WO 01/ 14612 PCT/ US00/ 20797 PROCESS FOR SELECTI VE DEPGCSI TI ON OF COPPER
SUBSTRATES Background OF The Invention 5 1. Field of the Invention This
invention relates to a nethod for the treatment of nmetallic surfaces for
t he protectwopi@isit he surface from oxidati on and for enharcirgooom?
solderability and, nore particularly, to treating electronic conponents
such as printed wiring boards (PWB s) containing both copper and gol d
circuitry to provide a protective coating 10 on the copper before the

copper is sol der edprbérssiFOR SEOECTIVE BEPOSPIONTOH CtPPER BEBSTATES NOt  bei ng
di scol ored or otherwise electrically affected by the treatnment. 2.

Description of Related Art In the manufacture of netal containing
conponents which are to be 15 soldered, it is necessary to protect the

metal from oxidation to enhancgaé!gpaungﬂ?pﬁgﬁg%m% For conveni ence the
followng description will be facture of printed
W ring boardsy (R el ectroni ¢ conponents having copper :
ci rcui trgy vvh|1(:h %{}?Ot?)éh%envg'lg,&ered and where it is essential that the

copper not be oXhui meehtmm retalmsrtwasmetmdrfoddrtd t{ﬁatroenttcri reashltle sunfages &0

Typi cal |y, n ctr ents p rGlreuitr t her eon
al so have élgaayqt% %rt ot EFP 5%)3&8” %‘6’% A oﬁ \M% @ ﬂi t‘@%%%ral |y
used to Comtpaﬂhﬁll&lﬁ% reRing €eruME BdmpeneatodulR fas Priacidrwining boardggonent .
Currently however oce s used tg protect the copper circuitry prior to
sol deri ng @W%ﬁ)@ﬂg\@ﬂ%%ﬁg\‘ ERAPef ARJ ESIdICIRMILY YoRrgYide 'P’I%ﬁqé%g?%&ﬁe by
staining thy taelcepeér be?&e%@@éﬂ%e?@s §16&bd Wil thy garaffeaue%ntth@s&a{r&ke The
processes used today f protecting copper prior to soldering enploy a

protective ﬂ@bb?'lnsg'hi@@blﬁ%d Qwherwvlﬁm@le@tap@ib'raf eqrd y dearedigens used as an
alternative to hot air solder leveling (HASL) and other netallic printed
circuit board surface finishes. The coating provides protection against

copper sol der 30 caused by various process steps in the
fabrication p?(@%éeggéxg%gg{ﬁgg‘éé%g%ure to SUBSTI TUTE SHEET (RULE 26) _

In the manufacture of metal containing components which are to be

15 soldered, it is necessary to protect the metal from oxidation to enhance its

| solderability. For convenienc'e the following description will be directed to the
manufacture of printed wiring boards (PWB's) or other electronic components
having copper circuitry which is to be soldered and where it is essential that the
copper not be oxidized or otherwise corroded prior to soldering.

20 Typically, many such electronic components having copper circuitry
thereon also have gold leads or other électrical connections which are generally
used to connect the electronic component to another electronic component.
Currently however, processes used to protect the copper circuitry prior to soldering
deleteriously affect the gold metallurgy on the substrate by stammg the gold or

25 otherwuse electncal ly affectmg the gold. ' ' _
| The processes used today for protectmg copper prnor to so[dermg employ a
protective coating deposited on the copper. This coating is used as an alternative
to hot air solder leveling (HASL) and other metallic printed circuit board surface
finishes. The coating provides protection against copper solderability degradation

30 caused by various process steps in the fabrication process such as exposure to
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WO 01/ 14612 PCT/ US00120787 -2 multiple heat cycles during electronic
conponent fabrication for surface nount technology (SMI) and m xed

‘technol ogy PWB assenbly. Generally, copper protective co
utilize a MMM steps including cleaning, mcroetchi Sf}g%oiﬁwd

rinsing; followed by the formation of 4 5 protective coating on the copper
“using a solution containing a protective formng agent. The protective
form ng agent is typically an i m dazol e or benzi m dazole derivative and

t he coati ngquiléplgdwer avtlgs ﬁemmed!eamomng@mmorwt detrrigetion tfor pyréasermauntye

(OSP) coat Lt%g's‘%@ég% and fm&g& ﬁollag‘g/%WBsﬁ# b\kl{)tthl s area which have

at t enpt ed soci a h providing a protective
coating on copp@enﬁahnumpp,er prbte&xvePabamg Bizsterds 658261&& nuobes lofksemst  al .

provi des an eous surface protecti,on, conmposi t P ont |n| ng a
benzi ni dazb’?czcudJ @éﬂn\gemé‘ﬁagc@tﬂﬁ@ﬂjéf'fb' ”E‘I—P'(S?W ngmél\ﬁorgaaggp ' for m ng
aci d of 5a haawtiveRioalin @ﬁhh@ao REMR asaug@meé@raamg aiph6tettiveafdrmmgunt not
hi gher thaflj 50 ppm 15§ S. ﬁ%gterﬁg No. 173, 130 toﬁla<| noshl ta g?ual a

process i s2@Hc] EFOFQQUV@ ﬁ@’ml%rﬂg%elstw@ﬁ”‘/em ividazeleper beprimidagelepr i ses
| mrersi ng fdaﬁvawefaﬁewkoétm . g@&%uy lePmad aﬁwggmé saeéaabumnﬁfeemaw ng a

benzi m dazol e conpound havi group of | east three carbon
atons at t@5P)-geekng.i on and an .organic acid. Simlarly, in US. Patent No.

5,498, 301 and UnSrugfiad 87 habh 1o ROPR i T KRR brmefhd B SlveDasoC

surface treat rrent agent ct copper on a print boar d
wi t h exfel thenprohteats-asexizehwith pemddlrrglasiruneewaamaﬁhgme:opped dizedryas an

active ingredi Q oun | n EPA Publication No. EP O
791 671 to Hi ra@r}’tet'ﬂ?}’é‘f’ma}aX Egﬁg% t?oegs?‘q%?? e‘a@%rﬁrov 6t 3BoHPEPY? SUEFSEc! osed
conpri si ng ppste@IAC @O pEALidH | 16N PW)IB\'Tsacthtélglr@nalbﬁr&ﬁﬁ@a@qleZEeMﬂD@m or a
benzi m dazol e cgr{gound a complexer and iron ions. It |? contended that the

surface tr@DUstey gt of drnwith actliforaineraddiptaingeyy Mefal seeh BheePRElr f ace of
copper whi Infank8id¥k 38d Rficlih bAaRBbUAT A& highd-hsh 50 ppm.

15 In U.S. Patent No. 5,173,130 to Kinoshita et al. a process is disclosed for the
surface treatment of copper which comprises immersing the surface of the copper
in an aqueous solution containing a benzimidazole compound having an alkyl
group of at least three carbon atoms at the 2-position and an organic acid.
Similarly, in U.S. Patent No. 5,498,301 and U.S. Patent No. 5,560,785 to Hirao et

20  al. a water-based surface treatment agent used to protect copper on a printed wiring
board with excellent heat-resistance and moisture-resistance utilizes as an active
ingredient a 2-arylimidazole compound.

In EPA Publication No. EP 0 791 671 to Hirao et al. a su.rface treating agent
for copper is disclosed comprising an aqueous solution containing an imidazole

25 compound or a benzimidazole compound, a complexer and iron ions. It is
contended that the surface treating agent forms a chemical film selectively on the
surface of copper while forming no film on other metals.

In U.S. Patent No. 5,362,334 to Adams et al. a composition and process for
the surface treatment of metallic surfaces such as copper circuitry on printed circuit

30  boards is disclosed which comprises treating the surface with an agueous solution

SUBSTITUTE SHEET (RULE 26)



In U S. Patent No. 5,362,334 to Adans et al. a conposition and process for
the surface treatnent of nmetallic surfaces such as copper circuitry on
printed circuit 30 boards is disclosed which conprises treating the
surface w WO MA4ueous sol ution SUBSTI TUTE SHEET (RULEPE&"'S%%M/ 14612
PCT/ USO0/ 20787 -3 conprising a benzimdazol e conpound having either a

hal ogenat ed phenyl group, a hal ogenated benzyl group or a hal ogenated

t hyl phenyl gr in the 2-position,, Iln U 7 9 t
Kukanski s Somerigis brofim o omasthy nav e i e e Bl ey dpuE  of
nmetal i c sjhilagafatcotsdhzisgro@ppes holgprdied edlyCptienyl grobpdn dee B-pokitioh.

conprises treating the surface with an aqueous .sol uti on compr,j Si ng, a
n 8 ¢ i npgllﬁFlf’B%‘c acid

benzi i dazBl\éScBABBUNR Ik & FBhigsKianpiiad COBRRSIEAR Bk PIAEsSaY
group  di rgety (Rbrhddidf Shdthiic AlubacdiedchOast BSpree o BHARAOkRuROBEPENT.

Unfortunately, current processes for producing a protective coating on the
10 copfer whichacamprises | treating he yiurfgcel ejthe @9, aakgops e50lWies GOMPRYERE & he gol d

tall . th | t i { j b : : ti
Used to codmiiaggs sBRbRAR SRt FIGGRAE i B LURGe i rdiht | N0
st ai ni ng aditkcttpyr iretihecdy dttehedrcthe bienzitmidadole tdrepgaidd cont act surf ace.

Bearing in mnd the problens and deficiencies of the prior art, it is
therefore 15 an object of the present invention to provide an inproved

met hod to sel eqynfgRlivatelfle@REnt padtetiegddr grodatidg aaprotdctiye poaingy oratieve ( OSP)
coating on copper surfaces of electronic co ggfentg su as Eri nted wiring
boar ds'® o P@Pgesuica Sil.dn datving:degrers ﬂﬁ'@t%fwugy erthe gqld walRlWeX N ity of

the coppery,g %ﬁécﬁ%ﬁ’n% sWBgt{a‘?e BBt AR Ghdlctehe gﬁﬁthr@hd_éﬂ t8Qodt Blerdopp@Sarid” OM

attracting the sanme protective coating and staining the 20 gold and/or
af f ect i ng daueesommantatic defiecty irfhet foem @bstdining andsman sedise todrerduchyitt fle present
i nvention }10 §{dovi ﬂe gal ?a%t roni c conponents such as printed wiring boards
made usi nd F 8RS B he i nvention. Other advant ages of the invention
woul d be readi IBeafppaT @ittd the rotilves and deficiencies of the prior art, it is therefore '
15  an object of the present invention to provide an improved method to selectively
deposit an organic solderability preservative (OSP) coating on copper surfaces of
electronic components such as printed wiring boards to serve as a protective
coating to preserve the solderability of the copper surfaces while substantially
excluding gold surfaces from attracting the same protective coating and staining the
20 gold and/or affecting the conductivity of the gold.

It is another object of the present invention to provide electronic
components such as printed wiring boards made using the method of the
invention.

Other advantages of the invention would be readily apparent from the

25 following description.

Summary of the Invention

In one aspect of the invention the method for the treatment of metallic
surfaces to protect the surface from oxidation and for enhancing its solderability

and, in particular, to treating electronic components such as printed wiring boards
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25 follow ng description. Sunmmary of the Invention In one aspect of the
invention the method for the treatnent of metallic surfaces to protect the
surface fromoxidation and for enhancing its solderabilit and, in
particul ar ,W@8MpBat i ng el ectroni c components such as pri ACHESWPTAG boar ds
'SUBSTI TUTE SHEET (RULE 26) i. , WD 01/ 14612 PCT/ USOQ 20787 -4 cont ai ni ng
‘both copper and gold circuitry to provide a protective coating on the
copper before the copper is soldered with the gold features on the
substrate rrontaimes gt fdc@mnﬂr@nécgqbd cochity P sodPe ét protestive captingcerdhary t he

t reat ment r h h allic
surfaces fgc?) Qre?egfg[[e: g{}r% %&‘B?r ¢ éer ggeh ﬁj(r%o &%;%%gﬁe%on%@%&t ften(IE:Il‘lca’{ng Its
sol der abi | meyng hisscoleted lor ootlsem\ﬂsecelecmcam/ edfecdd bptthenedaimenat bisetleemd t hen

contacted with a s ti on,of, .an, or anlc abi ervat|

o err et iotaes T fid Rawgh 45 nenaae ol eAiC Riranadof B Wy | ves
t her eof swhekifrise %norcﬁ@dun@nswrd@rﬁmti t s %ﬁfeesblmk/l M PieddlBEtsurtacd iig m or
coating is formed on the netallic surface, npr ovenent corrpr|5| ng: 10

cont act i ng Y¢pPeReCANPRAYsEIEhed @ngi E"’l‘?”acciﬂtéﬂ?c? é’&'th@hﬁO’%P‘t‘JtQ ot FEWC t o
contact of soid’é?aﬂ?‘%%rééeﬁ/aﬁ% &, a‘f"'tstdqca?ig é){rﬂi‘el'eclrﬁﬂlaﬂﬂé%p Hehkifni@LRRer vat i ve

material typic a solutrion o I m dazol e or benzi m dazol e or
derivati vesr cteneate@fs theseaf WMFMEndmgadnesmjdg’ahullw prebeteativel provegtiver Pmect i ve

havi ng -t he 5 fEufig R IAREEH 18 Rebl iR iR RetREEbAGRE © comPound
10 contacting the metallic surface with a pre-treatment solution prior to contact of
the metallic surface with- an organic solderability preservative material
typically a solution of triazole, imidazole or benzimidazole or derivatives
thereof used to provide the organic solderability protective coating, the pre-

treatment solution comprising a benzimidazole compound having the

15 formula:
Ry
R N
\>C_H
R3 N
Ry

wherein R, Rz, R3, and Rs are independently selected from the group consisting
of hydrogen atoms, substituted or unsubstituted alkyl groups of 1-10 carbon
atoms, preferably a lower alkyl of 1-4 carbon atoms, substituted or
20 unsubstituted aryl groups, halogen atoms, alkoxy groups of 1 to 10 carbon
atoms, preferably 1 to 4 carbon atoms, alkyl amino groups of 1 to 10 carbon
atoms, preferably 1-4 carbon atoms, cyano groups, nitro groups and
mixtures thereof,
In a preferred aspect of the invention Ri, Rz, Rs, and Ra are all hydrogen.
25 The benzimidazole compound used to form the pre-treatment solution is

dissolved to form a solution, preferably aqueous, and preferably includes a
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wherein R, R2, R3, and R4 are independently selected fromthe group
consisting of hydrogen atons, substituted or unsubstituted al kyl groups of
1-10 carbon atons, preferably a | ower al kyl of 1-4 carbon atons,

substit ut edW&012¢812insubsti tuted aryl groups, hal ogen at onECTESWERIB? gr oups
of 1 to 10 carbon atons, preferably 1-¥o 4 carbon atons, al kyl am no
groups of 1 to 10 carbon atons, preferably 1-4 carbon atons, cyano groups,-
nitro groups and m xtures thereof. In a preferred aspect of the invention
R, R2, R3,cqirsigrs ighibitar | corppounsersuchs aThan hatkanelpaing| € &onpobh@4used t o

formt he pr I

br et er abl o SrcbAhEhet? S hecBPalolafine Shd Churipgae BN i a Gl ks & o6
WO 01/ 1461 22mM@PHhiuSOaLaE3d stabﬂnzeoﬂheqsﬂ ol herﬂmillhidnomawhtrpwddom(ahwme an

al kanol am ne am ne s ch as trijs (ﬁgt(') anol.a and

k
a bufferi nda%eeﬂgteglf’@@“é@séy%‘gﬂ“ﬂ’aﬁrhgkéo thebey f‘%ﬁpgﬁé’tfgfee - PRIF3 e the

pH. The ssol e ] r d r cally
TOF 1o the Dol Lo BGIAE o he sl ot on " O eal Ty G IO P B

pr ef er abl y Wideintfrorg@boutThie 1iiHaod ist referabl yaticoi 7@y el $o9.r ange Wi deI y from
about 110 11 nbhePLekel 8Pt B8 chlrofe SomoBndhs b ANGiflasPect

of the invention ect ronic conp one ts rmade  usin
i nventi on anethpd of ihdddverileaare ptowmiled.of the Pr eferred Enbodi nent (s) 10 The
present invention for convenience S specifically described for a

protective coating syst enpy or opper, L.u ted wiring boards
(PWB's) including copper iprighet " d ] H( rotective coating is
used asiGan al té‘heapxesérm iméntadnr farolcdeveniancel isng>e(cl%5ﬂ9 dscrimdchdor metal i c
PWB surface finishes.

t. d | t
prot ect i on PAG&FIN C‘@BBE@Y“% go?%@émqtqw@{éyg‘\égsﬁh‘%pi‘g{ﬁ%\éﬁ% %y e??;e)gsur e
to nul tipl endledingopbespal artothedligh RéTEs. MTHKe GrbretviotengRYBised ae@hl y.

alternate to hot air solder leveling (HASL) and other metallic PWB surface finishes.
The coating of the invention provides excellent protection against copper

15  solderability degradation caused by exposure to multiple heat cycles during SMT
and mixed technology PWB assembly.

The above referenced patents are directed to the surface protection of
copper metallurgy on PWBs and disclose the basic OSP process for treating the
PWB. In general, the surface of the copper or copper alloy is first cleaned by

20 immersion of the board in a cleaner and then preferably etched to increase the
adhesion of the copper. The copper is then immersed in a solution containing an
organic solderability preservative material such as triazole, imidazole,
benzimidazole or derivatives thereof. Spraying or other forms of coating may also
be used.

25 Cleaning of the PWB may be performed using any number of cleaners
including alkaline, acid or neutral cleaners and is preferably an acidic cleaner like
sulfuric acid, HCI and citric acid. The PWB is typically contacted with the cleaner

for up to about 5 minutes at a temperature of 80° to 120°F.
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The above referenced patents are directed to the surface protection of
copper netal lurgy on PWBs and di scl ose the basic OSP process for treating
the PWB. In general, the surface of the copper or copper alloy is first

cl eaned by XPMMERsi on of the board in a cleaner and thenPEH/E$08R2eM8T v
etched to increase the adhesion of thebcopper. The copper is then inmrersed
in a solution containing an organic solderability preservative materi al
such as triazole, imdazole, benzimdazole or derivatives thereof.

Sprayi ng or ot heAll thor sepoin teatanvgntional @%Poprokessus edoll@sedChbeainising taé t he

PV\B b d. usi . hunb f cl [ di | kal i ne, id
or noutral SCSARE OIS MO REBVRR Yol aITINE & Sa PrRGmed A apr e

acid, HO aadbRht fehfpersting, e ENesAVB i s typically contacted with the cleaner
for up to about 5 mnutes at a tenperature of 80 to 120F. SUBSTI TUTE SHEET

(RULE 26) WD 01/AM@tchapiCiy prstereblp 282d to gniardeteth thes serfiacei of theecopperdat i onal

OSP pr oC£SSjngfdisd Mk NS rate tvpi | j t h, dei oni zed
water. Ri ns'inng fsmhsag‘é?ﬁ?/péfe{h O'E?) hé% afant aé\n(ﬁaga?%isgc%{ ast% érgl?'gﬁt%?%ﬁl sug_héx? 75F.

An et chant $asliym ekeulfbteyor yskatid perokide @gieChateliel suoPace°Pfortupaocbpper to 5
i ncrease the.adhesjo e copper and an etchant such as a persulfate

of th
salt such a@m'é%%fpif?rﬁ’bgrrng Yedt e or sulfuric peroxide type material at

70- 100F for up tipisadiiireferati®, outioptib¥fl fAlideYa 8MYeQYRGric htidl DI @ionSuch
preferable, but optional, to use a dilute sulfuric acid solution such as a

5% by wei ghts S¥fyrweighiciutfusokcitisotutibo foruyp tooabaiuo dtmiputesat7e%tce®0°Fdot o 90F
sol ut 1 on  FATTalind- AR SREh AR B3 Ghn blFucm b IR stliod” naw r eady
to be treated viotlbwirge theSEorsehtivmad procedues, mhehaibprait s triove réalyefo ba t he
T15F " pr of dret, Wi, dfie 088 Moo PBrmap e S ke o6 M nfonmer.
metallurgy. This is usually performed at a temperature of 95° to 115°F, preferably
about 105° to 110°F for about 15 seconds to 1 minute.
15 After the OSP treatment, the substrate is rinsed and typically dried by dry
forced air. The substrate is now ready to be soldered and will be protected against
oxidation until the soldering step is performed.
As can be seen from the above cited patents, a number of OSP solutions
have been developed which may be used to form the OSP coating. The present
20 invention treats the PWB before the OSP treatment to precoat the copper and any
suitable OSP solutions in the prior art may be used to provide the final coating on
the substrate metallurgy.
For example, U.S. Patent No. 5,362,334, supra, OSP solutions containing

the following compound may be employed:

Ry X {‘1
25 Rs H
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15 After the OSP treatnent, the substrate is rinsed and typically dried by
dry forced air. The substrate is now ready to be soldered and wll be )
protected against oxidation until the soldering step is perfornmed. As can
be seen fr 3@ 4A12bove cited patents, a nunber of OSP solPGTUSHE2078ave been
devel oped which may be used to formtke OSP coating. The present 20
invention treats the PWB before the OSP treatnent to precoat the copper and
any suitable OSP solutions in the prior art may be used to provide the
final coatingnarein G EeatUPF iRl Eod¥BiRhIsURDYR,, ROrRL¥ABTHsEmud.be. sehateant No.
5,362, 334, supra, OSP solutions containing the follow ng conpound, may be
enpl oyed: Ro M®mNhe goup qnsistig Nof25alkgens, sbsivieyms SpRbRiKRd £ 26) WO
01/ 14612 PCT/ U rei : i tgvi R, R2, ,
R, R .. and R ReiaEd 1) BaRELRY ShouRED of uuHRIORAbSRR Y ens.
substituted or goouspshand t ut ed hal ogenated al kyl groups and substituted or
unsubstd tut ed, hal ogenat ed .aryl .groups; .a ri nt N}

const i tguent s WheiFin ,rep@:nxrﬁaf\_’onéHg:epg,, ﬁ'arR é‘n‘g’é?‘é\gﬁgﬁ f %gégftaﬁ{eeaq?rngﬂ%gof
consi sting of leyslipetooensittihg @f Giydiogen, b sgrotps; substituterh sulbssubstituted  al ky|

groups and substituted or unsybstituted aryl groups. In U S. Patent No.
5,376, 189 corrpé‘hﬁ_’( ?W@b?@%é‘&s{éﬂ't rt%é‘%s(?#%‘é/\?wgg’%&ﬁeral formul a are used
in the OSP sol y4i98: PR@nt No. 5,376,189 compounds represented by the following

general formula are used in the OSP solution:

Ra
R N\
\C'- Ry
/
Re N
10 Rs H

wherein at least 1 of the constituents R:, Rz, Rs, R, and Rs, must be selected
from the group consisting of carboxylic acid groups, sulfonic acid groups,
alkyl groups substituted with carboxylic or sulfonic acid groups and aryl

groups substituted with carboxylic or sulfonic acid groups.
15 In U.S. Patent No. 5,658,611, a benzimidazole derivative which is used in

OSP solutions contains an effective component representéd by the general formula

of:
N
N .
X ) Xp
wherein X is a radical, with the number of carbon atoms from 1 to 7, of the
20 group consisting of alkyl group, halogen atoms amino group, lower

dialkylamino grup, lower alkoxyl group, cyano group, acetyl group, benzoyl

group, carbamoyl group, formyl group, carboxyl group, lower
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RRL R4 N10 R5 Hwherein at least 1 of the constituents Rl, R2, R3, R4,
and Rs, nust be selected fromthe group consisting of carboxylic acid
groups, sul i cid groups, alkyl groups substituted with carboxylic or
sul foni ¢ ac‘."g%’?‘(?g’ps and aryl groups substituted with cafG8HFPVZ78;
sul fonic acid groups. 15 In U. S. PatenB-No. 5,658,611, a benzi m dazol e
derivative which is used in OSP solutions contains an effective conponent
represented by the general formula of. \ (CH2}1/ \ N (X)Yn H (X p
wherein X is a alkokybarbonyi glouptaadmitrd groupf n@ad lpame aitegees 67 ® 4, 4@ M, of the
20 group consi st ng tof alfﬁyl gr oup, hal ogen atons am no group, | ower
di al kyl am no gr'ﬁﬁf’ MEEE T diRd yl group, cyano group, acetyl group, benzoyl
group, carbarmbglsolitionns abiRisel 1o YH Hhee FRIN XY 5 WidUP salt-RIGfing RWPSRYTUTE
SHEET (RULE 26) WO 01/14612 PCT/USOO"20787 -8 al koxyl carbonyl group and
nitro group, n BRAIPeMsSO|YtoRdars 8 mtalcranteny of afgayy metal selected Egevthef 1 to
10. Thessol uti opolys BHLiL &QWQ : ne | £.- £ or m ng
acid and the g%ue%us sloﬁ\tugflgfon a? é%&%é gg?ri]gzérﬁl a@?\%ﬁ'%‘eg@%ﬁn&t%q
sel ect ed from tihghershay B ppmonsi sting of copper, manganese and zinc and
which nmetal is o hi a I,n . tent Nos. 5,498, 301 and
5 560, 785 a wat'grbbsésg%ggﬂl;ﬁogbe%'&'?ﬂ“and 5%6%,7§5aa water gaseg sur%ce
treatment agent contains as an active ingredient a 2-arylimidazole component

represented by the following formula:

10 :
wherein R is a hydrogen atom or a methy! group, R1and R: are hydrogen atoms,
lower alkyl groups or halogen atoms, and Rs and R: are hydrogen atoms,
lower alkyl groups, halogen atoms, lower alkoxyl groups, di-lower
alkylamino groups, cyano groups or nitro groups.
15 In U.S. Patent No. 5,173,130 OSP solutions contain compounds represented

H=

N
H

by the following general formula are used:

wherein R represents an alkyl group having at least 3 carbon atoms.
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treatment agent contains as an active ingredient a 2-arylimdazole
conponent represented by the followwng formula: RR R N NH 10 wherein R
is a hydrogen atomor a nethyl group, R and R2 are hydrogen atons, | ower
al kyl group¥OM} 4t ogen atons, and R3 and R4 are hydr ogenPETAR®20787OVer

al kyl groups, hal ogen atons, |ower al ke%yl groups, di-lower alkylam no
groups, cyano groups or nitro groups. 15 In U S Patent No. 5,173,130 CSP
sol utions contain conmpounds represented by the follow ng general fornula
are used: N cr>Ritthefshord, edrapSintsRepresamt@sBntte fahorldgydengid fridy estg at

| east 3 carbon ator&s SUBSTI TUTE SHEET (RULE 26) WO 01/ 14612

PCT/ US00/ 20989 be ugedigr ¢ exing,pie the Brasesshds represented by the fol | owi ng
general formula can also be used fog carrying out the process: R/ +\ Rl

N R4 H wherein R represents an al ky[?group having at. |east 3 carbon
atons, and R2, R3, 5 and R4 r r al kyl group, a hal ogen atom
a nitro group or a
Ri

wherein R.: represents an alkyl group having at least 3 carbon atoms, and Rz, Rs,
5 and R« represent a lower alkyl group, a halogen atom, a nitro group or a
hydrogen atom, with the proviso that at least one of Rz, Rs, and Rs represents
a fower alkyl group, a halogen atom or a nitro group.
In EP 0551112 a benzimidazole derivative used in OSP solutions is

represented by the following formula:

N
-
H
(R n

wherein R' is a hydrogen atom, a lower alkyl group, or a halogen atom; R? is a

10

hydrogen atom or a lower alkyl group; R? is an alkylene group with 1 to 18
carbon atoms; and n and m are integers from O to 3.
In EP D791 671 an OSP solution containing an imidazole compound or a
15  benzimidazole compound is shown which includes a complexor and iron ions.
In the present invention, the above OSP process is improved by using a pre-
treatment step wherein the substrate is contacted with a pre-treatment solution
before the OSP treatment, the pre-treatment solution comprising a benzimidazole

compound having the formula:
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hydrogen- atom w th the proviso that at |east one of R2, R3, and Ra
represents a |lower alkyl group, a halogen atomor a nitro group. In EP O
551 112 a b hWHk¢iazol e derivative used in OSP solutions i nted by
the foll ow ggzu:‘g?drirﬁl a: R Hz 10 wherein R is a hydr ogenp%g(%s(amogaleomer

.al kyl group, or a halogen atom R2 is 40 hydrogen atom or a | ower al kyl
group; R3 is an alkylene group with 1 to 18 carbon atons; and n and m are
integers fromO to 3. In EP 0 791 671 an OSP sol uti on containing an

i m dazol e conpound or a 15 benzi m dgzol e conpound is shown which includes
a conplexor and iron ions. In the present invention, the above OSP process

I's inproved by using a pre- tr €5 wet stah wherein the substrate is
contacted with a pre-treatnent sol beforre t he OSP treatnent, the
pre-treatnent sol ution conprising axhenzi

,rr/i dazol e conpound having the
fornmul a: SUBSTI TUTE SHEET (RULE®26)

O 01/14612 PCT/ USCQO 20787 -10- R2 C
-H NR3 Ry wherein R, R2, R3, andryR are independently selected fromthe
group consisting of hydrogen atons, substituted or unsubstituted al kyl
groups of 1whereimaRbBa Rt and R: arerieepanieytiasdlected fratkie gobur ednsissinpoh at ons,

Substl Lt ochholtioulatt LG e hbRd ol 4058 8 PIB, b s
of 1 to 10 pefemabiy at toveer gikydfafr nlal sarBorft abdmg Bsubstituted or unsubstituted aryl
5 groups, halogen atoms, alkoxy groups of 1 to 10 carbon atoms, preferably 1 to 4
carbon atoms, alkyl amino groups of 1 to 10 carbon atoms, preferably 1-4 atoms,
Cyano groups, nitro groups and mixtures thereof.
Using the process of the invention it has been found that the pre-treatment
step enhances the final protective coating on the copper metallurgy with other
10 metallurgy such as gold on the substrate being substantially unaffected by the OSP
treatment process used to protect the copper surface.
The pre-treatment solution is preferably an aqueous solution having a pH of
about 1 to 11, preferably 7 to 10 and most preferably 8-9 and is used at a
temperature of about 70° to 120°F or higher, preferably 70° to 90°F. The
15  benzimidazole active ingredient in the solution is typically used at a range of about
0.1 to 10 g/l, preferably 0.5 to 2 g/l, e.g., 1 g/l. The contact time may also vary
widely from about 5 seconds to 10 minutes, preferably 15 seconds to 1 minute,
typically 15 sec. for a conveyor system and 1 minute for a dip tank process.
Solubilizers and buffering agents are typically used to dissolve the
20 benzimidazole active ingredient in the solution and maintain the solution pH,
respectively. An alcohol such as isopropanol may be used to solubilize the active
ingredient wherein the active ingredient is dissolved in the alcohol and then added
to the water used to make the pretreating solution. If isopropyl alcohol is used, it
has been found that the alcohol is typically vaporized from the working solution
25 used to pretreat the substrate. Heat may also be used to solubilize the active

ingredient. Corrosion inhibitors such as triisopropanolamine, and other
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cyano groups, nitro groups and m xtures thereof. Using the process of the
invention it has been found that the pre-treatnent step enhances the final
protective coating on the copper netallurgy with other 10 metal |l urgy such
as gol d on M43t rate being substantially unaffected byctriveecofds
treatment process used to protect the _gppper surface. The pre-treatnent
solution is preferably an aqueous solution having a pH of about 1 to 11,
preferably 7 to 10 and nost preferably 8-9 and is used at a tenperature of
about 70 t r t T

active i ngragrgerthe taR Cr e RLRbRRIe e e bk el s OB ILEBRE O

0.1 to 10 giskd in qbee:bemblltrymm't&amoﬁntg)flabgum 85 to 3 gfi bieferalile Ocowt bigh, ti e
may al so v r y 5_seco nut es referably 15
seconds toael ") nutél| %‘ng géq?rﬁglﬁa@g'@m‘f%rsags Scﬁ'ﬁve?fofmﬂ%rﬁ gat%i i nut e
for a dip taKomiuecksaateSPHURE |ika afay b@n@kebtafsfaemu:ffmnggagemsroaﬁﬁnfawmal |y
used to _di ssPIve the 20 benzim dazole actjve in [e iLent in }he sol ution
and mmai At aisA YRR PEHIRT BROPM of albégb%&tti’\?eﬂ/&' preferablvcd ke o QcH! £8-i S4pr opanol
may be usegyt o sol ubilize the active ingredient wherein the active
ingredient 1s dissolved in the al cohol and then added: to the water used to
make the pretrelt Wil keolungersieod| by itBessr siljed dncigoprti shaiskigheri contagls been

found that dhgeah Panal | 3ahy ReE Rk n ARSI 88 uld el HRaUPTK phgiPlt | o0 25

used to pretreat t e used to so I ze the
active i nglesitidepre-tr&meosiafect.i nrslrbulartyr snsma!;edasomentrsbm opdllncwmllme and

1t B TR Bl s R 4 TR e

al kanol am nes h Tateri a s are
preferably useWaiitud bRbodirmeas bl e prasenn namntmh will advoie DiuBttatéd by gi | |

preferably 0.5 to il refer ammnlumsalts
such as anteRieNRs Q:g%;?how'%ﬁgﬁﬂf' ?‘g‘?'ﬁsat iy deét Hgd?rFtR%gM“%Er' H2E4 as a
buf fering agentexirRpEid Eyrékemfée for %@hsases)af nhtsmanarm @imuiﬁd fHe piesert 0.1 to
5 qgill, preferably 0.25 to 0.6 gill, g.,, 0.4 qgill.

invention 1s in no way to be deemed as hmlted thereby.

1.5 With regard to the examples, the samples tested were treated using both a
conveyor where the noted solutions are sprayed onto the sample surface and a dip
tank where the samples are dipped (immersed) in the noted solutions. Similar

results were obtained using each type process.
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It wll be understood by those skilled in the art, that higher contact
tenperatures wll usually decrease the anount of the tine needed to provide
t he desirgg)ﬂﬁﬁaﬁreatnent efect. Simlarly, increased co &kg&kpn wil |
typically 1 ecrease the anmount of tinme needed to provide the desired
pre-treatnent effect. Various enbodi negnts of the present invention will
now be illustrated by reference to the follow ng specific exanples. It is
to be understood, however, that such exanples are presented for purposes
of illustration only, and the presefdamgl@ivention is in no way to be deened

as limted thergby. 15 With regard to the ex les, th anpl es tested were
treated using botPPles O%%%@éyﬂ&‘gwgFQW?{@W&@%&?M?%ﬁ%a%‘ﬁgga%b’fegféd ont o
the sanpl etHitknkacRstadsiipans bP copgen landhl @ wieh@ pratiehdedl shajugh the ieitbwihgner sed)

in the noted solutions. Simlar results were obtained using each type
process. SHEEPNGRITE SHEET (RULE 26) WD 01/ 14612 PC | US00/ 20787 -12 Exanple

1 Sanplgs.of PVB3 44 h both copperc I d pl atggl, pafk featuregegs. Wel | as
t hi ckness test e

followi ng sequknce:Cléar8ol uti on Cortvsegor Dip Tankmienp. 1. Cl 2@0fér 15 sec.
2 mn. 100F 2. 'nsRe 15 sec. 1 mn, 75F 3. Etch 15 sec. 1 m'9

Rinse 15 sec. 12wip.R : ! : : WL
sec. 1 min. 75R 7. P solutionb {5 gn. 1 mn. Bz;410F 8. R ggg 15 sec. 1

mn. 120F 9. Dry,forcedarT 15 sec. L mm 120F

4. Rinse 15 sec. 1 min. 75°F
10 5. Precoat’ 15 sec. 1 min. 75°F
6. Rinse 15 sec. 1 min. 75°F
7. QSP solution® 1 min. 1 min. 85-110°F
8. Rinse 15 sec. 1 min. 120°F
9. Dry, forced air 15 sec. 1 min. 120°F
15 * Composition of Precoat working solution:  benzimidazole, 1 g/I;
triisopropanolamine, 0.7 g/l; ammonium acetate, 0.39 g/l; in aqueous
solution. Isopropanol was used to solubilize the benzimidazole and was
essentially volatilized from the working solution.
® A commercial OSP solution containing a 2-position substituted
20 benzimidazole compound with less than 25 ppm copper as metal included

in the solution.

Observation of gold features indicated bright, unstained gold, substantially

free of deposition of OSP coating. Deposit thickness on gold and copper were

25 determined from the thickness test coupons, confirming 0.3-0.4 micron OSP
deposit on copper and 0.0-0.01 micron OSP deposit on gold. .

Further investigation of the coating’s ability to offer robust protection of

copper pads as a solderability preservative was carried out by simulated reflow and

subsequent wave soldering of the coated PWB samples after accelerated aging at
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15 Conposition of Precoat working solution: benzimdazole, 1 g/l;
triisopropanolamne, 0.7 g/l; ammonium acetate, 0.39 g/l; in aqueous
solution. Isopropanol was used to solubilize the benzi m dazol e and was
essential | yYWQ8VHEIZ i zed from the working solution. b A coRFEVIRAIBTSP
solution containing a 2-position substixuted 20 benzi m dazol e conpound
with | ess than 25 ppm copper as netal included in the solution.
bservation of gold features indicated bright, unstained gold,

subst anti alyby C didEG0RIreRAPORULKIAN RF 19FHyS 98t Edirol Psrﬁ@%ttastd@b&is@&% on gold
and copper were 25 determned fromthe thickness test coupons, confirmng
0.3-0. 4 ni Eppwpacype Eyapplei . dalecBpyéh salddr esoltvindicatedarrotectisPedeidei t on
gol d. Furt BFPetEéPYﬁltthgaédnﬂ'B! Q&hi&hﬁ“ s&?e%h'w l@efﬁ\% la% mé ﬁ'@uﬁg s%n(faptpfbﬂ
protection o copper pads as a sotderapiTi y preservative Was carried out
by si mul at &8Prpeffoonaramedwith 9iBs@@de hdlevavrepledd v filechaftepfwavbeoldedbhgd PVB

sanpl es_after accelerated aging. at  SUBSTIT Iﬁ SHEET (RULE 26) WO 01/ 14612
PGTNS007 20787 -13 40 C and 9oompaatvekxempled v for 10 days vs. control
sanpl es as descri bedahiples@FmaBaithehdtk TGPp& nd FM @idted lpadifédtuedlagier
results indi ateﬁ?\_ rotection equal to or better than the control, which
has been w@fell fethickaessdest: saupPRt Qb crprert andigrld weie Prosessge thiquahribe. wit h
98- 100% hokdtpws gbsdey filled after wave sol dering. 5 Conparative Exanple
1 Sanples of P i
t hi ckness test I
fol |l ow,Ag sequence:

2 m'n\.MI OOF Z.ﬂ' é

2. Rinse 15 sec. 1 min. 75°F

3. Etch 15 sec. 1_min. 80°F
4. Rinse . 15 sec. 1 min. 75°F
5. 5% sulfuric acid 15 sec. 1 _min. 75°F
15 6. Rinse 15 sec. 1 min. 75°F
7. OSP solution® 1 min. 1 min. 110°F
8. Rinse 15 sec. 1 min. 75°F -
9. Dry, forced air 15 sec. 1 min. 120°F
© same as OSP solution of Example 1 except with over 25 ppm copper as
20 metal included in the solution.

Observation of gold features indicated stained and discolored gold from
deposition of OSP coating. Deposit thickness on gold and copper were determined
from the thickness test coupons, confirming 0.3-0.4 micron OSP deposit on copper

25 and 0.1-0.2 micron OSP deposit on gold.

Further investigation of the coating’s ability to offer robust protedion of

copper pads as a solderability preservative was carried out by simulated reflow and

subsequent wave soldering of the coated PWB samples after accelerated aging at
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4. Rinse 15 sec. 1 min. 75F 5. 5% sulfuric acid 15 sec. 1 mn. 75F 15 6.
Ri nse 15 sec. 1 m'n 75F 7. OSP solution 1 min. 1 mn. 110F 8. Rinse 15
sec. 1 mn, 75F Dry, forced air 15 sec. 1 mn. 120F sane as OSP

sol ution o?”qé’}dfﬁﬂ?e 1 except with over 25 ppm copper as 0" 8VHI™] ncl uded
in the solution. Cbservation of gold fléatures indicated stained and

di scolored gold from deposition of OSP coating. Deposit thickness on gold
and copper were determned fromthe thickness test coupons, confirm ng
0.3-0.4 m 4000 a&BBOderrédmivte hom:mqpfpeno daﬁs atholeGilllwith gbldéraeanits@Rcategosi t on
gol d. Further, inve n, of t to offer, robust

prot ecti on® ’Eﬂe”e'?:téBE{SFa é{éiswﬁg e @ﬁfl %Fo‘fq ?'?teg’ é@eé%ﬁzﬁ Wake sRlderfg 1 j ed out
by sinulated reflow and subseqggiparatRuexsapder i ng of the coated PWB

sanpl es after accelerated aging at SUBSIT TOTE SHI:I:Iéé RULE 26) WO 01/ 14612
PCT/ US00/ 20787 Samplesiqf RWEp avithooath sparpenaadramd @iatsd ped feptrangswellighe fil |

with sol de % hol es
conpl et(:% el y{hlééllﬁ%‘%@eétj‘E af%oglﬁbﬁ\géggoeﬂ%g%ﬁb r%g L wégéngara ge{j/eth@gxn\%b% @%éﬁﬁ% es of
PWBs with $egubnaopper and gold plated pad features as well as 5 thickness
test coupons of and gol d wer e rocessed t gh the foI Jrovm ng
sequence: Sol ut¥e7 VRO EaHe M n. 100F
2. Rinse 15 seq. 1 rméhneiSF 10 3. Etehb 15 sec 12 m"ﬁl 80F 4 Iﬂ)(m;e 15 sec.
1 mn. 75F

Rinse 15 sec. 1 min. 75°F

10 3. Etch 15 sec. 1 min. 80°F

4. Rinse 15 sec. 1 min. 75°F

5. 5% sulfuric acid 15 sec. 1 min. 75°F

6. Rinse 15 sec. 1 min, 75°F
7. OSP solution® 1 min. 1 min. 110°F

15 8. Rinse 15 sec. 1 min. 75°F
9. Dry, forced air 15 sec. 1 min, 120°F

4 Same as OSP solution of Example 1

Observation of gold features indicates bright, unstained gold, free of

20 deposition of OSP coating. Deposit thickness on gold and copper were determined
from the thickness test coupons, confirming 0.08-0.1 micron OSP deposit on
copper and 0.0-0.01 micron OSP deposit on gold. Although negligible deposition
was observed on the gold as was desired, the results on copper were unacceptably
low in thickness and non-uniform in appearance.

25 Further investigation of the coating’s ability to offer robust protection of
copper pads as a solderability preservative was carried out by simulated reflow and
subsequent wave soldering of the coated PWB samples after accelerated aging at
40° C and 90% relative humidity for 10 days vs. control samples as described in

Comparative Example 1. Hole fill with solder results indicated lesser protection
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5. 5% sul furic acid 15 sec. 1 mn. 75F 6. Rinse 15 sec. 1 mn. 75F 7. OSP
solutions 1 mn. 1 mn. 110F 15 8 Rinse 15 sec. 1 mn. 75F 9. Dry, forced
air' 15 sec. 1 min. 120F d Sane as OSP solution of Exanple 1 Observation
of gol d feawdndt46lhdi cates bright, unstained gold, free oPCT/R800E8I8dsiti on
of OSP coating. Deposit thickness on gb¥-d and copper were determ ned from
the thickness test coupons, confirmng 0.08-0.1 mcron OSP deposit on
copper and 0.0-0.01 mcron OSP deposit on gold. Although negligible

deposi tion thamgwleo&m?rro!,e@htchhﬁdagae@ﬁIﬁelagem e eher mdu_sttmgtammwlfbrsosnzgopper
wer e unaccept.a ow, i n thickness and non-unifor n appeayance.

Furt her i nPEYPIRARCROlY IBron, e8¢ 8 offples %m?'ﬁei}/ {'@eo{;}f'feérwavsae ripg ¥t-ect i on
of ~ copper 9gadRIRhofesSBbHBRN llby B FRCIYAIHY ari@E. CRREY, QHe QHYer®bn
sinmulated reflow and subsequent wave sol dering of the coated PWB sanpl es
after accelckimedin dginiiprart is deentedaindden e ol provide aehiade processrthalradays vs.

control <sa | . i - I ith

col der Pooupraiedf BERGES A3liile RRRHY K FEUHR: SichEabisigh #6) wo
01/ 14612 PCappes@ans) #@ich isltbe plimaryt foectcondfrOSR codtingh has been wel | defi ned
as the industry standard for OSP performance, with only 58-75% of hol es
conpletely filled after wave soldering vs. 98-100% holes conpletely filled
for the control sanple. Thus, the i@é@@_lé_qn claimed in the prior art is
deened i nadequate a reliable process that n 5 cons

t j d ) A j stentl
produce a suit aypeen‘%ggdgvaﬁxgwglq hé&"%F%f@‘?d’é’é‘gﬁﬁef'%%ﬁgpﬁ?'b'f'@'&i e’%ﬁ‘?gf d

copper 19adgn ddivalivdsSdisO8sddl InTBIY, PHEHILNGEY 9 7$BB0L 96109, B mEe 2 The
met hod of Exanple 1 is repeated using a series of OSP sol utions based 10

on deri vat 488,315 A 26389 n5,65&61 PanertP Wa§) 1821ang 830:793 638 Signjlar
5,376, 189; solderability protection results are obtained.

While the present invention has been particularly described, in conjunction

15 with a specific preferred embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art in light of

the foregoing description. It is therefore contemplated that the appended claims

will embrace any such alternatives, modifications and variations as falling within

the true scope and spirit of the present invention.

20 Thus, having described the invention, what is claimed is:
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5,498, 301; 5,560,789; 5,658,611 and EP O 551 112 and EP O 791 671. Sim |l ar
sol derability prot ection results . are obtained. Wile the present invention

" has been pa‘gn% g cgf |y described, in conjunction 15 W th 3c§RR6dehs?
preferred enbodinent, it is evi dent t has- many al t er nati ves,-—noei t-cati ons

and variations wll be apparent to those skilled | of
" the foregoing description. It is therefore contenpl mamm !m !hﬂ%ended
clains wll enbrace any such alternatives, nodificatlens. ions as
falling within the true scope and spi@iatmpf the present invention. 20
Thus, having described the invention, Whnat is clained is: SUBSTI TUTE SHEET
(RULE 26}) VIO 01/n a1 retior (gste 2ezpirent_of gnetalliciseafeges: for prategtiovofthe i ai s
1 1. 1n 3 he,ARth@dn] Qfx.%?%ntro?aérm%%n fst?%ﬁﬁ)‘el'db%@Ufhteag%%lf@rsuﬁﬁ@ getion of

t he 2 surface from oxi dation for enhancing its sol der Ity the metallic
surface 3s Cl@ﬂ@de@pednalprtha@Iaqd ¢herhedntaaedt Wéth sonerganisdsalfderabitity or gani ¢

Sur ace, Bt AT s Brgstve TS BRE bRl %Hfffﬁﬂ{ e PeR, | o

wth a p?emmitsmgnt solution prior to contact of the metal lic surface
with an organic sol derabil i eseryative used to provi de the
pr ot ect iée f i FIRRRGRG the E‘ef%'[é%f £ vd %Pf%ﬁﬁeaérBﬁ‘b’rﬁoéLi'tWé‘ %{'°r§°tf€H§aichP{jazol e

conpoundy havi ngtﬁé"@nétﬂhﬂﬁuﬁfacﬂwutﬁa)ﬂ Ur%aﬁ& 101 dBrabiliyl prek@itive RisedRd  R3,

and R4 are independent|y selected from ?r oup consi sting
8 provide the protective film, the pre- reatment solution comprising a

9 benzimidazole compound having the formula:
Ry
Rz N
\\C___
, H
R3 N
10 Re
11 wherein R, Rz, R3, and Rs are independently selected from the group consisting
12 of hydrogen atoms, substituted or unsubstituted alkyl groups of 1-10 carbon
13 . atoms, preferably a lower alkyl of 1-4 carbon atoms, substituted or
14 unsubstituted aryl groups, halogen atoms, alkoxy groups of 1 to 10 carbon
15 atoms, preferably 1 to 4 atoms, alkyl amino groups of 1 to 10 carbon atoms,
16 preferably 1-4 atoms, cyano groups, nitro groups and mixtures thereof.
1 2. The method of claim 1 wherein Ry, Rz, Rs, and R« are all hydrogen.
1 3. The method of claim 1 wherein the pre-treatment solution further contains a

2 corrosion inhibitor.

1 4. The method of claim 3 wherein the corrosion inhibitor is a C1-C4

2 alkanolamine.
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12 - of hydrogen atons, substituted or unsubstituted al kyl groups of 1-10
carbon 13 atons, preferably a | ower alkyl of 1-4 carbon atons, substituted,

or 14 unsubstituted aryl groups, hal ogen atons, aI koxy groups of 1 to 10
carbon 15wmamssizpreferably 1 to 4 atons, al kyl - no_gg';ﬁié 8% to 10

carbon atonms, 16 preferably 14 atons;lZeyano gr ou roups “and
m xtures thereof. 1 2. The nethod of claiml wher hw'y ” d R4 are

all hydrogen. 1 3. The nethod of claim1 wherein t soI ution
further contains a 2 corrosion inhibitor. 1 4 The rrethod of clal m 3
wherein the corrosion inhipitor js am ne. . SUBSTI TUTE
SHEET (RULE- 26)T We@é&gfg'fpéfwﬂﬂ;@@/%?g ”QF’“M% 'y EﬂOPi‘ip%"PHm'Pﬁ a1
5. The nethod of claim4 wherein the al kanolanine is triisopropanol amne. 1
6. The nmethod of claim3 wherein the pre-treatnment solution further

cont ai nd a6 2 blhg ®eiheg ciglsm 3t‘dh@r?ﬁ‘bfgﬁ|02%tr€4ﬁ@e[3!-§qy4t'anfé"§€fl @iEPs a1 7. The

thod of ip: f t It. 18
?ﬁe (r)ret %odﬁgﬁfﬁ%g%@%kg"&@wﬂ“ S BIARRNL 1S an ammoni um sa

erein the anmonium salt is amonium acetate. 1 9.
The net hod of claiml wherein the pre-treatnment solution is used at a 2

t enper at,ur e of out , 7QF- 120F. TIh Q f. j . in the pH
of the restrea Fthgg Fagﬂ6v§he&f{8dpe8!ﬁﬁ%n%f%e% 'i%l.\gtphme&'w% of claim
10 vvherel n the pH of th_e pre-treatnent solution is 2 about 7-10. 1 12. The

thod of cl th | der abi | i t t
ol 0t ol of ¢ 11 HRIMEoR o Q07 VB eRdhs ARG S RO YU SFEE hor cof - 1

13. The nethod of cl al m 12 wherein the organic sol derabl lity preservative
is a 2 2-substituted benzi m dazol e conpound. 1 14. nmet hod ,of claim 13

wher ei n 1t h8. sol The aethashehiclaim| byhereignthgpyatiresinend SB af'sausﬁéa%}ya net al .
2 temperature of about 70°F-120°F.

1 10. The method of claim 9 wherein the pH of the pre-treatment solution is about
2 11,

1 11. The method of claim 10 wherein the pH of the pre-treatment solution is
2  about 7-10,

1 12. The method of claim 1 wherein the organic solderability preservative is a

2 solution of triazole, imidazole or benzimidazole or derivatives thereof.

1 13. The method of claim 12 wherein the organic solderability preservative is a

2 2-substituted benzimidazole compound.

1 14. The method of claim 13 wherein the solution contains less than about 50

2  ppm of a heavy metal.

1 15. The method of claim 14 wherein the heavy metal is copper.
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1 15. The nmethod of claim 14 wherein the heavy netal is copper. SUBSTITUTE
SHEET (RULE 26) WO 01/14612 PCT/ US00/20787 -18 1 16. A pri nt ed wiring
“board havi n%tnco er netallic surfaces nade using the 2 ,@f, gscl aim 1.
-1 17. A prV ring board having cqpper netallic surfaces nmade using the
2 method of claim8. 1:18. A printed WTting board having copper netallic
‘surfaces nmade using the 2 nethod of claim11. 1 19. A printed wiring board

havi ng copper netallic surfaces nmade using the n%éhod of clai m 12. 1 20.
A printkd Vri g Pooteddwiing heardopyéns ﬁr@f?faqfl metaELﬁF‘é{ &S fRafle pEredehe 2

?Etutgdzg) rﬁél‘ﬂbmo;‘élalrﬁ g PPN 111111 1111111111 11 1N SUBSTI TUTE SHEET

1 17. A printed wiring board having copper metallic surfaces made using the

2 method of claim 8.

1 18. A printed wiring board having copper metallic surfaces made using the

2  method of claim 11.

1 19. A printed wiring board having copper metallic surfaces made using the

2 method of claim 12.

20. A printed wiring board having copper metallic surfaces made using the
2 method of claim 15.

* ¢ L " S *
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