;e3exXtd6Tj xR Acidic Treatnent Liquid and Method of Treating Copper
Surfaces 5 10 15 20 25 Description The invention relates to an acidic

t r eat mentwbioguodoand to a net hod of treating copper surfaB@@@Pesmﬁviale-of
form ng copper surfaces on printed circuit boards, the copper surfaces;
being suitable for the subsequent coatimg with plating resists, etch | AY
resists, solder masks and other dielectric filns and further to copper \ *
substrates having roughened surfaces. In the manufacture of printed circCti
boards copper surfaces are coated with various organic filns, such as for
exanple etch resists) plating resists, solder masks and other dielectric
materials. These filns can be applied to the board surfaces as a liquid or
-as a dry filmresist. In any case good adhesion of the filmto be applied
to the surfgicie Treatraentbiguid and Method of Jseating (GoppermBurfacessai n
permanently on the surfaces after it has been applied thereto, for exanple
in the case of a solder mask. In this case a fight bond to the copper
surfaces ipeséfiptibad si nce the mask shall protect certain areas of the
copper surfaces prior to a contact with nolten solder during the soldering
process or prior to a treatnent with corrosive chem cals which cone into

exarppe. |1 T EntBa3aERs & 7 AR O fnli Bl R 8 i fER T ieBliogl on

t enpor ar i | yopgetsupfaeaB) €spdcidlly ¢fif6iming toppet Sutiacsh opeatterbEipsUION | S
required in this case too because these resists shall protect certain areas
of the copbeardsytveseerpeigariases heing: sullakle fos ihe subsrquant eraling AVith whi ch

been et chellanto P BBURLERbLr PO HERR e By S0 g g ke, =
per manent | {6 sepErstbefitatdschSMRP Adughenbd@effaasgsl in the cases in which it is
deposited nerely tenporarily good adhesion of the organic filmis required

in odfer to prevent etching off or flaking thereof fromthe surfaces.

organi ¢ 11 Thraanefastie of glpfad GERThARTH Riplor HRACRE AR ARIET IR ' "

surfaces. Vaicugongatid filas, Bacls asfoeskample®tciresdistsi Fhlting&asists,fsotdewx anpl e
by grinding or by treatnent of the surface with a s

] C ) urry of punice jn

wat er . TheMasks apdothardiglecirs materiats. hegedilas ap %éﬁpg%ﬂ t‘?r@l?n%?amor
e b ) A . of . ) ;
by ar bgen pETHESAEAE dIRlictr o 8 U e Residy IPEAY Kl bB3d Yandsldh SOWK'AIANS O
have 1pr oveto be appladito the surfacelsds nebessargdnisonie casesithenfilm Slaalbrernainhi ci ent

adhesion to the copper surfaces if they are 10 depposited ,to the cqpper
surfaces oPeyBaRent r?'bwecﬁﬁ'&&qscﬁf[qri'{}é{s%‘?ﬁp?Bplﬁéfﬁ\ﬁﬁﬁoyfqri%’%f&'?d r pads
or bond pa v i e i { ng of
copper sur | ozt 80P piic/ (¥ Gad¥ GBUREHENTR) T chpsl <RRbS

bri ngi ng arequired sipce thecmagk shall proteot certaimaceas of the cappetr spfaces pribaces.

The etching conpesiti.on _cont ai oppert(11),.l0NS n organic .acid having a

di ssoci at | Gn6 COREEL W BRESH SpliEr GRRRG Ye sdiotfed priGhB.tich B3 boxyl i

aci dpg sucireaiméntwitt 86RbSivé ehBhficdls WhictPsthe tntacdohtadt Wit tHeOOhGoaeHd, a

hal i de i on source, such as for exanple hydrochlorlc acid, hydrobromc acid
or

and the al REgas kefpremetallayers ate deppsitedsior @xample. Inigthencases el flg

Fembved fr St FefnEf oh B GOt ReEaas Bhithrine 9P ekt B Gkt ci et
adhesi on. fre¥istds agpH eGowdiaiNesionlib réquitdll Rothisctdsestpe it augeIhdse Fegistsr ons)
are renmoved by etching froma 17 mcrons thick copper |layer. 25 An agueous

i croetchih shak pratecisreriain areaselthacepespsefacas againstamatiaclkhliem in EP 0 890
660 . ML el - 0 i Hpi id.,. 0.1 20 %
o webynt | B9BaltblPenieal ulu erye g dimEuE XoBBLP Bleds heill choBSbd by - 2

deri vat i vegtdhivey.eXfter tRO résisthawbeer etohedfitistremovedaagain.rBett inithe ¢asedoar d

substrate ¢coated with thin copper layers jis described in US A-4,6917, 758,
t he met hod WA Befimaermangnti semafisen theyearpakisurages andiin $ie £88#%i ni ng

hydr ogen p ' : i j "Eﬁb!g @Qp i ¥ t chi ng
method is ﬁ‘(‘agrlmgcﬂﬁttjls:# dé{'%gt'ﬁ%*.e&te : Irqng/ onsgccj:rg%ég)aer} Sgt% dr’'g’(r%'ﬁl\'/ce@ﬁ‘pE’r
second. | nréquisdd idGordePtd phevent bichingysff or Rakiegtivereobfrort thiei sugfacBser eaf t er
the copper layers are post-treated with a solution containing benzotriazole
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A liquid etching neans is described in DE 199 26 117 Al the nmeans
containing halides as well as tetrazoles and/or triazoles in addition to
hydr ogen yweho¥ésdes or any ot her peroxide as well as sul f ur PCT/ERIH7788
phosphoric acid or any other inorganic acid. The copper surfaces etched
with this etching nmeans are dark, 10 especially brown. fn further
processing of the printed circuit boards treated in this manner this | eads
to a reduchinbnGRBIoaS inPr&Rh@adRESIUR @R af RSt resin
substrate, visual gﬁignnept#@f a!ghoto&asﬁﬁonqﬁﬁgﬁgﬁﬁﬁdﬁ?gﬁ |n% pattern
bei ng r endeoppensuriace ddnsists in foughkaingl thg suefacessT his. naayeeitlosmesi cényietihe
copper surface. An.,etching neaps is alsp disclosed ipn DE 197 419 Al 15
-this neansoﬁ}o%%er‘:h@mﬁal\[‘%%’ ﬁ’(f %@M%BV&"B@&HQ (Pfgmé&ﬁawfiﬁ%zol e as an
auxiliary seHaeNRith-a Silfry o piiiSe i WBIdOTh&Eukh h@' éfwah ur f aces,
especi ally copper surfaéz§, for enhanci ng adhesﬁ%% of the cg%per surfaces
vt o epbxy retighepedihysthamizgal means; far exampiechy atitipetahingwithdsqlutiansaafs, i . e.
epoxy resin _being reinforc b ass fiber ts, ;s . di.scl osed in
05 A s, sooairathe s 5eERoRs of biiesh tereXde ADd SIS @St ai ns 0. 1 - 20 %
by wei ght hydrogen peroxide, an inorganic acid, especially phosphoric acid,

nitric acid, sulfuric acid or the mxtures thereof) a corrosion inhibitor,
especi al | yThe@aforgmeniionediroughenring imethpdahave prevan prohiaraticpl isthajdhe |

especially cat Loni Ln r . s dissolved. by t action of
Che composPiaebi B fia ") bipte st atReSBh 10 B boSten Eriebsihed@e e
coppeg di Sé@bdﬁfbdt@&ﬁé%okbbhs&ﬂ@céé’é’ﬂ\mr?%rr@wm“tﬁl&’tér I8 dri s a filmon

t he copper surfaces. 30 nmet hod of treating metal surfaces, especially
copper sur exicemely ineiseldeopads phbowsi padso0097 Al, the nethod conprising
bringing the metal surfaces into contact with a conposition containing 0.1
- 20 % by wei ght hydrogen peroxi de, 4 an inorganic acid, especially
phosphor i c|rpefdér tdisbivetthRChrdblem bf eihodastingicfdetehifily 6f ¢bpperf strfeses igci ds, as
wel | as an organic corrosion inhibitor, especially a triazole, tetrazole
and/ or i i daseiked m USHAB.BG7A0%1he methed samyrising:-brirging 89 eRiper sur f aces

f b | \..f or.i , d
bl astBoe. ggiposicR il dhrciE R E ot Sy RERUEthd GRAERPRTHRGHIGAC TS "7 o,
carryi ng ogbnidinscomier(l) ion8! an BEgANic aside Vi aistociation coRstart K dwfd)

especially sulfuric acid, at feast one nitrogen containing heterocyclic
conpound, ~ etpwst 5. pspeciallyeeriain catbaxylie agissesuch as foranasmplefoirieadd and

Dot ds. ser 2nPe agRR b oRR ol e AR Sl G AR CREBRA RS havi ng o
feast one ayHfdshloriccacid] hydrebrdnsitclaeid amd gepalkah shitettierbef, agywdleas as wel | as
sul fgoni um sel enonium and telluroni um salts have been proposed as the

adhe20on- pi@ter iITHGisclgpingrrampositinnisdised: acopsidamble partof the gprrer

i sot hi azol sk ' i I Lol {4 e

het er ocycl @e&% %E%ﬁo%%é@%??ﬁ&@%@p%ﬁé@ .cﬁ'iui?}étﬁ ﬁi)ﬂgq gfc& g?féitdr%%at'?ﬁtgéégopper
surfaces f suffictent adhesipne For example fypicaily 45tt0 Jidt %l{correbpdnd=io 2.6e copper

surfaces and pl astics substrates is Sescri@ed.i n 28hD€ 198 30 037 Al, the
7t hod comaMIGrARRATRAEMAYeHiRY diohibe e HE microns ek FoRBS YRSt with a

sol ution containing the conponents contained in the solution according to

DE 198 30 038 AL wth the exception of the adhesion-pronoting conpounds.
Ther &f t er Anhaquaspisemicsoetchingssalutiorn foe sbppenand capparcalioys i tisclosed in

cont ai ni ng [ On-pronpting C ounds. On carrying.out, t

af or enent i gfégﬁ B%g{ﬁqui &%ﬁi@”%ﬁﬁmﬁg@w@a qoﬁé’p%wemégu@%&b?gﬂsggﬁ se
uhen the COBPRIbPWeIGHE AgdraBeRQsRExiag g MHOO1 - STy Geloht ttrdafb bERTd
applied thereto,” are chem cally treated, for exanpl’e when tin, silver,
" nickel, goderivatiyes themeafm are deposited in an el ectrol ess manner or when 30
organic protective layers are applied prior to soldering. These problens in
part consist in that deposition of the netals nentioned could not be

achi @ged atA gldthadef hi&nﬂfh_’dturﬁr_ﬁgﬁﬁ pringsd Eroltftboard SvbBtrarRNesEted Withwaih f or ned)
and the probl ens 5 arise if the cogger surfaces have been pretreated

with the etcopPaylayeemis dascibed in BSpAvt. A/ VA8 hegnathod:somprisisg géching "
. . G . . c
Lo turti 11t EBpOR BB Wi SRR citnl B ¥vdrbab peRSde. SifuAgachlry! i o)

adhesion of the organic filmalso on very narrow conductor |ines and
extrenely fine solder pads and bond pads on a printed circuit board. This
is required to prevent flaking or any other 10 taking off of the organic
films upon mechanical, chem cal and/or thernmal strain.




b. Very small etching off of copper fromthe surfaces, for exanple by 10 %
or less, i.e. by 1.7 mcrons froma copper foil having a thickness of 17

m crons. Vpoeboesmed | etching off of copper is required to BETHPPEOITSS 15
manuf act ure i npedance-controlled printed circuit boards. c. Further
processi ng of the copper areas not coated by the organic filmusing further
chem cal nethods without any difficulties, for exanple if netal |ayers are

deposi t ed and ebppér(Il) ehistidey Theatelifigdhethalns designed skcAhat@prer col or of
t he copper surfaces prior to applying the organic 20 film The problem

under | yi ng0&nmigreas eappenarenicmovead-persasonde als26s- 99 &b of the laler is

Aceardi ng. eV bl BRfing ThoHRaRATHELAPHRE IR dle BRRH ARGl UIRE . “aci ai o
l'iquid forssiutieh coataitipgdienzdirxoksforAxanigleng to another aspect the
present invention conprises a novel nethod of treating copper surfaces. 30

yAccor 8 ng to a further aspect the present invention relates to the use of

boar ds. ¢ r 1R ERld Heefhs i€ es A GEPRRIS iy Ahe BaBhe FbBRITAG L g
with plati hglidetsashvell = efrazeisdrillorstpiageles i aldgitiondo f?fyhﬁdi%efﬁ péreRidd 6r
films. According to still another aspect the present invention conprises

copper 5 sabypethareeraxideds weligasulfuric acidapbespiaric acid os anyatheral

copper sur PREEEAE TS Gapriss Wrkfes RierBRfl b BT BB AERAE, L0 hen
li quitd pr eéspeadially b In fortiar proeesding o thd prhisted@ircait bdaeds geatediih boards,

t he copper surfaces 10 being suitable Tor the subsequent coating with
pl ating rellismanner thisleadstosa rednciion ofeontraship eiordhetwesnLopPeEand| ns. The

acidic tre LQt di.ng.it. o r | ' bly
bei ng aquegltl?g?&ix nﬂtegwngu%&Fﬁéﬂylgg@nﬁggp&rﬁ(?Z%3%”(5) tél@\‘l‘g%‘a“ﬁ H%ggg\? Lgtlr’?g
fi ve- nenbelimsl phtteer ibeiniglrendeeaipaer diffidhieif 2ive dligniestierky atd fannedascor di ng
to the present inventjon additionally contains .
the copper surface. An etching means is also disclosed in DE 197 32 419 A1
15 this means however containing no tetrazole but instead benzotriazole as an

auxiliary component.

Furthermore a method of treating metal surfaces, espacially copper surfaces,
for enhancing adhesion of the copper surfaces to epoxy resin composite

20 materials, especially so-called prepregs, i.e. epoxy resin being reinforced by
glass fiber mats, is disclosed in US-A-5,800,859. The composition used for this
treatment contains 0.1 - 20 % by weight hydrogen peroxide, an inorganic acid,
especially phosphoric acid, nitric acid, sulfuric acid or the mixtures thereof, a
corrosion inhibitor, especially a triazole, tetrazole or imidazole, and a wetting

25 agent, especially a cationic wetting agent. Copper is dissolved by the action of
the composition on the copper surfaces. According to US-A-5,800,859 the
copper dissolved reacts with the inhibitor components and forms a film on the
copper surfaces.

30 A method of treating metal surfaces, especially copper surfaces, is disclosed in
WO 96/19097 A1, the method comprising bringing the metal surfaces into
contact with a composition containing 0.1 - 20 % by waight hydrogen peroxide,



20 c. at least one mcrostructure nodifying agent, selected fromthe group
conprising organic thioles preferably having the general fornmula HS \RL 25
organi c dvewbbegdes preferably having the general fornula BCREPOVE/S® . S R
organi c sulfides preferably having the general formula 30 R~~ S\R2 A, B, C,
7 and thioam des preferably having the general fornmula C R3/ \NH2 5 wherein
Db R and R2 = alkyl, alkenyl, aryl, aralkyl, especially benzyl, cycl oal kyl
and the dedn N‘ﬁirgéﬂﬂ@ atcttﬁr&@tecraweyh@sﬁh&uc acd mnéra&idbgulf&%hbua%r #r
different, R3 R -0 am no or substituted am no, wherein R and
R2 may 10 rbatwreecrfﬁheae agm%arswmbas 8h@nganic sprpsiansinpibitberespegiay a 20

al kyl , f | and nost preferably C - C6 al kyl,
rot hytﬁa%l%hgfﬁrtf’ﬂo\{e gﬂlglorbuﬁiy%og

‘0. e. propy pentyl and hexyl as bei ng nost
preferred wherein all isoners are |ncluded i.e. n-propyl, iso-propyl, 15
n- but o but ert-butyl, n-pentyl, iso-pentyl, tert pentyl

- neo- pént yl 0\6@%& ﬁé‘f“?thpglerﬁ’rﬁge%ﬁ%c‘?@%éuﬁfﬁﬁﬁﬁé@f subsaaeentlyr oups in

definitio
pr ef er abl ﬁﬁﬂﬁxyggpgml d b%gé%ﬁﬁs%g '@%%hé%w@ oxy?uﬁgtﬁ”t f'kyl
gr gu gs ar ds Helsrcdbedye?lEleB Bomaﬁhiy"ghﬁgﬁlugaﬁ ulsetd}r:'dr oaty}angmdrt] Ir:jrs I

ydr oxypr o r ox pro i roxye - di r oxypro ,
1, 3-di hydrmﬁ%%wran@@ PE‘?'%SW%@W SIO@%aq'qiryM pﬁttby aih, Thi s
definitio en
nor 61 nat ¢ cat 128t & hftrserifbaliing foipHicyBiy o BUBA, Bsfitial) biaplieed, 100
al kyflQgr ouhekazeleshlrmdaaolgas pyrazblesaret pW|neQaseneibasat ledst oAé adhesron-
1- net hoxypro nmet hox

p y 2- dlnethoxyethyl
T 5% i ot FRIRS, SOMROGIdh SONG A5 SEIEnS B8 Ak R PErs
123tr| p%t,ﬁ, a lat LF Sep pr opoxy
anal ogues nﬁ%‘%‘ Sgrgreﬁh ds ﬁ%%g SE Bﬁe%@ri 5 to ar"ﬁ‘g‘i'?reg%%%‘?‘?’r?
defi ni ti onia the heterocycle, as well as sulfomum selenonlum and telluronium salts have
been proposed as the adhesion-promoting compounds. Above all thiophenes,
15 thiazoles, isothiazoles, thiadiazoles and thiatriazoles are a possibility as the

heterocyclic adhesion-promoting compounds.

A method of prefreating copper surfaces for the subsequent formation of a tight
bond between the copper surfaces and plastics substrates is described in

20 DE 198 30 037 A1, the method comprising bringing the copper surfaces into
contact first with a solution containing the components contained in the solution
according to DE 198 30 038 A1 with the exception of the adhesion-promoting
compounds. Thereafter the copper surfaces are treated with a second solution
containing the adhesion-promoting compounds.

25
On carrying out the aforementioned methods it has been observed in part that
problems arise when the copper surfaces, exposed again after organic films
had been applied thereto, are chemically treated, for example when tin, silver,
nickel, gold or palladium are deposited in an electroless manner or when

30 organic protective layers are applied prior to soldering. These problems in part

consist in that deposition of the metals mentioned could not be achieved at all
and in part that just a very uneven deposition was formed, and the problems



given hereinafter. Derivatives of the alkyl groups may al so be the
correspondi ng 30 cyano conpounds, vitro conpounds, am do conpounds,

sul finyl wompewrds, sulfonyl conpounds and sul fonyl am d@CTEPIUUITES.

Aryl is preferably phenyl, naphthyl, anthracenyl and phenanthryl and nost
preferably phenyl. Derivatives of the asgyl groups are preferably al kyl
derivatives, i.e. nono-, di- and tri-substituted al kyl derivatives, the
def i ni t i onagde if'ite ablsiybr Siirfats Hevethatpriieated Withttheletelsing Yﬁééﬁéeﬁn&‘ th
preferably one, two or three 5 hydroxy groups, the definition of

hydroxy deloiapplyingdhaorganiedimbove, further derivatives with preferably
one, two or three al koxy groups, the definition of the al koxy groups as

-gi ven above, further with preferably one, two or three vitro groups as well
as deri vatJuigg cdwehtucharmemddba;hdoua@amm sofutime st isttHerdferenotgsbseisiye are
bonded to the ar i.e. alkyl groups together with hydroxy 10

' gr oup? andfpcfﬂfﬂlté@)@'|@N@9§§Qdﬁ@ﬂ§ﬂtﬁﬁlﬂwa§¢©@ﬂ or hydroxy groups together
wi t h al koxy groups and/or vitro groups or al koxyl groups together with
vitro groups and further the correspondi ng cyano conmpounds, vitro

conpounds, am da, sgfmteJﬂWI%ﬁaHhésnwh of theoorgHtc filw efsonon vepmervows and

sul fonyl am do conpounds e respective substituents may be in any of the
positions in theon qulln@@@g5memlygﬁnq splder pads and b°51d RAAS @ Fosi ti on of

a phenyl ring, pﬁm{eﬁecnﬂﬂﬁfb’dar "ﬁ%s lér%gﬁ%ﬁg olfteldft ffeﬂélﬁibr%g%‘tﬁ

l-position. Ara I's an ar t'o an

aral k@l group ltakmg offoigiee bﬁgamp ﬂmsiepbn medhaniaal fclrermbahand/ar tmrm'l kyl en
group, or an al kyl, group 20 bonded to an arylen group, the aral kyl group in
this cafe bei ngS¥¥Rded to the sulfur atomvia the aryl en group The al kyl

group is defineg 9@99#963“9?&9 oﬁsryi Bﬁela*rgﬁﬁl ﬁ,\ﬁgrg,espondl ng

meani ng, e.g. n-propyl corresp pr opy ene e ary group’i s
defined as gi vemQgbaordess i.eeby 1anchitroas fron ercoppes figil having ethickness pbndi ng

aral ky! gr oups. Af SGIET SISO BDREEORAT CoPRarp Foauraibla GaePlR of i he
al kyhsor al kyl S farifiitite i B SRl «ﬁlyt?buea%rpw@fewémpusardshe respective

substituents beln nded t ene group, respectively,
and/or to the acyFuﬁheapu;doeasingrorBdipe comrmeaseio&ceatedctw:tmrgghm film

preferably a C3 - C?cclo o Yy btyI

cycl opentyl, cyHPBRY eBF @%ﬁ@%‘ﬂ@ UF@& r&%éjﬁoﬁﬁ@@g %’défeé(% l%

cycl ohexyl grou .erably al kyl
derivatives, i. H]etg%gél%trr%%g@ Iltéﬁgﬁgﬁ‘lﬁrﬁﬁg%ly??%rﬁﬁ al %yPr%Iaerl vatives,
the definition dfLightcappet cc@jooubmemppgr ayrfgtes:priabiovapplyingtthe organic
der| tlves vmtﬁlg[i)referably one, two or three hydroxy groups, the

defl tlon of t ‘hydr oxy groups being as given above, further derivatives
with preferably one, two or three al koxy groups, the definition

The problem underlying the present invention therefore comprises avoiding the
disadvantages mentioned of the conventional solutions and methods.

25 According to a first aspect the present invention comprises a novel acidic liquid
for treating copper surfaces.

According to another aspect the present invention comprises a novel method of
treating copper surfaces.

30
According to a further aspect the present invention relates to the use of the
novel treatment liquid for forming copper surfaces on printed circuit boards, the



5 of the al koxy groups being as given above, further with preferably one)
two or three vitro groups and further the correspondi ng cyano conpounds,

am do congouwndes7osul fi nyl compounds, sul fonyl conpounds aRGTARPI/@ITEE am do
conpounds. There are al so conprised derivatives in which nore than one type
of substituents as given above are bondgf to the cycloal kyl groups, e.g.

al kyl 10 groups together with hydroxy groups and/or al koxy groups and/or
ViLro grouBspder HES/baihg sikabledst Msoﬂs%auahkea%r%wmglﬁﬂgf rBSistd, 1 0
groups or alkoxy groups together with vitro groups

subst i t uenetchmggigie, $cr|darnmaeks ahd otingyi dielentric filmshe cycl oal kyI skel eton,

e.g. in 2-, 3-, 4-, 5- and 6-position of a cyclohexyl ring, if the

“cycl ohexyl ring is bonded to the sulfur atomin 15 1-position. R and R2

pr ef er abl y Aceotding t® B8l @hother aspectahé phederit iiaMtioNREnbrides ddppesol ubility
of the m crostructure nodi fying agent in an aqueous solution, for exanple a
‘gr oupSsel estistrateshaving epugh nedrwrfageﬁglltarﬁmwtrmnabdynermg 20 and sul fo
(S@BH) and the protonated (NH3+, NRHZ+, NRR H+) or deprotonated derivatives
thereof (COO-) SO03 ) , respectively. The am no group nmay be any of an
unsubst it uTRE rmétHdd adBording(tblitie prdxntinvention serRisctbdbdat caplet sadasks, aned
above) or disubstituted anlno roup (NRR , wherein Rand R are preferably
al kyl as despeeialyppwsinied ciewl Beardst the asitip raatmentiquidrpeferabhbsi ti on of

e cont ai nades 1R TOHR ool sBfer o RHplR RN tEAFRE, 1D REPREP GudeR D0 o
As f4Q0 as mgssmtdm fdnthecﬁubﬁeq\@ertﬂvoatm@mmyplam’r eéﬁétbyemhrrééisws groups

such 30 as e . al kyl and dial k ani no grou bei ng defined as

above. saweammsu and;other udteje%tac flasyThe ﬂmdlcrmaimrwlau@rmydlagrt@r i ses

groups |n two or three al kyl
gr oups, Ehe ﬁ %ﬁewgﬁrﬁ{%@gﬁbﬁgé%gwéébég‘bgg%%y Jﬁi‘%ﬂ?her groups in which
phenyl |s substituted with one, two or three hydroxy groups as defined
above, further groups in which phenyl is substituted with one, two or three
al koxy groups a@ byeiqgen peyewide angd t her 5 groups in which phenyl is

substyit uted Wt t as groups in which
phent;/lh[5 is SUbStI!Bt %?Fe(? Bﬂﬁ%e rﬁéﬁﬁepé%hgte[%%é]pﬂﬁq&\gﬁ{nh uents as given
above as well as groups in which phenyl is substituted with cyano, vitro,
am do, sulfjnyl, . nyl nd/ or sujfo am do noi etj es QT

five- menbe&bﬁ W'Eﬁ(ﬁﬁ?@eﬁ %‘69’6’&89@“ {gtf&@feaﬁaﬁdnyeewbeﬁé"amﬁgg'm t he group
conpri si ngcéﬁ{arﬁgol es and the derivatives thereof, especially preferred
conpri sing am notetrazol e and 5-phenyltetrazole. The mcrostructure

nodi fyi ng agents are preferably sel ected fromthe group 15 conprising

L-cygiyeine. DL- Y8l Rlalf ond itk dioechAaFhod erlng( aggrtﬂea a2 from the group

comprising organic thioles preferably having the general formula

HS\
R1 A
25 organic disulfides preferably having the general formula
R1
\_/ S\ B,
S R2
organic sulfides preferably having the general formula
30
S
R R2 ¢



mer capt oacetic acid (thioglycolic acid), 3-nercaptopropionic acid,

2- mer capt oet hanesul foni ¢ acid and 3-nercapt opropanesul fonic acid as thioles
(type A cwioyewodsy, further L-cystine, DL-cystine, D cystiP€d/ER0t/07788

bi s-(2-am noethyl) disulfide (cystam ne), dithiodiacetic acid,

3,3 -dithiodiprdpionic acid, 4,4 -dithi@ 20 dibutyric acid,

3,3 -dithio-bis-(propanesul fonic acid) as disulfides (type B conpounds),
further thiodi aged tisioasidbs ﬁr,e'ﬁérabgi laling eie gehGrak fdrthidad

3, 3" -t hiobis-(propanesul fonic acid) as sulfrdes (type C conpounds) as well
as thiourea and thiobenzam de as thjoam des (type D conpounds) as well as
the salts of the aforenenti oned conpounds as far as these conpoynds are
acids and 25 amines. In general inCaddition to the conponents ntioned the
acidic treatnent liquid accordhgg/id\the present invention contains an
acid. _The liquid preferably confai ns thinorganic acid) especially sulfuric
.acid. 91t may al so contain any 30 other acid. The nethod according to the
present inventi@RetsinSi "™l € and cheap and nay be 11 easily carried out.
The nethod is carrlea out by means of gal vanochem cal nethods after the

U Rty i hari i L o secrreiiyt phesy gtk YRR
cl eaning step pﬁe_o(ieri"@ti(‘,’ﬁﬁ Wrﬁﬁkdmerfkbaﬁ_@f‘ﬂ%% ‘H@X%’Pdfiﬁ@ﬁ‘i%ofagﬁeﬁe‘i‘tmventi on
may be performegs LIRORgen RO.g SFRING dr%gﬁ%frtﬁ?ﬁﬁmm@reﬁfwsgdﬁ%ayes and

in order to guaranteé eveh treéatnent. ens ‘encountere

conv#dti onal nebaphenyl osabstitutedohenyln nated if the treatnent liquid
according to the present invention is used. Especially the 10 adhesi on of
organic filnms being subsequently applied to the copper surfaces may be

i mproved. i e. I j f. (€0 i uired only,
mp Rﬁﬂ fs'l}iréfé?élb O g?OSéTI'@I, nﬁiréfﬁré‘llﬂ&éllﬁlﬁco n(g’P[ryg\%I ahd mést y

t he copper ckness t e varying on range after the

et chi ng prprederablya€, b&xralkydy ire. aviethyt, etifyly prapyl bubdspentyhamdi hexy-asont r ol | ed
printed cifcuit b ardgeg%pﬁl\ﬁ?e}erran% actur ed. F%%rmre the light co]or of
15 copper PEINGIRQRLRIEIRTERG LTEal [somers qre ! s &fe THRTBBYle FO-RIQPYlnt er ed
duri al i t jo@f o] Tty N t R d 1 icocecur
Di saggant ageous’ Iés? fbelgylé ugﬁtﬁ,gh? gra{] h}g?sg?ggys}sﬁéﬁgd éor?ﬂt' ﬁgbcﬁ%@g%@%{;ﬁlgces
exposed af definitibreisoalgarto befapplietde abkyd groupminedBfinitionsegiwem herainaftero

el ectroless plating of tin, silver, nickel, gold or palladiumor due to
depositing 20 organic protective coatings prior to soldering, have not been

obser ved. phribafved 6iAB dIkAgreupy i srdherabA htirokfisted AIRfigiofipd.m Lo t he

copper surfaces can be achieved even after "a small etching off of copper if

a certain E}S@lm@lessmf_rtbelth)ﬁdéomatﬁdraﬂgd grioupshre hdiydraxyetiylnehiidwxyethyi,ne
wer1 205" PRy dBARRonT, 2 NahRB ORISR Ty S oty

cont ai ni ng1 YdhgdxyPESI 11a-dinytironyhropyl; 248 Lihydesxypomyl] ed, sur f ace

structures aon the copper surfaces are fornmed due to roughening which are

too |arge &=2.3Hihysraxypropykefs: Thigialindionds alea tp beapplied khydPsY oreurss and
t Je . . Co B
oxcl ude 11 PR GvBa iRranal HerRivos 8t R bt Fidbisy B8 1©
_tpe: mal tst?]lkbnylat&ralkyi gmugispsmilta?letgjmemeﬂn?ybmm_ ] nm‘thbi_qethylpgertﬁurfaci;
| etcnin nmeans accordi.n (0] e resent. |1 nv 1.0Nn S us , e
1 o1 851wl EP LS URORL, o mMe BRI TN RORYRTRY b ArA-TORNRTN:  act al so
0 o re . ; . . >
ohi oh cont aniethEX ol 1, BU R ERERY BRI 2 e oS or T gencr al
very roughiQ,8ftrmethaxypromy etcatasdyelFas thex aaespanding sthoxyvand progdxyeep
ks 5 (depth of A - 5 ni formed, jn_th _surf if th
‘ethod desgrbbgNSs B deRREnds slsciioae hfectls kil S dahptBRE |
structur esg%ntﬂt@eﬁ@&aﬁroéﬁveft%%f% alkyﬁéﬂo%pwmély bl¥® PEfHchrAsspINdin (o

_the present invention have two orders of Trregularities having different

st r u@ur al cylamepeinposndsnnitrbeonmpoursisd agtde cogpoantds suiinyl composmdar e
formed which,.- endent, on the. 10, crystallite gize in the copper surfaces
have an Suliony] EBEMPEMds et Uftghis Sl Bompbiinds.



from1l -10 mcrons. If the copper surfaces would exclusively have
structural dinensions of this size adhesion of the filnms would not be

suf fi ci enybyz2logbs on the surfaces. On the other hand pitsPamEPAENIBE ti C
structures are generated due to the use of the m crostructure nodifying
agents according to the present 15 invegtion the pits and dendritic
structures having an average size in the range of from50 - 500 nanoneters
and super paryl igpricferabfpleanis mdghthg, Shithiacery? and Preritdigang nfcst of the
two types of irregularities are structure widths in the Copper surfaces
that are aRreTgbly phenvldaeryalivesof themeyl @iowpa are prafarably akkyl Jenyativest he

structure the i dih 10 di il . Al ey 2
determ ned'\'%o'?/rh Q@%I’ ?gt#ﬂrfgﬁg%'&tgﬁr?ﬁ% lﬁ%h\e/gﬁ\?%%ﬁ t@???ﬁ@k@ﬁe@ t@%%llggr aphs.
Fur t her nor groubs@syleat aboad, fuethboderivativesseith peaferatsty abeetvad ehiHreeof f of
copper takgfqgl ace. In ast thereto it is not necessary to etch off

t
more Shan RYdoRY Grases. dhe defimtion of tha Bydiowy desiativisas BMerakaYE, dugher | f
‘h t hod . . . . : C ‘
guar ant e STRAREBE I BrerErablfodt 18y U BIGRD ofduithe Biahfio i .
surfaces. dlkoxy groypsrag giventabover hatheewith prefierdbbcone,divogort thrednitior esent

invention i s of exceptional | o_rtarr;_c if electric circui i)s,havi ng, smal | er
and smal | e9rO4P3AS Vel Ra (@Bﬂﬁh\rgﬁ)ﬁn whighgnere thenongtype qfisubstifugats gives and
bond pads ﬁ@éw ) AT f copper
manuf act urgﬁ(g\fé ?';?B%o ancefﬁtﬁﬁ@wggﬁgi fré:)u%l{e@ g&)ﬂﬁéﬁ&%b ptgélg‘l’v tﬁg‘)@ rc‘)érx}e\hi ch
conddiot or groupsanuier alkoxy groupssandier hitrokgrpupgior lydrexyngroups/togetber of

t ol erance. 3 Besides it has been obseréed t hat the cg&per sur faces

darken if WY aloxy gPUPSENH(ordiitre grNRS PoalkPXY iRt togataer WEh Rif®ods i s
applied so ' i ] es; conduct or
pattern isg@(;@%oaﬁnga@r@%gm g|gﬁeﬁorﬁ|}|\g§1? ?@ﬁ?ﬁéﬁ%“ba’éi B‘gccécoé{r“g?dnﬁgfst’o t he
present i namido compsundsdsudfirtyl campduindl} sulfahyt coppouads anedsutfopgbamido f ace
is formed. Alignnment_nmay therefore easilJy be carried t sipce alignment is
faci |1 t at cEOBBRUNGR T (PapRElYS SHbsITHSRS B8k bEAs @ncatibe POSRENS IBIHe copper
surfgges a & he-sal ha SRISHRIN bAAri copper
surfgges eggléggﬁe%%é gP?e'r%fﬂg';%ac@lg f1lms %ﬁ%ﬁgggg' r:';lﬁpg;i??gd t g?];to i s
possi bl e wiing isibondeax taothepsultin atorarin dapesiton.f t he net hod according to the

i nvention is used as opposed to conventional nethods. If the conventional
nmet hods are used problems encounter frequently, for exanple when tin,
silver, niakgkyl i98hdrr groablbtdad t8'=h Qﬁp_@ﬁlcgredp,l theaé?aﬂdgﬁgfrd iASAisTRNNEr OF
when organic protective coatings are applie EI‘I or to 15 Sol dering. These
probl ens i pagebeinghnanded torthe isatfutiaiens vid the alkylengrevp orsamsliyl @ies cannot

be agRi eve | r | | 4 A sition
s adh ovelomiedtaafauel e, B8 UpkiopbR ini3se iy BARIEE 17 B

pr et r eat edswifdrhatofieviatthé iangdenepop.oThedalkybgrdepds idefingd tasegivey above Bhdm
These probl ens may possibly be ascribed to the presence OL triazoles. The
reason of H§ Ellkbﬂlﬁﬂéﬁﬁuﬂrh@itha CpfT eﬁH@"&'ﬁEd@@%’“BEpﬁ&* NSRfOPYLEATESRONGSHRI cal | v

further prgg 1S 1 B ; g&f%r iR any
ot her or gaﬁf@aég‘%{)‘%UFﬁé%Eﬁt rée‘u?}éeg%@c# Q(?%%B'e\iréfn sur acée)sgq’ieldconvleaﬁyl%ﬁgl

et chi ng negroumhas tieecorréspgondingnreaning, @g. phenyl porespdryds to pleshyderse.t o

appl icatiop of &he ﬁi‘gOd &c ording to t%ﬁee resent invention can, however be
remoSd ca eriyatiyes,ebihe ¥yp yEgmUpS TR Prefera ly FOERQUAIS WICBAOMRTER® usual |y

used in pryREESk el GFUi eaﬁrto'” e, 0 hat a
subsequent H%@?a \ﬁszgﬁr%r?mﬂpﬂgg?%r eygﬁb%gggeﬁ\g?g’o%s Pic?r%ﬁe ectef Eﬂéess

pl ati ng of respectise lsubstitoents bding bopoddddo tlee alkytier alkylemetdrodpusi ng a
slightly acidic,fluxing ageqt, be carried withoyt any difficulties. 30
The copper reRactivel. andor 1o he aNERnaw/Igne GFouR, TeREatNER rent wi th  he
liquid according to the present invention in order to renove inpurities
.fromthe copper 14

30 Cycloalkyl is preferably a C, - C, cycloalkyl group, i.e. a cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl or cycloheptyl group, and most preferably a cyclohexy!
group. Derivatives of the cycloalkyl groups are preferably alkyl derivatives, i.e.



surface which could inmpair the treatnent. Al conventional cleaning agents
can be used. Usually surface active agents and if possible also conpl exing
agents, syohes7béeor exanple triethanol am ne, are added t oPCHEPAHIIEESUS

cl eaning solutions in order to achieve an inproved cleaning action. 5 After
t he copper surfaces have been rinsed thgy are treated with the |liquid
according to the invention. The mcroetching effect of the liquid results
from the caigponadii 8Ad &fi-sOpSnitRERNalRGr derivitivas che R fiRfiof of the |§p&% s, .
mcrostructure is obtainable due to the use of the tetrazole co ounds i n
conbi nat i obeingtas given abowe clusther detivativesowith prafgrablieane dyarodihige ng t he

perox de aligiBs Sibuet. W dbrREH or3fe Byehoky e BERu3E eitPagbesbLL i on i <
achi eved bfurthédiderioativids With héferasiypaentiéo of ﬂfre@%}l%;r@ﬁp@,%étdeﬂiﬁit@h | over
al cohal s, such as of 1,4 15 butanediol and _1-propanol, further by addition

.of 4- Rydr off/iheralkessaroupsiteing rg givan abaxed feiteruwitiopraferabinenes waor

preferably ' L D [ qui . gonponent s
o the- 11 a6 Mg SRR firher M BbREthoriting Byondbb gl Shi&S hent <.
such as al compbandsisutfinyrewmpbunds) sulfsthyl compdands and autfenyitemigel ubi | ity of
the tetrazoles and of the mcrostructure nodifying agents as sol ubilizers.

Addi t i onal FMPEHRdS Thargare alsheompised detvativasdn avivieh meafedban opedyped, for

I I T [ h
oresent | nobsibsitiieds stiifed dpbi Aifhindecto e CRIGHII GRS 4. JRd "5,
60C. 10he t grmipsetotethemvity leydroRp gyoupsoand/sr allkoty gfdifpssaradiodnitroThe hi gher

the tenperature of the liquid durjng the etching treatnent the faster is
the et chi ngrOURsQ hyAroxy: gRLing o0k inel Wit alkaty GrolmsAneYon RILra:GRaHS O e | <

required i ' ' i Y . t .

{echni cal  PABXEERbGECERRLAN AR dbubS. THe Rregteli®s 3B A Bgvbeln. |

preferred anyof the ppsitihﬁsm tl‘ieecym:]tcdﬂ?d skel%(m, eégd.rim’aal Bgldl-,di- amd Qq:ausitidn a

tenperature_i1s set in the _range rom 20 - seconds 15, The

concent r at PBﬁ§YS\°"‘PKQ "Pﬁﬂw‘fr @83%6%&\%@@915@“@9&&93“%@88\%%9@ b the 5 10

15 25 3?@ t invention are as follows: hydrogen peroxide, 30 % by
g

wei ght'l - sul furic acid, cons.10 - 250 gl Ltetrazol e conpoundsO.1 -
20 gl Lm crostructure nodi fying agents0.01 -10 glL The opti num

concentrat IRq nasnd%2 E)rrze?er%%ﬂpggﬁtgltnsoﬁg oF rt}%rel: 'ft%lét%ng‘egr%ﬂ%sorﬁ]eéigﬁng the

solubility of the microstructure modifying agent in an aqueous solution, for

example a group selected from the group comprising amino, carboxy (COOH)
20 and sulfo (SO,H) and the protonated (NH,*, NRH,*, NRR'H") or deprotonated
derivatives thereof (COO™, SO,™), respectively. The amino group may be
any of an unsubstituted (NH.,), mono- (NHR, wherein R is preferably alkyl as
defined above) or disubstituted amino group (NRR’, wherein R and R’
are preferably alkyl as defined above and are selected independently). The
25 position of the functional groups in R' and R? may be any. These functional
groups may be contained in R' and R? in addition to the substituents as given
above.

As far as R? is substituted amino this moiety preferably comprises groups such
30 as e.g. alkyl and dialkyl amino groups, alkyl being defined as above.

As far as R® is substituted phenyl this moiety preferably comprises groups in



-

type of tetrazole conpounds and microstructure nodi fying agents used. After
havi ng treated the copper surfaces with the treatnment |iquid according to
t he presamboromesst i on they are rinsed, preferably w th waP@T/aRel/d@ss8oni zed
wat er. Thereafter they are dried in an appropriate manner, for exanple with
hot air. It is also possible to furtheriQtreat the surface before drying by
exposing the surface to an acidic or alkaline rinsing solution, which is

conmon i n wiieh iphdngl is)substittedivitrond) ews of traee ausyl Iglrw;%i thé tatkyv\@?cﬁfps
Afterwards the organic filmcan be deposited to th per surfaces

pr et r eat edqing daiNed g5 above; Biber SEoHRS In Witeh IDhGDVldS |S§gpt1félﬁ%i withsiner t | y
bl 1t 8 AR OB PR,

exanple first a conc n d"aqueous So on o
conpounds sabstituted estrare, dwe cmtivéwalh@qagﬂubs asadefredispey;, adtherhi s

| ut h f f Short bef th th f
he. <bi ut iAUPS FLAhiEP p?rmémﬁb%séﬁgqam& WO dhEae HEOEPHES A8 WAl anpunt
which is Jd&%@@g&ﬂh ﬁ@nﬁ% asst&m%dg@&i Frfefie sk &hég@ gpmﬁu‘gﬁattégns

The print r Ult Oar gs- ohn e treat i n conventli o pl ng
cont ai ner saas given abpvefasrvaéll as igoowpsein wimclmphenylnse)absiltﬂmﬂ withmyano; he

printed L6 cifycuit_ bpar bei n ere rough in a horizontal
direction 'H&B' %‘@fc{% W&Wﬂi%ﬂénﬂ(ﬁﬂ %’n?‘gﬁ\é’ngf é:rc{m@ 1€S0sition or in any
other orientation. In the plants the printed circuit boards are brought

info contact with the treatnent solutions by conveying themthrough
medi 10n i solte ﬁwb-nmm’eentelddwetemymcompbumds;areapﬁerfqablyswleghd foomdbel | ed to

t he copper_surfaces. or %Q CIrCUI boards pein bner ed ., in the
L eat nont OHRCOAHISTS letEablas a7 iR ASAtyER Harent SsBRoBly BrarREdar «
manuf act ur&@gnbysing @L%moﬁgﬁﬁﬂ@aﬁadj |te@|§20p§eucht The follow ng

exanpl es serve to nore detailedly explai'n the invention. 10 Exanple 1. An
aqueous sol utlon according to the present invention was prepared by m xing

the foll 1 | d,. 9 ight 50 mM hyd
o ox ey pGTRRIERES mastyinG,A08AtS sfS pieforhly SSbcied i e dioury 20 g
up wWgh dedd?ﬁ;bﬁélﬁg\l!aé teih8, @leyg%neTilSnﬁl%éthéﬁé‘thYﬁﬁcﬁ%étﬁ do 35C. A

printed circult boar whi ch een plated by neans of a bright copper

bath (for memaplt@c:aﬂemntl (jhmgh(cphcagld‘)uaﬂnmeraapwmpmc aeid,|2-ofergapioech

Deut schl an e erab devel o ed 25 f ol the, printed
circuit bo%hﬂge%'ﬁﬁﬁ'geﬂ' -tr%erlc:ﬁg d@’&?&ﬂ'}eéH QUEAS 6"1’& B%E'Bﬁatsﬂbqené‘ent ion for
60 secondsgompéiid rm@utcvs*ﬂﬁecgurt%uﬁ@rm@sﬁnévahe bis-(Z-ahitbdthypar m

dei oni zed water and then dried wth hot air. The copper surface obtained

was mat ardiswiide 4cystamingyi dithiodiasetic @nid, 813-githiediprapioniracie phdi-dithiger
cLehag o Bl S o us SR Bh e o BB Tfpel8l 2,
(lateral) compounds), further thiodiacetic acid, 3,3™-thiodipropionic acid and 3,3'-thio-
bis-(propanesulfonic acid) as sulfides (type C compounds) as well as thiourea
and thiobenzamide as thioamides (type D compounds) as well as the salts of
the aforementioned compounds as far as these compounds are acids and
25 amines.

In general in addition to the components mentioned the acidic treatment liquid
according to the present invention contains an acid. The liquid preferably
contains an inorganic acid, especially sulfuric acid. It may also contain any

30 other acid.

The method according to the present invention is simple and cheap and may be



dimensions; ('! ) On the one hand sem crystalline structures were forned
whi ch had structures in the range of from2 - 5 mcrons. (2) On the other
hand pit swg@oo470d7 dendritic structures with a size of fPOWE01/077880
nanoneters were formed, the pits and dendritic structures superposing the
sem crystalline structures. The semicryg$falline structures are shown in
fig.1 at a magnification of about 5 2,000 (1 cmcorresponds to 5 mcrons).

The pits apgsifiecdttieticutSThe ehethes |§6@'ri%HQ3m Uyrméaﬂs o?gél&zaﬁo@ﬁélﬁicfal cation of
about 12,500 (1 cmcorresponds to 0.8 microns). An aqueous

treat ment mtb@d%ﬁﬁabt!’@r eppRerisiructires oaginted ﬁv@wt boardaaha bean fatmed

m xi ng the. f ql C % 50 m( 15

-hydr ogen p g’%'uk‘gwd@‘? é)%?%@ﬁ?é%g #Ph%c?%tﬁotpg%eélgﬁégi[@qgg Pobenzam de
0. 05 g Addadgitiohahcldahing stepl priak & carpyihg lout eie méthddacserdifig ntheas heat ed
to 35C for carrying out the nmethod. A copper substrate whi was prepared

‘usi ngdcuPRIRvEntien Ny ha pegiopmed in 9rder tadertaverimpirities from ﬁa&:mr Af t er
t reat ment EE' ?ﬁé)ﬁ?,gﬁa "ﬂﬂ:&# %C\Q%rﬂeé'e% qre\gt%%p!/arm dei oni zed wat er and

then dried™w air. opper surrace ned was mat and had a

|l ight pink color. The thickness of the copper |ayer etched off 25 by neans
of the solution amunted to 0.8 microns. The mcrostructure of the copper
surface agahf reqblenis eacaumserad if eeavantional meang|are usee can bejeliminatedhd: (1 )

On the one r I

structural t@gaﬁ ﬁ@]?éa%&ér'aﬁ] gfs&) tngég%tmeﬁgr?g' g?%fwgﬁgp%&g& ﬁ]er hand
pits1ond dagHesibhof o %amtlﬂlrﬂs beirigsebssquently applied idthe copipersarfageser s were
formed, the pits and 30 dendritic structures supgﬂpom ng the

seni cryst aMayee §npiveds E§’r tW‘ﬁ&”BQQﬁe@ senell etehag offrf qappes isfeguigewn i n
m orons) . R 3 COBRY Bitufes? Ribtbtore veflita iR ihea ff6RHRRRMER e °
etchmg process has been carried out. For this reason Impedance-controlled
printed circuit boards may be manufactured. Furthermore the light color of
15 copper is conserved during the treatment. Therefore problems encountered
during alignment of a photomask on the conductor line pattern do not occur.
Disadvantageous effects due to further processing of the copper surfaces
exposed after the organic film has been removed, for example due to
electroless plating of tin, silver, nickel, gold or palladium or due to depositing
20 organic protective coatings prior to soldering, have not been obsérved.

It has proven that a high adhesion of the organic films to the copper surfaces
can be achieved even after a small etching off of copper if a certain copper
structure is formed during the etching method. If the conventional mechanical
25 roughening techniques of grinding or pumicing as well as if conventional
chemical etching methods using solutions, simply containing hydrogen peroxide
and sulfuric acid, are applied, surface structures on the copper surfaces are
formed due to roughening which are too large or too even, so that adhesion of
very narrow conductor lines and extremely fine solder pads and bond pads is
30 not sufficiently high to exclude lifting off or flaking of the film due to mechanical,
chemical or thermal strain. Very fine microstructures are formed on the copper
surfaces if the etching means according to the present.invention is used, the



30 shown in fig. 4 at a magnification of about 11,000 (1 cmcorresponds to
0.9 mcrons). Exanple 3: An aqueous solution was prepared by m xing the
fol |l owi ngvgesppent s: sul furic acid, 96 % by wei ght 50 nl P&T/EPUHETSS

per oxi de, 35% by weight 35 mM 1H1,2,3-triazolo [4,5-b] pyridine 1.5 g
L-cystine 0.1 g Add up with deionized wpper to 1 liter. The solution was
heated to 35C for carrying out the nethod. A copper substrate which was

prepared Ugjidrastriigrsd gl‘an@é@gﬁlgﬁ Q&?&lbﬂtﬂgy%hﬁﬁé'i ﬁ?éct%?sé ggonds.

After treatnent the copper surfaceés were rins war m e oni zed wat er
and then dachieved tﬂaiewobthe aforementinead (sllemwaéetmhirm medneds used which had a

k col The thick fth | hed of f f th
Soluti on «SRUAPLYABORE Bordtite oo SHhRBronr B HeVi e o GANSTROMILT surt ace

exhi bi t ed ﬁdMgho&dﬁa%fe@.rHresgéwmaaFoﬁie@ﬂPlé)mﬁas (oinoerﬁﬁmt%)éat&ééwe

structures were fornmed which had a structural size in range of from4
.10 mi &r ons(depth ohild Teigrops} ara/ﬁormed in ithecoppén sifaes nf- tr@onetlmqbrret ers were

Sol uti on vilespibRREr BB R A Ch@nplipt QhiS chfan RS has rat 5o

% by wei ghgofpbrurtices WhRainBBleowitl the methdy a&&brﬂi‘ﬁg t%'ih@préséﬁﬂlﬁﬁérﬁtdrﬁzm e 2
g 19 L-cysteine Add up with deionized water to liter.

g T
sol uti on waavebwe erders afireguarities hgving d@ft&renhetrmturaidilmﬂnel@ppe@nahe

Sout 1 on 1 5be B Rk SR e St RBs AR ooty itn  RpPhaRRon L | e

wi thqgar m ék?'stﬁ?lité%i‘zé’\ﬁ\t tﬁé (ﬂiib%e'i’ Bafaced SHavée bh dVerage size THehé PRIRY o ur f ace

obt ai ned was mat and ink color. The thickness of the copper |ayer
et ched of ffrem heéﬁsmmrommdf capper sHfe0es wwdaemlasvmymmtrmtwal

t t hg, 10 d f t t I
i menst onsaiensions aftys sE8HFReR o368 S WaE Peb PR shinpi e o5 '
struct ural thd &@fadest Oh the@BePhahd pits Anddeniditiestuchutes afd geABebted idbie
structures with a size of from50 - 500 nanoneters were forned,

super pondi tﬂgthenese af thermicspsteuciureampifying agents aecording ta the pregentns t hi ck

P ocdtsi gyl lah oS BpBRfinA siubiRes BBRRG S Bvtets IR ARIRAGE
appl i ed t ooffrem$0 a600aMemMetelzsandbapépahingpihet semicasdtallind stucionenn
persul fate_etching solution (80 g/L potassiumpersul fate, 30 m/L sulfuric

aci d, 35C, The aysragrisiyes phénebne p@sQfﬂrreg@afltleﬁamgtrM&w&ihw ng
Romul us 209&;\5”& §% Gl & HQQ@B%F gﬁ%&’eé%f@fﬁt@ Hﬂncﬁ%" 1

measur enen LA Strate usin ac area
of 5.7 mmRAsThe smaetwcgavudﬂisethewdﬁvsrafendlinduhepemanawalleysateed accordu ng

to the des ri bed hod wa reas e adhesj on force neasured
b (B0 oubdelearingd byevaliaing SEMISERARIE0 Heckon Mikeneps) hotographs.

Furthermore if conventional methods are used considerable etching off of
copper takes place. In contrast thereto it is not necessary to etch off more than
1.5 microns of copper, preferably not more than 1.0 micron, if the method

25 according to the present invention is applied in order to guarantee sufficiently
high adhesion of the organic films to the copper surfaces. This property of the
treatment liquid according to the present invention is of exceptional importance
if electric circuits having smaller and smaller size of the conductor lines as well
as of the solder pads and bond pads are to be manufactured. Due to the minor

30 etching off of copper manufacture of impedence-contralled circuits is made
possible for which conductor line cross-section must be be kept within a narrow
range of tolerance.



20 Cains: 1. Acidic treatnent liquid for the treatnent of copper surfaces
conprising 5 a. hydrogen peroxide and b. at |east one five-nenbered

het er ocycwiocozmomoeund wherein c. additionally at | east on®@OWERODSTMSICt ure
nodi fyi ng agent is contained, 10 selected fromthe group conprising organic
thioles, organic sulfides, organic disw3dides and thi oam des. 2. Treatnent

|l iquid according claim1l, wherein the organic thioles have the general

formul a 15BESideRlt ﬁéseb@émabssrvéu&néﬁmé%pb@vguﬁa@egsmreal|f é%gfléa 120 R\
IS\ S Rthe organic sulfides have the general fornula Rl~ C, 25 and

the_th: lc<>arrpl@11é@l M@onwt@@néclaemmﬂ ﬁtﬂhmq»ne@wwsmmd sogthatweafieei n hR‘ a][\d
R g ER a hstomdiali FesrXF It dandtifor iR s NN 1y

ESpeCI al | ypbssiblee ifithe treatmbat liquid edc@’rdﬁrrg/tot .présent ineantidn BWisedegcor di ng
to ané of the preceding clains, wherein R2 contain a group nediating
‘t he s8I ubi Matslight anﬁecqnp@rﬁgtqrqépepeern%faqa 'ﬁéO'%EQ%tA'IQﬁ'Wtdqaléous

| uti
Fohes | ona HRrdiord BGIBS Calidtba araolfichts fadlimich ISR Bare
agent in athedbjghamontrast bétwaen theﬂnghbc@mérfsmfacbbmr@rtharsmmte surfaceam no,

carboxy and sulfo. 15 5. Treatnent |iquid according to any of the preceding
claims, wherein the at

Subsequent chemical treatment of copper surfaces exposed again after organic

10 films had been applied thereto is possible without loss of production safety if
the method according to the invention is used as opposed to conventional
methods. If the conventional methods are used problems encounter frequently,
for example when tin, silver, nickel, gold or palladium are deposited in an
electroless manner or when organic protective coatings are applied prior to

15 soldering. These problems in part consist in that deposition of the metals
mentioned cannot be achieved at all and in part consist in that just very uneven
deposition is achieved. The problems further arise if the copper surfaces are
pretreated with the etching means prior to depositing the organic film. These
problems may possibly be ascribed to the presence of triazoles. The reason of

20 problems arising if the exposed copper surfaces are chemically further
processed is probably a thin layer of adsorbed triazoles or any other organic
compound on the treated copper surfaces if conventional etching means are
used. A thin adsorption layer possibly formed due to application of the method
according to the present invention can however be removed easily by means of

25 alkaline or acidic cleaning solutions usually used in printed circuit board
manufacturing processes. Because of that a subsequent metallization method,
for example a method for electroless plating of tin, silver or nickel/gold or a
soldering method using a slightly acidic fluxing agent, may be carried without
any difficulties.

30
The copper surfaces are first cleaned prior to the treatment with the liquid
according to the present invention in order to remove impurities from the copper



| east one five-nmenbered heterocyclic conmpound is selected fromthe group
conprising tetrazole and the derivatives thereof. 6. Treatnent liquid
accor di ngvo®@2ee0en 5, wherein the at | east one five 20 neROEEEHI/07788

het erocyclic compound is selected fromthe group conprising

5-am notetrazol e and 5-phenyltetrazol e.14. Treatnent liquid according to
any of the preceding clains, wherein the at | east one m crostructure
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-t hi ouPea, thiobenzam de as well as the salts thereof. 8. Treatnent liquid
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Stabilization of the hydrogen peroxide solution is achieved by addition of further
compounds, for example by addition of lower alcohols, such as of 1,4-

15 butanediol and 1-propanol, further by addition of 4-hydroxybenzenesulfonic
acid and 8-hydroxyquinoline. Therefore preferably these compounds are
contained in the liquid.

Further components of the liquid according to the invention are further organic

20 solvents, such as alcohols, which may be included in order to raise the solubility
of the tetrazoles and of the microstructure modifying agents as solubilizers.
Additionally further organic and inorganic components may be contained, for
example copper sulfate and surfactants.

25 The method according to the present invention is preferably carried out at a
temperature of from 20 - 60°C. The treatment time preferably amounts to 10 -
600 seconds. The higher the temperature of the liquid during the etching
treatment the faster is the etching reaction. Therefore in this case a shorter
treatment time is required if a certain etching results is to be obtained. Due to

30 technical reasons an etching temperature in the range of from 30 - 40°C is
preferred in order to keep the method easier controllable. In general a
temperature is set in the range of from 20 - 60 seconds.



D, 23 5 10 wherein R and R2 = al kyl, al kenyl, aryl, aral kyl,

cycl oal kyl and the derivatives thereof, R =R, R-O R-S, amno or
substi t utwo camv4106 Wwherein R and R2 may especially be ph@®GJIEPGI/07788
substituted phenyl. 11. Use of the acidic treatnment |liquid according to any
of the claims 1 to 8 for forning copper18urfaces on printed circuit boards,
the copper surfaces being suitable for the subsequent coating with plating
resi sts, ethghcoreanirationsadfdbe maiskeompaharts of théi lkiquid accaording tosthel2. Copper

substrat es_ havi ng rog(glgened gul faces with two structural dinensions, the
first one MEVFPMYMYRNUQLALGESIOUOWS L "t he range of from 1 to 10 microns and
t he second one having an average size in the range of from50 to 500

-nanonet ers. 24 Acidic Treatnent Liquid and Method of Treating Copper
Surfaces 5 10 1mydspgen#eroxitde, 30 &sbyiweighlenti on rel at es 1t-01@0 gl uti on and

to a gethod of freatl C er surfaces, the copper surfac ej,ng brought
‘into Tont act w%lﬂﬁiw %@?’a‘?‘g&freat ment |iquid which cont Jlﬁn'?q‘@%)rl'ogen

per oxi de and atteteazdle eovpbungsenber ed heterocyclic comqppngoegﬁLwell as
additionally at |east one mcrostructure nodifying agent selected fromthe

group conpri si nicrastueliramadiying agerdsp, sul fi des C an®.@hi d8@des D
havi ng the foll owi ng respective general formulae: S1 | H\R- R~ ~S~ 2
~~S\ 2 RB’CQNHSRRR2ABCDMWerein R and R2 = al kyl, al kenyl, aryl,

aral kyl , epgepaium @enéymtratiors 6fahs ConfitthenbSindgieiligaid deseridien gisd and R3 =
R, R-O R-S, amno or substituted amno, 20 wherein R and R2 may

espetfal | ytype obteirgzole compaitndsiansimigrestyucture mpdifying agents used.
. AF9. A3&. A3& A3&. A39. Al & A3& A3{9. Al . A& AYU9. A3& AFhL. AF9. A
9. AFU. AY9. Al & AY9. A9. AYh&. A& A3$. AYh&BDGJ MP\

After having treated the copper surfaces with the treatment liquid according to

the present invention they are rinsed, preferably with warm and deionized

water. Thereafter they are dried in an appropriate manner, for example with hot
15 air.

It is also possible to further treat the surface before drying by exposing the
surface to an acidic or alkaline rinsing solution, which is common in the
industry. Thereafter the surface is rinsed with water.

20
Afterwards the organic film can be deposited to the copper surfaces pretreated
in the aforementioned manner.

The liquid is prepared shortly before the application thereof in order to
25 maximize its durability. For example first a concentrated aqueous solution of
sulfuric acid, tetrazole compounds and microstructure modifying agents can be
prepared. This solution has a sufficiently long shelf life. Short before the use
thereof the solution is added to water together with hydrogen peroxide in an
amount which is just sufficient to adjust the desired individual concentrations.
30
The printed circuit boards can be treated in conventional dipping bath
containers. It is preferable however to use conveyoarized plants, the printed
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The solution was heated to 35°C. A printed circuit board, which had been
plated by means of a bright copper bath (for example CUPRACID® BL-CT,
sulfuric acid copper bath of Atotech Deutschland GmbH) preferably developped

25 for the manufacture of printed circuit boards, was dipped into the solution
according to the invention for 60 seconds. After treatment the copper surfaces
were rinsed with warm deionized water and then dried with hot air. The copper
surface obtained was mat and had a light pink color. The thickness of the
copper layer etched off by means of the solution amounted to 0.9 microns. The

30 microstructure of the copper surface exhibited two different structural (laterat)
dimensions; (1) On the one hand semicrystalline structures were formed which
had structures in the range of from 2 - 5 microns. (2) On the other hand pits and
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shown in fig. 2 at a magnification of about 12,500 (1 cm corresponds to

0.8 microns).
Example 2:
10
An aqueous treatment solution according to the present invention was prepared
by mixing the following components:
sulfuric acid, 96 % by weight 50 mi
15 hydrogen peroxide, 35 % by weight 35 mi
5-aminotetrazole 29
thiobenzamide 0.05¢g

Add up with deionized water to 1 liter.

20 The solution was heated to 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. After treatment the copper surfaces were rinsed with
warm deionized water and then dried with hot air. The copper surface obtained
was mat and had a light pink color. The thickness of the copper layer etched off

25 by means of the solution amounted to 0.8 microns. The microstructure of the
copper surface again exhibited two different structural (lateral) dimensions; (1)
On the one hand semicrystalline structures were formad which had a structural
size in the range of from 1 - 7 microns. (2) On the other hand pits and dendritic
structures with a size of from 100 - 200 nanometers were formed, the pits and

30 dendritic structures superponing the semicrystalline structures.

The semicrystalline structures are shown in fig. 3 at a magnification of about
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An aqueous solution was prepared by mixing the following components:

sulfuric acid, 96 % by weight 50 ml
10 hydrogen peroxide, 35% by weight 35 ml
1H-1,2,3-triazolo {4,5-b] pyridine 159
L-cystine 0.1g

Add up with deionized water to 1 liter.

15 The solution was heated to 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. After treatment the copper surfaces were rinsed with
warm deionized water and then dried with hot air. The copper surface obtained
was mat and had a pink color. The thickness of the copper layer etched off by

20 means of the solution amounted to 0.85 microns. The microstructure of the
copper surface exhibited two different structural dimensions; (1) semicrystalline
structures were formed which had a structural size in the range of from 4 -

10 microns; (2) and deep pits with a size of from 300 — 500 nanometers were
formed within the larger semicrystalline structures.

25

Example 4:

An aqueous solution was prepared by mixing the following components:
30 sulfuric acid, 96 % by weight 50 mi

hydrogen peroxide, 35% by weight 35 ml
5-aminotetrazole 249
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The solution was heated to 35°C for carrying out the method. A copper
5 substrate which was prepared using CUPRACID® BL-CT was dipped into the

solution for 50 seconds. After treatment the copper surfaces were rinsed with
warm deionized water and then dried with hot air. The copper surface obtained
was mat and had a pink color. The thickness of the copper layer etched off by
means of the solution amounted to 0.85 microns. The microstructure of the

10 copper surface exhibited two different structural dimensions; (1) semicrystalline
structures were formed which had a structural size in the range of from 2 -
5 microns; (2) and dendritic structures with a size of from 50 — 500 nanometers
were formed, superponding the larger semicrystalline structures.

15 A 25 microns thick photo-sensitive film was applied to the copper surface using
standard processing parameters for the film. As a comparison, the same film
was applied to a similar copper substrate that was treated with a common
persulfate etching salution (80 g/L potassium persulfate, 30 mi/L sulfuric acid,
35°C, 60 seconds). The adhesion of the film was measured using a Romulus

20 III Universal Tester manufactured by Quad Group. Ten measurements were
taken for each substrate using studs with a contact area of 5.7 mm?. The
average adhesion force of the substrate treated according to the described
method was 1931 N/cm?, whereas the adhesion force measured on the
substrate treated with persulfate was 1034 N/cm?,
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1. Acidic treatment liquid for the treatment of copper surfaces comprising

5 a. hydrogen peroxide and
b. at least one five-membered heterocyclic compound

wherein
c. additionally at least one microstructure modifying agent is contained,
10 selected from the group comprising organic thioles, organic sulfides,
organic disulfides and thioamides.

2. Treatment liquid according claim 1, wherein the organic thioles have the
general formula

15
HS
N A,
R1
the organic disulfides have the general formula
1
20 R NN B,
S R2
the organic sulfides have the general formula
S
R R2 ¢
25

and the thioamides have the general formula

ﬁ D,

C
AN
R3/ NH,
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1'9) especially be phenyl or substituted phenyl.

3. Treatment liquid according to any of the preceding claims, wherein R and R®
contain a group mediating the solubility of the microstructure modifying agent in
an aqueous solution.

10
4. Treatment liquid according to claim 3, wherein the functional group mediating
the solubility of the microstructure modifying agent in an aqueous solution is

selected from the group comprising amino, carboxy and sulfo.

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

6. Treatment liquid according to claim 5, wherein the at least one five-
20 membered heterocyclic compound is selected from the group comprising
5-aminotetrazole and 5-phenyltetrazole.

7. Treatment liquid according to any of the preceding claims, wherein the at

least one microstructure modifying agent is selected from the group comprising
25 L-cysteine, DL-cysteine, 2-aminoethanethiol, mercaptoacetic acid, 3-mercapto-

propionic acid, 2-mercaptoethanesulfonic acid, 3-mercaptopropanesulfonic

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'-thiodipropionic acid, 3,3'-thio-bis-
30 (propanesulfonic acid), thiourea, thiobenzamide as well as the salts thereof.

8. Treatment liquid according to any of the preceding claims, wherein at least



10%$& () -

| 109R#& () -

10988 () -

8 10%8& ()-
Sy1098& ()
9l 1098& () -
M 1098& () -
- M 10%$& (
Z109%$& () -

L0%#& () -
.109%4:85( ) -

, Fwxyz| [ NA41010

* & 10%t&
1096& () -
10988 () -

10

15

20

25

30

' 110%$& () - | $10%3$& () - xxxx xxMyybA@0>$

3"109%8& () - 1098& ()- L109B& ()-10>$10>%yy*zqztzzz|[: A@O>$
T110988 (Wo 020bPAB& ()- F 109%8& ()- ,f10%& () -
109%$& ()-zzz[{{|Db]|[: A@O>$ ,M10%& ()- f)YION#& ()- F, &LOY& ()-

Y1098 &CT)EP01/17788

"10988& () -

Y 109%8& ()- 11096& ()-b||};22~~~~| [ NA41010$10$10$ 9s! 109468 () -

| > 6#1098& ()- /& 1098 ()- YF.!109%& ()-~~{ n|[: NA41010
one 2A%Rdrgahic acid 1®itained. L 1098& () -

U 9! 10%8&' () -

ny| =| [: NA41010 |s 10%& () | 1098& ()- &L0YB&E () -

YF1098& ()- 10%8& (

: NA41010 Y. SH10%8& () -

skt it i%%fzﬁf%%%" ?8&3?1*?@%96&&%@ cdntagidhe: ()

Y6910%$8&' (gopperGutRigde wilh ah acidd featnsérit0ifii éc)mpnsnﬁglO%i& (- &

| & 109%#& ()- |109%#& ()-  109%F& () -
109%& () - 109%& ()- | f10%& ()-

[ vUAl0  109%:& () -
109%+& () -

()-3 &310%& ()- [/10%& ()

1, L 004E () - - () -
()-1 gb@’?%@%pﬁ?@f'éz’?é?' . NA41010 & YL1098& ()- " 91098&
| FGhOatH&ash ene eHidnbered atebdsclio eGhnppolindA41010 F 1098& () -

YMBLOYBE& () -

wherein

c. additionally at least one microstructure modifying agent is

contained, selected from the group comprising organic thioles,

organic sulfides, organic disulfides and thioamides.

10. Method according to claim 9, wherein

the organic thioles have the general formula

HS
N
R1

the organic disulfides have the general formula

the organic sulfides have the general formula

/5N

R? R?

and the thioamides have the general formula

Q=

N
R3/ NH2

()-

Y

@



s 10%$& ()- ~&H#10%& ()- &H#10%!& ()-nDP|[:-410% ,109%& ()-
) 3109%8& ()-y VYS&SHI0%$& ()- f 10%& ()- VY&MBLO0%&' () - 1098& ()- bA410%
| L” 109&& Wh02/00478L0%&& () - Y 10%&R& ()- S109%&& () - PCT/EP01/07788
S109%&& ()-10%$10%, ~FL{ Z8A410$! #$109B8& ()- | 109%&R& ()-& A ~3#10W& ()-& <
3#10%&' () - °~ 10%@&B@& ()-  109%&' ()-L|[:2310 °1,810%& ()- *I,810%k& ()-
CH#3109& () - X@SLOY@@ ()- #3109\ ()- #310%iu& ()- kbA410 |

1098& () - whesinv$& ()- Y FMILOYE ()- @O0%& ()- 1098& () - 1010k0| [: A410

Ylé(?/;%&( §) 1@/81!3%%823" sa"?%g/aﬁ%t Qralkvlievﬁaa'?yl dnd the: «2@,—@@@@ iherfef@& () -

‘ﬂg?ﬁi () -F =R, Rl upsliuted St winerein & 808 R 8y, 0000 (-

1 10% 8z &' (¢spadalishe phepybdarceubatituted phenyll 096& ()
0! 105/&& ()->8:S|[:vU410 Y L10%z& ()- < 109%&R& ()- Y 10%&z& ()-

F@10%8p& ()- >F@10%4 z& ()- | 10%&z& ()-S|[:vW410 P, &10%&z& ()-
10% r & () -4 @@%@o@&\é heidi Y&Qﬁf%hﬁhm c@&?@%%ngz)o‘f the' claims 1 to 8f
L10% &z & ( 10 6@ 0HSha& Y6° 100 0)- v

F(!10% w@z?otr)ungssppn@m&ques orepmte%cazwt bpardss the copper sur(faces being
suitable for the subsequent coating with plating resists, etch resists, solder
masks and other dielectric films.

10
12. Copper substrates having roughened surfaces with two structurai
dimensions, the first one having an average size in the range of from 1 to
10 microns and the second one having an average size in the range of from 50
to 500 nanometers.
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Abstract

5 The present invention relates to a solution and to a method of treating copper
surfaces, the copper surfaces being brought into contact with an acidic
treatment liquid which contains hydrogen peroxide and at least one five-
membered heterocyclic compound as well as additionally at least one
microstructure modifying agent selected from the group comprising thioles A,

10 disulfides B, sulfides C and thioamides D having the following respective
general formulae:

Q=W

HS 1
\ R" s S

R? s R2 R &

Y2 RY ONH,
15

A B C D
wherein R' and R? = alkyl, alkenyl, aryl, aralkyl, especially benzyl, cycloalkyl and

the derivatives thereof and R® = R, R'-0, R'-S, amino or substituted amino,
20 wherein R' and R? may especially be pheny! or substituted phenyl.

(fig. 2)



