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3 February 2005 COVPOSI TI ON FOR Cl RCUI T BOARD MANUFACTURE Backg{ 5 00
Invention 1. Field of the Invention This invention relates to % bees or
t he manufacture of nultilayer printed circuit boards. In particular, this
invention relates to a novel conposition for treatnent of copper and its
alloys to forma surface having a uniformy etched and conversion coated
surface wth Wrb@;@mcﬂw@ﬁrtmeur@ﬁz.dmm%r\%&r@ktcu't layers and

|l iquid polyner coating in nultilayer <circuit fabrication. 2. Description

(ﬁ téh &hﬂﬁofﬁ&[ h& Aayer printed circuit boards are used for a variety
I af—appﬁ T’cations and provide the advantage of conservation of

melght an mul.tilayer board is conprised of two or nore circuit

| ayers, egc‘%@ﬁﬁéﬁﬁr‘?ﬁvar separated from anot her by one or nore |ayers of

dlelectrufvnate s are fo copper | ayer

Rt sis S beost TR LMt B mr D R or e, aooper

onto a po

| ayefcarddy Th@ehRLRH eSS WREidENOMRs Lot AdVel comfpositibPfor &¥amehEofRE6pHr 2880d etch to
define and produce the circuit traces - i.e., discrete circuit lines in a
desmtfe%llmfisrq;tﬁrtn apwrfta@rfr@vm@ﬁ@eifpwémwhmne cpRferedepagpsuifgerath a stack is

for e other by a

" el”%C a@ L f?ﬂyﬁ!ﬁ!nha +n of(e:cllr:%l)&;iwagve Léﬁ’cﬁ @1&8& a%{(c%?%{%lg@nrggﬁpe

subjeﬁmedhbpmhmai and pressure to fornrthe | am nated nultil ayer C|rcuit
board. Following |lam nation, the nmultiple circuit layers are electrically

connect ed2t Degaipiophee PribyAdri | 1 ing through hol es through the board
surface. Resin snmear fromthrough-hole drilling is renoved under rather

stringent Ma0ARdripRRged cfidlic Bosai¥RkeusedYorlaaatentlcomitd appicansrnhaat ed
sul furic acid or hot alkaline pernmanganate solution.” Thereafter, the

t hr obEgYidiohe sdvenince of eamemvasiop o6 weielt andisaagst Amatitilayst hpasdidkomprisehalict i ve
' Nt e{GOBPEGH AGuRYLSeACEich E{réﬁ?{ 1afef sd AR By cﬁﬂéﬂ b%rr eg&&gfgoﬁé%ﬁr J grmation,

e discrete copper circuit lines are typlc an adhesi on
pr ondiedrcti©miarpielo &rdoo m(jrestarce‘imghdfd yetpplyerg aecw@perdayccmtb alpalyereric. and adj acent
|nterleaV|n3)d|eIectr|c r.esi.n @ ers he art o i nprove

t

bond SUR{HRkn IH‘?H%%PW%§38§P8§FF PFéﬁPW%ﬁﬁaﬁfY%ﬁ§m883pé?f%FP%Uiﬁ fines to
f or mag, foR RR&0pIRXphiEEarsibdhas Befine and produce the circuit traces - i.e., discrete circuit lines

in a desired circuit pattern. Once the circuit patterns are formed, a stack is formed comprising
multiple circuit layers separated from each other by a dielectric layer, typically epoxy. Once the
stack is formed, it is subjected to heat and pressure to form the laminated multilayer circuit

£

board.

Following lamination, the multiple circuit layers are elcctrically ‘cormected to each other
by drilling through holes through the board surface. Resin smear from through-hole drilling is
removed under rather stringent conditions, for example, by treatment with a concentrated sulfuric
acid or hot alkaline permanganate solution. Thereafter, the through-holes are further processed

‘and plated to provrde a conductive interconnecting surface.

Prior to lamination and through hole formation, the discrete copper circuit lines are
typically treated with an adhesion promoter to improve bond strengih between each circuit layer
.and adjacent interleaving dielectric resin layers. Oné method used by the art to improve bond

‘strength involves oxidative treatment of the copper circuit lines to form a copper oxide sutrface
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3 February 2005 coating on the circuit lines. The oxide coatin%f%E usgﬂhgy
a black or brown oxide |ayer that adheres well to the copper. "
possesses significantly nore texture or roughness than an wuntreated copper
surface. Chenical treatnments which produce adherent conversion coatings on
met al surfaces, such as black oxide, are very comonly used as to pronote
adhesion of organic materials to netals. O her exanples include netal
phosphat e coati ngs ‘used as pai nt adhesion pronoters. Such roughened and

CONVBHHigosh B atrad: isidk f Beasi®nanegs adhbsh bRclantraeh baddk ldyeythto t he adj acent
insulating |layer by a mechanismthat is believed to include mechani cal
i nt eghgekival © Bhecorrsh Thaexide parsestiriadieanhymarcdrdreof Fiuehras fien2ayer . Met al

- sur fu%?r%%a gﬁpep%ﬁcg%ﬁﬁ@@?ag&%%%?ghich Ee&au&%h&&n\esmﬁ& &%%gyordo not

gener al sess as egree of rface roughness an exture, as
can rheal sukfaceseclich rohlatihe@iide, greeatyeronmeilyastd arto giometg ndllesiohiofhtgandxi de

| ayers are nost often forped usjn i ghly al kaline solutio cont ai ni ng an
ol draERgs syRpiels DUET e st pBfe B pp CheE Sutt (FEr & bt ant o
NOS . 5 @ md4s. 328 AGhenfd SftacABdrsioABo RS hdR€ ntaRQYVAhediod hiaWidi@bfiny pBt i on of a

mul ti | ayer stack, netallized through holes are formed to provide
el ecthe jadiatent orsnbong e byetasbenish pauis belieygefognelpiramedapigtli ipisrioskiphe

et 3 EEANDAES shBAR LYPR aibfe SR TRA 1l Bt oo R BECHoSn mIieBfladli ©
mat erial's thave a 'tlen ency (0] ISSOla e t%e copper oxi c?e on the circult
| i nebutwidvetehverspas@died Ao Aottdenaulghpdigiseas hight eddpeteiof gurfavk rdughoesd abét ween t he

circuit lines and the dielectric resin npt%giﬁl and often causing a
condieEfush 23 Kb hhinfarred framipeir greatst iReqtion §f vigigledighhice the susceptibility of
the oxide to such attack, the oxide _treatnent described above is often
fol l.owed Byidg latesprroosoitye farmeg LR DE SRR IRHACHLBD Y FHREPY | ess sol ubl e
in a : - - | rahdpPr ocesses

n ggglﬁ%r:ge%n{, Bl 00 Bﬁﬂgﬁ% FHEDRAS DAUBRERS Nos EXSIIAGI M4

ct'i e oxide by treatnent with a reducing solution such
as déasgeidglanm ne borane as shown in U S. Patent No. 4,462,161, an acid
solution of seleniumdioxide as showmn in U S. Patent- No. 4,717,439, or a
sodi um t hiAssiskdrivié alsavk Ubllowing Sorstatemof a multilager sRak.onttalNocd throg@h h6B5.  An

alternative approach involves partial or c | et e, dissol uti of the oxide
| ayer™ }G”B?QJW 188"1 ¢ c&%ﬂﬁgfc’r@ﬁ?&é‘éh“’%ﬁ?ﬂ Cﬁrﬁmg %{ﬁc% tO X tﬁ?neoﬁge shown in U S
Pat eRfctiizedhol@Gnides thiRht WRE Bddig dRtrials MM hcidit bieriflE havet: tpiduiog €

adhesi on between copper surfaces and dielectric resins_prior to nultilayer

| ani tatfiserve thelogper pRide oB desirowt dREsvieRcrReieddn afhreygiyhole, interfering

with bond between the circuit lines and the dielectric resin material and often causing a condition
known in the art as pink ring. To reduce the susceptibility of the oxide to such attack, the oxide
treatment described above is often followed by a step of converting the copper oxide to a form

" less soluble in acid while retaining enhanced surface roughness. Exemplary processes include
reduction of the oxide by treatment with a reducing solution such as dimethylamine borane as
shown in U.S. Patent No. 4,462,161, an acid solution of selenium dioxide as shown in U.S.

| Patent No. 4,717,439, or a sodium thiosulfate solution as shown in U.S. Patent No. 5,492,595.
An altemative approach involves partial or complete dissolution of the oxide layer to provide a

" .copper surface having enhanced texture as shown in UU.S. Patent No. 5,106,454.

Other techniques known in the art to promote adhesion between copper surfaces and
diclectric resins prior to multilayer lamination include the use of etches inclusive of cupric

chloride etchants, mechanical treatments desigaed to produce surface texture, and metal plating,

.-
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chl oride etchants, nechanical treatnments designed to produce sg&{[ gce 005
texture, and netal plating, -2 3 February 2005 all designed to &
roughened surfaces. Historically, mechanical treatnment and chem cal
et ching procedures have not generally found w de acceptance in the
industry, nost likely due to deficiencies in both process consistency and
in the bond strength to the dielectric material. Electrolytic netal
pl ating processes may provide highly roughened surfaces and are commonly
us edultdesigndian geodudd esighmed furbioert | Histousally haethsniodl tceppat artcb:h@pmy for

inner| Layers of a
pri MinERTPeauresBaYT 1Pt eiTral WASe PEERPREAT frﬁ?’m(ﬁ’isgérrg?sé Y traces
whi clqpfe é’;@snltn Bb%@prgéeséccnm&ﬁ&sar{d%meruoﬂgsteén%ﬁ{talt&adlele@naﬁﬁtdn@an to all areas
.to be plated. Oxidizing solutions containing peroxide are well known in
t he Ialea;troiﬁwanetsbpiammgcesmmay proeviresghdly mgh@e«ﬂ/aﬂfﬂéwar@farwﬁmg i ncl udi ng
renoval, of  oxide, scal of surf
bri gffte o FRIARTS ?dgcsé‘ﬁﬂ’? “t "uous %%?tég R0 ? %ﬁ? )grfg{%g%lhtgdrg‘e n@qép P&gﬁ{faces
For gseddMkBnarkd) HoMRael t@ﬂlrﬁaﬂl@lais oﬁp@hh&atlrﬂm Hoal PEOEDS manetiadtscadlych as iron,
copper or their alloys are treated using ution npri si gydrogen
per ostiserelefcieu ifEages “@i‘%‘mf‘?"ﬁﬁl ¢ b Piogtss FF@“‘”“?F?%CWG’I'%?QB‘?FUB%F P%S sol uti on
cont?ol&s 1BAegt abilizer, optionally a corrosion inhibitor such as
benzotTiazol e, and an anionic or non-ionic surfactant. Because hydr ogen
per oxi de 6‘30&3”8%%61%&1&@ co uﬁn@ g&gk&id@%}e WA oA 2SR BEEOshARnPRSRT
conposi tions i aen eV el pe each conprising a different type of

st abibkdnzisag f&\aStagivny ofpeptden rehidingatistil nfoxdidapeki ¢leonisg chfasé@bcan hydr ogen
per oxi de are descrl 883 whi ch

b
di sclcEaen oy ‘B’reéﬁ"&@ﬁﬁpicﬂ“%g&ﬁ?ﬂjr‘Haaé‘r?“ﬁgfrﬁ?{f"i%ghcé‘uﬁl eta? Y and

al CO*F%Ir éitngl% lih %:%ﬁeﬁhefn%téat RBRiAG0PA - 12501066%8AR s@ch Aa, CWpEB(Sf th&t her
simlar aning conpositions are descri bed in U S. Patent No. 756, 957

wher elllaysarab"ﬂ:htﬁé asing psolutippdrogernpeybrcaciosidsdpapealpiF Bt RY¥is§iup of

al i tic.,amnes a am nes and
al | B hé(d [OgEH RETORIAS sohrll][g&en Ciorﬁlt%l 3 staﬁih??x)éx tCl rf(;lfé corrc% ddn??l?%?t& ﬁsgdr %gen

per oxiedgotahA, Agd SIOﬁrﬂbﬂl(‘DﬁkSﬂdﬂFlemk nm\imtaanchchwélymegm prEeGdd @r@dmagslé@fb hant
conpositions for useln an et chi for,. formn circuit

ShLng. SLep, L. B,50PES,
pat t &f A PFYST-cBHPE ATOgRT PRAPRINHS ‘éodnpé’ﬁl op hays brdt ngl ayer protected in a
patt e(go'?nprlsmg a different type of stabilizing system.

Cleaning or polishing compositions based on hydrogen peroxide are described, for
example, in U.S. Patent No. 3,556,883 which discloses compositions comprising hydrogen
peroxide, sulfuric acid and alcohol stabilizers for cleaning of, for example, metal wires. Other
sirrﬁla:- cleaning compositions are described in U.S. Patent No. 3,756,957 where a stabilizer for
hydrogen peroxide is selected from the group of alipliatic amines and their salts, alkoxy amines,

aliphatic acid amines and aliphatic amines.

For use in the piinted cireuit industry, hydrogen peroxide etching solutions are known and
have been described as etchant compositions for use in an etching step for forming a copper
circuit pattern from copper laminate mounted on an insulating layer protected in a pattern
corresponding o a final desired circuit pattern. The foil is then contacted with the etching
solution and the unprotected copper leaves the desired circuit pattern. During the etching

processes, the copper foil contacted with the hydrogen peroxide-based composition is etched

_3-
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corresponding to. a final desired circuit pattern. The foil is tr_hgn 0
contacted with the etching solution and the unprotected copper 1°8R0¥<%he
desired circuit pattern. During the etching processes, the copper foil
contacted with the hydrogen peroxi de-based conposition is etched -3 3
February 2005 away for conplete renoval - Peroxide etchants are descri bed,
for exanple, in U S. Patents Nos. 4,144,119; 4,437,931; 3,668,131-1

4,849, 124; 4,130, 454; 4,859,281 and 3,773,577. In the latter two

r ef enescios completeaedpiahd cEvBisidhnits arelesBibEdipr PaEwicain ViSaFalcatsthPs ner ease
etch,r I n, 4 K. . 203, . AR &PRR t-ehi I, IS
descﬁilglé’gl%\‘,iﬁ?%ﬁadéle giﬁe?alt’ %%4?'%%%§r3§'t§|gdé’n£%t ep. e‘"‘kdgﬁ?'osgg'nmétgef%??%e et chi ng
conpess teferbn@d M shing cah@hitioh 286 sompriden ditigolewetcirage agentts i s di scl osed
for cleaning copper surfaces of a printed circuit board prior to

el ect r opl at (g ratnastdi 1,200, Capperaitiayeproent 3 dekeibedndiichient baatyer whi ch
is formed fromcopper. After the electroplating step,. a photoresist or

scr earEeReaiian SR Aalysroash PepKide elchinpSOWAPSIgS CD&}P@BT?G%‘?}M&BBP%‘WP%di p
conpQsi.tio r i Shi ekl ; ; i ce of copper,
corrp%?cggedsg %ﬁfﬁ?ﬁs’r(?g&%‘%%& Q{aeghlg‘déé gr ‘g%fag%s Os% ﬁlfrlgg%gﬂlg ?f:arggﬁ%l@ hydr ogen
per oxledapplatitg irpzidit@nanoppar layet @ng itercpndwting lagen widch Ffermaddforpepprdron of

he. AR BHOHEE FRGTDOPRL PO S0 BSRLbUPPRYDI e 1's Sai d Lo I nprove h

Z0le is said to inprove the
"l eveling effect” 3,948, 7 1,C. pol i shi ng

.o U S. Patent . , 948, 703, .
. conposi ti 6H§J-§'rpét%§gr‘?i?)%1@0572%§£f‘§lt y?%“(j’“fﬂ?a‘fl%g% Pﬁgg‘g’%’ glgﬂfl”ggglggg d and an
. azol g, %stam@offc%?gé??éomgﬁgb% STBY@AS® 2 HARkKAbEd Susk b @atadid,and

nonioni ¢ surfactants are used in the worki n%me_xarrpl es. In U S Patent No.

4, 956)yd3sgen phewidead tripodle sii/org towiapydeitt-roing. Ther inpasperptiguefaefastanidsapti se an

etching co sition, such as .ferric | oL 20X biHELgracid with a
quat eﬁoﬁ’éﬁrﬁa@g rﬁﬁelfﬁﬁtf ’tmig(E)“rlf;lfl?:m%&urre o4 % mgﬂr? ﬁgg(%eaggﬁ%g%{@ ur,f.!gct ant. In UK

Pat enfenouiazold @686 impivds dgervREtfecte/ aci d conpositions are used to etch,
chemcally mll or bright dip copper surfaces. The conpositions contain

triazol e cRNPEUPASHING. 39UADDT, cHEnitieBpHE pbhigingleapopdsnd irodedsyibbdavy net al
ions. In Japanese publi shed g{gpl ication No. 06: %12, 646, . a coag%?r surface is
r ougHeqRSHNIG hyfTeBeoRAE A 8% Pah 2 A0 ZAIGFRPPS A% TRF AIMPRSHIRTE (128 O

mul ti L ayar JRLARGGE afd Ashddic RPBEESs afthBed in the working examples.
In U.S. Patent No. 4,956,035, chemical polishing compositions for metal surfaces
comprise an etching composition, such as ferric chloride or peroxy sulfuric acid with a

quaternary ammonium cationic surfactant and a secondary surfactant.

J ' In U.K. Patent No. 2,106,086, hydrogen peroxide/acid compositions are used to etch,

‘c;,hcmically mill or bright dip copper surfaces. The compositions contain triazole compounds to

stabilize them against decomposition by heavy metal 1ons.

] apanese published application No. 06-112,646, a copper surface is roughened to
improve adhesion in laminates for the production of multilayer printed circuit boards. The
roughening is carried out a by two-step process, each step involving treatment with a hydrogen

peroxide/sulfuric acid composition. Both compositions must be free of 2 corrosion inhibitor.



il Raacd R

roughening is carried out a by two-step process, each step invqglyvin
treatnment with a hydrogen peroxide/sulfuric acid conposition.géﬁhwgyzmﬁ
conpositions nust be free of a corrosion inhibitor. -4 3 February 2005 In
Japanese applications Nos. 03-140481 to 03-140484, copper surfaces are
pretreated prior to lamnation with a hydrogen peroxide/sulfuric acid
conposition to forma roughened surface. In 03-140484, the conposition
contains an additive (CB-596) manufactured by the Xekki Co., which is said
t o accel efmahpadchCappliofBESNaNA3i1abidli tb 0dad0EossHposurfatespes picireed | N U. S.
Patent No. 3,773,577, a copper etchant based on sulfuric acid and hydrogen
per oxiedo tasminai giswidha BYdrogeR treroxie sHEUTIGICHHATRSSIHED HylopmiarargheB?d tertiary

am n ' ek : KV I.gation

03 7 8 O, o e L R e o de
cont Hekis Go.twhiak &l seidandece k¢ itderacess and getihedecwinposieon ellpgohade. or gl ycol . I n
Japanese application No. 51-27,819 a copper etchant based on hydrogen

per oxi de and.Ss@hfetir e 3,76|5d7 conipatmschanttetalanchfuinetidpid onaddey a tertiary
am ne or_an alcohol. In PCT appli a%ion.PuincatLon No. 96/ 19097

pUDI PeREife FaRRiInaEh Aguss N, B PEE PITRE O AT ABEE i IRTaRr

cont gL P8 2Q4RAUR JQ&H&Q%@E&M 5889 9178 AcERPPAELBLUEFACEn LORME 28id Aldeaned
copper sur?ace whi ch i's both m cro-roughenéd and conversion coated so as to

have hyduwekén pireritlt yorgaoda perds and/clidride iemtpgpbe vaithsa Berpobonglyed Horm with an

organi c | ayer  .as. requi I t he pr.e } | £l I . In
coontime etendhaber aad p shevey REFREGALL S Mol phich KR ARAL

pr oViagdRtohknstd B@idontnd opBéally ausfiag antenpran afcalplcont act i ng t he conducti ng
| ayer of a circuit with an adhesi on pronotion conposition conprising 0.1

to 20% by jweicahd,phyaicn @amicaR6l Bl W& 960097 publahed e 2d, 1906, DEg@RPbted
corrosion inhibitor and a surfactant in_an adhesion pronotjion step to form
a m chd-alodglesn eerossa verainE-2gBRAE BOBRESIEdse] 9D § COPRPIUEEST WERS Bhe process
'S PAGLLEHLAIEY SHBEL Which & bd R IR GolBELdd RY BEn RS heish GUidnaboar ds

conpri Sing I hnerl ayer an an outerlayer, the innerlayer conprising at

| east supficientiynguk abicsiy thayaiabland s@tng bead to forre vabrad wegdnirglaydr ay eaquepdint he

outerlayer conprising at, | easf an insul ati I [, in ihch conducti ng
| ayerthf BreppREonat E‘Pﬂg‘ﬂ’ﬁ t%ﬂ?é‘%t AP ganie ot tﬁ%"“&@f{%ﬂhd‘et lsc%@rr%%sg d EJIQ% A. After

the adhesk QhpBYREPEd: Ratind 2 REhYdTEGtLcofRkiiE adnth@ing divatoadudingégict yf 40 the
conducting layer of the innerlayer. The pol yneric terial nmay be the

“1.al
i .nsul eitduiigrittagreadhesion prRTSLOR PPRPRNILHCOREFSIAE PP 2ABHYST IR S RE i nsul ati ng

| ayer peroxide, an inorganic acid, an organic corrosion inhibitor and a surfactant in an adhesion

promotion step to form a micro-roughened conversion-coated surface. It is stated that the process
is particularly useful for forming multilayer printed circuit boards comprising an innerlayer and
an .outerlayer, the innerlayer comprising at least one insulating layer and at least one conducting
layer and the outerléyer comprising at Jeast an insulating layer, in which the conducting layer is
the metal surface trcatéd with the peroxide composition. After the adhesion promotion, a
polymeric material is adhered directly to the conducting layer of the innerlayer. The polymeric
material may be the insulating 1ayef of the outerléyer or for direct adhesion to the insulating layer
of the outerlayer. It is further stated that the process may be used to provide a roughened susface
-to which polymeric materials such as photoimageable resins, solder masks, adhesives or

polymeric etch resists have improved adhesion, usually in the manufacture of printed circuit

1
n
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of the outerlayer. It is further stated that the process may be uged t8
provi de a roughened surface to which polyneric materials such>ggbruary 2005
phot oi mageabl e resins, sol der masks, adhesives or polyneric etch resists
have i nproved adhesion, usually in the manufacture of printed circuit 3
February 2005 boards. Finally, it is stated that the process is

advant ageous as it overcones the need for formng a black or brown copper
- oxide layer, as in prior art processes. |In Japanese published patent

app! iveadds OBy, idid s3tkd Il the PrdtleQGE8Evah G pddus 6 05T difds tnd ARAbMNGrAinget al
‘surface in an adhesion pronotion step to forma roughened conversion coated
surfadémébﬂﬁxﬁ%ﬁﬁgwwbﬁwgdmﬁngﬁWh@“&@ﬁdﬁ@?ﬁﬁg | ayer of the surface with an
adhesi on pronoting conposition. Said conposition conprising 0.1 to 20% by
wei ght hydbolgemepepubkisierd, paenieapphicatisn Ne . | RdF Pahi acpracdsds;diwipsahfane or

‘quaternary a ni um compound, each.free of a surfactant substituent and a
corr JETBRY PBIGr: LA B oLREre ot SR P e g aefarR SersRr it o The
t r eatsixpiate €MRBSIgtdoRRcElisIBd as@dcting 1481 & thateite @R kh 6@ickidn pren@ing | ar to
t he conposition of PCT Application No. WO 96/ 19097 referenced above, but
i s arformERsBiganed cuyPasEion seepaYieg O ta P by wekehthabiezepPeicndeeMsi9Tcat i on wit h
t he - : am ] ations
NRBreSHES %{: ks, AL Rne 8%‘2’%‘% i’i?ﬁégﬁ:@&{?ﬁodéﬁh&%%%gof a SRR

containing surfactants are use 1nt spray node because
of esubeswemend aaoiresjorofhhibiter, swl efttionadly cBmpasinga obrrdsim ishibftaciamt from t he
coating is often.diftiqq%h. ecause a surfactaqt of ten adheres

Pt |

sur f aRCAmERt CompPsiRpm i STgieet et Safiop Sailen O e FomosPe e EI b bond

st r engbPlibebHRRNWd 86/05051 8cfeRatdd 8o Butlihgy @g:rrémnagh@p@saﬁmbhmec oat i ng.
Japanese published patent application No. 2000-64067, discloses an etching

sol ut susfrctansef the agpdicationrwitfghe RPEriacieal AR ORI TRAGHFBMOBIYRY GRERPOEBMI i i ng
OXI SORZGh aichs REL MBI Sud o A df lclntrt'm IPs'etir%e%pgm Rk Bcahsor3” LyPE azole
il% I'S Cf nl af n (0] %at tahe

conpoﬁ%%@l I'scl"fosed I'n I's pate appl1 cat et chi ng
sol ut exdesfiastoamiret chihagluiah Rigsing of thelhwfolant fron theatoetigf is ofippéifficthat i s

not affected by the concentrati on of__hal ogen iqn due to the included
ot r abpFAEsH SuptestanCafien adheres G & SErash I TTAARRHIS gt o e PuTage S PBR AHCTHEL ¢ he

CONMPOgifi HIAd SREAYH SR FediRe $QAE QslifPaddthd Hirtad¢ Siherdadsl i@pamighst i tuted azol e
conpounds are not disclosed. Al so, this application discloses the

stability qf\?gﬁrlese RiHthAGalcht HpRPioh RG. 20MBALERRIR osthe: RdishediappLer

surface. However, the bond. 'Strength between the etched or roughened
sur f aveefahr & haigberiseeremedt pf adeppeetirierstontRgising opisp acid, a peroxide and

corrosion inhibitor comprising 1,2,3-type azole compound. It is disclosed in this patent
application that the etching solution has an etching rate (i.e., dissolution rate of copper) that is
not affected by the concentration of halogen ion due to the included tetrazole or 1,2,3-type azole
compound. Although it is disclosed that the composition comprises two corrosion inhibitors,
‘hydroxy-substituted azole compounds are not disclosed. Also, this application discloses the
stability of the etching rate and the formation of the etched coppef surface. However, the bond
strength between the etched or roughened surface and the subsequently adhered coating is not

disclosed.

There is thus a continuing need for compositions that provide effective etched or -
roughened copper surfaces while also providing increased bond sirength with subsequently

applied coatings.
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di scl osed. There is thus a continuing need for conpositi onstha;t Er oviz%«(,:5
effective etched or roughened copper surfaces while al so provi cﬁe 6“”

i ncreased bond strength with subsequently applied coatings. -6 3 February
2005 Sunmary of the Invention The adhesi on pronoting conpositions of the
present invention: provide excellent conversion coatings that have

i ncr easeGuRESlorshd ®ogidas as conpared with known adhesion .promoting - - -
conpositions. Such adhesion-pronoting conpositions are free of am nes
having surfggt @d@\gsigy?,%{&m@hbwm@ﬂww RBse0 dlvicngs @bvidacisetiont

t hi cknesses may be obtai ned according - to the present_jnventign _dependi ng
upon t hesnpestancwhagesit hganitereart pedstgnathas camemsbtd oY hadgidftsi on -
pronotion canposition. The-b St rength hety DE - GRAVEESIRNLEGQSE | Ng -and
t he sﬁgﬁtﬁ‘&ggf:??‘f’% jignse -“E%g‘?‘gﬁ‘éﬁfi?aﬁaym%‘g‘g?ﬁﬁiﬁ’g% ?'ﬂ%? v by.the addition
of hal i dgri-QRt hchibRlipr €sanirsios onpogs of vmous Diiskrleowe draidrebiinet peogdifgly be
provi ded a process for treating a tal.surface in_.an adhesion npremptd on
Dl op § cleris pracHh ieronBuLHeRLaE ety BF eriis S AR F il M BHIES O R R QTR On
cont act | §g Jol S com8iiiGlngiidoay Thetthd shien diu biaeen Wictdonansiad hesiag andthonot i on
conposi tion conprising (1) hydrogen peroxide, (2) mxtyre of ingrganic

aci ds cenpeqeintly applicdsppinamabafghsrgwsheiity bep ,‘“‘é‘h‘eﬁtﬂgf‘%ﬁ’f“? g‘ﬁgt“”scf‘%o
corrosion inh%'.bitors', wherein at |east one corrosion inhibitor may be a

hydr oxy “¥UBY ¥t ed azol e conmpound, and wherein the conposition nay- -

conprise up to 8ppmof chloride ions. According to a first aspect, the
present i nvepiiigRd Ry, itdesm@nepahEed Ofrog@saimtdatn a reaatpobid it emadbesiir i si ng

hydr ogen peroxi de, a m xture of inagrgani ' j SUhd uric acid
and  phefemstisnisier P 2 mieproyehenglop Ve{s\?\?(‘)1 QS%?‘?%??%S%R%E{H i‘%ét)dgfratsu?gqv\her ein at

| east  ogmdsenRd 1ag 6fthd satfadsivtitbran hdhesion tynehtioR yarenepigen LMPEEREI IV 8Bnpound, and
wherein the g@gﬁ&?& {469 rpor%agimgihssc%ﬁHﬁ%gtsﬁlﬁﬁic&amaﬁg dph@@héﬁci 498, antl @M 8t leddccor di ng
eet |

?-i%fie re ot : :
to a se?:e('i he (esent venti on provi des a E)r OC@SU%‘ngPaI;Z treating a
metal  swichacenoupSsHIREITERag ope VoY Nkt Mg b s IR PHTEH FaResi on
pronoti gn conbaSifH.Qm R colb&itfoh Fial casRieStp tb 8pgnosiehiariad ioso- r oughened
conver sl OFP coated surface ) . . . £
According to a first aspect, the present invention provides an adhesion promotion
composition comprising hydrogen peroxide, a mixture of inorganic acids comprising sulfuric acid and
phosphoric acid, and at least two corrosion inhibitors, wherein at least one corrosion inhibitorisa
hydroxy-substituted azole compound, and wherein the composition comprises up to 8 ppm of chloride
ions.

According to a second aspect, the present invention provides a process for treating a metal

surface comprising contact of the metal surface with an adhesion promotion composition of the first

aspect to form a micro-roughened conversion coated surface.

N D-c;taile:,d Description of thic Invention - |
“The adbesion promotion compos it'u.m of the invention co miprises (1) hydrogen @crolx‘idc;;'
(i) one or more inocganic acids, and (3) at least two corro'sidn inhibitors cgmprisiqg at least one
hydroxy-substituted aidle compound. The use of such~compesid9n tesults in mg.fognation of a:
- microroughencd conversion coated surface. Whi_le not intending to be bound by-theory, it'i_s
believed that the cqn\rérsig')n coated surface is composed of.an insoluble complex of @pper. The
‘ rﬁicroroqghchcd‘-surfacc pmvide_s substantial surface area that promotes good adhesion tvo
- Suﬁscﬁucutly applied organic coatings.
In the adhiesion promoting baths of the preseunt inveatiof, the 'hyd.rogcn' peroxide may be

used in any concentration. If the concentration of hydrogen peroxide in the adhesion promotng,
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Det ai |l ed Description of the Invention The adhesi on pronotion cggpﬁsitigﬁ of
the inventions conprises (1) hydrogen peroxide, (2) one or no e’W@?& 1c
acids, and (3) at least two corrosion inhibitors conprising at |east one
hydr oxy- substituted azol e conpound. The use of such conmposition results in
the formation of - a, mcro roughened conversion coated surface. Wile not
i ntending to be bound by theory, it is believed that the conversion coated
surface is conposed of-an insoluble conplex of copper- The m croroughened
sur f eeepgstisv il e hagih $eanpdasdncsandfmdemaines thhatrfae Shoresiegodel. athwesi on to

subs ently appl.ied. organi c coatings. .In the . sion promgting baths of
he. By R e 08t B PREb Sy o8 hcst ok 08 BB oar:

COoNC eMINvadigtans the taihe [€ saen i dbiapobxilyid pagen ek 0Xigleodbythggrdhesi on
pronotin 7 3 Febr uar%fz 2005 conposition is too high, the appearance and
uni f BrEA§RRY Sfort fré%dol P acendimerppefaatde femdidd 1o The Tymigalhohedrogrsr oxi de i s

t ypi ' 2 0f - %. by wei ght based th
17, RN By Bl ok st Y o 21, D238 70,108

tota n genera en peroxide is present fromO.1
to 20% by L.ght ... pr rably from0.5%¢to 10% and nore preferably from 1%
to 89 Ty sPtbosiqh L EE AR I Oer e Rk sof s TRe e PR s ) 1 abl e as
35% Ihydngegpdrotide. viRti@ble sthbtiziagAPasd b phsSihofe hbaipeeTand pinelidven nay
optiqgnally conprise a stabilizing agent for hydrogenﬁgeroxide: Sui t abl e

st abiﬁxl'aﬁ‘ipi:?@ ‘%t @ltﬁﬁj‘obﬁmtt%@ed%ﬂ 1nip AgH: ‘PE]YF‘I’iLﬁ%‘ tpdiglyedlivacid. Exanpl es

| NC1 UltBteBWarfihereltlochd f8id 81 it QoritleRlS HeleMburdShith ordh HooBbi EarBRel

t hi odﬁg??colai C atcei d,cclet hyl eﬁe glnar%‘i ne tagt raaceti c0 acigllcl} aﬁdlyi %rg&g'hc

der i \aaidi, wekym siigaie.gihospheadiessand fulghomats nopol ycar boxylic acid, sodi um
silicate, phosphonates and sul phonates. Wen the conpositions include a

st abi | i zi Mjhagkatompdigiost abiuli¢ z smbjliage ngent. shdashiiiabg ygeupiselsintbly n an anount

of form0.001% and prefe I t |ea 0, 005% ight of the adhesion

ot U BB BTN A r R0y, e LRt MEER tf Sheaon

st abidrbmbiiéh @aidsitval MRS pRFbRS the QoRceaitti %6 Weiighite Hlent iRicEONPOSI ti oN.
The inorganic acid useful in the present invention may be a single acid or
a m o activeendrs aulci % sy wright efdhetompesitinn. of i norganic acid in the baths of the
present invention is typically froml to 30% by weight based on the

wei ght of Theangrgemc agid usedul prr & erese inveation may hiet ingle e¢idona minwrgehi c

acids. The total amount of inorganic acid in the baths of the present invention is typically from 1
to 30%, by weight based on the weight of the bath. It is preferred that the weight of the inorganic
acid is from 5% to 20% by weight. A variety or inorganic acids are suitable, including ,but not
limited to, sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid and mixtures thereof. It is
preferred that the inorganic acid is sulfuric acid, phosphoric aéid or a mixture of sulfuric acid and
phosphoric acid. When a mixture of inorganic acids is used, the acids may be combined in any
ratio, typically in a ratio of from 99:1 to 1:99, and preferably from 75:25 to 25:75. Whena
mixture of sulfuric acid and phosphoric acid is used, it is preferred that such mixture has a major
amount of sulfuric acid and a minor amount of phosphoric acid. The inorganic acids suitable for
use in the present invention are generally commercially available and may be used without
further purification. It has been found that the present compositions result in the formation of

- coatings that are darker in color than those available from conventional adhesion promoting

baths. Such darker color indicatesthe formation of a thicker coating. The thicker coating



acid is from5%to 20% by weight. A variety or inorganic acids

suitable, including but not limted to, sulfuric acid, nitric3§%ﬁﬁ?y2mﬁ
hydrochl ori ¢ acid, phosphoric acid and m xtures thereof. It is preferred
that the inorganic acid is sulfuric acid, phosphoric acid or a m xture of
sul furic acid and phosphoric acid. Wien a m xture of inorganic acids is
used, the acids nmay be conbined in any ratio, typically in a ratio of from
99:1 to 1:99, and preferably from 75:25 to 25:75. Wien a m xture of

sul f pravidcaeindorandif@iiosghetieatnant ehich 1uBledly oite ni@e plehmrof @dosefpadnt such

m xtyre, has a major anount of sulfuric acid and a m nor anount of
phosgﬁ%PV@'acid. The inorganic acids suitable for use in the present

i nvention_are generally conmercial]y avail abl e .and nay be_ used wi t hout
further pdt HEiRESERIdRYenfiqn, FREUSL AL lﬂaﬂ ﬁUOPW‘OPHg*“B‘Fé% EritsebomisEEn #f ons

r €SUhdast She di8hd QefBeibh Ritors 1€ QRYABIF s i18kueEold BbK SEunldD THE Iwaro&itan those
avai | abl e from conventional adhesi on pronoting baths. Such” darker col or

i ndi cabstituthe afads ermficendsef thee présenidiaventiontmian §aveThere thrngkehydwayi ng 3 February

2005 Qvi des nor e i formsuyface tr.eat hi i 1 kely.to be nore
Col eriRttrt Subudbbertbenshi G o e SO e S e of e
| eastantie GIOS. rRSLEIA hidibiydiubalisell 82416 sinpothey i@tind@but reast limhel of t he
corrosion inhibitors is a hydroxy-substituted azqgl e conpound. The hydroxy-

substhvdiadubstiped Bagemd SyePxy Rebsprisatazelye HtySr xRS zRUPEIAY e t han one

~hydr oy bst. . it uted ! :
L AR iy PNy D SRR R glod
‘hydr oxyh sheligtlrdxyiselshtiazai x2ole@nppovds piovcled thet thbatcoad eomestiod inbitedist o,

hydr oxy- tituted, triazoles and hydroxy:substituted tetrazoles.
L oy R bRgB R it e SieboR BoniaR BBttt ORI Bl SRR oRay be used

as thﬁhﬁﬁ&?ﬂﬁy%ﬁdd@,&iu@ﬂotili&ﬁlieﬁit&,Qﬁaio&sP@ﬂ@o[@Iihﬁ(ﬂhzol% bPAmbfteres thereof.
hydr oxy-substituted azol e conpound, provided that the_second corrosion

i nhi bPeigablg secordparasipbindibijorstinalade, hef7ee ne Aimpied fH ORI IEBR1S6 $7¢i Bn.  For
exanp]. € e | pahi b i pmgted to,
triaz% égﬁﬂggﬁY%@%ﬁgggk%%?%ggﬁﬁggmgghﬁgﬁ%ﬁ?g%i@%@#%%PFQHgdggg%%%%ég%ond
cor r osdcond cardsbont ipliiBitdrachendetriaduld. Ias enonoprefeimd tredlistiovenben ot theaxatues such
as, pepzotriazol.e, carboxybenxzotri.azol e, chl.orobenzotriazole.apd m xtures
her O CoTisslsr BRUBIS SRR AL d PR AT ¢ I e RaRsBr s e, 1

i S NMOBEIRLRIEIH 8Fardidly dfftoMndAERbIREs drfliahayttaeised ¥ithtu@ furter poXifi@sbAN
inhibitors is benzotriazol e and 1-hydroxybenzotri azole. The corrosion

i nhi bi t or s TRE Gorr@Vd thigbkRs fiQBANVEY prleht nlertiONes Gid rag@ureatmuand may be
used wi thout further purification. )

: typically from 0.1 to 2 % by weight based on the total weight of the bath, and preferably from 0.2
to 1 % by weight, more preferably form 0.3 to 0.6 % by weight. Such amounts are for the total

- amount of corrosion inhibitors in the present compositions. The at least two corrosion inhibitors
may be combined in any ratio. Typically, the ratio of corrosion inhibitors is in the range of from

99:1 to 1:99, preferably from 90:10 to 10:90, and more preferably from 75:25 to 25:75.

The copper adhesion promoting baths of the present invention may optionally contain
hatide ions, preferably chloride ions. Adding such ions provides improving the bond strength
between the oxide coating and the surface adhered to the coating. When such halide ions are
used, they are typically present in an amount of from I to S0 ppm. When the halide ion is
chloride, it is preferred that the chloride is present in an amount up to 8 ppm. It is more

preferably from 4 to 7 ppm. Any of a variety of halide sources may be used, preferably, halide

_9-
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The corrosion inhibitors are used in the present invention in gfl\%{de rapge
of amobunts, typically from0.1 to 2 % by wei ght based on the %%@ﬁ%t
of the bath, and preferably fromO0.2 to 1 %by weight, nore preferably
form0.3 to 0.6 % by weight. Such anounts are for the total anount of
corrosion inhibitors in the present conpositions. The at |east two '
corrosion inhibitors nay be conbined in any ratio. Typically, the ratio of
corrosion inhibitors is in the range of from 99:1 to 1:99, preferably from
90: 10 dOuthPard Pree BDEhATRLE: RO CHARLY el M FRinfRikPn AR SPrefdieacopPper
adhesion pronoting baths of the present i'nvention may optionally contain

hal i tdeadligy) smnopméfre hallrley inphldenétdenetlyh smmAdidinpi@ide Heirgnsylprovirdes | npr ovi ng

t he ndd-strength Retv&een t he oxide coating and the surface adhered to the
coat NG IORRERENES BLPY'de i ons are used, they are typically present in an
amount of_from1l to 50 ‘BFm When t he halige '50 [ hloride, it is

pr ef er r ed T FHEAMRORRIORHPIGPF BEFSTRS IYPRIE A PrRTebly UL BAIBHE 1t is nore
pref Salnty freOm dhatelnaly BRMonYsufac@niyar i ety of halide sources may be used,
preferably, halide 9 3 February 2005 sources that are free of surfactant
groups, s - =Tyre) r ; amoni um
hal i des i E?P{}g)g a%@ﬁ%ﬁ%? X)It/l} amrgur# %ﬁ%ﬁﬂl tgfﬁ?gg,& ?lgtﬁzragggioy%@ghn’%ghﬁ%

chl orriagl&c addbdnd tteupressnt dvenpeeionsT ¥ hetberpodi 1ddssalabmpheens asamd Wilvent i on’

are preferably free of surfactant, and nore .preferably free or quaternary
ammoHFRERf £EP thepaticalds prBgpRpoRbraspsr 2 By eRete <killed in the art
that one gr nore additional conponents. may be added .to the present

“conposi ti 6R% Patwgﬁa‘ﬂ‘éf’feéiﬂ‘fllf“'ﬁﬂ%‘?ntqrﬁngca]&bhﬁé‘}eﬁ-’t@‘cgﬁeﬂﬁs%’ﬂpw ufe Ofggf)end upon

the pamtit 654 @br RN 260 PRESES BnE RGP bOGRES0CE@E £ ons- used. The baths of
the present invention are typically heated. Typically, the tenperature of

the  bat hH,s,#56n ?forﬁd%}éﬁrvhe enthePIeY B5RRL theloBint BEmE gﬂﬂént%vefafi&ﬁbyzﬁ)n)l o 50 C.

For adhesion pronotion, the copper may contact the baths of the Ppreésent

i nverbhemtibyal amepns, corinas ity immetsionsa s, batuertbyassragingitimbstis po theicappdie bat h or
by spraying the bath on the copper surface. The adhesi on pronotion
corrpé‘g&g‘?con of the invention may be prepared by m xing the conponents in

an aqueou s[‘h%%ldHésEo%np’m]%B&gr? éoaﬁrtljplog iti]:n(l) E}F&g inrvehtich rglz%} l?cnﬂrépeaged/\@} r%gxingl fheaccor dance

components in an aqueous solution, preferably formed using deionized water. In accordance
with standard safe practices, hydrogen peroxide is desirably added to the composition in a diluted

form. The components forming the adhesion promotion composition are mixed as required.

In use of the present compbsitions, a metal surface, particularly copper, or a copper alloy
surface, is cleaned by mechanical or.chemical cleaning and then contacted with the adhesion
promoter. The metal surface may have previously been provided with a tarnish-inhibiting
coating e.g. by incorporating the tarnish inhibitor into a resist stripping composition used in an
immediately preceding step of etch resist stripping. Tarnish inhibitors used in such strippers are,
for example a triazole or other coating. If so, it may be desirable to pre-clean the copper surface
with a pre-cleaner before contact with the oxide forming composition. In a preferred |

" embodiment of the invention, the adhesion promotion step follows an etch resist stripping step or
there is a single pre-cleaning step between the etch resist stripping step and the adhesion

promotion step.

- 10 -
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W th standard safe practices, hydrogen peroxide is desirably a to
conposition in a diluted form The conponents formng the adhggggwmyzb&?
pronotion conposition are mxed as required. In use of the present
conpositions, a netal surface, particularly copper, ,or a copper alloy
surface, is cleaned by nechanical or chem cal cleaning and then contacted
with the adhesion pronoter. The netal surface may have previously been
provided with a tarnish-inhibiting coating e.g. by incorporating the
tarni sh i abhtabtwith ihetadhedion @Sdradtio cbinpPlifith GOYTROG) nly@BnaSShal Me @R,

i medi ately preceding step of etch resist stripping. Tarnish inhibitors
used f3sxamels BY FRpEFEIoa iz E&}th of e adhesiop PEoreotionicaPpPBtiaR ordy hpmyiopat i ng. | f

SO, iaﬁy SRYr rh@arg%.% icﬁﬂ?&%%.e(lén?acp{:n?i- Bel, %a[ﬁrttcl? & c5ORRGHs rgg%sgc"ghe t\rlgat hen?ggar{ g- cl eaner

before contact wt e oxlde tormng conmpositio prefer
enmbodimenituefdetitebly nuerideding 75 earddhes ipilerpblo M hitddpesii@P vA9ink ®vEv-an et ch
ing step or_ there is a single pre-cleaning step between the

Sl
ret(:a (S: Ihszp?éi F“gclf g(gotcr | pRICHG IR Rt dRee %@@cﬁ#&@?ﬁﬁaﬁfﬂ besen dpecardspnd 210 3 February
2005 a0t ﬁghomhtenngxhﬁummét%]ﬂm%@fy‘}%}d A8 16 RABL 1A Q%éﬁxrgggg ;ﬁ%u??y

convent i onal feans, or exanple, rsion in e adhesi on
pr onwtingn oc bryp Gpatticotarlyprdfyrresipr ayi ng or any ot her neans of contact.
Contact may be as part of a continuous process. The treatnment is at a

t enper at uMae gesdesadah e nedd te xepbd the@od tdatiamdl bRk Cofpeededeaddhysiorat a
tenperature varying between A 20C and 50C. Contact tine is at |east 1 second
and PFEREHLISP et hBifcrsbly sdyprduabar of staps n e Buarersrigheneh andepavassianc ont act

ti e gRYd B AR W (iRl bESTdidy ©UM Fklent in%mfeafg AR l::od ;{zihgggérﬁm% less is

particularly preferred. The process can be us to replace the conventi onal
bl ackdizeppecloxdrgecaliize &ir oxample,amepixgrbostiehfiben ghscwesis iotlar afdeyntr educed

nunber_ of. st eps.,. The..mcro-ro ened a conversion . coated surface which
1o bl bl P HEIRRT oo PRSP he SR sliasfon 1o an
adj aasdatedpoppydras & Coicgahics@in § GumSKRMHaBrendProee hiddgReledts hichger 8dipss resin
of an adjacent insulating resist |ayer. The invention has been found to be
par t i KRra ey mapihdagdnis PrERd B a0 pdiesioa gnbaspeplatiag and B¢ pthey Sduised in a

dr um B e efth G Wi sidds BeRS et BRI ML 83 A LRAPRES of P invcd’é@ﬁ.r K he snmooth
drumside i1s provided with an adhesi on enhancing plating and the ot her side
i s  minimun, the drum side is treated with the adhesion promotion solution of the invention. '

This invention further provides the following three processes for treating a metal surface,
particularly a copper or copper-alloy surface, as preferable embodiments. One is a process of
treating a metal surface having a step for forming a rﬁulti—layer,printed wiring board comprising
an inner-layer and an outer-layer, the inncf—layer comprising at least one insulating layer and at
least one conducting layer and the outer-layer comprising at least an insulatiﬁg layer, in which the
metal surface treated is a conducting layer. Second is a process for treating a metal surface
having a step in which, after the adhesion promotion step, a polymeric material, such as a pre-
preg layér, is placed directly adjacent to the conducting layer and the two layers adhered to one
another in an adhesion step, forming a multi-layer printed circuit board. The third is a process for
treating a rmetal surface having a step in which, after the adhesion promotion step, a polymeric
photosensitive layer is placed directly adjacent to the conducting layer and the two layers adhered

‘to one another in an adhesion step, forming a multi-layer printed circuit board.

-11 -
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rough, either or both sides being treated in accordance with t th of
the invention. At a nininum the drumside is treated wth thg%ﬁgﬁg’s{?g%
pronotion solution of the invention. This invention further provides the
followi ng three processes for treating a netal surface, 'particularly a
copper or copper-alloy surface, as preferable enbodinents. One is a process
of treating a netal surface having a step for formng a

mul ti-layer.printed wiring board conprising an inner-layer and an

out er - | ay&fier doieaci SNBE cdpPYiSh @A Gk BgheGibn bRASIer@d EortnBd hddlong | ayer and
at least one conducting |ayer and the outer-layer conprising at |east an

i nsutoaghengd lcayversion epajgdisutfacchgenpretlnk pecpré plerer thayde @laced diacatiyrpdizetiitng | ayer .
Seco i 0 r treatj I f hayi i.n_whi ch,
art ol ph Sohep BRREE S BF gl 58k P s Bl BBl B Copol RS B B Kelidn 0

pr egstkpytREeby idrnfih 86 @chidlidyecirnyedattcaic Badrd.t Cedehlycmniliadhesign k@ areawind t he two
| ayers adhered to one  another in an_adhesion step, formng a multi-I|ayer
pri nERRAIEEt? &ifitte Bsarbesionfeactian 1 i thadpeyipihiiens nechpnical pndingy belicyge ¢ sur f ace
havi Bgqfe &) feRetedliott &t poBfie? bf B fhsBARES1EN 1Rth AhcA N RS Rhed uREY BT i C

phot osensitive | ayer | sp pl aced directly adjacent to the conducting |ayer
and pheideddn ltteyasihesierdremetdon step. dnen ahonitive 9 the pre-prdh dayeo thegtodypperfcor m ng a

mul ti-layer printed . circuit board. -11 3 Eebruar.y 2005 After cqntact of the
copp il o= dpgiir e tnedF BB B b PO R e b L P REned
CONV @Fsth@ibrCRa] i ahStaih A€ £ polg@BEE flditedst PicReRi Rt by IR Yr Béhepivaced
directly adjacent to the copper surface and the pre-preg | ayer adhered

di re@ﬂt(*;fiatlo t he copper surface in the adhesion step thereby formng a

‘mul ti-layer printed circuit board. CGenerally, in the adhesion step, heat is
appl i ed t s menticacdalidve, thelpressinbh verdigo v aids the nse dlenddtsepinseiregtresnt mechani cal
bondi_ng i.s beljey t.o ;. he e ene I f he :

i nsulfa fcrslsgeS IwgﬁllcehrW’géljlfeoa%'fi ﬁlgn%ggep %E’eﬁg%g%ae%lgzggegcﬁﬁe cagEl G%r%@%%g%[ tipﬁg%e e adhesi on
pr onadircoin bsirdpnanAfcaming kg imahicl e pblgmefielaperés gupdigd toatie coppehéngadiygrer i ¢
materi al may be applied directly qon top of the mcro-roughened surface

pr od e Jipe onite ghhensiiess Step o‘ﬁa%‘@haﬂn:éteeemcﬂ‘ FRRROPE PSS g usotlyneri c

phot qiuesk@hts. SRR imkR8inSlo BOARE bIBRKON iHNeSddRat sGBH Qirfadlants AsaymeNt | Oned
above, the present invention avoids the use of nulti-step pretreatnent

pr ocemigEae hibe huifengf fre capinetineiennesyigipde bendpsévica thy UERITER SUT3SH *Bhd t he
PUDSSHEy Dy, LA A I 00e i Bt ol Yo
roughening composition.
In use, it is often desirable to follow the adhesion promotion step with a ri.n-se step, though
it is often adequate to rinse just with water. The treated surfgce is subscquently dried. In

accordance with a preferred embodiment of the process, a polymeric material is subseguently

adhered to the micro-roughened surface with a single rinse and drying step.

A pre-preg insulating layer may be applied directly to the micro-roughened surface and in
the adhesion step, pressure is also applied by placing the layers which are to form the muitilayer
laminate of the printed circuit board or at least the innerlayer and outerlayer, in a press. Where
pressure is applied, it is generally within a range of from 100 to 400 psi, preferably within the
range of from 150 to 300 psi. The temperature will generally be 100° C, and mofe often, from

120°C to 200° C. The adhesion step is generally carried out for a period of from 5 minutes to 3
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al kali dips, oxide and reducer steps. In addition, the present jinventi

avoi ds the use of surfactants. Wiile not intending to be bounafﬁvu?ﬁggﬁy,
it is believed that such surfactants may migrate to the surface of the
coating interfering with the bond between the roughened surface and the
pol ymeric coating. Al so, such surfactants nmay cause excessive foam ng
during use of the roughening conposition. In use, it is often desirable to
foll ow the adhesi on pronotion step with a rjnse step, though it is often
adeqbaitre Pt it ipEst) TRRYRS toytodt blkgdor sollisfeah D AR RS i aquent | y

dri eg’ufﬁ.l:an%gﬁggﬂ L ARER M ddsiite BEGS RILEGS SARAAIBRA finkfe RHRGES Sep @

pol yneric terial” 1's subsequéently adhered to the m Cro-roughened surface
wi t htie mirmadlyeurddpebymend mdieyiilng tetiapiiaimegdaysspyhach isgsndraty angepoay esiopay be
applh&% dir?ctl dto Fhe nicro-roqﬁhened %y&f&gﬁeaﬂd l . thefq hesi on step,
pr es&P& 19 PTG 284 XEUNG SEFE\rORA Y RSt HET FRYEPE ST ER A8 FE G m t he

mul t ictAy@iked) ahmateu & biticivd plieth githcmkhl ibaakdnediyakalkeagvetne

i nnerlayer and outerlayer, in a press. Were pressure is applied, it is
genenrsulajingilavsfsring sybagrjentpenctiabon a09aeH2dE0 ipaiolded, b fesigp] Fvuiit RYHs t he
range f 0, 1psi L LA e M -GN - 0 C, and
ror & T b PR g A RS ol ERER AR e ler BRERT) THRRR AT o ou
for ao et te nafltidayensd board.nut es to 3 -12 3 February 2005 hours, nost usually
from20 mnutes to 1 hour, but is for sufficient tinme and pressure and at a
suf fi ci entAywhi @rede MRkt ity choreitsvides Dansidadbiesingifize preess dvaysks.

During the adhesion step, the partially cured polyneric paterial of the

i nsullEEMaPreceyEs andpipfesasudaisdpanadyrom CRppsiar ohe pietals ‘f’B‘ﬁgSa% #%oft en and

- wet t*ﬁkiggated copper surface, prior to further reacting to becone fully
crosslinked, ensuring that the conductive pattern in the netal is

substantially seal ed between inéégﬁﬁm%g | ayers and subsequent penetration
of water and air is avoided. If Ired, several |layers nay be placed

together iQ the adhesion.ste fec ) I veral, Jsayers in a.
singl e st e%xm?ﬁesfog:&‘ m" ‘f%ém%luiirg gﬁ?%gniélf) gdfnbtggé%% %ssor\%ls‘ﬁ‘lfs ) g rgng%lrlllr d? e present
i nventeAnophovbldest the @ans] darcabtiytisi apbts béteeknpobe esd conigp ttitimesk nown

procerece and Brovl des, & our 6| Bl QLSRR oS SerdiRih? ¥
not optimum. Reddish brown to dark brown coatings are of more desirable thickness and are

more robust to subsequent handling. Black coatings are excessive and powdery.

Examples 1 to 5

~ The following formulations were prepared:

Example | Sulfuric acid | Phosphoric acid | Hydrogen peroxide Benzotriazole 1-hydroxy benzotriazole 1 hydrate
(62 wL%) (85 wi.%) (35 wi.%) :
(%] %] [%] [wt. %]} i {wt. %]

] 6.4 1 25 0.4 0

2z 6.4 | 2.5 0.3 0.1
3 6.4 { : - 25 0.2 0.2
4 6.4 1 25 0.1 0.3
5 6.4 | 25 : 0 0.4

all examples [ to 5 are diluted by pure water to total 1 liter

An epoxy innerlayer material was cleaned and dnied and then treated with the above

formulations by immersion for two minutes at a temperature of 35° C.

<13 -
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A

Exanpl es of the invention are given bel ow

measured in

to light brown indicate thin coatings that are operative but

il

In the exanpl es,

r
ternms of the color of the coating as a correlatloﬁ%JQP?$§m85
bet ween col or and coating thickness.

Li ghter col ored coatings such as pink

not opti mum

Reddi sh brown to dark brown coatings are of nore desirable thickness and

are

powdery. Exanples |

nore robust to subsequent handling. Black coatings are excessive and
to 5 The followi ng formul ati ons were prepared:

Ex arrpl e SulnfAxainplea diadd Bhpiap ol ght baeind:ohlyti ageratipgr zﬁl{ feteneBenziot edpazol e

droxy benzotrjazole 1 hydrat
ﬁ'l?"%‘?% 234 41p %’8“’@603‘“@6 ag

T Sy

85 wt.% (35 W, ve] [wt . %
Bef4'i*§d'5'6“a‘bf yig %&’i@é t%oo 4 all

ex arﬂada%'r?més 218 OB lhiefdaY R YNGANRY BnzbRiat AL Alhykirdid Is%gr{émh%r%w
i nnerlayer material was cleaned and dried and then'treated wth the above

f or mehegnitmnen bibennyteemilo thefanvarsion eaanngsderratd wert dagher mtagta. of 35 C. -
February 2005 I n Exanpl es |

13 3

and 5, pink to light brown conversion coatings

are fornmet imhotMnehamlpspcmk brolvn caxenpbresoa@ngsovich grarébusr @wabsgadntngs ar e

formed on the co d|t|onall with respect to Exanples 2 to 4, when
theiEQHE%%F@%P? Fd5¥&§@Fﬁ?VC Ui azol e-1 -hydrate is hi gher than the
concentration of benzotriazole, the conversion coatings forned were darker
incolor. It is shown that the dark brown conversion coatings which are

rob & guent handling nmay be obtained by the present conpositions.
The following formulations were prepared:
Example] Sulfuric acid | Phosphoric acid | Hydrogen peroxide Benzotdazole I-hydroxy benzotdazole 1 hydrate
(62 wiF) (85 wL%) (35 wt. %)
{%] [%] [%] [wL %] {wt.%)
I3 6.4 0 2.5 0.2 0.2
7 6.4 0.5 2.5 0.2 0.2
8 6.4 1.0 2.5 02 0.2
9 6.4 15 25 02

all examples 6 to 9 arc diluted by pure water to total 1 liter

0.2

An epoxy inneriayer material was cleaned and dried and then treated with the above

formulations by immersion for two minutes at a temperature of 35° C. When the concentration

of the phosphoric acid in the adhesion promotion composition is high, a lighter color coatings

are formed on the copper. It is shown that the conversion coatings of various thicknesses may be

obtained depending upon the particular inorganic acid and the amount of such acid in the

adhesion promoting composition.

Example 10

The following composition was .

Sulfuric acid (62 wt.%)
Phosphoric acid (85 wt. %)

Benzotriazole

64 %
1.0 %

0.1 % by weight

1-hydroxy benzotriazole 1 hydrate 0.3 % by weight
Hydrogen peroxide (35 wt.%) 25%
diluted by pure water to total 1 liter

- 14 -
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Exanpl es 6 to 9 The followi ng fornul ati ons were prepared: Sulf E amg0
Phosphoric acid Hydrogen pcroxi de Benzotri azol e 1-hydroxy bcnzgg% Eva] ﬁ
hydrate Exanple(62 wt.% (85 W% (35 wt.%[wm. J[w% 1% 66.402.50.20.2
76.40. 52.50. 20. 2 86.41.02.50.20.2 96.41.52.50.20.2 all exanples 6 to 9 are
diluted by pure water to total 1 liter An epoxy innerlayer material was

cl eaned and dried and then treated with the above fornmnul ations by
imMmersion for two mnutes at a tenperature of 35 C. Wien the concentration
of the phosphoric acid in the adhesion pronotion conposition is high, a

| i ghter c@hamoamamhﬂ@$4Haméﬂﬁwmmhﬁn@hMMhbwd@p@émnUtMedwﬁBHuwmovhat t he

conver si on. coal Qus .t hicknesses | ned . dependi ng upon
Che. FpRRiraD i Eh ok Mt Pt £ KRR AT iy RS RO R e adhest on
Pr oNedringd ofs HEP@héd on. Exanpl e 10 The fol | owi ng conposition was . Sulfuric
acid (62 wt.%6.4% Phosphoric acid (85 wt.% 1. 0% Benzotri azol e0. 1% by

wei ght 1-hydroxy benzotriazole 1 hydrateO. 3% by wei ght Hydrogen peroxi de
(35 wt. % 2-5%

Example 11 (Comparative)

A conventional copper etching/adhesion promoting bath was prepared by combining 90
ml of sulfuric acid (50%), 35 ml of hydrogen peroxide (35%), 12-18 parts per million (“ppm’™”)
of tetrabutyl ammonium chloride, 9 g of benzotriazole and sufficient deionized (“DI”) water to
provide 1 L of bath. The bath was heated at 35° C.

A reverse treated copper foil was the iinmersed in the bath for 60 seconds. The foil was
then removed from the bath and rinsed with DI water for 60 seconds and then dried. The foil
was the laminated to Nelco 4000-2 resin in a Wabash press under 275 pounds per square inch
(“psi”) of pressure and a maximum teiﬁperature of 183° C for 1 hour and 45 minutes. The foil
was then peeled from t’hc resin using an Instron instrument. An average peel strength of 5.7

pounds per inch (“1b./in.”") was obiained.

Example 12

A copper étching/adhesion promoting bath according to the present invention was
prepared by combining 90 ml of sulfuric acid (50%), 35 ml of hydrogen peroxide (35%), 12-13
parts per million (“ppm”} of tetrabutyl ammonium chloride, 2.25 g of benzotriazole, 6.75 g of 1-
hydroxybcnzotriazéle and sufficient DI water to provide 1 L of bath. The bath was heated at 35°
c.

A reverse treated coppcf foil was the immersed in the bath for 60 seconds. The foil was
then removed from the bath and rinsed with DI water for 60 seconds and then dried. The foil
was then laminated to a Nelco 4000-2 resin in a Wabash press under 275 psi-of pressure and a
maximum temperature of 183° C for 1 hour and 45 minutes. The foil was then peeled from the

resin using an Instron instrument. An average peel strength of 7.53 Ib/in was obtained.
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diluted by pure water to total 1 liter -14 3 February 2005 An

i nnerlayer material was cleaned and dried and then treated wt q:t%ﬁ’éa'g%‘?ﬁe
conposition by inmrersion for two mnutes at a tenperature of 35 C. A dark
brown |ayer forned on the copper. Exanple 11 (Conparative) A conventional
copper etchi ng/ adhesi on pronoting bath was prepared by conbining 90 m of
sulfuric acid (50%, 35 m of hydrogen peroxide (35%, 12-18 parts per
m-llion ("ppm') of tetrabutyl ammonium chloride, 9 g of benzotriazol e and
suf fi ci erffrocethemidzi@dt (2 DE $genwad: elre gresenpneaitige ptovidep idiizaton .prdietebat h was

heated. at 35 . C. .A reverse, treated copper foil was the imrersed in the bath
for BHAESIBREE NEARESE BB %hs  then removed fromthe bath and rinsed with D

water for 60 seconds and then dried. The foil was the lam nated to Nelco
4000. 2 resin in a Wabash press under 275 pounds per square inch ("psi") of
pressure and a maxi mum tenperature of 183 C for | hour and 45 m nutes. The
foil was then peeled from 1¥&h Instron instrunent. An
average peel strength of 5.7 pounds_per inch ("Ib./in.") was -obtained.
Exanpl e 12 ®Rppesfame@deeriqngrampery eath prcording A geratinasra @St o t he

oL e NS BH1ED PASHAEELI HRIIHIG Fgle kUL (AR G (509
t et r abphogphaiomid B6%¢.H.©f biiesnz &riabolgaraf suffenien DI wawo keproidz 8 Igobfati.-

hydroxybenzotri azol e _and sufficient DI water to provide 1 L of bath. The
bat hTha8athewrsdgaist 235 CC. A reverse treated copper foil was the i mrersed in

the bath f0f.6Q. 886QNUSper IREwHOIE iMASrsed EMe bANRYED sLE the Batdrsand
rinsed with DI water for 60 seconds and then dried. The foil was then

| ami HEnedmprediriie thedad00dansedwith DI water (iif@sbeopieans therdéned 7Biedsil of

pressure and a Xi tenperat ur e of g fo Jr il hutes. The
For 1 Wae et e U R Z AL R b e R b BB

aver ageimpeel esbéemngid 1688° € f&3 hdut iand MosiraldsaiThetbil wdsShen peeled from the

resin using an Instron instrument. An average peel strength of 5.91 1b/in was obtained.

Example 14

A copper etching/adhesion promoting bath according to the present invention was
prepared by combining 90 ml df sulfuric acid (50%), 35 ml of hydrogen peroxide (35%), 10 ml
of phosphoric acid (85%), 1.7 g of benzotﬁazole, 5.1 g of 1-hydroxybenzotriazole and sufficient
DI water to provide 1 L of bath. The bath was heated at 35° C. _

A reverse treated copper foil was the immersed in the bath for 60-_se:conds. The foil was
then removed from the bath and rinsed with DI'water for 60 seconds and then dried. The foil
was then laminated to a Nelco 4000-2 resin in a Wabash press-under 275 psi.of pressure and a
maximum temperature of 183° C for 1 hour and 45 minutes. The foil was then peeled from the

resin using an Instron instrument. An average peel strength of 8.3 Ib/in was obtained.

16-



3 February 2005 Fromthese data it can be seen that the present Jinven (gsn
provi des adhesi on prompted surfaces having high peel strengths.® aaﬂ(r% 13
(Conparative) A copper etching/adhesion pronoting bath according to the
present invention was prepared by conbining 90 m of sulfuric acid (50%,
35 m of hydrogen peroxide (35%, 10 ml of phosphoric acid (85%, 6.8 g of
benzotriazole and sufficient DI water to provide |I L of bath. The bath was
heated at 35 C. A reverse treated copper foil was the imrersed in the bath
for 60 seconds. The foil was t ed fromthe bath and rinsed with DI
water for 60 seconds and then d?’g’&rééi@;ﬁ% foil was then am nated to a

Nel co 400 h pr r ) ssure and a
maxi num tg(%gigfeﬁ@édoéﬁdﬁi% 28 OHH ﬁ%%érgg[%l cgaégt‘eﬁ?reseg Im er%ﬁ)é'“f(%ll was t hen
peel eckphred rnytchelbuﬁ@sgahuxsﬂ SﬂUuzﬁ?ct’ladlmSU%(} I8 si ms&mm@én peoxidy ersage1 Pae!

stren?th of 5. in was obtained Exanple 14 A copper etching/adhesion

pr o8 P%@*Pb%ff%a%%@é?"dq ‘heP pyistsE T lé%bﬁt)ml IRfdsirabay! gamoniypeiiersts. by &
conblo@bagm%zme of g3 iy yaﬂoq &%&lnéz%@e@m séﬁqcmm of ww{oqg%dp?w'bgﬁ (359,
10 m phosphori’c acid % 7°g of benzotriazol'e i

- 1- hyéfrh@mtblemsmerateaztoﬂbéCand suffl CI ent D water to provi de | L of bath. The
bath was heat ed at reverse treated, c 0|I the. imersed in
Che bath Poi goe Bedhshertrl SPSTR Trieto Rene PRRGYA rnis H TBALH and

ri nsegenWetidved oSS bakt0inGhs&@ GRRBE vaRkd fdrlteRedbhtieghd AELIAQI ITheWEis t hen

| am nated to a Nel co 4000-2 resin in_a Wabash press under 275 psi of

pr es staséhegminatadds a MetrctdORprdratining WabasR prosy wirden 2Hopp obprgsas: ?rﬁdrﬁut es The

foil f oL t '

e A A B BB 15

A coppen ueihg An hgtrad hesuoentphdribtallygnipatied e cadodi Tig ot he ippesdnt tienvent i on
e are by conbining 90 m of sulfuric acid (50%, 35 m of hydrogen

peroxfgh ah!

© 10 M of phosphoric acid (85%, 4-16 parts per nmillion .
("ppnt) of tetrabutyl ammoni um chloride, 1.7 g of benzotriazole, 5.1 g of

| - hydrooxybenzotriazole and sufficient DI water to provide L_1 of bath.
Chloride ion (ppm) Peel] Strength (Ib/in) Color

0 7.629 Chocolate Brown

1 8.155 Chocolate Brown

2 8259 Chocolate Brown .

4 8.434 Chocolate Brown

g 7.453 Chocolate Brown

16 5.086 Pink

- The above data clearly show that the present invention provides greatly improved peel
strengths over conventional copper adhesion promoting baths. From these data, it can be seen up
to 8 ppm of chioride ion results in increased peel strengths. At higher chloride 1on |
concentrations, the peel strength is not improved and the color is unacceptably light.

Thus, by mixing at least two different corrosion inhibitors wherein at least one is a
hydroxy-substituted azole compound, such as a mixture of benzotriazole ang 1-
- hydroxybenzotriazole or its hydrate, increased peel strength are obtained. The mixture of such

corrosion inhibitors can be anywhere from 50% benzotriazole and 50% 1-hydroxybenzotriazole

17 -



The bath was heated at 35 C. A reverse treated copper foil was ed
in the bath for 60 seconds. The foil was then renoved fron1théH%§Pﬁg§ﬁ@?
rinsed with DI water for 60 seconds and then dried. The foil was then

| am nated to a Nelco 4000-2 resin in a Wabash press under 275 psi of
pressure and a maxi numtenperature of 183 Cfor | hour and 45 m nutes. The
foil was then peeled fromthe resin using an Instron instrunment and
visually inspected for color. The results are reported in the follow ng

t abl ®. 10@hbaizodrzdéie and P Peélox Biehendidole( b/ jiref}@bly @5 0Fenb29ichele ahdit € Br own
18. 155Chocol ate Brown 28. 259Chocol ate Brown 48. 434Chocol at e Brown

87. 455k oeerarBeBrBiRRole 6 S\ 98 mPRIN {he R Shpw that ERmROSKISa fIHNCs AUFAPHHRE t he

Pr eS@llbridd VAR REOX dsw Bl SFSRM, wnemc@\éﬁﬁma@?dn is S44ANGE A oBY s

conventi onal “copper adhesSion pfonoting baths. Fromthese data, it can be
seensugp ot & W tp@mporf pelfdrady depinon results.in increased peel strengths. At

hi gher chloride ion concentrations, the peel strength is not inproved and
the color is unacceptably light. Thus, by mxing at |east two different
corrosion inhibitors wherein at |east one is . a hydroxy-substituted azole
conpound, such as a m xture of benzotriazole and |- hvdroxybenzotriazol e or
its hydrate, increased peel strength are obtained. The m xture of such
corrosion inhibitors can be anywhere from 50% benzotriazol e and 50%

1- hydr oxybenzotri azole -17 3 February 2005 to 10% benzotri azol e and 90%

1- hydr oxybenzotri azol e, but preferably 25% benzotriazole and 75%

1- hydr oxybenzotri azole. Additionally, the data show that conpositions
further conprising chloride ion provide increased peel strength. Wen such

ichloride ion is added, the anount of such ion is up to 8 ppm preferably 6

ppm 3 February 2005
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Clains: 1. An adhesion pronotion conposition conprising (1) hy en
peroxide, (2) a mxture of inorganic acids conprising sulfuri g%@fu&rya%ogs
“phosphoric acid, and (3) at |east two corrosion inhibitors, wherein at

| east one corrosion inhibitors is an hydroxy-substituted azol e conpound,
and wherein the conposition conprises up to 8 ppmof chloride ion. 2. The
adhesi O'leiﬂzi?nmi on conposition of claim1l, wherein an amount of hydrogen
peroxide "1s in the range of fromO0.1 %to 20% by weight. 3. The adhesion
pronotion conposition of claiml1l or 2, wherein the inorganic acid m xture
conprises a mpjor anmount of sulfuric acid and m nor ampunt of phosphoric
aci d. 4.1 THeadbgies promogpr sempasitio sappasing 6 todragay penosidef(2) hemigtvec efli ng

cl ai ms, NQeme £ oRIPB .t i L.G. aclhd, m i.S.ln.the range
from 1%,t Q%IO% b%rl_:wei ﬁ? é S%]ﬁ]cn'lqh%ﬂa_ gshlg nblg? %‘?]rg‘[ ?{)Hnéz ggrgegéstﬁﬁoocﬁ;rgsfmgny one
of the pRhdtons Hhereinaat deast e spBpsionainkibiterhis an bitdrexyeibstingedcapleawinpeund,

i nhi bi t @hdwhereih thelch& : X -16. The adhesi on pronotion
conposition of any oﬁ%ﬁg%%fﬁg%lz‘%gﬁiph%%Fgllgﬁ%e?maherei n an anount of the
corrosion inhibitors is in the range from0%to 2% by wei ght, based on the
“total weight of the conmposition. 7. The adhesi on pronotion conposition of

any one . recedi.ng cl ai erein the . hydroxy-substituted azole is
" sel ecte Oﬁ%ﬁﬁ? e pé?mo?}tf)(g'ccgﬁl S ()ln\rll% g™ ﬁy‘ﬁp?f??-%d‘ﬂ’é’ tt‘%?‘% $PiPEPHI%Es and
hydr oxy istafetrartge pEHom &t 1%aA086by Beighthe adhesi on pronoti on conposition of
any one of claiml to 6 wherein the corrosion inhibitor is selected from
the group consisting of triazole, tatrazole, benzotriazole, '
car boxype ' I t e le |m.dgzole. 19 3 February 2005
o The Sanas AeBes B RN o SBAR 1 ort Mol B nS el st b

cl ai s, CORBFEiIaAAQTjamoui oA pilaiic phandgnihersenaoht of iphéspbrankidl0. A process for
treating a metal surface conprising contact of the netal surface with an
adhesi on pronoti on composition of any one of the preceding clains to forma

mcro rgu gneezgﬁgsi&Oﬂgﬁgégnoc%m%gﬁttio%dof%ﬁl}t tf)&ctﬁ' ‘the preceding claims, wherein an amount

of the inorganic acid mixture is in the range from 1% to 30% by weight.

5." The adhesion promotion composition of any one of the preceding claims, wherein a weight

ratio of the corrosion inhibitors is in the range from 99:1 to 1:99.

6 . Thf: adhesion promotion composition of any one of the preceding claims, wherein an
amount of the corrosion inhibitors is in the range from 0% to 2% by weight, based on the total |
~ weight of the composition. '

7. The adhesion promotion composition of any one of the precediné claims wherein the
B hydrog:y—substituted azole is selected from the group consisting of hydroxy-substituted
- triazoles and hydroxy-substituted tetrazoles.

8. The adhesion promotion composition of any one of claim 1 to 6 wherein the corrosion

inhibitor is selected from the group consisting of friazole, tatrazole, benzotriazole,

carboxybenzotriazole, chlorobenzotriazole and imidazole.
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11. The process of claim 10, wherein the netal is copper or cogqgé aH%ﬂ

12. The process of claim 10 or H, further conprising adhering
material to the mcro-roughened conversion coated surface. -20 CIWPCSITICN
FOR CIRCU T BOARD MANUFACTURE Abstract of the Disclosure A process and '

conposition for treating a netal surface to increase its surface roughness
cl osed. The conposition

-i ncl udes "hy

- f b I di
ncl ud %EQ%ggg%%%HSpg%BQ? |nd¥§§ﬁﬁﬁ? %*H‘ dF“%%g%?h¥WkVQ%WWE% don

i nhi bi pquosmou is free of surfactant

. 10. A process for treatmg a metal surface comprlsmg contact of the metal surface with an
adhesion promotion composition of any one of the preceding claims to form a micro-

roughened conversion coated surface.

11. The process of claim 10, wherein the metal is copper or copper alloy.

12. The process of claim 10 or 11, further comprising adhering a polymeric material to the

micro-roughened conversion coated surface.
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