WD 2004/ 085706 PCT/ EP2004/ 002702 Sol ution for Etching

Copper Surfaces and Met hod of Depositing Metal on
w@ppess7&ur f aces Specification: The inventi onPCEER108£002702

to a solution for etching copper or of a copper alloy

and to a nethod of depositing netal onto the surface

of copper or a copper alloy, said surface having been

previously etched using said solution. Both the

solution and the nmethod preferably serve to produce

circuit carriers, nore specifically printed circuit

boards, or are suitable for the sem conductor

technique, as well as to produce |eadfranes and

contacts such as e.g., nultipoint connectors and

cont.acts | w tches, plug and sockei{ connectors,
SEJUNES For R BiNaEoPBEF PuiTdss MMIeInedgeBpERings Wetal on

Coddres grfakopper surfaces are treated, inter alia,
wth an etch solution to renpbve contan nants on the

surface or to prepare themfor the treatnent that is
to follow. One thereby ains at renoving from1l - 2,um
copper. In the follow ng treatnents, organic or netal
shevgicatighe then applied. These |ayers may perform
di fferent functions. Metal |ayers for exanple can
form sol derabl e or bondabl e regi ons or serve as an

Si endi n se they serve

TRRAGS TR LRSS RanlfioroRr i B PRRREr 4157 2 FOPRET alloy and to
atrRBRRIasH dapdRRingBeP BRES tHeUSHRE@ of by of WedHppdr illoy, said
order to prevent parts of the surface layer from

syfface pEMigadieercpieyisiusly eichediusingsaigsetigiany Bofatheasolution

B2 ) o R B Bt DB €61 85888ty
printud @eduit hargdof orsel eRBLCiRtise sbRfcdrigrRraBemiglie, as well
epoxy bl eed out could be observed at the surface of

ap da prodssleadiipmesrrsberantsowtaliras ag. forltippint connectors and
5 P I f
o S
resin |eaks ("bleeds out") onto the external contacts

of , thtg | eadf rane. These sites are then Jost to .
Dairiagtthe gnaryTagiurieg|ah CHEHE CREETS keRRIRGT SUEIRCES e {reated, inter

ali® with LAY s61LEBh Y r&RBRE CoRtUhRGRR b the S¥¥fQLe Br to prepare
them for the treatment that is to follow. One thereby aims at removing from 1 -
2 um copper. In the following treatments, organic or metal layers are then
applied. These layers may perform different functions. Metal layers for example
can form solderable or bondable regions or serve as an etch resist. Depending
on the purpose they serve, these layers may remain either permanently or

temporarily on the copper surface.

In any event, in order to prevent parts of the surface layer from stripping or
chipping off, it is necessary that a strong adherent bond forms between the

treated copper surface and the layer to be applied.

In the manufacturing of semiconductors, the phenomenon of epoxy bleed out

could be observed at the surface of leadframes, said phenomenon occurring for
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nmetallization to follow often consi st of aqueous

sol utions of alkali peroxodisulfate or of hydrogen
w@erensifes each conbined with sulfuric acid. HFOEER2004/002702

etchants permt to achieve etxh textures with residual

roughness of 1 - 2 ,umwhich results in a size

i ncrease of the surface of up to 50 % as conpared to

exainplecaiirdherchiR Bes baen sein cpaited, surgmthe exeassapoXygesin
g ined. Further .
N it e i B TR (RRREmal G, @) gftrame TRES. sites are
thepdostioosletteoplating.opper (11) salts in an aqueous
acidic or alkaline solution; however, these are hardly
15 considered for the application described herein
' § i8: 10 I i ch
Rl RE S ToF Sh iy ot R sl 8 lhew of o
metalkgaiigpnoo foflow oftenploasist wf nguevinNgolttipps bf atkaliase
nat er,l ak. I n tﬂﬁ/se applicatjons, the undercuts )
PYFEUSHERS f O HEIrQyghReGIdsh Sachriebiprd wikesulfusic acid.
T BicBhnfaisérmhitto SISV BI®dex ML GAT Hﬁ&i%‘?i@;ﬁﬁ%ﬁ of 1 -2

the etch textures are not 1 nportant.
umekhish rasiglts inea pizevesrease of the beiface af tpdk&0 %red ¢cdmpared to

t nossi bl e . regenerate the etch solution
g AP TS HETCSAG Gs5ub e PHBe GO PRt
teffurt ®ighed. sol uti on depends, inter alia, on the type
of layer to be applied thereon. Metallic and organic

| ayers for exanple pose different 25 demands on the .
d | f th f ., Metalli
it fafo < earts B iCRGI DN, Bipedouerndoprraran
sdliterin i AGuecUPLSEGIR Y HIRAIRE idﬂ;%m%\/éﬁar't@&sé%"f‘é W3Ry

such as photores]sps or sol der resi st S nor are
cansidersdifoether applisatics deseribest hegimabové ageasse Fwir ¢éfchsffect

S B B0 A8 A2 SRR i or
fogf@@n?ﬁ(lee(tbw/ reARRaid EbppePdifiBadd hiBted e IrPHRRE dHbIiLAN&S t?e

hot oresi sts and the sol der resi st sks or o

unslessuts (stapness obBrosiepe af trmeeaductos ines toriekantplé must be

B P oac SR P ety
etoh nesisi mast e préV@n2eP ALABEEIRG dfabkERZMN AT B podsible to

al kane sul fonic acids, mxtures of the acids
regeneicsn it efani QST CoRRAr KereNeTY)oxithpUtiaty Rigblers. and
are intended to oxidize and roughen snooth copper
ar eas.
The composition of the etch solution depends, inter alia, on the type of layer to

be applied thereon. Metallic and organic layers for example pose different

demands on the structure and quality of the copper surface.

Metallic bright copper surfaces are not considered to be suited for being
subsequently coated with organic coatings such as photoresists or solder resist
masks nor are they suited for press-laminating multilayers. For this reason,
modified etchants are used to roughen the copper and to simultaneously form a
brown-black copper(I)/copper(Il) oxide film. The adhering layers of the
photoresists and the solder resist masks or of epoxy resin can become
anchored in said oxide film during press-laminating (U.S. Patent No. 6,036,758;
EP 0442 197 A2; EP 0 926 265 A1). Said etchants contain mineral acids,
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They are not suited for subsequent netallization
though. 5 The increasing mniaturization of circuit
w@a00ri0g378¢ and nore specifically mniaturizatPONEP2904/002702
seni conduct or processing, calBls for new sol utions. Wt
processes, nore specifically electroplating processes,
uch af copper platin and t he manufacturing of
algaagép f@Bﬁoﬁfd‘#%r@'XBHengé fhscasids mgrdioneddinigpitors and known

KRR A HiPAANRNIR (bR F B Gt Shiott Bapaicpreas.
They ghe nobsuitssienisubbequant enetalizaBor Giow, ai ni ng fi ne

circuit structures. These polished surfaces can be
produced using what are terned etch (polishing)

i ) : EN 167
TROILANRG YRR AL RRSrRLE, SBE M8 ety g
mMusaiREZ3%07 §6 s&ménuoh duemnlmod:ersshi@lmaﬂslfé@rewspmﬁibgs. Wet

f . 15 rt f th i di zi , ]
oUE S e SR o Sl e
atheeffa@ta@firif g%@é%&@%bﬁ&bﬂ%ﬁ&é%é 9RSfindin

consi derably ditffer fromthe etch solutions rrentlgned

iNnpasing abeaance iralhds tachnicabfieldnki this fidlbdethcasmiades are
i i1 di ide - al ' . .
refi R BeRRDENGER RN #E Bnsarith Pisreabis TR er Qhiaining fine

cifdlgr RARIMNGs! MResE FBNHed Qlrfoestdit BOLHIARRY &iSg what are
di scl osed to contain viscosity iIncreasing agent

te(rp_@ﬂ;e&mmis@jnqaaoyéiqmyg §neh _’r;gnq/@cdu’s'ongeane m%\m garrr c
=00 87 BB O rted iRl AR ol fob Al Pgbandt Gs -

UBIRE i37t788 Ecirsd fdN¥ulten hidh pellskeddpirr subrapgst ri azol e,

i m dazol e, phenacetine, thiourea,
nmer capt obenzot hi azol e). 25 Moreover, the pH of the

A;Z%t(gr{o}'rﬁg% {%Elzﬁ%ﬁé%ﬁﬂ ﬁk@%@%h%e@@'«{jﬁfﬁ a@{%i%eﬁ'lg%disulfate, the
commpesitibm gntifeflecob theseenth iatiBRMGS solttiens sohsldepsisly differ

nent i oned a]I so serve to etch, slightly etch or |evel
FrlB g PP P HEEES MATORCEMeyeIN ARoVantVAHSHER & Cons el
t . i b ; olii shi . .
ooitelf rloBESELORSSEEFERIPOLLEA g pronce-
Zicanism mmo(icﬂ)rinclgwgdﬁbgigbeem’{)g hea@dnigyvall g@:teeaﬂfier@l?ﬁtﬂws are

.t eratures. an . addi ng, abrasi v supstances. In
digqipse B CORGIRVEROSIDHEC IR NS A4ants daieleahpieRpigthyiene

t i i . ; . .

o191 A0k, BB S AR AALE B RFR A, ovc i,
citric acid, gluconic acid), inorganic acids and inhibitors (N-methy! formamide,

benzotriazole, imidazole, phenacetine, thiourea, mercaptobenzothiazole).

Moreover, the pH of the solutions varies from slightly acid to strongly alkaline
(9 -14, 3-10, 5 - 8) thus clearly exceeding that of current etchants. The
solutions mentioned also serve to etch, slightly etch or level copper surfaces,
with only low removal rates of from 0.03 to 0.1 pm being expected for polishing
in accordance with the intended purpose. Higher removal rates may for
example be achieved by increasing the temperatures and by adding abrasive
substances. In this case however, the amount of added complexing agents has
to be increased in order to keep the oxidized copper in solution as oxidized

copper, because of the high pH of the solution, can only be kept in solution
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copper, because of the high pH of the solution, can
only be kept in solution WO 2004/ 085706

WOEODAESZ2004/ 002702 4 using conpl exi ng agent s BUDRPZ2G4/002702

EDTA or NTA for exanple. |If #he etch solution
contains too much copper, it cannot be used any
l.onger. DE-OS 21 49 196 di scl oses an aqueous sol ution .
U189 Comiie o @sspls surh as EgPpepr NS Anfar@xamphe. i thaietcbrsolution
i+§4 ' t. one
OGRS (80 M PESRER B b8 Uy IB80PE <ot ut i on may
al so contain one or nore halides and sulfuric acid or

BN ot b Sk Che bl St o
ally, Bke 480184 o8 ri%kngggél%&%%ﬁlf?%eﬁ’?% gf FRRLAE %Le%erocy%lig azol

sol ution for copper rfaces, ol ution conmpri's
caipaewirh - ytheothidesolution maytalemeoihtaireonewben@e halides and

erocycl i onpound,..such gs a tetrgazaol, and at )
{MRE NG hResderruantr ThG SaBRn s ITnGeada dmussel ig otching
dlee ohastirt Q{%ri sing organic thioles, '
¢ sul fi dgjs*! é%)?srﬁllmf?lbgggygﬁg t hi oureas. The sol ution may

further contain an acid, sulfuric acid 15 for exanple.

I d d treatnent with this
DE R PERES A3 bR R Bt Fea e R T T cobih sugaces, the
. - - i a
eSS S ORP IO NE L I B ol
CanpPOWBh SHEN aprteltazel,iand aidepsit @relsdcostruetwingdhdent, this

i d i r.cui b . .20 U
adhf BRHYAEL RN Th 4BE GRA i pabhiiiolar AR IS siles.
disuidesiahaesiotirezat Maatsolgorc@RREUrthEREorRaIRPAh B8R, sulfuric acid

hydrogen_rperoxi de and an aromatic sulfonic acid or a
foggxamplee T@srcoPPRr sHERERDArOdUsEY it @ iresment with this solution

' HEES st i a, [ ' [ W th N
e RSl R LAURBBONBEREERLEBE, Mok ®hObn peing inytne
rageé of froei hdo 20 ymedner thedsecand @meaidingtin ek Reigees Trém 50 to

nd 10 % g)@‘/’/ v) .bei n% particul ar| preferred.” EP 1 167
503381’“;«2“&3 tighds infgNdee o PpdisesHPhiie B@nufaciure of printed
cireQiMPoLaddg an N heterocyclic conpound, - hydrogen

peroxi de and a salt of the dodecyl benzene 30
sulfonic acid. The solution is suited for

U.gt.i E’%Egn%tl\&jor.i&83%,9%§%e%c%geg iarnce%rt] Ss'oluttir(])(rel for the surface treatment
of copper that comprises hydrogen peroxide and an aromatic sulfonic acid or a
salt thereof. In addition, this etch solution includes, inter alia, an inorganic acid,
with sulfuric acid comprised in a range between 2 and 20 % (w/v) being
preferred, a concentration between 5 and 10 % (w/v) being particularly

preferred.

EP 1167 482 A2 discloses an etch (polishing) solution comprising an N-
heterocyclic compound, hydrogen peroxide and a salt of the dodecyl benzene
sulfonic acid. The solution is suited for manufacturing integrated circuits, the
excess wiring material being intended to be etched away after the metal plating
step. In addition to the constituents mentioned, abrasive substances and
additives such as sulfuric acid for example, may be added to the etch

(polishing) solution. The removal rate is a function of the pH, the temperature
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excess wiring material being intended to be etched

away after the netal plating step. In addition to the
W@ oeNsI7aent s nenti oned, abrasive substances aPdI/EP2004/002702

addi tives such as sulfuric a& d for exanple, may be

added to the etch (polishing) solution. The renoval

rate js a function of the pH the tenperature WO
angd ¥ bids sl seanatbiohe Boigzoiseds Thasalionkopetatasat a pH of

b e'éff'ngé f14 he acids used. The solution operates at a
é|£)Iﬁll\;o Eggmje%n 5 and 12. In the printed circuit board

techni que, mniaturization poses new demands on 5 the
surfaces, pore specjfically on the copper surfaces,
“\/Gﬁreetﬁ "ﬁ%@ Crgit @Qﬁf‘ﬁﬁe&h“%@n{ﬁ'mﬂét%%ﬁ@n fooses mMeW agapgds on
. A folagss i ) ) ,
s T ST e kal Sms Ay ErEPeE unleinpy for xample
formrthiedissts foF@ndf layeisrgy chi aweeleciroless hickal-gotd) chemitdigin,

. f . duced . _provj de d bonding for ] i
SIE o AR AL DB BRS Oh thesBRe gesioeRge Fof rming fine
_ . . gty

CHIRANAo, 1S S rsichd LSS0 Sy o
sisiogestimedaltizaiiprst rength will be the greater the

coarser the surface structure of the copper surface
is. As aresult, it 1is expected that bright copper

Bendihgeeength Is &@téﬁn%eﬁ?ﬁ#@ﬁ&’lié?%ﬂ}qgg@%u%&é %%'&‘{ure%'@tﬂé etched

partral ly appeared that the use of the etchants

CORNAri Whetetel is assurosd thas this achieved beadingotsrength ddlk baghe

I [ ti.on, f I ring electrol ess .
oS P TR B8 spiBbe SATRLE of e Elpriaeiiteisi g As a result i
is papleatdduttat Beghi SopPdt-suffBese wilPh R 8Fedaésd bbﬁéinp%’crength.

sonme cases the netals nentioned could not deposit at

all 20 and that in sone other cases but a very

R R 2 P AEEPU R BB BN e UBED encs
torgztusal grobleings ddiisgemsiel ddpdsitiin, B dxarepieiutthgtdlctroless
copper. 25 In the course of the tests perfornmed wth

denqsiion af ¢epperplindilver Bickehtdddmalladium and bismuth. These
problems are that in some cases the metals mentioned could not deposit at all

and that in some other cases but a very non-uniform metallization could be

obtained.

However, defect bondings of the metal layers to be applied do not allow to

dispense with slightly etching the copper.

In the course of the tests performed with etchants that produce bright copper
surfaces, it has been found out that these suffer from considerable
shortcomings. After etching, dark brown stains form on the substrate being
taken to the rinse tank, said stains being dull once they have been dipped in
sulfuric acid. The operating range of the etchants is very narrow, adding

tremendous expense to the analysis of the bath to be operated.

Using the known methods and processing solutions, it is therefore not possible

to concurrently meet the following requirements:
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surfaces, it has been found out that these suffer from
consi derable shortcom ngs. After etching, dark brown

W@ @inss700r m on the substrate being taken to PEEEPIONSEE2702
tank, said stains being dull gonce they have been
di pped in 30 sulfuric acid. The operating range of the
etchants is very narrow, adding trenmendous expense to
the analysis of the bath to be operated. Using the

k | ol uti it

T, TEOORRo BMAaPRPSE T SuBRleN MR b heoven on ver
foll merdve@UBpQﬂ”@éﬁcﬁjctM@tﬁQpé‘ﬂeoﬁgﬁ:ﬂ%@ to substrates, such as
PCT/ EP2004/ 002702 6 i) Providing netal |ayers wth

suf fi ciRiiite®&Havih§oatd drtarial, leediiameswaryariawsreantacts. This

copper ; r ' t strate such .
ae " pr SIS EERL B DO RBleneale PeBAE bR EL B eHiBoing
var i ousfcontragt iseind hitiservigeegivipped®it i s intended to
prevent the netal deposits fromchipping off or from

bei ng otherw se stripped off. ii) Providing a copper
af f , i i . i i o
Do FasRid BRppS PAREOLE it HOBARERM krdfh Lilgzatin

of ver yo ffoliev,dnmpaniidularditl crtieuict peresit fdririgtioRNsWerp @ne circuit
sufficient process safety as the substrate is being
taken 5 quﬁ'@sfi nse tank so that dark brown stains are
prevented fromform ng on the copper surface. 15

Besi des these requirenents, the etched surfaces on the

| éBdf r dmssiriagesufiicieetnpledesosaldty 4$ dnmbhbst:’]@tei imgnémg taaken to
formation of resin a a resylt of the observed .
epoxy }B}P%QHS%G?“%FO?%?H%{égf%'ﬁﬁ%}@ﬁ@r‘?,ﬁrw%gqﬂ Arogkgming
from epnthamdppler Barfbhe external contacts.

Furthernore, the etchants are intended to 20 be

af fordabl e and easy to handle. Therefore the basic

BERHE Ineie tecti BT tnh Bl Sides G i lsnicTiames are
inf&r@‘&&@@cﬁﬁoﬁdﬂ? Hlﬂh‘i}ﬂﬁe&ﬁé Yo inPatoredtresIEEMREP as Mﬁfe%u{t of the

speci ficall is intended to produce the brightes

[
o%ge%p@ogs%(@@gwt argeflargely prevent said resin smear from
contaminating the external contacts. Furthermore, the etchants are intended to

be affordable and easy to handle.

Therefore the basic object of the present invention is to meet the requirements
mentioned in order to overcome the drawbacks of the known solutions and
methods. More specifically, it is intended to produce the brightest p‘ossible

copper surface.

The solution to these problems is achieved by the solution for etching copper or
a copper alloy in accordance with claim 1, the use of the solution in accordance
with claim 12 and the method for depositing metal in accordance with claim 13.

Preferred embodiments of the invention are recited in the subordinate claims.

The solution in accordance with the invention serves to etch copper or a copper
alloy on substrates, preferably on electric circuit carriers, more specifically on

printed circuit boards or in the semiconductor technique, as well as to produce
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The solution to these problens is achieved by the

solution for etching copper or a copper alloy in
w@emengkince with claiml, the use of the sol ut PONEP2904/002702

accordance wth claim1l2 and@ the nethod for

depositing netal in accordance with claim 13. 30

Preferred enbodi nents of the invention are recited in
lepflramas RARIECE $HGsas eThemylbipginteennactecs andaootacts in

WM, Biud BT SERE RFEKERCD Sy el S8 Bllasr Tn EERETuton
predenabby servesite pseiaiel a cappar suHfaderthat R HctGeE befpgar ds
e sem conductor technique, as well as to

sfiss n@tEHV\BOQ Wil sI8lspEe oMy ipEErorancel witl theaimyention
is3NEbIGAGH %%K/ﬁ'\g:é‘mﬁfic 3 ol 4 a kR Ok %teg %@ﬁﬁéé@@}sg@%{e ions. It

contacts iIn s, plug and socke

cyopets and plugs. The etch solution preferably
serves to produce a copper surface that is suited for
bei ng subsequently coated with netals. The sol ution

| 8)3Co0 i S hing deBNEI 090 iy e okl Ahering
sul f at @ydmgen peroxidengrd pesicids) aatl | east onﬁ SXI di zi ng

I df h rogen .
T AR R LBl 24 TR S ot A oromati
subst aBgRenig RIS %4 EARITHE e SbRHCCRIMBRICSH st.ar omati c

sul fonic acids and salts of the aromatic su nic
acids. Due to their manufacturing nethod, organic and

DS RER merBiTnE mithed Hrin S estiesalli @rpipaisutonic
adids hat® aésitingl cobeehtthfiond (b S0i8S idH L Thikekle tlb]ﬁhe fact that the

hydrol ysis thus form ng the respective non sul fonate
Su@!i%aiﬁawds mgumea@étmmdqrglysfsdhes fominghhs respectivemons

SRRl SR b r b 3 o P SR R o oreat o
the suifahetior rsadtidhl MherSoie el AR nlescits R bR

Cheme [UIlmnn's encycl opedia of technical
aC@ﬁ@?ﬁ%\*@%y suffatecigns i(uﬁr,navas @f@yslppﬁs@e@eﬂeCMiach@ﬁphemie
| ' I ' | .cont ai n
RS LA 1 A oA, I ShBTALRs paes

4120416). @specially iangmatie spifedie aakisythatibbsigin 4 @rosy&uch as a

hydrolyzation. In particular this applies to .
“'%5 W&P%'ééh% éﬂ%@c@%ﬁfﬂ% at {pgiaramatis ringrregyeterablyisubject to

sugﬁ "HydP&§atich. th Partedi&thisppils 43 Sn-MfoféHzeh b8 Ui &8 Svhich

is expressis verbis mentioned in U.S. Patent No. 6,036,758 for its use as an
additive to a composition useful for the surface treatment of copper. Therefore it
is considered that the solutions disclosed in this document are not free of

sulfate as required according to the present invention.

Hereto before, the circumstance that aromatic sulfonic acids contain sulfate ions
has generally been disregarded because, for etching, sulfonic acids are often
used precisely together with sulfuric acid. It has however been found out that
bright copper layers can only be obtained with sulfate free sulfonic acid in
combination with the other constituents of the solution in accordance with the

invention.
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additive to a conposition useful for the surface
treatnment of copper. Therefore it 25 is considered
W bat/0831e6 sol uti ons di scl osed in this docunentPEF/EP904/002702
free of sulfate as required8according to the present
inventi on. Hereto before, the circunstance that
suI onlc CIdS contain sulfate ions has

e?%! E?ct‘yJ Yo HRE FOLf @@AP@&QO with #eﬁ Irélte@hpﬂ@ solution is
méalhtfﬁh@llt Aad@l SLafad oroddiRRnAidh o 148 3 kRS more
ouid out t?wrﬂ

with sulfuric acid. It has however
prefearggs tchaysean |eatszeﬂ@Nena¢ormelryratuenaﬂmufamj{ow ihfihe gblaioe,
ation with the other

RSB0k B4R TR B S0 LR
soluticenestaplishR 2 Q044857 @@b:%%’hﬁpr?cggﬁé %%?n%% b;?%&}‘mé RBifate

sulfate ion free solution in accordance wt
confRiBing BHfonicaridiar dhe salt thereaf ta hatuskdsn acsatdaace witmthis

OGBS R 52 1 i b B B

acklibf tteesalptharaoftib éessathlhimR % (WA)Ch B%Q%fﬂtﬁid% sulfate free
orresponds to that concentration of sul fate I on

soilienssuWigte iQromaysiriginate Hieun istiifenicfacid, thersaltdherent gahd/Or from

l'ution by adding sulfate containing
angﬁtﬁtejf;“g%urggl d or the salt thereof to be used in

accordance with this invention to the sol ution
the sulfate ion concentration in the sul fonic
FO&&“@”B?CQ a0 Qfihe qonepeisatiorsof swliate em ia sulfeisragid or i the

salR Fh&redf bt H {Heo uin 3{:’#&8% o tf\g pré% W 'Qf/)(?ntf’q%lfkglbfvn. methods

may orli gi na rom st on|
maynbé atilizedsuch 8s mcmﬁnﬁtogmm@/%r thermetaatfof heRlmeftic

f
oSS ALk e B tn o o e
{
or SIS RIEN i SO it s

begedutedto Iassﬁﬁadmlewmueafmmxamplstby aﬁ&npn@'ﬂmg%uﬂfb&e ion as

LT o T .

doirics f@@ﬁl GaRdIy %bldb‘lb Byﬁlﬁm $itts” FHERSErd e ?r%%étl&%hlﬁ)wiéamds

val ue, for exanple by precipitating sul
dohet ipriesipiliateaand Wfaﬂe icag Heagasiiy sﬂﬂama’uede‘rorﬁhbe aohutieni Durmg

rrsel ves . d
s BFblaT BhliohREn e 0 2rd saBndns o diele: e spwtion
majcherégdricraidal Wih & tRiFng Ybf BbRIBAN R LaSlion SPBAIAHS
fromthe solution. Duri n%

carbonate. Such regeneration may be performed by subjecting the solution to a
barium salt solution in a batch operation. Alternatively regeneration can also be
performed continuously by adding the barium salt in a small excess to the
solution according to the invention in order to continuously remove sulfate

thereof by precipitation.

The method in accordance with the invention is simple, easy to perform and
cheap. It serves to prepare the copper or copper alloy surface to thereafter
deposit metal to this surface, especially of a copper or copper alloy layer

applied to a substrate. It involves the following method steps:
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t he use of such solution, for maintaining the solution
free of sulfate, the solution may be regenerated with

w@2@ansarme salt solution, e.g. a solution of baPCT/EP2004/002702

carbonate. Such regenerati on9my be perforned by
subjecting the solution to a bariumsalt solution in
aEBatch 0 e%ati%n. ternatjvely regeneration can al so
bé/25 FOTEEHINGINE SHTRAB 86 hersplulinn ingedeedanad with e t
in a sneéntRrCaRPtHePedffts Sol ution according to the
invention in order to continuously renove sulfate

t ther eofcoying ithe spiface with.at Téestmeichndtdln accor dance

with the invention is sinple, easy to performand 30
cheap. It serves to prepare the copper or copper alloy
Tiseistibsieates ddmesramd ebppdlaRpticks LA %ES%iﬁJgn? iﬁ&&&?%% tric
.especially of a copper or copper allady lTaye app e
ClitLagTiges, feaditames BRY sbutests lech ek leqyi muiltimtihiosbnnectors and

THERS i FIERRS, IR PRSPl TR oot AT oduasance

wth the invention and thereafter b) coating the
surface with at | east one metal. 5 The substrates

Th&apiktien iy aeeprslance writhdbednvantiondprsca icad-bichinréfiet. At
- L CUI jer l.eadf ranes and_contacts .
St SN
aceardarteEswith lthig irvedtisn pkahits enBBELP B ,e@@ﬁ&%@agiﬁg .og;]de free,
vent'i

rﬁl uas. The solution in accordance with the i
SN, SEMQsPEIARRGT EFFaes Withra satin Zeigrightifmish. dnis at e

' f = inute. T l.uti
RIS R otteed VR Ay Foplbrndtas Waktam 2
unéfocral hismostouctre on thexsutéade efethe rAg@OtAuS @_@M@l%sﬁbﬁgible for

e wwth a satin to bright finish. This

copper. surfa
th%ﬁﬁ@ﬁf‘%é@“‘?@g afpeatapcenthe mriafastcliseof shetal swiépgasrmay for
OEMIAL Besaralied Guypol | SioR Mok QLR ARIPE #lin 1
conherrenihe peonite i detsrmapiharnasiceal i hness o thalstMace. XFM
t al surfaeges rmé for tgga | e be anal yzed usi ng

MAFPISHST EdY pndPBREpY fiambiengiinaed copsikutions iy
inteAsdTtiESlal htdRicBbAS 88ch 18 VB » aafsolH%}QSt?&wsoﬁqéllégtrostatic

. surface. AFM neasurenents re on neasuring
Intgfqcdings ensheertthtor intagel surfacef struattres atthé atoralc level. They

j cld ons. such as ,Van der als interactions or
shé%@%tﬁ oa;ﬂegﬁ%pg fhe SSiution in accordance ert]h the invention, a residual
roughness Rmax of 26 nm was achieved. As compared to the geometrical area,

the surface only increased by 3.6 % (measured on 10 um by 10 um areas).

It has been found out that the values obtained for the residual roughness are
well correlated with the optical appearance of the metal surface. Table 1
opposes the values obtained for the residual roughness and the optical

appearance.
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20 interactions and permt to inmage surface structures

at the atomc level. They show that, after using the
W@ 00u0830m6 | N accordance with the invention, a PEFEP2084/002702

roughness Rmax of 26 nm was #rhi eved. As conpared to

the geonetrical area, the surface only increased by
T%{f % (measured on 10 pmby 10 ,um areas). 25 It has

81 found out that the val ues obtained for the
resi dual roughness are well correlated with the
optical appearance of the netal surface. Table |

opposeRetidgaMaligersOR aifed fof the r 1SS
and_the optical aDpearzEmc]g. WD 2004/ Sgg%ghpﬁé)#g%

PCII/ EP2004/ 0027929 10 Table 1} Resi dual - S
Rmax _[nm_ Optical Appearance x 40 bri ghtﬂrgﬁ%ﬁgﬁ{s

41: 50 satin toghrgpght finish 51-79 satjn.fi iy
matte NMboreover, it has been found ou?gdtuﬁa{{) bpg@mn%%

residual roughgesg depends on fhe 5 acidig, Strength of
the_solution in accordance with the invention. 1t can

be| noted that hggher acidic sfrength Teads Lo greater
regi dual roughness and, as a result thereof, to a

greater increase of the surface and vice versa. The
acidic strength may al so influence the etch rate
Megerrer.ithhas beemfaunst eutithet ihesiesithial raugimesssiepsintlb on the

oS AR PR R e s RERar oo bhsted

thatl ighdreacidicautre gt leadgad fgfr@@te?‘iféﬁdﬁéltﬁéubﬁn@ and N%s a result
sol Fﬁf actor responsible for the formati on of surfaces

the{or. {9 & greakariingrease of s susace Andivide versawdibe elcigic biyength
. 1 I ci ficall
R AR Ok o SR P I R T i uratrsis
withrhigoerelcheatss wduallh eesistng iretompaitiel gzt fdskmal | Y
erhrhancefi a eve rance, h e., a surface with a 15 brighter
roUGTHIESK: R NeBPRYT o N dlshaesre faens! put thet thedelbeata istnot
the HGlel ' ; L i
e BYBE RN 8 SO S AT ot
possible finish. It was clearly to be seen that the use of the more specifically
sulfate free solution in accordance with the invention produced, even at the
same etch rate, a significantly enhanced appearance i.e., a surface with a

brighter finish.

The solution and the method in accordance with the invention permit to
eliminate the problems arising using the known means. The bright surfaces
required as a result of the ever-increasing miniaturization can be produced with
the solution in accordance with the invention without the trade-off of a
simultaneous reduction of bonding strength of the metallization to follow. There
is no formation of brown stains on the bright surface while the substrate is being

taken to the rinse tank, which additionally further improves the bonding strength.

Surprisingly, resin smear, which may form on the areas of contact of leadframes

as a result of “epoxy bleed out” as they are being cast in plastic, may be
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required as a result of the ever-increasing _
m niaturization can be produced with 20 the solution

woO pooaogpdlance with the i nventi on w t hout the PCHER2004/602702

of a sinultaneous reductionpdf bonding strength of

the netallization to follow There 1is no formation of

brown stains on the bright surface while the substrate
miRimizghysingdhe sotusionre acrersiancamkith thisi iohentitdi piional | y

h. 2
e'%ﬁ{ré&ﬁ&alwéﬁmﬁﬁgg@e%gﬁ?é}%hﬂ:rhe?rg; for?n on the areas

of contact of |eadfranmes as a result of "epoxy bl eed

" they are being cast in plastic, my be WO
A%Ef 3%3%‘@5@@?/@9&%&7 boghtopirface showing redtaissigthdiene

aﬁﬁ&&%ﬂ@?rd@etﬁ%%@é fr&H A {ﬁéhee @%/?}n%ﬁﬂ%?c? rsw?\%g%aprmg

el ectrolytica coat ng Wi
adidstamerdgd a:)gbh(aonmsaldn thelwondbttivei pARES . RIRBHRDeféts during

t 5 avoi ds the problens stenm ng
tn Bl ingeme BT aKANG:StSR dph e ERle deemelethg eadameitonof

IR e rse
blﬁnfugqct S dufﬁﬁg SW?{I HFC %F%HPBIL éél 'jlgléa |r}1d§%é§88’edf or
exanpl e durlng el ectrol ess dep05|t|on of  bi snut h,

kel , gold or palladiumare not

THEOEREn 1 Becqal S i B e iR e ABa s (thoveraome the
prbbl‘éﬁ’ﬂbh@ﬂg%ﬁ’ﬁ’%'@ﬁé\ﬁh%ldi%ngv%mlﬁggf%ﬁbel h orpﬁa?tases

arising usin nown sol utions, the pr
thete isdremes@alepastiat elhtlsough ﬂrmtsmrfmm@s prevfousiyt béd;mqmed

il e AR TR e hds neg-UnsRrnT hepen.
pr&’lblleﬁﬁs arisihb @@mgamwnwvméﬂcn%om%r#&%%fét‘b‘}hé%&tthgf‘ﬁ\e

are due to the tact that the 15 copper surface
COpPgH Eacempetused deaedeo aosmemstmeture ée, to@mgm @lughness

LIRSSl P o B AR RS
rougtthess défith of UbSBgHEMhe baesudr Ié&%r& 6 B@%Frﬁ&ﬂ ﬂﬁ?eon

i ch usually have a thickness of 0.
W%@EHFU@'U 'ﬂ%‘@ githisknessefi}-8 - S, wﬂl adaptatb tbefgaacarstexture The

ol s M Tl Iy b o WO R e ol

negap‘afslytaéﬁéohcmred;loh ®ehexiafBf ehemfcilly dePoER&S Altkel for example.
tioned, surfaces that are etched in this manner are

Fop £ reafRansdNeBtionsdch s4ERARS hat@re eichad indhisupennersareTet
suﬁ@@%ﬂm@gugmgqﬁ% (flﬁ:"ﬂ"sfl‘nluchﬁelsow so that after etching

t he thicknes
The resulting copper removal is low so that after etching the thickness of the
copper layer varies within but a narrow range. Another advantage is the low pH
of the solution, which is 4 or less, as such a pH permits, in contrast to many
prior art etch (polishing) solutions, to utilize the solution while using alkaline
soluble solder resists. The service life i.e., the copper absorption of such an
etchant without the trade-off of a reduction of the brightness of the copper
surfaces, is on the order of 20 g/l and more, which is also due to the low pH
without complexing agents having to be added to the solution. The operation Qf

the bath, the analyses and the necessary replenishments are easy to perform.
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25 copper layer varies within but a narrow range.
Anot her advantage is the |low pH of the solution,

wokioglsi7ee 4 or | ess, as such a pH permts, in PORNEPRS1/002702

to many prior art etch (polishing) solutions, to
utilize the solution while using alkaline soluble
sol der resists. The service life i.e., the copper

Thg seluiendn ageorsigaRe arith thiedheention haoatpH be theadeecdff4 and

fi t he ,bri,ght ness of .the copper 30
leé’%r@- giegrgBﬁ/l ﬁ%lh 9%@9'9@%5% Za P trot 18, PaHFWArlY s
prefgmedlue to the | ow pH W t hout conpl exi ng agents

having to be added to the solution. The operation of
the bath, the anal yses and the necessary

R B B e A R 2o RO S0 e

baemedésuritrd, tire hasnatiqybhronf tHiea@raec @ulfdm@%&ds'é’rﬁﬁ@f thg salts
%efer ably of 3 and less. A pHranging from2
ofilge ﬁé?m?EEISHFfPQ'C ge1dist Riefesablyscampaseeet leashohe ehenylrg;oup,

f th t
WIRER P08 s Betiufes B Spk Ur tholiebledn elebte ra g upre
c%mbriaumg mta:;.ammnanuydrbxy healegér sc1 oC514mey1 #88i6BLs #hd C4 - Cs-
sul fOBl referably conprises at | east one

Cg‘ﬂl% H‘e a II K %9Xb@@9@§tmﬁm5M sy suhetitotedyor e

pf%%?%%%%%ﬁ‘m?ﬁ /RO AbGHR. £ ARTBRE 3y el € Supstiuted
by-a gtglraldiyaifkadlyahsamersel raay Deeselbdtgtl indshbatideply frordogal s

SO0 be s bstl ut ed, preferabl y by am no, hydroxy
a”@ﬁﬁ‘?fo Wh'F @he Splestsd Trgroile groupasspising Benpgne
[
B AR SR RS oy
sulfenigqidi afe partichiarlyrefermehNatithglehe sutforic saidl ioanesther

Py SR Hoectip Rl Won® 47ES phparteularagterence are
suph eheiHesl cohpRiraaleRey ssbifosttéhqhl d is anot her

preferred substance. The aromatic sul fonic acids of
particul ar preference are such having a corrpar atively

T B T SO Y A i
conqmspndn?D”heNlﬁe{’érb@cﬁlb%h%dﬁﬁ%%%?any%é?é&élﬁ\lﬁ‘l%% Yhe

sel ected fromthe oup conpri si ng nono-
9rquyR CAMRHaINgenpaoW, h‘gﬂ\br’fﬂd‘y@hdde’tfarﬁi)batm‘ecycllmmenpounds

Mo?ng%%'eeys]‘iﬁglly%hetcgﬁp%%%ﬂg§thnéaréb§/ ReLEY ol YSembls. ©
Compounds of the group comprising pyridine, N-methyl pyrrolidone, adenine,
guanine, uric acid, imidazole, pyrazole, piperazine, pyrrolidone, pyrroline,

triazole, tetrazole and the derivatives thereof are preferably suited.

The N-heterocyclic compounds contained in the solution in accordance with the

invention do not substantially influence the etch rate of the solution.
The preferred concentration ranges of the solution constituents are as follows:
aromatic sulfonic acids and the salts of the aromatic sulfonic acids:

preferably from 2 to 250 g/,
more preferably from about 20 to about 60 g/,
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Conpounds of the group conprising pyridine, N nethyl

pyrrolidone, adenine, guanine, uric acid, imdazole,
w@eoangd7eq pi perazi ne, pyrrolidone, pyrroline, PRBEP2004/002702

triazole, tetrazole and the tigrivatives thereof are

preferably suited. The N heterocyclic conpounds

contained in the solution in accordance with the

i nvention do not substantially influence the etch rate

Nﬁeté#&%yéﬁc% HéﬁﬁgBungf’Q The preferred concentration ranges
f ol uti ]

of the’'solution constituents are as follows: aromatic
sul f oneferakby flemehd td BeOgl ts of the aromatic sul fonic

acids: preferably from?2 to 250 g/l, nore preferably
£ orfhaED Bre 815 OS] Ol AbcubeDmi 085706
PCT/ EP2004/ 002702 13 N-heterocyclic conpounds:
preferably fromO0.1 to 300 g/l, nore preferably from
hystiegen peraxddabuto @OvY/ |, 5 hydrogen peroxide (35 %

/ : f bl 60 b 110 g/ |,
hor Sr5esBBEED A0bukP R abo8b1 foalnout 100 o/ 12 irost
pr efaoabbierae! AL 8018 diiouk Sgbqybe_under st ood

that the etch solution also operates “outside of the

condBastpreferablyaatpes 10Adi/lcat ed. Accordingly, the
concentration ranges indicated are nere standard
val ues. 15 The peracids used are selected fromthe
It igrtowe GeIatsicHdBaPHeasts sBiflion! 4195 8@&%?@&?&&@& Al d
peraci ds being preferably selected tromthe group
COpgRRAIrALe fREasHodicates Adcartinglyr thenzricentratidn ramges indicated

i1 y onstituents nentioned, the sol ution
ar?%ﬁe ﬁgﬁé\%@e\%&ﬁé

n accor % the 20 invention may conprise at

| east one adjuvant selected fromthe group conprising

pol yet hyl ene gl ycol, polypropyl ene glycol and the
Thgqreragidsised amaelested frome e grobie asiisrisieg orderiic aby

in(ﬁﬂgﬁE%érgkiﬁs?géia\bae%cidé BSin%"é’r%?éran ssetlgclztgd from the group

comprising perboric acid and perbenzoic acid.

In addition to the constituents mentioned, the solution in accordance with the
invention may comprise at least one adjuvant selected from the group
comprising polyethylene glycol, polypropylene glycol and the derivatives
thereof. It could be observed that, by adding this adjuvant, the copper crystals
became even smaller, which additionally minimizes the size increase of the
surface, thus further reinforcing the bright finish of the surface treated. Said

adjuvants preferably have a degree of polymerization in the range of from about
100 to about 1000.

According to the method of the invention, the copper surfaces are preferably
cleaned prior to being treated with the solution in accordance with the invention
in order to remove from the copper surface contaminations that would interfere
with the treatment. Conventional acidic cleaning fluids may be utilized. Usually,
surfactants and, if need be, complexing agents such as triethanolamine are

added to the aqueous cleaning fluids in order to improve the cleaning effect.
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becane even smaller, which additionally mnimzes the
size increase of the surface, thus further

WO 200nf0837¢¢ ng the bright finish of the surface PCEHEP®U4/002702

Sai d 25 adj uvants preferabl yldave a degree of
pol ymeri zation in the rangﬁ of fLo(rjn afboﬂ] 100 t?i o
out ,100Q. According to.the nethod o e inven n,
P ?eﬁ%ra@&b Fefngq FieR g?'@nﬁe@f watgsifgr exarspleemap ticoprovisied for
aﬁ@imga,ﬁihgat ed with the solution in accordance with the
invention 30 in order to remove fromthe copper
surface contam nations that would interfere with the

T RS ERPreC BT 8 iy avifuihenepluian inceesasdance with the
Ineoniure ¥aidsalaaoh HeriéChrefsiably Shdany ﬁ%g%glﬁﬁgr%%ged

to the aqueous cleaning flur'ds 1n order to t he
tegIResAtung & froat abowi@ 200K/ ABRREE TTT HEPRAGASEPNRe pkéferably

' ep.Wfh deionized water for
orRBShRa oty gl T 8e iRt Do e S B T omporaturs of
the spheionsduimEeshMetid Rat&dnw dibh ?@&t@%‘ Wil dBeedy.

accordance wth the 5 invention, sald solution being
A%&@Q%Wh%@rﬂr eepssing timerie nieededtin this tcaspes abtaie aodertain

. out 60 C ., The prqcessing tine
elelh SRS nicel R8s BB b deire B tae e kot et 20 to
abweit 25T0ds brafbetd bRt BBEY 2bUEB| 8f thet ABHRRY Wiﬂhogfdle preferred

during etching, the faster the etch reaction wi Tl
prg‘f%%rg@tlmep@@ag@ibﬁgt $20 geshorter processing time is

needed in this case to obtain a certain 10 etch

result. For technical reasons, an etch tenperature -

Nendintiiengppipeo sughoss c29 beGonddstell WA Cshifuriy £5i€" sk b%ferably

.keep ea control of the nethod, with the preferre
W'%‘r B Sird &UBPH%E‘B@} REorvMetalgating. thaskrfaces eangppterably

, n M. -k C acid,, nmor .
B e g B ARb R B TG e, B8l caPBsfed 5
preferably sebecitet fromhihegyrof pcemmwih@b%ﬁﬁjtﬁbbc%’ppé??tiﬁ,' g?’tﬁ@,dsilver,
r.eseificjall. sin (iieionized wat er. The neta

PaPEg] 5% ”ﬂ%e,w%r@%ggﬁ §@!P&:ff@depr@‘ﬁfamxléfcymﬁqaas

B dsShi ' 41N, gold, silver,
° pal | asdsi ﬂlﬂ'?ng%'ﬁ@d&ﬁ}éiﬁfﬁes&ﬁ?ﬂ tlt e metal being nore

preferably formed as electroless nickel-gold or as

Thgr}ﬁgfa?ﬁojlyetré gppllzeod may for example serve as bondable and solderable
contact areas or as electrical contact layers for push buttons or plug contacts.
The metal layers may for example be deposited by electrochemical, electroless
or chemical plating. Chemical deposition by metal to metal charge transfer is
preferred, one metal (here copper or a copper alloy) dissolving partially while
the dissolved metal, chemical tin for example, is deposited. Electroless plating

e.g., electroless nickel-gold is also preferred.

For forming an electroless nickel-gold layer, the copper surface is first treated
with a bath by means of which palladium nuclei are deposited onto the surface.
Next, metal plating may be performed in another bath comprising nickel ions, for
example in the form of a sulfate salt, and a reducing agent. Usually, the
reducing agent utilized is a hypophosphite salt, for example the sodium salt

thereof, or the corresponding acid thereof. In this case, a nickel-phosphorus
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The netal |ayers applied may for exanple serve as
bondabl e and sol derable contact areas or as
web@ansizeml contact |ayers for push buttons orP@i/EB2004/002702

contacts. The netal |ayers tay for exanple be _
deposi ted by electrochenmical, electroless or chemcal

Che deposition by netal to netal charge
%‘%'f%r fian St’%@é‘r‘?"@&'“gdﬁ@ é@tg@me(ated etheoiedecingragent
um%@%llleﬁé é’lﬁbréHeS%?ﬂ Sl %aJIHe?\#&llé{rg@n%&@neI%r a boranate such

di ssol ved netal, chem ca
a@épdlslm bdtorﬂme:b"tdeollfq:nsemmtsl gyers ags to B @ebbeités The reducing

iR S s A e T,
addm@fﬁa”f@ﬁﬁ@%e é&ﬂwéxmgaagéﬁtg ﬁ%rggﬁ?ﬁfl%lt})@g‘aﬂlc carboxylic

pal | adi'um nucl ei are deposited ont
aqidstpH @@h@tmmagentﬁgsmdyabanp“eolmumrh;ddnomcwmtét&ﬂaﬂ@abb well as

SISEPLISEALS) 4 SRl LBty GAETBLS b g Hosted o
the@]mrmgs@g%méd Hidkki Ié?ér ifSr @M@l@p@félt%ﬂb@eoﬁéﬁéfer thad or

arTPI e the sodium sa t hereo rrespon

bya%’ieéf reless dating, r er. Hisincaseducingiagkat. - phosphorus WO
2004/ 085706 PCT/ EP2004/ 002702 15 |ayer forns. If a
ni ckel -boron coating is to be generated, the reducing

Fcarg‘ermlngwt chemishl ih lldydrethR QR eurhes i sﬁé&‘ﬁ%bﬁed with 1 @ solution
met hyl ami ne borane or a boranate suc as sod

CO@&?"&?‘\”%FB(HH@“SJ for pua@ple HREI) dufpte, areacidtsaches sulfurlc acid,

Il preferably be
orE AT R M LB PR T ke oBagySeach s
chadgk transfr Irya st WithedppEP dRsbRth & Eﬁﬁte%e@& gf tin

specifically organic carboxylic Tacids J usting
agents such as ammoni um hydr oxi de or acetate as wel |

. . y d .
RSl Lo pRs R LBoBL it BN Prararesseidn eygrent dip
plapttat eor tmleqifebed;s‘iryge bf pﬁmredeoi@mnlbbabas at ﬁé@bggn t&ﬂ{bﬁ&@t that
q el ectrol ess pIatlng e., using
tnd Bt ofgdiat Bredemend somvaveszad siatinadiios lhnNthlalyéme printed
mr&wﬁ.é)?lﬁgjl%ﬁére%ﬁv@??d lttzrr?glaﬂlft@(rg bgétg | aehi%lp%?qt%g c%rquyg}gs

diragtici (matla);whllabes@ dartactedaith theapvdcassint @Mfcﬁﬁ/la sulted
tin layer is formed on the cop

”OE%?? §b‘8 \ﬂsaspéay EHQP@/@ ZZiassie dari@ ey @ﬁVanﬁOl@@ﬁm'rthls
pufbcsEEOkhe PaNnfed diRBitRRIaedd Eafbelidly hbRzontally or vertically or in any

other orientation.

In a similar fashion, substrates comprising copper surfaces such as leadframes

can be processed in reel-to-reel (RTR) systems.
The following examples serve to further explain the invention:

Except for Comparative Example 4a, the concentration of the sulfate ions in all
of the etch solutions of the examples described was reduced to a value that
corresponds to a concentration of sulfate ion in the sulfonic acid of less than
0.2 % (w/v) which is added to the solution. This was achieved by means of

barium sulfate precipitation. The barium sulfate thus obtained was filtered away.
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The substrates conprising the copper surfaces can be

processed in current dip plants. For the processing
w@boopos3IThed circuit boards, it has been found PCI/EP1va1/002702

the utilization of what are t@&rned conveyori zed

plating lines in which the printed circuit boards are
Tconve ed th(y(t) h the Iant on a horizontal conveying

bﬁ)phll' dbe 58 'P%ﬁ@ﬁ?o 1y &0 el prgseohiraentidn washalivags about 4
orRegscessing fluids via suited nozzles such as spray or

flow nozzles is particularly advantageous. For this

purpose, the printed circuit boards can be held

hori zont IIy o&vertlcall or in any other

m(jjﬁ‘? EfFaR ‘?ﬁa Prigeed fireuitshegidathatwareelectralysicalit esnforced with
| df b
R o o b e B R e et of Tow g

exanples serve to further explain the invention: 30
for .Conparatjve Exanple 4a, the concentration
o Cé‘%ﬁr?'?ﬂ EP?%ﬁg'di'(h cgnvenienaligdeanios flgisk ut i ons of
thegemeg,@”ﬂ%gJ bed was reduced to a val ue that
corresBonds to a concentration of sulfate ion in the

sul BenProcessimgdhelpeided bixouit Bodrd fon\hhinuhés Babis (asdded
to the_sol u This was achi eved by nmeans of Dbarium
squat%X (,egltatlon The barium sulfate thus

obt a nt)&})?%xrﬂd) bt’ﬁ'Vongv/@?:@Ml s &G04/ 085706

PCT/ EP2004/002702 1 In the solutions
acc & dRingingintwatepr esent i nvention was al ways about 4

or hLes e exanpl es, printed circuit boards that
oer 87 ot Pt B T Pl Rn e IR ten st Siypisical Gord using
cl addi aigrevreetal pEngedidtbrshe fol I owi ng manner: 1.

Ceaning in an acidic, conventional cleaning fluid;
2. Rinsing in water; 3. Processing the printed ci rcuit

fo tes ch (s 10 ex les); 4.
Ex%ﬂgiéjﬁa %%(%mgl eln'HO/%C(: ncfu‘fvﬁﬁrﬂﬂ%”ﬁ’&“ggﬁ- 5. Rinsing in
water; 6. Metal plating with electroless Ni/P and then

W th chem cal gold usi ng current nmetal plating
An gaugcussolution was prepared by mixing the following constituents:

phenol-4-sulfonic acid (sulfate free) 50 g
hydrogen peroxide 35 % (w/v) 100 g

Deionized water was added to bring the volume to 1 L.

The solution was heated to 23°C. Then, two copper foils (printed circuit board

quality) were each treated according to the aforementioned method scheme by
dipping them for 120 sec into the solution. After treatment with warm deionized
water, they were dried. One foil was used to determine the residual roughness

while the other foil was metal plated in compliance with the method scheme.

The copper layer of the analyzed foil had a satin to bright finish and had a
residual roughness of 44 nm. No stains formed while it was taken to the rinse
tank. The etch rate was 0.66 ym/min. After tin plating, an adherent bond

between the copper surface and the applied tin layer could be observed.



15 Exanple 1 a - Exanple in accordance with the
i nvention: An aqueous solution was prepared by m xi ng

wo b@4f0gd7bowi ng constituents: 20 phenol - 4- sul f PCI/EPR04/6D2702
(sulfate free) 50 g hydrogeniperoxide 35 % (wv) 100 g
Dei oni zed water was added to bring the volunme to | L.
25 The solution was heated to 23C. Then, two copper
foils (printed circuit board quality) were each

=% ac | t f tion net hod schene
byﬁﬁ%}@ggi n%%lﬁg’r%gpgr?;(:%%@g%'i nto @&Sﬁg%'lluti on. After
treatnment with warm dei onized water, they were dried.

E%rehl Leoitll was useﬁlegto.determ ne the residual roughness

P& ¢ ALt REPTESG 1SR S saletian with s follpvdoanspmpnséion:

5 with the nethod schene. 30 The copper |ayer of the
anal yzed foil had a satin to bright finish and had a

topuanaifrsifoniggnid suilfote rdehm BB gstains formed while it
e tank., The etch rate was 0. 66

: e, rin
h%ﬁ%ﬁ%ﬁﬁ%“ﬁ%@%ﬁgt@ﬁwﬁfating, aP%@herent bond bet ween
the copper surface and the applied tin |ayer could be
observed. WD 2004/ 085706 PCT/ EP2004/002702 17 Exanple
Deiopizedpyaiep Meas; af desclorfingcthewalimette i lnvent i on:
10 Exanple 1 a was repeated using a solution with the
follow ng conposition: 5 toluene-4-sulfonic acid

THes ubppérdafercsdd 25a8n ALK HUEH rBSHA%I ©F) ﬁﬁe%/% F)\Nlaﬁ) n]r.O@o
. Deioni zed water was added to bring lg e voluns 10
stilins formed Whilp plaras taken tedbie ainsattank f The stehamte avas
i dual f 63, am. tains, f whi |
2.0, ARGHANRT BRasPo, B SuRisnll adicefthord Peugan thevcopper
suKfacei and thetapliedIsitesr lalet taad e seddri&dent |y adherent

15 bond between the copper surface and the applied
silver layer could be observed. 15

As mentioned herein above, it appeared that the etch rate is a function of the

acidity of the acid used as can be seen from the Examples 1a and 1b. Phenol-

4-sulfonic acid has a lower acidity and accordingly had a much lower etch rate

than toluene-4-sulfonic acid. This, together with the formation of smaller copper
20  crystals, resulted in a reduced residual roughness in Example 1a.

Example 2 — Example in accordance with the invention:

Example 1b was repeated using a solution with the following composition:

25
toluene-4-sulfonic acid (sulfate free) 259
hydrogen peroxide 35 % (w/v) 100 g
polyethylene glycol
(degree of polymerization: 100 - 400) 25 ml
30

Deionized water was added to bring the volume to 1 L.

The copper layer had a satin to bright finish and had a residual roughness of

43 nm. No stains formed while it was taken to the rinse tank. The etch rate was
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As mentioned herein above, it appeared that the etch

rate is a function of the acidity of the acid used as
weanipgs7seen fromthe Exanples 1 a and 1 b. PheCIDEP2004/002702

4-sulfonic acid has a |ower #8idity and accordingly

had a much | ower etch rate than toluene-4-sulfonic

cid, This, together with the formation of snaller
1 -gotﬁB/éFm- eg PV%?LP'@TIH%@@ pelberdnt banddwRivednriksicoppér surface

afPHERSSIRJ mc;t@ﬁ : ,.ecolulgﬁﬁ%gﬁ:e le,2 - Exanple in

accordance w e 1 nve ( mple 1 b was
repeated using a solution with the foll ow ng

ition: | - 4-sul f oni id | f at
Bf%%@%%lﬁ%ﬁlﬁﬁ%éj@qﬁg&%ﬁnﬁe ?ggiﬂé(ﬁéﬁ)’leé&gregﬁcgd etch rate

! | ; | ' ion: 100 -
G e R X Lo A R e PO s o Bire i prpared
wittbEample1b. L. The copper layer had a satin to bright

finish and had a residual roughness of 43 nm No
stains formed while it was taken to the rinse tank.

ExErgpletzhEk 'é’\@‘saé%rég'ﬁéépﬁ'ﬁtﬁmé RigHEF2004/ 002702 18

1.8, ummn. After nicke ing, an adherent bond
bet ween the copper surface and the applied nickel

| d _be gbserved. By addi| o] yet hyl ene gl yco
E’%aﬁ*@éa@ﬁv*’ag é‘?p%%saéﬁm ﬁé&YLﬁ'OPéM't Hga dleww%@@mpgs&lﬁa;
as a result thereof, a reduced residual roughness when

directly conpared with Exanple 1 b. Exanple 3 -
tolgepami-slifoniaseier (suliete ke the i nv2Hyi on: 10 Exanple 1

¥si.ng.a sol uti on w t he fol |l ow ng
hy?%%os@%ﬁgﬁ]{ee‘% ({'fsb'&&% 4-sul fonic 3@5(9 (sulfate free)
pyBding hydrogen peroxide 35 % (W V) 3Pyg pyridine 30
m 15 Deionized water was added to bring the vol une

to | L.
Deionized water was added to bring the volume to 1 L.

The copper layer was bright and had a residual roughness of 31 nm. No stains
formed while it was taken to the rinse tank. The etch rate was 1.5 um/min. After
electroless palladium plating, an adherent bond between the copper surface

and the applied palladium layer could be observed.

The solution in accordance with the invention was prepared, using the same
sulfonic acid as in Example 1b and adding an N-heterocyclic compound. As
compared to Example 1b, the etch rate diminished and the size of the copper
crystals was strongly reduced. As a result, the residual roughness dropped

significantly and the surface accordingly had a uniform bright appearance.
Comparative Example 4a:
Example 1a was repeated using a solution with the following composition:

benzene sulfonic acid (containing about 2 % (w/v) HySO4) 25 g
hydrogen peroxide 35 % (w/v) 100 g



The copper |ayer was bright and had a residual
roughness of 31 nm No stains forned while it was
W@ 20081083706 t he rinse tank. The etch rate was 1.PBCT/EP2004/002702
,ummn. After 20 electrole$8 palladiumplating, an
adherent bond between the copper surface and the
|ied palladiumlayer could be observed. The
pg@‘iﬂﬂ?i on in accordance with the invention wa30 mi
prepared, using the sane sulfonic acid as in Exanple
I b and addi ng an N-heterocyclic conpound. As 25
Deiszacewates viamagtied to bring e eslame tat£Ldi m ni shed and
the size of the copper crystals was strongly reduced.
As a result, the residual roughness dropped
5 Thégoppecanttywas g h i
uni fgém b.ryi ght ﬁ%%ﬁ?gﬁﬁg%&%5@#%%&%@“%!\1%&”8
foEmgApyiale it wandsker e tieednaesiany. Ahs alteit fate wad 1.2t he/min at 3

i ition: .benz | f oni i d
B S SHEASe3 S Ff e
capgedxueiacs anththw/anhlid8 G QAL
BT/ EP2004) 8027oza\pb E%@%ﬁ?%ﬁ% 30 c%rlﬁ%%g?bésr%r‘éeedd wat er

was added to bring the volunme to | L. 5 The copper
: h a_residual roughness of 88 nm
10 Hy@/EpobesrelihLE ARONIRIG eldiets BreiCvoMansiriatesiat formed

wasnkt bigte. The leteRtatyascoli® notlbé i rAyre
f 25 After bisnmuth pl atigg, an gﬁﬁ%g?téﬁégﬁgﬁﬂ

heggmg}p $91BPOEBRpERIS SxEfmpte parditie do ajmphorextraté smeltfluence of
s Ul . ... 10 it t hat
2 QRlic SR oS SR, aa® il o S ke @ancawin the
presentidveniion. Thie SOl befdvedaliers SERIRY Scia Uik sBtioft®
. |

15 I mproved by adding an N- heterocyclic conpound
exanple permtted to denonstrate the influence of a

Exaihflenipc. ped IS fate ions.that was not in
accé)r dance)?évmrﬂ{)%q%dc%&r%ggﬁ“}?m?e'ﬁl?’%tﬁqn'The sol uti on
behaved like a sulfuric acid etch solution. 15 Exanple

- ampl e i,n accordance with the invention:
Coﬁ%@ﬁg? i@é‘”@!ﬁﬁﬂ Vas EeRpaded epidgtasolutionyvith thelfaldwing
cowigdaitidpe f ol | owi ng

20
benzene sulfonic acid (sulfate free) 25¢g
hydrogen peroxide 35 % (w/v) 100 g
pyridine 30 mi

25  Deionized water was added to bring the volume to 1 L.

The copper layer had a satin to bright finish and had a residual roughness of
45 nm. No stains formed while it was taken to the rinse tank. The etch rate was
1.3 um/min. After chemical gold plating, an adherent bond between the copper

30  surface and the applied gold layer could be observed.

This example clearly shows the positive effect the solution in accordance with
the invention comprising a sulfate free sulfonic acid has on the etch texture

when directly compared with Comparative Example 4a. The etch rate was
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conposition: 20 benzene sulfonic acid (sulfate free)

25 g hydrogen peroxide 35 % (wv) 100 g pyridine 30
work00268eé oni zed wat er was added to bring the ROI/EP®04/G2702
1 L. The copper |layer had a Zatin to bright finish and
had a residual roughness of 45 nm No stains forned

&ﬂ e it was .taken to the rinse tank. The etch rate
ar, b}l’féh%ﬁ?srﬁi%a rapgaresseonld dle rgolugeg iyt almpst half which

o En P e AT RA IR sl S oampl e

clearly shows the positive effect the solution in
accordance with the invention conprising a sulfate
free sulfonic acid has on the etch texture when

R L o U SO € BB Wi
means ey, bdapplierbta ehiatinad beon gleserised @tylwtayz)@f hedhieribles
resu%ted in an optica

net¥ipBPPYE ity t ghRaRte &t the Seope of the fiveghip s defined by the
apprAeed icPsithst Mk fiy rﬂﬁér%h?:! bhithat é&ﬂﬁuﬁﬂ%ns f feafures
substitutions by technica neans nay q %

damabeﬁastm@eppuﬁmm \glﬁcbeb@ug/@st@j td bﬁrm@dll@jfm the art and
i_nabove 0 eparti om t he scope of the
arp 36 B RERYEL Y e, PEl i P thg S TRriapeL PRt rod gt the
scbpetdigiec Hpgensd of t
e e O L B ARl PRisRe 5B3 iR appiications
citgd heseis arriharely insorperatad bunefeténca.e to be i ncl uded
Wi thin the purview of the described invention and
within the scope of the appended clains. Al
publ i cations, patents and patent applications cited
herein are hereby incorporated by reference. WO
2004/ 085706 PCT/ EP2004/ 002702 21 Patent Clains: 1. A
solution for etching copper or a copper alloy, said
solution having a pH on the order of 4 or |ess,
conpri si ng:
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5 a) at |east one oxidizing agent selected fromthe
group conprising hydrogen peroxide and peracids and

whooansi’east one substance sel ected from the gPOLIPP2004/002702

conprising aromatic sulfoni2facids and salts of the
aromatic sulfonic acids 10 characterized in that the
solution is free of sulfate ions. 2. The sol ution
according to claim1, characterized in that it further
conprises at | east one N heterocyclic conpound. 15 3.
The sol ution according to claim2, characterized in

Pateat Qléiers:concentrati on of the N-heterocyclic

conmpounds is in the range of from about 0.1 to about
300 g/l. 20 4. The solution according to any one of

cliai ms acter| j | east one, .
N Rt of SR forcIene (PPeCer 4 tpahBF U srE S0 HRS naving o
conpr i §Hhgn tivmordér afi4-dv less, icodmimthg:et r a- N

het erocyclic conmpounds. 5. The solution according to

any one of claims 2 - 4, characterized in 25 that at

| east ane AtBOLESREYSIHIA %qi? fremthe..
group ?:orrpri si ng pyrli (%ﬁ%?é%net @?dg'?rnﬁgllﬁ?eggorg& comprising
adeni ne, dlighbgen perdxide and peraciddandl e, pyrazol e,

pi per azi rroljne, trjazole,

lid
tetraz ;) 2e%tnlg%{w@"%@‘%@%‘?‘?%@‘%leﬁ?@rfé@ﬂth@GJr@l:Jp ‘Fﬁ@?p”?inQ
sol ution ageefaiclifoRiCANISBRd b1tk R 1 Sgcﬁ‘ﬂ%ﬂﬂ:gsﬁllfoaf{ig%bids

characterized in that the concentration
substances is in the range of fromabout 5 to about

<ol uty oSBT R ARG iree e Sofeiecianng ot ai s

characterized in that at | east one salt of the
afomatjc sulfonic acids is selected fromthe group
cénpri $NAGOosEpNARcRRding de sleénumebaracterized in that it further

comprises at least one N-heterocyclic compound.

3. The solution according to claim 2, characterized in that the

concentration of the N-heterocyclic compounds is in the range of from
about 0.1 to about 300 g/l.

4. The solution according to any one of claims 2 and 3, characterized in
that at least one N-heterocyclic compound is selected from the group

comprising mono-N, di-N, tri-N and tetra-N heterocyclic compounds.

5. The solution according to any one of claims 2 — 4, characterized in
that at least one N-heterocyclic compound is selected from the group
comprising pyridine, N-methyl pyrrolidone, adenine, guanine, uric
acid, imidazole, pyrazole, piperazine, pyrrolidone, pyrroline, triazole,

tetrazole and the derivatives thereof.

6. The solution according to any one of the preceding claims,
characterized in that the concentration of the substances is in the
range of from about 5 to about 250 g/I.
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8. The solution according to any one of the preceding
clains, characterized in that the aromatic part of at

wo eagnsone aronatic sulfonic acid or of at | eRCI/EP2064/002702

salt of the aromatic sul fonizp aci ds conprises at

| east one phenyl group. 10 9. The sol ution according
to claim8, characterized in that at |east one phenyl
group is substituted by one or nore radicals selected

) hydr o
hit oger e QBRI Bha S Sor i rrecedios. ks

r adi catharatberifed lﬂihﬁatszﬂ'léééﬁh@§&96ﬂfﬁ@aﬁoﬁ1%l&§ﬁﬁ%l@ cids is
the pr ecedte@g&cl ai ms characterized In't

one ar SREC AmrthaicEouR campsising sadieoh arfid potdssiing salip.
conpri sing benzene sul fonic acid, phenol sulfonic
acid, toluene sulfonic acid, am no benzene sul fonic

aBi d aitie20iutaphaduairéing t§@n&@ﬂ§oﬁﬁb%reé&dlg§%l s
sol ution accordln to any one of the precedirng clains,

char actie?esiadized If faat the @remetic ipent @cﬂfﬂeasiem@arolnmsi

oy ot PunfCH, acfer i Soa i oo s o B B i i anios
deri va@mmpss%wetleafst ori@phébﬂ g@rbuphe sol ution according

to any one of clainms | - 11 for producing electrical
circuit carriers or for the sem conductor techni que

| ) VerThé%bllﬁi@ﬁ/é&’coﬂgﬁg 9Bkt d crlllg?%cq%p%%ctgf Odue|ng, one

| eadf ranes I n stens Or

mul ti poenyl gmnmtstsubstxm'ueld Oy rin&cdsSmore ﬁdﬂnéﬂ@%@leo@é@&om the
and socket connect or sockets and pl ugs. A net hod

for depoy¥P H@P'?ﬁéfﬂ%ﬂ%i% afmeosfewraéb hﬁlog@m{éTl 65-edakyl

ot hod o e A S BN Ep20041 002702 25 2)

contacting the surface VVI th the sol ution in accordance

wg h 3We sOlfoR accordmg to any one o??he preceding claims,
characterized in that at least one aromatic sulfonic acid is selected
from the group comprising benzene sulfonic acid, phenol sulfonic
acid, toluene sulfonic acid, amino benzene sulfonic acid and

naphthalene sulfonic acid.

1. The solution according to any one of the preceding claims,
characterized in that the solution comprises at least one adjuvant
selected from the group comprising polyethylene glycol,

polypropylene glycol and the derivatives thereof.

12. Use of the solution according to any one of claims 1 - 11 for
producing electrical circuit carriers or for the semiconductor technique
in vertical and/or horizontal lines or for producing leadframes in RTR
systems or for producing multipoint connectors and contacts in

switches, plug and socket connectors, sockets and plugs.

13. A method for depositing metal to the surface of copper or a copper

alloy, said method comprising the following method steps:
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b) coating the surface with at |east one netal. 5 14.
The met hod according to claim 13, characterized in

W@ bat/ogd1e6 substrate is selected fromthe groupCT/EP2004/002702

conprising electrical circui23carriers, |eadframes,
mul ti poi nt connectors and contacts in switches, plug
and socket connectors, sockets and plugs. 10 15. The
nmet hod according to any one of clains 13 and 14,

an g e raasto WGy FARRHE 3Rue 6 22eAs aascevw%w any

16. The nebhe@fabmﬂédLng1gﬂdagy one of clalgs 33d- S
characterized.in  that the substrate is contacted w
sul furitd aEPding thersurtrceavitivat lesspongynetall. The net hod
according to any one of claims 13 - 16, characterized
in 20 that the netal is selected fromthe group

cddpri di mgnetkmdeaccommg tgelaim 13idheesctepzéd adinaithe substrate
bi smut h anI ZtJ<e| 18. The net hod according to claim
17, chat 8¢ P&%d Kmithe OFaKP ER@PREINgI elpstrical @iatitgrasgers,

ni ckel feirebrgs Qﬂé’lﬂb@lﬁ# céhﬁbotaé %ﬁd c%ﬁpf&eﬁwmt &shglug and

according to any one o pr o §Ue
eIectrS@lekﬂqmﬂ@ptnaannkehsamdpﬂ@ﬁ t he sem conduct or
technique in vertical and/or horizontal lines or for
produci ng | eadfranmes in RTR-systens.

15. The method according to any one of claims 13 and 14, characterized
in that the substrate is contacted with an acidic cleaning fluid prior to
method step a).

16.  The method according to any one of claims 13 - 15, characterized in

that the substrate is contacted with sulfuric acid prior to method step
b).

17.  The method according to any one of claims 13 - 16, characterized in
that the metal is selected from the group comprising copper, tin, gold

1

silver, palladium, bismuth and nickel.

18.  The method according to claim 17, characterized in that the metal is
electroless nickel-gold or chemical tin.

19.  The method according to any one of claims 13 - 18 for producing
electrical circuit carriers or for the semiconductor technique in vertical

and/or horizontal lines or for producing leadframes in RTR-systems.



