1 18 APR 2005 Copper Bath And Method OF Depositing A Matt Copper Coating
"Description: 5 The invention relates to an electrolytic copper plating bath
“and to a nethod of depositing a copper coating onto a substrate, nore
specifically onto the surface of a printed circuit board. Layer$§QffRqogper
are deposited onto bases that nostly have good electrical 10 conducting
properties to serve nmultiple purposes. Layers of copper serve for exanple to
produce decorative coatings on parts of plastic and nmetal. In this
application, the layers of copper are usually coated with | ayers of other
metals such as nickel and chrom um Layers of copper are noreover applied
onto substrates to performfunctions. An exanple thereof is the production
of print @bpfercBatiuAndivatidsd GoDepesiting AN CopplerTSatag | ands on the
surfaces of printed circuit boards as well as electrically conductive

| ayers on the walls of bore holes in the printed circuit board, copper is
pl at ed Otﬁ%oﬁﬂﬁoﬁ“rface of the board including the bore hole walls because
it has a very good electrically conducting property and can be readily
deposited in a state of high purity. 20 In printed circuit board technique,
copper layers usually produced are lustrous. These |ayers have to neet

var ifous rlégunventint elatesdbuti elgcirehicqopper mathanibathl gt tepe métbed afor e

speci fically high breaking.,el ongatio nd high tensile strepgth. The | ayers
o oduced drnbeth ceguee i hea e Subdnte bitle specialydble RECRItAS at "2t
pl aces onyihsified Riredit ebakyi t board material . Mre specifically in fine

hol es, current density is to depart only a little fromcurrent density on

the outer sides of the printed circuit boards, in spite of the small
density of elec]{ric field |lines prev%ilin in the holes. In additjon, the

propert i &8YSFeRt FURET ¢ sleposied orie Dases &atdnesiyhaue goediiecif@n a hi gh
catfppde CURKERinG prdpefitt £P98rve multiple purposes. Layers of copper serve for

example to produce decorative coatings on parts of plastic and metal. In this
application, the layers of copper are usually coated with layers of other metals
such as nickel and chromium. Layers of copper are moreover applied onto
substrates to perform functions. An example thereof is the production of printed

15 circuit boards. To create conductors lines and lands on the surfaces of printed
circuit boards as well as electrically conductive layers on the walls of bore holes
in the printed circuit board, copper is plated over the surface of the board _
including the bore hole walls because it has a very good electrically conducting
property and can be readily deposited in a state of high purity.

20
In printed circuit board techinique, copper layers usuaily produced are lustrous.
These layers have to meet various requirements, including very good
mechanical properties, more specifically high breaking elongation and high
tensile strength. The layers produced must moreover have as far as possible
25 the same thickness at all places on the printed circuit board material. More

specifically in fine holes, current density is to depart only a little from current
density on the outer sides of the printed circuit boards, in spite of the small
density of electric field lines prevailing in the holes. in addition, the properties

mentioned are also to be achievable in particular when a high cathode current




density is applied in order to permt deposition of as thick a copper |ayer
as possible within a short treatnent tinme. Electrol ess copper deposition
* does not provide electrical conductivity for PCT interconnects as required.
5 Copper plating baths have been descrpbed in U S. Patent Nos. 34§§§P7§ﬁ'
4.376;685; 4,134,803; 4,336,114; 4,555, 315; 4,781,801; 4,975, 159; ,é& ,%89
and 5, 43%ieRdRy iShabiRd infbrdenes sbmiiPbEBosils drakfick's AUESL! ReHsual Iy are
conposi tions contai ning copper sulfate and sulturic acrd as I""as smal |
quant i t i @essiblehitbin dehomttireadoepdiims. dectroldss atpdet depesitioseloes at deposi t

10 bri ght ti .and -all ited to form| ith d
rochan PO IRE SYRTRREONERFIYID: Rari  ITRICRy6Ets o a9t pr oduced w L

these baths are to have substantially a uniformthickness at all places of

a substrate fornmed into a conplex shape. 15 To produce conductor lines and -

ot hé&r st Gopperedatiurbaths Haardseandesifribed infloSTdRdtent Mbssajo82sT88ict ur es,
produced | ayers r eneral |y coa ani c

of copper are I ted b% means of or
br ot ect | vied CoRBPNG SIS & 431 1 4eh 56513 riol &b B0 hé Uit 9y5 38 er of
' , i . t
Frord sothsr o B saes Nt EahE e i L b LB B Bes ot 20
sol der i ngonldsisripedrEaPire estpares tfotd bAGSUFUAE GIRT & Wi eitel are | ayers
of photoresist. Organic protective coatings nust be bonded tightly onto the

copper suUeatiies of Fhloridai shegppwesitionsendicatpd thespinesernvayerderaséd cl eaned at
first, fat.and dust 25 inpuritie S I oxide fil bej n enoved in

t helthr ocight atiias ard o® SibiipBhaBRalfes twiatVel SromiP GncaL AP B cer t ai n
roughnes r e j i ot rQfiling
Gepth ol I o B o e AR 88 and
bri ght suravecasdstdaizdlyectnitbem thickiness @t altpdaces bha lsupbtataforaofed iméo @r i nt ed
circuit boarqﬁ%%&hni que], vol. 3, 30 Eugen G Leuze-Verlag, Saul gau, page

480). Ac&OFR 8Pfesi st | ayers cannot be applied direct onto copper
surfaces, these have to be roughened beforehand.

15 To produce conductor lines and other structures such as lands and after
formation of said structures, produced layers of copper are generally coated by
means of organic protective coatings that either serve to protect the underlying
layer of copper against an etchant used to establish the structure or to prevent
fluid solder from contacting the copper surfaces during the process of

20 soldering. The organic protective coatings customarily employed are layers of

photoresist.

Organic protective coatings must be bonded tightly onto the copper surfaces.
For this purpose, the bright copper layers are cleaned at first, fat and dust

25 impurities as well as oxide films being removed in the process. The layer of
copper should moreover be provided with a certain roughness and structure
because only surfaces with a sufficient profiling depth aliow organic layers to
better bond with the surface than smooth and bright surfaces (Handbuch der
Leiterplattentechnik [Manual of the printed circuit board techniquel, vol. 3,

30 Eugen G. Leuze-Verlag, Saulgau, page 480). Accordingly, resist layers cannot
be applied direct onto copper surfaces, these have to be roughened
beforehand.




3 18 APR 2005 1In Chem cal Abstracts 82:112816 referring to JP 49028571 A an
el'‘ectrol ess copper plating bath is disclosed the bath containing a copper

*'salt, a reducing agent, a conplexing agent, a pH adjusting agent and 0. 005

- 5 g/1 of a conpound sel ected fromthezgroup conprising pol yegEr IPII EII
esters thereof or 5 sorbitan esters, which prolong the lifetine HiBpat h

and pr eve! CHERAsAIARSrts d2PHIg fd RFe tﬁedwhgbéés?ﬂﬁ\ 8 Shecrbillsy, 1 YPe of

bath may deposit < 1 pmthick copper ers an provide the basis
for el ect¢mﬂ%rtmat;ngmt}a¢s dlseloseﬁrtbplb@ttm egntzippgra ba;bdﬂerfsmt @gepdachigng fine

d duct t ed EP 137 397 A2 d bath
Soat arni raSen 8 CRRBRLnd Bodie aTHiS RaIRE i ! Q)]O%Er o%aﬂ@f@hat ool e
pol yner i Z&Qﬂﬁﬂuﬁﬂ%e@é&ééﬁﬁf‘m%e loré® cafhpiRlngt BIg/gs)E%n dou Iénﬁ%wr at ed

al cohols with 3 to 10 carbon at ons ‘and oneo r triple
bonds. Bi mnbdanc&ﬁemwhmfapurwlesgdhe tifedipas ef tfe bathoand paemruﬁdeaosmemdf ically

T Chi s GOOMHEIRS RS DIAGPaAUEECPRa! DB Pk DT G BarRANCK
hi I I I
Copol yner r SEE Iﬁ%ﬁ?ﬁ%ﬁ“ﬁgﬁ\’m@ T Ry Sefrontess e

hexi ne-3-diol-2,5 and 2,4,7,9-tetranet hyl - 5 deC|ne 4,7- d|oI respectlvely. By
addi ng t hese substances to a copper bath contai ning cupric sulfate and
suI furic 40 ae:¢d elegirapatingisoppei batbdac dapesiting fisedratmdoiudiie roper

crys uct P osed t ai ned and
to hve” nhgh oRf suldtgetedin ERMR G BRGR SR KRRIETRE el R nock
t est ing tIS'lﬁEhétIth%‘? dehtatived of [g%ddén'éethﬁﬁ QF@b&yH&%dﬁﬁttﬁé préddrldeZdfnptd hese
bat hs additionally inproves hr owi ng power. hode current density that
can be applimea-Yonofpenacor pEEerraéngeatlmateﬂrainmlmols vtnth 300 Aldrarbomatamsiang to t he
' of, 90‘V I n bore holes

having o ONBRESENSHH douBe ARG NPl FaTRs. ERLNELSHA AE MR L BT aReTEy
surfaces %OIEQ%FQ%FI%SSﬂ)éCIﬁ@éI? rﬁ%ﬁo&‘ﬂ%l‘b eIEﬁ'll IcIIfPéI%h HFk %@H r@f‘vﬂ@bity

enpl oyed anmounts to 0.5 r cur ent presents a
di sdfivant Ageoidind&Bthpr edaniplenin this document and to produce the polymers

added to the baths, epichliorohydrin, monochiorohydrin and glycidol are
respectively copolymerized with butine-1,4-diol, 3-methyi-1-pentine-3-oi,
hexine-3-diol-2,5 and 2,4,7,9-tetramethyi-5-decine-4,7-diol respectively. By
adding these substances to a copper bath containing cupric sulfate and sulfuric

20 acid as well as small concentrations of chloride ions, microcrystalline, ductile
copper deposits are disclosed to be obtained and to have high values of
breaking elongation and better behavior in shock testing than those obtained
with heretofore known baths. Utilizing these baths additionally improves
throwing power. Cathode current density that can be applied in principle ranges

25 from 0.5 to 10 A/dm?. According to the unique example in this document, a
coating thickness of 30% in bore holes having a diameter of 0.3 mm referred fo
the coating thickness on the surfaces of the boards is obtained when the
cathode current density employed amounts to 0.5 to 1.0 A/dm? Such lower
current density presents a disadvantage in PCB production.

30
It has however proven that, on increasing cathode current density in excess of

the value indicated in the example in EP 0 137 387 A2, throwing power of the




30 It has however proven that, on increasing cathode current density in

excess of the value indicated in the exanple in EP 0 137 397 A2, throw ng

power of the 4 1 8 APR 2005 bath is considerably reduced. Therefore, when

" printed circuit boards with extremely small diameters such as d < 0.3 mm
are to be produced, cathode current dgnsity is to be set to a nﬁﬁi/_@#%gal ue

of-1 A/dn2. A higher cathode current density cannot be supporteld?: 0

setting R

B oduct 1w o ThereTola BT RAMDTIEL L of the

present iexfremelpsmall diasmeddrsraichoad dndQanmeh aot tmbgtprcdu@marthcpﬂiatl ng bath

and a net hod of, deposi.ti,n co r.coati to bstrate, ;
speci fi c&luln'f'r@rq? @qugasg’cetod’:?ﬁ@x}gppm }é%%&o? uAFd g’}ﬁlgh@ﬁ@a&@ t hod
per mi ti ng iR ARAgH cwét'wé @uéﬂst%éd t@%eﬁ%&ﬁp?&e%ﬁ%‘i d@Es fy uniform
coating thickness even in bore holes with a“small dianeter. urt her object

of the presbrd sinaleatieosmal prodpctive ks saof tbbenéﬂﬁdymachwmeiho@mti ng bath ‘g
and a nethod of electroplating a copper |ayer, the copper |ayer 15 having ;
good nechani cal properties like for exanple high breaking elongation and

hi gh te”ZI:]HeSV%H SB Lhor tHet u%@@ﬁ?ﬁ&eﬁﬁbﬁ?éntrﬁgeﬁo?g é"ﬁﬁéﬁﬂ\t JEE%‘&S&P&O” is 10

provi de tro ytirc c ectropl ating

a copper dopyer ptdmtg bl dpel a:mﬁtiadd wd\apbbzt;n @ammaeraﬂ:tatlngaant@@r e
specifically wth a photoresist, which my bonded ti % Itc}/éonto sai d

copper | &pstraa, ook snesificaliante m@ﬁ@ﬁaﬁ@ of $mlné¢«é@trﬁw1t BPper plating

oy of MelnpRatet RLEREN MRS sB8rshon RUILER) ok R PR E e o

copper Ortdahﬁ?%!diﬁ:kﬁ@é?s Sferin\Bbie w@@;ewthw%maeﬂ @akfedbyti c copper plating bath
according to the invention conprises at |east one polyglycerin conpound

sel ected fromthe group conprising poly(1,2,3- propantriol),
pol y(2, 3- ARer obpe& ?nﬁjl )present me\;e'n i%tn' i£%8 ptrcr)]veur:{g%fn' electrolytic copper
plating bath and a method of electroplating a copper layer, the copper layer

15 having good mechanical properties like for example high breaking elongation
and high tensile strength.

Yet another object of the present invention is o provide an electrolytic copper
plating bath and a method of electroplating a copper layer that may be coated

20 with organic coatings, more specifically with a photoresist, which may be
bonded fightly onto said copper layer without additional roughening.

The electrolytic copper plating bath according to the present invention is
suitable for producing matt layers of copper and the method serves to

25 electrodeposit a matt layer of copper on the surface of a work piece. The
electrolytic copper plating bath according to the invention comprises at least
cne polyglycerin compound selected from the group comprising poly(1,2,3-
propantriol}, poly(2,3-epoxy-1-propanol) and derivatives thergof.

30 The method comprises the following method steps:

a. providing the work piece, at least one anode and a copper



30 The met hod conprises the follow ng nethod steps: a. providing the work
piece, at |east one anode and a copper 5 5 10 18 APR 2005 plating bath; b.

" contacting the surface of the work piece and the at | east one anode,
respectively, with the copper bath, thescopper bath conprising at |east one
pel yglycerin conpound selected fromthe group conprising 18 APR 2005
poly(1,2,3-propantriol), plaBf W#n3- epoxy- 1-propanol) and derivatives

thereof; and c. applying an Electric voltage between the surface of the

wor k piece and.t he at | easttactieg dnedarfaneafdhe avarkmiete ahbate aaldaetli c
polarity is inposed upon the V\or’lfréé)i ec?_ relative to the at | east one anode.
The copper plating bath 8R8 aREenERIRRFlNENoMIthEDe ePrRs HatlslBRICIAPREENt i on

are nore specifically eg&mgﬁgggglgge&ﬂgé%gélﬁ%%%i‘q%?égﬁﬁ@%gb%é he process

of producing printed circuit 0 cOnceivable to

utilize the 15 bath and sdlectet froth the groeguesmbeyieigspdipatl2,argropaniricBd on
surfaces for other functional or decorative purposes such as for exanple

for use in sanitary warePOIY(43pgsaie i igopanal) @ndedenativeg dheneafi@idand ot her

parts pertainig to the Ljy r : ' ' [ he
autonotive industry as wéw!.wﬁ_a@eﬁ%qt{'é%ﬁkggfbgeg@f%%ﬁﬁ@é%g{f%ggr?l&ﬂﬁe met hod
according to the present woflypcedid@ e BPleadfonedhadud neflich® Aipdeee matt
| ayers that are exclusively deposited on surfaces for functional purposes

but al so to produce mattthadgetodiapelardy iz inpesedwpondbe oraikipieceef f ect s

Si the layers created with the bath apd the thod are very evenly matt
sonﬁﬁat appeal i ng aest he[E\fM%t“éEf #oe&esatr#ggs BNeACAred. 25 The copper plating

bath and the method according to the present invention are

The copper plating bath and the method according to the present invention are
more specifically employed to deposit layers of copper in the process of
producing printed circuit boards. It is in principle also conceivable to utilize the

15 bath and the method to produce layers thai are applied on surfaces for other
functional or decorative purposes such as for example for use in sanitary ware,
in producing furniture fittings, lamps and other paris pertaining to the living
area, fashion accessories and in the automotive industry as well. As a matter of
fact, the bath and the method according to the present invention ars not only

20 suited to produce matt layers that are exclusively deposited on surfaces for
functional purposes but ailso to produce matt layers intended to achieve
decorative effects since the layers created with the bath and the method are
very evenly matt so that appealing aesthetic effects may be achieved.

25 The copper plating bath and the method according to the present invention are
more specifically utilized to produce layers of copper in producing printed circuit
boards. Since the deposited layers are matt, organic coatings may be bonded
tightly directly onto said layers. Therefore the present invention also relates to
an electrolytic copper plating bath and to a method that further comprise

30 forming an organic coating' on the matt copper layer on the surface of the work
piece. The organic coating may for example be a photoresist tayer. More

specifically, a photostructural solder resist mask may be depasited onto the




nore specifically utilized to produce |ayers of copper in producing printed
circuit boards. Since the deposited |layers are matt, organic coatings may
be bonded tightly directly onto said |ayers. Therefore the present
"invention also relates to an electrolytic copper plating bath and to a

met hod that further conprise 30 formi ndg an organic coating on thg-f mat t
copper | ayer on the surface of the work piece. The organic coati?ﬁgQPMUSf or
exanpl e b@ait iphetsoriesimper] wiflkout i to prgHarcsdit yayerspifatopsieruct ur al  sol der

i st k b it to the 6 18 APR 20 tt | f ,
W thout  EORG A 1L IGRE R I TSR G GoE GBibE oo 3P GRCHERALC 1 TRBHShe, 1 ne

copper suih@agReCiiich Aeadstqudiand BadeHIhs, renove inpurities such as fats,
dust and oxide filnms. 5 The electrolytic copper plating bath according to

t he present invention contains at |east one |inear polyglycerin conpound

havi pg general formula | 10 0 O R3 (1) OR2 wherein  nis an integer > 1,
pr ef gr abl I)aﬁ@ ei‘?dﬁ?%thfﬁoﬁ@rﬂgﬁl%bﬁv‘ea‘?%%\ﬂgct&l th@rP"@ﬁ‘F'ﬂ“éPéﬁf‘“%‘h&OB&ﬁ” el ected

2l kyl  pr ef At §P JAERP R L Ber cBlrbbun g BRRRY) BRWRER Loy “or of er bl y

is RS CO wherein R is linear or branched C, - C$ al kyl, phenyl or
benzyl; al kyl, phenyl and benzyl in fornula | may be substituted. 20 The
| i near pol ygl ycerin conpounds represented with formula | are preferably

enpl oyed. In principle, the bath my also cgntpi,n other polyglycerin
conmpounds, nore specifi caIbe a po 8 cerin conpounds, ( st
-] -
10 n
OR5

wherein
n is an integer > 1, preferably > 2; and
R., R, and R; are identical or different and are selected from the group
15 comprising H, alkyl, acyl, phenyl and benzyl, wherein alkyl preferably is
linear or branched C, - C,, alkyl and/or acyl preferably is R;-CO, wherein
R; is linear or branched C, - C.; alkyl, pheny! or benzyl; alkyl, pheny! and

benzy! in formula I may be substituted.

20 The linear polyglycerin compounds represented with formula I are preferably
employed. In principle, the bath may alse contain other polyglycerin
compounds, more specifically branched polyglycerin compounds, most

preferably having a-B-branching according to general formula II




preferably having a-p-branching according to general formula Il 7 1'8 APR
2005 ROR2 n 5 RB mwherein nis aninteger > 0; mis an integer > 0; and
10 R1l, R2, R3, R4 are identical or different and are selected fromthe group
conprising H, alkyl, acyl, phenyl and benzyl, wherein al kyl preferably is
Ii-near or branched C, - C18 al kyl and/or acyl preferably is RS @PRVMI’EI n

R5 is'linear or branched C, - Cl1 kyI; enyI d benzyl may
substituted. 15 The bath nmay Fglé } i ygl yceri n conpounds,
preferably having cyclic et het | etl the ounds havi ng general

formula I'll: OR4 20 0" Y -0 OR2 25 R3 V\/nereln 30 nis an mteQFJh > 0; and
Rl, R2, R3, R4 are identical or different and are selected fro e group
= o)
m
wherein

nis an integer > G;
m is an integer > 0; and

10 R,, R, R; R, are identical or different and are selected from the group
comprising H, alkyl, acyl, phenyl and benzyl, wherein alkyl preferably is
linear or branched C, - C,; alkyl and/or acyl preferably is R,-CO, wherein
R; is linear or branched C, - C,; alkyl; phenyl and benzyl may be

substituted.
15
The bath may also contain other polyglycerin compounds, preferably having
cyclic ether moieties, the compounds having general formula III:
ORy
20
R3O
) O O
OR I
S 2 ] (1)
25
R40
wherein
30 n is an integer > 0; and

R, Rz Ry R, are identical or different and are selected from the group

comprising H, alkyl, acyl, phenyl and benzyl, wherein alkyl preferably is




conprising H alkyl, acyl, phenyl and benzyl, wherein alkyl preferably is 8
1 8 APR 2005 Ilinear or branched C, - C18 al kyl and/or acyl preferably is R5
" CO, wherein R is linear or branched C, - C18 al kyl, phenyl or benzyl;

phenyl "and benzy( may be substituted. 5 Fornulae I, Il and IlIl indicated
her ei n" above conpri se unsubstituted poRyglycerine conpounds as M@mpRQQS
their ‘derivatives, viz. derivatives with alkyl - phenyl - and/ o

benzy! - subst i t Ul eRBrafchease, der | a{aﬁwé(@cyowa&\yl bbbl lghertgb Méiﬂr

benzyl - substituted al cohol groups as well as erlvatlv end groups
and deri vati ves}s BHwear esheanahedups- Bej aigylscvbst?yitmj‘tlmhzmi tifhesyt Bostyl i ¢ aci ds.

10 As contrast rs described in EP 0 137 793 A2, the
pol ygl ycerin CW@LH@%%&@@%W@ "herein above are honopol yners. The
el ectrolytic copper plating bath and the method according to the present 15

i nvention have the foll ow ng advant ages over known bat hs and nethods: a) the
bat h &and tﬁmrrrtﬁaaédllpmdﬂli lanCaieﬁdmrein\Eé:rqwel mmprlds@yeastsbsiﬁubdpper even at
a high cath current densit pr.i nt ed.ci

boar Js ¢ o PRCIKFHTE BomAgyads B dvalorsieis darvatesy g e a1 2o, g

0.3 mm or H”e?wzr i | S rruch
smal | er t #1 %%e/&gﬁ?f zf(‘ %hbé?tu{éhcﬁéﬁclj Qﬁ‘% (?lte)rf Igﬁ?}/é%@girq%g@‘@ hgﬁy'esul t

t her eof , cmtdﬁmbemmﬁehstltdl&m;atcyhorgmhps dsowell beldesivaivesiwitbramal grpups very

smal|l as co redtoc enS|t on th rface of the ted circuit
boar ds. TS GPvaliERCeAIgORS Gares kG BarmsbHedoutn FUboBYICBHIPOl | | ng

over‘[\qzl tage in the process of copper deposition. 25 This is the reason why,
wi t h known bat hs and nmethods using a small average current density (overall

current/ ovis abihirssietiadth thie ¢dpohmarsddesuribedi ind=R Bel 37a£@3 A20thd he bore hol e
wal I s) rangi e current dens%%&on the bore hole

ng e.g. up to A dn?, ¢
wall's is M@V%ﬁgﬁ 6”%@%@%%6%%9“?3%%5& ARONG B PPYMEE- 30 current
density on the surfaces of the boards. EP 0 137 397 A2 for exanple

The electrolytic copper plating bath and the method according to the present

15 invention have the following advantages over known baths and methods:

a) the bath and the method permit to deposit very level layers of copper, even
at a high cathode current density of, e.g. > 2.5 A/dm?. If printed circuit boards to
be produced have bore holes with a very smail diameter of e.g. 0.3 mm or less,

20 the electric field intensity in the bore holes is much smaller than on the surface
of the printed circuit boards. As a result thereof, cathode current density in the
bore holes would normally be very small as compared to current density on the
surface of the printed circuit boards. This difference may be partially
compensated for by controlling overvoltage in the process of copper deposition.

25
This is the reason why, with known baths and methods using a small average
current density {overall current/overall surface of the board including the faces
of the bore hole walls) ranging e.g. up to 1 A/dm?, the current density on the
bore hole walls is observed to be reduced by 10% maximum referred to the

30 current density on the surfaces of the boards. EP 0 137 397 A2 for example
indicates in this regard that a throwing power of copper of > 90% referred to

conductors lines on the outer sides may be achieved when the cathode current



indicates in this regard that a throw ng power of copper of > 90% referred
to conductors lines on the outer sides may be achi eved when the cat hode
‘“current 9 18 APR 2005 density amounts to 0.5 to 1.0 A/dnR2 in bore hol es
having a dianeter of 0.3 mm It has to ¢e taken into account though that
reference to coating thicknesses of conductors lines for indicatt8giPR 2005

throwi n [+ I |
0 ARy Sholif® 180 .8l tol B0NYHNBEASR: INbe ﬁé@ﬂyhaeegﬁféééﬂe Qﬁ%g?ﬂm.

conductor |inés which are possibly better shie e copper
deposi t edt hesltede tekibkntasacayyd tieeligtothad ppiarenne éntbatihy thitkatesdes af eas so

that mathematical l,y a higher throw ng value w.l |l be obtai ned. t hode
current M@O"&t%%@ag‘@cw To pwer Jf gie mefs s.g@fgggeq Y mor eover
rel ati vel ycigiomlibd§ed kitle ARLBNHBMRT ARES WHILH 8Fc 308sBRf BimG LRS84 tgsul t 10

t hereof. Experiente showed that, at a smm cur?ent gxensMy, t he obt ai ned
val ues f deyehobedprerpdepmrsitedds desettidi s goathbaréd totddppzr ng esticdy aldted
current density, however, the productiyeness achi eved for copper plating is
very | ow 2%Ex %ﬁﬁh@gmfﬁge@%%ﬂ%@ g %é’@owmg Eﬁwed@‘ﬁg?ec 9otaiNgidowi ng power on
the bore hole walls decreases relative to that on the surface of the board
so that coating 15 thickness cannot be kept within a predeterm ned range of
t ol er anceCainoas agrettdenstyhsiliabdtdyeway of ekarmpie imEp @didAtIaMA2 vl ues of 60

to 70% are only acg_)ié_ewfd V\/r]en t he copal yners described in EP 0 137 397 A2
are addedTPERQWE TEGHYEY SHAM R BRIMMEeAaIablR values Benplainge RS faSUWor e

dondi vy ofeled RReBengy sowebnal & P HREN BLh] Mt g HR AR el o batn and

t he met hoghlags ercthrdwing pdwer areegenérallpwerid. Onh usliding suentliywhilghedtocal
current density is ascertained at the walls of very narrow bore hol es even

at a rel adenaiyyhewgyeraihe aredudiivesass ashisivey fopropper plating imveerydewt hat
St eSO A NG B s ReoRE AL P e oS 2
wi de in bRalglgcefeabet ramativbitekhal SR sOffatbof et Boald So Bt coating
15 thickness cannot be kept within a predetermined range of toierance on using
the baths of the art. In our appreciation, values of 60 to 70% are only achieved
when the copolymers described in EP 0 137 397 A2 are added to the copper
baths and when boards of 1.6 mm thick with bore holes with a diameter of
0.3 mm are copper plated at a cathode current density of 2.5 A/dm?.
20
By contrast, when using the copper plating bath and the method according to
the present invention, sufficiently high local current density is ascertained at the
walls of very narrow bore holes even at a relatively high average current density
of &.g. 4 A/ldm?, so that sufficient coating thickness may also be achieved there.
25 In using average cathode current density of 2.5 A/dm? in the center of bore
holes of 0.3 mm wide in boards of 1.6 mm thick (length of the haole: 1.6 mm),
thickness of the deposited layer amounts to 80% referred to thickness of the
overall area of the layer on the upper side of the board and not merely 80 fo
70% as it is the case when using the additives described in EP 0 137 397 A2.
30
The conditions mentioned refer to the use of direct current. Alternatively,

pulsed direct current (unipolar pulsed current) or a reverse puise technique
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This roughmess ld\s:ldeeessflighém order to provide, without additional
pretreatnent, a sufficient bond of organic coatings, of resists nore

specbfically, that are applied onto the surfaces of the |ayers of copper.
In the pr tion of printed circuit,10 boards, -l.ayers. of copper are.
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and chemical stress said resist must tightly adhere without any problem on the

15 copper surfaces. The uniform roughness of the iayers of copper constitute a
particularly good base for photosensitive resists so that a strong bond may be

formed between the solder resist and the copper surfaces.

c¢) The uniform level surface has still other advantages: Upon production of the
20 circuit structures, the printed circuit boards are tested by means of optical

methods. When optically tested, the normally very lustrous layers of copper

may lead to errors in the recognition of structures. Matt coating surfaces, by

contrast, permit to exclude faulty recognitions.

25 d) The layers of copper that may be produced with the copper plating bath and
the method according to the invention show a very uniform, fine roughness,
whereas the structure of known layers is in part of a coarser nature. When the
printed circuit boards produced are used for purposes of high-frequency, this
leads to more unfavorable electrical properties. Moreover, definition of the

30 edges of the conductor lines is less accurate. The coarser surface structure of
the layers deposited by means of known baths is due to the coarser size of the
crystallites in the layer.
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they have a high tensile strength. The values for breaking elongation obtained
15 amount to 19% even at a cathode current density in excess of 2.5 A/dm?. As a
result thereof, the layers of copper will not crack during scldering of the printed
circuit boards, even though the layers were produced at a high cathode current
density. If breaking elongation and/or tensile strength were not high enough,
the layer of copper could not follow thermal expansion of the resin material of
20 the board brought about by abrupt rise in temperature, and it wouid crack more
specifically at the transitions from the surface of the board to the walls of the
bore holes. The layers produced from the copper plating bath and the method
according to the invention withstand without any problem usual shock testing in
which printed circuit boards are repeatedly placed to float on a solder bath
25 having a temperature of 288°C or, alternatively, on an oil bath of a temperature
of 288°C, and are subsequently rapidly cooled down upon removing them from
the heat source.

By contrast, breaking elongation of 6 to 20% is obtained with films of 80 pm
30 thick when the baths described in EP 0 137 397 are utilized.

The polyglycerin compounds are produced according to known methods.
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d y?gri nsxéﬁgfdor[&l %@%F??gpr%gﬁiuéﬂggé“ n are yielded thereby. Then, glycerin
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glycerin are yieided thereby. Then, glycerin is separated by means of usual

15 methods, raw polyglycerin is dehydrated and diglycerin is removed by fine
distillation. Fractionating of residual matter yields tetraglycerin with small
contents of higher cligomers/pclymers. This polyglycerin constitutes a mixture
A that contains at least 90 % by weight of a polyglycerin compound with n = 4
and a maximum of 10 % by weight of polyglycerin compounds with n = 3 and/or

20 5, the sum of proportions of the polyglycerin compounds in mixture A
amounting to 100 % by wéight of mixture A. The polyglycerin compounds may
be linear, branched and/or have cyclic moieties. The copper bath may for
example contain such a polyglycerin mixture A of at least two polyglycerin

compounds that each have one of general formulae I, Il and III.

25
In a second variant of the production process, the reaction of the
epichlorohydrin is carried out in the same manner as in the first variant. Then,
glycerin is separated, raw polyglycerin dehydrated and diglycerin removed by
means of fine distillation in the same way. In addition to tetraglycerin, this

30 residue also contains other polyglycerins, more specifically triglycerin and

higher condensed polyglycerin compounds. Mixture B hereby obtained contains

at teast 40 % by weight of a polygiycerin compound with n = 4, a maximum of
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by mixing any of mixtures of polyglycerin compounds, especially mixtures A

15 and B, in an appropriate ratio or by isolating the individual polyglycerin
compecunds from mixtures A and/or B by means of ccnventional separation
techniques to further compasite any mixture. Thus a mixture C may be
produced in which each poiyglycerin compound has at least one of general
formulae I, IT and III, which may be linear, branched and/or have cyclic

20 moieties. Mixture C contains from 30 to 35 % by weight of a polyglycerin
compound with n = 4, from 50 to 80 % by weight of polyglycerin compounds
with n = 2, 3 and/or & and 10 to 15 % by weight of polyglycerin compounds with
n = 6, the sum of proportions of the polyglycerin compounds in mixture C

amounting to 100 % by weight of mixture C.

25
Substitution of polyglycerin compounds may be obtained by general organic
chemical reactions such as esterification and substitution of alcohols (Jerry
March, Advanced Organic Reactions).

30 Advantageously, still higher homologues cf the polyglycerin compounds having

general formulae I, II or III may be employed, more specifically homologues

~withn>8,eg.n=186.
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m xture B of the polyglycerin conpounds in the copper pI ating bath
preferably is in the range of 5 fromO0.7 g/l to 2.6 g/l, nore specifically
i n .t he rdingepafgiycerm eogipoundsgreferdbly hmmemleamiiaowed@htihxherran@e@ff t he

pol ygl ycerin s in the co ath es fromOQ.7 to 6 g/l,
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conpound Harabl (@ mol ecular weight in the range of 10 from 166 to
6000 /nzrlo%ﬁﬁﬁ téblgr()tol arI y preferred enbodi nent in the range of from 240

to 1600 g) nol . The el ect roI ytic copper plating bath according to the

invention contains at |eas
The electrolytic copper platmg bath according to the invention contains at [east

one copper salt and at least one acid. The copper salt is preferably selected

15 from the group comprising cupric sulfate and copper fluorohorate. The acid is
preferably selected from the group comprising sulfuric acid and fluoroboric acid.
Moreover, the bath may contain chioride ions. An alkali salt, mdre specifically
sodium chioride or potassium chioride, may for example be utilized. As a matter
of course, hydrochloric acid may also be made use of. In principle, other

20 compounds may be utilized instead of the aforementioned salts or the acid

respectively.
Concentrations of the bath constituents is as follow:

25 copper content: 18 to 30 g/l, referred to CuSQ, + 5 H,O
preferably 20 to 30 g/l
suifuric acid, conc. 180 to 250 g/l
preferably 220 to 250 g/l
chioride content: 35 to 130 mg/i
30 preferably 50 to 70 mg/l.

- The electrolytic copper plating bath according to the invention may furthermore



one copper salt and at |east one acid. The copper salt is preferably
selected 15 fromthe group conprising cupric sulfate and copper
“fluoroborate. The acid is preferably selected fromthe group sppmsi Si Ng

sul furic acid and fluoroboric acid. Mt®gover, the bath nmay contain chloride
lons. An alkali salt, nore specifically sodiumchloride or potassium
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i nstead of soluble ones. In this case, iron(lll) ions fornmed at the anodes

serve to [orduubsth solution) i ons by way of pieces of copper contained in a5
preferably separate vessel by causing the iron(lll) ions to react wth the
pi eces of copper to formiron(ll) ions and copper(ll) ions. In this way
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of the block copolymers thereof. The bath may also include throwing additives
and grain refiners such as compounds of the class selected from the group
comprising meriquinoid compaounds, pyridines and pyridinium sulfobetaines.

15
Cathode current density may be chosen to be higher than in known methods,
wherein coating thickness may be kept within a narrow range of tolerance (80
to 100%) at all places of a printed circuit board. Usually, the layers of copper
obtained are extensively uniform when the cathode current density is chosen to

20 range from 0.5 to 4 A/dm?, When the values are set within this range, layers
may also be obtained that are uniformly matt. When cathode current density
does not exceed 0.5 A/dm?, the deposits have a silk-matt finish. A current
density ranging from 1 to 4 A/dm? yields very good results. Typically, excellent
results are obtained at a cathode current density of about 2.5 A/dm?2.

25
During operation, temperature of the copper bath is preferably adjusted to a
value in the range of from 20 to 40°C, preferably in the range of from 25 to
35°C.

30 The electrolytic copper plating bath may be agitated by a strong flow and
possibly by blowing clean air into the bath in such a manner that the surface of

the bath is caused to strongly move. As a result thereof, transport of the
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substances in proximty to the work piece and the anodes is maxim zed so
that higher current densitjies are made possible, To ve. the work piece
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principle, inscluble anodes may aiso be utilized in the copper bath, the external
15 geometrical shape thereof remaining unaitered during the process of
deposition. Said anodes may for example consist of titanium or lead, but may
be coated with metal catalysts like platinum for exampie, in order to avoid a

high anode overvoltage.

20 In the custemarily employed coating installations, the printed circuit boards are
normally maintained in vertical or horizontal position during the process of
deposition. Those coating installations are advantageous in which the printed
circuit boards are conveyed through the line in horizontal direction, being
copper plated in the process. DE 32 36 545 C2, DE 36 24 481 C2 and

25 EP 0 254 962 A1, herein incorporated for reference, for example suggest
constructive solutions to etectrically contact the printed circuit boards and to

concurrently convey them through the installation.



may contain 0.02 to 0.067 percent by weight phosphorus. The anodes can be
directly suspended in the electrolyte or be used in the formof balt &Pallh
"pieces and be filled into titani um baskets |ocated in the bath for this
purpose. In principle, insoluble anodes may al so be utilized in the copper
bath, the external 15 geonetrical shape4thereof remaining unaltered during
the process of deposition. Said anodes may for exanple consist of titanium
or | ead, : j : I . Like platinum for exanple,
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PoL YShee KSR o T LBhaPR AR RohheRSulb A ve YRhugR et 1

val ues  ar grd gd|afeRidottAe EigMEbSNde g teERfixtuRe t he m xture. Wilizing the
af ore-nmentioned m xture C of pol yglycerin conpounds, a copper bath with the

foll ow ng conposition was produced by dissolving the constituents
Utilizing the afore-mentioned mixture C of polyglycerin compounds, a copper

bath with the following composition was produced by dissolving the constituents

15 in water:
CuS0Q, *5H,0 80g (& 20 g Cu®)
Suifuric acid, conc. 240 g
NaCl 52 mg
20 Mixture C of the polyglycerin compounds 149
in 1! water.

Within 75 minutes, a layer of copper was deposited from the bath described
herein above at an average cathode current density of 2.5 A/dm? at a bath

25 temperature of 25°C onto a copper carrier that had previously been electroless
nickel plated. A copper ancde was utilized. The layer obtained was uniformly

matt and provided a uniform thickness of 33 ym over the entire carrier.

Fig. 1 represents a map of the coating surface that was obtained by means of
30 a scanning electron microscope at a magnification of x1000. Well formed
crystallites may be surveyed on the map.



15 in water: 20 CQuSO™4. 5 H2GBOg (a 20 g Cue+) Sulfuric acid, conc-[?-.gﬁg\g?
NaCl 52 ng M xture C of the polyglycerin conpounds 1 g in 1 | water.’ Q‘P;n
" 75 mnutes, a layer of copper was deposited fromthe bath described herein
above at an average cathode current den$Bty of 2.5 A/dnR2 at a bath 25
tenperature of 25C onto a copper carrier that had previously been .

el ect r ol esBherpatkelthgllayerdf cappeppeuldams deadiyspatied icfeithe Aibkecl pigtyd obt ai ned

was uniformy matt apd provided a unjformthickness of 33 pmover, the
entire car‘?alré?‘f’ q:]%[a‘. Oﬂc?&b‘?rek%%ﬂg dhigs ﬂ}aﬁ“?ﬁrg-tﬂ%e El%‘%ﬁﬁ‘&aé wreeediesRfithRas
obt ai ned mEREsH -ﬁag@' ; ' £ cation
of x1000. bf}{V‘él I fordrgéc?ogi?jyg?gll |1 tgg%n@;ﬁ%%%ggar vmeﬁﬁﬁ%g&?hgﬁﬁgg. ,EPR 2005
18 Ther eafltreekingnelohggiton of 18%pped adensite beengthddil 30 pEgtredl of f t he ni ckel

pl at e carrier, a filmof copper being thus obtained. The nechani cal
propefties of the filmof copper could easily be determ ned as a result

h f. T ' = | gat | ' h
of 35 kiv e Tkaq oyt BRE nitefo TR Ridlpad P AR MhBCe 0 1

nm and w tHoleshevinyod efarheter g 023 enraneietomieridtethwithshe appes bptakednw t h
the sanme bath at an average current density of 2.5 Aldn2. 10 Fig. 2

representsaﬁﬁagﬁéﬁéeméﬂﬁﬁﬁgb9f8iﬁ$é¥6%cope at a magnification x 2500 upon
production of an el ectropolished cross section of a transition of the |ayer
of copper fromthe outer side of the material to the wall of the bore hole.

Vel 110 Fig. 2 represents an image formed by a microscope at a magnification x 2500
upon production of an electropolished cross section of a transition of the layer
of copper from the outer side of the material to the wall of the bore hole. Well

formed crystallites can be surveyed from the image.

15 Polished cross sections were produced to determine the coating thickness
distribution in the bore holes by measuring coating thickness in the center of
the bore holes and on the outer side of the material. For this purpose, the
thickness in the center of each hore hole was related to the thickness at the
outer side of the material by measuring the ratio of the respective coating

20 thicknesses. According to this method, throwing power was determined to
amount to 80%.

To determine the mechanical properties of the layer of copper on the printed
circuit board material, copper plated pieces of board were examined by means

25 of a solder shock test. For this purpose, the pieces of board were placed for
10 sec on a tin/lead solder bath having a temperature of 288°C and were

cooled down subsequently. This cycle was performed ten times.

Then, the integrity of the layer of copper was examined by making polished
30 cross sections through the layer of copper in the bore holes. No cracks were
ascertained in the layer of copper at the transition from the outer sides to the

bore hole walls at the entrance of the bore holes. No observations were made



formed crystallites can be surveyed fromthe i mage. 15 Polished crgﬁ
sections were produced to determ ne the coating thickness di stri biith %RUQTJ
"the bore holes by measuring coating thickness in the center of the bore

hol es and on the outer side of the matergal. For this purpose, the

t hi ckness in the center of each bore hole was related to the thickness at
the —out ethastietrahskibasTrirrthalialyr é‘f&.&ﬁiﬁér%tﬁéq%ﬁe%dl@s% irt8for 18§eRCt I ve
coating 20 thicknesses. According to thi's nethod, throw ng power- was

det er m neef eappasmtimy the BU®hates serertaime t he mechani cal properties of the
| ayer of copper on the printed circuit board material, copper plated pieces
of board were exam ned by neans 25 of a sol der shock test. For this purpose,
the pi ecesxgndigar:d were placed for 10 sec on a tin/lead solder bath having
a tenperature of 288C and were cool ed down subsequently. This cycle was
perforned ten tines. Then, the int egrity of the | ayer of copper was exam ned

or o hol A RKIE ARG R OB ?%%r%rtﬁgﬁré%%%é?td@%fﬁ%@ﬁﬁﬁ% e |
he bor e POIEST Re iR 2a%e el B T hRueTeftahpa fladnee ©

transiti o®8 % bynveigkt bayetragifcerdppead d matthﬂurlmcnsfet (htzﬂ l@\ﬁ\!\teﬂghtrﬁfém@l?d:edtmyer S
of copper cut by the bore hol es were torn. A m xture of

pol ygl yceRMN@Of Srpérainee s Np spiieg was agﬁkﬁdﬁ\ﬁ’eeﬁcﬂﬁl}tﬂﬁéopﬁﬁé@@me as
out ned V, re contained at |east 90 % by
wei g t ofg%?‘t'?%\} ﬁ%g"éér(?%‘mé’ﬁha rﬁ);(ossﬁbﬁ % by weight of triglycerin
and/ or pentaglycerin. This m xture was applied in an electrolytic copper

pl ati ng 10 bath havi ng the foll owi ng conposition in water: CuSO4 5 HO 72 ¢
(0 18 g Cuz+) CuSO, 729(A18gCu )

Sulfuric acid, conc, 180 g
Cl- 50 mg

15 Mixture A of the polyglycerin compounds 0.1101.3¢g
in 11 water.

The amount of polyglycerin compounds in the copper plating bath was varied
within the range given above.

20
The test was performed in a 10 | bath first and thereafter in a 110 | bath.
Temperature of the copper bath ranged from 20 to 24°C. Cathodic current
density was set at 2.5 A/dm?.

25 Printed circuit board material having a thickness of 1.6 mm was then treated
with the copper bath. The board material was provided with through holes
having a diameter of 0.3 mm (aspect ratio: 5.3 . 1).

Prior to testing visual appearance, soldering performance and throwing power

30 of the copper plating layers obtained, board material was treated in the bath as
long as untit 20 Ampere - hours charge has been delivered to each liter of the
bath.



Sul furic acid, conc. 180 g - 50 ng 15 M xture A of the polyglycerin
conpounds 0.1 to 1.3 g in |l | water. The amount of polyglycerin c&‘rﬁp&ﬂn@@
in the copper plating bath was varied wthin the range gi ven above. 20 The
test was perforned in a 10 | bath first28nd thereafter in a 110 | bath.
Tenperature of the copper bath ranged from 20 to 24C. Cathodic current
densi ty walspsetopbelphtiAgdven2malr tapms I8y sreuiérdRamddmicarlals Bamgng a

t hi ckness of 1.6 nmwas then treated w th the copper bath. The board

mat eri al vt FPeR EREAIMPR-ROIONF gRC KNEYting £¢i pitp. Saldemsiesk fstiog3 mm

(aspect ratd Q: y i i I rance I i.ng
perfor nang%évgﬁﬁ ﬁra E{)\tlﬁlao%)%évré%yérgoﬁ ag%tetdﬂlg’détéé%%&d%@ﬁﬁéwfn%g?@eﬁ%{é& ned,
board mat efestdd naslebediad®th Erambi: hakbrased enBed® ¥m id. 20 Anpere hours
charge has been delivered to each liter of the bath. 1°8 APR 2005 20 Upon
coppe5 pl ating evenly matt copper |ayers were forned the |layers being |I|ight
rose to sahm)n-colt.oured an%}exhi biting no pits. Sol der shock testing

reveal ed t HE{"RHE lc‘f&p%mp ers passed | PC 6 standard. Throw ng power was
tested as described in Exanple 1. It proved to be 76 5 % 5 Conparative
exanpl e: A copper bath with the follow ng conposition was prepared: 10
copper sul Aatoppébbgth withfibe folexdng cooqresiti@dOWag pridpsredi5 ny

10 copper sulfate 754
sulfuric acid, conc. 200 g
NaCl 55 mg
commercially available additive
for matt copper bath 6 ml
15 in 11 of water.

From this bath, a layer of copper was deposited on a printed circuit board

material of 1.6 mm thick having bere holes with a diameter of 0.3 mm at an

average current density of 2.5 A/dm? with a bath temperature of 26°C. After
20 30 min, the thickness of the copper deposits amounted to 16 ym on the outer

side of the material and to 10 ym in the bore holes. Copper anodes were used.

Coating thickness distribution in the bore holes was determined by measuring
coating thickness in the center of the bore holes and on the outer side of the

25 material in the same way as in the afore-mentioned example. According to this
method, throwing power amounted to 60 to 70%.



commercially avail able additive for matt copper bath 6 m 15 i n{3 APROF0S
water. Fromthis bath, a |layer of copper was deposited on a printed circuit
"board material of 1.6 mmthick having bore holes with a dianmeter of 0.3 mm
at an ‘average current density of 2.5 ARdnR2 with a bath tenperature of 26C.
After 20 30 nmin, the thickness of the copper deposits anobunted to 16 pm on
the outer side of the material and to 10 pmin the bore hol es. Copper
anodes were used. Coating thickness distribution in the bore hol es was
determ ned by neasuring coating thickness in the center of the bore hol es
and on the outer side of the 25 material in the sane way as in the

af ore-nentioned exanple. According to this nethod, throw ng power anounted
to 60 to 70®M3: 8 APR 2005 21 Clains: 1. An electrolytic copper plating bath
for depositing a matt |ayer of copper conprising at |east one polyglycerin
conmpound selected fromthe group 5 conprising poly(1,2,3-propantriol),

pol y(2, 3- epoxy- An@@ﬁﬁﬂ?ﬂla c@ﬁ@brqﬂétm@bmfeﬁar déwsﬁmQa%natF @e@bﬁ@ép@éwtl c
copper plating bath of claim1l, wherein the at | east one polyglycerin
conpound N gEsiBg At !emtmﬂaapcplygkycmnmcmc(ur)d sgeoledrfedm theigtoam i nt eger > |
and

Sl R NI R M T I O AR

thereof.

2. The electrolytic copper plating bath of claim 1, wherein the at least one

polyglycerin compound has general formula I

10
R3
rol N of] o
OR3
15 wherein
nis an integer > 1 and
R,, R,, R, are identical or different and are selected from the group
comprising H, alkyl, acyl, phenyl and benzyl.
20 3. The electrolytic copper plating bath of claim 1, wherein the at least one
polyglycerin compound has general formula I1:
Rz
Rph/\o}n
25 O
= @) (I1)
3 OR,



20 3. The electrolytic copper plating bath of claim1, wherein the1-%};j§lRe@ﬁﬁt
one polyglycerin conpound has general forrmula Il1: R10 25 R3 OR4 0", n
I B APR 2005 22 wherein nis an integer >0, mis an integer > 0 and R1,

R2, R3 R4 are identical or different angzare selected fromthe group 5
comprising H, alkyl, acyl, phenyl and benzyl. 4. The el ectrol ytic copper
plating baghe@iinclaiml wherein the at | east one polyglycerin conpound has
general formula II11: 10 15 0- Y -0 L" /O R10O OR2Z OR4 20 wherein n is an

i nteger > 0 andNFELaNFASIRE> R4 are identical or different and are selected

fromthe group m is an integer > 0 and

R,, Ry, Ry R, are identical or different and are selected from the group

5 comprising H, alkyl, acyl, phenyl and benzyl.

4, The electrolytic copper plating bath of claim 1 wherein the at least one

polyglycerin compeund has general formula III;

10 OR4
R3O0
O Q O (1ID)
OR
15 O 2 ,
R40O
20 wherein

n is an integer > 0 and
R,, Ry Ry R, are identical or different and are selected from the group
comprising H, alkyl, acyl, phenyl and benzyl.

25 5. The electrolytic copper plating bath of any of claims 2 to 4, wherein alkyl
is linear or branched C, - C;; alkyl and/or acyl is R;-CO, wherein R; is linear or

branched C, - C,; alkyl, phenyl or benzyl.

6. The electrolytic copper plating bath of any of claims 2 to 5, wherein the
30 copper bath contains a mixture A of at least two polyglycerin compounds, each
polyglycerin compound having one of general formulae I, II and III,

- said mixture A containing at least 80 % by weight of a polyglycerin compound



conprising H alkyl, acyl, phenyl and benzyl. 25 5. The el ectrol yt LB NPR NG
pl ati ng bath of any of clainms 2 to 4, wherein alkyl is linear or branched
'Cl - C18 al kyl and/or acyl is R5 CO wherein R is linear or branched Cl1 -
C18 al kyl, phenyl or benzyl. 6. The el e@grolytic copper plating bath of any
of *ctlairms 2 to 5, wherein the 30 copper bath contains a m xture A of at

| east two vpigh Yigk ¥icrid B raaripunds 1 0eEChy P@ig&ﬁ'df?@lﬁgh/c@ﬁ%%ﬁ?ﬁp&%dié‘ﬁjitﬁne of
general formulae I, 11 and Ill, said mxture containing at |east 90 % by
wei ght of a=pbRpgiafdertha seonpbomporionPrl toselyglyaetin campotingsdn anidtixenum of

10 % by wej : GLL.I . ds wi,th n = 3 and/or 5, the sum of
proporti oré%ﬁo\?ﬁﬁﬁl%{?yﬁgbﬂ%@gﬂggmg@ ﬁ m xture A anounting to 100 %
by wei ght of mxture AL 5 7. The electrolytic copper plating bath of claim

6, wherein the concentration of mxture A of the polyglycerins in the
copper bath rangbe dlegmipticcoppet plaling bath of glairfitt veiezeirtheyrdrncentnaion

pl ati ng bath of an f, clai 2 to 5 wherein the 10 co r.bat.h contains a

mxture B ijmgquqeeésq(% tp%%&ﬁwrﬂr@épitﬂe@@ﬁﬁ%%& raé@@ﬁ%ﬁgﬁ@g?’ﬁgépi n conpound

having ti PBP};/Ef general formulae I, Il and Ill, said mxture B containing
%

at | east 40 y wei ght of a polyglycerin conpound with n = 4, a nmaxinmum of
50 % by wei ght of polyglycerin conpounds with n =2, 3 and/or 5 and a

[ f_20 % i .of | yal y [ ds.with 15 =6, 7, 8
andl or 9. &ho SBREISHRKis oBRey BRITRSb0) Ny BEF AT GrsoorbecTa (i xture B
_ PEege) _ | aeTan
ol ai Thg BATPERT DA R B afE Rt st g B G B EbEnBSRRt

pol ygl ycer;bd]¥gry&§ﬂym;bdurtma@iﬁgper batdhe Gn@sterhl formaiell, T1ahd D 2.6 9/ l.
10. The electrolytic copper plating bath of any of clains 2 to.5, wherein

the coppesaidanixturens sonteiningistieast 40 U bpweaighisaf a pelyplycegn westpaund
corrpounds,wﬁﬁ%hz 4, a maximum of 50 % by weight of polyglycerin compounds with n =2,
3 and/or 5 and a maximum of 20 % by weight of polyglycerin compounds with n
15 =8, 7, 8 and/or 9, the sum of proportions of the polygiycerin compounds in

mixture B amounting to 100 % by weight of mixture B.

9. The electrolytic copper plating bath of claim 8, wherein the concentration
of mixture B of the polyglycerin compounds in the copper bath ranges from
20 0.7gltc 2.6 glt.

10.  The electrolytic copper plating bath of any of claims 2 {o 5, wherein the
copper bath contains a mixture C of at least two polyglycerin compounds, each
polyglycerin compound having one of general formulae I, Il and 111,

25 said mixture C confaining from 30 to 35 % by weight of a polyglycerin |
compound with n = 4, from 50 to 60 % by weight of polygiycerin compounds
with n =2, 3 and/or 5 and 10 to 15 % by weight of polyglycerin compounds with
n > 6, the sum of proportions of the polyglycerin compounds in mixture C
amounting to 100 % by weight of mixture C.

30
11.  The electrolytic copper plating bath of claim 10, wherein the

~ concentration of mixture C of the polyglycerin compounds in the copper bath



pol ygl yceri n conpound havi ng one of general formulae I, Il and Ill, 25 said

m xture C containing from30 to 35 % by wei ght of a pol yglycerin kﬁ)ﬁfﬁﬁ)lﬁ%&l

wWithn =4, from50 to 60 % by wei ght of polyglycerin conpounds wth n = 2,
> 6

3 and/or 5 and 10 to 15 % by wei ght of EOl ygl ycerin conmpounds with n >_ 6,
the sum of proportions of the polyglycef#n conpounds in mxture C anounting
to 100 % by weight of mxture C. 30 11. The electrolytic copper plating bath
of claim f@ﬂgﬁﬁg@éﬁl R-taélo@dhgdntration of mixture 0 of the polyglycerin
conmpounds in the copper bath 1B APR 2005 24 ranges fromO0.7 g/l to 2.6 g/l.
12. The electrolytic copper plating bath of any of clains 1 to 11, wherein

the polygiycerThee dscdpper B&tH af ame bl Blaimanotd 91 fwaBKESEnd 0 S
6000 g/nol. 13. A nethod of el ectp?%tfjﬁgjposi ti ngmg matt | ayer of copper on the

surface ofP@Valerin preceUNdadIayei s aleeulaowemtittgngithbamsiepdo 10 a.

pr ovi%i ng é(ﬂﬁﬁﬂr‘kl pi ece, at |east one anode and a electrolytic copper
pl atithg batt;™ B. %ontacting the surface of the work piece and the at | east

one anode, respectively, with the copper bath; c. applying an electric
vol tage between the surface of the work piece 15 and the at |east one anode
in such a hanneh néhodedtdiedredenusiting aynat l[aygrofebppesont the swfdceptfete

relative to the at |east ne, gnode; erein the copper bath contains at
| east one %QMP%@PP@%'&T%&@OWW g\fé{?}é@&égeﬁ%om t he group conprising
poly(1, 2, 3-propantriol), poly(2,3-epoxy- 1-propanol) and derivatives

t hereof. 14. The nethod of claim 13, wherein the at | east one pol yglycerin
conptund a. providing the work piece, at least one anode and a electrolytic

copper plating bath;
b. contacting the surface of the work piece and the at least one
anode, respectively, with the copper bath;
C. applying an electric voitage between the surface of the work piece
15 and the at least one anode in such a manner that cathodic
polarity is imposed upon the work piece relative to the at least

one anode;
wherein the copper bath contains at least one polyglycerin compound
20 selected from the group comprising poly(1,2,3-propantriol), poly(2,3-epoxy-

1-propanol) and derivatives thereof.

14.  The method of claim 13, wherein the at least one polyglycerin compound

has general formula I

Rs
R1o{/\/\ok 0
OR,

25

30 wherein
nis an integer > 1; and

R,, R, and R; are identical or different and are selected from the group



has general formula | 25 1,-R3 RIO OR2 30 wherein n is an integer 3$§15PRalith
Rl, R2 and R3 are identical or different and are selected fromthe group 18
" APR 2005 25 conprising H, alkyl, acyl, phenyl and benzyl. 5 15. The met hod
of claim 13, wherein the at |east one @i yglycerin conpound has general
formula Il RHO/O 10 R3 O OR4 mwherein n is an integer > 0; mis an
integer > 0; asdmibisRig HR2lkyR3acyRbtary| adeidreql. or different and are
selected fromthe group conprising H alkyl, acyl, phenyl and benzyl. 20
16. The method of cl.aim 13, wherein the at | east one pol yglycerin conpound

has generak T oful Reldd of claim 13, wherein the at least one polyglycerin compound

has general formula II

5
Rz
R, ON OE‘/
n
O
(I)
R O
10 ® ORy4
Y
wherein
n is an integer > 0;
m is an integer > Q; and
15 R,, Ry, Ry R, are identical or different and are selected from the group
cemprising H, alkyl, acy!, phenyl and benzyl.
16.  The method of claim 13, wherein the at least one palyglycerin compound
has general formula III:
20
OR4
R3O0
25 O O O
OR
O 2 0 (IIT)
R40
30

wherein

nis an integer > 0; and



OR4 R3O OR2 R10 30 wherein n is an integer > 0; and V8 APR 2005 26 Rl1, R2,
R3, R4 are identical or different and are selected fromthe gr oupg APR 200
conprising H alkyl, acyl, phenyl and benzyl. 17. The net hod of anyone
claims 14 to 16, wherein alkyl is linear or branched Cl- Cl18 al kyl and/or
acyl is R5-CO, wherein R5 is |inear O%Qbranched Cl1-C18 al kyl, phenyl or
benzyl. 18. The nethod of any of cl ai 14 to 17, wherein the copper bath

tai 1 Xt A of at. | t | yval ' ds, h
Dol ygl yoer in o SonBounc Ry I 0% ST aRYEnd AT SFleGIsR0om e GIoWP 1 1. sai d
m xture A corgmz\,i“g,iig},gg B al{@]isélcgg%pﬁ)@ngyaﬁ\gibghgwgf a pol yglycerin conpound

wthn =4 and a nmaxi num y “wel ght of pol ygl yceri ns conpounds with
n = 3 and/or 5, the sum of proportions of the polyglycerin conpounds in

m xture A anmoupntiin t Q0 % L gt m i . orThe net hod of
claim 18, ﬁherif‘ﬁ ﬁ#@"@&i@é‘xﬁ'gﬁqa\é\ﬁgg‘?‘ tr%oi ’twﬁgr%\fn%"%{lﬁ%ﬁn%%l ?/rgl cerin
conpounds biafhch@a @p@t}.@b\@%hd/@&@gﬂa's Rc00PwBedih Reds ling@agpt bramghedhe met hod
of any of clains 14 to 17, wherein the copper bath contains 20 a mxture B
of at | ea€y-Giawlkybl ghenyter ban®brpounds, each pol ygl ycerin conpound havi ng

one of general fornmulae I, Il and Ill, said mxture B containing at |east
40 % by wei ght of a polyglycerin conpound with n = 4, a maxi rum of 50 % by

wei ght of 1ol yghy ¢fithBd 6P IR YRERIME MR B 7, whetefBetopper bath contains
la mixture A of at least two polyglycerin compounds, each polyglycérin
10 compound having -one of general formulae I, IT and III, said mixture A
containing at least 90 % by weight of a polyglycerin compound withn =4 and a
maximum of 10 % by weight of polyglycerins compounds with n = 3 and/or 5,
the sum of proportions of the polyglycerin compounds in mixture A amounting
to 100 % by weight of mixture A.
15
19.  The method of claim 18, wherein the concentration of mixture A of the
polyglycerin compounds in the copper bath ranges from 0.3 g/l io 1.3 g/l.
20. The method of any of claims 14 to 17, wherein the copper bath contains
20 a mixture B of at least two polyglycerin compounds, each polyglycerin
compound having one of general formulae I, II and III, said mixture B
containing at least 40 % by weight of a polyglycerin compound with n = 4, a
maximum of 50 % by weight of po]yglycerin'compounds withn =2, 3 and/or 5
and a maximum of 20 % by weight of polyglycerin compounds withn=6, 7, 8
25 and/or 9, the sum of proportions of the polyglycerin compounds in mixture B
amounting to 100 % by weight of mixture B.

21.  The method of claim 20, wherein the concentration of mixture B of the
polyglycetin compounds in the copper bath ranges from 0.7 g/l to 2.6 g/l.

30 '
22.  The method of any of claims 14 to 17, wherein the copper bath contains

a mixture C of at least two polyglycerin compounds, each polyglycerin



and a maxi rum of 20 % by wei ght of polyglycerin conpounds with n =6, 7 ﬁ
25 and/or 9, the sumof proportions of the polyglycerin conpounds iﬂ\BrAP;Bt P5e
"B ampounting to 100 % by weight of mixture B. 21. The nethod of claim 20,
wherein the concentration of mxture B of the polyglycerin conpounds in the
copper- bath ranges from0.7 g/l to 2.6 &7 . 30 22. The nethod of any of
clains' 14 to 17, wherein the copper bath contains a mxture C of at |east
two pol ygl gompionnddrpadnmds,  eachepdlgegkya éoinmul2é IABRBDID, 24d coirpeer@ havi ng
one of general fornulae |, dIll, said mxture C containing from30 to
98 0% by ARG Ao AR A2 2 BY st P BV RO SOmPPLBREE DL 8006 by
wei ght of J | = G/ —an 15 % by
wei ght of ggwg%ggq%%%mgﬁ pﬁ‘%@%r@,&%méosum\gghé p?b%(?h?jlj%'ﬁss of the
pol ygl ycer and cldhfzoté 6 biyrwaigkt of pol@;lgoedmtompouods 00tHn bye, theisght obf m xture
C. 23_ The nethad of .claim 22, wherein the concentration of m xture C of the
pol ygﬁycer PFP%%‘BB%I%@"‘? H&yﬁé%ﬂﬁﬁm%{wsﬂaﬁ@@gﬂ? Areuntigg Ito{IQOZOZéWg/I . 10

24. The ne f~clains 13 to 23, wherein the polyglycerin
conpounds Waé\%qtggfrrrﬁ%%%%r wei ght ranging from 166 to 6000 g/ nol. 25. The

met hod of any of clains 13 to 24, wherein the electric voltage is 15 varied
in such a manner_t hat anﬁm sed current is nade to fl ow between :ﬁ?e wor k

pi ece and £Re at!hecmstheshe! aabR<2, Y8eraindhenePReRNtERtihgT Biteier B ths to 25,
wherein th - f ri:coﬁ (1] i i on the matt
| ayer of CEB@?%‘W"@‘B%@% age eﬁﬁgm\/\or pi@%@@gg{lqﬁiﬁ‘?gﬂt hod of
cl ai mp26, wherein the organic coating is a photoresist |ayer.

24.  The method of any of claims 13 o 23, wherein the polyglycerin

compounds have a molecular weight ranging from 166 to 6000 g/mol.

25. The methoddf any of claims 13 to 24, wherein the electric voltage is
15 varied in such a manner that a pulsed current is made to flow between the work

piece and the at least one anode.

26. The method of any of claims 13 to 25, wherein the method further
comprises forming an organic coating on the matt layer of copper on the

20 surface of the work piece.

27.  The method of claim 26, wherein the organic coating is a photoresist
layer.



