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r odghenegens@aitormuaces with two structural dinensions. [0020] The netho
~according to the present invention serves to treat copper surfaces,
especially on printed circuit 45 boards. The acidic treatnent |iquid
preferably serves io form copper surfaces on printed circuit boards, the
copper surfaces being suitable for the subsequent coaling with plating
resists, etch resists, solder masks and other dielectric filnms. The acidic
treatment liquid according io the present invention, preferably being
aguéous, contains a. hydrogen peroxide and 50 b. at |east one |ive-nenbered
het erocyclic conpound. [0021] The acidic treatment |iquid according to the
“present |nvent|on addltlonally contalns C. at Ieast one mcrostructure

g, o, o

c0pperl°°8 |q} Bping 1R &2 ﬁ?fﬂ éFSP§ﬂﬁ'Fé’beé%mﬂttr8Pt ePMHRIRe FPARG” LRSS Gariocouonenet sws



06 -JAN 2005 5 yo r5 organic disulfides preferably |eaving the generq]g;ANz%S
formula R~/ S~ 2 s Rorganic sulfides preferably having the genera
formula R~~ S~R2 25 and thi oam des preferably having the general fornula vC
M~~~ " ~NH2 E], 3r7 wherein R~ and R2 =al kyl, al kenyl, aryl, aralkyl,
especially benz) +l; cycloalkyl and the derivatives thereof, wherein R~ and
R2 may be identical or W§fferent, RB = R~, R~-O, R7-S, anino or
substituted am no, wher ei n® %4 and R2 may be phen) +l| orfsubstit uted phenyl .
[0022] Alkyl is preierabl)+ C7r C2D alkyl, nore preferably Cy - Cr70 al kyl
and nost preferably C~- - C6 alkyl, i.e. methyl, 35 ethyl, propyl, butyl,
pent) +| @pabiciisxijifesgpseidingvinpde gpreef ermued, wherein all isonmers are
i ncluded, i.e. n-propyl, iso-propyl, n-butyl, iso-butyl, iert-butyl,
n-pentyl, iso-peni)+l, tent-pentyl, neo-pentyl etc. This definition is also
to be applled to aIkyIRﬁgroqps in definitions gi ven hereipafter. [0023]
Defivatives of the al kyl Vbu ?%gre preferably hydroxylat@d al k) +I groups.
Exanpl es of the hydroxyla ~ groups are 'I-hydroxyethyl,
2- hydr oxyet hyl, 1-hydroxyp R , 2-hydroxypropyl, 3- hydroxypropyl
t, 2- dlhyﬂﬁ%%V%FW¥PPmmmW§WmW‘?gﬂPﬁV&Wb%ypropyl 1., 3:di h) +droxypropyl .,
2, 3 di hyd[ oxy prop)+l., t,?-,,3-trih~ +C|roxypropyl etc..This deflnltlon is
~al€o to be ° applied to hydroxy groups in deiiniiiorrs given hereinafter.
Derivatives of the alkyl ps may al so be the aII<oxyfeted al kyl groups,
such as e.g. 1-nethoxyehm3{, et hoxyet hyl , 1- net hox) +propyl,
2- met hox) +propyl, 3-nmethoxyprop)+l, 7 ;2-dinmethoxyethyl,
1§g dlnethoxypropyl 7 , 3-di net hoxypropyl; 2, 3-di met hoxypropyl, t

3- 111 Lfsiidwdet BreRPIly r8lify indeneWBbiu@S the correspondi ng et hoxy and
propoxy anal ogues. This definition is also to be applied io al koxy groups
in 45 definitions given hereinafter. Derivatives of the al kyl groups may
al so be the correspondi ng 8)+ano conpounds, nitro conpounds, ani do
commpounds, sul finyl conpougds sul i onyl compounds and suP:.onyl ani do
conpounds. [0024] Aryl is-preferably phenyl, naphihyl, anthracenyl and
phenant hryl and nobss p er atNiiophenyl . Derlvatives of the aryl groups are
preferably al kyl derivatives, i.e. nono-, di and ire-substituted al kyl
derlvatlves the definition of the al kyl groups as given above furher
derlvqilv

a'y% 2 £ ath aﬁﬁef %bd ra}ﬁi// 5B ma\»%%n@égycégﬁél a\r}%ﬁ\r § %/\allg/reg?ﬁgeg wr}elem R1 and R2

def i ni € I ic
deriv d \ H. PG @&%Q&Yw@ﬁ'?mm& WierRin Rt" Qﬁoelgi r@zlyiﬁg)ﬁ &?lroq nut&meQ?I inilion
of th?o@b OA‘!VyIQEQH%Iy@S \é@ﬂ n@eb%@ela VE: 30 aIWI &ér 6/ Q glkylmé\@ne@rﬁl

t N5e€ Ryl Fropyl BAURB AN AVRED 0A% ird flokt Y lck Y8 Suhbrin améuncehs 7 TN Y nQan%ylt/ycﬂﬁopﬁ)lf
subst i A dieNiss-bgyly @A b@p MVRn@Y, Bo- PR & peftyIl At8-pardty kbtc R WESHitioh is@iso Rlbk Yipligd 10 HIPS
t oget hedupsintobrinitibyschivex yergiaesps and/ or al koxy groups and/or nitro groups or
hydr 049028y obgysativerge thia@lkyl satpstane @bikraXy hgirooyiped atytlgromps riixemges of rhe bipdoxpleted alkyl
al\koxydreugs engishyeioyyethyie?-hysrxyethyl, [ hidrgyryenys 2amdrofvanopsh e hytiaeyrooy!r e3giod vy,
3 cy%?no 'lC?O%lgﬁnmgopyln“ 3 gafd@éywwn@%dlhydroxypropyl 1,2,3-trihydroxypropyl ete. This definition is also 10 be
applied 10 hydroxy groups in definifions given hereinafier. Derivatives o the alkyl groups may also be the alkoxylated
alky! groups, such as e.g. 1-methoxyethyl, 2-methoxyethyl, 1-methoxypropyl, 2-methoxypropyl, 3-methoxypropyl,
1.2-dimethoxyethyl, 1,2-dimethoxyprepyl, 1,3-dimethoxypropyl, 2,3-dimethoxypropyl, 1,2,3-trimethoxypropy! etc. as
well as the corresponding ethoxy &nd propoxy analogues. This definition is also 1o be applied 1o alkoxy groups in
45 definitions given hereinafier. Derivatives of the alkyl groups may also be the corresponding cyano compounds, nitro
compounds, amido compounds, sulfinyl compounds, suliony! compounds and sulfonyl amido compounds.
[0024] Aryl is prelerably phenyl, naphthyl, anthraceny! and phenanthryl and most preferably phenyl. Derivatives of
the ary! groups are preferably alkyl derivatives, i.e. mono-, di- and tri-substituted alkyl derivatives, the definition of the
alkyl groups as given above, further derivatives with preferably one, two or three hydroxy groups, the definition of the
50 hydroxy derivatives as given above, further derivatives with prelerably one, two or three alkoxy groups, the definilion
of the alkoxy groups as given above, further with preferably one, Two or three nitro groups as well as derivatives in
which more than one type of substituents given above are bonded to the ary! groups, i.e. alkyl groups together with
hydroxy groups and/or alkoxy groups and/or nitro groups or hydroxy groups together with alkoxy groups and/or nitro
groups or alkoxy! groups together with nitro groups and further the corresponding cyano compounds, nitro compounds,
55 amido compounds, sulliny! compounds, sullonyl compounds and sulionyl amido compounds. The respective substit-
uents may be in any of the positions in the aryl skeleton, e.g. in 2-, 3-, 4-, 5- and 6-position of a phenyl ring, if the
phenyl ring is bonded to the sulfur atom in 1-position.
[0025] Aralkylis en.aryl group bonded 1o an elkylen group, the aralkyl group in this case being bonded 10 the sulfur




55 ami do conpounds; sul finyl conpounds; sulfonyl compounds and suli ﬁ&y .

" am do conpounds. The rbspeciive substituents may be in any of the p ARG HIES
inthe aryl skeleton, e.g. in 2-: 3-; 4-, 5 and 6-position of a phenyl
ring, ii the phenyl ring is bonded to the sulfur atomin t- posi ti on.

[ 0025 }oriviathe@)kykn prourant ar gyl greprdepcesdneledly/erooran. 1t kiglue arogr io tiys, casere na PAIIRY |

gr oupe ie suhirstamye teeiviep womwdéte elyy pieer is-cgfifed es giverpaboveadd2OB VD GFPLR P26 Hhe
al | cyboeempongirgupeanive. e naldRylicogrpRs oheery'ane Tan 2k BIUR YA detired 3p pivgntpgove as well

ar al leyh e agrep @ probmhas HiesoreeaR® Siie MAg)iSonel e BEnYice Tespradsia pRaTYIengt RAY e of threralkyl
apyl amouge etgpreidhaey edriapkndgMbisp corarrdefieriaiend thyi ajurpr kARG StpHer. faaReCkel.<SF BlVEh

gr oumbhiesthe trspectivirepadiiyeieiRang PReEA IO oy g2 RN RITBYRY 1SREBIVF s SRR LR A ! or 2y lene

n- pr apsHrerqenectiely: aryl group i s defined as given above as well and the

ary| dee26yr syqrayss P'ﬁ@ E%Urar‘gs ﬁ&ﬁ'%{j‘y'rﬁé"&ﬁl'ﬁ & CB@'OQ{OPVIbﬁ@WFTV'CFdF'P@%' ﬁ’&’ghet’i’io'
phenyvepreptyespiny aid 9 Pserabie cyflofieRy) erogp. fle e 4 e @?'@H s{awg Al
wHi crﬂeétﬁ#mﬁr5%”‘6@9’%5’(‘%‘&“%@%’%‘“5? T"’eér‘h 'Ioéﬁfé YL RPs Peing é&‘t"f P *,
as gi'vei’ d%’h@ivésw"f‘ﬁéef%’%bé} SRR/ MLRRIY P’fy g"'b H‘& “P%g' é %ﬂ‘ o8y
al k |9é>ﬁ)§f N (ﬂﬁen\iagv g&iHJ élaF)‘_one /obvﬁrete(glkf)f;{@roa T:lmé‘?lﬁf Ikox ;@ eingas

respeQ’:‘te”\f % 2| I|C$|@P| § foonﬁl éor :o%;ggand sul '\ﬂ#.aml o] ere are ?C "hPOU”d~
gr oup eriy é{ s 1 wr ‘L,%rp Lm?Jpe SUb 1 ﬁ Fg «%a’bove hgqu QIETE:;E (Qj %eg etlllX/!
e

g E ié ps agc[/&’aprb 9 ﬁ‘er with alkoxy
CyCl %E anrggr ;ip.) E)?o Ik% )ﬁ‘dr % )( nh nity Qg ﬁfs'ﬂ@ és ve s'ubs%tue /be ndény
tri- dehibhtd 6 the @l dioaliyidREi AL lgv,ﬁ‘ﬁ al 64 6-Pdhibiof a@YcichB§! Rl Kdthe GEIGHERS nrkg,qy ng
as giyRlecAb e uid Bothey. ,51@,5,5 vatives vm t h preferably one; two or three
h)gdr Ops27gYT GURAG RE bv@TefBnychm&lh ofe &fmdrd@infliyell @XMpsOFeaF 1RCENBIR DT Bk Wiiostradnay e,
f urt hasdigieg byt inve@quddul sqiiteh,a6radxbyin© 8 @youp 8Bledid tiohrRegrabd @esysirgraainpscarione
def i nicldcny ead sitith es@d-k exd/thg prowpaed@iHgg N8S,+, §RREF) ca b@vegnafett Bérvativeanhérbof (COO,
pr ef es@pl, yespeveit We aind drsupenayibierzoy graowpsbetinded (¥H5) heenot iWeiRcwinerers pandeélergply
Cy anoalkyd esgdinercrbove) andistbstivtadrapineredsp (SR fvhetein REandip ena materably ik gélined above
Cenporrmitse aerhweyurhcremwwa)m‘rwcémwp@uh?dsncvqf‘ﬁmreuparneﬁ’aﬁns &° oenpe ryethegstunctional
der i varpinreeyiba coliieH mDrae Fhiarodine 1t Ppe et sinss evelAbAs as gi ven above are
bonde@°%8) t‘l\ﬁ@b’ s/} 'Wﬁgq’e e m‘ée’bp'e’éfawF°”’g‘g°r"iﬁﬁ|9§’“?50"§‘é‘taﬁé19 wytaﬁd AieaH gReP
)

gl’ OUng%;ﬁ A|§,1a| as 1e P enyli(?us mone% trerk?r I’OU ?egr §¥|n w(?wlcx }%r qu tmuggtwﬂer

3 X¥3 th f O Th%ralkg gt‘cru eglés 09 n§v'£ n., sms nmed
ni'tr o, G SURSe onn o kSt Mpﬁamea AN e QbeirhAGitPOT, oGNS
int hg@ %&hﬂ Adrdop sscléﬂrte% Qﬁfe 161H@r grbups ¢ Awhi hp isRUbsde AR Ithvd Q& nitd groups
cycl oRe¥Ml as'drdi@s inlvinich r&ﬁerﬁrb’ghﬁbﬁgﬁéﬂ wilhl e 1h8n orﬁqmeﬂjsx.tbgmleh@ a8 Yibdrdbowit 3Mell B f
- POSi oGkt in WRBpHenRls sautthuid wit G, Aibd, Ym0 NHulihy, sOHRBY| Bfic/dreidleny sHied haaak.
grseuppos®diTat iingmériteresioletehicyid sonpburtch erertraerasi seleeibdifr@n thAchup yonmgsiggendzolpn
an aquenusdgokives erec! fagpec@iampereedaogprainp Seaineetade brdmphendetgrzoep conpri si ng
an no[00gHr Box ynicr¢<CEONE nprit)ing LHoerds Q'S(Dmra%nﬁhlqmé"p'nmeomame@mémi cYHIR DL
NRR' Heysteine. a@pmmﬂ@nﬁt"eldcya@?mlv%itfﬂv@e@wﬁ%@?efcﬁ f(c@w"c aC'dS@S”efcaPﬁO@S Jeetaciy

The artARs! 'dged Hff °i?F°péﬁﬁa’tFﬁ§i9Ei§F?‘fiﬁ‘é'a'e%NFE£ L C\x;ﬂ@ &Ln R

.S pr 8YSHP% 1C “”ﬁﬁ\s 5 %m 1 g dppec Y "T%IPHFH _

wher eioﬂbwrg ?n bhl " ?C!c? ic acn%as sulfid YPF gcm&w pou#rt as woe lFCE ced
ag 4 Yar

i ndepﬁmrﬁ a“"ii.o% ”"‘1 be's% co5n e ”

1i
any ECOI’I alne |n J(} |n adltlon tO

h,,@ Sg:gﬁ%i I OT"?SE\'Fe%I ﬂsadmlo\{\qglth@pmg%nerﬁsorggnﬁlme@‘%e oddic ‘?r@ah%n || |d%\:'9§c§| t1U¥h§gre@m Rno

this Ai%ﬂ yonparn%'aﬁﬁa@lﬂi{e OBl PRF SIS, irdHzhic 8, @gﬁcnal@ dhic R Hbyadidé¥briain
am no ,,gke4Rsie. al kyl being defined as above. [0029] As tar as R3is

subst ijdddbe driaRRMBL adcbrbiSg 180e Blee rpih@hn@in &Riny 1A BRTeLSHS Mgy KRSy tdiriddhinCihe plaby |
i's SUb&S&a'rrteHbﬁl@y\MeEﬂ of géhvattBemitaMheBbdstahé @R dpiey birugih @b pSprintel @irdal KydrdsgeeLyesn
beiong 1stekd Reenas 1akeppe; sufidted e Eongeoupse irdbivéti Rbic pheatlond Sedubskp fridtieckrrying t h
one, touwdh©methbd @eorbiyghp aheynvgmiot Py Besped efriet @cbrdebvenove tmpbities 1rgn O PP pEINELYdTET h
phenylant 8 osdeb®tguéraieceven tdrineni.e, two or three al koxy groups as defined
above 0434} t Trerragreos psoimersticetve pleaiykans sresadysien bartimdated it the iorament lisvigaggprding

t hr ee tniteresem dupsion ngsetiebdrecialy the@dirsion of agansHimsheiny bubsenuenil spHiiedip &td ARPREh
note tshdgreomey beyypreoved. Feriitssivirpsearstng!l eighingiotel norpbydas equiies oplyite cagper 1tjelpessshergipre
whi ch vphyisaphly ing negysergaaiedhaieinoeipaers hamheen eariedpd bor tuRESOR iIPEdades- FORYFO
and/ orprigigt figAY PO En PP wier e Y. FBBJ‘G[W%U)P lighhepley PV@D%'%@FWO%W@N&GV@WGB‘
conpoues os RIOYRMSIBIUBPYC SEn@RITRTE™ PGP tiPIERY PBIp CEBHINT ISi LT &1 1496 ed*and
the derivatives thereof, especially preferred conprising 5-am noteirazole
and 5-phenyltetrazole. [003' 1] The m crostructure nodi fying agents are

prei erably selected fromthe group conprising L-cysteine, DLcysteine,

2-am noet hanet hi ol (cysteamni ne), rnercaLﬁt oacetic acid (thioglycolic acid),
3-ner capt opropi oni ¢ aci d; 2-rnercapi oet hanesul fonic acid and

3 rrercapt opropanesul fom c aC| d as th| oI es (type A corrpounds) further

o,



06 -JAN 2005 vant ageous effects due io further processing of the copp@g;ANZ%b
" surfaces exposed after the organic filmhas been renoved: for exanple du

to electroless plating of tin; silver, nickel; gold or palladiumor due to
depositing organic protective coatings prior to soldering, have not been
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bet weegrutie id p3tabie aRPBineSUdé brakesrRARNE cdrklR usd RsdorBh&ich Wil ME ehicidsBORBE moditying
Subs eqiRhitoy 61 eingBE mictoe@iifgftct BbuBQBREL Lo Sty IRCESHIRAIPOS aflr@Qabdlox@lebfd ihe acic.
organic -filnms "had been -applied thereio is possible without |oss of

production safety if the nethod according to the invention is used as
opposed ' to conventional nmethods. |i the conventional nethods are used
probl ef’s encounter frequently, for exanple when tin, silver, nickel, Sao
gol d or palladiumare deposited in an €& ectrol ess manner.or when organic
protectrve coatrngs ark applred prror to solderrng These problens |n part
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"~ thickk

[ 0052] An aqueous sol ution according to the present invention was prepared
" by mixing the follow ng conponents: 1 - 100 g/L 10 - 250 g/L 0.1 8620Kg08
0.01 - 10 g/L ~o [0045] The optimum concentrations of the conponents in the
| i qui d depend on the type of tetrazole conmpounds and mcrostructure
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comodyrbfaridie i ndustry+. Thereafter the surface 1s rin Wt
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the use thereof the solution i s added to wafer together wth hydrogen
pétoxi de in an anmount whiyahgksperask, Bk by eaignt] 1i-ao@gf usit the desired
i ndi vi dual concentrati opsuiiuric005@he. The pri nt ed 161 pgogat [poards can be
treated in conventional | dirgpiergnidands cont ai nene.1.lhgi s [pref erabl e howeverto
use conveyorized plants mkhexr@furenﬁcﬂdy@arg@h&gt b@@ﬁdsoggl ng conveyed
tgerethrough i n a horizontat—drrectiomrand—beinrg—35—hetd in a horizontal or
Tt i paks) pasé bitm@bnckMraBdhy oQhd @Fmp&eh@ M 17 10R o
Ci rcuﬁtcroém&rmmammn@asgamgbied into gont act qutﬁ %plegd ?tSrPE% ﬁieﬁas}ngﬁrﬁ%ﬁg&ﬁgd
convelposr) tAheretihg ieagh theedipenuiiaed withatk F20MB1 Ilyh@adcb @Al HRRY pr&@htuHvERIBN 1hpgﬁ4n99
spr ayewedmsaiebthedtotare coppimsed baeethematidralpy iant il Bidh GPbrbprRRakMBer, for example
bei ngwibreedised i nt hetreat nent sol utions. For exanple conveyorized plants
of tImPiWs} t)i¥ pee @P%b'?r’@ﬁmhab‘t%ﬁﬂéﬁs ArttredhrDeur it arcuGrb i, 2:Dkidicke Hedite
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I nven Aﬁ mmrdsihemgu cfll nbe degosn1ed1othe ugacgs prgeerging® afprengintixgegmanner.
per ox "@ (0° YAp5y° EaRey g’rﬁ]C’” SRt %DP&@? F b a orqeét%azm'@ e grpRiimder example

Nioe r o8 2 co iﬁ'mé;imﬂ fnYH b :ﬁ&%ﬁ#ﬁur’lc a ldtrazo’le c oun ] St ﬁ{nodlfylng agents can
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m.oats &
dei onjosss] wat srrmédanlm béd®lcan @lemed ine l\J/mmon % dg f Irr)?s qs %Pgmweven
heat egdsd ddnvid9&size PolgHtd, the @an&d dﬁrSMlearBQ@er i col d 1idFEAE Bei?) g

br,i ghtei€ Bpperizonaadr RerfidaOgosiBonadil a6y M%Gkaaem rBLev Sdnts ﬁu!a,in%lcﬁcﬁ% as aerprguom
bat h ofo ddhetiedh 1Heawbiseit|sapitbnOuiddpvepingfhemalkbygh dRYieh0RREE rodnlthd Aiment solution
manuf aeitaar@yestfor preiemtieitle @pper sirfeceb oaregisnte dvarsuitho pEading BlbtetsBin 01 rébirhésolutions.
accor Apreyjarorie edneeypiroerieriaon thisdyre 86 meaderidsd by AbitaDetsaainnenbHL e Feapper
syr f a8y rTap BT IRRU RISt AV Ao echeTatnely 2aelainwie éversipnd Tt Hien- dri-ed with hot
aip . The ceoEper_ surface obtained was mat and _had a |ight pink color, The

a

- the copper Iayer etched otl by nmeans of the solution anounted
io O. ? g%]cro ussoupe JIL crog tructure of the cog)%fjr surface exhibited two
diffe oSN AEE a9|3 e REHS 1B, vop ByP RYTR*insiBe TRiioMing components:
sem crystalllne StructrEs Y=eTe ed—whi-ch—hagst+ugt ures in the range
of*from2 - 5 nicromgter: i B %ﬁggét her hand pil8™and dendrilic
structures wi sh a sizd 585? °g¢ § 2 B HERonet er wé?é”for ned. 6 0 6 JAN
2005 5 1 70 75 -emu?oietrazole . o 2g

L-cystine Add up with deionized water 10 1 liter. | 0.1 g

50 [0053] The solution was heated 1o 35°C. A printed circuit board, which had been plated by means of & brighl copper

bath (for example CUPRACID® BL-CT, suliuric acid copper bath of Alotech Deutschland GmbH) prefersbly developped
for the manufacture of printed circuit boards, was dipped into the solution according 1o the invention for 60 seconds.
After treatment the copper surfaces were rinsed with warm deionized water and then dried with hot- air. The copper
surlace obtained was mat and had a light pink color. The thickness of the copper layer elched off by means of the
solutionamountedto 0.9 micrometer. The microstructure of the copper surlace exhibited two diflerent structural (lateral)
dimensions; (1) On the one hand semicrysialline structures were formed which had structures in the range of from 2

- 5 micrometer. (2) On the other hand pits and dendritic struciures with a size ol from 50 - 500 nanomeler were formed,



p 25 30 35 45 50 55 the pits and dendritic structures superponing the

' semcrystalline structures. [0054] The sem crystal line structures ar@§ghowes
infig. 1 at a magnification of about 2:000 (1 crr corresponds to 5
mcroneter). The pits and dendrltlc structures are shown in fig. ?. al a

rragnl f')b ﬁgér%rhegéll |@Q%£)reggu % Q)m() egépﬂcosr'r:l; en% FUC U§ES t 0 0 6 m cr OrrEt er)
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i nvent| D ! % Etfi’d
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t hi oheri zam de Add up with deionized water to 1 Ilter -~ 50mM 35 m
29 Opfhnk 40056] The solution was heated to 35C for carrying out the

met hod. £copper substrate which was prepared usi ng CUPRACI D(r)BL-CT was
di ppe@osd)t AntaliBecsOldbirh@Nsdufbn R0 SRABNES s 16&

surf ageenyere rinsed w ssrf war n?'dg‘?lqom ieed wat eqpén;vﬁag%%ﬁmdg?'?’érggqpﬁﬁhwﬂ%fom

ake. The copper surface obtained was mat and had a Ilght pi nk col or. The
t hi ckness of the cop ﬁnu,lcegy,@rgce,ggﬁ@ethpﬂ by means of g, Spl ution anount ed

to 0.8 mcronmeter. Thg oyl Redilol Gk YL tl ~e copper face again
exhibited two differ e?g,%&glﬁgg,ﬁr al (l?yav?egrhél) di mensi cf’% f) On the one

hand semicrystalline structural size in
t e range o?‘/ from1 Wﬁﬁ@m? %'o”&ng%”ﬁ’m%?ﬂ@ é%(@ its and-

dendr oBécﬁ ﬁgi‘gﬁﬁ% Shea{eg{i\%%% Ca(r)rf'mfrom 100 - 200 nanorret er were forned,

the peLerad) &k (Eé’!)lu?gmo' s 0”?15 ﬁ‘gE(ﬁfgp%Eé béif "t"ﬁ‘]hwaﬁgepared using

St I UCH ShBRionTed watdrd j B A eopifléaj‘& 3 g‘ e ln?eld nh
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pi‘ts

S0b9 m|crome e m crostructur 01e
A8 dohendidd é@aﬁteﬁm&@ﬁr%%lﬁ@(eﬁt SHONG l’atrera Icgnen 1 % emC?c rs%ll
about stli2ifed Qefel oty GOEK BRRANISuraTEze thhQreggenaf GhRneL %nf)l orﬁé?er 2rodthél

Exanpére ddhdrfid ©b8jurebitiagsigtiSors wab@ﬁhnlﬁ\ﬁ&erﬂ'fe‘%larrrr%g 1RYp 18 kd dégdrﬁlpﬁru I@r r-ng
conpopreitgshe sichystalioe roctags. 96 % by -wei ght 50 m hydr ogen peroxi de, 35% o

wei ghlif8%] niThd sé+hicrystalipe 8rucwieaz@lsdondn By.l3Jet pyrab iliceh .oba@ule @@y & dn%rr@sﬁidnddﬁb 5

Wi t h gelcosierethewdt &oe cencgticktrbaitresmre Oovn igfig. Q05D =chhextisiod ubd.on soas cheateshnto
35C f18°-CAFPPrRY out the method. A copper substrate which was prepared

usi ng CUPRACI D(r)BL-CT was dipped into the solution for 50 seconds. After
treat e copper surfaces were rinsed with warm-deionized water and

t Aan d , I oreb €, C er surface obtained was was mat and had
a pin Bé Ah aQumaDs Qﬁ{?nc §Re"8Y bytrEB”%YB‘i)BE?W”Tgaﬁ?@P°”§P’Ehed oft by means of the
sol uti on am)unt ed to Q g et |||c retrostrycttre of the copper
surface exhibited two oﬁ | gé%é Eét} bgé‘fﬁf ral di mensi oS m: 1) semcrystalline
styuctures were forne ,g mﬁo lgq \J ?%u’al S|ze i P He range of from4 -

" n
10 mcroneter; (2) an ya rdm39q - 500 nanonet er
wer e lormed within t ! L- %g\ g d LQD vy's{h d?leanl egl"‘iaiehlg 1§lfelr (&m S.

7

[0059] The solution wes heated 1o 35°C for carrying out the method. A copper substrate which was prepared using
‘)zo CUPRACID® BL-CT was dipped into the solutionfor 50 seconds. AHer treatrment the copper surfaces were rinsed with
1hickness of the copper layer eiched ofi by means of the solution amounted 1o 0.85 micremeter. The microstructure of
the copper surtace exhibiled two different structural dimensions; (1) semicrystalline structures were formed which had

a structurel size in the range of from 4 - 10 micrometer; (2) and deep pits with a size of from 300 - 500 nanometer were

Tormed within the larger semicrystalline struciures.
45

Example 4:

[0060] An agueous solution was prepared by mixing the following components:

50

sulfuric acid, 96 % by weight 50 ml
hydrogen peroxide, 35% by weight 35 ml
5-aminotetrazole 29

L-cysteine Add up with deionized water 10 1 IiIer'. 0.2g

55
[0061] The solution was hea1ed 10 35°C for carrying out the method. A copper substrate which was prepared using
CUPRACID® BL-CT was dipped into the solution for 50 seconds. Afler ireatment the copper surlaces were rinsed with
warm deionized water and then dried with hot air. The copper surtace oblained was mat and had a pini color. The

warm:tieionized water and then dried with het air. The copper surface obtaired was mat afiid [iad a pink Color, The™™ ™ "~ #




Exanpl e 4: [0060] An aqueous sol ution was prepared by m xing the foll ow ng
" conmponents: sulfuric acid; 96 % by wei ghs hydrogen peroxide, 35@6QM%3ﬁ%gm§
5-ami notetrazol e L-cysteine Add up with deionized water to 1 liter.

35 mlI 2g 0.2 g [0061] The solution was healed to 35C for carrying out

t he MUTREE O A EBPH Y ESUBEE PRRYETSART B/HN sy igfT EpraRied o 9sio mcrorGUPRAE D( as) Bl T
was deFperRs! suires PRBIEIANULT 5! FuFusOdwensined!) saniestelinestrvatres vtereg olgep plieh had
sur f AGELIYRFE® P N SREe HiI'PR 2 - WRCIMAtE dhiep@erniidic ruchirag Wit hesized irenb 0 §0a tandiester

ai r. WplelgmepsPee PRt R IY PP AY RN ek ec ey and had a pink color. The 7 o ~
~a~ 68 thPTRIERES SO o M cppe linayesraralieghelie efrpertsarecapainssiofetheceolbuita on
anoufAeEra e 88 AHF EPTRRETAr e 8¢ THD W dPHeie @ siEnilfeopreheubelqirys Vg §azrsianiin
exhi BiPBEP WS Witter & B C0ILoP U84 YUk AIesFivTeprisLaRS:; S0(M- ssliuic @eig.si5al |60 meconds). The

st r uCERFEER OV e P W23 HRFRIGY W LA itys 'EUersat Tegieamensiagiarer iy R sl GrewmgEen ofeefureom
2 - BeREeEIRER ?g, subsEle deRUP 45ivEh Sepuieq area s’ S RE T hs iyasegsfediiesign BB ol g 00
n&nofEtsEFe "_Wé?jf:. "BP AN "STHEPHURTIRY 't 9P li/get wawRtche athationieiee Beasuet an1es.

5 [ 0662 A SIS A HP T B0t 0- sensi tive filmwas applied to the
copper surface using standard processing paraneters for the film As a
conparison; the sanme filmwas applied to a sim |l ar copper substrate That
was treated with a common persul fate etching solution (80 g/L potassium
persuliaie, 30 rnl/L sulluric acid; 35C, 60 seconds). The adhesion of the
filmwas nmeasured using a Rormulus 111 Universal Tester manufactured by Quad
G oup. Ten neasurenents ~were taken for each substrate using studs with a
contact area of 5.7 tnnR. The average adhesion force olll~e 70 substrate
-treated according to the described nmethod vvas '193'1 N cn2, whereas the
adhesi on force neasured on the substrate created with persul fate ~was
'1034 IVicn2. g Clains '1. Acidic treatnent liquid for the treatnent ol
copper surfaces conprising a. hydrogen peroxide and b. at |east one

fi ve~menbered nitrogen containing heterocyclic conmpound wherein c.
additionally at |east one mcrostructure nodi fying agent is contained,
selected fromthe group conprising organic thioles, organic sulfides,
organi c disul fides and thioam des, the organic thioles having the follow ng

‘general formula i~'i R~ wherein R~ =alkyl, alkenyl, aryl, aralkyl,
cycl oal kyl and the derivatives thereof. Treatnment liquid according claimt
, wherein the organic disulfides have the general fornula R~ ~S S~R2 the

organi c sulfides have the general formula



and the thioam des have the general fornmula B, C, 9 06 JAN 2005 5 mﬁg;@i%’v
"R and R~ =al kyl; al kenyl, aryl: arallcyl, cycloal kyl and the derivati & 2005
thereof, R3 = Rt, R-0, Rt-S; ami no or substituted am no;wherein Rt and R2
may espeesal |y be phenyl or subsiituted phenyl. 3. "Treatnent liquid
according to any of the preceding clains, wherein Rt and R2 contain a group
medi aiti Mciddieaseh liqubidr ink Yre@etRec & EQRLLUGE U e modi fying agent in an
aqueous solution. 4. Treatnent Ii&ﬁ%dsaccéﬁﬁlﬁﬁwpo claim 3, wherein the
functi onal agwdagenpedkias eitg t he solubility of the mcrostructure 70

nodi fyi ng bgehrestione fa e e Sitrsgh ub itahnd S1SEl, d fromthe group
‘conpri si ngwkareimi no, car boxy and sulfo.m%STS.kﬁgéﬁ?ﬁ%% liquid according to
any of thecpdéiwdiyryleedtanamicroen el Rodify Hend i€25L Q0 LLVe-rrrernbered

het er ocycl preenic-lbiolp owadic satjoes ek @Qulfidfegg qﬁeﬁéargizgas{?ggcif’lﬁcﬁﬁ%@ée Y etrazores
and the de#sngstipwie t hereof. F. Treatment |iquid according 10 i 8lowing
wherein the at | east one five-nenbered heterocyclic conpound is sel ected
fromthe group conprising 5-amne ~tetrazole and 5-phenylietrazole. 7.
Treatnment liquid accoréd®g to any of the preceding clains, wherein the at
| east one mcrostructure di fying agent is selected fromA,he group
conprising L-cysteine, DL-Cysteine, 2-am noethanethiol, nercaptoacetic
acid. 3-mg[, .20 captopropionic acid, 2-nmercaptoethanesul fonic acid,

3- er capt opr.opanesyli oni ¢ id, L-cystine, DL-cystine, Dcystine,

bi s- (2- ami no%?ﬁy f Ej‘:“ g’&i’r ?r?'d’i,°y‘55‘iaﬂ“ﬁ'iaamha@@tvaw«earcerac,af. 3, 3' - di t hi odi propi oni ¢
aci d;2. 4;rdem@htibhi @H-DHLY ki, 1381 O 3' di.t hi o- bi s-(propanesul fonic acid),

t hi odi acetic égfd;PS,gg-fﬁﬂbgbﬁ?gﬁf HFUC Ylliges have the general formula

3,’3" -t hi o-bi s-(propanesulionic acid), thiourea, thiobenzam de as well as
the salts thereof. 25%%. Treatnment liquid according to any of the preceding

clainms, wherein at |eas{ an inorganic acid is containgg. 9. A nethod of
treating copper surfacesSconpriEsing bringing into contact the copper
surfaces with an acidic treatnent liquid conprising 30 a. hydrogen

peroxide and b. at |east one five-nenbered nitrogen containing heterocyclic
conpounti® °RAET BiHes2vetieipeedhaimue at | east one m crostructure modifying
agent is contained, selected fromthe group conprising organic ihioles,
organi c sul fides, organic disulfides and thi oam des, the organic thioles
having the following 35 general formula HS J a0 1 wherein R7 =al kyl,

al kenyl , ar)~I: arallp¥;+/d&QL:alkyl and t he derlvatlvgfithereof.

and the thioamides have the general formula

=

N
R¥  'NH, - B,




45 50 55 t0. nethod according to claim9, wherein the organic disulfides
have the general formula 1 R\ / g\ 2 S Rthe organic sulfides hav%”tbhf B}
general formula A, h~ o e .lar~ ~a~~ 5 70 and the thioam des have t N 2005
general formula (r), 75 R~ and R2 =al kyl, al kenyl, aryl, aral kyl,
cycl oal kyl antkréihe derivatives thereof, R3= R7, R~-O R~-S, am no or
substi t ui ed Bhamidi? =wher Sienyl Ry amnakyR2ycroayy esqaecdaal diiyeshegergdnenyl or substi t ut ed
phenyl . wher BfnR28"-0j B"-Ageinofr stibsgiuted amina, wihefein@' Bryt) R may especially be phenyl or substituted

: henyl.

. pheny

3. Treatment liquid according 1o any of the preceding claims, wherein RT and R2 comam a group mediating the sol-
ubility of the microstruciure modifying agent in an agueous solution,

4. Treatment liquid according 1o claim 3, wherein the functional group medialing the solubility of the microstructure
10 modifying agent in an agueous solution is selected from the group comprising amino, carboxy and sulfo.

5. Treatment liquid according to any of the preceding claims, wherein the at least one five-membered heterocyclic
" sompound iz selected from the group comprising tetrazole and the derivatives thereof,

15 . 6. Treatment liquid according to claim &, wherein the at least one five-memirered heterocyclic compound is selected
from the group comprising &-aminc =2trazole and 5-phenylietrazole.

7. Treatmentliquid according 1o any of the preceding claims, wherein the at least one microstruciure modifying agent
is selected from the group comprising L-cysteine, DL-cysteine, 2-aminoethanethiol, mercaptoacetic acid, 3-mer-
)20 captopropionic acid, 2-mercaptoethanesulfonic acid, 3-mercaptopropanesulionic acid, L-cystine, DL -cystine, D-
cystine, bis-(2-aminoethyl) disulfide, dithiodiacetic acid, 3,3'-dithiodipropionic acid, 4,4™-dithiodibutyric acid, 3,3
dithio-bis-(propanesulfonic acid), thiodiacetic acid, 3,3'- 1h|od|prop|on|c acid, 3,38' -Thlo bis-(propanesulionic acid),

thiourea, thiobenzamide as well as the salts thereof.

25 8. Treatment liquid according 1o any of the preceding claims, wherein at Jeast one an inorganic acid is contained.

9. Method of lreating copper surfaces comprising bringing into contact the copper surfaces with an acidic treatment
liguid comprising

30 a. hydrogen peroxide and
b. at least one five-membered nitrogen containing heterocyclic compound
wherein
d. additionally at least one microstructure moditying agent is contained, selected rom the group comprising
organic thioles, organic sultides, organic disultides and thioamides, the organic thioles having the following

a5 general formula
HS
N A,
- Jao _ o R1
wherein
R = alkyl, alkeny!, aryl, aralkyl, cycloalkyl and the derivatives thereot.
45
10. Method according to claim 9, wherein the organic disuliides have the gene}al formula
50
NN 5 B,
S R
the organic sullides have the general formula
55

10



e claims h to 8 form ng copper surfaces on printed circuit boards the co
er pp surfaces being suitable for the subsequent coating with platilfgJAN 2005
resists, etch resists, solder masks and other dielectric filns. 2.
Copper substrates having roughened surfaces including irregularities with
two different structural digensions, the 25 first one being -
semcrystalline structure gzvi ng am average in the range of from1l to 10
m croneter and the secdRt oneR¥avi ng an average size in the range of 50 to
5Q0 nanoneter superponing the first structural D nensi on, 't he substrates
being fornmed by treating copper substrates conprising bringing into contact
t he copgg&me%bst a§2e surfaces with an acidic treatnent |iquid conprising
30 a. hy rogenoaf)ne' oXFe"%dfdeB. loraela] east one |i ve- menber ed ni t rogen
cont ai ni ng heterocyclic conpound c, ai |east one mcrostructure nodifying
agent, selected fromthe oup conprising organic thioles, organic
sul fides; organic disulfi gﬁs and t hi oam des, -35 wherein the Organic thioles
have the foll owi ng generalCformula HS A, 45 wherein R~ =al kyl, al kenyl;
aryl; aral kyl, cycl oal ﬁgal/ ah? the derivatives thereof. ¢ Idyeatnent I|iquid
according to a f h 1f CNHp '
15 -
wherein v -
g; j'};‘ﬂ ‘;ifoa';{':sa'gng aryl, :"é}lkyl. cycloalkyl and the derivatives thereo,
' ' ' orsubstitited amino, wherein R and R2 may especially be phenyl or substituted phenyi.

20 1. U idi iqui i
2 se of the acidic treatment liquid accordingto any of the claims 1 10 8 forforming copper suraces on printed circuit

) boards, the copper surtaces bein i -
. ' g suitable for the sub. i i T .
masks and other dielectric films. sequent coating with plating resists, etch resists, solder

12. C ' i ing i
opper substrates having roughened surtaces including irregularities with two difierent structural dimensions, the

25 tirst one being semi i i
crystalline structures having a { ize i
n avera i
second one heving en veroce she 1 ,-ar?'-,,:. @ ‘r-rgegf:?e 'l_n the range of from 1 10 10 micrometer and the
e ange o1 rom 80 1o 800 nanometa

S . o . - . aenomeiar sy .-.r.-—.—:... “i PEN .
uimension, the substretes being formed by treating copper substrates compri L bening ine et siructura)

substrate surfaces with an acidic 1reatment liguid comprising ropringing imo contect the copper

30 a. hydrogen peroxide and
: b. &l least one five-membered nitrogen containing heterocyclic compound

c. at least one microstruciure modifyin
. 0 agent, selected { isi i i i i
sullides, organic disullides and 1hioamidess,; o The group comprising Proenic tiicles, erganic

35 wherein the organic thicles have the foliowing general formula
HS
N
3 | R?
A,
45 wherein

R = alkyl, alkenyl, aryl, aralkyl, cycloalkyl and the derivatives thereof,

11



