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Acidic Bath for Electrolytically Depositing a Copper
Deposit Contai ni ng Hal ogenat ed or pseudohal ogenat ed
wOoRws/essB£ phenazi ni um conpgunds Speci fi cat i onPCTER2004/012851
invention relates to halogénated or pseudohal ogenat ed
nmononeri ¢ phenazi ni um conpounds, to a nethod of
A B By I8l F DePOsRify § CyBpSE PN Eohtifing
Halogepatsick orspseusidhalegenated menaiteri¢ pbeparinguyt compounds
depositing a copper deposit using said acidic bath.
The hal ogenated or pseudohal ogenated nononeric
Spegiffoatiazi ni um conpounds may be used as additives in
copper plating baths to nore specifically formmrror
bright |evel deposits of copper in order to produce
The ideentichl ielttestdr fAcgshatddher g ohuldgernay drabesvieric PRenazinium
used as additives in copper Qlatin .baths to . _
compiingls GNP RS RRATREAM 1 ANk b8 Bpesntainingcsad
compBUHdS YordledtfolRickll BEpsifirga EopirddBosin GstidanNsdRsa Adhod of
vias on sem conductor wafers. The conpounds may al so
electrdytigaily foresiting s gaprangeposihugiog peid asidcibaih.piiehsalogenated
o1 P R B S SO Rur Rl Boised as
additives in aepperiptajingrimtlesto obrd spesticaltyefdrroimitirttsightleviel dérosits
i ' t t S [ [
of ocBet HprifiTh IRAHNE Ropvg sUASS KR RERR R gl hi8bver be
usedsay ddilitees i copperglatthdi dathew selestivsly aindycaddietely fill suthldopper

. quantiti.es tp nost.of the L di ¢ copper_el ectrol ytes
blinc {28 iy ¥ pe Bt Bppiherdpihes B)E vAas ng setpdyiator
wafefs. Teeaohipsanda #epps utilized dshidiitheplinaePpePlating baths for

addi ti ve conpound or, a conbi nati on of several additive
depogtig SRRBR %ng FERUCORGHGIOf RYPSViREe BHNACEE P rovideg RS CRRES
duringftBe ARIHUYRINRPpoBES L& intebRite) BYAMBI WitA thé BhirecsdrhidBhéuctor

acid esters as well as thio phosphoric acid esters is
subsgptecsyriage dginonuiiemalyscastReWdlt CORNSE. additi ves nenti oned

are no longer significant, due to the fact that the

qual ity of the thus obtai ned copper |ayers neets by no
For depasiting bdalyt coppeysifanesnorganitladditives avd tusuialydaddet inrmysall

auarffi€s BB or RO B ! dobBePbie B tn BRRF BTLNh BASS: &iber
layers instead of a crystalline matte deposit. In this approach, an additive compound
or a combination of several additive compounds such as polyethylene glycols,
thioureas and the derivatives thereof, thio hydantoin, thio carbamic acid esters as
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 either too brittle or exhibit poor brightness and insufficient leveling.

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., dimethyl

safranine azo dimethyl aniline, diethyl safranine azo dimethyl aniline, Janus grey and
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The utilization of certain phenazi ni um conpounds such

as phenazi ne dyestuffs e.g., safranines and of the
walerswagsByes thereof, that are al so used as paper/ERIvd4/012851

| eat her dyes and as dyes f % keratin-containi ng

fi bers, has | ong been known for producing bright

safra‘?fﬂ?é@io ”\%M‘ﬁﬁcg -aré b@ﬁ'fg%s%?%e(h)@"oh &% fv%s%?ﬁ ﬁéﬁeov&hﬁﬁtﬁm to
satrani ne zo di met ani ||
use @Iauétchmposacﬂs mlmqmeblaa’rmrdwmaoﬂn;er additivesas wetb.nus gr ey
andsaf rani ne azo naphthol are being used as the only

additives. t is noreover known to use said conpounds
Further, DEd$ el 1006 éudyestsiteath addipbsitiess esntaeing arFomgahiersulfide

21, 062 s t bat h t t i ni
that GG ah RESLERs PO T at o GBTHmAT S L As| BHeR TBTesal fsmngally
bondi;@il d pﬁilyémbraﬁatVUdnltm% at IebateBrdel preféRbRIsix, mv%@(abio)’ns and is
et her that contai n?] at | east

free f aihelis PGP bop gt e LM aIREnES St Catems Hhashdahs
pernﬂb’&’é;ﬂ%ﬂbh% sﬁ%‘tm%r@ﬁv éﬁwdﬂaﬂ@céﬁlﬂ# l@e’ﬁs Erafepree) poTﬁ@ﬁEﬁ‘s

permt deposition of snooth i ght and duct’ |
menté@msiearel 1a§r@r03<olaneemyme@sq@ﬁ p@ﬂm@agﬂ%@ulardmgah’ra@f@t least

256, (5)? ef%k east gbwpr e'lr] er aﬁ\% bo'ﬁ?yg%g%gl @L%%@?Eé
combipetiomvitls threlyathlesidityes mentloe@l fonexf?mbie igetthy lrphwh@smftamme
a0 Bla 4y B0 LRGP, AR Y e
phermﬁef’raalaé la@6 iphenelzandidimetty bz@m-hydin@xydi-eﬂhymhwmo 5-methyl)-
benZ2 g, (5 RYaAE ATt hiR B (RAPTRA F0d Belige Fnge fericht
depd¥ftenazi ne dyestuffs permt high leveling and a w de

range of bright deposits. Wth the copper electrolytes
described in DE-AS 1 521 062 however it is not

Wnthﬁﬁé %bl%e?r élé’ctHﬁ)Héé é@sé}m@jgﬁi‘ GJVE R§t1h5’ﬁ1 G6LHEWEVEr |tC§§ %t bé/ss:ble

eover, t he OSIte er surfaces can onl Yy
to UtHiZ@ @&Iglpﬂra:@‘éwdaf @L@rem@l@nwy povaibjhestepasites %ppper surfaces

I
can S5 beTSE P St TR b S e piRu b FieltREtEte
treattheadt uf fs of the safranine type as Ievel ers and
bri ghteners, such as DE-OS 2 028 803. This docunent
relates to pol yneric phenazi ni um conpounds, the
It is foifBBRkhowWruto Wwechyeirakydated and halogenated 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 skeletale
structure being substituted with hydrogen, lower alkyl 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 perchiorate.

The use and production of monomeric halogenated phenazine dyestuffs for acidic
copper baths is i.a. described In the Patent Abstracts of Japan corresponding fo

JP 60-056086 A. The dyestuffs are prepared in a two-stage synthesis consisting of a
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structure being substituted with hydrogen, |ower alkyl

or substituted or unsubstituted aryl. 1973: 43420
W@2RsI0®8£] ating to A Ya. ' chenko and V. N RMePri004/012851

i n: Khi mya therotsiklicheéklkh Soedi nenii (1972),

(10), 1425-1429 schematically discloses the synthesis

dlazcﬁlfzat%rﬁtaa‘éﬂ@n Qng%? QYlbtoﬁ'ethtﬁﬂbé'a@{Br{‘ ‘P:)orptbez@ﬁfétmnu fRe

erc | or at e. he use and TO uction o nononeri c
correﬁaora@@g] aa@@nlpﬁ diestiids ttr;sb@rﬁ%ﬁlv@ indhe hentiond itarpérAt a

BB A RSt il Bl Bk 3615 08K
acid peisp adddd befaie itis fisalydeatgthtOnesi t’shas:mmlsd dogn othe reaction
otlezqalonreactl natio

solutp & feet e b B8] €BfHerdr b nedtiod D3RR ipe presence of

Coppéﬂfll) ahlorige @Ml@zﬁbmfcfoplpér powsér aitdsr%@rd&ﬂbﬁmadldlﬁ) fdﬁmtthélnd
filtered. At a g}ggerature of Ot is then

ChlorielEs bR TG QeSEBaTSRSRTIRQS: b WaHf If‘féﬁé}pl%ﬂb‘? BeERpEtiop of 7-
dlethzrghﬁh&guﬂfar@@dﬁghgeﬁ%@néimm& éun@@é loY ahgited of %ﬁm 7.

_ s cool ed down, the reaction solution Is reacted at
diethylggina-Brahenytpivenaginim shieside end grdietylauine-3-nydrony-5-phenyl-
i (7). HE WhenGe er

phenBEBREDEMCRle SARRPS MlENbRE S SRR L hen SRRE oA
chlorjgleenazi ne dyestuff. t describes, by way of exanple,

the preparation of 7-

di et hyl am no- 3- hydr oxy- 5- phenyl - phenazi ni um sul f at e,
The dléaca/anﬁaqulsf&h@fne'ih@m}i@scgrbéd is that for eﬁfh sylgjthesis step, inclusive

-pen2|n| m chl or] de an

of the UG FALHGT B GYRST AP SRPS BB b HISaL 5 TarPa G Airglt of
the 1@1@%@&.&1 fiimelé ahd @F BreZm8dshiareedthilityof e ko MDANGh P uds,

chl oride. The di sadvant age, of the nethod described is
which gagilyrdscormere 4y ar @eisicmediap, ungentialied geagtionganay take place,

resulfh§ ﬁtq}é#fa'bfén%@%lt); Qﬁhgl{ﬁ&id&ftsf ?eﬂl@F Ver [ SRAL Y of time-

vessel ed. As a resu ong reaction
consumingsreaakionstis Ry expeasiedrom armebmqml@al paiet afivigvoni um
conpounds, which easily deconpose in an acidic nedium
uncontrol |l ed reactions may take place, resulting in
In ordmrrtb abbid theabovy dishdvdrdagesoaiicbendeppeebathi/bhe wbEc of the

oo B8 AR B GRS AEs 7 N SR
partuahmgmrdiosmcbrﬂrﬁrmm raéaing Wikrerdgrohit, dsavéibas tdvelednelcductile
copper coaqmgs 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 11, the acidic bath containing
said compounds for electrolytically depositing a copper deposit in accordance with
claim 23, the uses of the bath in accordance with the claims 27, 28 and 29 as well as
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present invention is to nore specifically provide
addi tives by neans of which particularly uniform and
whreioslosmst , neaning mrror bright, as well as PewePmd4/012851
and ductile copper coating§ may be reproducibly
prepared. The additives are hereby intended to be
Ve WL [
the T el TNERIF BRIl Jonin RRb R ILhE dhe MR e
contairumg held qommm@sisuroa@mdﬂr@epmtkddem 80. Bfeferred embbdimghts of
- t s using a relatively
the m&%ﬁén %e?rgg'tt&%% thla%uﬁ@rfﬁ&%ﬁe E%ﬁﬁ%l tion of such a copper
plating bath is i ntended to constantly permit, during

bat h ope atlon oV eriod qof tine, to obtajn
The st BT ReShAied PuBiorials Wpaprryim SHEpRyEsdine
inventiol €8l batatagesushebe DESYintd Bgthff@l' @l@@ﬁ@lﬁ/ﬁébll?fproducmg a mirror
seudohal ogenat nononeri ¢ phenazj ni um coppounds | [llae

brlghﬁtee@wemf%m%ﬁ far Fhelpurt)%%e ﬁfefpﬁawgd#ecefaéwsﬁvﬂ‘@@a
bath FRYPGUETNHIE bRAERFSIPRE haMiddbrshRl daptpla-@ %’Eh&'o? platdparts in

contai ning said conpounds for electrol ytlca

the saigsy pnd ﬁgtw@b@pmus@yp&ﬁhen heearopataisenay aéo ®rai m

adverioelyifty USRS 5 iy PRo R TR RICARERGY olchiind Ry fFper

depositpuaitei printey artmltrjmardsjmﬂosald coppeagdepusitaaiatitivelpant

o3y S PhoRBhreSRTE Uit Surko FRGTLPRIRS Meihut Bl 7

compolads nayralsa bé adedrtageousngtilized @paappsr siating bath for

clectBR eI FRERG o PR AR S S e LD DS G #eTP)

surfa@é@ﬁrfoﬁlféibldtwm‘ﬁﬂécﬁsﬁs@ﬂﬁg A fhafuFdcdinidy brdbbss bEMRLRAed
per deposit for the purpose of form ng decorative

cwcwéﬁu mq;e sgecifisallvinnto sugcesdiavingdhigh aspect jafio recegsesoi e he
pESEYRI i P ORPEHifhRL ArBBu T B AL difhi @%éﬁw‘fcd ButBPsubstrat

copP samtar;ll ar?d autoIm)tB{/er |Lrj1dustry Fulrrt her, 3 u substrate

surfag®pounds may al so be advant ageously used |n a copper
plating bath for electrolytically depositing a copper

deposit onto printed circuit boards with said copper
The abepmsingds ©f tecinvertion ara dnezniid be dlalogenbledmy dskeidehalogenated

mondiseci e llyh 4B Bob B ARb Y s aE s I gl or
at leas0 9P erIIoI@-I‘Va,tWIﬂga Ipatity dfait lealksted de@LP/L bellng)padmnnmlytprefgrrad

and a SLP rﬁy of ate lggg‘cl 58 %%‘eg%st?qu\gc Pn%%}fl pre erre Sét\nrn%ttﬁe g‘(\)lif(a)wmg) general

chemical formula:

R9 R']
R8 N R2
AN
2 A
R7R™" N* X
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surfaces provided with recesses during the
manuf acturing process of integrated circuits, nore
wa@p@sioisseal | y onto surfaces 41avi ng hi gh aspect PCHEPI04/012851
recesses. The copper deposit is thereby uniformy
produced on the entire sem conductor substrate
whereiff face. The conpounds of the invention are neant to

be hal ogenated or pseudghal ogenat ed mononeric
e R oo Raast o1 Mo paimia ndopandeatyof gach other from

SR oofhSRpNaedsh. RlipaShmd AR, o ovano,
hlef:mrraé@l lm’tmoayapwte toyandteaisobyastte 38emapt®; @am@m ¢COO ),
e r n r c
1B s IRl Gltond® Rt DR RS R IBRg, s S T8
Butfo eSO 5Y) lewbedlgylndﬁ@mﬁmlﬁédl gnofsubstifatent arer; héfsimln@l
r ou i Sin rogen al ogen, am no, am noa
%M% yg%é%rara%ﬂ Socygmate |sgth| ocyanat e, cyanat)é
|socyanate mer capt o, carboxy (COCT), the salt
reof, carbonic acid ester (COOR), sulfo (SO ) the

sDa ip selestesdrom g arevrseraprisinmisyer alidensybgifhted aryl,

Lgﬂugg{p@,{édt efhPitbrogibstituted aryl, heteroaryl and
alicyclic heterora |cals R5 is sel ected froma group

conprising | ower "al kyl, unsubst ituted aryl,

SURSS hutlsfoRs Yo AMRRBERTART Y - X (s a hal ogen or

pseudohaf ogen an aci d ani on. The phenazi ni um
conpounds of a purity of x nole-%as nentioned herein
ﬁ,{m hereln after and in the clains refer to a
?BP@ ik phenazi ni um conpounds and i npurities,
wi th the phenazi ni um conpounds being contained in the

xture at a
The r;;[]'1enazir(ﬁum 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 compounds 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 fo C4- to Cy-alkyl, meaning to methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl and tert-butyl. By substituted alkyl as mentioned herein above, herein

after and in the claims, 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 specifically substituted by alkyl, preferably by lower alkyl,
halogen, hydroxy, amino, wherein amino is NH,, 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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concentration of x nole-%and the inpurities at a
concentration of 100 - x nole-% The term | ower alkyl
wa@goosmeesBoned herei n above and herein after anpPCT/BEP10b€012851
clainms preferably refers t& to Ctalkyl, nmeaning to
met hyl, ethyl, n-propyl, /so-propyl, nbutyl, /so-butyl
Hete lta%% %ﬂ\éld hell?’é(m %ﬂB?% bF Hél%gw z%éf%lﬁda}ﬁ tﬂ?aéfn%qﬁ%{erably
ove ["al s 0-
refer@to DWCWMJ@JIMIW]-MISDQWIDOIB‘U/I al kyl is preferably
meant. Aryl as nentioned herein above or herein after
and in the clains preferably refers to phenyl or
Allcypltd hyetgadradicals agmi@tionsd hesin abple dnterdinaafigr aag thel cl@ims

n.these residues substituted or
more LT IRl B e SR Y, BIRFTEATY RS B BAIIRIbS  ar o
substltuted they are nore specifically substltuted by

al kyl preferably by | ower al kyl, hal ogen,
CarbgRiciasid GHERCOQRBIR) @dmlfwﬂebéswwrs)ﬁﬁm%hﬁnw hgrein

.abov@'b‘?i hBreih %ftéruérﬂd fhatﬁe Q%lrhé’ﬁ?éfel%lbgyrbferct‘é( @Qt%onmdﬂf ¥SBAL 6f the

msrcapto my nore eci fical
lowesaibglmlts au@itdaat—C@ Ha,ArCQ(a@zfaa @msm poRr tmtéioomqmd asters of

t
the | &é&cg&%?segﬁhg%{-%gﬁ%o%d‘ rg?ééﬁh r%%ﬂeétﬂleh};%y lower
alcohm@w tndl4 aldoholdiiiec yoethendi eeteamlammemoassammpiaonle a-

h [ b ft in t I
butafi S BBRY Snd i ERUEhA b idasf et P eSS Ca s B
mentitheddréinydfter fegfeboragbdrid éc@%taﬁsf and SR mshEH %)alt@nd

su] foester, (SO ester ti.oned herein abov

S
respelivelynMeeping merg qpﬁcg'ﬁ%'ﬁ’ctpﬁi li s -2 %}kq’“eﬁ’raitls ?IHm'“'um
salts%ﬁc&%gbér %ﬂs@u@ﬁtagr—@@ib_lﬂﬂ’eoﬂ @gex).acgehol s such as

H and so on or to sulfonlc acid esters

of the Iomer a!cohols such as - SOCH, - SO C H and
Halo?é’n a8 mérﬁ%ﬁ@&fxb box@/or' HAA&R a?tleFQﬁH’IrﬁthE%l%%%%f
.e., methanol, et ano n- propanol, /so-propano

specifigallyainglombiraiopuyitinibe tarms tfefdrogBUtP@h@qa” ‘metafrpalisie’ and00
PIRTE Y- | . her.el t.er fear
i) 1o o, 5l B3 4B BRI oBl el Tana
bromirespect i vel y, maanl ng nore specifically the al kali
salts, earth alkali salts, alumniumsalts and copper
salts such as -COO Na or Hal ogen as nentioned herein

" Pseualbhsiegen ahépebidatalies respectively benrnéibned hemireabove or herein

after and in the claims, 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.



specifically in conbination vvith the ternms "hydrogen
hal i de", "netal halide" and "halide", refers to

wo baosugses chl orine, brom ne and i odi ne pr ef epeyEP2000012851
chlorine and broni ne. Pseudbhal ogen and pseudohal i de
respectively as nentioned herein above or herein after

FurtH’H?’qln k%a%fg%g%'l(rﬁl%rﬁ I%gg!(ﬂ:?/ gﬁtg%m@{t\\% R%gll preferably be aryl,

morG%ﬂﬁ celly ahamd. (-NCS). Al kali netal or earth al kali
nmetal as nentioned herein above or herein after and in
the clains, for exanple in "salt of earth alkali

in therebalpbungs ef thedinantivef X pseftmbioidictivrinpobrassna or thiocyanate.
magnesi um and cal ci um n the phenazi ni um conpounds of
the invention, RL R2, R4, R6, R7', R7", R8 and RO are

Parns@lbﬂytsambd ﬁld@wnd@*ﬂtdom inaaake ssibesd froam grcgfmcbmnpnsmg

conpri s drogen and | ower al kyl . Kyl

ha'O%%lgép?(# Pge! %VY'B@' (RPRRRHNdg th @tqqmpordmd% hefein helpebeing the most

pref@mb%@m&eﬁa%mﬁfmqfon{daﬁmu@ventI on, R5 may
preferably be aryl, nore specifically phenyl n the
conmpounds of the invention, X preferably is chlorine,

) BLObRET- WNtcﬂ‘nQ h&-2-1hedH é/l E?h@gillyph%HbEﬁﬁjm salt, more
phenazi ni Um conp n s are s froma gro
@pﬁplflcdlyrtgelmalqmgenat ed phenazi ni um corrpounds the
compounds herei n bel ow bei ng the nost preferred
hal ogenat ed phenazi ni um conpounds: i)
3-chl oro-7- N, N-di et hyl &mn no- 2- ne¢i hyl - 5- phenyl - phenazi
niumsalt, nore spe}g(i fiqall yNthe chl o&hde: HH(CH) N

3

Il HPh Hf | | ~
3- brono- 7- N, N- di net hyl -2-1fe - 5- phenyl - phenazin
iumsalt, TOT € (o ) N \N+ al
H Ith H
cl
11

i)  3-bromo-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium salt, more
specifically the bromide:

H N CH,
z
>+
(CHg,N N Br
Ph  H
Br
ITI

and
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specifically the bromde: andiii)
3-brono-7- N, N-di et hyl am no- 5- phenyl - phenazi nium sal t,

woreros/osygseci fically the brom de: as well as PCT/EP2004/012851

if)

pseudohal ogenat ed phenazi ni &im conmpounds, the conpound
herei n bel ow being the nost preferred

| o w 3
S AP e SRR AR Sal bre ppeciically the
rargrtide: nore specifically the tetrafluoroborate: H

S-CN H H BF; The conpounds herein above are

advant ageously utilizable in an acidic copperplating
electrolyte. t has beenHound thdt the hal ogenated or
pseudohal ogenat ed nﬁnoneric Qhenarini%giconpounds are
particul arly advant agestus~y4 Cepp 3 ng bat hs,

where they are charact pl ating

activity. Usin e, rakage SNQ‘

nononeri ¢ phenazi #Fum conpound invention in an
acidic electrolytic copger-pPhatind bath, it is
possible to operate the latter_at a high current
density. n conbination with wePl known ot her

additives, it is noreover ggssible to achieve
particularly even, brilliant copper deposits.
Further,the efficiency of the hal ogenated and

g R R

deirgy themestwiréferret st ndehdioganated phéaresiditmabnipoand:
hi gher purity thereof. This purity anounts to at | east
85 nole-% This neans that the substances of the

I TNRIHO-2,8-dhPBtHai-B-tRioBPar didLS tHenYPpiSe 4zt fiurh 8B inbfees -
These inmpurities may nore specifically be oligoners of
@ﬁ@cgﬁ@gggﬁﬁﬁﬁmUEHH%H@ﬁds, for exanple the dimers and
trimers thereof. n adding the conpounds of the
invention to a copper electrolyte, one accordingly

achi eves perfect H H
H,C N CH, -
N
H,N N S-CN
"~ H Ph H

BF,
)

The compounds herein above are advantageously utilizable in an acidic copper-

plating electrolyte. It 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.

Using the halogenated and pseudohalogenated monomeric phenazinium 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,



10

15

20

25

30

brilliance although the concentration of additives

used is clearly | ower than when using conparabl e known
wW@b@sarised um conpounds of nuch | ower purity. BPET/EPBNCY12851

and, as a result thereof, p?ofitability are thus

consi derably increased. n contrast to the phenazi nium

the eﬁﬂswrb@%@ﬁamgéafatga ghd %@Eh&%fha%%eﬁwg?edt AYREIAB Bhe Eﬁzmlum

conmpounds descri be tracts corres
dyestttﬁfswmoeawe(ts'ahﬁvadhev arausynthesivesd ipaccoygdanth et the

b f f
e NSRRI SO ASEAC s LRI LA o e,
85 mofe ?z{i fhissmaank that ﬂmmbsfanoealmf b? |ﬁ‘a@r;tioyi c@ht&m !armabtlﬂiuh'yof
ction o urities

15 meRYi o iU e Jocsr MRS SJbaBres specliedy de ey et the

phen@@m B0mMpBUsdd, F6eskaniplé S difRes AR trirdé 18 tmal:fzebf ll§88ding the
suited for use as additives in an electrolytic

comRAyga of BleinveRfianers @Wf@i?@tremﬁp@uﬁ@@cmdlrtqlaeachleves perfect
brlllldn’&é%'ﬂhb th%ﬁ&@h@@tﬁﬂﬁéﬁéﬁd’(?@@ UBEH 5 RBSMAB WL tHEn when

onpounds set forth bel ow
usmgacw PaRble7knQW henaziy ra soRoRn@e phyLcIs Iqyyeshypritys fréiiciency
and,%b%@gﬁ@ EP%\%\I— %roﬂtabhlm( gl;(ral trl?g-s Ons'?%ralblygncrﬁgﬁ?/ - phenazi n
iumsalt, i1ii)

o SRR b RO S SRS BUSRBE L A o
compunaie ldledsrlbqnhefﬁﬂtel’aﬂ Abstiaeds corresponding to JP 60 056086 A are of
muotfoléer POy B3 SRRSO AN BieCUP TP FH P O GRS Of

phensgipdmacempoands, aord sPesifibalf of Hire® driteyinfrs) 4y éan be easny
erfect brilliance both at a hi %h and at a |l ow ¢
t

expegwi%”y Apyan- dhiwfEartiopwéimeyiies yw%alwaﬁééﬂwrathedﬁnge of 40
to 50%!)!%9“&“73\{:(1;6@@1% gl thed &ﬁnﬁ&ﬂ%rdlﬁlcf?eﬁrlﬁlﬁ% %oc%frh@ﬁteare much less

properties aréalready achieved usin
suited fRimssi 36 addiiteeIo @n@e@mlytmqpnereﬂatlm bathl thaw thghceropeunds

OfthégWV(eﬁﬁcﬁm extent. The reason for the higher purity of
ounds of the invention over the phenazi nium

conpounds di scl osed in the docunent nentioned herein
The 48468 B ohock e R PRI PO 1 o
synthesi s vessels (diazotization
i) 3-chloro-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium salt,
ii) 3-bromo-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium salt,
iif) 3-bromo-7-N,N-diethylamino-5-phenyl-phenazinium salt, and

the pseudohalogenated monomeric phenazinium compounds, preferably:
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
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and subsequent hal ogenation), the preparation of
hal ogenat ed nononeri c conpounds in accordance with JP
woGBAEB8E A is very conplicated and ti meconsupPCTgP2004/012851
with the quality and propor@i on of the desired
products noreover varying as a result of the | ow
A g P L e RS o Tnd FREREn efouen
to a diteyemigxtarti cacy of said products or product nixtures
in the electrolyte. JP 60-056086 A neither describes
nor nentions the preparation of pseudohal ogenated
The measomeor thegtignerziumtyof the cpopodsds &t taetinventibn aver the
moponer i ¢ phenazij.ni um.coppounds of the general. .
pheRI I oraptinde Sliiosgh e e Atmens eredlion ra o abatp 5 due
to thesiffstingaheeastof grepandtizar i ¢ phenazi ni um conpounds,
such as for acidic copper-plating baths, nmay now be
sel ectively provided, with conmpounds of high purity
Due g thdtvatSeB\RE &ratith SR&HAYIh 8beral Sfnthedio 988l LiRotization
pseudohal ogenat ed nmononeri ¢ phenazi ni um conpounds are
and sybgamient saogenaiipnd the peapapitiopsf delegenatadipanomeric
co mﬁ@ﬁﬁc{]saiﬁ.tacbero%nEQ W@%ﬂ Gabe0E AR, d c%pﬁ@ateh%n? fid St
synthesis step, a diazoni um conpound IS forne rom a
congunriogewitlic thehqusadity anduproportipo wh thebyesliedzooduets numedver sarying

fi |.S.: b £, m neral | d
as agklit oEB I b B0 o ohy BOBBEARG Pl RsbRkBloulF o
reactienx timeemrel thit, initarnemay cssa irs yanyimgsafBcariyap saitidorotliots or

fter havin bqe transferred to a second synthesis
pmc@&@@@i"k“”eﬁmg‘eaeﬁgtr'%}j‘snat ed or pseudohal ogenat ed
nmononeri ¢ phenazi ni um conpound in the presence of

i neral acid and copper(l) halide or pseudohalide, the
JP 60 ﬁ@&éﬁﬁqn%.'g*&srd@aﬁf %qswzgrﬁ'enﬁ HecReParationas IP§eYdoy

halofehstbd MthoEROMEhaRRAGH tOApSheds. that are both run in
one single vessel in the presence of thenononeric

phenazi ni um conpound, the mneral acid, the
, ! : : ¢ . . .
N LSS O S R S S T AU e b O
VI givenrredeindietgy t Hedogematquiodr psetitiollogaraded mamonieyio phenazinium
com&ﬁl{?ﬁ?# %ga? %gzc%:aicgcﬁc Ec%gjp?gti%b%altﬁs, Sr’ﬁéyunolvo bg%%Perc%\%h? €

provided, with compounds of high purity being achievable in good yield:

The halogenated or pseudohalogenated monomeric phenazinium compounds are
synthesized using a novel preparation method. In contrast to a conventional method
in which, in a first synthesis step, a diazonium 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 diazonium compound being
next reacted, in a second synthesis step and only after having been transferred to a
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 invoives a first and a

second reaction step that are both run in one single vessel in the presence of the
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to formthe hal ogenated or pseudohal ogenated nononeric
phenazi ni um conpounds. n the event of hal ogenation, if
wo b@swougses al aci d al ready cont ai ns hal ogen, f uPCTEP2004/012851

hal i des need not be added. 'fhe reactions are t her eby

preferably run using a sufficiently high concentratl on
mongiugﬂegheﬁézdg@npn%mggﬁgduEﬁiﬁeﬁmdemegcﬁgxhgafragnotg%'nbﬁﬁe s and
the hatilelor paewdat@lide (onsbpetimetpade hal ogenat ed or

pseudohal ogenat ed nononeri c phenazi ni um conpounds in

good yield, the halides or pseudohalides nust be
Thus,mldzionmdn cdleupennkﬂswgrecﬁrsttfbﬂfndaq psingitine oné th m&theﬂssa)'der

he phenazi hal i de

ez a2t ' S GHRER Tateb e S et wikhe dgeention
to foimh ttheeasibganamefo@ pdeudureigjenblad rﬂoﬁdhﬂéﬂd: ghérﬂazﬁr’fwrﬁ%bﬁhﬁ)unds

d. dro des are the
In th%,q\/?n % @iggsgq\%@ger%ﬁc@ta qe@gglcontams halogen further
ha“dggln@egqmgetard%gd preferably a concentrated acid is
utilized in order to achieve a sufficiently high

concentration of halide w thout addition of netal

The n%}chgﬁ§ aréthefdb @raﬁly Flﬁf&%bg S'E&Iffﬁﬁelﬁlﬁfchggsrﬁﬁ@\g%ﬁtré% of

phenazi ni um conpounds y requi
halidds @z pserdehadidespunsreby said detidesort ;b@udnbaliﬂas mat bedupplied in

r i e |
the G bESAA ot Ao DRI b Belrdd G 3sRloeralpasnted
monmmem: qoeerpaznanm @ompaswhdsri&beo@lyiew Il paliddsrarpsdiddalides
%ﬁ @ ctl referab ran fromone, to
mustiti ul 3G o pepe s To Witk T BRI eoResS e M PR SR
com;&ilﬁﬁfsu ffeh& hhiesady pdeud@hamhég aPPagddt B the fovaf &f raétaPhalides, at
essure above at rmsfgherl c. The nononeric_ phenazi ni um

'east&%%fe oreiarably aMuofpldde dhrgsfald molarisxegssis negeed. If hydrogen

halid8h aFé Hifo R0 MRRgRAS oL e Jk%d}o{aﬁ Bofeakt mlf-aa#déﬁﬂa@tj bfé€erably a
i nvention are nmeant to include In articul ar

concgRisaies afidiin wiiAgb imerslet rachievierfysuficieatishigs sengantiatien of
naicE TR ARG A PR OO o 8,054 e
phengginium compounds is thereby reqwred 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 to three hours. Usually, the
reactions are run at normal pressure although it is also possible to work at a pressure

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
phenazinium compounds of the general chemical formula VI being particularly

preferred:
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ANH R6 F R6 VI wherein R, R2, R4, R6, R7 R8 and RO
are sel ected i ndependently of each other fromthe
wW@e@ap48hpri si ng hydrogen, ,hal ogen, am no, anmP@DEP2004/012851
al kyl, hydroxy, cyano, thiocfyanate, isothiocyanate,

cyanate, isocyanate, nercapto, carboxy, the salt
—rhereQJ, carboRic ester, sulfo, the salt thergof, —
ower al kyl, aryl, hetefoaryl ang

¢ R’cal s, R5 i sesel ek ropa gIreup

al kyl . aryl and

cubarly preferred

=

—wherein RL, R4, R6 and RO are each h'§/dro en, R5 is—
phenyl and R7 is NR R11l, wiyhR10 and R11 bei ng each
i ndependent|ly of each other hydrogen or |ower alkyl.
Al kyl preferably is nmethyl or ethyl. Am noal kyl is
nt to preferably refer to N nethyl am ne,
et hyl am ne, N - dinethylam ne and N, N-di et hyl am ne.
AR/, RéaR* R REr RBayd B8 apheeigttedrindepghderthyeofaaic ofirdrdom the

msPRSLEGEPci, ue AR B3S 6 15 S8l &

t enibayénmegsﬂhmanétex?jdnm,w{aﬁanaa,t lﬁnfrdéip?d, @bjﬁ?xy, the salt
acetate, trifluoraceta or net hanes onat e. e
iifrel. caEherlc Bt S410¢ e HThUEOk U hesteh MR WA,
prRisoabl vnaeliegdie hetdreradial,0up conpri sing hydrogen
hal i des,” sul furic acid, tetrafl uoroboric acid, 13

hexaf | uor ophosphori c acid, phosphoric acid and the
oy ¢ i . ¢
e oo IR Ga Bk SRPIRIEbaEr SRR adfor feBRE

A" is an acid anion.

el onging to the safranine %y

whe

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 R” is NR'°R"", with R'® and R"" being each
independently of each other Hydrogen or lower alkyl. Alkyl preferably is methyl or
ethyl.

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
chloride and bromide, tetrafluoroborate, hexafluorophosphate, nitrate, acetate,

trifluoracetate or methanesulfonate.

The mineral acids used in the method of the invention are preferably selected from a

group comprising hydrogen halides, sulfuric acid, tetrafluoroboric acid,
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The preferably used di azotization neans is netal

nitrite, wwth sodiumnitrite or nitrosylsulfuric acid
wheingsgsss ticul arly preferred. The hal i des useRCTEP20090012851

exanpl e be added in the for'® of a hydrogen halide

and/or in the formof a netal halide, nmeaning in the

i T i r :
noxat ORI S, aqid daosP R 2013 i3 AR < e TR 1 proviso
that o ppearogenihelidé isausbd in dime hedsiedes of theqmeddaliplidest hese

definitions, the follow ng halides nmay for exanpl e be
used: hydrochloric acid, hydrobrom c acid, copper(l)

The pidfenabbleysedafipzotizbtion nidaas iisllmetaﬁ mrm’éef, (ith sbg'mum ditrita o
. nickel (1] hl ori de. The eudohal i des used are
n'tmﬁfjﬁ":ﬁ&f%tﬂ%ﬂ ﬁ%’ﬂ@@?gﬁ:UW&rﬂrgfséGregup conpri sing cyanate
(-OCN), thiocyanate (-SCN), isocyanate (-NCO and

i sot hi ocyanate (- NCSZﬂ and can_be added in the form of
The BalidgsusgHdnay fasxaneig Raprdegin the famn gf @ ydredendalide andfor

in th&FrROSNARRA THNAEBHESNIRG G BHHBF 6 Q8RO mctd) $alides used
nmononeri ¢ phenazi ni um conpound may for exanple be

are raeRifda dpeeferably meludereansitiondnetabinaliderisscls as senpetonickeland

iron ﬁé]ﬁfésbﬁc&?r@h?dco t%é&deﬁ‘h’itrorn'snere fgﬁ?vﬁn{; %gﬁfésaﬁgg?oraeq&ﬁfble be
roomtenperature, nore speclfically Yanging Tor

usede kpdnoicklofic @eid3 BytmbrdmiC.ackis xbppédiB chidriddecodpar(IBxhiopide,

a netal halide. di | ved in an aqueous solution, can
coppgilipgaude ap &‘C?‘ﬁgayﬁa'oa%ed the halide, the
di azoti zati on neans, for exanple a saturated aqueous

sodiumnitrite solution, is added, preferably with
The gsguydahalidesaysed argtrrofergbly salectesl fram agraup gemprising cyanate
O AR TR Sl ndie Koy B9 R b B AL WSS Yana
can kerpddedrirtheddrm healalbpad/at earth atkahisdlts.t he nononeri c
phenazi ni um conpound can be suspended directly in a
hydrogen halide, preferably at a high concentration.

To prepaee theshalbgéreded afonohiezicephemaniaiune edmpoundydide ngpnomeric
nment differ

oG ol U o i BB B 51 BB acid s s
suspbasiogenat iheg bb eenad, WItHCSHMMoY oS eapeFsturialidve room
temp%?é]cgpe%)ﬁcgreis%e\éﬁilcgln rtalgch;l'sngrfglfjl g)Ealln?&e 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 halide, the diazotization means, for example a saturated aqueous
sodium nitrite solution, is added, preferably with stirring. Alternatively, the halide and
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
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 60-056086

A, with only a catalyst such as copper powder, copper(I) or copper(II) chloride
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step normal ly proceeds via a radical nechanism as
al so described in JP 60-056086 A, with only a catal yst

W@ oal/osgsscopper powder, copper (1) or copper( )PCT/EP2004/012851
chlorided4 participating in e reacti on. By suspendi ng
sai d conpound, as the only halide addition, in the

parf] cﬁﬁé}ﬁf@ |‘n‘fﬁe 'Fé/é?;”tle y Q@éﬂéfiﬁm{g@qlﬁ&ﬂﬁgu (] atsr{ﬁe ?ﬁ&%‘iiﬁ@n

econes faster,
addéhml rrbﬂilfi‘dﬁﬁpewvaﬂﬂ(vﬁf@@enmehd@theerd!emwamtmmnnlvenmmebecomes

nmeri c phenazi ni um
fas R A ot e P e et romr e
Sandneyer reaction schene whereby here a nickel .
hal,i d L 'kI hl o anb t||ize
In R Bue ofor ROMRITAN: oo eh e hdesensieet mpp P
phepagiokaedicospbasd aRb é@ﬁ@ﬁta@@@@ély E@Saﬂt@fr@mQh@E@hérﬂeVeﬁ félaBtion
context and results in SI&I f1 cant

schemgnvheeby hete wlqif@hh&l\dﬁ. grample; nlckeiﬁlgg:h&ﬁlgp@ambﬁ utilized
inst€8Y 8f {Hindwi ¢ en&t%g%uﬁglg %\gieﬁ}(;@l‘l r@@@é@ﬁl%dhas not been

mononeri ¢ phen m co nomer
desphféﬁfhlzemwhﬁf@r@npcﬂua dgonteyt anrhiesulie inssigmiticandlyt highelr gretds han

nd t hen with stirring, to
aohlglel 8 P EnalE VU R i ERa Lo T e
speC|f| caIIy ranging for exanple from30 to 70 C
lide or exanple a netal
Forﬁg%faﬂfma‘f P%%ga‘?@?i *ﬁ?c{umaﬂmgaggeﬁ@n%m'um EMPgueg. the
morsHEEs pAEALAini@hn c@%pdmﬁdﬁ‘ﬁi&v AdAR befs%pémpdr@férébl?m the

conmon sol ution with the pseudohalide,

mingal 26id; 3t theR heatass With stirmagaiepa éerﬂp¢raw9 |a§9ver tane
temééifa‘i'ur r8 %p@ﬂﬁ@ﬁlx‘éﬁ%@@g@ ?drt%%(bﬂ\%es r‘?{)ttnejo ttom EERB&RE 'EH

one of the reactio ting hal cgenat ed
pseédofpﬁi@@dfﬂﬁﬁxa@@hm atetatpserdehatidp issehiedi inan corpousissution,

g 80 e A O PO LA A 0Bl it o
psea@tdmlsiepﬂm‘(bamjizgtlom n*leade feaexdmpllekﬂﬂ'd)syaqmﬁum Heill) may be

dr oxi des, nore specifically caustic soda or
addgg {h%%w@)q ‘ash | ye, nmagnesium and cal ci um oxi de, earth

al kali and al kali netal carbonates and phosphates,
re . , .
Afte??he 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.

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

specifically sodium or magnesium carbonate or phosphate.

After the respective one of the reactions ends, the reaction formulation may also be
directly regenerated by adjusting a sulfuric acid titer of < 1 wt.-% and the resulting

solid matter may be filtered away.
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specifically sodi um or nagnesi um carbonate or

phosphate. After the respective one of the reactions
wenas/0495Be reaction fornmulation may al so be di PEDEP3004/012851

regenerated by adjusting a $alfuric acid titer of < 1

Ww.-%and the resulting solid matter may be filtered

The % J#t“cﬁg pr'ét‘aiﬁc% of 8. :ﬁ\%?ﬁnbﬁncee Sth8ffratcﬁ<?n bﬂY.gﬁutnFQé‘

ractron o i'es’ acconp
acccphgmmg]thmmlmmmun”d$onmmn6e, aﬂmtt@rdntaeninamahyltymﬁdwi y:
To identify and quantify in accordance with the
i nvention the conpounds contained in the substances,
To ideergtify ape cuiantifgtin gcocrd pneswith the invereiontae icf)h’ipabhd/s contained in
ut,i lized, where étlrthe sFectra E{an be nmeasu

the SISt EEATS SHALTOPRE PO els G B ot ddbrreby

the §fectiaesdn’ B meREad rAdieZgidciitampuide? thavidiiBwihgastrditions! 18y
mass spectronmeter (ESI/MsS) or with a quadrupole ion

means b elesBoN PrawnizalipREeprer .V\e’fhm@%imolwmaﬁswectrometer
(ESI‘?I@IS') o Gfth LAQBIdrlss8e ﬁcBH ’[rQ EQVQF@MBR’/%M%%@I% PidsBuR Matrix

quadrupol e ion trap
Assigtosh Isased DL%@EQ*IODéQ@ZB’WDﬁOURWd wéfn emadmmllee@nwatpﬁ%’

MALR%E%GH MSI) %\’ gréttrg?g§§s er : %gﬁ%%&btluan n ah%gg: })FE}IEE%th a time-
of-flight mass Bped;trmnetenﬁ\zmém-é' anmj. TlmaMé\llLMbmiﬁ arehwefemedoT o
' I th trumis set to .

quafipglely aGleBRe gr o R R RS FisideR B8 sehiat dbng sianais
in thesmasd %tei'ﬁ‘uhhsr?tm 100 Imlé%ﬂ&f@%eﬁ@ﬁwﬁfé ihbigltdual signals

[ zabj | i a ensitivity to the assigna
deterfibie dpetosthelta, E RobainiAshhRd DRt ian A ang seppiivty t
the HE8TAHEYIé MORRIABbANS EReCiRMY ARG, and the ol i goneric

phenazi ni um conpounds contalned as inpurities in the

substances nmay al so be quantitatively determ ned by

AIteFF%%Oélyofheq'Hé‘ﬁ@ﬁénéTﬁﬁé\%th %n%uﬁdg%ﬁa HRPERJInMRL er

1S coup ed with a or nance
phera@njat @cgﬁmsmntalogatamwmesmg)het sybwmes anay algebe

uah th
qual BV HRer Bt Benle ol et DB AT A 1 e
spectaineeten Secaupledvigh ngieaaéomﬂaric@ﬂ@:udmhuphaimgraMyemlt (LC-MS-
t I j
couiBNd bisalte WFORIIR pRATD e FRE HESmadihfEton te
maskispestrom. After @ﬁ%{wémlflcamﬂﬁémimférme mixture by means of LC-
MS-coupling, the quantitative determination may then also be carried out without LC-

MS-coupling by usin‘g the retention times of the peaks for identification.

Alternatively, the HPLC method can also 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-
pairing wetting agents can be added to the mobile phase for enhanced separation of
the positively charged compounds (ion-pair chromatography).
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Alternatively, the HPLC nethod can al so be used for
guantitatively determ ning the nononeric phenazi ni um
w@orosowsss and the small ano (ﬂts of addi ti onal PGT/EP2004/012851
cont ai ned ol i goneric phenaziti um conpounds in the
subst ances of the invention, the gel perneation
I

Tho RO PR TS, SRARDLS ook b6l ioh purty
and hddiag the chamiqab forhwlaeh bk dII,AV, antiahaleejadyepamtamedmeoém
abo\;{e positively charged conpounds (ion-pair

chir omat ogr aphy) . The nethod of the invention permts

for exanple to prepare corrpounds of hi gh purity and

havi ng..t he f ornul ae [V, an
The A SRAtA e E R GO BOY B e FbiideRtoeR MK
follo®ind pre gfm@nté)@rmméél be nore fuI |y understood from
the foll owi ng preparation exanpl es: Preparation
exanple : - without addition of another halide

Prepir&trPéLmip - Gt PXARRBD8r ZndtRéWAiiya- Phenyl - phenazi

niumchlioride I g O
3-chiprarfi-NdN-Aimetky @inmrae-Rynethvhe-rhenptitydnaginpine ehlorighenazi n
i um chl ori de was suspended in 15 m of 35 wt.-%
hydrochloric acid and heated to 50 C. Then, a
19 cﬁzﬁ-amﬂtoe?fi-I\aqludimekhydardlinmmetthyltﬁpmwmemez( diGrh chlorideGvas

\ d dr
susiflngBl 1 FaTPon T uf o B rgRAoRE s Rl i 58 Toen. 2
satufrdted EQ&?@UI@QO?I.WJ(FM BOIOtrWﬁBﬂQEbS?Gdﬂle&agerf) Qﬁ@slowly added
ure resu n ac ue solid matter was
dropigs Shaas A eRrar S TRsior PRE NOLE RIS BEEAHE. (B8 repdon
formefatioRevdessI¥ad dowAgo wwmttérmaéra&m@ ﬂ@%b&mn@ bRERBIR SR
after Iguant itative anal_e(sr S means of

mattgpwas fifread gvanand driad. the wel m@i%m(ﬁ%ﬁ % & the theooy).

only of the substance utilized did not consi st of the
nononeri ¢ conpound. Preparation exanple 2: - with
The padivtofdhe seswiing pdrstarmde after quantitative analysis by means of mass

spec?tro%‘ét@{]faag Q) er bﬁ'ﬁgéﬁmo@é{bﬁﬁe.?(ﬂ MR8, oﬁfyp&?ﬁ]é( Labl&Ndaltilized

did it @onsiet G- tNe Maomareetiy Cempomd2 - net hyl - 5- phenyl - phenazi n
ium chl oride was suspended in m of 35 wt.-%
hydrochloric acid and heated to 50 C. Then, 347 ny

Preparation example 2: - with addition of another halide

3-chloro-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium chloride

1 g of 3-amino-7-N,N-dimethylamino-2-methyl-5-phenyl-phenazinium chloride was
suspended in 15 ml of 35 wt.-% hydrochloric acid and heated to 50°C. Then, 347 mg
of nickel(II) chloride were added and a saturated aqueous sodium nitrite solution
(454 mg in 6 ml of water) was slowly added dropwise and was thereafter stirred for
one hour at this temperature. The reaction formulation was cooled down to room
temperature, the resulting black-blue solid matter was filtered away and dried. The
yield was 724 mg (69.0 % of the theory).
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of nickel( ) chloride were added and a saturated

aqueous sodiumnitrite solution (454 ng in 6 m of
wWoRi0s/0)95868s sl ow y added dropwi se and was t her REf/ER2004/012851

stirred for one hour at thi 7terrperature. The reaction

formul ati on was cool ed dowmn to roomtenperature, the

The p% H 6f‘tgg r@é_l_l.ﬁﬁr'&i/&ét?éga f%%ﬁ%ﬁt%g%@%n%lé/é %&%eﬁl‘é@f mass

speqtmmtw wahéoyngt fotlye 96 mqke% esull @ inmye-Shbslyaridhe sithséance
mass spectronetry

Utllli\%gad?é ghﬁ S?Stg)q%%m&'f) &H%H‘sp"%ﬁ nmol e-% only of the
substance utilized did not consist of the nononeric

Pr chogga&oguﬁndq{ggr ;ia}r\nﬁ%‘ odqdlt?o)%awpanother hall\éwet h addition of

3-chibroP-NiN-diméthidathine2hykthyl-8ph2npeHetazriuth eAprid@henazi
niumchloride 1 g of
3-am no- 7- N, N-di net hyl ami no- 2- net hyl - 5- phenyl - phenazi n
19 cbleThFrMCQVlNiN d‘iﬁfetﬁﬁzﬁrﬁﬁfé@%étlﬁ‘yl@gﬁ%n h§|5a2M|tér}11/@hlorldfe was

drochloric acid and heated to

Susa%ﬁsérlrc 1$ relpfeid we- %y droglilgeia aidang @%ﬁted i BOrGaJlieud’1 mg

o oML S0 S B 0 T Bl b

(454omg ih&uml caftwatlar)SNasesipwtyaidaieel dropeiseeactwanthiceaftel atirehfor

oom t.e r at the r tin

one BB GE RE Bl e b Ryl B PR B U EliEh vty o B Boom
templdrature ethé regdting blaﬁ@-bﬂt@scﬁld%@t&eﬁ\b& filkeed ¥vay Bhe dried. The

cgurl é gf[bréa(e yltlﬁg bstance after quantitative
yiel Wﬁ?§ i o e theW)-spect romet ry was found to be

93 nole-%i.e., 7 nmole-%only of the substance

tilized did not consist of the nmononeric conpound.

The PH@B’anéW sesuiinehpihstance.aftgronaaiifative analysis A creans of mass
spe&@gﬁé’[ﬁ{)was found dtlo n% > %3 é)rlﬁ-%ol e, 7 m e-% gnlghoef r’gh? su séarl]nczel ur;ullzed
did nqjmpnslghﬁ)ﬁéexn@cuﬂenc compound

3-am no- 7- N, N- di net hyl am no- 2- net hyl - 5- phenyl - phenazi n

i um chl oride was suspended in 10 nl of 48 wt.-%
Predaydiiarbexampleak i- dvitretiditeat efchnotheshalde Then, 392 ng of

oG EN P BE BrTbE SRS Ha G el "uas

sl ow y added dropwi se and was thereafter stirred for

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

The purity of the resulting substance after quantitative analysis by means of mass
spectrometry was found to be even greater than 99 mole-% i.e., no impurities in the

form of dimers and other oligomers could be evidenced in the substance utilized.
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30 mnutes at this tenperature. The reaction
formul ati on was cool ed down to roomtenperature, the
WO e®alotdsey bl ack-blue solid natter was filter ePCEH®R3004/012851
and dried. The yield was 824%ng (64.0 % of the
theory). The purity of the resulting substance after
Pregstafidn bRhhpR 2Nalire aéaitiaﬁeﬁémﬁﬁeg@aﬁ_@&spect rometry
was found to De even greater than e-%i.e., no
3-brpenfiN. Nediethil agmieo-Hphanyl-plgnaginiurardomideer ol i gonrer s
could be evidenced in the substance utilized. 18
Preparation exanple 5: - w thout addition of another
3 g viad-adena B dhdiethylgrindise pheryduphanaSriphechidrigeneszs uspented

. . ¢ 3o _ )

in 4@ 48 wta % BlarPafifli acic ansyrated 4 a9 Gy Thenc AR BRveRus

coneerttrated spdindetltrite sdldtion (D094 it 0 b dTykitety Wi stovidg iadded
eat ed eqQus concentrated

and h to 50 C. Then, an aqu
droriise BFEHS1S b Mt Wes BioreartonTaa For A the kT b )
tempersitib OThe raxdten fEHMINicTENEY 860188 8olAUYS rédiH tdRBerature and
thereafter stirred for another hour at this

slowwinserraraied.in saesticendE; lye s ipsHiing dlrckeiiue selicematienwas

i r ' Wy caustic

filter88 SAPRIACHRES Tl e aneis 37} B PRERRFE EEob], "V
filtered away and dried. The yield was 2.571 g (67.0 %

. i e.re I bst ance
The Bhriy 6 2T g SRR At b B St g By PO B s
s pecimaeetnowas founte Heoapmrokindbey 89pnmm%a'.:eel 1mdragleg%lcﬁﬂ39/mf the
' mle-2%only of .t substance utiliz id not
SUbéé%ﬁ%ef g{'ﬂ‘%‘gﬁ Q%EOM%PF%%@%@U%‘? CENBRYTYSt i on exanpl e
6: - with addition of a pseudohalide o
Bre 7-ram no- 2, 8- _r_ret_hyl - ?;t hIanC Saerb%tocl_)lél?dephenyl - phenazi ni u
7-anfind-2i8-aithey R3Sk b- R HAAR e
? wgre suspgtﬁ?j,ed iln )Frﬁﬁagt% ggre&?.%ntaetraf ﬁ%tg%ng%ﬁ%é%ci d
and heated to 50 C. Then, ml of an aqueous sol ution
et ing of o sodiur . 4 ‘
O i S NP o SErd bpinfieg n
15 ml @fpBrvet-Ur tetieflusmborc 6010 antthedted &x50%6:. Thenr 1@l ban

aqufd&%hu@%{ﬁowns Siné RS ARPESRM Fitocy Deats %ﬁ8t4i59fnmg of sodium

I on wa
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 90 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 or in combination with
brighteners or wetting agents, to a copper electrolyte, more specifically to an acidic,

preferably sulfuric acid bath.
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cool ed down to roomtenperature, the resulting bl ack
solid matter was filtered away and dried. The yield
woRrws81pBsany (64.0 % of the theory). The purit yPOI/EPIve4/012851
resul ti ng substance after q&%nt itative anal ysis by
means of nmass spectronetry was found to be
approximately 90 nole-%i.e., nole-%only of the
substance utilized did not consist of the nonomeric
To pesmiciapgsitivn of emespeblesenerto ravotipieae edingrah electrolytic method,
_ ] L . .
said e 1 BEREE o Rk T ol ShEOTHALI A ARGHE B the
bathcearitdinacoppemipts abd itighhalngesated angior bagudahaidgenated a

oo Sribalicirne IRefudR e rRlaohebtaBoa Bt s flegre

currentds et gémgratedardtacan Wi Wpikesteltfiidtfe @anogkect rol ytic
nmet hod, said workpiece is brought, together with an
anode, into contact with the bath. The bath contains

The GRBRJonhSBKtIGH6E thE @opBéogestiliRE MEyN Y within wide limits.
pseudohal ogenat ed phenazi ni_ um conpounds of the _
Genpralynah 651G GPPR iaNs gepigdling akecxstsebifioprof thesfoliowiag
com?HéiﬁSﬁ”is used:hen generated between the workpi ece and
he anode. The basic conposition of the copper
electrolyte may vary within wide limts. Generally, an

i i r. & NS, cont ai BjzNg aque lution of the
COpF?%Iﬁq‘g\%\}eng co oéélpllzlé?)n is uggd: coppgérb%s@/rf ate (CuSO 5
H @ef@@bly 300 g/| preferabi80 180 - 220g¢/| sul furic

acid, cone. 50 - 350 g/l preferably 50 - 90 g/l
chloride ions 0.01 - 0.25 g/l preferably 0.05 - 0.14
sulfugid adichsdoged of the copper %ol fate, BBOigd al so at | east
artial ossi ble to use her copper salts. The
gu‘Pﬁelfﬁr? Pg'aclc:)i d as well may %é repl ace® 9h part or in
whol e with fluoroboric acid, nethane sulfonic acid or

ot her acids. The chloride ions are added as al kal i
chloride ions 0.01 - 0.25 g/l

preferably 0.05 - 0.14 g/l

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
addition of sodium chloride 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 concentration of from 0.00005 — 0.1 g/l.

The bath may moreover contain current brighteners, levellers 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

molecular compound may be added to the acidic bath of the invention. Further
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chloride (e.g., sodiumchloride) or in the form of
hydrochl oric acid reagent grade. The addition of

waods0msshl ori de can be di spensed with in partPOIEPI904/012851
whol e if the added substance&d al ready contain halide
ions. The phenazi ni um conpounds of the present

<SAUAE 080 S A ool IR o

cCoOMpoLndy araycalae denisedr Tee bxygaergbdrdaieing, hiewelldctas compounds

' ts. r tain briaght copper .
mor§SEsePaRes dred sfi<ls erabuliishel Aliyart A tfing pgurter
glycat esteessof aliphatiatarbosial adidieas wlefl as podtsrs dndmadlyaiehols.

oxygen-cont ai ni ng, hi gh nol ecul ar conpound may be
added to the acidic bath of the invention. Further20
Thedadividudbsorapeieras afe torRaRadGR fHefcatingo-sé beth B ARPRINBEMg
. .and/ or polyneric nitrogen conpounds may al so be used.
'”“mﬂﬂﬁcéﬂvg Scont ai ni ng hi gh nol ecul ar conpounds nore
specifically are glycol ethers of alkyl phenols,
al kanol s and al kane diols, further glycol esters of
currgf PHAENCONLRIBBAI ¢ aci ds as wel | as pol yet hers and
; i ndi vi dual co ents are c i ned
h'grfﬁbké%g%?tgg@otugggse bath in t hedPOPT ow ng | 20
copodeatablyt i ons: current oxygen-@6t ai ni ng- hi ghg/!
nol ecul ar conmpounds 0. 005 20 g/l preferably 0.01 g/l
current water-sol uble organic sul fur conmpounds 0.0005
currbnéwgtepsefubicabiganic 001 0. 15 Table 1 lists sone of the
utilizabl e oxygen-containing hi | ecul ar conpounds.
SUlfEGAMRQHNASr conpounds are set fgﬂpﬂgin Tabl e QAE%Uited
fUFQﬁ@@BQI groups are incorporagedifor water g15g
solubility. Sulfur-containing nitrogen conpounds,” nore
specifically nitrogen-containing thio

Table 1 lists some of the utilizable oxygen-containing high molecular compounds.

Some sulfur compounds are set forth in Table 2. Suited functional groups are

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 concentrations:

0.0001 - 0.50 g/l
preferably 0.0005 - 0.04 g/l

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

polymeric nitrogen compounds in Table 4.

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

as follows:
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conmpounds, preferably thiourea derivatives and/or
pol ynmeric nitrogen conpounds such as pol yam nes and
w@ologamsees, nay be utilized in the foll ow ng PCT/EP2004/012851

concentrations: 0.0001 - 020 g/l preferably 0.0005 -

0.04 g/l Preferred nitrogen-containing thio conmpounds

are set forth in Table 3 and preferred polyneric

nitrogen conpounds in Table 4. For preparing the bath,
pH-valbe: i ndi vi dual certponents are added to the basi ¢

temp%PéIBPeS'“ on. The,gper gl’gg;%régeng@t;g he bath may

nmore specifically” be value: <1

cathadiorperantudersitpC 0. 55012:A/qlmEfpeefakdb}y 2& 7CAfdrr4?OC cat hodi ¢
current density: 0.5 - 12 Adn2, preferably 3 - 7
Al dn2 The el ectrolyte may be agitated through a strong

The é;l@dir@i?ﬁi mby 0w e tdDBgdhya bufomg{lin@@tehﬂﬂb\ﬁ laAdbodsiblyssy
the surface of the el ectr te is strongly

hat
mJeC%G flgeB@ir sprinat %&waf@sofﬁhfee'ﬁatgglmlaﬁypagly.aﬁlt@ws This
maxiiRe tﬂbtrﬁaésotrér%ﬁerelh%é Ron ﬁ)?f@) ! é?éﬁﬁrc?déeaﬁﬂf QB%tthe highest

possi bl e current denS| he novenent of
possiplg pdEer dansiiegr bhe Mmoyemens of thammdestalw@rmp% BEiste

transf)gf}eattﬁfge ggg)eémé BREDF tHe rg&rr@gégg @axs&%ﬁ\;bggp{# alB Ve RMent

ctrodes perm I eve con
of thedleletctrod e pewnit tcoa¢l'eelvejecp1mntu dxffusn?ﬁh{eontmlmmdmm:sitw bee

v AT b PR bR S SRRy ARG PSP ton
with aif frijedtiont the@orp grartimyareefiitient. r ochemni cal Iy repl eni shed

by di ssol ving copper anodes in order to keep the
copper content constant. The copper used for the

Coppﬁﬁﬁ%ﬁbgﬁkch@cﬁerﬁﬁi@ﬂ?Fe;ﬁ@rﬂ!:i@éd“bﬂGlsgololagtc@pgelognd&es iforder
phosphorus. The copper anodes enclosed in a

to kePP the FopRRY contrnt gepsignt. iTherqoraabezad feaihe aodesananbe ad
coppé+ &&ﬂbh‘fﬂgﬂﬁ oQttB%roﬁw%%sbﬁorahSﬂq@eépiieblaﬁodé’g SRS be

prior art lines are lines in which the workpiece
enClOiS§dd6 atfdler bagalhe pse ohinegranegdes Mmateanf pirtinizsdditanium or other

coatings is also possible. Present day’s prior art lines are lines in which the

work piece is coated in a vertical or horizontal position.

At need, filters for retaining mechanical and/or chemical residues may be inserted

into the electrolyte circuits.

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
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 method of the

invention, an almost constant layer thickness (planarity) is achieved over the entire
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At need, filters for retaining nechanical and/or
chem cal residues may be inserted into the electrolyte
w@resues84 The copper el ectrolyte of the i nvenP¢CDEP1084/012851
perfectly suited for produc?%g a decorative deposit. t
may furthernore be utilized to electrolytically fill
surfatd HnBIWGEN '|rﬂﬁap'eﬂd8ﬁt’6fttﬁéjr grs%éjé aaﬁgaqﬁ?h d8iekt ratio (1:10),
constitutes a future-oriente ay
so thedsurhdecassag ashfifedowith cepreri n particul ar since, in
thin circuit traces, increased reliability is achieved
over the techni que usi ng copper sleeves. n a simlar
The e ntioh evilt bp pedestant baitey iponfredding ity fafibwing mpethed dgamples.
an el egant solution to produce circuit structures onto
sem conductor substrate surfaces (wafers) provided
Metivad &xdraplests@dntparativg dxaenm@auf act uri ng of integrated
circuits. Using the copper plating nmethod of the
i nvention, an al nost constant |ayer thickness
In art @Ie@ﬂ@fy‘tlby:bll Mﬁth%tﬂtﬁé’%o@ﬂﬁdru&%n?&["ﬁlhé Y3 WJ@G@S of copper
i ndependent of the recesses haV| ng a hig
bathd!?p/éflﬁ thedpliewipg CSI?U)POSg'QntWﬂ?tUt!il@@% recesses are fil I ed
with copper. The invention will be understood better
upon readi ng the follow ng nethod exanpl es. Mt hod
exanpl €200 ¢i¢ ofpenmerisubateX&nfOr) 5 2@ el ectrol ytic
cell w : rus-containi ng copper
anodes, éé‘agggwmﬁﬁ wa’g\agng the foll owi ng conmposition
was ut|0)|12gzﬁl of%ﬁﬁnugﬁ thiofideopper sulfate (CuSO 5 H O
60 g/l of sulfuric acid, cone. 0.12 g/l of sodium
chl oride The follow ng brighteners were added: .5 g/l
The @dllopdhey BrigitghemRavereyedled( 800 Da (dalton)), 0.006 g/l
of 3-nercapto-propane-1 -sulfonic acid, sodiumsalt At
an electrolyte tenperature of 25 and at a current
densi t y gf gnéiﬁks%roayleﬁéb%m ﬁg@b't@é‘ dauahpghtly hazy

deposit_was obtained on a brass sheet
0.006 g/l of 3-mercapto-propane-1-sulfonic acid, sodium salt

At an electrolyte temperature 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):

4 mg/l of 7-dimethylamino-3-chloro-5-phenyl-phenazinium chloride (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-%.

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.
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Met hod exanple 2 (conparative exanple): 4 ng/l of
Z-di met hyl am no- S-chl oro- - phenyl - phenazi ni um chl ori de
W@ prosfpaased according to the instructions gi venPCTEBH04/012851
60- 056086 A) were further atftled to the electrolyte
according to nethod exanple . A quantitative analysis
of this substance by neans of mass spectronetry
evi denced a fraction of inpurities (nore specifically
Methed efaraple Jakexampledn scedrdandeswitio toinmer)tico)
approximately 43 nole-% After copper had been
deposited under the conditions indicated in nethod
4 mgdxainthk eotnpauhd of tppierehitnred-chlor@i7 id,MN-tiertbtiayl smirg2-methyl-5-

e B B ERD LR e et nBAES o R R B Sehsrie wit
methdep@simhpleatt. t he edges because of the high current

density occurring there.23 Method exanple 3: (exanple
in accordance with the invention) 4 ng/l of the

After G ppRM M d Heeh R pbBYEN U@ the conditions indicated in method example
3-chl oro-7-N, N- di net hyl am no- 2- net hyl - 5-

1, the roRper Igienebipitied Ancihiedragkeshast baf @ vang goad apdearencael he

. : ) L
conob 3¢ Pt %y by B8RRI 41 32O R fid e iy
invisibhelnowt étisi wasistivative rbapkscellenhievelippeffedt af/the copper
electf&%@l ned on the brass sheet had a very good

appearance. The deposit was mrror bright and did not

show any burns. The brush lines were totally invisible

now. This was indicative of an excellent |leveling
eth B xamyp 4' Tkt BF 2eicEianes JEe MY AR el & a:

(exanmpl e in accordance with the invention) Only 3 ng/l

of the conmpound of the invention | . )
Only 3. qig/lRf 10 SoRPARItOT the-ipveriiopanamiiose. 8-dimethyl-3-thiocyanato-5-

phengggnéh?agh@na@tﬁiflumdb%tﬁtéfwé@ R A8 eMes fhef &é&tﬁﬁ%’(g in

ed the electrolyte in accordance wth net

accoglangq with megthed exaippler!-had been deposited under the
conditions indicated in exanple , the brass sheet had
an extrenely good appearance. The deposit was

After exippembiag beenldepasited 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 burns. The brush lines were absolutely
invisible. This was indicative of an excellent leveling effect of the copper electrolyte

although the quantity of mixture had been reduced.

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 could be achieved. It could also be shown that the preparation
method has a decisive influence on the quality of the halogenated and
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
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and mrror-like. The sheet showed no burns. The brush
lines were absolutely invisible. This was indicative
wotooan4esscel | ent | evel i ng ef %%Ct of the copperPCT/EP2004/012851
el ectrolyte al though the quéantity of m xture had been
reduced. Result of the exanmples 1 through 4: it could

couldebestienny tdtRicedicvBPBbnidMBoRAl RERNAL §Hh™Un excellent Jgsu(;tf being

.. pseudohal ogenat ed nononeri ¢ phenazi ni um conmpoun
still gﬁ'@eY ention but a low | eveling effect could be
achieved. t could also be shown that the preparation
met hod has a decisive influence on the quality of the
Methed syamalecd (campasstivaiisisht ogenat ed conpounds used. The
chl ori nated conpounds prepared using the nethod in
accordance with JP 60-056086 A could not contribute to
To doat enprinpgseeirduifyberasd bhviagiind sfieciiasya goppertbath dhide following

com L8 V2B DA B 02 SR b TAAPE shggmiars comarng
copmdrfaamidesThe utilized concentrationcould be clearly

reduced over conventional additives with an excell ent
result being still achieved. Method exanple 5

(conpar 50 Y& of espper shifftec@MSE, B Hbed circuit board
having blind mcrovias, a copper bath of the follow ng

conposi £9®8/t Rhsulfiriciacibeona. an el ectrol ytic cel |

havi ng gkl & :4ys contai ni ng copper anodes: 0
g/l of copﬁlggr SSSIBPL@?SHI%%%O 5 HO 200 g/l of

sul furic acid, cone. 0.05 g/l of sodiumchloride The

: i oht dded: 0.5 g/| of
ol B HeRBR 608 e e00sc, 0.2 01 of,

-sui fopropyl)-disulfide, disodiumsalt At an

el ectrolyte te rature of 25 t a current

densi tyé'é‘f qﬁ ﬂ/%?mgylﬁ’?@mcloﬁéﬁjgﬁ%eposit was

obt ai ne@l00s g#l q@b@@a@ealfdprlspm-a@prﬁaé;di@bd}ﬁm&ﬂtd printed

circuit board having smal ind holes (blind
m crovias) after an exposure tinme of 114

At an electrolyte temperature of 25°C and at a current density of 1 A/dn??, a slightly
hazy deposit was obtained on a previously 8 um 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.

Method example 6: (example in accordance with the invention)

4 mg/l of the compound of the invention, 3-bromo-7-N,N-diethylamino-5-phenyl-
phenazinium bromide, were additionally added to the electrolyte according to method
example 5. After copper had been deposited under the conditions indicated in
method example 5, the appearance of the printed circuit board could be improved.
The blind vias of a width of 110 um and a depth of 60 um 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.
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15

m nutes, with a blind hole of a width of 0 mmand a
depth of 60 mm being hardly filled with copper. Method
we@sphesss: (exanpl e in accordance with the i nRENEPING/012851

4 nmg/l of the conmpound of t i nventi on,
3- brono-7- N, N-di et hyl am no- 5- phenyl ~ phenazi ni um
brom de, were additionally added to the electrolyte
according to method exanple 5. After copper had been

This gepdiistecareghiieprovemenbendrithe pgor ad technemie knowst thde used for

eleot‘?&‘lg"‘@!:@)ep% %ﬁ%ﬁ%@?ﬁ% sife tf{égg%éfﬁgﬂllegi hcau@hﬁpgg‘ﬁ&

way.ahte eageptiereforéds the mstarrtlahy)lmprewd tavélnss@bﬁecttloﬁ tHeycopper

h I
plating by o HSRBE hehndifling SARGouRL B e ToleioB  ner: the
reliabitiypsfrthe bbﬁ@betwédreth@\mp@bf dqp@d?ﬁedtdht@fhsiﬁﬂoﬁﬂ 4 Bihd via and
ow. . This hesul t i t? eat roverrent over

the qqugbhysg eéqqsepéeﬁfm olg ' g the conventional

copp@r wtrngltez&hrﬁq@@ RS uﬂh%’chéﬂ@orﬁbo%dsﬁﬂ a‘éb@n%aﬁbé‘ Githithes e
may illed in a nmuch better wa The reason

inveRtiay, @Pcﬁeéam@atlﬁ@s seidtbarfigtastey bieﬁomﬂ/fé@ tweveetphlgyers during a
therrﬁgf&ﬁ&er@hoﬁ:ﬁ@es‘%‘)ﬂﬁ@%aﬁltﬁér’eng.aQ%tkhché‘lbth@' E%f EHO\R/H%ﬂmparable
henazi ni um conmpound of the invention.
addivivas indudes suahf delaminadinds bodexibase Io;end:ib@'pfer deposi t ed
onto the wall of a blind via and the copper |ayer
exposed in the hole is nmuch better than using the
It is wederstobd dinatl the @ppeplad aid egbbdiateritsdescribed, heusin rage fdne

ustEgVR RRAS s ALY 2B R gle sceiF sl anr PAkoTp ikt typreot
as wbﬂlﬁe rc&n@kﬁét@sa)fﬁé‘tﬁnfm| desetibed irsthacpglieation Wﬂ&feﬁ‘ﬁ@gested to

a risk that t use of known co
Persafaﬂﬁlflll @ﬁhﬁmﬁ §{?cfHI1?FeH“SWF’ﬁ9tVY‘mm‘?rﬁng qnﬁé@év'ew of the
descFiBBdiiivePtisn ahd'vﬁtHﬂr'i‘ﬂL%' sdpRbfithahp ?é\%é@?‘cﬂé‘“ﬁiseﬁll%ﬂghcatlons
enbodi nents described herein are tor illustrative
Pateﬁ'iﬂ%%at@ﬂ‘l Ipriigationfgitegdhersinaradiarelh\ciacoaLtesh gy reference.
changes in light thereof as well as conbi nati ons of
features described in this application will be
suggested to persons skilled in the art and are to be
included within the spirit and purview of the
descri bed invention and within the scope of the
appended clainms. Al publications,



patents and patent applications cited herein are
hereby incorporated by reference. Table : Oxygen

wa@omsasssng hi gh nol ecul ar conpounds Car boxy ne€CTEP2004/012851

cel |l ul ose Nonyl phenol - pol y%fﬁ ycol ether Cctane
di ol - >/ s-(pol yal kyl ene gl ycol ether) Cctanol

l. polyglycol ester
TabléF)’g )%)@éb?ﬁ@t%}ﬂé%ﬂlgﬁﬁ:{&%y ogéépﬁ]r@%g ycol (bl ock or
copol yneri sate) Pol yet hyl ene gl ycol Pol yet hyl ene
gl ycol -di net hyl ether Pol ypropyl ene glycol Polyvinyl
al cohol | S-napht hol - pol ygl ycol ether Stearic acid

pol yglly, t e al cohol pol ygl ycol ether
rob o £ ofy hindEhe
3- ( ben2idmyaphenodl-pbiydiya) epfe@pyl sul fonic acid, sodium

sal t ’- erc 0 cid, sodiumsalt
Et hyl ¢ GP?%F%%(#){HM "’éTﬂQﬂ *Z‘Rr sodi um sal t
Bi S-(F-@@tbh@lmtﬂwkwerﬁié gkl dRer dl sodi um sal t Bis-(

-sul fqbutyl)-disulfide, disodiumsalt Bis-( -sulfo

hydr ox)plﬁfco?ﬁi‘l'j PQB’EB’GP\‘@%@ di sodium salt Bis-(
-sul fa m&%r%leﬁéwcgl -H&yp ypfop %ﬂbw i I\gﬁ*&r &(polymerlsate)

-sul fapro |umsa
- sul fcﬂ?@mihyledegmbl de, disodium sal t l\/bt hyl - (

- sul T oRs QPthyrcht 'ghfdol-biftsthylichog! um sal t

Polypropylene glycol

{

Polyvinyl alcohol
B-naphthol-polyglycol ether
Stearic acid polyglycol ester
Stearyl alcohol polyglycol ether

5 Table 2: sulfur compounds

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

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

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

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

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




-ethyl -dithio carbonic acid-S-( -sulfopropyl)-ester,
pot assium salt Thioglycolic acid Thi ophosphoric
bis-( -sul fopr J[gyl )-ester, di SOdPCIERZNN4/012851

wW@eidoapset hyl -

Thi ophosphoric acid-tris-
trisodiumsalt27 Table 3:

Tablt%hl'our etg NC

Cyanoacetyl thio

N-al Iyl thi ourea o tonI th| ourea N, N - butyl

L LD

ul f opropyl ) -ester,
nltrogen containing thio

t N-trifluoroacetyi
ﬁﬁﬁb%moo{ar "as o, o

urea
ene

t hi our ea Thij

hi o A hi al
aLUI I UI e L LLLIA 2 B 4y | = L Hazett+1e

| m dazol i di hEf@ety] Hidureat hyI ene thi our ea)

4- et hyl - 2- p%lfti'ﬁ”. di ne tt ﬂb 2-thiouracil Sac
sodi um sal t{ Tapl & 4 PéI PIEFTE nitrogen conp
Pol yet hyl eneNigthylehiBateget hyl ene imi de Pol yac

am de Polypr&p | ene i.m
pol yet hyl eng™i

e Pol ybutyl ene i m ne
Raacety! tnlourea y Y

N-allyl thiourea

o-tolyl thiourea

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

hi ol (2)

chari ne,
punds
yylic acid
N- et hyl

Table 4: polymeric nitrogen compounds

Polyethylene imine
Polyethylene imide
Polyacrylic acid amide
Polypropylene imine
Polybutylene imine
N-methyl polyethylene imine
N-acetyl polyethylene imine
N-butyl polyethylene imine
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N-acetyl polyethylene imne N butyl polyethylene
imne28 C ains: . Hal ogenated or pseudohal ogenat ed

WOorRws/essB£ phenazi ni um conpounds of a purity OPCHEP2004/012851

| east 85 nol e-% havi ng the 4%l | owi ng general cheni cal
formula: RR7 X R5 R4 wherein R, R2, R4 R6 R7', R7",
R8 and R9 are selected i ndependently of each other
froma group conprising hydrogen, hal ogen, am no,

am noal kyl, hydroxy, cyano, thiocyanate,

ClaifhsOt hi ocyanate, cyanate, isocyanate, mercapto,

carboxy, the salt thereof, carbonic acid ester, sulfo,
the salt thereof, sulfoester, |ower alkyl,

u bstituted aryl ubstituted aryl, heteroaryl and

AP 1R8PS epaiddnalopahate moBoRislic PhEh g Sorgraliys of
C ity of adebshv8d mldyd hawng tHesfoiléwihg Gedbddl chemical formula:
substituted aryl and heteroaryl, X 1s a halogen or a
pseudohal ogen and A is an acid anion. 2. The

phenazi ni um conpounds according to claim1,
characterized in tHA Rl, R2, RR' R, R7 , R7", R8 and

phenazi ni um conp ACCO o~Jcl ai m 2,
characterized in ower s nmethyl ox- ethyl.
4 . The phenazinANy < grding to any one of
t he precBURAY . chaNicterlZed iXXthat R5 is
aryl. 5. The phenaz niun1&onpou ds according to claim
4, characterized i Rt hat RPyl i&*

I

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, lower alkyl,

unsubstituted aryl, substituted aryl, heteroaryl and alicyclic heteroradicals,

R® is selected from a group comprising lower alkyl, unsubstituted aryl,
substituted aryl and heteroaryl,

X is a halogen or a pseudohalogen and

A is an acid anion.

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

group comprising hydrogen and lower alkyl.
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phenyl. 6. The phenazi ni um conpounds according to any
one of the preceding clains, characterized in that X

WO 2008l0k9584 ne, brom ne orthiocyanate. 7. The phPCHEPIWHM2851

conmpounds according to any éfe of the precedi ng
clainms, characterized in that they are selected froma

gr i
9S40 SRSTBENEAF Gobours cocors 1 PP 26 YABROTZH IS v

n| @Ihylgamethyh or ethyl.

3- brono- 7- N, N- di net hyl am no- 2- net hyl - 5- phenyl - phenazi n
iumsalt, i1ii)

3 PhepbedaiihiNndcanhylreds accobding ensihy phe batherprecedia ¢laims,

7- %ﬁ'ﬁ %teﬂzﬁdm%‘{r‘i\/ﬂs 8Yhi ocyanat o- 5- phenyl - phenazi ni u

m salt. 8 . The phenazi ni um conpounds accordi ng to

@Fﬁ Z characterized in that the salt is select
f r BT RNGRARIPUELFYFPRYN NG L ClBip @i%araﬂﬁai%l@ﬁhaf aryl is
supaye and tetrafl uoroborate. 9 . The phenazi ni um
conpounds according to any one of clains 7 and ,
characterized in that they are selected froma group

c
3 TR} BReRS by cpmpoynds aceending to eny ene.of the proeding claims.
ni Qharahﬂeozedim thiak X is chlonne bromine or thiocyanate.
3- brono-7- N, N- di net hyl am no- 2- et hyl - 5- phenyl - phenazi n
ium bromde, iii)
g-‘ﬁlnea gbeﬂazfjmlbdnddzcﬁhpwm aneo fdimd) &narny- grie 6Bthie Iprédvding claims,
rqm de_an
- e5zed (] &?@f Hiry age sRlestaidmp & goﬂﬂgﬁmpr'ﬁﬁgna2| ni u

m t et rafl I uor oborate. 10. The phenazi ni um conpounds

ot i nbBROR DN A A BT A N P EDHBBEagium sal

f opm nos-BrdHh 870N INLEINGR AN HD- ?—Yné{ng@éhé Igﬂgpé’flmﬂm salt,

nononeri c phena2| nium conp ound east one

priithar y3- afﬁrﬂ@r@dé\hgleﬁhvlam@o&ééemw@henammm salt and d
ang) di aZghdigsb! REMBRANS b FahitoS-ph&RF-ph8RaShiGR salt.

The phenazinium compounds according to claim 7, characterized in that the
salt is selected from a group comprising chloride, bromide, hydrogen sulfate
and tetrafluoroborate.

The phenazinium compounds according to any one of claims 7 and 8,

characterized in that they are selected from a group comprising

i) 3-chloro-7-N,N-dimethylamino-2-methyl-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.
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b) reacting the diazoni um conpound in a second
reaction step to the hal ogenated or pseudohal ogenat ed

mneral acid and halide or pSeudohal i de, wherein the

WORWS/HORISBL phenazi ni um corrpo§nd i n the presenckeCDEP2004/012851

10.

11.

12.

first and the second reaction steps are both run in

ONgh8iph@h8zikRes 8bmpOuREs B%r&ﬁwgﬁé SRAbhE Of fh'éeprecedmg claims,

hal ogenat ed or pseudohal ogenat nononeri ¢ phenazini um
coﬁﬁ%\nﬁi&e ?ﬁc%'élf@rtééh%@lmng owthodf clains 1 - 10,
conprising the followi ng reaction steps: a) formng a
di azoni um conpound by di azoti zati on of a nononeric
phenz@)i formngadjsgonitine composiay diazbiézeiion ofie rmriomerjp

f id
i aor DA oo R oo Qs A364%: RE pligi?p pmino aroup in
react i nthetgreseh@zoiminera @eoamtldibfotizatdet Aecins éas firkeaction

step to_t he hal ogenated or pseudohal ogenated nononeric
phenazi #fm conpound in the presence of nineral acid

and I8l redeting tHisaiugeniam senpsuialria atRicbAd feddiioh R thhke

first and the second reaction steps are both run in
one si ngfleggrated or pseudofipogapkRsMapRIBRGF RBeRaFINYm;GeMpound

char act fithé fleddhcblifimihbiel BiBeIAINGRGS 4 bsolBhakie

froma group conprising hydrogen i des, sulfuric
acid, tetrafluoroboric acid, hexafluorophosphorlc

ac{/vﬂeré?ll? ‘ﬂ"?é’ﬂ% bfid & %ecgﬂ\g rggﬁhﬁ %%&r fra Ed?ﬁg.ﬁf)?;q (%ﬂ%eg?ngle

the proviso t at no gen e I s use
pré@%ﬁ&tlon of the pseudohalogenated nmonomneri c
phenazi ni um conpounds. 13. The nethod according to any
one of clains and 12, characterized in that the

di Aznéthodtdf prepermigthe haltefedbtadi drigsbedéhalogenated monomeric
nit sul furic j ccordlng

acjd. 14. The hod
0\ BTt e i Ja #CrarcRge W& ST SR 1 cpmprising
s ofteUialiWingi re&ction steps:

a) forming a diazonium compound by diazotization of a monomeric
phenazinium compound comprising at least one primary amino group in
the presence of mineral acid and diazotization means in a first reaction
step,

b) reacting the diazonium compound in a second reaction step to the
halogenated or pseudohalogenated monomeric phenazinium compound

in the presence of mineral acid and halide or pseudohalide,

characterized in that the first and the second reaction steps are both run in

one single vessel.

The method according to claim 11, characterized in that the mineral acid is
selected from a group comprising hydrogen halides, sulfuric acid,
tetrafluoroboric 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.
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15. The nmethod according to any one of clains 14,
characterized in that the halide is added in the form

woRookpdrsegen hal i de and/ or igbt he form of a NEPEI/EP2004/012851

13.

14.

15.

16.

17.

18.

19.

20.

hal i de. 16. The nethod according to claim15,
characterized in that the netal halide is selected
froma group conprising transition netal halides. 17.
The nmet hod according to claim 16, characterized in

t h&ke Mathed ageardingrio ey anetvilclaiias 14rands, sbaeegtdrizechimthat

Al o S e e A e L et o
according to any one of claims - 17, characterized in
1 The RGO rbes b SRl Gh oS- AL reE Dl e i

acemdiginmitrited any one of clains - , characterized in
that the pseudohalide is selected froma group

conprising cyanate (-OCN), thiocyanate (-SCN),

| SDiRY B bcd¥rfhgaddni DAk I epiAs at e {4 NEatactetred IRthat the
met hod according to ag}(Bone of clains - Eprl sin

oga . . . ; €O g
t healids) is gelfag imPerferm of Bydrogey halidg agd/ent theriemeei @ metal
pheggel ni um conpounds, conprising at | east one primary
am no group, with the mneral acid, ii) next heating
to a tenperature above roomtenperature, iii) adding

t ' . L ' Lng . L
TR SLeaRUiBhah S LidandeRg i by g o poice s
cl sdlected froohaganiecompdsing trahsition metalbalidespar at i on of

t he hal ogenat ed nononeri ¢ phenazi ni um conpounds, the

m neral acid is hydrogen halide and step iii) is

el The metiest acdddrdim ¢o orirhdd, elsaracidringd irothanthearshsitfion metal
claims - 2 , characterized in that the foll ow ng
ha!v%e@ﬁé{%aelsrs’te%sfgam@wpe@@ﬁ@paalnm@ﬁ@m)@eﬁﬂ%&@pnw@n

halides, nickel(IT) halides and iron(II) halides.

The method according to any one of claims 11 — 17, characterized in that the

halide is selected from a group comprising fluoride, chloride and bromide.

The method according to any one of claims 11 — 17, characterized in that the
pseudonhalide is selected from a group comprising cyanate (—~OCN),
thiocyanate (—-SCN), isocyanate (-NCO) and isothiocyanate (~NCS).

The method according to any one of claims 11 — 19, comprising the following
method steps:

i) mixing the monomeric phenazinium compounds, comprising at least
one primary amino group, with the mineral acid,

ii) next heating to a temperature above room temperature,

iii) adding the halide or pseudchalide

iv) adding the diazotization means.
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conmpounds are prepared: a)
3-chl oro-7- N, N- di net hyl am no- 2- net hyl - 5- phenyl - phenazi

WO RWs10edsBor i de, b) PCT/EP2004/012851

21.

22.

23.

24.

25.

26.

27.

3- brono- 7- N, N- di net hyl ani no®2- net hyl - 5- phenyl - phenazi n
i um brom de, c)

- h’fh_%"fﬁétﬂg!)}"a%&jdﬂgh%lc?éﬁn%, hARH R ri}?{fqaa{i iR ltllflérbreparation of

3
brom de,
7- #e halogemtad mroymer®-pHenezipama tompepids) e plirearalzaaid is

m I rate. 23, An.acidic bath for

el Eg{j{og%btq%gégﬁgaggéﬁo@ '?%H@'%t%%pper deposit,

contai ni ng at | east one hal ogenated or

S hal ogenat ed noneri c enazi ni 0 und jin

BB A Re i oY <o e 11 - 2 LhamEeTRe ke the
ac falodiimghalogehtbdno? Bse @dhbRgbRAIcdGHohdméMAb hd inium
phenazi nlélm conpounds are contained in a concentration

of CPWBHPB.%@WO%”@% g/l. 25. The bath according to

one any of clainms 23 and 24, characterized in that it
additionally contai ns conpounds sel ected froma group

cofpr i sP1RYIoip1rNdbdibraibdamines2-matiyl5-ghenybahesazimdm chioride,
olynmer k¢ ORI &N Py he ] i

Dokl psBnbrpaan drAeROAft-2 Aot e o BEF LM EE

of the hiomridgen- cont ai ni ng sul fur conpounds and the

polLymeri ¢ 0l 1 -ogen nt ai ned_t.agether .in the
arh T <> Erab g R RE S RO T PREA BHR HEmE,
acdpr di figntino-2r8rdioTethyi3-hlcayamatd FB-phérfyl-bhendtemiasi ti ng
a m rrof bﬁli Eht, Itevel ed copper deposit for the
pur pos e YPTHPERRRER Ry decorati ve surfaces.28. Use of
the bath according to any one of clains 23 - 26 for
form ng . a copper deposit on printed circuit board
mafBracklic bé@.fgt@@%&wwy S&Ppsiting 8 capper dapositycataingi at
cl RizBBoRShalogbndtell of PS8l ddhafgeRRRer ! ini
sem'aco%duct 8r§ gubst rgt_e%. ??O.Q%Ag%gtrﬂg@&@?hé pRéhazinium
el 6eMPeYd incegcoydansp ydintanyene ofoigims dedBsit onto a
wor kpi ece by

The bath according to claim 23, characterized in that the phenazinium

compounds are contained in a concentration of from 0.00005 — 0.1 g/l.

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

containing sulfur compounds and polymeric nitrogen compounds.

The bath according to claim 25, characterized in that the concentration of the
nitrogen-containing sulfur compounds and the polymeric nitrogen compounds
contained together in the bath is from 0.0001 — 0.50 g/I.

Use of the bath according to any one of claims 23 — 26 for depositing a mirror
bright, leveled copper depasit for the purpose of producing decorative

surfaces.



whi ch the workpiece and at | east one anode are
contacted with the bath according to one of clains 23

wo 26/04@8d a flow of electri,g current i s gener BCBHP2004/012851
bet ween t he workpi ece and t're anodes.

28.  Use of the bath according to any one of claims 23 — 26 for forming a copper

deposit on printed circuit board material.

29.  Use of the bath according to any one of claims 23 — 26 for forming a copper

5 deposit on semiconductor substrates.

30. 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
according to one of claims 23 — 26, and a flow of electric current is generated

10 between the workpiece and the anodes.



