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DESCRI PTI- Ob GQVRES! T1 ON. FCR TreAT NEEOPPER @Y%ﬁ’s&hw SURFACEE PR, T,
pr §sent i nVEREE-gn’; relates fo & _surfacgitt, :
cop er. allo_ @hlch hs .aseful.: for r adgheni ng. t he COpper oF poper “a) 16y
“Sut; aces. “Hr ?h& ﬁanufacture .of = prlnteﬁgmnwrng beards;: qopper surfaces“gre
roughened lnndrder 1.0 lnpfove adheSLon,et Echlng reS|sis oL solder Fe&IStS

7_-

i teating compastti o, for - copperwon i:-

t o%be ‘coaf éd”" dh~t'he ‘copper--sur fraces.” WEcHan4caI 2leani hg' U$|ng a buffgng

or scrubbi ng machi ne or chenlcal cleanlng, cal Il ed m croet, h &x Uised
for rougheni ng copper surfaces. The chenlcal cl eani ng~1's e\pbpgﬁér"for

treatlng

|
i
|
l
l
|
|

DESCRIP'I'I OoN

. COM?OBITIbN FOR TREAEING COPPER OR COPFER ALLOY
SURPACEB'

l
The present invention relates to a suxfaca treating

N camposition £gr cIppor or copper allay which is ugseful

tor rougheniné the copper ox copper alloy ﬁurfacep.

In the ménufnctuxp of printnd-wiriné boards, copper

_ swefaces arae fouqhened in ordaxr to improve adhasicn of
?_etehang rasisés or soldar resiats to ba coated on the
. oopper nﬁrfuc%c. Machanical ecleaning using » buffing ox '

scrubbing nlchina oxr chemival alaan;nq. ¢callsd

microes ching. are Usbsd for roughening cnppar surfacesg.

tha chemical ;leanxng is nore pnpular for trsating

substrates szh fine line patterns. '

Thé chem;ca‘ clcaning is also uvaed for improving
P _ aoldsxabilitg. £oxr example, a8 a pretreatment for a
‘soldax coat&dg step or for removing oxides £reﬁ copper
surfaces bezéve soldering alo&tzonia parts, aquecus
xolution compraaing sulfuric acid and hydrogen parsxide
as majox cumponentn ox an aqueous solution comprising a
pereulfate a$ & major component are Commonly used for the
chemical cl-%ninq. '
Along with high incegration of circulit pattexns

formed on pr&nted—wzring boards, the types of solder
rasists useﬁ are shitt;ng from the convanttonal thexmoaet

type to theiuv curable type which is more axoallant in
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coa;tl ng st é.p' @'r" '
electronlqgﬁalis

as- najor Conponents :an aqueous solution conprls

persulfate asl““nﬁjor ‘eonponent .are csnnbnhy -used for: the cheni cal.: -+
cl eani ng. Ad@ﬂg-mnth ht gh- |ntegrat|on Joffcireuirt” pat f er ns- for fred ori R
printed-w ring boards, the types of solder resists used are Shlftlng from
t he conventi onal thernnsét ‘type to the WV curable type which is nore
excellent in '

B

foxning !Lﬁn Line patttrns.' Bocause UV curable type
soldeax reslsts, |are infesior in thelr adhasion properties
to Qopper Burraces as compaxred with convant;onal soldex
resisata, adhesiveness of thae surfacsa produced using
these salder reaiats {5 insufficient, There ara
occaslions wherr résist coatings come oﬁ{}oz ewell during

the subsequent, plating step, scldar coating step, or

P

“elsctronic parts soldaring atep.

Furthermoxe, conventional micxo-etchants gcannot
provide unrfa%ﬁs with sufficient soldanahllxty which is
applicable to'aoldex coating of printsd-wirinq boaxds
with &n 1ncreased numbezr of pads for soldering parts
thexeon. Theza ara a pumbay of ceses whera soldering :

fails to adequatnly fiz the electronic. parte. j

The~ohje;t of the praegent invention is therefore 'to ' |
pxovide [ 1 sur%aca téeatinq compozition foxr copper and
éoppar alloys: which can axhibit excellant adhesiveness to
solder resistL and th. 1ike and provide roughened
surfaces Of doppar or ccpper alloys with adtqugce
irragulaxiti with deep convexes and concaves and
superior noljerabxlxty.

The predant tnventors have conduoted extansive
studies in oider to achieve this object and found that &
compasition comprislng an azole compound, a copper
compaund which is dissolved in this oumpos&tion

2 | ) This Sheet Has Been Reilaced
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2, ormi ng “fiteeit i ne- patterns Bescsa'ugé 0&11\/ curaDY}%&tD%fgsgol der - rea@?@zyré"._,_
|nfer|or Iﬂ‘ héir adheS|on propertles tQ cbpper sur f-aces as conpareda&mm &
k sérder reS|sts adhe5|vehess pf-the surfaces produced u§ hg

these soldeﬁrﬂéslsts AiS nnsuffJC|ent ihere .ar é-qccasi ons; Wigre .’ resr
coat.i-ngs ‘Gof %@ﬁf ‘or “gwel - durlng the\ ubsequent ‘ot ati-ng step, solda

coating step;'mf eiecironlc parts soidérrng step FUrthernDIe Qonvenﬁiana
M cf o- et’chaftt's* dannot

(hexeinafter rafarxed to a3 2 dissalvablo copper ° ,?

compound)
ion aspaclally s composition comprising & cupric azole
¢

and a halogen lon, can achLavo

an Arganic or inorganic acid, and a halogen
|

v complex, an oxganic acid,
N i
this object.

Accordlnghy, an objegt of tha pressnt invantion Ls

to provide a chpos;tLon for tr-atlnq surfaces of coppex

< jon comprising:
oy copper allqy which is an agueous golutlic

an azole ccnpqund, a disgolvable coppex gampound, an
organic ox 1nJrqan1c acid, and a halogen Lop.
In a p:efe:rad embodiment of theé prasant invention,

‘sald aompouxtion cqmp;;son 0.1-15% by weight of an azole

. compound, 0.135% by waight of a dissslvable copper
. chper pmetal, D.1=-30% hy weight of an organic

s ox inorgenic acid, and 0.01-20% ry weight of a haloges
: : i |

compound as

Loa . |
. In anoter praferrad enbodim-nt, a coppex agole

d gaid
complax ift usPd ag sald azola compound an

dissolvabla ccppar compound . G
in stilﬂ anothex preforrnd smbodiment, sgid p copper - ?

amola complex iB & cuprie azole com@laa.
I
other oﬁ;octs, features and advantages of the
invention will nereinafter bacome more readily apparent
|

frem the following desc:;ption.
‘The & inad use of an azola compound and a

disgolvahle gopper compound as acasntial compcnants

This Sheet Has Been Re
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.provi de. surfa!c.e’s "WI th. Suffi-ci enrt3 S%Vdé"}%ﬁm s tyOI\JI\:leI cHAwgsoﬁpp] icable @®0252_#10
sol der’ coatiy ﬁ prlnted Mnrlng boar&SHMAth an incrgased: nunber . of . paﬂ$ﬁ":%'
for Solder|d-ﬁp'ﬁxs t her.eon: . Ther €. at &: ¢ nqﬂher of: ‘cases, mhere so}def1ng -
fails to adeqmat‘ay fix ‘the- electronlc p&r{B The objeot of the presenf
i nvention rthhe,efore tQ’ prQV|de a suﬁﬂaﬁe{
and;gopperf oys_mhlch.can &xhi bi-t - exc?ii #it..adhesi vengss: 10. 5ol der.
r esi;st.s.. anﬂuﬁﬁe’l¥ke and- provrde r.oughés d’ aurfaces 'of copper Qr copp
alleys W th® adeqhate i rregubarities: MA&%Ldeép convexés.-and-concaves.:

superior solderability. The present inventors have condﬁcted exten5|ve“*”'“ 3

w oy

|
|
|

ensures the naqpasition of the presant Lnvention tg ;
exhibit an app:cpriate etching vate for surface

. i : '
traathents. In the composition of the present inveantion,

s the dissalvabl% copper compound forms a copper complax,

such as & cupm%c complex, with an azole compound, for
exampla. f '
Included #n the agzole compounds which can be used in.

M
"o

. . }
the present invention are diazales, triazolas,
ajd thelr derivavives., ¢f theaa,

particularly ézatarred fzem the viewpoint of the costs

tetrazolen,

are ;midazolel 2-methy11m;daaola, 2-ethy1;mldazola,
2-ethyl-4-mat ylimidazole, 2-phenylimidazola, 2-undecyl-
inidasole, benzimidazols, and the like.
Specifiarexamples oflcha digsolvable copper compound
—’ are coppex hydroxide and coppa: Balts of an acid, which
| are hereznafth mentioned.
Reqérding tha amcunts of ﬁne azole compound and the

disggslvanle ;oppe: compound in the composition of the

pragent invsdtion, an ampunt of 1-15% by weight

(hereinatter,retezred to simply as %), in terms of a

cupric ¢Ompa?x ot an agole cempound, la preéferahle in

view of solubllity 2hd atsbility. As an azole campound,: ° - ..

an amount ofao 1-15% 18 preferable; ang as a coppo: :

compound, 0,0l=5% (na netal) is preferable.

The azole compound and the dissolvabla eopper : i

—

—————
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conpr45|ng-aﬂ' 3 ot oonpound A _£Opper L molmd whi ch Ji's: dISSO|Ved ‘B thhs
coanS|t|oﬁ ‘REFLACENENT SHEET (heTeih”.='}'referred thas a dlssolva ”é

|nven1|on Gthéwé S, prledEd'a nethod ﬂgni-' ) f
copper aIon to provi de an ' : ;rhi;ugs

compound may bhe added nep&raualy, ox they may be added as

a copper complex, &.g. & cupric womplax, of an azole

compcund.. wn:?‘; éﬁprin complex of an azale aompound is

used, cappexr h&draxide di a copper salt of an acid may be

preferably usah és.the cupri¢ ion source for prodncing

such a cupric ?omplox of an azole compound. '

~ The oxga&ie aci{da or inorganic acids axre added to
;;tho campoaitién of the present invention for ndjuptinq PR
'

and fox dllso%ving copper producad by oxidation with the
. eupric camplei ef an azole zompound Or tha Lika. @Given

e aspecific atamplcs of the arganic acids are satugrated

aliphatic aciés, such as formic acid, acetic acid,

' proplonic aeld, a-butyric acid, a-valaxic acid, and
oaproie¢ ach;,unsaturated aliphatic acids, auch as
scrylic acid,fcxatanic.acid, and iso-crptonic acid;
Qatura:ed alﬁéhauic dicarhogylioc acids, such as oxalic
acigq, malonic acxd, sucainie acid, glutarie acid, adipic
acid,. and pimelic acid: unsaturated aliphatic
dicarbaxylic,acids such as maleio acid; aromatic |

'.carbaxylic aéids, such a5 bhenzoic acid, phthalic acid,
and cinnamic’acid; hydroxy carboxylic acids, such as
glyoolic acid, lactic aecid, malic acid, and ¢ltric acid;
carboxylic ablds with subgtitusnty, fuch as sulfemjo
aciq, S-tho' opropionic acid, nizotinic acid, agcoxbhic
aaid, hyd:axy.pivalic'anid. and I-yulinic acid; ag wall

as thelsr decivatives. Specific examples of the fnorganic : '
g B - —_—
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ENT. B : |
exgel I ent adhpm gn: of a coat ed orgsl a}r% 1913&12 ed.; IRo%(r&ID VeIPseogﬁ

them Wit h angaguequs’ solutlon conprrSrﬂ”'
conpound d "jolyab{e i.nithe solutlon,g&_
haligen i.op; Thet tmet hod: iy Coipr I se Fhiey
mntm an annﬂ@i and forig tiwe effect i

. eonpri si Ag:?; ',
trefting sarﬁb$yffaces Wit h.an anDunt*and‘for a tirne: etﬁectlve to roughenﬂ"

’ah azole conpound 8. topperiits
argani c or |norgannc -agci d-, and - |

3390252 #12

’ﬁtpp of-treati‘'ng: said_sirf.acésy
o’ joughen fheﬂlMAth ah, agueols”,

,' K
i)
ne 7 o

-

'solutlon couﬁn|sghg -a -cuprite;'azol-e’ cdﬁw?ex ‘an o garii €. &ci d-;and- a. haLpgen ';
i on.” The nethod Ty conprii se the step of treating said surfaces with an
amount and for a tinme effjective to roughen themw th an aqueous sol ution

30% by wei ght

conprising: 1-15% by meidht of a cupric azole conplex,
of an organic acid and O|01 20% by melght of a halogen

0.

1-

agxd include hédrochloriu acid, sulfuric acid, nitric

|
acid, and phonﬁhoric acid.-

Thase aoiﬁs alzo can he the sonrce for formig said

AN

d.
aapp.r salts used as the dissolvable coppar compoun

The amount of the organis or inoxganic acids in the

camposltxon oﬂ the pzoaent invention is preferably in the

ranga ©f 0.1-°0t. ‘If this amount is too amall, the

bampcslticn cgnnot'sufficiently dissolve oxidized copper

and it is dz!ticult to obtain active copper surfaces;

is too Iazge,ldiuaolving stability of coppar is lowared.

Halognn ion is used in the compasition of the

it

presant invcn ion for incraastng solubility of coppar and

oxidizing capabilxty ‘of the mzole compounds, therehy

ensuring praqpction of copper'aurfaces with auperiox

jen. These qxa added to ths composition as a compound

e adhealveness|and solderabllity. 7luoride ion, chloride
!

ian,.bromide;;on, or the llke may be used ax the halogen

which can beldissociared in a solution, Such & éompound

may ba an acid, such &s hydxochlozic acid or hydr

ohromic

geid; & -alt- auch as sodium gchloride, calcium chlorids,

potassiunm chLeride, ammanium cnloside, ax pntqsn&um

bromide; oX F netal salt, such as copper chloridae, ginc

chloride, ;Jon chloride, or tin bromide.

the amount of the halogsn ion in the composition of

the present |invention is. preferably in tne range of 0.0l1-

This Sheet Has Been R
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at of Prefeﬁab{.y o the-gont ént - of. . sai‘d. azgle cO ﬁr?é ~§ 0 1-15% byangmza
sald drssoivabfai opper. . conpound 0..1- 596by ‘wei ght " as’ copper “fret al... sav (s I
or gani-c . 0r~vﬁohganhc acl d;70.:14 .30% by - ﬁnght' .and-5ai:d hal:ogeh iom,: &
0. 01~20@bby'ﬁﬁ. A.C@pper azOIe coﬁﬁléx may - -be ‘used -as sai d.- azoLe -

|

208, If this amount is too small, it is difficult to

abtain ccpper?nurﬁacés'with excallent adhesiveness and
501derahlltty, if it is too large, dissolving stapility
of coppex is lowered . '

_ ' The pH oi the surface t:eating composition of the
presant ananFion is in the rzange of less than 1 te about
8 depending on the Xinds of organic or inorganiv aaids

“"and'otha: ldd#tivel: In oider to raduce fluctuation of
pH during the use, a salt of organic acid, such ag a
sadiun, potaésium or ammonium salt of organic¢ acid, may

be added. i

Othex uéd;tivnﬁ which may be added besides the above
eomponents iéélude 2 complexing agent for improving
digsolving aéability of copper, asuch aa aunylaned;;nino, .
v pyxridine, aniline, ammonia, menosthanolamine,
diethanolamihe, tristhanolsmine, and N-methyldiethanol-
amine; and uther various additives Zor producing coppezr
surfaces wiﬁh exeellont adheslveness and solderability.
The su{face,treating composition can he prepared by
pdding the ébove«mhntioned companents, at proportions
described aﬁove, to water and blending the mlxture..
Thexre arz aé specific limitations to the method of : i
adgition. %hc components way he added either all at one " |
time or separately in any arbitzary order. Ion-erchanged

water i p:Fferably used as the watsr.

Thare 'hre no spm’:a.ﬁ.c limitations to the mathod of

7 This Sheet Has Been R
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Acctrdi ng tq\*anpt her. aspect’ of %r?g |1r12v‘gt1t 't on, Ro?Yﬁe& 8’“”““{‘1?0\/. ded.;a : %38906&&314
for.n1croetchu hg- -5 surface of copper Qjﬂpopper alloy cOnpr|S|ng treaf g
the*surfaceﬁ {-h\an aqieous:; so[utlon. R:conprises:l-15% By: melght” fud
azo;e conpounﬂ a ‘¢onpound - prodUc;ng £uprigiion and* dlssolvab1e it
SO|XTI0nJITﬁﬁhaﬂDUnt of,.0:1-"506 by weﬂgh ;&s copper‘wetal +0: A= 3096b p

ht - of i ‘hqanbc o lnorgantc ack d: S0, 01:20%: by me1ght of : aﬁ.a?
|on ‘undef =T B ECOHdItIOHS it @oxidi ze. ouprbus ion forned by n1croetch1ng=¢f
t he” copper of""copper’ aIfoy i it'o cupri‘c i'6h.” The tredt'ing may conpri sé’ SRR

spraying the solution to the surface of copper or copper alloy. The

treating may conpri se |nner5|ng t he copper or copper alloy into the
sol ution with bubbling alr

ueing the surface treating composition of the present
invention. Sxamples of such method iaclude a mathed of
spraying the =ampoaztion to the surfaces of coppar oOr
coppor alloy to be trested, a method of immezsing the
coppeyr oY coppar alloy in the compesition, and the 1Lka.
It necassary,:axz any be bukbled to oxidime cuprous ion
which ha=a to:mod in the'bompnaitton by etching of the
copper or copper alloy into to cupric ion.

In ordor to furthex Lfmprove adhesiveneas batween the .
cap§n= ox copper alloy sucface and a resin, iv is
posaibla to further treat the surfaces treated with the
composition of the presant {nvention with an aquaous
solution of an azole gompound or an alcoholic solution
according., £or example, Lo USP 3, 645 772.

Lo The su:fnce treating ccmposxtion of thea preaent

| invention can be widely used for chemical cleaning ox the
11ke of copper oxr copper alloys. Tha_rnsulting surfaces’
of copper or copper alloy have adequate izzegularities
with doep co%vcxea-and.concavcs so that they can exhibit
noﬁ only eiqéllenn adhesion to resins, much as prepregs,
aolder reaiets, dzy_iilm resiate, and eluctrodeposition
:esisns; but alzo éupoxzar apidexability. Because of
this, the sﬁ:face creating compasition i= particularly
useful for :he maau!actnre of variona printed-wizing
boards, t{noluding those for pin grid array (PdA) o= ball

=

—_—
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1- 15% by V\El&)l‘l‘ﬁ-bf avelpri ¢ azole ‘conpkex - mayRo Yg ﬁglév D3y stead of 1%@%4}?15 _2
melght “of - thedaZble conpound and the Qohpound produclng cupr1c lon angat
dlssolvablef* i ﬁe solutlon i nan’ amgin -40 1- 5% by " vei ght. - ‘as cbppe
metal . .[n-grger that thé i fivention w1gh be nmore ful Ly underst-ood;”

nggdlnEnts OF Fre: invention w'l | be dé$cr|bed by wey . ‘of exaﬁple on
conbi ned  usgy :-saﬁ~azoLa Conpound‘an@iasdl560Ivable cobper conpound a
essent.i:al. tanponénts DA e T ~A R e o

grid array (BéA), as wéll ap for the surface treatment of
laad framas used for intograted clreuit boaxzds.
rOr example, in the manu!actnra of copper-clad
b laninates for printed~wiring boards, surfzces exhibiting

oxaellent adhesxon to prapregs and saperiocr otchinq
perform&nce in the putternlnq operation can be produced
_ by roughening ocopper foils using the surface treating
I“‘anmponlcion o# the prasent invention. ?utthir, in the
ﬁanufacture of muiei-layargd printed-wiring boaxds, the
use of the odmpoéition £for roughening coppezr surfaces of
" inner lnyexsgproduces suzfaces which exhibit not only
sxcallent adliesion to prepregs, but also a superb effact
of preventin§ formation of pink xrings. Benéuse the -
surfaces tredted with the compmsition of the present
invention are less glosay than the surfaces traated with .
canvnntional:sulfuric acid;hyd:ogan Peroxide etchants, it
has sn effeck, in addition tob the increaaed adhesion to
vesins, that diffusxon of light &uring irradiation is
small and rasolution of photasensitive resins ia theraby
1ncraased, whan the photogensitive resing ara coated or _ :
laminatoed., . . . j
Other featnres of the invention will become apparent. '
in the couzas ef the £ollawing dascription of the
exumplary ambodimantu which ars given far Sllustration of
the invention and are not intended 'to be liniting

éhozeof. !
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enst.fr' es. the; _,ﬁr}p@mtroh of - the presen1t2 «lfnventl%E}TKt&omé&[FﬁoﬂTt an appr@ﬁ@ﬂ‘?%i&ie

etchrng rate,ﬁov surface‘treatnents A NGE: the conp05|t|0n -of. t-he. present'#,z..
|nventlon,,thé’dussotvabJe ‘copper, conﬁdund forns a cbpper conpiex suchvas

a cupric. cOn@iax,,Mnth an azole COﬂpOuﬁQ¢ wi exariples” Inc1uded i 't héy
azole conpoung vihi:ch can’be ‘used -in th ;bresent |nventron are, dIaZOIQ,” .
tridzol es, - tﬁmrazdles and their derlvaLFVes O these. partlculaﬂlymaz.ﬂggg
prefieer ed FHEHEEE Vi 8wpoi it -af: t He: cogtslake- |n1dazole 2 nﬁthyllnidazéﬁé““
2-ethylim dazol e, 2-ethyl-4- nethylln1dazole 2- phenylln1dazole 2- undecyl -

I m dazol e, benzi m dazole, and the |ike.

EXAKPLRESE
dxamples 1-4 '
' surface t?ea:inq compositions were preparad by
L\; mixing the eomponents listed in Tabl. 1, and sprayed over
coppar-clad laminates for printsd-wiring boaxds (FR-4) at
40°C for §0 geconds. A polder resinmt, PSR-4Q00 _
(trademazk, m;nufaepurad hy_wasyo'rnk Co.; Ltd.), was
coated on the trzeatad Qurfaces, irradiated, developad,
and post-cured, thus producing various patterns. Then, a
no-clean type solder flux, 32-4628 {trademark,
manufactured hy MXC Co., Ltd.), was coated and soldeanq
waa oarvied rux using an automatic wave soldering
machine, The conditions of the soldex resist was then
. ‘obsarved. In.thia axperiment, in order to make thé
\v; ' soldex resis? agasiar to come-off-a shortaer pogt-cure time
than thﬁ standard time pariod for golder resists was
employed uaxhq tha solder flux with a concentration three
times &8 high as the standard concantration. The resulcs
are shown in Table 2. '

Fartherpore, coppgr-c;qd'laminates for printgd;
wizing boazds-(rneéy, having a numbar of qizculay pada
with a diam@te; of 1 mm and coated with the soldsr resist
all over thq area othar than thu'ci:cnlar'pad!, ware
;prayun:aatad with tha composition at 40°C foxr 60 i

. saconds . After coaitng-a :ﬁux for soldex enating, W~

10 ' This Sheet Has Been R lac
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Speckfic exanp’[-es,_‘of the dlssol vabl e' é%pg;s)er coﬁ%mﬁc?mé]lnéo"b’opper hydrigsdzaz #17
and-gopper’ §al pfan. acid. mhlch are herelnafter nentloned Regardlng'The >
amount s ‘of Ih 3 @fe conpound .and 't he' dtssoIVabIe coppeér - conpound 10 the PR
conppsi-ti an:;:o bhehpresent I.nvention, ‘an:enmount of - 1~ 15@6by \ei ght - fx
(herelnafter_ géd t'o S|nply as” %W ;" ﬁiterns of .a.cuptic conplex of an'
azole conp@uh =élpreferab|e in V|em/®ﬁ $01ublllty and-stapi }ity. -As" A
azol’e conpouﬁ&lwaw amount 'of - 0 1- 15@6|&mpneferable and-"as® a’-copper
conpound, . 0.1-5% (as netal) is preferable “The azol e conpound: and tfie?+<*
dissolvable copper

..

2556 (trademark, menufactured by MBEC Co., Ltd.),

soldering was car?ied oun ualﬁg a'harigantal'hotnair

soldex lqvuliﬂg machina. - The zrate of successful’
soldering (the proportion of the psds to which the solder

N~ coated) was examined. The vesults are shown &in Tabla 2.
Comparative Examples 1-3 |
Surface £raa£inq*composltlons thown.Tabia 1l waere

z“Prépared and avaluatéd in the same manner as in Rxamples

1-4. The results are shown in Table 4,

| : TABLE 1 _
Examples 1  Qupric complex of imidazole 108 -
Glyoolic acid 7%
Potassium chloride 5%
_ Ton-axchanged watar Balange
Examplee 2 Cupric complex of Z-methylimidazolé _ 3%
iGlutaric acid 13%
-2ine bromide : . 13
‘ ‘Ethylengdiamine 0.2%
Vo Ion~axchanged watar . Balance
N
Examples 3 rie eomplex of imidazole 15%
ftamic aoid 3%
Ammnnium chloride - 10%
‘Ion-exchanged water v Balanua
Exanples 4 -Cupric complex of 2-methylinmidazole 1%
-Acrylic ac 0%
copnar chloride R
Ion-axchaaged water Balance
compara:ive Sulfuric acid 10%
Rxample ) 35% hydrogen paroxide solution 5%
Ion-exchanged water Balanca
Comparative Sodium persulfate '10%
Example 2 Sulfuric acld 1%
Ion-exchanged water . Balance
Campurativa Sadiun persulfate 10%
Example 3 sulfuric acid . 1%
Benztriazols 1%
Ion-axchangod water Balance
11
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SENT BY:

conplex

P 4= 3-85 ; 12:p,
5. conpound www bq ‘added Separately;” or.t

g »aPEUprlc conplex
conﬁfex of aﬁ a'ole conpound i's used:

%ey

-of an agole conpound

o

DYﬁe %&%sawas a coppe¥390252 #18
Vﬁen A, CUprie iy &
capner hydroxlde or. d gapper: - sal-§yoF:

3 ; o o _....

an acid may be pﬁéferably psed- as the&Qu rle‘ron sour ée for prOduC|ng'sth i

a cuprlc connrex «0f an -azal-é. conpound Tha . urganlc aC1ds or |norgan|Cuao4dSJ'
ar e fadded EO&Ihé|COnpOSJt10n of 't he present-lnventlon for: aﬂlustlng pH,ahd.-
for: dLSSOIVIng cupper ‘ produced by OX|dat10n.wnth the @uprlc conplex GP",

azol'e conpound or the Ilike.

G ven
TABLE 2
Sucoessful © Coma-0ff/swellling
. soldering (%) of salder reaist
Example 1 100 Nona
Example 2 §8.6 None
Example 3 99.7 None
Bxample 4 97.8 " Nena
. c:mparative Bxample 1 57.8 Produced
Comparative Example 2 54,1 Producad
Comparative Example 3 54.0 Produced

Bxanples 5-8

Surface treating compositions shown Table 3 were

prepared and evaluated in the same manner as in Examples

l-4. The results ars shown in Table 4.
. TARLE 3 -
Pxamplas -5t . Imidazole 3%
* Copper nitrate 5%
Nitric mocid 2%
Iron chloride 2
Agononium nitxate 1}
Ion-exchangod watax Balanae
Bxanples 6 r2,4-Triazole 8%
COpper chloride 6%
- FPoxmig acid 10%
ammonivm formate 10%
Cloanvaxchanged wataer Balance
Examples 7  2,%-Aminotstrazols 1%
. C.'oppar acstata %
ammonium chloridae 3¢
Acetle aeld 23
Ion~-exchanged watas Balance _
Examples 8 4-Methylimjdazole 8% j
. ¢ % oxide i
chloxioc aaid 3
Sodium chlorid X3
Ionenxchangel water Balanna
12 This Sheet Has Bee
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SENT BY:
as speC| fLcveXappl-es” of the ar 3a?r15| C: 15(;016;15 ar goog'ét uw [’38” al i phat.i c 3:3?39&% 1819

such as f ol nﬁc Bci-d,: ‘aceti-c_acid, prop|onhc aci-d, - n- butyrlc acid, - n- vabgrLQ'V
aci'd, and.s ,dpr01g acldy” un3aturated aTJphatlc aC|ds stich'as acryllc~a'"d »
crgtonlc,acgd aﬁd |30+croton|c acrd'asatu*ated aIJphatlc dicarboxy{bc e
acids; sueh! ﬁS'DXaIJO ‘acl-d, "mal oni c. -dgkid; isucei ni ciaci d,7 glhutaric, acig,
ad;plc acﬁﬂﬁtanﬁ plnellc acid; -unsaturﬁiedhallphatlc dlcarboxyllc ac”ds?
such as ﬂaigi aa1d . aromatic carboxylnt aci'ds; such as benzoic’ aC|d :
phthallc acid, ‘and ¢innam ¢ ‘aci d; hydrioxy carboxyfic aci ds’," ‘such as i
glycolic acid, lactic acid, mal i c acid, and citric acid, carboxyllc aC|ds

W th substituents" such as sul famc

TABLE 4
Succasgful COme-olenwallznq
anldering (%) of solder raesist
_ éxample 5 88.3 ¥one '
LV; Example € 95.8 Hone
' Exanple ?7 97.0 None
Example § 59.8 Nonas

" Burfaces of copper or coppsr alloys having excellent
adhesion to resins such as prepregs and resists and
axhipiting superior nolderpbdligy’can be produced by
treating thesé surfaces with tha surface treating
composition of +ha pressnt invention. Because the.
-rosﬁlting su:tiées'azn l#88 'glessy than tha nh:tacan
produced by-éonventional chemical cleaning techniguas, .
the composition of the present invention has an effect of
improving resolnt$on when tha treated surfaces are used
as 2 base for photosensitive reains. It also bhrings
about ‘an effect of reduecing malfuncrtidne in lnspaections
of printedewiring boagd cirguits by an autqmatic.optical
inspectlon machine (Aoi); The compositian of the present
invention therefore ié an ideal surface traating agesnt
for tha mAnufncfure of printedewiring boards which azae _
more and ﬁbre mintaturized in.thelr fine line pattezns @

and highly integxated.

This Sheet Has Been Reﬂlaced
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, ascor -act d,
plvallc aC|d avapd- Ievullnlc acid; as meji as their derlvatlves SpeC|ﬁ|c

exampl es’ foghe #rorgani¢c - 6 acid- |nclude hyerchIorlc ‘acid, sulfqn @
aci:d, nitr] -aQ|d ‘and phosphoric aC|d '‘Thése aci ds~atsocante the' source
for forn1g a|d'copper 'sal ts’ used as. the dlssolvab+e co el The:.!

d
ampunt - of. t*’rte gQrgani ¢ "or i nor gani ¢ ‘achs, rn the crorrp geﬁ if?desent

A- 7. % YK & DAVI SON 390252 #20
aci d, SENTL§YCM of:ppr-opi onj.c ael d:'J sl“ljl cc1) |Um ¢, acRo hyoii

|nvent|on 13 pre*erably in the , s;ﬂ" D

v,

WHBAT IS CLAIM®RD ISt _

1. A composxtion for treating suxfaces of coppar ox
copper alloy which ism an aguecus solution comprisings an
axole compound, 2 cappex compound digsolvable in the
golution, an orxganic or inorganic acid, and a halogen
ifon. ) i

2. The composition according te claim 1, whexein
‘tha content of Qa&d azcle compound is 0,1-15% by_weight:
zatd dissolvabla copper compound, 0.1-5% by waight as
coppey metal; sald organic ox inorganic acid, 0.1-30% by
weight; and said halogen ion, 0.01-20% by weight.

3.. The composition According te plaim 1, whazein a
coppex agzole cowplex is ussd as sald azole compound and
sald discolvable copper compound.

\J;' 4. 7The composition accurding to clalm 1, wherein
| gald copper azole complex is a cupric agole complex.

5. A compos;t;on for troatinq surfaces of copper. or
coppc: alloy which is an aquaous solution comprising: &
ocuprlc azole complex, én organic acid, and a haloqan ion.

6. A composition for treating’ uurfaaas of copper or
copper alloy whish L= an agquaous solution comprising: 1-
16% by weight of a cupric azole complex, 0.1-30% by
vaight of an organic. acid, and 0.01-20%8 by waight of a

halegen lon.

/

A

. 14



SENTBY © o1 4= 3-85 5 1 H -+
range of : Q 1.~ 30% lf_ .t_hl‘s_ anount i:s t2cgc7) “Simal ?ooyﬁﬁmglgrsr%"osltlon car?ﬁ%ﬂzsz 1421,
suff|C|ently,dJ$$Olve -oxi-di.zed .COpper” aﬁh.lt i's dlfflcult t0 obtaln actiye
copper.’ surfaces «i't 18 :too. Iarge d|9$0|V|ﬂg stablllty of copper S :
| ovier ed.. Paquen 4.0 I's:used. il the: eonposltlon of -the - present |nvent{0m
for: |anea$wng Selubljtty .of-.copper.” and’ oxﬂd|2|ng capablllty of thé, azqﬂe
conpOUndsﬁ'ghéreby ensUr;ng_produCtlon o? ‘Copper ‘suifaces with: supﬁrjer
adhesi venéss=and: solderabllYty Flugrlde ion, chl-oridée ion; br0ﬂ1de Péw

the |ike may be used as the" hal ogen i on. These are added to 't he coﬁpes;blon
as a conmpound which can be dissociated in a solution. Such a conpoUnd may

be an acid, such as. hydrochl oric acid or hydrobrom c

ABRSTRALT OF .THE DIECLUBURB
A composition for treating surfaces of coppar ax
copper alloy which i8 an agueous golution comprising: an é

v a2cle compound, a dopper compound dissolvable  in tha

solution, an organic oxr inorganic acid, and a halogan

ion. The compoaition can axhibit excallant adhes;vnna-u
;ta solder remists and provide zoughsned surfaces of

Copper or coppar alloys with adequate irroqularitiae with

daep convexes and concaves and Buparioy solderahillty.

E
.
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aeidfta salt, such as sodium chloride, calciumchloride, p égv:%T FE:T

chlori de,
copper chloride, zinc chloride,.iron chloride, or tin bromq%teg ﬁblﬁ&ﬁumm5m

anmoni um chl ori de, or potassium brom de; or a ng salt, suc

as

of the hal ogen ion in the conposition of the present inverlkea—ts

preferably in the range of 0.01- - 7 20% If this anB@hizigd08/siR |£|
Is difficult to obtain copper surfaces with excell ent adheS|veness and

sol derability; if it is too large, dissolving stability

DESCRIPTION |

COMPOSITION FOR.TREATING COPPER OR COPPER ALLOY

SURFACES

The present'invention relates to a surface treating
composition for copper or copper alloy which is useful
for roughening the copper or copper alloy surfaces.

In the manufacture of printed-wiring boards, copper
surfaces are roughened in order to improve adhesion of
etching resists or solder resists to be coated on the
copper surfaces. .Mechanical cleaning using a buffing or
scrubbing machine or chemical cleaning, called '
microetching, are used for roughening copper surfaces;

The chemical cleaning is more popular for treating

. substrates with fine line patterns.

The chemical cleaning is also used for improving
solderability, for example, as é pretreatment for a
solder coating step or for remov1ng oxides from copper
surfaces before soldering electronic parts. An aqgeous

solution comprising sulfuric acid and hydrogen peroxide

. as major components or an aqueous solution comprising a

persulfate as a major component-are commonly used for the
chemical cleaning. |
Along with high integration of circuit patterns

formed on printed-wiring boards, the types of solder

resists used are shifting.from the conventional thermoset

type to the UV curable'type which is more excellent in

&g




ofrcopﬁer Is | owered. The pH of the surface treating conpog] REPBAGEMENE SHEET

resent invention is in the range of less than 1 to about §| depe
Fhe ki nds of organic or inorgani-c acids and other additived| Dete: onggﬂﬁ Qgﬁm.‘
reduce fluctuation of pH during the use, a salt of organic acrd, stcas a ——
sodi um potassium or ammoni um salt of organic acid, may be added. O her

addi tives which nay be added besi des the above conponents include a
conpl exi ng agent for inproving dissolvipg stability of copper, such as

et hyl enedi am ne, pyridine, aniline, amoni a, nonoet hanol am ne,

di et hanol &g ng; nts r%fﬁgaﬂk%”bﬁ%te‘?‘c'&%.'\* 'E%tc%%ls@ W%Qxc}:lable type

solder resists are inferioxr in their_adhesion properties -

to copper surfaces as compared with conventidnal solder
resists, adhesiveness of the surfaces produced using
these solder resists is insufficient. .There are
occasions where resist coatings come off or swell during
the subsequent plating étep, solder coating step, or
.electronic parts soldering step. .

E ~ Furthermore, conventional micro-etchants cannot
provide surfaces with sufficient solderability which is
applicable to solder coating of printed-wiring boards
with an increased numbef of pads for soldering parts
thereon. There are a number of cases where soldering
fails to adequately fix the electronic parts.

The object of the present invention is therefore ‘to
provide a surface treatlng comp031tlon for copper and
copper alloys which can exhibit excellent adhesiveness to

J!; solder resists and tﬁe like and provide roughened
surfaces of copper or copper alloys with adequate
irregularities with deep convexes and concaves and
superior solderability.

The present inventors have conducted extensive
studiee in order to achieve this object and found that a
composition comprisirnig an azole compound, a copper

compound which is dissolved in this composition



am ne;

and ot her various additives fo : .rﬁgﬁgxtpwgﬁquEgr
excel | ent adhesi veness and sol der abi | ||t HISTEBHEESHASBEEN rieat i ng C ositi
can be prepared by addi ng 't he-above- ntlonﬁﬁpmnent 02 _______ EG)nE ,,,,,,,

descri bed above, to water and bl endi ng-the nmrxture. There :

limtations to the nmethod of addition. The conponents may be added ei t her
al-l at one tinme or separately in any arbitrary order. |on-exchanged water
is preferably used as the water. There3are no specific limtations to the

net hod of

(hereinafter referred to as a dissolvable copper
compound), an organic or inorganic acid, and a halogen
ion, especially a composition comprising a cupric azole
complex, an brganic acid, and a halogen ion, can achieve
thls object.

Accordingly, an object of the present invention is
to provide a‘ composition for treating surfaces of copper
or copper alloy which is an aqueous solution comprising:

an azole compound, a dissolﬁéble copper compound, an

‘organic or inorganic acid, and a halogen ion.

In a preferred embodiment of the present invention,
said cOmposition comprises 0.1-15% by weight of an azole
compound, 0.1-5% by weight of a dissolvable copper
compound as copper metal, 0.1-30% by weight-of an organic
or inorganic acid, and 0.01-20%.by weight of a halogen
ion. |

In another preferred embédiment, a-cqbper'azo;e
coﬁpiex is #sed as said azole compound and said
dissolvable copper compound.

In still another preferred embodiment, said a copper
azole cpmpléx_is a cupric azdle complex.

Other objects, features and advanfages of the
invention will hereinafter become more readily apparent
from the.follpwing description.

‘The combined use of an azole compound and a

dissolvable copper compound as essential components

This Sheet Has Been laced




8 using the surface treating conposition of the present iryBEPLAREMENT SHEET

Exanpl es of such nethod include a nethod of spraying the npog;ggﬂgazgmpﬁg |

surfaces of copper or copper alloy to be treated, a method| Batei:

copper or copper alloy in the conposition, and the |ike. | ;
may be bubbl ed to oxidi ze cuprous ion which has forned in.the conposition
by etching of the copper or copper alloy into to cupric ion. In order to
further inprove adhesiveness between tgre copper or copper alloy surface and
aresin, it is possible to further treat the surfaces treated with the

conposition of the present  invention with an aqueous .
. P ensures thepcomposition of the presentqgnventlon to

exhibit an appropriate etching rate for surface
treatments. In the composition of the preseht inventidn,
the dissolvable copper compound forms a copper complex,
such as a cupric complex, with an azole compound, for
example.

Included in the ézoie compounds which can be used in
the present invention are'diazolés,'triazoles,
tetrazoles, and their derivatives. Of these,
particularly preferred from the viewpoint of the costs
are imidazole, 2-methylimidaéolé,'2-ethylimidazole,
2-ethyl-4-methylimidazole, 2-phenylimidazole, 2-undecyl-
imidazole, benzimidazole, and the like.

| Specific examples of'the dissolvable coppér compound.
are copper hydroxide and copper salts of aﬁ acid, which
are hefeinafter mentioned. -

Regarding the amounts of tﬁe azole compound and the

f.l dissolvable copper compound in the composition of the

present invention, an amouﬁt of 1-15% by weight
(hereinafter referred to simply as %), in terms of a
cupric complex of an azole compound, is preferable in
view of solubility and stability. As an azole compound,
an amount pf 0.1-15% is preferable; and as‘a copper
compound,. 0.1-5% (as.metal) is. preferable.

The azole compound and the dissolvable copper



solution of an azol e conpound or an al coholic sol ution acit e R0 SKEET
exanple, to USP 3,645,772. The surface treating conpositijpn of es,

i nvention can be w dely used for chem cal cleaning or th akee: . 1. &ORDAYYYOr
copper alloys. The resulting surfaces of copper or copper
‘adequate irregularities with deep convexes and. concaves so that they can
exhi bit not only excellent adhesion todgesins, such as prepregs, solder
resists, dry filmresists, and el ectrodeposition resists, but also.

superi or cempenadi mpyy bepaddede sepanatel OB hitaw aay &8 iafddednddsi ti on
is particularly useful for the manufacture of various printed-wring
boards, i%hcFRRPRY EABRAEXor €pidn §r ICMPRLCFRERK o0h AN azole

compound. When a cupric complex of an azole compound is

used, copper hydroxide or a copper salt of an acid may be
preferably used as the cupric ion source fof-producing
such a cupric complex of an azole compound .

The organic acids or inorganic acids are added to
the composition of the present_inventiqn for adjusting pH
and for dissolving copper produced by oxidation with the
cupric complex of an azole compound or the like. Given
as specific examples of the organic acids are saturated
aliphatic acids, such as formic acid, acetic acid,
propionic acid, n—butyfic acid, n-valeric acid, and
caproic'acid; unsaturated aliphatic gcids, such as -
acrylic acid, crptonic acid, and iso-crotonic acid;
saturated aliphatic dicarboxylic acids, such as oxalic
acid, malonic acid, succinic acid, glutaric acid, adipic
acid, and pimélic acid; unsaturated alipﬁatic
dicarboxylic acids such as maleic acid; afomatic'
carboxylic acids, such as benzoié acid, phthalic écid,
and cinnamic acid; hydroxy carboxylic acids, such as
glycolic acid, lactic acid, malic acid, and citric acid;
carboxylic acids with substituents, such as sulfamic
acid, B-chloropropionic acid, nicotinic acid, ascorbic
acid, hydroiy pivalic'aéid, and levulinic acid; as well

as their derivatives. Specific examples of the inorganic



.9 grid array (BGA), as well as for the surface treatnent|| ¢fep gadiEhaSHEET
used for integrated circuit boards. For exanple, in the nufac&U{ f
copper-clad lam nates for printed-wiring boards, surfaces Q%hgp"L"ﬁémnﬁyin.
excel | ent adhesion to prepregs and superi or etchlng per f oltraRce—hH
patterning operati on can be produced by roughening copper foils u5|ng the
surface treating conposition of the present invention. Further, in the
manuf acture. of nulti-layered printed-w 6i ng boards, the

acid include hydrochloric acid, sulfuric acid, nitric
acid, and phosphoric acid. |
These acids also can be the source for formig said
copper salts used as the dissolvable copper compound.
The amount of the organic or inorganic acids in the
‘composition of the present invention is preferably in the
range of 0.1-30%. 1If this amount is too sﬁall, the
composition caﬁnot sufficiently dissolve oxidized copper
and“it is difficult to obtain active copper surfaces; it
is too large, dissolying.stability of copper is lowered.
Halogen ion is used in the composition of the
present infentiqn for increasing solubility of copper and
oxidizing -capability of the azole compounds, thereby
ensuring p;oduction of copper surfaces with sﬁperior
~ adhesiveness and solderability. Fluoride ion, chloride
ion, bromide ion, or the iike.may be used as the halogen
ion. These are added to the composition as a compound
ﬂ.q | which can be dissociated in a solution. Such a éompound
may be an acid, such as hydrochloric acid or hydrobromic
acid; a salt, ézuch as sodium chloride, calcium chloride,
potassium chloride, amménium chloride, or potassium
bromide; or a metal sait, such as copper chloride, zinc
chloride, iron chloride, or tin bromide. |
The amount of the halogen ion in the composition of

the present invention isfpreferably in the range of 0.01-



use of the conposition for rougheni ng copper surfaces of || REPLACEWENT SHEET

produces surfaces which exhibit not only excell ent adhesijpn to ? j@gﬁg@g
but also a superb effect of preventing formation of pink || Dags.." é @he

surfaces treated with the conposition of the present i nverFer—are—

gl ossy than the surfaces treated wth conventional sulfuric acid-hydrogen
peroxide etchants, it has an effect, in addition to the increased adhesion
to resins, that di f f usi on of l'i ght durlkg irradiation is small and

ool 1 of ! PRECPRERSAlRY T Boq Sudlclit BBy (he
Inventi onppdd in PE6PPBraBB®EAREes with excellent adhesiveness and
solderability; if it is too large, dissolving étability
of copper is lowered. .

The pH of the surface treating composition of the
present inventionlis in the range of less than 1 to about
8 depending on the kinds of organic or inorganic acids
and other additives. In order to reduce fluctuation of
pH during the use, a salt of organic acid, such as a
sodium, potassium or ammonium salt of organic acid, may
be added. | -

Other additives which m&y be added besides the above
components include a compléxing agent fér improving |
diésolving-stability of copper, such és ethylenediémine,
pyridine, aniline, ammonia, monoethanolamine,
diethanolamine, triethanoiamihe, and N-methyldiethanol-
amine; and other various additives for producing .copper
;,q ' 'surfaces with excellent adhesiveness and solderability. |,

: The surface treating composition can be prepared by
adding the above-mentioned components, ét proportions
described above, to water and blending the mixture.
There are no specific limitdtions to the method of
addition. The components may be added either all at one
time or separately in any arbitrary order. Ion-exchanged
water is preferably used as the water.

There are no specxflc llmltatlons to the method of



in the course of the follow ng description of the exenplary ﬁ@pﬂﬂcgﬁ@%&SEEkT
whi.ch are given for illustration of the invention and are npt I nt

be limting thereof. | 10 'EXAVMPLES Exanpl es 1-4 Surface t rg@{ﬂj n§1E01995
conpositions were prepared by m xing the conponents | i sted |La—tab 1
sprayed over copper-clad laminates for printed-wring boards (FR—4) at

8

using the surface treating composition of the present
invention. Examples of such method include a method of
spraying the composition to the surfaces of copper or
copper alloy to be treated, a method of immersing the
copper or copper alloy in the composition, and the like.
If necessary, air may be buﬁblgd to oxidize cuprous ion
which has formed in the composition by etching of the
copper or copper alloy into to cupric ion.,

In order to fﬁrther improve adhesiveness between the
copper oxr copper alloy éurfacé and a resin, it is
possible to further treat the surfaces treated with the
compositibn of the present invention with an aqueous
solution of an azole compound or én alcoholic solﬁtion
according, for example, to USP 3,%45,772L

.The surface treating coméosition of the present
invention can be wideiy used for chemical cleaning or the
like bf copper or copper alloys. The resulting surfaces

,!ﬁ .. -0of copper or copper alloy haveiadequate irregularities
- with deep convexes-and concaves so that they can exhibit
not only excellent adhesion to resins; such as prepregs,
solder resists, dry film resists, and electrodeposition
resists, but also. superior solderability. Because 6f
this,.the surface treating'composition is particularly
'useful for the manufacture of ya;ious printed-wiring

boards, including those for pin grid airay (PGA) or ball



40[err]C for 60 seconds. A solder resist, PSR-4000 (trade éﬁﬂ’ NUract dred
by Taiyo Ink Co., Ltd.'), was coated on the treated surfacgs, | ‘ed, "

devel oped, and post-cured, thus producing various patterns Then1?aﬁfﬁfﬁﬁﬁ“
no-cl ean type solder flux, AP-4626 (trademark, manufacture [%v NFP"CH":"f """

Ltd.), was coated and solderlng was carried out using an automati ﬁ%
sol-dering machi ne. The conditions of the solder resist was then 3bk Gelf95
In this experinment, in order to make thg sol der resist easier to come off a

Shorter P Rebl TabAS, BACuBLA 8, dek TRoRBhE AR B o Y L 1
the'Stand%kﬂufqafgﬂégaﬁgga'fggeiﬁﬁéﬁks%ed circuit boards. '
For.examéle,_in the manufacture of copper—clad
llaminates for printed-wiring boards, surfaces exhibiting
excellent adhesion to prepregs and superior etching
performaqcé in the patterning operation can be produced
by roughehing copper foils using the surféce treating
composition of the preseﬂt invention. Fﬁrther, in the
manufacture of muiti-layered printed-wiring boards, the
use of the composition fqr.;oughehihg copper surfaces of
inner layers produces surfaces which exhibit not only
excellent adhesion to prepregs, bu£ also a superb effect
of preventin§ formation of pink rings. Because the
surfaces treated with the'composifion of the present
invention are less glossy than the surfaces treated with
éonventional'sulfuric acid-hydrogen peroxide etchants, it
has an effect, in addition to the increased adheéion.to
-'}' resins, thatvdiffusion of light.during irradiation is
small and resolution of bhotosensitive resins is thereby
increaséd, when the photosensitive resins are coated or
laminated. |
Other features of the invenﬁion will become apparent
in the course of the fbllowing description of the
exemplary embodiments which are given for illustration of
- the invention and are not_intended.tq be limiting

thereof.



are shown in Table 2. Furthernore, copper-clad | am nates
W ring boards (FR-4), having a nunber of circular pads w
mm and coated with the solder resist all over the area.ot
circular pads, were spray-treated with the conposition at |i : -
seconds . After coating. a flux for solder coating, W 2556 (trademark,
manuf actured by MEC Co., Ltd.), soldering was carried out using a '
hori zontal hot-air solder |eveling machithe. The raté of successful

EXAMPLES
Examélés 1-4

Surface treating compbsitions were prepared by
mixing the components listed in Table 1, and sprayed ovér
coppér-clad laminates for printed-wiring boards (FR-4) at
40°C for 60 seconds. A solder resist, PSR-4000
(trademark, manufaé;ured by Taiyo Ink Co., Ltd.), was
coated on the treated surfaces, irradiated, developed,
and post-cured, thus producing various patterns. Then, a
no-clean type solder flux, AP-4626 (trademark,
manufactured by MEC Co., Ltd.), was coated and soldering
was carried out using an automatic wave soldering
machine. The conditions of the solder resist was then
observed. In this experiment, in order to make the
solder resist easier to come off a shorter post-cure time

than the standard time period for solder resists was
employed using the solder flux with a concentration three
_' times as high as the standard .concentration. The results
are shown in Table 2.

Furthermore, coppgrfc;ad laminates for printed-
wiring boards- (FR-4), having a number of circulér pads
with a diameter of 1 mm and coated with the solder resist
all over the area other than the circular pads, were

.sp;ay—treated with the éompoéition at 40°C for 60

seconds . After coating a flux for solder coating, W-
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sol dering (the proportion of the pads to which the sol der
exam.ned. The results are shown in Table 2. Conparative EX
Surface treating conmpositions shown Table 1 were prepared
the sane manner as in Exanples 1-4. The results are shown in Table 2. TABLE
1 Exanples 1 Cupric conpl ex of im dazole 10% d ycolic acid

7% Pot assi um chl ori de 5% | on- exchanged wat er

Bal ange Exanples 2 Cupric conpl ex of1R2-net hyl i m dazol e 50 dutaric
aci d 2556 (trademark, manuta&tured by MEC Co., Ltd.),

soldering was carried out using a horizontal hot-air

solder leveling machine. The rate of successful

soldering (the proportion of the pads to which the solder

coated) was examined.

Comparative Examples 1-3

The results are shown in Table 2.

Surface treating compositions shown Table 1 were

prepared and evaluated in the same manner as in Examples

1-4. The results are shown in Table 2.
TABLE 1
Examples 1 Cupric complex of imidazole 10%
Glycolic acid 7%
Potassium chloride 5%
Ion-exchanged water Balance
Examples 2 Cupric complex of 2-methylimidazolé 5%
Glutaric acid 15%
Zinc bromide 1%
Ethylenediamine 0.2%
- Ion-exchanged water Balance
Examples 3 Cupric complex of imidazole 15%
Sulfamic acid 3%
Ammonium chloride 10%
Ion-exchanged water Balance
.'_ Examples 4 Cupric complex of 2-methy11midazole 7%
U Acrylic acid ' 20%
Copper chloride . 1%
Ion-exchanged water Balance
Comparative Sulfﬁric acid 10%
‘Example 1 35% hydrogen peroxide solution 5%

' Ion-exchanged water Balance
Comparative Sodium persulfate "10%
Example 2 Sulfuric acid 1%

Ion-exchanged water Balance
Comparative Sodium persulfate 10%
Example 3 Sulfuric acid 1%

Benztriazole 1%

Ion-exchanged water Balance




Zi'nc brom de

1%)Ethylened|an1ne REPLACtMLNToHEET
Bal ance Exanpl €

0. 2% | on- exchanged wat er

conpl ex of. imdazole
3% Amoni um chl ori de

Bal ance Exanples 4
20% Copper chl ori de
Bal ance Conparative

15% Sul fam ¢ aci d .
10% | on- exchange

Cupric conplex of 2-nethylimdazole
1% | on- exchanged wat
Sul furic acid 12

3

7%

$ Y et alﬁéé’

'10% - Exanpl e 1

35% hydr ogen peroxi de sol ution 5%
TABLE 2_
 Successful : Come-bff/swelling
soldering (%) of solder resist
Example 1 100 None
Example 2 98.6 None
Example 3 99.7 None
Example 4 97.8 None
Comparative Example 1 57.8 Produced
Comparative Example 2 54.1 Produced
= Comparative Example 3 . 54.0 " Produced

Examples 5-8
Surface treating compositions shown Table 3 were

prepared and evaluated in the same manner as in Examples

1-4. The results are shown in Tabie 4,

 TABLE 3
Examples -5' , Imidazole 3%
; Copper nitrate 5%
Nitric acid 2%
Iron chloride 2%
Ammonium nitrate 8%
, _ Ion-exchanged water Balance
_ Examples 6 l,2,4~Triazole 8%
' Copper chloride 6%
Formic acid 10%
Ammonium formate 10%
Ion-exchanged water Balance
Examples 7 2,5-Aminotetrazole 1%
Copper acetate 5%
Ammonium chloride 3%
Acetic acid 2% _
Ion-exchanged water Balance
Examples 8 4-Methylimidazole 8%
: Copper oxide 6%
Hydrochloric acid 3%
Sodium chloride . 0.1%
Balance

Ion-exchanged water -




-

| on- exchanged wat er Bal ance Conparative (5 bERbFME%TSHEET-
persul fate 10% Exanple 2 Sul furiclpcid
1% | on- exchanged wat er Bal ance Conparati ey, de{Lj@EC]QQﬁ
persul fate , 10% Exanpl e 3 Sul furic lacid— 2
1% Benztri azol e 1% | on- exchanged wat er
Bal ance 12 TABLE 2 ) 13 :
TABLE 4
Successful Come-~off/swelling
soldering (%) of solder resist
Example 5 98.3 None '
-Example 6 95.8 None
Example 7 97.0 None
Example 8 99.5 None

Surfaces of copper or copper alloys having excellent
adhesion to resins such as prepregs and resists and
exhibiting supefior solderability can be produced by
treating these surfaces with the surface treéting'
composition.of the present invention. Because the.
resultihg surfacés'are less ‘'glossy than the surfaces
produced by conventional chemical cleaning techniqugs,
the composition of the present'invention has an effect of
improving resolution when the treated surfaces are used
as a base for photosensitive resins. It also brings |

, about an effect of reducing ma__lfunctiOns in inspections

; of printed-wiring board circuits by'an automatic optical
inspection machine (AOI): The composigion of the presént.
invention therefore is an ideal surface treating agent
for the manufacfure of printed-wiring boards which are
more and more miniaturized in .their fine line p&tterns

and highly integrated.
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100 This NRRSHER&ARE REPLAC

Exanpl e 3 99.7

s TR, 2o

Conpar ative EX 54. 1 Produced Cbnparatrve Exanple 3
54.0 Produced Exanpl es 5-8 Surface treating conpositions shown’

Tabl e 3 were prepared and evaluated inl4he same manner as in Exanples 1-4.
The results are shown in Table 4.

WHAT IS CLAIMED IS:

i. A compositieu for treating surfaces of copper or
copper alloy which is an aqueous solution comprising: an
azole compound, a copber compound dissdlvable in the
solution, an organic or inorganic acid, and a halogen
ion. |

2: The composition according to claim 1, wherein
the content of said azole compound is 0.1-15% by weight;
= said dissolvable copper compound, 0.1-5% by weight as '

EOpper mecal; said organic or inorganic acid, 0.1-30% by
weight; and said halogen ion, 0.01-20% by weight.

3. The domposition according to claim 1, wherein a
copper azole complex is used as_said azole compound and
said dissolvable copper compound.

4. The composition.according'to claim 1, wherein
said copper azole complex is a cupric azole complex.

5. A composition for treating surfaces of copper or

u!& : cobpef ailby which is an aqueous solution comprising: a
cupric azole complex, an organic acid, and a halogen.ion.
| 6. A composition for treating surfaces of copper or
copper alloy which is an aquecus solution comprising: 1-
15% by weight of a cupric azole complex, 0.1-30% by
weight of an organic. acid, and 0.01-20% by weight of a

halogen ion.

IR O AN 0



TABLE 3 Exanpl es-'5'. Inidazol & : - ; TR
nitrate ) SN tric acid . | REPLACERRENT sriEeT

" 2% lron chloride " 2% Ammoni um ni tiale . ? 1DEC 1995
8% | on- exchanged water - Bal ance Exanples f —~ " 77UT a—
1,2,4-Triazole 15 8% Copper chloride
6% Form c acid ' 10% Ammoni um f or mat e

- 10% | on- exchanged wat er ABSTRACT OF THE DB@J::?JS%QEEX&WD' es 7

2,5-Am notetrazol e
COMPOSITION FOR TREATING COPPER OR COPPER ALLOY

SURFACES
A composition for treating surfaces of copper or
copper alloy which is an aqueous.solutibn comprising: an
azole cdmpoﬁnd, a copper compound dissolvable in the
solution, an organic or inorganic acid, and a halogen
ion. The composition can exhibit excellent adhésibeness
to solder resists and provide roughened surfaces of

copper or copper alloys with adequate irregularities with

deep convexes and concaves and superior solderability.



Copper' acetate 5%Arrrmn| um chl ori de
3% Acetic acid : 2% | on- exchan
Bal ance Exanpl es 8 4- Met hyl i mi dazol e Yo

8% Copper
oxi de 6% Hydr ochl ori c ac‘il uwgulmuﬂjﬁr
3% Sodi um chl ori de 14A 0. 1% | on- h .

Bal ance CLAI VB:

7. A method for microetching a surface of copper or copper alloy comprising
treating the surface with an aqueous solution which comprises an azole compound, a
copper compouhd dissolvable in the solution, an organic or inorganic acid, and a halogen
ion under the conditions to oxidize cuprous ion formed by microetching of the copper or

copper alloy into cupric ion.

8. The method according to claim 7, wherein said treating comprises spraying the

solution to the surface of copper or copper alloy.

9. The method according to claim 7, wherein said treating comprises immersing the

copper or copper alloy into the solution with bubbling air.

10.  The method according to claim 7, wherein the content of said azole compound is
0.1-15% by weight; said dissolvable copper compound, 0.1-5% by weight as copper
metal; said organic or inorganic acid, 0.1-30% by weight; and said halide ion, 0.01-20%
by weight.

11.  The composition according to claim 7, wherein a copper azole complex is used as

\_ said azole compound and said dissolvable copper compound.

12.  The method according to claim 7, wherein said copper azole complex is a cupric

azole complex.

13.  The method according to claim 12, containing 0.1-15% by weight of a cupric
azole complex, 0.1-30% by weight of an organic acid, and 0.01-20% by weight of a
halide ion.



1 ™~A method for roughening surfac
an excell ent adhesion of a coated or
‘treating said surfaces with an anoun} !
them wi th an aqueous solution conpri Sing: an azol e COMPOUft :
conmpound di ssol vable in the solution, ,an organic or ioigaR.g, 26, apd4adz,
hal ogen ion. 2. A net hod for roughgning surfaces of copper or copper
alloy to provide an excell ent adhesion of a coated or |am nated |ayer

t hereon, conprising treating said surfaces with an anount and for a tine
effective to roughen themw th an aqueous sol ution conprising: a cupric
azol e conpreeginafiyen xpipreedaEp dsafddigsptiyabdencappar @mpoundh, |t hod f or

rougheni ngrgali ¢ e endtlgak PRI, 0bng W RLTogthl Dh,t Bsp@¥ide san excel | ent

adhesion of a coated or | am nated | ayer thereon, i .
composition comprising a cupric azole complex, an organic acid, and a

halogen ion, can achieve this object.

According to the present invention, there is provided a method
for roughening surfaces of copper or copper alloy to provide an
excellent adhesion of a coated or laminated layer thereon, comprising
treating said surfaces with an amount and for a time effective to
roughen them with an aqueous solution comprising: an azole compound,
a copper compound dissolvable in the solution, an organic or

inorganic acid and a halogen ion.

The method may comprise the step of treating said surfaces with
an amount and for a time effective to roughen them with an agqueous
solution comprising: a cupric azole complex, an organic acid and a

halogen ion.

The method may comprise the step of treating said surfaces with
an amount and for a time effective to roughen them with an aqueous
solution comprising: 1-15% by weight of a cupric azole complex, 0.1-
30% by weight of an organic acid and 0.01-20% by weight of a halogen

atom.

Preferably, the content of said azole compound is 0.1-15% by
weight; said dissolvable copper compound, 0.1-5% by weight as copper
metal; said organic or inorganic acid, 0.1-30% by weight; and said

halogen ion, 0.01-20% by weight.

A copper azole complex may be used as said azole compound and

said dissolvable copper compound.

The copper azole complex may be a cupric azole complex.

This Sheet Has Been Replaced

T
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cupric azole conplex, 0.1-30% by wei ght_of "3 jc.afi
wei ght of a hal ogen atom 4. The net hod according to cl 3
the content of said azole conpound is_0.1-15% by wei ght; said dissol vabl e
copper conpound, O0.1-5% by wei ght as %pper netal ; said organic or

i norganic acid, 0.1-30% by weight; and said hal ogen ion, 0.01-20% by

wei ght. 5. The net hod according to claim11l, wherein a copper azole
conplex is used as said azol e conpound and sai d di ssol vabl e copper
conpound. 6. InTirdenettasdthecdnyamtier mdgkt dennare @veirdersteodbopper azol e

conpl ex | gmBbdMBAtL 0B 2L i SRABIEX wilt be ddbiBLOPE Wy BE ChARLLNI Ng a
surface ofnlcopper or copper all oy
only.

The combined use of an azole compound and a dissolvable copper

compound as essential components

This Sheet Has Been Reﬂlaced




‘ 7. A

met hod for mcf rface of Jiq D@&ﬁpiﬁkAﬂB"ﬁmlu.
treating the s aqueous sol uti on which conprit .
conmpound, a copper conpound di ssol vabl e in the solution, an organic or
I norgani c acid, and a hal ogen ion undér the conditions to oxidize cuprous
ion forned by m croetching of the copper or copper alloy into cupric ion.

: QFEE fod according to claim?7, wherein said treating conprises
spraylng S

cenpri+si ng t &0 urface W|°[h iREIPmeEMﬁNHP&i =
1- 15% by wei WMI chg{j:)rrpound EWW%TMB%M EET

ol ution to the surface of copper or copper -alloy. 9. The
nmet hod according to claim7, wherein said treating conprises imersing the
1. A method for roughening surfaces of copper or copper alloy to

provide an excellent adhesion of a coated or laminated layer thereon,
comprising treating said surfaces with an amount and for a time
effective to roughen them with an aqueous solution comprising: an
azole compound, a copper compound dissolvable in the solution, an

organic or inorganic acid and a halogen ion.

2. A method for roughening surfaces of copper or copper alloy to
provide an excellent adhesion of a coated or laminated layer thereon,
comprising treating said surfaces with an amount and for a time
effective to roughen them with an agqueous solution comprising: a

cupric azole complex, an organic acid and a halogen ion.

3. A method for roughening surféces of copper or copper alloy to
provide an excellent adhesion of a coated or laminated layer the;éon,
comprising treating said surfaces with an amount and for a time -
effective to roughen them with an aqueous solution comprising: 1-15%
by weight of a cupric azo;e complex, 0.1-30% by weight of an organic
acid and 0.01-20% by weight of a halogen atom.

4. The method according to claim 1, wherein the content of said
azole compound is 0.1-15% by weight; said dissolvable copper
compound, 0.1-5% by weight as copper metal; said organic or inorganic

écid, 0.1-30% by weight; and said halogen ion, 0.01-20% by weight.

5. The method according to claim 1, wherein a copper azole complex

is used as said azole compound and said dissolvable copper compound.

6. The method according to claim 1, wherein said copper azole

complex is a cupric azole complex.

N, O



copber'on copper alloy into the solution with bubbling a
nmet hod according to claim7, wherein the content of said
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0.1-15% by wei ght; said dissol vabl e copper conpound, 0.1 5@6by 97
copper netal; said organic or inorganic acid, 0.1-30@6by:ﬂ%?ﬁht ----- and sard:
halide ion, 0.0 1-20% by weight. 11. gThe conpositi ¢cor g, alm
7, wherein a copper azole conplex is used as said a!gFé% éﬁg §W97
di ssol vabl e copper conpound. 12. The net hod accordlng to cIa|n17, wherein
sai d copper azole conplex is a cupric azole conplex. The net hod

according &1% %%r%,f%f}%:’efg &tda*:é“a%ga i ikadBrdRY 9@%88% \%dg %(ch azol e

conpl ex, by wei an organic aC| y wei ght of a
hal i de i orprganic or inorganic acid, and a halogen 1on, especially a

composition comprising a cupric azole complex, an organic acid, and a

halogen ion, can achieve this object.

According to the present invention, there is provided a method
for roughening surfaces of copper or copper alloy to provide an
excellent adhesion of a coated or laminated layer thereon, comprising
treating said surfacesg with an amount and for a time effective to
roughen them with an aqueous solution comprising: an azole compound,
a copper compound.dissolvable in the solution, an organic or

inorganic acid and a halogen ion.

The method may comprise the step of treating said surfaces with
an amount and for a time effective to roughen them with an aqueous
solution comprising: a cupric azole complex, an organic acid and a

halogen ion.

The method may comprise the step of treating said surfaces with
an amount and for a time effective to roughen them with an aqueous
solution comprising: 1-15% by weight of a cupric azole complex, 0.1-
30% by weight of an organic acid and 0.01-20% by weight of a halogen

atom.

Preferably, the content of said azole compound is 0.1-15% by
weight; said dissolvable copper compound, 0.1-5% by weight as copper
metal; said organic or inorganic acid, 0.1-30% by weight; and said

halogen ion, 0.01-20% by weight.

A copper azole complex may be used as said azole compound and

said dissolvable copper compound.

The copper azole complex may be a cupric azole complex.
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conposition for treating surfaces of .copper or copper all whi ch] SSAlﬂ-Jn 1997
aqueous sol ution conprising: an azole conpound a copper ciomend. T T
di ssolvable in the solution, an organic or inorganic acid,t
ion. 2. The conposition accor di ng to sdaim1, wherein the content of said
azol e conpound is 0.1-15% by weight; said di ssol vabl e copper conpound,

0. 1-5% by wei ght as copper netal; said organic or inorganic acid, 0.1-30%
by According to another aspect of the inveritién; there is provided

a method for microetching a surface of copper or copper alloy
comprising treating the surface with an aqueous solution which
comprises 1-15% by weight of an azole compound, a compound producing
cupric ion and dissolvable in the solution in an amount of 0.1-5% by
weight as copper metal, 0.1-30% by weight of an organic or inorganic
acid, and 0.01-20% by weight of a halide ion under the conditions to
oxidize cuprous ion formed by microetching of the copper or copper

alloy into cupric ion.

The treating may comprise spraying the solution to the surface

of copper or copper alloy.

The treating may comprise immersing the copper or copper alloy

into the solution with bubbling air.

1-15% by weight of a cupric azole complex may be used instead
of 1-15% by weight of the azole compound and the compound producing
cupric ion and dissolvable in the solution in an amount of 0.1-5% by

weight as copper metal.

In order that the invention might be more fully understood,
embodiments of the invention will be described by way of example

only.

The combined use of an azole compound and a dissolvable copper

compound as essential components
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wei ght; and said hal ogen ion, 0.01- 2096by wei ght. 3. The cComMEBIACERENT 4EST
according to claim1, mhereln a ‘copper ' azol'e conplex is usjgd as ;Fggggﬁg
conpound and sai d di ssol vabl e copper conpound. 4. The conp syﬁéo
to claim1, wherein said copper azole conplex is a cupric - -
A conposition for treating surfaces ofigopper or copper alloy which is an
aqueous solution conprising: a cupric azole conplex, an organic acid, and a
hal ogen ion. 6. A conposition for treating surfaces of copper or copper
al l oy whi cH-AI¥San aqueous sol ution conprising: 1- 15% by weight of a cupric
azol e conpl ex, 0.1-30% by weight of an organic acid, and 0.01-20% by wei ght
of a

1. A method for roughening surfaces of copper or copper alloy to
provide an excellent édhesion of a coated or laminated layer thereon,
comprising treating said surfaces with an amount and for a time
effective to roughen them with an aqueous solution comprising: an
azole compound, a copper compound dissolvable in the solution, an

organic or inorganic acid and a halogen ion.

2. A method for roughening surfaces of copper or copper alloy to
provide an excellent adhesion of a coated or laminated layer thereon,
comprising treating said surfaces with an amount and for a time
effective to roughen them with an aqueous solution comprising: a

cupric azole complex, an organic acid and a halogen ion.

3. A method for roughening surfaces of copper or copper alloy to
provide an excellent adhesion of a coated or laminated layer thereon,
comprising treating said surfaces with an amount and for a time
effective to roughen them with an agueous solution comprising: 1-15%
by weight of a cupric azole complex, 0.1-30% by weight of an organic

acid and 0.01-20% by weight of a halogen atom.

4. The method according to claim 1, wherein the content of said
azole compound is 0.1-15% by weight; said dissolvable copper
compound, 0.1-5% by weight as copper metal; said organic or inorganic

acid, 0.1-30% by weight; and said halogen ion, 0.01-20% by weight.

5. The method according to claim 1, wherein a copper azole complex

is used as said azole compound and said dissolvable copper compound.

6. The method according to claim 1, wherein said copper azole

complex is a cupric azole complex.

7. A method for microetching a surface of copper or copper alloy
comprising treating the surface with an aqueous solution which

comprises 1-15% by weight of an azole compound, a compound producing

* [4 L M S *
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cupric ion and dissolvable in the solution in an amount of 0.1-5% by
weight as copper metal,.0.1—30% by weight of an organic or inorganic
acid, and 0.01-20% by weight of a halide ion under the conditions to
oxidize cuprous ion formed by microetching of the copper or copper

alloy into cupric ion.

8. The method according to claim 7 wherein said treating comprises

spraying the solution to the surface of copper or copper alloy.

9. The method according to claim 7 wherein said treating comprises
immersing the copper or copper alloy into the solution with bubbling

air.

10. The method according tb claim 7 wherein 1-15% by weight of a
cupric azole complex is used instead of 1-15% by weight of the azole
compound and the compound producing cupric ion and dissolvable in the

solution in an amount of 0.1-5% by weight as copper metal.
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