny preféRedimi noal Kyl is meant to preferably
refer to N-nethylam ne, N-ethylamne, N N dinethylamne and

N, N- det hyl ami ne. Aryl can preferably be phenyl or tolyl. The acid anion A

pr ef er abl y iTBe halileb Liad¢demaip fod erarepie ba hiidddan tHesfbindef a nppiteyen halidef andilrl y 25
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acetate, tr |tP%uor acetata or
are meant to preferably include transition metal halides such as copper, nickel and

10 iron halides. According to these definitions, the following halides méy for example be

used: hydrochloric acid, hydrobromic acid, copper(I) chloride, copper(II) chloride,
copper(I) bromide and nickel(IT) chloride.

- The pseudohalides used are preferably selected from a group comprising cyanate
15  (~OCN), thiocyanate (-SCN), isocyanate (~NCO) and isothiotyanate (-NCS) and
can be added in the form of alkali and/or earth alkali salts.

To prepare the halogenated monomeric phenazinium compound, the monomeric
phenazinium compound may for example be suspended in the mineral acid and this

20 suspension may then be heated, with stirring, to a temperature above room
temperature, more specifically ranging for example from 30 to 70°C. Next, the halide,
for example a metal halide dissolved in an aquéous solution, can be added. After
having added the halids, the diazotization means, for example a saturated aquecus
sodium nitrite solution, is added, preferably with stirring. Alternatively, the halide and

25 the diazotization means may also be added simultaneously, for example in a
common solution.

In a preferred embodiment of the preparation method, the monomeric phenazinium
compound can be suspended directly in a hydrogen halide, preferably at a high

30 concentration. As a result thereof, there is no need for adding further halides. This
embodiment differs more specifically from the known reaction scheme for
halogenating diazonium compounds according to Sandmeyer in which this reaction
step normally proceeds via a radical mechanism, as also described in JP 80-056086
A, with only a catalyst such as copper powder, copper(l) or copper(Il) chioride



The m neral acids used in the nethod of the invention are preferably
selected froma group conprising hydrogen halides, sulfuric acid,

tetrafl uoroboric acid, WO 2005/049584 PCT/ EP2004/012851 13

hexaf | uor opwepbenissssaci d, phosphoric acid and t he m xtraraspdmeessof with the
proviso that no hydrogen halide is us H in the presence of the

pseudohai i des. The preferably used diazotization neans is netal nitrite,
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transition netal halides such as copper, nickel and 10 iron hali des.

Accor di ng to these definitions, the followi ng halides may for exanple be
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suspensign gﬁye\}ehfﬁydaﬁvémaﬁeﬂ!{?uﬂmﬁgfbgﬁﬁdr ydhMidel O a tenperature above room
tenperature, nore specifically ranging or exanple from30 to 70C. Next, the

hal i de, for exanple a netal halide dissolved in an agueous sol ution, can be
added. AfteForﬂiraivérmgtﬁ@ﬂ@ddbﬂiﬁ)d&&hﬂedmonbdna'ldiﬁmailhlﬁmtcbmpommﬁﬂ& for exarrpl e

asaturatedaueous sodi u d itrite sol utl (ge% qrgg rably W th
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pseudohalide, for example a metal pseudohallde dlssolved inan aqueous solution,
may be added. Afier or during addition, for example in a common solution with the
pseudohalide, the diazotization means, for example nitrosylsulfuric acid, may be
added with stirring.

20 ' _

After the respective one of the reactions ends, the resulting halogenated or
pseudohalogenated monomeric phenazinium compounds can be isolated from the

reaction formulation by adding acid-neutralizing agents.

25  The acid-neutralizing agents preferably include earth alkali and alkali metal
hydroxides, more specifically caustic soda or caustic potash lys, magnesium and
calcium oxide, earth alkali and alkali metal carbonates and phosphates, more

specifically sodium or magnesium carbonate or phosphate.

30  After the respective one of the reactions ends, the reaction formulation may also be
directly regenerated by adjusting a sulfuric acid titer of < 1 wi.-% and the resulting
solid matter may be filiered away.
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Alternatively, the monomeric phenazinium compounds and the oligomeric
phenazinium compounds contained as impurities in the substances may also be
quantitatively determined by means of another method by which a mass

20 spectrometer is coupled with a high-performance liquid chromatography unit (LC-MS-
coupling) to associate the individual peaks in the HPLC chromatogram through the
mass spectrum. After a first identification from a reference mixture by means of LC-
MS-coupling, the quantitative determination may then also be carried out without L.C-
MS-coupiing by using the retention times of the peaks for identification.

25 |
Alternatively, the HPLC method can aiso be used for quantitatively determining the
monomeric phenazinium compounds and the small amounts of additionally contained
oligomeric phenazinium compounds in the substances of the invention, the gel
permeation chromatography being more specifically utilized. In this case, anionic ion-

30 pairing wetting agents can be added to the mobile phase for enhanced separation of
the positively charged compounds (jon-pair chrométography).



25 The acid-neutralizing agents preferably include earth alkali and al kal
metal hydroxides, nore specifically caustic soda or caustic potash |ye,
magnesi um and cal ci um oxi de, earth alkali and al kali netal carbonates and
phosphat es, oo e0s/epPssei fically SOdiUﬁ]Q{ magnesi um car beaorERIGyIBROSphat e.
30 After the respective one of the reactd ons ends, the reaction fornulation
may al so be directly regenerated by adjusting a sulfuric acid titer of < |

W - % ?nd t h‘e;a mmdddfwsh ing@ttior parhitsefor émShpfgﬂo bi‘épbﬁéﬁﬁfﬂp@ﬁﬁdfs of Weh 20fay/ 049584
15 PCT/ EP20Q4/,012 e, ity o ubst.ances of the jinvention, i.e.,
the fractio “833}"&%?5\%‘%F@é%véﬁ’é'eﬁ‘ﬁ%gw?ﬁdétﬂ@@%&?&Mﬁ“hﬁ‘ﬁe&&ﬁ?&hnds, can be

determ ned abavgytically: To identify and quantify in accordance with the

i nvention the conpounds contained in 5 the substances, mass spectronmetry is
presently nore specifically utilized, whereby the spectra can be neasured
mor e spegi f iTbalprgpagaiigameathed ¢fdhe byemign wiliig meredigly ubgerstved fremdife el ect r on
spray ioni ZabjjoQfhgGRarebndbhfesguadr upol e mass spectrometer (ESI/ M) or

wi th a quadrupol e ion trap Egllq T-MS), Atnospheric Pressure MatriXx

Assi sted Laser Desorption lonization coupled with a quadrupole ion trap (AP

10 NMALDI / Q "PrifRimatin d¥Binble: Avkthsltedditiaaanbibsehdptie on | oni zation coupled with
atinme- of-fllgh_t" [ﬁﬁ?_spectrowngéer LE- . The MALDI - net hods are
preferred. PoryadmY-Nedimethuianinas-Biethivhe-Pheny-ensgbA <19idet he subst ances,
the sumiof all the signals in the mass spectrumis set to 100 nole % The

hei ght of the individ i.gnals .detected_is related theretq. It is thereb
aslsgmed t ha'?’ Q%n é’ﬁt‘?%ﬁ%ﬁﬁﬁy 103 '\?}‘%&@ﬂ?{?ﬁi‘y??ﬁ%“aé@&‘i"bﬁg%ﬁaWﬁ& ;cul e Y
peaks are eguspdngdethirgtt mibit3srwiatd twakorhlotihacidrembmeateccio@ittiaheniaum conpounds
and the oli ' . i i i b Ln the
subst ances %%*;méat?‘g gqtgeg) ud %ﬁ%‘%%@%ﬁwg‘éﬁ mﬁ %e"ﬂ %EVQ%Q%%%EM%%?F {11 er net hod
by which a meemvigoasheas thereafter stired tasgpé Bolnet this tempergiurpditkagastierce | i qui d
chr omat gr aRkbnuiioh wak GabiSa dBAHR foBAeh Pl HebSyidibiadidios B! peaks in
the HPLC chromatogram through the mass spectrum Arter a first

 dent fi cat MoRter HRTIkeTPERERR AoddiackT0 HelBYiaEAR BIagEo 3 of the theory).

The purity of the resulting substance after quantitative analysis by means of mass
spectrometry was found to be 94 mole-% i.e., 6 mole-% only of the substance utilized

20  did not consist of the monomeric compound.

Preparation example 2: - with addition of another halide
3-chloro-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium chioride

25 1 g of 3-amino-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium chioride was
suspended in 15 ml of 35 wt.-% hydrochloric acid and heated to 50°C. Then, 347 mg
of nickel(IT) chloride were added and a saturated aqueous sodium nitrite solution
(454 mg in 6 mi of water) was siowly added dropwise and was thereafter stirred for
ohe hour at this temperature. The reaction formulation was cooled down to room

30 temperature, the resulting black-blue solid matter was filtered away and dried. The
yield was 724 mg (69.0 % of the theory).



M5- coupl ing, the quantitative determ nation may then also be carried out

w thout LC- Ms-coupling by using the retention tinmes of the peaks for
identification. 25 Alternatively, the HPLC nmethod can al so be used for
guantitativeMW0O We¥®P38# ni ng t he nononer |7c phenazi ni um cBeRER2MESH12851d t he

smal | amounts of additionally contai ned’ ol I gomeri ¢ phenazi ni um conpounds in
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15

The purity of the resulting substance aiter quantitative analysis by means of mass
spectrometry was found to be 93 mole-% i.e., 7 mole-% only of the substance utilized
did not consist of the monomeric compound.

20 Preparation example 4: - with addition of another halide
3-bromo-7-N,N-dimethylamino-2-methyl-5-phenyi-phenazinium bromide

1 g of 3-amino-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium chloride was
suspended in 10 mi of 48 wt.-% hydrobromic acid and heated to 50°C. Then, 382 mg

25  of copper(l) bromide were added and a saturated aqueous sodium nitrite solution
(228 mg in 2 mi of water) was slowly added dropwise and was thereafter stirred for
30 minutes at this temperature. The reaction formulation was cocled down fo room
temperature, the resulting biack-blue solid matter was filtered away and dried. The
yield was 824 mg (64.0 % of the theory).

30
The purity of the resulting substance after quantitative analysis by means of mass
spectrometry was found to be even greater than 99 mole-% f.e., no impurities in the
form of dimers and other oligomers couid be evidenced in the substance utilized.



3-chl oro-7-N, N-di net hyl am no- 2- net hyl - 5- phenyl - phenazi nium chloride 25 1 g
of 3-am no-7-N, N-di net hyl am no- 2- net hyll- 5- phenyl - phenazi ni um chl ori de was
suspended in 15 m of 35 wt. -% hydrochloric acid and heated to 50C. Then,
347 mg of nickel(I1) chloride were added and a saturated aqueous sodi um
nitrite sol utimBpafafied eRBmble H-withodf ad¥idH of @he? haey added dropwi se and
was thereafter stirred Tor one hour at this tenperature. The reaction
formul ati on was cool ed down to room 30 tenperature, the resulting bl ack-blue
solid matter whkbramo-7d¥.tdiganing-phesy!-phenazingnalbsorpide 724 ng (69.0 % of
the theory). WO 2005/049584 17 PCT/ EP2004/012851 The purity of the

resulting sub 1 eF quantd VIR | ;
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nitrite sol utigmpefitreBhd SloWlyThedPpordRidan baldie souaWe/ ThEdesLitHrmutiesuand was
thereafter stirred for one hour at this tenperature. The reaction

formul ati on wasPlidgeatted wesiiferas awahand digsedhe vield wasd. 57d0(&7ihY ofitee k- bl ue
solid matter V\@éq;}altered away and dried. The vyield was 521 ng (49.5 % of
the theory). 1 r¥ purity of the resulting substance after quantitative
anal ysis by neans of nmass spectronetry was found to be 93 nole-%i.e., 7
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3-am no- 7- N, N-ghiyret ihglsabstance utiiel Wid hotoasiyt ofithe neshonigiimcohippuhde was

Preparation example 6:-with addition of a pseudchalide

7-amino-2, 8-dimethyl-3-thiocyanato-5-phenyl-phenazinium tetrafluoroborate

1 g of 3,7-diamino-2, 8-dimethyl-5-phenyl-phenazinium chioride were suspended
in 15 ml of 50 wt.-% tetrafluoroboric acid and heated to 50°C. Then, 10 ml of an
aqueous solution consisting of 1.109 g sodium thiocyanate and 454 mg of
sodium nitrite were added dropwise over one hour at a temperature of 50 to
60°C and thereafter stirred for another hour at this temperature. The reaction
formulation was cooled down to room temperature, the resulting black solid
matter was filtered away and dried. The yield was 812 mg (64.0 % of the theory).

The purity of the resulting substance after quantitative analysis by means of
mass spectrometry was found to be approximately 80 mole-% i. e. , 10 mole-%
only of the substance utilized did not consist of the monomeric compound.

The thus obtained halogenated and pseudohalogenated phenazinium
compounds in accordance with the present invention were added, alone orin
combination with brighteners or wetting agents, to a copper electrolyte, more
specifically to an acidic, preferably sulfuric acid bath.



~suspended”in 10 nl of 48 wt.-% hydrobrom c acid and heated to 50C. Then, 392
mg 25 of copper(l) brom de were added and a saturated aqueous sodi um
nitrite solution (228 ng in 2 m of water) was slowy added dropwi se and was
thereafter stirred for 30 mnutes at this tenperature. The reaction

for mul ati on WRZ0¥YdBed down to room tgnperature, the PEEERAPWIAISH ack- bl ue
solid matter was filtered away and dried. The vyield was 824 ng (64.0 % of
the theory). 30 The purity of the resulting substance after quantitative
anal ysis by neans of nass spectronetry was found to be even greater than 99

nol e- % i . eTo pafinik BBRHsitioh 862 bHoddd Riyef Gt AbridiciE L Sing A8 eREtRMNic MdugRmer s coul d
be evidenced. . in the substa

ce utilized. 18 Preparati.on exa e 5:-wthout
addi ti on of2gNEY¥RIFeaS TOHEHL @QB‘&‘S%@V@W\E”Q@dp@ﬁHW&W’Wb%E§H§WI -phenazi ni um
brom de 3 @athfcodtans suppdridhs dhddhe hblgheiatatanb/op benpbhaibyanaztini um chl ori de

were suspepded.i.n . of wt . =% hydr obron c.aci ngd heated to 50C.
Then, ah " Riaasit Sl cledtmnion Rt rRoLRBaRidt slof P o83 10 m o
wat er) was cusémhis iheaddeetad bpiwese tioreorkpiees dmolihe amdiewas t hereafter stirred
for another hour at this tenperature. The reaction fornulation was cool ed
down to room tenperature and slowy incorporated in caustic soda |ye. The
resul ting Bhadrsiplcompogtinn of thengaper eheeirolyid may ey witkin widedimdisi ed. The yiel d
was 2.571 @i, o Kidit, ppdriFRIbhtainkiBqelustsbuln bftRe foidihd | Ng substance
after quantitative analysis by nmeans o mass spectronetry was found to be
appr oxilfrat EPPPEFURHENSSF'i . e., 11 npole-% only of the substance utilized did
not consi st of the nononeric conpound. Preparation exanple 6:-with addition

of a pseudohal ide _7-am no- 8-di met hy| - 3-t hi ogyanat o- 5- phenyl - phenazi ni um
tetrafl uor 6’86‘?%&‘“‘@“%"‘83‘5”'6#]88',2575%9)am no- éb 8=di ma"ﬁ/? - 5- phenyl - phenazi ni um
chloride were s d in 15 mM of ) w.-%ppetsafl uoroboric acid and
heated to 50C. Then, 10 m of an

15  sulfuric acid, conc. | 50 - 3509
preferably 50 - 90 g/t
chloride fons 0.01 - 0.25 g/l
preferably 005 - 0.14 g/
20

Instead of the copper sulfate, it is also at least partially possible to use other copper

salts. The sulfuric acid as well may be replaced in part or in whole with fluoroboric

acid, methane sulfonic acid or other acids. The chloride ions are added as alkali

chloride {e.g., sodium chloride) or in the form of hydrochloric acid reagent grade. The
25  addition of sodium chicride can be dispensed with in part or in whole if the added

substances already contain halide ions.

The phenazinium compounds of the present invention are preferably added to the
bath in a cancentration of from 0.00005 - 0.1 g/l.

30
The bath may moreover contain current brighteners, fevellers or wetting agents. In
order to obtain bright copper deposits exhibiting predetermined physical properties,
at least one water-soluble sulfur compound and one oxygen-containing, high
moiacular compound may be added to the acidic bath of the invention. Further



aqueous sol ution consisting of 1.109 g sodiumthiocyanate and 454 ng of
sodiumnitrite were added dropw se over one hour at a tenperature of 50 to
60C and thereafter stirred for another hour at this tenperature. The

reacti on fowARMEL#95% was cool ed down ;ﬁ room t enper at PCEEPRE1RBEUI t i ng

bl ack solid matter was filtered away d dried. The yield was 812 ng (64.0
% of the theory). The purity of the resulting substance after quantitative

anal ysi s byadatbms sodh agmissgsspmatairanesuliir yaspolptshd/sr poeppnicsgemat el y 90
mole-%i. e et he subs%aance Ut i consi st of

, 1 | _e- % tilized did n
t he rmnorrer?%m%ocl)lgr%%ur?g.alé?hb%q{%ﬂgﬁhob‘%xg\?eﬁ}é%m éq'%@ﬂléfngl?cgl%mﬁnsngﬂﬁshal ogenat ed
phenazi ni unmotsospeoifically areglyca efrdendfaliyl pHenolhealiEnesent alkavediblsgrthesr e added,
alone or in i i 1 | i 0 a copper
el ectrol te?ly%rggee%g%gm %rg?ﬁbgmfgbgﬁQi@?'&i%?%@%@?%@?@%ﬁ@%’ri c acid bath.
WO 2005/949584 19 PCT/ EP2004/ 012851 To permt deposition of a copper |ayer

ont o a Wor kpher@ividdhiNSndBdnents akd Qniitdl il 10sHy-tot8b Hath® HBirQLRingS brought,
together with an anode, into contact with the bath. The bath contains

copper i onslrBlhECnRBIHONEgenat ed and/ or pseudohal ogenated 5 phenazi ni um
conmpounds of the invention. For netal deposition, a flow of electric
current is then ﬂenerat ed. bet ween the workpi ece and the anode. The basic
conposi t i on®Yrert RYIERHBRRI % ct rol yte may vary within wide limts.

Cener al g, Aghawidbular coapReidsi ons cont ai niggosaqueods salougli on of the
followng 10 conposition is used: copper fate (CuS®4' ,5 H20 20 - 300
g'l preferably pg%ar b'tyzzo gll 15 sul furi cé'g{ci d, conc. Cé%f' - 350 g/l
preferably 50 - 90 gll chloride ions 0.01 - 0.25 g/l preferably 0.05 -
0.14 g/ 2E’?urrent water-soluble organic

sulfur compounds 0.0005 - 0.4 gl

15 preferably 0.001 - 0.15 gl
Table 1 lists some of the utilizable oxygen-containing high' molecular compounds.

Some sulfur compounds are set forth in Table 2. Suited functional gioups are
20  incorporated for water solubility.

Sulfur-containing nitrogen compounds, more specifically nitrogen-containing thio
compounds, preferably thiourea derivatives and/or polymeric nitrogen compounds
such as polyamines and polyamides, may be utilized in the following congentrations:

25
0.0001 - 0.50 ght

preferably 0.0005 - 0.04 g/

Preferred nitrogen-containing thio compounds are set forth in Table 3 and preferred

30 polymeric nitrogen compounds in Table 4.

For preparing the bath, the individual components are added to the basic
composition. The aperating conditions for the bath may more specifically be adjusted

as follows:



I nstead of the copper sulfate, it is also at |east partially possible to use
ot her copper salts. The sulfuric acid as well may be replaced in part or in
whole with fluoroboric acid, nmethane sulfonic acid or other acids. The

chl ori de i orwoassinadsed as al kali chloride (e.g., sodipemeehbgrizsgde) or in
the formof hydrochloric acid reagent 2g]rade. The 25 addition of sodium
chloride can be dispensed with in part or in whole if the added substances
al ready contain halide ions. The phenazi ni um conmpounds of the present
invention gre preferably addeq to the bath in a concentration of from

0. 00005 - 'IGE‘PL 30 The bath may noreover contain current brighteners,

| evel | ers wmpagdtuteng agent s. 15°¢ — sy°deprefefapbiacn dgecght copper deposits

exhi biting edet er m.ned .physi.c ropertie egst one water-sol ubl e
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added t® the acidic bath of the invention. Further WO 2005/ 049584 20

PCT/ EP200 Y ' s L 0} yl.f ur  conpounds
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concenypat {raiiFer £Wd RBpecY BRSOMAS bEkdebe InckeasBl bnvERliGLaBhoveRROUNdS 0. 005
- 20 g/l ably 0.01 current water-soluble organic sulfur

refer - 5 g/l 1LV .
compounds &tb@@@cgro 2spegnjt to Q@Q%P@B?t%l Jifysigneppntrolipd depggiionThi e | 1 st s
some of t hgovkinkhiz ahdyebettyig6rital; OsHicd! Bhdier daugst BYDJIRERENA! InCOMPDLHHS .

with air injection, they are particularly efficient.

15 Copper may be electrochemically replenished by dissolving copper anodss in order
to keep the copper content constant. The copper used for the anodes may be a
copper containing 0.02 to 0.07 wt.-% phosphorus. The copper anodes shouid be
enclosed in a filter bag. The use of inert anodes made of platinized titanium or other
coatings is also possible. Present day's prior art lines are lines in which the

20 workpiece is coated in a vertical or horizontal position.

At need, filters for retaining mechanical and/or chemical residues may be inseried
'~ into the electrolyte circuits.

25 The copper electrolyte of the invention is perfectly suited for producing a decorative
deposit. It may furthermore be utilized to electrolytically fill blind microvias in printed
circuit boards. This constitutes a future-oriented technology for manufacturing chip
carriers in particular since, in thin circuit traces, increased reliability is achieved over
the technique using copper sleeves. In a similar way, the copper electrolyte of the

30 invention provides an elegant solution to produce circuit structures onto
semiconductor substrate surfaces (wafers) provided with recesses during the
manufacturing of integrated circuits. Using the copper plating methad of the

' invention, an almost constant layer thickness (ptanarity) is achieved over the entire



Some sul fur conpounds are set forth in Table 2. Suited functional groups are
20 incorporated for water solubility. Sulfur-containing nitrogen conpounds,
nore specifically nitrogen-containing thin conpounds, preferably thiourea
derivatives avaitoosoqpsshyneri c nitrogen conpounds .such psrBRbdamisses and

pol yami des, may be utilized in the fol 128w ng concentratl ons: 25 0.0001 -
0.509/1 preferably 0.0005 - 0.04 g/l Preferred nitrogen-containing thio

conpounds aserfsetof ey wifer, deQMQ%nﬁofWreBééfa hé\ﬁl‘?g §9|rg‘;ﬁ%ﬂé&' F51t18 (T ogen

conmpounds in the 1 Adi vidu onents are

eparin he
added to thgo&xggs%ch @8%8%?? @ﬁd W*I‘ﬁ@ R:Pﬁér at| ng conditions for the bat h nmay
nore specifically be adjusted as follows: WO 2005/ 049584 PCT/ EP2004/ 012851

21 pHvalu 50C ref 40C cathodic
current dengimta ?/1 "EB‘%CE‘WEQW%%W&‘?&W%P%‘M ﬁ"Pafg} m%theﬁilﬁxaé”é‘?ﬁ rolyte
may be a§| tated through a strong incident fI ow and possibly by injecting

clean air SMeTtﬁb%tex%hﬁ!espch gragv%éﬁ%rpgégect rolyte is strongly agitated. This

maxi m zes the mass trans imty to the electrode and all ows the
hi ghest possible current densities. The novenent of the cathodes al so

pr oMot e Mok ebiHRICEn it o8 1S ABRSGH N Ao o PHEL A58R0er NCT eased

convecti on st{q movement . of the el ectro |e\)e C tant,
di f f usi on- c8# MVH“@@%@MF@F%FOSWEWQWW@@Ms may be horizontal, vertical
and/ or d¢@used by vibrati ons In conbination wth air injection, they are

particularly efficie eI ect rochem cally repl enished by
di ssol vi ng copper ang{ﬂgf} e's[ulfate%)

60 gl of suifunc acid, conc.
0.12 g/l of sodium chloride

15 The following brighteners were added:

1.5 g/l of polypropylene glycol (800 Da (daiton)),
0.006 g/l of 3-mercapto-propane-1-sulfonic acid, sodium salt

20 At an electrolyte femperature of 25°C and at a current density of 4 A/dm?, a uniform,
bright, slightly hazy deposit was obtained on a brushed brass sheet.

Method example 2 (comparative example):

25 4 mg/l of 7-dimethylamino-3-chloro-5-phenyl-phenazinium chioride (prepared
according to the instructions given in JP 60-056086 A) were further added to the
electrolyte according to method example 1. A quantitative analysis of this substance
by means of mass spectrometry evidenced a fraction of impurities (more specifically
of dimers and trimers of this compound) of approximately 43 mole-%.

30
After copper had been deposited under the conditions indicated in method example
1, the copper layer obtained had a slightly improved appearance. In this case, the |
brass sheet had a brighter appearance but showed burns {copper powder deposit) at
the edges because of the high current density occurring there. '



to keep the copper content constant. The copper used for the anodes may be a
copper containing 0.02 to 0.07 w. -% phosphorus. The copper anodes should
be enclosed in a filter bag. The use of inert anodes made of platinized
titani um or WOReIS04958ati ngs i s al so possi ble. Present daMpdib@és;art |ines
are lines in which the 20 workpi ece is2&oated in a vertical or horizontal
position. At need, filters for retaining nmechanical and/or chem cal residues
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surfaces (wafers) provided with recesses during the manufacturing of
integrated circuits. Using the copper plating method of the invention, an
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foll ow ng 'f'rﬁutshzd exa.ﬁﬂl es.. b MethHOd exanple | (con‘gar ative exanple): In an
el ect r ol yt ifeSRLe POy Hs ¥aP [igicative s 88 serlaet siingeirche teopameer anodes, a
copper batleciwlyieng t he fol |l owi ng conposition was utilized: 10 200 g/l of
copper sulfate (CuSO4 5 H20 60 g/l of sulfuric acid, conc. 0.12 g/| of

sodi um chl ori de
Method example 4: (example in accordance with the invention)

15
Only 3 mg/l of the compound of the invention 7-amino-2,8-dimethyl-3-thiocyanato-5-
phenyl-phenazinium-tetrafluoroborate were further added to the electrolyte in
accordance with method example 1.

20  After copper had been deposited under the conditions indicated in example 1, the
brass sheet had an extremely good appearance. The deposit was extremely brilliant
and mirror-like. The sheet showed no bumns. The brush lines were absolutely
invislble. This was indicative of an excellent leveling effect of the copper electrolyte
although the quantity of mixture had been reduced.

25 '

Result of the examples 1 through 4: it could be shown that without the halogenated
or pseudohalogenated monomeric phenazinium compounds of the invention but a
low leveling effect couid be achieved. It could also be shown that the preparation
method has a decisive influence on the quality of the halogenated and

30 pseudohalogenated compounds used. The chlorinated compounds prepared using
the method in accordance with JP 60-056086 A could not contribute to form copper
layers of a satisfactory quality. The halogenated and pseudohalogenated monomeric
phenazinium compounds, by contrast, have a good effect. The utilized concentration



15 The foll ow ng brighteners were added: 1.5 g/l of polypropyl ene glycol
(800 Da (dalton)), 0.006 gill of 3-nercapto-propane-|-sulfonic acid, sodium
salt 20 At an electrolyte tenperature of 25C and at a current density of 4
A dnR, a unwmrongo4933ei ght, slightly hazy deposit was obdwimedopRsia brushed
brass sheet. Method exanple 2 (conpara® ve exanple): 25 4 ng/| of

7-di met hyl am no- 3- chl or o- 5- phenyl - phenazi ni um chl ori de (prepared according
to the instoudbechsrigradaned ovel Cob@niSE08fuitibs WRE 8n BikdiiBaestfidgdgt o the

el ectrol yt gypcGding to nethod exanple 1. A quantitative analySis of this
subst ance Ji)y means’ of mass spectronetry evidenced a fraction of inpurities
(nore specifically of diners and trinmers of this conpound) of approxinmately
43 mol e- % . deposited under the conditions indicated
i n met hod g@rﬁﬁ%ﬁhf@ﬁghgg%g\é%&ﬁ%gyer obtained had a slightly inproved
appearaf’\ce. In this case, the brass sheet had a brighter appearance but

showed bur s coaiaPpiteds inds blirRf mi e high
current densit .omr ri %ﬁ?ﬁﬂﬁgﬁﬁ\*}@b‘é@ff&?@féﬁg&%@e@%@E@%@’ﬁ?@qﬁgssl Met hod
exanpl e 3: CPBRAHANSVaSHiligRd i 3R Rastalviigcall having sevle.cimpsphong/conteininghe  conpound
of the inveoppepanddashl or o- 7- N, N- di net hyl am no- 2-nethyl -5 5

phenyl - phenazi ni um chl ori de were further added to the electrolyte in
accordance with nethod exanple 1. After copper had been deposited under the
condi t 1®ns i ndi cat ed50 g/l obtdpper eifanmCasSOL, 5 B copper | ayer obtained on the
brass sheet had a v earance. The 10 deposit was mrror bright
and did not show an?ﬁ%aﬁgﬁg&i@ﬁ%ﬂ%@&gﬂc'l ines were totally invisible now This
was i ndicative of af.06xdel bedivmichlodde ng ef fect of the copper electrolyte.
Met hod exanple 4: (exanple in accordance with the invention) 15

The following brighteners were added:
15
0.5 ¢/l of polypropylene giycol (820 Da),
0.005 g/! of bis-{w-sulfopropyl)-disulfide, disodium salt

At an electrolyte temperature of 25°C and at a current density of 1 A/dm?, a slightly

20 hazy deposit was obtained on a previously 8 ym copper-reinforced printed circuit
board having small blind holes (blind microvias) after an exposure time of 114
minutes, with a blind hole of a width of 110 ym and a depth of 60 um being hardly
filled with copper.

25 Method example 6; (example in accordance with the invention)

4 mg/! of the compound of the invention, 3-bromo-7-N,N-diethylamino-5-phenyi-
phenazinium bromide, were additionally added io the electrolyte according to method
example 5. After copper had heen deposited under the conditions indicated in

30 method example 5, the appearance of the printed circuit board could be improved.
The blind vias of a width of 110 pm and a depth of 60 pm were completely and
selectively filled with copper. After copper plating had been performed, there was
hardly any visible well on the copper surface. The overall quantity of deposited
copper was low.



Only 3 ng/l of the conpound of the invention ' oo o
7-am no- 2, 8-di net hyl - 3-t hi ocyanat o- 5- phenyl - phenazi ni umtetrafl uoroborate
were further added to the electrol yte ig accordance with nethod exanple 1.
20 After copper had been deposited undef” the conditions indicated in exanple
1, the brass sheet had an extrenely good appearance. The deposit was
extremely bri hhisaeéun :@%dgrahf.wodénl@ oIé}eché'bﬁSFaﬁM‘ﬁﬁQqu?%B%@éb [148q brush
i nes were absol ut el Invi si IS was indicative an exce ent

| evel i ng effeéqredﬁctm?;@c@gpwrpl%tlr@cqurnq/vrés sece hrsgrman be Gledhinia rsnudn m xture
had been redu f I shown
that wi t hout tﬁ ﬁgeh O@%g{eé%ﬁ tg%#ég%rgudo aﬁgaﬂgﬂg%]gg P?]vgégé%\?eélﬁglﬁeﬂéggﬁ ni um
conpounds of theecdnweephhnmbbtmobaained)wtwanagmm ecmpeund of the invehfi@ved. |t

Che qual iy of otne s BLay o e peles By Hobpe e et hils bRl sla  The
chlorinat ed ceargiindnidsare tapaopperusyar@gxpbie mmémdelmmh%dammenwemg JP

60- 056086 A Cﬂ’}ﬁld not contrlbut to f rmco rs of a satisfactory

quality. The SVRRTNR! GPRPES P '&Bﬁ%‘? H”ﬁiﬂﬂé FPRPOWIERZi ni um
conpounds, by a@émaémféwnmﬂmn@erﬂl@ﬁ%@aélgﬁﬁnau'o’n@cww bezRteNBaVeEAHON VO
2005/ 049584 24 PCT/ EP2004/ 012851 could be clearly reduced over conventi onal
addi tives wi t v messldaiererurings tharmpesaider siepk tesé(‘!‘l‘heé%%ﬁjthel‘ﬂs*ﬁﬁd@ké%ltnpl e5
(conparative ygsSlide of koW c‘b?r?&aré’ol@'élj&ih@‘& iRHOGES éuch%fa‘iin HQtYdrf%g.lnlabf (T‘\%

m crovias, a copper bath of the tollowmng conposition was utilized in an
electrolytlc cehditiersvyi ng sol ubl e, phosphorus containing copper anodes: 10
15D g/ 1 of copper sulfate (CuSO4.5 H2O 200 g/1 of sulfuric acid, conc.
0.05 g/l of sodiumchloride



The follow ng brighteners were added: 15 0.5 g/I of pol ypropyl ene glycol
(820 Da), 0.005 g/l of bis-(wsulfopropyl)-disulfide, disodiumsalt At an
el ectrolyte tenperature of 25C and at a current density of 1 A/dne, a
slightly 20Waxgsdesesit was obtained on a previously Bopipeoa012ss1
copper-reinforced printed circuit boardd havi ng small blind holes (blind

m crovias) after an exposure tinme of 114 mnutes, with a blind hole of a
wi dth of 110afjien afdygendeptaniaf hig®mplechigl dgndeahed Yy filled with copper. 25
Met hod exanple 6: (exanple in accordance with the invention) 4 ng/l of the
conmpound of the invention, 3-brono-7-N, N-diethylam no-5-phenyl - phenazi ni um
brom de, were additionally added to the electrolyte according to nethod
exanple 5. After co i - i

f ndi cated in
30 et hod exanpl e 5| Cathexappidureeideseof the printed circuit board could be

inproved. The bl i ndnyhRSh&Hol-BoieHol 110 pm and a depth of 60 pm were
conpletely and sel cti@glyof??weg&vftﬁ%r copper. After copper plating had

been performed, thef8CtAAR diohiis-drqlvaiwiene olyrdlistherel | on the copper] surface.
The overal | quantityoethnsl@BREIkyIBRe gig@PRBEr Was | ow. 25 This result is a

great inprovenment o ,r.the ri(i)r art techni que known to be used ] for

el ectrol ytic copper @F&&ﬂc AINGPE5Eervi as si nce t hese may be filjled in a

much better way. Theolyeimgare gijwi-gsigiepyisheldiRospRSk m&paltyllﬁ\ériédgw oved
ep

| eveling effect of er ating bath obtained by enazi ni um
conmpound of the inveéé]fecgﬁﬁg'%ﬁh‘%Ler, the reliability of the bond between the

copper deposited onftRolydikeylews dlycol-dinettyl éthet vi a and t he copper | dyer exposed
in the hole is much ing the conventional copper glating
techni que. For, usi n@iﬁggﬁy&%%ﬁgs in accordance with the invgntion, no
del ami nati ons coul it elgeledl bet ween the two nmetal layers during a

thermal sol der shocks h&simolpBSEGEST cfnBer € IS a risk that

Stearic acid polyglycol ester

Stearyl alcohol polyglycol ether

5 Table 2: sulfur compounds

3-(benzthiazolyl-2-thio)-propyl sulfonic acid, sodium sait
3-mercapto propane-1-sulfonic acid, sodium salt

Ethylene dithio dipropyl sulfonic acid, sodium salt
Bis-{(p-sulfophenyl)-disuifide, disodium salt
Bis-(w-sulfobutyl)-disulfide, disodium salt

Bis-(w-sulfo hydroxy propyl)-disulfide, disodium salt
Bis-{w-sulfopropyl)-disulfide, disodium sait
Bis-{w-sulfopropyl)}-sulfide, disodium salt
Methyl-(w-sulfopropyl)-disulfide, disodium salt
Methyl-(w-sulfopropyl}-trisulfide, disodium sait

O-ethyl-dithio carbonic acid-S-(w-sulfopropyl)-ester, potassium salt
Thioglycolic acid

Thiophosphoric acid-O-ethyl-bis-(w-suifopropyl)-ester, disodium sait
Thiophosphoric acid-tris-(w-sulfopropyl)-ester, trisodium salt




t he use of known conparabl e additives induces such del am nati ons under these
condi tions. WO 2005/049584 26 PCT/ EP2004/012851 Table 1: Oxygen contai ni ng
hi gh ol ecul ar conpounds Carboxy net hyl cellul ose Nonyl phenol -pol yglycol

et her Cct anew@i2odsioliss+ (pol yal kyl ene gl ycol ether) Oct awaleppolyassiyl ene

gl ycol ether O eic acid polyglycol est f Pol yet hyl ene gl ycol - pol ypr opyl ene
gl ycol (block or copolynerisate) Polyethylene glycol Polyethylene

gl ycol - di neTdyd 3:atitieyen conlainimgabivlcemgogdgcol Pol yvi nyl al cohol

R- napht hol - pol ygl ycol ether Stearic acid polyglycol ester Stearyl alcohol
pol ygl ycol ether 5 Table 2: sulfur conpounds

3- (benzt hi azol yl - 2-t hi 0) L %lthlci%% onic acid, sodiumjsalt 3-rnercapto

pr opane-1-sul foni c acid,|] sodiumsa Et hyl ene di t hi o idi propyl sul fonic

acid, sodiumsalt Bis- (|pN-tiludroptetyittioured sul fi de, di sqdium salt

Bi s- (wsul fobutyl) - di sul|fu g Hﬁb&@%i um salt Bis-(wsullffo hydroxy
propyl)-disul fide, disodium ga i s- (wsul fopropyl)-ldisul fide, disodium
salt Bis- (w sul f opr opyl|)N-g¥anpaesiy! thiguseali um sal t
Met hyl - (w sul f opropyl ) - dipsHityl irékireedi Sodi um sal t

Met hyl - (w-sul f opr opyl )_tlos-tlcj)}yhh%ﬁf-eadl sodi um sal t

N,N'-butylene thiourea

Thiazolidine thiol(2)

4-thiazoline thiol(2)

Imidazolidine(2) (N,N’-ethylene thiourea)
4-methyl-2-pyrimidine thiol

2-thiouracil

Saccharine, sodium salt

Table 4: polymeric nitrogen compounds

Polyethyiene imine
Polyethylene imide
Polyacnylic acid amide
Polypropylene imine
Polybutylene imine
N-methyi polyethylene imine
N-acety! polyethylene imine
N-butyl polyethylene imine




O ethyl-dithio carbonic acid-S-(wsul fopropyl)-ester, potassiumsalt Th

I ogl ycolic acid Th iophosphoric acid-O efhyl -bis-(w sul fopropyl)-ester,

di sodium salt Th iophosphoric acid-tris=(w sulfopropyl)-ester, trisodium
salt WD 20051049584 PCT/ EP20041 012851 27 Table 3: nitrogen containing thio
conpounds: N-acetyl thiourea N trifluoroacetyl thiourea N-ethyl thiourea
N-cyanoacetyl thiourea N-allyl thiourea o-tolyl thiourea N, N -butylene
thiourea Thiazolidine thiol(2) 4-thiazoline thiol(2) |Imdazolidine(2)

(N, N - et hyl en€laimsour ea) 4-nmet hyl -2-pyrimdine thiol 2-thiouracil

Sacchari ne, sodi umsalt 5 Table 4: poI ynmeric nitrogen corrpounds

Pol yet hyl ene eth Pol | i c_aci

Pol ypr opyl ene 'ngnégS%!)%B% c@;ﬁal‘o %gd rﬁg{eﬁ Iphﬁaﬁ)@f"m/?%%oqrﬁq?ﬁéa

purrty of at least 85 mole-% having the following general chemical formula :

Re R
RS N\ Rz
o A
R7'R7" N*+ X

5 wherein R', R4 R* R® R”, R™ R® and R® are selected independently of each
other from a group comprising hydrogen, halogen, amino, aminoalkyl, hydroxy,
cyano, thiocyanate, isothiocyanate, cyanate, isocyanate, mercapto, carboxy, the
salt thereof, carbonic acid ester, sulfo, the salt thereof, sulfoester, C1-C4 alkyl,
unsubstituted aryl, substituted aryl, heteroaryl and alicyclic heteroradicals, R®is

10  selected from a group comprising C+4-C4 alkyl, unsubstituted aryl, substituted aryl
and heteroaryl, X is a halogen or is selected from the group comprising cyanate,
thiocyanate, isocyanate and isothiocyanate and A’ is an acid anion,

with the requirement that, if X is halogen, the phenazinium compounds are
selected from the group, comprising
15 i) 3-chloro-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium sait,
i) 3-bromo-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium sait, and
iii) 3-bromo-7-N, N-dimethylamino-5-phenyl-phenazinium sait.

2. The phenazinium compounds according to claim 1, characterized in that R',
R? R* R® R™, R™ R®and R® are selected independently of each other from a

20- group comprising hydrogen and C4-C, alkyl.



N-acetyl polyethylene imne N butyl polyethylene imne 28 dains: 1.

Hal ogenat ed or pseudohal ogenat ed nononeri ¢ phenazi ni um conpounds of a
purity of at |east 85 nole-%having the follow ng general chem cal fornula :
RRR R8RA 11 * RK R4 | 5 wéfein R, R, R4, R6, R7', R7", R8
and RO are sel ected independently of each other froma group conprising
hydr ogen, hal ogen, am no, am noal kyl, hydroxy, cyano, thiocyanate,

i sot hi ocyanate, cyanate, isocyanate, nercapto, carboxy, the salt thereof,

carboni c aci @, Q’Eé@hen@ﬂﬂmmm, cdnfioupias bictdreng b claftl2f Besrheterizédlin@latet ke
ubsti t ted aryl, heteroaryl and al i cyclic

unsubsti tuted a
het er or adi cal?Xy %gnqztgqug %‘@f ected froma group conprising Cl-C4 al kyl,
unsubstituted aryl, substituted aryl and heteroaryl, X is a halogen or is

sel ected 1 o rh pheRMGRTEiAds GYaHanG 1t%aﬁ£bﬁéﬁ%tﬁecéwﬁﬁiﬂ%te and

i sot hi ocyanate an I's an acid anion e requi renen if Xis
hal ogen, t he chamsterizad imthebRBduas are sel ect ed from t he group, conprising
15 i) 3-chloro-7-N, N-dinethylam no 2- met hyl - 5- phenyl - phenazi nium salt, ii)

3- br ono- 7- N 2- a i)
3 br omo- 75N, NTEF REERA A SRR SIS ErR A S eoieB oAb He 1 i uin
conpounds acdoplenyy to claim1l, characterized in that Rl, R2, R4, R6, R7',
R7", R8 and RO are sel ected independently of each other froma 20 group
conpri sing hydr ogen and Cl-C4 al kyl

6. Thé phenazinium compounds according to any one of the preceding claims,

characterized in that it is:

)

10 7-amino-2, 8-dimethyl-3-thiocyanato-5-phenyl-phenazinium salt.

7. The phenazinium compounds according to any one of the preceding claims
characterized in that the salt is selected from a group comprising chloride,
bromide, hydrogen sulfate and tetraflucroborate.

8. The phenazinium compounds according to any one of the preceding claims,
15 characterized in that they are selected from a group comprising
| i) 3-chloro-7-N, N-dimethylamino-2-methy!-5-phenyl-phenazinium chloride,
i) 3-bromo-7-N, N-dimethylamino-2-methyl-5-phenyl-phenazinium bromide,
iii) 3-bromo-7-N, N-diethylamino-5-phenyl-phenazinium bromide and
iv) 7-amino-2, 8-dimethyl-3-thiocyanato-5-phenyl-phenazinium tetraflluoroborate.



29 3. The phenazi ni um conpounds according to claim2, characterized in that
g-c4 alkyl is nethyl or ethyl. 4. The phenazi ni um conpounds according to
any one of the preceding clainms, <characterized inthat R5is aryl. 5 5. The
phenazi ni um conpounds according to claim4, characterized in that aryl is
phenyl. 6. The phenazi ni um conpounds accgy ding to any one of the preceding
clainms, characterized in that it is: i) 10 7-am no-2,

8- di met hyl - 3-t hi ocyanat o- 5- phenyl - phenazi nium salt. 7. The phenazi ni um

conpounds acco8dihegphenazimuno sempbundseaguortimglioranycdra ofithe praaedingefdimed in
that the salt | C LI O reuUp. conpri.sing chloride, brom de,

hydr ogen sul fa{@agﬁh%tée@s@#%@rtﬁﬁg?@@g @%?He phenazi ni um conpounds

accordi ng to aayformiagaf didtuniyneesonad b diaxbtizatidh of Ba@nricz#naAniuRat t hey
are sel ected frommrou conpr.i si n% i) 3-chloro-7-N,

N- di met hyl ami nB2BRAHETHA -F!{'-smr@ﬂﬁ@% BREZMANUATER BPYRIE theiprgsence obnm- 7- N,
N-di met hyl asn ngrirgraeictyanddipeipatio ARAAE 4 Wkt RIRIbAep, 1 11) 3-bromo-7-N,

N- di et hyl am no-5- phenyl - phenazi ni um broni de and 1v) 7-amni no-2,
8- di net hyl - 3- t B '6agtiseths dRZeRY FopRRUNEZN @ wperpd reastipn atepdbdheite. 30 9. The

phenazi ni um copgpg e@GPﬁéﬂﬂdBﬁ?IB%a@éwd %ﬁofﬁ%ri&?ﬁ?ﬁ’éﬁﬁ%'&% Bl TP the

obt ai nabl e according to the follow ng nethod: a ormng a di azoni um
conpound by di presenceaefimines agidranddalidé or pfesdabalide,m conpound conpri si ng at
| east one primary amino group in the presence of 5 mneral acid and

di azoti zation nmeans in a first reaction step, b) reacting the diazonium

conpound i k0 a whemithedissttandrithe segoridaeadtion stepsogrematredindn ope sirgihwdseeenat ed
nononeri ¢ phenazi ni um conpound in the

10. A method of preparing the halogenated or pseudohalogenated monomeric
phenazinium compoundsof a purity of at least 85 mole-% having the following
general chemical formula:

R® Rt
RS N R?
™~
~ A
R?-R?‘n T+ X
RE RS R4
.

15  wherein R', R% R% R® R", R™ R®and R® are selected independently of each
other from a group comprising hydrogen, halogen, amino, aminoalkyl, hydroxy,
cyano, thiocyanate, isothiocyanate, cyanate, isocyanate, mercapto, carboxy, the
salt thereof, carbonic acid ester, sulfo, the salt thereof, sulfoester, C1-C4 alkyl,
unsubstituted aryl, substituted aryl, heteroaryl and alicyclic heteroradicals, R®is

20 selected from a group comprising C4-C, alkyl, unsubstituted aryl, substituted aryl
and heteroaryl, X is a halogen or is selected from the group comprising cyanate,
thiocyanate, isocyanate and isothiocyanate and A is an acid anion, comprising
the following reaction steps:

a) forming a diazonium compound by diazotization of a monomeric phenazinium

25 compound comprising at least one primary amino group in the presence of



presence of mneral acid and halide or pseudohalide, 10 wherein the first

and the second reaction steps are both run in one single vessel. 10. A

nmet hod of preparing the hal ogenated or fseudohal ogenat ed nononeric

phenazi ni um conpoundsof a purity of at least 85 nol e- % havi ng the follow ng

general chemcal formula: RO RI R8B NR2 #N A R/'R7-, X 6 R5 4 15 wherein

Rl, R2, R4, R6, R7i, R7", R8 and R9 are sel ected independently of each

other froma group conprising hydrogen, hal ogen, am no, am noal kyl, hydroxy,

cyano, thi ocymeniratral, acic‘smtd’ldiazqtanaﬁbremeeylanaaﬁrst're}mtlyaempe, mer capt o, car boxy,

the salt the{)eof rbonic acid ester E tgéeof sul f oester,
'8

g -4 al kyl, Uﬁgﬁmaﬁhfe %zgnmpomgglﬂ'g{lptatﬁegahg(?ﬁct|0ﬂé ?/I and alicyclic

het er or adi cal Ralofendted dPpsridenilegeatedmmngmetip phenmmlamr@n@o&ﬂ imtHey |
unsubstituted ar X is a halogen or is

I bstituted aryl . and heteroa
sel ected fronpﬁeﬁé“‘iﬁ'?fud'ﬁ'"g Pids"’lrﬁd%/a&?%lﬁé?'é'on Ster'ﬁcé%‘ijlfiﬂ@ttﬁe 9%cyanat e and

| sot hi ocyagat gorfpekinly cyahatd! (6L fraR: %c%mhhéi%mémafeol | owi ng reacti on
st eps: a) form ng a di ‘azoni um conp ound di azoti zati'on of a npnoneric

phenazi ni um Q@r@l@iﬁﬁlﬁﬂﬂld tadtripe fl@itﬁ@d the $Q§‘-§§ﬁ feﬁféoqaustemrayebzmhwngm 8 in the
presence of 3L, Egée]l acid and di azotization neans in a first reaction
step, b) reac |ﬂg the di azoni um conpound in a second reaction step to the
hal ogenat ed or pseudohal ogenat ed nononeri ¢ phenazi ni um conpound in the
presence of mlherta mathiod azocrding todiaimri Caoharactesizeceint that the omnédabagd sup 5
conpri sing cyanate, thi ocy anat e ISOC‘{}’ nat e an |so

char act er i zedsaﬁCtFﬂgP"'{ 38 qqpr@'l‘lpéﬁwgt r‘lﬁ?@cﬂ?& P&t fp%ﬁg‘éﬁgﬁéa%oéo%'f:h run

in one 10 acid, hexafluorophosphoric acid, phosphoric acid and the mixtures thereof with
the proviso that no hydrogen halide is used in the preparation of the
pseudohalogenated monomeric phenazinium compounds.



singl e vessel. 1I. Thé nmethod according to claim10, characterized in that
the mneral acid is selected froma group conprising hydrogen halides,

sul furic acid, tetrafluoroboric 10 acid, hexafl uorophosphoric acid,
phosphoric acid and the m xtures thereof with the proviso that no hydrogen
halide is used in the preparation of thé2pseudohal ogenated nononeric

phenazi ni um conpounds. 32 12. The nethod according to any one of clains 10
and 11, characterized in that the diazotization nmeans is netal nitrite or
ni trosyl sul fh:éiﬂ] aci g}o 13. The nmethod according to claim 12, characterized
in that the hetHI® REOAEECPiNGlg ANy Angiaf clajras 18 ang 11Teharagterizrf adbdr di ng t o
any one of cipidizolRatich mehaé RGhétal diffe bnitB@yisififc PRl i de s added in the
form of hydrogen halide and/or in the formof a netal halide. 15. The

met hod according to claim 14, characterized in that the netal halide is

sel ect ed fr oft$-al i BEHod AepeidiIotg daimrid, charactesized indhat thesnetaitties isThe et hod
accordi ng tog&dighPitkke. Ccharacterized in that the transition nmetal halides
are selected froma group conprising copper (I) halides, copper (I1)

hal i des, nickel (11) halides and iron (I1) halides. 17. The method according
to any ong ofl4.cThe methb@-at6orditgaoany enead dlaims 108, theracthdkedlie that teel ect ed

accor ai ng. to A ARCET A e oot ad o Rt B ERorm gt el T

pseudohal i dehalfdlesel ected from a group conprising cyanate (-OCN), thiocyanate
(-SCN), isocyanate (-NCO and isothiocyanate (-NCS). 19. The net hod
one of clainms 10-18 ising the foll ow ng  nethod

according to ,. conpr .
steps: i) ni ig%et 'ﬁ@?hﬁgr"f’&ﬁ%’tdi'"@ tﬁf?@%@zﬁ%F@?E@ W_cFE?t "E;Sr’i‘?ﬁtﬁlsha}ll‘aeﬁ - 20
| east one pris@BEéd KBS gESRUIdMPHsIHY tFAIRitIBheEtal hakeksl, 11) next heating to a
tenperature above room tenperature,” iii). adding the halide or pseudohalide
iv
) 10 16. The method according to claim 15, characterized in that the transition metal
halides are selected from a group comprising copper (1) halides, copper (Ii)

halides, nickel (il) halides and iron (ll) halides.

17. The method according to any one of claims 10-186, characterized in that the
halide is selected from a group comprising fluoride, chloride and bromide.

15 18. The method according to any one of claims 10-16, characterized in that the
pseudohalide is selected from a group comprising cyanate (-OCN), thiocyanate
(-SCN), isocyanate (-NCO) and isothiocyanate (-NCS).

19. The method according to any one of claims 10-18, comprising the following
method steps: i) mixing the monomeric phenazinium compounds, comprising at

20 least one primary amino group, with the mineral acid, ii) next heating to a
temperature above room temperature, iii) adding the halide or pseudohalide iv)
adding the diazotiZation means.



addi ng the diazotization neans. 33 20. The nethod according to claim 19,
characterized in that, in the preparation of the hal ogenated nononeric
phenazi ni um conpounds, the mineral acid is hydrogen halide and step iii) is
elimnated. 21. The nethod according to any one of clains 10-20,
characterized in that the 5 follow ngshal ogenated or pseudohal ogenat ed
mononeri ¢ phenazinium conpounds are prepared: a) 3-chloro-7-N,

N- di et hyl am no- 2- net hyl - 5- phenyl - phenazi ni um chl oride, b) 3-brono-7-N,

N- di et hyl an@dthdhe-methby bedorging iy tlaprh d 8 achanactenizeddrritiok, in the pBeparativn-of - N,

N-di et hyl am - i.N ' ) wl-am no- 2. ..

B di et byt - 2RSSR REH SRARRREI MR Bl (opotn) up TR BBP . 22, an

aci di ¢ bat h Hyaroganadlide lapt isted iliyis ddipirsaitéd.ng a copper deposit, containing at

| east one hal ogenat ed or pseudohal ogenat ed nononeri ¢ phenazi ni um conpound in

accordance w f clai 1-9. .. Th th  di t | ai m 22,
char act er i z\r%1t Hﬁ%?rﬁ%fﬁgfﬁgcqgﬁlgﬁﬁfény anse Oﬁéa'%rﬁﬁgﬁo@ag‘% g"r&?:qlggith?gél%i ﬁl ;n
concentr & i oliéding habgenea’P pSeudohdidgendtéd mdiriRichreeaghfinng to any one of

claims 22 and 23, characterized in that it additionally contains conpounds
sel ected fr ofAMPYNIBFreBpAred ng ni trogen- containing sul fur conpounds and

pol ynmeric ni é(}rsf)aﬂ&ocﬂm?Mﬁ\%{hﬂaﬁning@mgﬁghsﬁﬁﬁﬁl%h@ﬁaiiﬂiuH SRt
characterized in that the concentration of e 20 nitrogen-containing

sul fur conpdurdroard7MhN-gisafagaminon-metybh-nhenparhenazinim begnmdel t oget her in
the bath is firp 09 ) p: Ay, S ] ccording to any one
of clains 2Zé)gﬁ?fog}oo'ggléggﬁlte?&%h%sﬁgpmeﬁéﬁ@m g@"té‘ﬂgg copper deposit for
t he pur ptke @f7-pmosditdimddindiSahiocgaraio-Saeayl-phenaditiun? traflberaiforata. aci d
bat h, containing at | east one hal ogenated or

22. An acidic bath for electroiytically depositing a copper deposit, containing at
least one halogenated or pseudohalogenated monomeric phenazinium
compound in accordance with any one of claims 1-9.

23. The bath according to claim 22, characterized in that the phenazinium
15 compounds are contained in a concentration of from 0.00005-0. 1 g/l.

24. The bath according to any one of claims 22 and 23, characterized in that it
additionally contains compounds selected from a group comprising nitrogen-
containing sulfur compounds and polymeric nitrogen compounds.

25. The bath according to claim 24, characterized in that the concentration of the
20 nitrogen-containing sulfur compounds and the polymeric nitrogen compounds
contained together in the bath is from 0.0001-0. 50 g/l.

26. Use of the bath according to any one of claims 22-25 for depositing a mirror
bright, leveled copper deposit for the purpose of producing decorative surfaces.



pseudohal ogenat ed nononeri ¢ phenazi ni um conpounds of a purity of at | east
85 nol e-% having the followi ng general chemcal formula : RO RI RS NR2I
A- R(MR/I" i + R66 RS R4 51 wherein Rl, R2, R4, R6, R7', R7", R8 and R9 are
sel ected independently of each other from g, group conprising hydrogen,

hal ogen, am no, am noal kyl, hydroxy, cyano; thiocyanate, isothiocyanate,
cyanate, isocyanate, nercapto, carboxy, the salt thereof, carbonic acid
ester, sulfo, the salt thereof, sulfoester, ClL-C4 alkyl, 10 unsubstituted
aryl, substituted aryl, heteroaryl and alicyclic heteroradicals, R5 is
selected froma group conprising Cl-C4 al kyl, unsubstituted aryl,
substituted aryl and heteroaryl, X is a halogen or is selected fromthe
group conpri Singusy 8nan Seid bal, eeN@IHFat |ERAIGHBMBIReRMEdI GOt hi ocyanat e and A-
is an acid anion, for electrolytically .depositing a copper deposit on
printed circuiPtelshalpgenaied rapnomers pignagisisinoeorpountsdf laauuity efattedsti ng at

| east one hal e i I, .phenazi ni um conpounds
of a purity O?leﬁ'é} e’gé‘tg‘r"ﬁg%@q%%%ﬁﬁg‘wﬁ%@ﬁ%ﬁ”?om‘ng general chem cal
formula R R *RO NR2 & R7" i+ /1X 6 R5 41 wherein Rl, R2, R4, R6,
R7i, R7", R6 and RO are’jsel ected ifdependently of each

R N\ R2
. > A
R7|R7" N* X

wherein R, R? R* R® R", R™ R® and R® are selected independently of each
other from a group comprising hydrogen, halogen, amino, aminoalkyl, hydroxy,
cyano, thiocyanate, isothiocyanate, cyanate, isocyanate, mercapto, carboxy, the
salt thereof, carbonic acid ester, sulfo, the salt thereof, sulfoester, C-C, alkyl,

10 unsubstituted aryl, substituted aryl, heteroaryl and alicyciic heteroradicals, R® is
selected from a group comprising C¢-C4 alkyl, unsubstituted aryl, substituted aryl
and heteroaryl, X is a halogen or is selected from the group comprising cyanate,
thiocyanate, isocyanate and isothiocyanate and A is an acid anion,

for electrolytically depositing a copper deposit on printed circuit board material.

15 28. Use of an acid bath, containing at least one halogenated or
pseudohalogenated monomeric phenazinium compounds of a purity of at least



other froma group conprising hydrogen, hal ogen, am no, am noal kyl, hydroxy,
5 cyano, thiocyanate, isothiocyanate, cyanate, isocyanate, nercapto,

carboxy, the salt thereof, carbonic acid ester, sulfo, the salt thereof,

sul foester, G-C4 alkyl, unsubstituted aryl, substituted aryl, heteroaryl
and alicyclic heteroradicals, R5 is seleggted froma group conprising Cl-C4
al kyl, unsubstituted aryl, substituted aryl and heteroaryl, X is a hal ogen
or is selected fromthe group conprising cyanate, 10 thiocyanate,

i socyanat e an@5inssk-B having diecfolowind gehérabthenaical fomhaa: for electrolytically
depositing a copper deposit on sem conductor substrates. 29. A nethod of

el ectrolytically deposifgeng a coppgr deposit onto a workpiece by which the
wor kpi ece and at | east dne anode afe contacted with the bath 15 according to
one of clains 22-RS ic current is generated between

t he workpi ece and th

A—-
R7| R7 ]

wherein R*, R?, R*, R®, R”, R"", R® and R® are selected independently of each

other from a group comprising hydrogen, halogen, amino, aminoalkyl, hydroxy, -
5 cyano, thiocyanate, isothiocyanate, cyanate, isocyanate, mercapto, carboxy, the

salt thereof, carbonic acid ester, sulfo, the salt thereof, sulfoester, C4-C;4 alkyl,

unsubstituted aryl, substituted aryl, heteroaryl and alicyclic heteroradicals, R® is

selected from a group comprising C+-C4 alkyl, unsubstituted aryl, substituted aryl

and heteroaryl, X is a halogen or is selected from the group comprising cyanate,
10  thiocyanate, isocyanate and isothiocyanate and A is an acid anion,

for electrolytically depositing a copper deposit on semiconductor substrates.

29. A method of electrolytically depositing a copper deposit onto a workpiece by
which the workpiece and at least one anode are contacted with the bath

15 according to one of claims 22-25, and a flow of electric current is generated
between the workpiece and the anodes.



