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PCT/ US96/ 05522 ORGANI C- METALLI C COVPCSI TE COATI NG FOR
COPPER SURFACE PROTECTI ON
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present inygyshéiiei S concerned with methods for protecti METUSIENSS22 .
copper-contai ning surfaces fromcorrosion, and is especially used for

i nhi biting corrosion of copper substrates that are to be used |n r| nted 5
circuitry that BT IOMBOSHTE CRATING FOR [CORPE

attachi ng ot her corrponents by sol de $ vention is aI SO
concerned with the protected copperm%l%y t he nmet hods of
the present invention. 10 2. Background Art

Copper and its aloys are the :

el ectronic applications and espids :
pat hs for printed circuit boards and printed circuit cards.

15 1. Field of the Invention
The present invention is concerned with methods for protecting
copper-containing surfaces from corrosion, and is especially used for
inhibiting corrosion of copper substrates that are to be used in printed
5 circuitry that requires storage over appreciable periods of time prior to
attaching other components by soldering. The present invention is also
concerned with the protected copper products obtained by the methods of

the present invention.

10
2. Background Art
Copper and its alloys are the most commonly used metals in
electronic applications and especially in providing conductive circuit paths
for printed circuit boards and printed circuit cards.
15
Very often it is necessary to store printed circuit boards and cards
after their manufacture for substantial periods of time of up to a year or
more before circuit elements and devices are inserted and soldered to the
printed circuit board or card. Unfortunately, copper and copper alloys have
20 a tendency to react with various agents present in the air such as oxygen,
water vapor, carbon dioxide, chlorine and sulfur. This, in turn, results in a
decrease in the solderability of the 20 copper-containing material over a
period of time. In order to prevent corrosion of these copper containing
surfaces and to preserve its solderability, various procedures have been
25 suggested. For instance, it has been suggested to plate solder onto the
. copper-containing surface within a relatively short period of time after the
bare circuit board or card has been completed. Although this method has
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Very often it is necessary to store printed circuit boards and cards

after their manufacture for substantial periods of tine of up to a year or
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PCT/ US96/ 05522 Another commobanethod emplayied do preserve soldembdlity iimthet he

20l et 20 11 O eh¥Se 6 i et gt o poper e " 1°
the del eterious eéchnigueds reiativielyi dxpensive ami thestinis susceptible to corrbsiopbyi ne,
hi gh-density prioted GhbCiades relatively high humidity conditions.
10
In addition, there have been a number of suggestions for employing
various azolematerials to inhibit the corrosion of copper. For instance, U.S.
Pat. Nos. 3,933,531; 4,134,959; 4,123,562, 4;373,656; 4,395,294; and 4,402,847
_suggest various processes employing azoles for treating copper. However,
15 treatments with azoles have zot been entirely satisfactory since the extent of
protection afforded has not been as good as the more expensive techniques

such as the immersion tin technique.

The latest trends in the surface mount assembly processes have

20 created the need for the use of compatible surface coatings for copper pads
and plated-through holes (PTHs) which require protection from oxidation
and corrosion until soldering operations are performed on the assembly line.
These trends are: 1) Use of mixed (hybrid) technology; 2) Assemblies
requiring multiple heat cycles;’ 3) Elimination of post-assembly cleaning

25 operations; 4) Use of less active "no clean” and VOC-free pastes and fluxes;
5) High VO components (fine pitch); and 6) use of 2 "no clean” and
VOC-free pastes and fluxes; 5) High VO -components (fine pitch); and 6)
~use of electrically-conductive adhesives in place of solders. To keep up with
these transitions, the protective coatings used on copper surfaces must be

30 replaced by material(s) which will satisfy all these demands and still be cost
effective.

2
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various azolematerials to inhibit the corrosion of copper. For instance,
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2) Assenblies responded to thespproblemsrhy developinig dmidazple| bmsed c@itings whichat i on

of post - assenbly cl eani 2 erations;, 4 ss active
"no clean" and voc*#¥ 8&“%&%‘?582“%& hf?h%gg' Prélechiy the C)OPP erﬁ"r{ﬂfﬁ

S/%gp?nentle (II ne pgkﬂbﬁdn . Helvéver, $8ch %tﬁlgsmmidk 03ft6r0j5 mu;ro:rx]s) and céeate
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Wi th W m:tngosmﬁdm 15 r\ﬂfeﬁqised/mmqagslagg&smeed on
copper surfaces rru§ 3(}&“ ﬁgace materl aLéﬁ ch w | |
satisfy all these ﬁs'éP’i"Hm}&e""e gs may also create probleiis in th,
‘so-called "Bed of Nails" tests by forming a barrier to probes contactlng tbe
15 underlying copper surface or by coating the tips of the probes with insulative

residues after repeated testing. Metallic coatings like immersion gold or
palladium on the top of electroless nickel can overcome the insulating nature
of thick organic coatings, but these are usually expensive due to the high 20
precious ~ metal costs and the slow plating processes. Rosin or resin-based

20 coatings (prefluxes) will withstand multiple heat cycles but require
solvent-cleanable solder pastes and fluxes, which are becoming outdated due
to the drive for environmentally safe processes.

To meet the demands of advancing technology, it is clear that
25 improved coatings and processes are needed which would combine the
advantages of both organic and metallic coatings and optimize coating
performance during the assembly of electronic. components.

SUMMARY OF THE INVENTION

The present invention covers a process and coating composition to
form an organic coating for copper and alloys thereof which is at Jeast as

3
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Benzotriazole and Hot Air Solder Levelling (HASL) are extensively used
coatings in the electronic industry to protect copper surfaces and protect
their solderability. However, benzotriazole cannot wthstand nutiple heat

cycles and ' | des™ bei ng expensive, produces thernal Eﬁﬁfﬁ Ln the
card, resul rﬁ%””’?ﬁd war ping or | P separation problens. HASE{:?rea eghcards

10 al so cannot nmintain co-planarity of surfaces due to variations in the

- thickness and t hegredtingm) fibitfifin 96‘11&?&’5‘{ theﬂi&%%ﬁ?iﬁiﬁx*ﬂ'@#%é Tioart,

responded to these problens by devel opi ng i mdazol e based coatings which
~can withstand nuThe pempositgicoating compositionof: the presaat Byentian comprises at r om

- oxi dation. Howev Fm@ 1§t t O, d create
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~action during wasansisthgiof benzimidazole, allopdimidazplesnbenzotriazplem apdss aggr essi ve
"no-cl gan" fl uxe ) | A9shsliBd 0, oo i

so- cal Ie"gd " Bed @Fyl%%gss‘?g&gy&f orm né‘ﬁga’b??rlﬁg{??!’ 8&%@8%@ pggerﬁ g%ti ng

t he underlying csoierswestableametals orapetabsoldery indlwdiog tin-legd salderprBizes wit h

ol et e oSl i SRR S A s s, o
the insulating nsuiveneand at leastioner apgensscavenzingomgentselectdd-fromathe grouml | y
CXPENSI V0 U° * St e 55 et U5l B3R TR et g "
mul ti pjge heat cyethylene glycol. The average size of the metal particles is comparable.to the
thickness of the coatings and is preferably in the range of from about 0.2 to
2 microns, or more preferably, 0.5-1 micron. The solder-wettable metals are
selected from the group consisting of Pd. Sn, Ag, Au, Cu. Nj, Ni-coated Cu
and Ni-Pd alloys. The metal solder may typically be a eutectic solder mixture
15 containing about 62 percent tin and 38 percent 20 lead or relatively close to
eutectic solder containing about 60 percent tin and 40 percent lead. Sn Bi
based solders and Ag-based solders can be used as alternatives to
conventional Sn-Pb solders. In place of actual metal particles, the
composition can inciude at least one metallic compound from the group
20 consisting of metal acetates, acetylacetonates and carbonates which will
yield particles of solder-wettable metal when heated.

The pracess of the present invention for coating a metal substrate
containing copper or a copper alloy comprises steps of:

25 a) applying to said substrate a coating composition to said substrate
comprising an organic corrosion-inhibiting compound selected from the
group consisting of benzimidazoles, alkyl imidazoles, benzotriazoles and
alkyltriazoles substituted or unsubstituted, and metal particles selected from
the group consisting of solder-wettable metals and solders;

30 b) rinsing the coated surface with water; and c) drying the
composition.
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but require sol vent-cl eanabl e sol der pastes and fl uxes, which are becom ng
outdated due to the drive for environnentally safe processes. To
neet the demands of advancing technology, it is clear that inproved
coatings and processes are needed which would conbine the advantages of

both organi c agg, bl i C coatings and optin ze coating perf oscinsdeosias i Ng
the assenbly of e ectronlc conponents.
Summary of the Invention According to a first enbodi ment of the

present invention, thermg sush pf&ugsdgdhacsﬂﬁmﬁm eandfeaipphgdaemmspéusm dfor
copper -contai ning netal s conpri si |.east one, or

cor r-osi on- i nhi bi t i ¥hg BefahBAHees |y ‘?—F&"PF Bﬂ‘?‘f’ﬂ'é“dg‘?'o‘%ﬂ 'Eéﬁg? ametallig;

benzi m dazol es, al kyhpdiindavitieyieidd pariies ofs0ldRAwettitle aieel WlidnaWtﬁE 1and

nmet al partlcles conpri sing solder-wettab]e

| d t al | .d
wherern the averag@es'?ti@'%%?mép’)bh‘?PF‘l‘FgégF’gg@‘ge a ?O %"of from

about 0.% to about g e fedated sgbstrr%es. or the formauon of the metal particles can be
3a According t© a secon odi nent of the present invention, there

i s provided a procperforgiedbyshe hgat-applied in SQJQQI’P#&MCWQFNN g=°§1ﬂ5'5'élpﬂor a
copper al | oy conpr g fidfcimed S Siu bﬁa ?‘{“’ﬁ the metal les and3He déd?&: to said

substrate a coating conmposit an or gani ¢ conpound sel ect ed
from the group conesmpdund separatelyz ither wtalaaakt;qlqsmrduzmegompwnd

gregﬁ gt L'O"r’]‘;o'stels na”d P ikl TEO hnfetal 3fadis'ch vRAEdebd Witk fleff Haflald Qih a8 €
PdCI or SnCl, and will then attract metal particles when dipped in the
organic compounds containing suspended metal particles.

In addition to the above steps (a) ,(b) and (c), the process preferably
-includes the preliminary steps of cleaning the.substrate with a suitable
15 cleaner followed by the steps of rinsing with water, microetching with an
oxidizing agent such as alkali metal persulfates, deoxidizing with an acid such
as sulfuric acid, rinsing again with water before drying. The substrate is
preferably dipped in a solution such as benzotriazole prior to the final rinse.

20 The invention further provides metallic substrates comprising copper
and a surface protective coating comprising:

a) an inner layer of copper complexed with an organic
corrosion-inhibiting compound selected from the group consisting of
benzimidazoles, alkylimidazoles, benzotriazoles and ethyltriazoles,substituted

25 or unsubstituted, and
b) an outer layer comprising the organic compound and metal particle
- from the group consisting of solder-wettable metals and solders.

The surface protective coating may be soldered in a conventional

30 manner with heat, flux and solder at any time following formation of the
coating. The presence of the metal particles in the coating absorbs heat from
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sol der-wettable nmetals and netal sol ders, b) ri nsing

the coated surface with water, and C) drying;
wherejn said conposition is applied as a suspension of said netal particles
in said organi c conmpound. According to a third enbodi nrent of the

present inventiao ere is provided a process of coating a strate
%83913%659 PCihbersty

containing co a copper alloy conprising steps of:
a) applying to said substrate a coating conposition conprising an

or gani ¢ conpound f | Set o | o ?md ,

al kyli m dazol es, "lgeg&r\%%rﬁigz%@gg&gghd’g gﬁ%@ﬂ@zéﬁ%&%ﬁ&'%ﬁ%ﬁ t chs

sel ect ed from t hmayrbefiormed as thei organi¢ coatingcbreakst dowyl themmallyt s and net al

sol ders, b) rinsing the coated surface with water,
and _ c) dryi ng; wherein said
composi tion is appli eTypicallyj thetprogess jnvolyes thedprotection pfi the cippsr-contsining
substrate, then applyi b OF i d..t hereon... .. Accordi ng
fo a fobrth enbofinfaskt SBrEHELRYECE) SriAR R Saite RelPiion commpriipecs
process of coat i organicroprrusiondihhibiting compound selected fropebenzimidazaleper al | oy
conprising steps Qf- . . . appl yi sal.d substrate a
coating conposit mlfﬁi%zﬁﬂaﬂﬁﬁﬂ%%mgﬁﬁxggﬂgéﬁé’& fﬁﬁe%?ge‘group
consi sting of beﬁbﬂiﬁ?&&]ﬁﬁonsﬁﬁhybf solderswétesble hretalonid soldére:s and

al kyltriazoles and netal particles selected fromthe group consisting of -

sol der-wettable nmetals and netal sol ders, b) ri nsing
the cogged surface with water, and c) drying;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 jllustrates a conductive copper pad coated with a conventional
15 organic coating.

FIG. 2 illustrates the reflow mechanism for surface mount technology
(SMT) soldering of the organic-coated pad of FIG. 1.

20 FIG. 3 illustrates the copper pad of F1G. 1 coated with an
organometallic coating in accordance with the invention.

FIG. 4 illustrates the reflow mechanism for SMT soldering of the
organometallic-coated pad of FIG. 3.

25
FIG. 5 illustrates a conventional plated-through hole (PTH) in which
the copper surface is covered with a conventional organic coating.
FIG. 6 illustrates the mechanism of wave soldering of a pin inserted
30 in the plated-through hole of FIG. 5.
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3b wherein said conposition is applied by first applying a
sol ution of said organic conpound and at |east one netallic conpound
selected fromthe group consisting of noble netal acetates, noble netal
acetyl acetonates and nobl e netal carbonates, then heating said solution in
situ to formnoble netal particles. According to a fifth enbodi nent
of the present yg¥assign: there is provided a process of coati,eﬂ*ﬁ%ggﬁgl
substrate contai ning copper or a copper alloy conprising steps oOf: )

a) appl yi ng to saiFiGs (billusteates ap&&%ﬁ-thlg“&ibhﬁeénwh&h the SpPPesisuIfaem is

or gani ¢ conpound t r I ST E{EF ) es,
al kyl i m dazol es, ﬁ%@gtﬁ%%%&&gﬁ§%ﬁ%@§g§%@%gvﬁe a mp‘)%?’tﬁ?lé] es
selected fromthe group consisting of solder-wettable netals and netal
sol ders, o) rinsing th Qat sur f . W L er,
et FIG, § :uugw thf hechifhsh 5t R sBfaeFiE BRE Bin @%%ﬁ@% o
prelimngry stepstif platedethraighdole of FIGL 7, dh avhich thecoppert subface isl conatedh with
rinsing wth water, m croet‘ﬁg.i:gg wi t.h an qxidi zi.ng agent, deoxi di zi ng,
rinsing with wat eR® SREAnemetallic coating in accqrdapcs; wWith s IVERtORL enbhodi ment  of
the present invention, there is provided a process of protecting the copper
surfaces of circuit boards_by. applying. a coating conposition.conprising an
organi ¢ conpound sel ect ed BELAMUEHADESCRIFION OF THEINVENTIO ,
al kyli m dazol es, benzotriazoles and al kyltriazoles and netal particles
selected fromthe group consisting of solder-wettable netals and tin-|ead
sol der si0 The pfhesurfaces tebe protected from corposinneinsaceerdancewith ghe
composi tion t o 1 opu.al BLGRRh aré 8ahpcP hul Sopailfe] sisbed 'shity s hger eof whi ch

is at | east as

commonly employed in the fabrication of electronic components.

The organic corrosion-inhibiting compound can be at least. one
15 benzimidazole, alkylimidazole, benzotriazole or alkyltriazole, as discussed
below. These compounds caa be in unsubstituted form or substituted with
common substituents such as lower alkyl, halo or nitro groups.

20
The benzimidazoles are represented by general formula (I):

R2

25 R3 N ®
-
R4 A

RS H

30

wherein R1 represents an alky] group or hydrogen and R2, R3, R4 and RS
each represent a lower alkyl group, a halogen atom, a nitro group or a
hydrogen atom. Specific examples include benzimidazole,

.
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PCT/ US96/ 05522 effective in inhibiting corrosion as the
azol e coatings used in the prior art. The conposite coating
conposition of the present invention conprises at | east one

organi ¢ corrosion-inhibiting conpound sel ected fromthe group
consi sting of vaeg#wEedazol e, al kylim dazol es, benzot riazol esr@ll%isw&n
0

g:c kyltriazol es, §H§'§t :#t'edl or3161 SSUbﬁﬂbé“u%‘g' gﬁ'ﬂ&ﬂh re'h%c % nposed

tin-1ead sol der e-priw,s-dxmethylbenzxmndaﬁaamlsﬁtylas-fiaitaébeaemﬁaiﬁm' tion can

further conpri sg an 3 | C Oor aqueous ent and at | east
one oxygen-scav HS'S g& phlorobepamidazoles and ﬂehegfmﬁyl-5-melhylbenznmdazole

consisting of acidic 15 alkali netal bisulfites, acidic aromatic am nes and

10 ° et hyl ene 8I ycol . The average size of the nmetal particles is
conparabl e.to the e benzotriazoles ane sepresentest by the geagral hefguia dIl)s
preferably in the range of fromabout 0.2 to 2 mcrons, or

nore preferably, 0.5-1 micron. Thg.solder-wettable netals are

selected fromthe group consi sti n&%f Pd. Sn, Ag, Au, Cu. Ni, N -coated Cu
and Ni -Pd alloys. The netal ;901 def nmay typlcally be aaﬁﬁtectic sol der

m xture 15 cont al"fi AP percent tin d 38 percent 20

| ead or relatively close to \ eut ecti c sol der contai ni ng about
60 pergent tin and 40 percent based sol ders and
Ag-bagéd sol ders can be us . Tafy ves to conventi ona
Sn-Pb sol ders. In place of tual] metal yarticles, the

conposition can include at Ieast_%pe metgl | ic compound fromthe group

15 wherein R1, R2, R3 and R4 represent the same substituents as for R2 to RS
of formula (I). Specific examples include i-methylbenzotriazole and
S-methylbenzotriazole.

20

The alkylimidazoles are represented by general formula (III):

R2 R3

: ' -

Rl

wherein R1 is an alky! group containing from 2 to about 5 carbon atoms and
30 R2 and R3 can be the same as R2 to R5 of formula (I). Specific examples
include 2-amylimidazole, 2-heptylimidazole, 2-decylimidazole, 2-undecyl,
imidazole, 2-dodecylimidazole, 2-tridecylimidazole, 2-tetradecylimidazole,
2-heptadecylimidazole, 2-undecyld-methylimidazole and 2-heptadecyl4
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20 consisting of netal acetates, acetyl acetonates and carbonates

which w || yield particles of solder-wettable netal when

heat ed. The process of the present invention for
coating a netal substrate cont ai ni ng copper or a copper alloy
conprises steps of: 25 a) applying to said substrate a
coati ng conposiwbémsm sai d substrate conpri Si NBCEUSSNSFAR| C
corrosi on-i nhi bi tj 08 ,gﬁ pd selected fromthe group

consi sting of benzi rTY azoles, al kyl imdazoles, benzotriazoles and

al kyltriazol es substituted or unsubstituted, and netal particles selected
from t he group consisting of solder-wettable netals and

sol ders; 30 b) rinsing the coated surface with water; and
c) dryin§ the conposi tion.

4 - - V\On‘lﬂl 961.0 )

PCT/ US96/ 05522 ¢ atiyfiriazoles are represented by general formufa (IVY: mosi ti on
can be applied as a suspension of the netal particles in the

organi ¢ conpound or can inclpde a net alﬁic

=/

10 N N
-
il
awv)
wherein R1 is an alkyl group containing from 1 to about 6 carbon
15 atoms. Specific examples. include alkyltriazoles where R1 is methyl or ethyl.

The coating composition can contain a suitable organic or-aqueous
solvent to dissolve the organic compound and provide the desired viscosity,
preferably ranging from about 1 to about 100 cp. Any suitable solvent can be

20 used which will dissolve the organic compound. However, when long chain
alkyl groups are inciuded in the compound, water alone may not dissolve the
compound, and either organic solvents or water containing organic solvents
should be used. Suitable organic solvents include lower alcohols,
glycolketones, aromatic and aliphatic hydrocarbon and halocarbons . The

25 preferred organic solvents usable in the present invention include, but are
not limited to, methanol, ethanol, 1-propanol, 2-propanol, ethylene glycol,
propylene glycol, acetone, acetonitrile, dioxane, pyridine, lutidine, benzene,
toluene, n-hexane, trichlorethylene and carbon tetrachloride. '

30 The theory of the protective effects of the coating is not entirely
clear, but they may be based upon the following mechanism which was
proposed in U. S. Patent No. 3,933,531 (in colt 2). The surface of the copper
or copper alloy may react with an --HN-- group of the imidazole (or
triazole) ring and some type of bond is formed between the copper atoms

9
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conpound whi ch yields particles of solder-wettable netal when heated. In
the latter case, the coating nay be heated to create the particles before

5 storing the coated substrates, or the formation of the netal
particles can be perforned by the heat applied in sol dering.
'Alternatively npoéition can be forned ﬁ@bﬁﬁﬁﬂg&y

ani c conpoun

appl ying the rre J)art i cles and the or np
separately, with @F midazele molesulesi The s Ni-- graprwaeuld gppraritd act as an
applied first The I ch as
10 pdcor JU3 Iykiegh i dferaRaftylle ridcuidn Fab B A0Rbld Bps

di pped in the the copper metal iy therform «f adsarptien bxshomm'l'hgn,m-pblﬁiegrmt al
particl es. bédie (a) ,(b)
and (c), the pr ocefss °5‘?°é mxdag?le molebile 3 b LQ#%d%ﬂgegkﬁm nar y

st eps ofS cl eani ngnlmogemobﬂmnnndamletbnndeduomcwpmsurface, and thesetestiargr

foll db h f h
o>c<) [ d?\évleng iallgtem(:a Z’Fti' o W&f’s ﬁ'\é&%‘f fognglgr 8&%’8@& %Wﬂﬁ%‘ﬁ‘f‘%n acid
such hydr@genshdnﬂhgloanaiklocbe assiseedrby thg&'brmaﬁioh of weitelles lof itk €

drying. The substrate pref erabl. n a,solytion
Suih'95 benzot 1 B @t yhen prosent Thus Het e idasgled hale ben’acposted °" 1y o
i nvention furtherormddieredicto thecoppercusialy; tadditiesalimiduzoki melecslpd fie

ner ot e B Se5d e Y RS 15 Wit imidacle moleuts by % "
corrosion-i nhi bi th gefi (Boading and! poediby mhicell® fohﬁaﬁkiﬂlﬂd@ﬂ@&d:p?fekﬁﬂ-fﬁc
e M TR T W

b) an outer | ayeral&?%h&'ﬂ%@hxbiﬁnarwh(fom%@lﬂﬂdnmﬁk siiffaéd 6f fhe
fromthe group congl sting .of , sol der-wet netal s_and sol ders

t
The surface prot cubstrate, ghich WW"&%@%‘@&‘W&‘@%\EH’F?‘H%W form a
15 three-dimensional but thin Cu(I)-benzimidazole complex at the Cu surface.

In any case, the film is adherent to the substrate, insoluble in water or
alcohol and about 1 to S rim thick.

In contrast, it is believed that the bulk of the coating, which contains
20 the metal particles, does not adhere to the copper, but merely provides a
protective coating over the inner layer, as discussed in detail below. Its
thickness is proportional to the size of the suspended metal particles.

The composition can optionally further comprise at Jeast one oxygen
25 scavenging agent selected from the group consisting of acidic alkali metal
bisulfites, acidic aromatic amines and ethylene glycol.

The nietal particles are selected from solder-wettable metals and
metal solders. By "solder-wettable®, it is meant that when exposed to molten
solder, the particles surfaces are covered more or less uniformly with the
solder without the particles themselves melting. In contrast, the particles of
solder tend to be absorbed into the molten solder itself. Such solder wettable
metals include, but are not limited to, Pd. Sn, Ag, Au, Cu. Ni, Ni-plated Cu

10
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30 manner with heat, flux and solder at any time follow ng

formation of the coating. The presence of the netal particles
in the coating absorbs heat from :

5 W97/ 39610

PCT/ US96/ 05522 97739610 the sol der and enhances the capCriUg#60s$32ow of

the solder. The nmetal__ partj cl . na ' [
coating breaks dofpf ﬁr@’a%%’ tin-lead solders can coXxpl?ﬁe ff%&?lgyt%m?ﬁy Jant e
pr OfCGSS ' n¥ol ves W@g@hﬂgeﬁghpﬁh fiid from sborpd0-to abbut 97 weighGpercent lead,
surfaces of circuit boards plying a coating COXPOSItIi I sing an
organi c corrosi onhllmefﬂ'ﬂ’bﬁg‘}/‘cwm ghag?‘gnﬁ%eﬁ'i %1%% A3 ]

ic . ! azol'es,
al kyli.ni dazol es, PBgRzai lehd SH-BisanllAg-bhied! soldeds ediealsabe emplayjed pThe aveirage

sel ected from.the i Stj -
and- sol dé&rs. 10size of the particles shgozl?cfl Be ggn?psalrsa“ent% IBI: thic %gsr of'\ﬁlteto% elre met al s
coating to be formed, generally from about 0.2 to 2 microns, and preferably

from about 0.5 to 1 micron.

10 The metal particles can be thermally formed jin situ in the coating
composition and/or the éoatings, extending even to the application of heat
for soldering components to the copper, by employing metallic or
organometallic compounds which form solder-wettable elemental metals
upon heating. Such particies are formed in a uniform shape and have an

15 average size in the range.10 of from about 0.2 to about 2 microns. Such

- compounds include noble metal acetates, acetylacetonates and carbonates.
Specific compounds include, but are not limited to, palladium acetate, silver
acetylacetonate and silver carbonate.

20 The essential steps of the coating process are the application of the
coating composition containing the organic compound and metal particles,
followed by rinsing with water to remove excess coating material and drying.
Before coating, however, the copper surface is preferably prepared by
cleaning with at least one suitable cleaner to remove organic contamination

25 and light oxidation of the copper. Suitable cleaners include sodium
persulfate solutions, inorganic acid compositions such as hydrochloric acid
and basic pretreatments such as sodium bicarbonate and sodium carbonate.
Proprietary cleaners such as “Cutek HI41" and "Accuclean" (Enthone, Inc.)

. can also be used. The commercial "Entek" process of Enthone OMI Inc. can

30 be used. After cleaning with the proprietary cleaner Entek Cleaner
SC-10IDE to make the copper surface more wettable, and rinsing with
water, the substrate is inmersed in Entek Microetch ME-1020 to roughen
the copper surface. After another rinse, the substrate is dipped into sulfuric

11
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 illustrates

a conductive copper pad coated with a conventional 15 organi c
coat i ng. FIG 2 illustrates the refl ow mechani smfor
surface nount technol ogy (SMI) sol dering of the organic-coated
pad of FIG - FIG 3 illustrates the Rﬁﬁ?ﬁ?ﬁd of
FIG 1 coat etltlw 7 ] e . . organonetal lic coati ng i rl;e_gccor ance
with the inventi did to remove oxides, rinsed, dippedripty am Eptek 4-56 selytipne ref | ow

mechani sm for - SMoqQkfiRg W&OGfazBE,eE'Inscfd and dried. ARESARA Waihd '.@ﬁ&&ﬁfaed pad

of FIG 3. 25 T iI'Tustrates a convéntl ona
pl at-ed-t hr ough heheuldbernnsed imwaten The surface shouldithen berpnghened byice i s

covered with a c j | | Q0h . .. 6
T Gstrates the. ARy & G8diop 2! Hah ap soium persulfate, Ths gurface!ic
in the Bl at ed- t hithemgtedxidizeddty dipping in an inorganic acid such as sulfuric acid. The
substrate is preferably then dipped in a solution containing a compound such
as benzotriazole (ENTEK Cu-56 solution, from Enthone Inc.) Finally, the

surface shduld be rinsed in water and blow dried to remove moisture.

10
The coating composition can be applied by any suitable means which
will allow the copper-organic complex to form on the surface and a uniform
coating of organic material containing a dispersion of solder-wettable metal
particles to form thereon. The surface may be coated with a dispersion of
15 the metal particles in the organic compound by various means including
dipping, brushing and spraying. Alternatively, as described above, a solution
_ of the organic compound and a metallic or an organometallic compound
20 which will form metal particles upon heating can be applied to the surface in
the same manner. At a suitable time, the coated substrate can be heated to
form the metal particles, or the metal particles can be formed locally in situ
when heat is applied to solder components to the substrate.

The metal particles and organic compound may be applied separately,
with the metal particles being sceded on the substrate surface either first or
after the application of a coat of the organic compound. The metal particles
can be applied by any suitable means such as brushing or spraying, but are

30 preferably applied by electrostatic spraying to-ensure adherence and
minimize loss. The metal particles can be kept dispersed in the organic
compound solution by any suitable means, including ultrasonic agitation.

The following non-limiting hypothetical examples are presented to
35 further illustrate the present invention.

12
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6 | WO 97/ 39610

PCT/ US96/ 05522 FIG 7 illustrates a pl ated-through hole
in which the copper surface is covered with an organonetallic
coating in accordance with the invention. FIG 8

il lustrates thg, |sn1of mave solderlng of a pin insertedpdmnusesbes22

t he pl at ed- throu 0 e of. 7l , fa coat ed
mnthp ° an ort:Lin: . ERLS - H Bre-ete --‘ak‘ﬁhi"* he

i nventi on. DETAILED DESCRIPTICN OF THE | NVENTI ON
10 - The surfaces tQ be pr ot ect ed f ] ¢ osion in
accordance with the D AN ; S we—eopper and copper

al l oy surfaces such as are connDnIy enployed in the
fabrication of electronic conponents. he organic

corrosi ondi nhi bi ting cmanﬂummmmb@wrmrd laminate (10) ( such as
benzi m dazol e, al kg@-mp) mfgawtﬁaﬂ‘ﬁ?) A Eonvehtioral bigaaR! cRatifiFofl! SCUSSed

benzimidazole or the like has been applied, resulting in a thin surface
coating of copper-organic complex (14) and a thicker surface coating of
organic material (16). As illustrated in FIG. 2, when solder paste (18) is

10 applied and heated, the solder must penetrate the full thickness of the
organic coating to reach the copper susface. FIG. 3 illustrates a similar
circuit board (10) and copper pad (12) coated with an organometallic
coating of the present invention. The same thin layer of copper-organic
complex (14) forms on the metal surface, but the thicker outer layer (15)

15 contains dispersed metal particles (17). Thus, when solder paste (18) is
-applied and heated as illustrated in FIG. 4, the.molten solder easily wets and
flows between the dispersed metal particles as the organic material
decomposes and bonds to them, aided by capillary action in reaching the
copper surface.

E B: W ERING OF PLATED-THROUGH
HOLES
FIG. 5 illustrates a plated through hole (20) in a circuit board (10).
Copper layers (22) cover the edges of the circuit board inside the hole, and
25 the inside of the hole has been coated with a conventional organic coating
which forms a copper-orgar..> complex layer (24) and a thicker layer of
organic material (26). In FIG. 6,when a metal pin (28) is inserted into the
hole of FIG. 5 and a solder wave (30) is introduced from below to solder the
-pin into the hole, problems are encountered because the solder must
30 penetrate the organic layer to reach the copper surface and the solder wave
is prevented from penetrating very far into the space between the surface of
the hole and the pin, apparently due to surface tenision. FIG. 7 illustrates a
similar plated-through hole (20) in a circuit board (10) which is coated with

13
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bel ow. These conpounds can be in unsubstituted formor substituted with

common substituents such as | ower alkyl, halo or nitro groups. 20

The benzi m dazol es are represented by general formula (1): [err]
30 . wherein Rerr] represents an al kyl group or hydrogen and R2,
R3, R4 and R5 ' " each represent a | ower alyl group, n
atom a nitrow&%@glgr a hydr ogen atom Specific"%

i ncl ude benzi m datheloeganometallic coating (32) of the invention, containing metal particles’
(34). In FIG. 8, when a solder wave (30) is contacted from below, the solder
easily penetrates to the copper surface by binding to the metal particlés and
passing between them and the pin (28) by capillary action. The result is a

5 quicker process of soldering which provides a superior solder joint between
the pin and the plated-through hole in the circuit board.

10

15

20

25

30
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opE ik ll nzi m dazol e, 2 bﬂ‘t—lld S@EE‘F HA@%%EKII dazol e,

chI oroben2| ni dazol e, a ﬁEbﬁﬂQég ﬁt hyl benzi mi dazol e.

@ ot r| azoles are genefciusoftsity a
err

PCT/ US96/ 05522
5- et hyl benzi m gazele—.5 6-di net hyl benzi m dazol e,

wherein RlL, R2, R3 and R4 represent the
Mto R5 of formula (1). Specific

exanpl es include i-nethyl benzotriazol e and

5- et hyl benzotri azol e.
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1. A composite coating composition for copper-containing metals
comprising at least one organic corrosion-inhibiting compound selected from
the group consisting of benzimidazoles, alkylimidazoles, benzotriazoles,
alkyltriazoles and metal particles comprising solder-wettable metals or metal

solders.

2. The coating composition of Claim 1 which further comprises at
least one solventselected from the group consisting of lower alcohals, glycols

ketones, aromatic hydrocarbons and water.

3. The coating composition of Claim 1 which further comprises an
oxygen-scavenging agent selected from the group consisting of acidic alkali
metal bisulfites, acidic aromatic amines and -ethylene glycol.

4. The coating composition of Claim 1 wherein said organic

compound is selected from the group consisting of benzimidazoles..

S. The coating composition of Claim 1 wherein the average size of
said metal particles lies in the range of from about 0.2 to about 2 microns.

6. The coating composition of Claim 5, wherein the average size lies
in the range of from about 0.5 to about 1 micron.

7. The coating composition of Claim 1, wherein said solder-wettable
metal is selected from the group consisting of Pd. Sn, Ag, Au, Cu. Ni,
Ni-plated Cu and Ni-Pd alloys.

8. The eoating'-composition of Claim 2 wherein the viscosity of said
coating composition is in the range of from about 1 to about 100 cp.

15
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from 2 *tocab natoms : 2—apnd R3 can be the sanme as
R2 to R5 of formJIa(I) Speci f i=e 5 i ncl ude
2-anylim dazogﬁ, gPtylimdazol e, Faidazd| e, z'undgﬁﬂqmﬁzz
I m dazol e o’gcy I m dazole, 2-tridecylimdazole, 2-tetradecylim dazol e,
2- hept ddecyl i ni dazol &. '@emwwyimmftﬂfbh lrm!mb(ﬁwl[a'_xsds at leagitantecy| 4
8 2 - organometallic compound which will yield particles of solder-wettable metal
3 when heated.
1 10. The composition of Claim 9 wherein said metallic compound is
2 selected from the group consisting of noble metal acetates, noble metal

acetylacetonates and noble metal carbonates.

1 11. A process of coating a metal substrate containing copper or a copper
2 alloy comprising steps of:
4 a) applying to said substrate a coating composition comprising an
5 organic compound selected from the group consisting of benzimidazoles,
6 alkylimidazoles, benzotriazoles, allyltriazoles and metal particles selected
7 from the group consisting of solder-wettable metals and metal solders,
8 b) rinsing the coated surface with water, and
9 c) drying.
1 12. The process of Claim 11 wherein said composition is applied as a
2 suspension of said metal particles in said organic compound.
1 13. The process of Claim 11 wherein said composition is applied by first
2 applying said metal particles to said substrate, then applying said organic
3 compound thereon.
1 14. The process of Claim 11 wherein said composition is applied by first
2 applying said organic compound to said substrate, then applying said metal
3 particles thereon.
1 15. The process of Claim 11 wherein said composition is applied by first
2 applying a solution of said organic compound and at least one metallic
3 compound selected from the group consisting of noble metal acetates, noble
4 metal acetylacetonates and noble metal carbonates, then heating said
5 solution in situ to form noble metal particles.
T T 16
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i azol es are

W0 97/ 3 ' PCT/ US96/ 05522
met hyl i mﬂﬂﬂlﬂ!mwlg’”m) THIS SHEEREAS %’FEN \I

represe cOy L rmula (1V): REPIAGED

wherein Rl is an alkyl group contain 5frT to about 6 carbon 15

atoms. Specifi ‘iv@ﬁﬁ?{oes i'nclude alkyltriazoles where RL is nggfhy
et hyl . The coating conposition can contain a suitable

or gani ¢ br agueous16. The process of Claiw| 1iewhich futthersompsisespreliminaty steps pbound
and provjde the d%gelaﬁﬁ% Qﬁkfﬁl%ﬁr&tx ith a sui able cleanerpgﬂgl%@hhx\m"t&ng' ng faom

about 1 To about Sl taphe so vent can
whi ch wi3| dissol wcmm-gm\h an oxidizingragentisioowidizing, Hasing yiky water %ﬂd _

al kyl grpups are i ded in the conpound, water alone may not dissolve the
conpound, and eithet ©rgani c solvents or water containing organic solvents
shoul d be used. Suitable organic solvents include | ower alcohols.

1 17. A metallic substrate comprising copper with at least one surface
protected by:

a) an inner layer of copper complexed with an organic corrosion-
inhibiting compound selected from the group consisting of benzimidazoles,
alkylimidazoles, benzotriazoles, and alkyltriazoles, and

b) an outer layer comprising said organic compound and metal

b

particles selected from the group consisting of solder-wettable metals and

0 I N K W

metal solders.

- 18. A process of soldering metallic components to the coated metallic
substrate of Claim 17 by applying heat, flux and solder.

| % I

19. A process of protecting the copper surfaces of circuit boards by applying
a coating composition comprising an organic compound selected from the
group consisting of benzimidazoles, alkylimidazoles, benzotriazoles and
alkyltriazoles and metal particles selected from the group consisting of
solder-wettable metals and tin-lead solders.

th & W N e
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gl ycol ketones, aromatic and aliphatic hydrocarbon and hal ocarbons . The 25
preferred organi c solvents usable in the present invention include, but are
not limted to, nethanol, ethanol, 1-propanol, 2-propanol, ethylene glycol,
propyl ene glycol, acetone, acetonitrile, dioxane, pyridine, |utidine,
?g{\ﬁ:gﬁi ol de wo§7639610t ol uene, n- hex_?_ﬂg, t}urai)?hl or et hyl ene andpcEpisgnss22

: y of the protective effects of
the coating is not entirely . ?Lﬁgf’ but they nmay be based upon
the foll ow ng mechani sm whi ch was proposed in U S. Patent No.
3,933,531 (in colt 2). The surface of the copper or copper
alloy may react with an --HN- group of the im dazole (or
triazole) ring and sone type of bond is forned between the copper atons
9 W97/ 39610

PCT} US96/ 05522 and i m dazol e nol ecul es The --NH group woul d
appear to act as an anchor. The hydrogen at om generated by
the reaction can be adsorbed onto the copper netal in the
form of adsorption hydroqén. Then, an --NH:-- group of

anot her i m dazol e nol ecul

nitrogen of the imdazole bo d to the copper surface, and
nitrogens and - NH groupggare el d toget her hy hydrogen bon
\

t hese tertiary

can|becone associated with the tjrtiary 5
i ng. Such

PRIOR ART FIG. 1

PRIOR ART FIG. 2
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hydr ogen bondi ng can al so be assisted by the formation of mcelles of the
al kyl groups, when present. Thus, once the im dazol es have been deposited
or adhered to the copper surface, additional imdazole nolecules are 10
gradually attracted one by one to the adhered i m dazol e nol ecul es by
hydrogen bondi R ¢fefo0Ssi bly mcelle formation, and the coppgér/sscosns
becones coated wth a thin layer of im dazoles. The nechani sm may
alternatively be explained as the fornatiﬁg/q% Cu[err] ions at the surface

of the substrate, which io act with adsorbed
benzi m dazol e nol ecules to forma 15 t hree-di nensi onal but thin
Cu(l)-benzi m dazol e conplex at the Cu surface. I n any case,
the filmis adherent to the substrate, insoluble in water or

al cohol and about 1 to 5 rimthick. In contrast, it
I's believed that the bulk of the coating, which contains 20 t he

netal. particles, does not adhere to the copper, but nerely provides a
protective coating over the inner |ayer, as discussed in detail below Its
t hi ckness is proportional to the size of the suspended netal particles.

The conposition can optionally]f r {zjst Qge_gﬁyg 25
scavengi ng agent selected fromt éillgﬁfgn iic alkali netal
bisulfites, acidic aronai'c am nes t hyteh coI +—
The netal particles are é and 17
nmetal solders. By "sol der-wett xposed to
nmol t en sol , t red nore or
|l ess uniformy with the i cles
t hensel ves nelting. In contrast ! sol der tend
to be absorbed into the
metal s include, ? t are ' , . — A A =Pl at ed
OJ - F""_:— . e  }

. - = X —

FIG. 3
i7




10 WD 97/ 39610

PCT/ US96/ 05522 and Ni -Pd alloys. The tin-|lead solders can
conprise fromabout 3 to about 90 wei ght percent tin and from
about 10 to about 97 wei ght percent | ead, but preferably are
the eutectic m f about 62 percent tin and 38 PCTIUSISRESBE Nt

| ead. Sn-Bi an(ﬁég{’%gg)

ed sol ders can al so be ggpéoyed. The average b5
size of the particles should be conparable to“¥Ythe thickness of the outer
coating to be fornmed, generally fromabout 0.2 to 2 mcrons, and preferably

fromabout 0.5 to 1 mcron. 10 The netal particles can
be thermally forned in situ in the coating conposi tion and/ or
the coatings, extending even to the application of heat for

sol dering conponents to the copper, by enploying netallic or
organenetal | i ¢ conpounds whi ch 20r m—set-der—wetiable el enental netals

upon heating. Such particles are fornmed in a uni form shape and have an 15
average size in the range 10 of from 2

-about—ew :o(abour—2-nicrons. Such
conmpounds i ncl ude nobl e net al qgglgiés, acet yl atef onat es gnd bonat es.
Speci fic conmpounds include, but aré Piim ted tp, { tUm acet at e,

silver éging:: ;

\
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acetyl acetonate and silver carbonate. 20 The essentia
steps of the coating process are the application of the

coating conposition containing the organic conpound and netal particles,
followed by rinsing with water to renove excess coating material and

dryi ng. Before coating, however, the copper sur

prgf e?abl y preB’aorge;’gggﬁ'/ ° cleaning wth at IOloeast one sui tg%)zl e
cl eaner to renove organi c contam nation 254/ 4 . and light oxidation
of the copper. Suitable cleaners include sodium persul fate
sol utions, inorganic acid conpositions such as hydrochloric acid

and, basic pretreatnents such as sodi um bi carbonate and sodi um car bonat e.
Proprietary cleaners such as "Cutek HL41" and "Accucl ean" (Enthone, Inc.)
can al so be used. The commercial "Entek" process of Enthone OM Inc. can 30
be used. After cleaning with the proprietary cleaner Entek C eaner

SC- 10 DE to make the copper sigf ttable, and rinsing with
wat er, the substrate is imersed in Entek Mtroetch Me-1020 to roughen
t he copper surface. After another.LLnsgstQe su 4 s dipped into
sul furic 50 O AR f gfs O 0g4 11
WD 97/ 39610 T~ \ E) (] \Q\\’“"
PCT/ US96/ 05522 e A EnD Ve o>|de<§Q ' ?Bped into an
Ent ek Cu-56 sol ution E;;g;;;; b(> {){Q§;;;;;§§§
7 O <07 §\\\\\\\\\\\
10 e e—— O ) SS 10
, \
“ .00 OQ. f 32
32\ L —
1.0 & D ——34
FIG. 7
20 ———-————-_\\
22 ‘ 22
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——— \
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cont ai ni ng benzotriazole, rinsed and dri ed. W@rﬁ TSt he SG

surf ace shoul d be rinsed.in wh esqmlél@l}rﬂag@b hmqiagedﬁkn
be roughened by m cr oet chi ng &Halm@)dl zmageda.éﬁ

sodi um persul fate. The surface is 5 D Drh‘@w*@éogvg&&edt@ deI n#
in an inorganic acid such as sul furic acid: [T Abstract i paged ..... Egé ..... S

preferably then dipped in a solution containing a conpound such

as benzotriazole (ENTEK Cu-56 sol ution, fgo 1 mmwlmmﬁ nlﬁl'—blqt]t he

surface should be rinsed in water and bI tro—refev-e~—RalSrrre:-

The coating conposBepesiiazals s &bblA'éoﬁWabﬁ)’eg’&gt%%)n?&nﬁ‘tWﬂVsH used
will al low t ReaGORPR i Eni€ OHRLEY 19 %ew eBpreh Ssupfdéds 26k Firsted warforr_n

coati ng of organl c material containing a dispersion of sol der-wettable

met al snlderab:htqoaﬁpwevee,sbwmm cannetanhstah multiple heps cxeles a9d HASk.ed
w th a disper WskLal é:i’& gg@u ound -
by vari ous rre%ns&l%%%pmwe prodﬁ&? SH%%%’?}SL@%’%E& ng g%d &gayl %

Al ternati vel )bepasucmesmblelned éb’:ﬂle;rcaiedsotrds il§nalso cannot maintain g¢-plangityrefani c

w1 f or m merariag e of y8andll B 8E RRHERE snatnd GERRMGD e polter, g spatld "

t he sane nman nadummaﬁrsmmhd)toelhtsermpblemebp datek:quguhmdazdbebamdrwkxmghm‘ﬂad to
sru T Sy Sue jnes. SR, SREE) B8, SR SHORE e Ogetok. |
s#bstrat e. Hbwever, such coatmgs are thick (0.3b @.9Wicfdnsikicrediecroblents 01 ghhitiving a
Do ey horRohissn o SHAEL ool ion e e ey bl L
the applicatiQRerOised vifltlessOdgotdisive iR Elesn CRAIRE U tHidazbe coltingd nia ralstckéase
ggn be appl i ed blé any swtaﬁe means. such as brushing or sp ra but are

bleme i Bheysoand ‘deedinf Nalec topts by fommung p g 50 2% @r@a%ms

adherence an dthe underlying copper siifite 'S B§ cbg thelti o'irﬁ{eeﬂroﬁiﬁ WithGhRiSative Fesiek ept
di spersed in the organic

aller repeated testing. Metallic coatings like immersion gold or palladium on the top of

electroless nickel can overcome the insulating nature of thick orpanic coatings, but these
are usually expensive due to the high 20 precious ~ metal costs and the slow plating
processes. Rosin or resin-based coatings (prefluxes) will withstand multiple heat cycles
but require solvent-cleanable solder pastes and fluxes, which are becoming outdated due
to the drive for environmentally safe processes.

To meet the demands of advancing technology, it is clear that improved coatings
and processes are neceded which would combine the advantages of both organic and
metallic coatings and optimize coating performance during the assembly of electronic
components. '

Summary of the invention

According to a first embodiment of the present invention, there is provided a
composite coating composition for copper-containing metals comprising at least oue
organic corrosion-inhiﬁiting compound selected from the group cousisting of
benzimidazoles, alkylimidazoles, benzotriazoles, and alkyltriazoles and metal particles
comprising solder-wettable metals and metal solders, wherein the average size of said
metal particles lies in the range of from about 0.2 to about 2 microns.

This is the replacement sheet
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conpound sol ution by any suitable r'réans I ncluding ultrasonic agitation.
The following non-limting hypothetical exanples are presented to 35

further illustrate the present invention.
12 : 15 The clalns
defining the invention are as follows: 1. A- conposite coating

conposition for copper-containing met al gg CONPrising at |east one organic
cor rosi on-i nhi biting conpound sel ected fromthe group consisting of
benzi mi dazol es, aIWDrdwmﬁ’zQﬁeé@ld pehodinent of be eresent aeventiony ither¢ ispporddedand

wherein t L;"t@iﬁééﬂ%@%%& “ﬁ‘%‘?ﬁaﬁ@%‘aﬁﬁﬁﬁ o p PP B coRib Sueps

about 0.2 toofbout 2 microns. The coating conposition of

G 3w Tt DTy Lol B RLABN O oL 0

and water. organic coxﬁpound seledtdfromalid groupccnmgiotig of benzirhidakalesyalkHimidazdles,

e oD g e IR 14 Bl PSR SR Bl O Pk oA of
.soldcr-wenable metals and metal solders,

b) rinsing the coated surface with water, and

c) - drying;

wherein said composition is applied as a suspension of said metal -
particles in said organic compound.

According to a third embodiment of the present invention, there is provided a
process of coating a meta) substrate comaining- copper or a copper alloy comprising steps
of: -

a) applying to said substrate a coating composition comprising an
orpanic compound selecied from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and alkyltriazoles and metal particles sclected from the group consisting of
solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and

c) drying;

wherein said composition is applied by first applying said metal
particles to said substrate, then applying said organic compound thereon.

According to a fourth embodiment of the present invention, there is provided a
process of coating a metal substrate containing copper or a copper alloy comprising steps
of: ' .

a) applying 1o said substrate a coating composition comprising an
orgamic compound selected from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and aikyltﬁazo)cs and metal particles selected from the group consisting of
solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and

<) drying:
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bisulfiles, acidic aromatic amnes and ethylene glycol. 4. The
coating conposition of Claim1 wherein said organi-c compound i s sel ected

fromthe group consisting of benzim dazol es. 5. The coating
conposition of Claim1l, wherein the average size lies in the range of from -
. about 0.5 to about 1 mcron. 6. The coating conposition of

Caim1, wherein said solder-wettable netal is selected fromthe group
consisting of Pd, Sn Ag, Au. Cu, N, Ni3bplated Cu and N -Pd all oys.

7. Th t d
Coating tomont t11onC PP Wlel i ran‘f@‘%%3&1%%%3%%?%1%%0“?1"&%8* i

8. The cOpwis cempaynd gad @leﬁsmne megiliceompoundrelesied fram the grotp mnstmg

or ganonet al | bpnmmwceem HoM%HetaY'a@Jtﬂa&%&Lsc%ﬁ&Sd;@ agapmgervg&gaig%ng met al

when heat ed e conﬁéiltlon o) ern’s
metallic conb%ﬁh‘ﬁéls#"éﬂ?i’é!@d'ﬁélﬂftOTfWGh'lqb gilpamiclssnsi sting of noble netal

acetates, noble neialrdiigeioVd ARRABGIRRRAI e BRAG iRER, BRIPRNAGed o copper

10. A process of coatlng a netal cont ai ni n§ copp

al | oy conpri gqcvﬁ@ssg @p@ng)p metal substrate containing coppeg) or a copgqullw engnpirising afepls
substrate a gpating conposition conprising an organic conpound sel ected
fromthe group consisting of benzim dazol es, al kylim dazol es,
benzotriazol es and al kyR} ri azapphingindaideubstratp acodting compesitentconhpfisiograd he

group consi Shg,iaﬁﬁ%mpoiﬁlh Qeltc iR Bl fNa@x%s?suﬁEthgE‘ﬁ itiaa38led i rmidazoles,

b) rinsin e coate ace W
benzotriazoles and alkyltriazoles and metal particles selected from the group consisting of

solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and

c) drying;

further comprising preliminary steps of cleaning said substrate with a
suitable cleaner, rinsing with water, microetching with an oxidizing agent, deoxidizing,
nnsing with water and drying.

According to a sixth embodiment of the present invention, there is provided a
process of protectiug the copper surfaces of circuit boards by applying a coating
composition comprising an organic compound selected from the group consisting of
benzimidazoles, alkylimidazoles, benzotriazoles and alkyltriazoles and metal particles
sclected from the group consisting of solder-wettable metals and tin-lead solders. .

The present invention covers a process and coating composition to form an
organic coating for copper and alloys thereof which is at Jeast as

“ . This is the replacement sheai
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drying; wherein said
corrp05|t| I ed as a suspenS| on of * sa| d nmetal particles in said
organic g‘ﬂm i‘y ,l,!" A process of coating a netal substrate
cont ainin per al l oy conprising steps of:
applying to said substrate a coati ng conposition conprising an
organl c conmpound selected fromthe group‘] sconsi sting of benzi m dazol es,
y

al kyl i mi dazol es, benzotri azol es and al kyltriazol es+and netal particles
sel ect ed froFhe deingirdsﬁpmgdhsmﬂmmas&llawv wettabl e netals and net al

sol ders, 1 A ddhnposite nb&ﬁlg”%ogxpg‘; i % $1a%8tatbl Fﬁh ﬂqgﬂgy

C) dry| ng; wherern s corrp05|t| nis ap
first applyi ﬂgnrsama atrdeast onsaTgdnit ewrasivndatiibitiag bernpasnd scleetech framghey gwypsai d

organic corrpo f k2R I
substrate coft #gf g%g:g%tgrda%oles all%%m%gdazollef &;‘%Dgﬁrr%?lleg %xﬁPQ gps O?:Er%&
a) . appl ymat_al pamdes ahrpisisy seltier-wettbixtmata)s enuhrpcxsll SLOIdsrs, whenomi the angraga

organi ¢ conpoun e S| azol es,

al kylim dazof‘és%sgg %{'lrpqﬂlf[eges ano’g‘%%%[)qf?r%?’adzbg es anéoé*re%?g mﬁgrt i cles
sel ected fromthe Qr oupmomeatsxglaogmpomxmobﬂélauwdt whikh durthst sabwprises! ahieasi|
sol ders, , Bne solvent sclected bﬁ'om the I’,I‘,‘Efgl R‘%g'tg lrﬁg 8?%»@& @&thofécgl applhké(%%gy

c) dryin conposition i
first applyi agmaichydsbcacbonoindswater. or gani ¢ conpound and at | east one

nmetal lic conpound selected fromthe gr. Si s f | al
acetates, noble netal acefyfavd 6’35‘?&? QfgaFc&gﬁ‘fnetl Wﬂgﬁ gﬁtﬁgog‘?ﬂ sea tRen
heating sai dos@cﬂisweng'iﬁg Spénty selected rfitory aht groupt ednsistuy iof |aeRlic alkali 'metal 13.

A process of net al. substr at ont ai ni ng copper or & copper allo
coPrprisi ng s b@lﬁfgclcecmmam:ammesan eﬁ'ny?eneg@cé]. 9 PP PP y

The coating composition of Claim 1 wherein said organic compound is
selected from the group consisting of benzimidazoles.
5. The coating composition of Claim 1, wherein the average sizc lies in the

range of from about 0.5 to about 1 micron.

0. The coating composition of Claim 1, wherein said solder-wettable metal
is sclected from the group consisting of Pd, Sn, Ag, Au, Cu, Ni, Ni-plated Cu and Ni-Pd
alloys. -

7. The coating composition of Claim 2 wherein the viscosity of said

coating composition is in the range of from about 1 to about 100 cp. )

8. The composition of Claim 1 which comprises at least omne
organometallic compound which will yield particles of solder-wettable metal when
heated.

9. The composition of Claim 8 wherein said metallic compound is selected
from 1he group consisting of noble metal acetates, noble ri:etal acctylacetonates and noblc
metal carbonates.

10. A process of coating a metal substrate containing copper or a copper
alloy comprising steps of:
a) applying to said substratc a coating composition comprising an

organic compound selected from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and alkyltriazoles and metal particles selected from the group consisting of
solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and
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al kyli m
sel ected fromthe §rolp consisting of solder-wettable nmetals and netal

sol ders, _ b) rinsing the coated surface with water, and
€) dryi ng; 16 17

further conprising prelimpary steps of cleaning said substrate with a
suitabl e cleaner, rinsi ng%vi th 4%7&9&, m croetching with an oxidizi ng agent,
deoX di zi ng, rinsing wi t Nwhigtsr ssRf dorfpoitdh i spplied, as & duspensicht & QELHRe"
protecting the co&ge_r syrfaces of circuit boards by applpyl ng a coatl ng
conposi ti on coRFPHE] A4 ArE3rg SPPROWBnpound sel ected from the group

consi sting of benzi niidazolaegroced Kﬂbdaﬂhbdaéiétﬂ%ubsﬁﬁt%gﬁtﬁih&é%gﬁu%Pq copper

al kyltriazol es l:imd met.al particles selected fromthe group consisti of

sol der - vet t abl A'WePTPEsTEdeRsof. | cad sol ders. 15. A coating

conposi tion for copper-coag}ai nidpglyihebadd SB8REd Sidafinlontfd@Bbn &J&?p:@{ng%ﬂi c
corrosion-inhibiti.n congguegd@%b%&hed fromthe °§r oup consisting o
benzuni dazol esf"gﬁ’i"ﬁgﬁ’q‘?ﬂ“ VS, S GoPP songisting of henzimigaaolcs, allkylimidazoles d
metal particl ederzokieniehnl akpridicleOind bietd PRrEEISS deRSte® FromGhdigbn

netals and netal,,sol ders, and an o n- scavengi ng agent sel e]ct ed. (;eor%the
<BaYIE el apd el e -

group consi sti RYIBE et FS-bi sul fites. acidic aromatic am nes

and et hyl ene gl ycol . b) rinsing the coated surface with water, and
' c) dryihg;

a) applying to said substrate a coating conposition conprising an
organi c j n Imm,m fromthe group consisting of benzim dazol es,
4 J zoles and al kyltriazoles and netal particles

wherein said composition is applied by first applying said metal
particles to said substrate, then applying said organic compound thereon.

12. A process of coating a metal substrate containing copper or a copper
alloy comprising steps of’

a) applying to said substrate a coating composition comprising an
organic compound selected from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and alkyltriazoles and metal particles selected from the group consisting of
solder-wettable metals and metal solders,

| b) rinsing the coated surface with water, and
0 drying;

wherein said composition is applied by first applying a solution of said
organic compound and at Jeast one metallic compound selected from the group consisting
of noble ruetal acetates, noble metal acetylacetonates and noble metal carbonates, then
heating said solution in situ to form noble metal particles. |

13. A process of coating a metal substrate coutaining copper or a copper
alloy comprising steps of:

' a)  applying to said substrate a coating composition comprising an
organic compound selected from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and alkyltriazoles and metal particles selccted from the group consisting of
solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and

c) drying;
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16. a netal substrate containing copper or a copper

al | oy conp te s of : a) applying to said
substrate |on conprising an organi ¢ corpound sel ect ed
fromthe gr benzi m dazol es, al kyli m dazol es.

t

benzotri azol es and a k r azol es and netal particles selected fromthe
group consi sting of soI der-wettabl e net abs and net al sol ders,
b) rinsing the coatet:d surface. with wa

dryi ng; urheE PUTRTISING; Rﬂelwmsgﬁem 6&“?@“%‘1&*"1 “hstise with §t

appl yi ng sai guitBleadleaf&{ tih€iheoith Gvabenli ilicfodidfhf iR, antdxfilziRd Bdexi, A€oxsdBEifle, Or gani c
conpound t her eon A netallic substrate conprising copper

7.
with at Ieasf‘”ﬂﬂewgﬁ?"f‘ﬁﬁg‘d%ﬁﬁ% ected by: a) an i nner

llayer of copper compl exed prickds o pft@ny CheC Bppes s@tces iof RixBRit ibBgdS Bypound
selected fromthe grou consi sting of .benzi m dazol es i m.dazol es.

benzot ri azol #BPIEIE24PE sf?'rla%aogg,gmaﬁam an organic compound se*ec‘w? fromh the SIOUB 1t er

llayer conpri sbimgsuagicf Gemgiatidazoles naiouintidazoled, ademmmlms ﬂl@ﬂtﬁﬁo&d dndom t he
gr oup conS|st|n

| - Wet t t al
oxygen- scavenift Q’%‘ﬁ’égfeq%ﬁdg%g“ﬁ%m?ﬁﬁgﬁggg&ﬁ ﬁé‘f‘g@f er%fa"g g?@nal kal i
metal bi sul fsbideys, acidic aromati ¢ am nes and et hyl ene gl y_col

18 15. A coating cofnposition for copper-containing metals comprising at least

one organic corrosion-inhibiting compound selected from the group consisting of
benzimdazoles, alkylimidazoles, benzotriazoles and alkyltriazoles,”and metal particles
selected from the group consisting of solder-wentable metals and metal solders, and an
oxygen-scavenging agent sclected from the group consisting of acidic alkali metal
bisulfites. acidic aromatic amines and ethylene glycol.

16. A process of coating 28 metal substrate containing copper or a copper
alloy comprising steps of:

a) applying to said substrate a coating composition comprising an
organic compound selected from the group consisting of benzimidazoles, alkylimidazoles,
benzotriazoles and alkyltriazoles and metal particles selected from the group consisting of
solder-wettable metals and metal solders,

b) rinsing the coated surface with water, and

¢) drying;

wherein said composition is applied by first applying said metal
particles to said substrate, then applying said organic compound thereon.

17. A meuallic substrate comprising copper with at least one surface
protected by:

a) an inner layer of copper complexed with an organic corrosion-
inhibiting compound selected from the group consisting of benzimidazoles,
alkylimidazoles, benzotriazoles and alkyltriazoles, and

b) an outer layer comprising sad organic compound, metal
pariicles selected from the group consisting of solder-wettable metals and metal solders,
and an oxygen-scavenging agent selected from the group consisiing of acidic alkali metal
hisulfites, acidic aromatic amines and ethylene glycol.
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A process of protecting the copper surfaces of circuit boards by
appl yi ng JMIIM*WHM“Ml on conprising an organi c conpound sel ected from
t he group zi m dazol es, al kylim dazol es. benzotri azol es,

and al kyltri azol és and® net al particles selected fromthe group consisting

of solder-wettable netals and tin-lead solders wherein the average size of
“the netal particles lies in the range of about 0.2 to 2.0 mi crons and
wherein said conposition is appl ied by figst applying said netal particles
to said substrate, lghen Rpgrl n% sai d organi c conpound thereon,

WD 97/ 39610 ocess "0f protecting kg QORRRS/ qf circuit boards by 16,

The process ofpplig m&ﬂnmn@bsxﬁwdoh%sﬁ@amsﬂg&ﬁ&d@mlmmdm&n fRahS gidbp 2

cl eani ng said _substr aitgf B a sui ka‘ ﬁ ner si ng th. water

m croet chi ng SEPTFHEEN0T, R FIDAszgles alkylimigarg ’ngi'dn 1“\)\]“1‘4@%%‘? and 4
Flr ying. 1 I]zlctal particles sélécted\fromite¢ frotp Sﬁthﬁﬁﬂgadf%omméﬁamerlﬂelﬂs) RiPéin-Wad N at
east one sur

cted by: 3 . . a)_ an
i nner | ayer oﬁOﬁ%ﬁp‘éﬁc%gﬁﬁrﬂ'ﬁﬁ #ﬁ‘eé?fﬂ%}’é&ﬂ%l"ﬁé’} the g of apout 0.2 t0'2.0
i nhi biting conrqnmmdn&whmmedxdfcbmmsim i§ ysplind BP Nt Spplyise Sid RewPparicgiazel es, 5

alkllmdazoles ndalkltrlaoles and 6
b) ;n out er e‘i"gg'gffpﬁ\e’é??? %? TEYUnT FHE and netal 7

particles sel ected fromthe group consi stl ng of sol der-wettable netals and
8 met al sol ders.
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1 - ' .18 A process of soldering netallic I sFEL Gt e coate
netallic 2 - substrate of Claim17 by appl W%g fl?ux- ind
sol der. 1 19. A process of protecting the copper surfaces of
circuit boards by applying 2 a coating conposition cghsi ng an

organi ¢ conpound selected fromthe 3

benzi m dazol es, a1me' dazol e!’?“B@H%’EM?m%OU
| kyl tri | | ' act o _ ¢
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