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NETHOD “AND REDUCTI ON SOLUTI ON FOR METALLI ZI NG A SURFACE Fi el d of t he
| nvention 5 The present application is generally related to the field of
netal | i zi ng substances, and nore particularly to a.process for netallizing:
a substance using a reductlon solution to produce catalytic islands. 10
Background of the | nvention A process for selectively netallizing a circuit
board is described-in U S. patent ‘no. 5,162, 144, (assiigned to the sane-
assi gnee ‘as the present 15 ' appllcatlon)_hnd her eby incorporated by
reference. This process is used in conjunction with a two dielectric
| ayered, sequentially processed circuit board, as described in U 'S. patent
no. 5,260,170 (assigned to the sane assignee as the present application).
This circuit board process consists of the sequential deposition and
phot o-definition of openings intw resins. 20 ~  The first resin, called
resiin A is filled with a rraterMETHﬂBrANDRBHWEIQNESOBUmIUNr whi ch
when activated, will pronot e. eIectﬁegf h% &qq , the second
resin, called resin B, does not co I'n suc ‘ en each resin, in
turn, is photochemcally patterned “resin B over resrn A, openi ngs produced
in resin B define a:g ¢ Ja _uﬂ”lnels 25 superlnposed openlngs
produced in resin ATand 1 i dgeri ne deeper areas called "wells" which
open to a net®l |ayer below. Wen this structure is subjected to processes

whi ch nodify or actlvatm fés@h?ﬁggﬁ&t?dd‘ﬁjgéﬁérﬂﬂ @élaiét?t&ﬂié fieR! of resi n
A, the channel s and we @H be coated,with an_ el )té’rol ess ted rretﬁ
formnetal lic featJP€ dpglflrem ot ate sfor meta 1zmga
bui | di ng the ci r cuisubstarce udinga mdnoﬁbnrsbluﬁmttdpmcm@cctatﬂbrmsslphds.ed

nmetal stay confined to the defined pads, vias-and conductors. - 2-

QO herwi se the circuit board will contain shorts .and other undesirable
properties. @he process for activating the particles at the surface of

resin A Background of the Invention

. A process for selectively metallizing a circuit board is described in
~ US. patent no. 5,162,144, (assigned to the same assignee as the present
15 application) and hereby incorporated by reference. This process is used in
conjunction with a two dielectric layered, sequentlally processed circuit
board, as descnbed inUS. patent no. 5,260,170 (assigned to the same
‘assignee as the present application). This circuit board process consists of
the sequenhal deposition and photo-defnutlon of openings in two resins.
20  The fl__lfst resin, called resin A, is filled with a material referred to herein as-
- a filler, which when activated, will promote electroless plating with a
~ metal, the second resin, called resin B, does not contain such a filler.
When each resm, in turn, is photochemically patterned, resin B over resin
A, operungs produced in resin B define areas called "channels”;
25 supennqued¢qxﬂnngs;noducmitnrmnnt&andxemnlideﬁne<huqmn
| areas called "wells" whlch open to a metal layer below. When this
structure is subject?ed«to processes which'modifyor activate particles
contained in or at the surface of resin A, the channels and wells may be
coated with an electroless plated metal to form metallic features, such as
30 pads, vias and conductors.
- In'building the circuit board it is important that the electroless
| plated metal stay confined to the defined pads, vias and conductors.
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I nvol ved i mMmersing the circuit board.in a reducing agent of borohydride. In
the preferred case, the particles in resin A are Cu20 particles at a 5
cohcentration of less than 10% by wei ght of -dry resin. Wen the Cu20
particles are exposed to the borohydride, the Cu20 particles are converted
to Cu or CuH. Wen the copper is in this active state (Cu, CuH) it is
catalytic to electroless plating. Gven the linted anount of particles in

resin Athere iggapwigsttd eﬁeﬁ-eboamﬁn &intkidt Hoftd AndldiRér [RBeditble

el ectrol ess 10 pl.ating Tor m continuous 1 nes, as required to form
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Description of the aW|n FIG 1 s.apartl.al ers ectlve

circuit board 100, 'ﬁ%&" éjé“ Wﬁ Ebgﬂ%?ﬁf the
process of the qamedlhyamlwaylomﬂpeltat)lsnecessary to be@bleto applychhegeduemg onal
view of circuit, |
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another o1 oss. SRR g b oot T et S R ape, 50 it '
bridging occurs when the spraying operation is not carefully apphed to the
defined pads, vias and conductors. The controlled spraying works in the
laboratory but is impractical for the production environment. As a result,
20 there exists a need for a method and a reducing solution that forms large
catalytic islands on resin A without the catalytic islands forming on resin
B to produce finely space conductors, vias and pads.

25 Bngf_lle_smpmn_o_f_thﬂluw_mg&

FIG. 1 is a partial perspective view of a circuit board 100, which has
been selectively metallized by utilizing the process of the present
invention.

30 - FIG. 2 is a cross-sectional view of circuit board 100 in FIG 1 taken
along line A-A, during the manufacture thereof.

FIG. 3 is another cross-sectional view of circuit board 100 in FIG. 1
taken along line A-A, during the manufacture thereof.

FIG. 4 is another cross-sectional view of circuit board 100 in FIG. 1

35 taken along line A-A, during the manufacture thereof.



taken along line A-A during the manufacture thereof. FIG 6 is another
cross-sectional view of circuit board 100 in FIG 1 taken along line A-A

duting the manufacture thereof. 5 - FIG 7 is an enlarged view of
the surface of channel 221 of the circuit board 100 in FIG 5. Description
of the Preferred Enbodi nent 10 Referring to FIG 1, there is

Illustrated a parti al 'perspectlve view of a circuit board 100, which has

been sel ectively net | ugion

of the present |nven?i|1§n5 H'I&é%cgos;sr—%‘}?bﬁ W&ﬁﬁf&r&ﬁ?bhﬁ agggl%??dgu?t

board as il ust takenialang ling Agek,aiumgshqauanu .with circuitry on

the top surface and g, b(i% Hﬂ-&gr&@é‘sesecﬁﬁ\alwe@lbfﬁ%éﬂ?bs dh@ommszs of
use | ze

the present invention may me

| ast ot her
convent i onal sultakemalong L‘oﬂ?&f‘%é%‘éfmg eggmg@g turg,t i‘f’FFY‘ge di nensi onal

surfaces. gl rcuit bo@i@. 2G9 ahfenfdrged viewcof rssurtare sfichiapnell 221 8f the &iteuiend

is conprised of ,a s 2 having orle or nore circuitry |ayers 203,
resin 20 k’ af‘ig@@ i:g;l ircuitry layer 203, and resin 205 di sposed on

resin 204, as shomn in nore- detall in the cross-sectional viewin FIG 6.
Conductors 210 and 211 are di ﬁ%ﬁ#ﬂhﬁﬁﬁifﬁﬂﬁ@%%Q%PB@@QMQQ§ or "channel s"
in resin 205 as shown in FIG di sposed in a
deep channel in resin 205 and resin 204 and electrically connects to
conduct ory?31. Via 2Referringlfd FRG.I, @&eﬂﬂlﬁs&a&aeé‘ Aetidlpe duveﬁeweéfa

Cayer 203 i ncl 33@&“&%@?@?’2%@ 3een selestvely, %Ni@%f By mtisiEg b s e
of | ZP | nggﬁnt IC ngaraeéssraml re aoluffowrofe thenptesenpiroehtion. v@ndmtfbmmag?ﬁer
gzl tabl e insul a%%ﬁ%gﬁ cfeu rlf%gg asa&&?%&%gp%ﬁﬂ%é s@gaany
suitable resin sucnltdmamdavth oucumynomﬂ\ewpfsmfacnemd) G@hmttmnr

ther moset,g esi nFtﬁhﬁ%u{B}’e’rth BFth@Erés%ﬁ't énticH bé‘\ﬁbdttare of a

pol yol efin, vinyl am d

y’S gcr pol ydrethane,
sat urated pol yeé"t‘%tﬁﬁlzl?eﬂi‘ﬁﬁﬁa ?100 S%Fﬁ“"%ﬂ qyﬁ:sga ’ Cﬂ\%@["ﬂr&tof a
hardened phenol istrfadées of hidecdin@siénilesurfaiesxy, or polyi m de prepol yner.

Circuit board 100 in FIG. 1 includes conductors 210, 211, 212 and is
comprised of a substrate 202 having one or more circuitry layers 203, resin
20 204 disposed on circuitry layer 203, and resin 205 disposed on resin 204, as
shown in more detail in the cross-sectional view in FIG. 6. Conductors 210
and 211 are disposed in corresponding openings or “channels” in resin 205
as shown in FIG. 1 and FIG. 6. Conductor 212 is disposed in a deep channel
in resin 205 and resin 204 and electrically connects to conductor 231. Via
25 213 is disposed in a opening or “well” in resin 205 and resin 204 and
electrically connects to conductor 229. Circuitry layer 203 includes
conductors 229, 230 and 231.
Substrate 202 is comprised of an insulating material, such as, for
example, plastic, wood, composite, mylar, ceramic, a metal covered by an
30 insulating layer, or any other suitable insulating composition of matter.
Resins 204 and 205 may be any suitable resin such as one of or a mixture of
a thermoplastic resin, thermoset resin, elastomer, composite, or laminate,
one of a mixture of a polyolefin, vinyl, polystyrene, polyamide, acrylic,
~ polyurethane, or saturated polyester thermoplastic resin, or one of a
35 mixture of a hardened phenolic,'unsaturated polyester, epoxy, or

polyimide prepolymer.




-4- According to the present invention, resin 204 is substantially
unlforn1y mxed with a plurality of snall netal oxide particles such that

t he percentage by weight of said netal oxide is less than ten percent. Wen
used in nulti-layer circuit applications, rgsin 204 preferably has the 5
followi ng four characteristics: - (1) no significant degradation of
dielectric constant of the finished dielectric layer; (2) no S|gn|f|cant
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(éoppter I pl ati n? a diﬂettrlc wonstanp of appyoxinmately 2-5 without oimfdadde; andhat es.
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| ess may be rramffmqusomdm ougbrttpmpermchthcxghtg) wuprous oxisle is used

mcrometess in;f
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resin 204, 30 of resinc204 i3l e tablé:OAilbﬂi‘ér fillert BCAT-Iinanbéddtdréds and
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cuprous oxi de pxide id preféfible evéeﬁlsAT-harsmmCWeT-dﬁdtas a relatively long (_one
20 hour plus) electroless plating initiation time because it only provides
catalytic points. Initiation begins immediately with activated Cu20 and
continuous copper platmg, take time, typically occurs in less than fifteen
minutes.
By utilizing the present invention, circuit boards 100 having
25 conductors 210, 211, and 212 separated by approximately 25 micrometers or
less may be manufactured. In addition, interconnecting vias of 25
micrometers in diameter can be mass produced. Pattern resolution is
dictated by the photodefinition of the resin system and lithography process.
Using cuprous oxide particles substantially uniformly mixed in resin 204,
30 the dielectric constant of the circuit board is substantially the same as that
of substrate 202 and the surface resistivity is at least 1013 ohms per square,
since the percentage by weight of the cuprous oxide particles 300 is less
than ten percent. _
Referring to FIG. 2-6, there is illustrated a cross sectional view of
35 circuit board 100 in FIG. 1 taken along line A-A, showing circuit board 100
: at selected stages during the manufacture thereof. FIG. 6 corresponds to




Referring to FIG 2-6, there is illustrated a cross sectional view of 35
CII’CUIt board 100 in FIG 1 taken along line A-A, showing circuit board 100
at "sel ected stages during the manufacture thereof. FIG 6 corresponds to
conpleted circuit board 100 in FIG 1 withoy solder nmask. First, as shown
in FIG 2, substrate 202 is netallized to formcircuitry layer 203 or a
pre- forrred circuitry layer 203 is attached thereto, with conductors 229,

230 and 231. Nex it I |
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creating channel 221 and re-opemng channel 222 and well 220. Next, the

20 metal oxide particles 300 near the exposed surface of resin 204 (see FIG. 7)
are exposed by a suitable treatment, such as alkaline permanganate or
reactive ion etching. Then, a reducing solution is applied (explained in
more detail hereinbelow) by spraying (or other suitable application means)
the surface of channels 221 and 222 and well 220 to convert the exposed

25 metal oxide particles 300 at the surface of resin 204 to island areas 301 of
catalytic film (catalytic islands) having a surface resistivity greater than 106
ohms per square. Thereafter, channels 221 and 222 and well 220 are
suitably treated and electrolessly metallized to form conductors 210, 211
and 212 and via 213 in FIG. 1 and FIG. 6, having a surface metallization

30 thickness of approximately 10 micrometers. |

The reduction solution is applied to the CuzO particles 300 to form .

islands of active copper, either Cu or CuH. These islands 301 are the
catalysts for copper deposition by the electroless bath. The reduction
solution contains three elements; 1) a primary reduction agent, 2) a

35 secondary reduction agent and 3) a capturing agent. The primary reduction
agent selectively reduces the copper in the plus one oxidation state, Cut+.
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30 t hi ckness of approximately 10 microneters. The reduction solution is
applied to the [err] particles 300 to formislands of active copper, either
Cu®or CuH. These islands 301 are the catalysts for copper deposition by-the
el ectrol ess bath. The reduction sol ution cqQgtains three elements; 1) a
primary reduction agent, 2) a 35 secondary reduction agent and 3) a
capturing agent. The primary reduction agent selectively reduces the copper
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does not result 1n spla ng 'or e ssive spre cata t|c 20
material . The ctaverage. With incressing pHéheaedxd%slséwca@weofLQwer p&HmQMh
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: ' results in the catalytic island 301 size stabilizing after a relatwe_ly bnef
period .of time. Spraying the reducing solution onto the circuit board 100
does not result in splattering or excessive spreading of the catalytic
20 material. .

The chemical reactions of the various species of the reduction
solution occur as follows. When the reduction solution contacts resin 204
the capturing agent EDTA continuously dissolves and traps a portion of
each exposed metal oxide, Cu0O, particle 300. Simultaneously, the primary

25 reducing agent, NaBHy, converts some of the surface of each metal oxide

. particle to catalytic sites that are active to electroless plating. Meanwhile,
the captured metal ion in solution is mobile and can be distributed over
some distance while in solution. The secondary reducing agent, Nal,
reduces the oxidation state of the captured metal ion which weakens the

30 bond between the captured agent and metal ion. When this weakened
species contacts a catalytic particle in the presence of additional primary
reducing agent, the active particle triggers further metal ion reduction of
the weakened mobile species. Metal deposition occurs around the active
particles which act as nucleation sites for film growth. After a short peridd,

35 less than five minutes, a steady state is achieved between the metal species
dissolving and depositing, The result is island structures which form only




25 - reduci ng agent, NaBH4, converts sonme of the surface of each neta
oxide particle to catalytic sites that are active to electroless plating.
Meanwhi | e, the captured netal ion in solution is nobile and can be

di stributed over some distance whilé in solytion. The secondary reducing
agent, Nal, reduces the oxidation state of the captured netal ion which
weakens the 30 bond between the captured agent and netal ion. Wien this

weakened speci egpfiid énguﬁfzaﬂ#ﬁélbﬁeFafﬂ\P%&th&tw‘i?la?{d%% Arede sary

addi tional pri reduci n act e triggers

metal ion reducﬁﬁ%ﬁfdp PEe HB%F?Qﬂ%%@EP@ﬁEHHbtaI deposi tion occurs
around the active partlcles whi ch act as nucleation sites for filmgrowh.
After a short periogﬁgéagpLgbess than five mnutes, a steady state is

achi eved between th eci es dissolving and depositing, The result is
I sl and stsuctures which formonly -7- around the-original particles.
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bor ohydri de onIy reduction sQlutio of or~ 10 seconds, one H\éwte an

mnutes 10 reductionsalutioprof forj0secopds oneminute,and five minyfes:
bor ohydriige andancta seebnd seEUf saraplestwere plated iwanfo15 ﬁimhlswﬁbhfytimﬂe and

periods. Both regductio | .Ut i The he sa
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a scanni ng el ecionip palladisun selution dex Wﬁﬁ-’@ndﬁerl‘ée’ﬁb the samples ware rinsed|.

T el AT i A T
t he pal | adi um teégg‘t th”oaﬂ'ﬂnlé'@ct f?ét‘ﬂe%gletvﬂ’-d with a scaniiilg electro

microscope to determl_ne-where plating had initiated. The measurement
criteria is"a visual determination of the density of the initiation sites on
the surface of the sample.

20 The purpose of the palladium treatment and electroless bath was to
allow viewing of the catalytic islands. The results for the three
borohydride only reduction samples was a low density initiation sites.
There was only a slight increase in initiation sites density with the increase
in reduction time.

25 The borohydride and EDTA reduction sample that was reduced for
ten seconds showed a similar initiation density as the borohydride only
reduction. While the one minute borohydride and EDTA reduction
sample showed a marked increase in initiation sites and the five minute
reduction sample showed almost continuous plating.

2. A second set of samples were prepared of a two dielectric
layered, sequentially processed circuit board, as described in U.S. patent no.
5,260,170. These samples were reduced in three different reduction
chemistries: 1) 0.015 molar NaBHy 2) 0.015 molar NaBH4 and 0.25 molar

35 EDTA and 3) 0.014 molar NaBHy , 0.025 molar EDTA and KI. All
threereduction chemistries had a pH of 12. The samples were dipped in
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allow viewing of the catalytic islands. The results for the three
borohydride only reduction sanples was 'a |low density initiation sites.
Thére was only a slight increase ininitiation sites density with the
increase in reduction tine. 25 Theg bor ohydri'de and EDTA reduction
sanpl e that was reduced for ten seconds showed a similar initiation density
as the borohydride only reduction. \Wile the one m nute borohydride and

five mnuie ?Qd3@@%@@%%@“%?@@%%%@# ‘“[. TGS e e

second set of sdiftfeensminutesprBieay the sgmples\ivers tnsed ged water.

sequential ly progfs ¢ g&ﬂa

5,260, 170. These f éﬁ?télymtglrﬁéére uce sﬁﬁp%fggfé;fmfg?el#a%le llaﬂﬁ:m
chemstries: 1) 80! ‘U!LQP?RH (ﬂ‘S SH’B}PJ?S [”@F?fméﬁﬁ g\ i dasks
EETA_ a?d_ P g gll‘:e Rirpled & laﬂed’liﬁlarsﬂl pleyB00 électrdless &App érﬂfathrfeﬂtwblton
chem stries had _a. pH o es _Wer. p ction
chem sty for t &URHes; ;}‘ ﬁ?ﬁm ‘PFWE@W%‘S@'%&“‘FW g fﬁfﬁﬁﬁ&@
Then the sanpl eplating andneverpla tﬁrkgdel oni zed water. |nmmediately there after
the sanples were pl aggg .

Next , '[rﬁe sanpl espvvere r*é}kg@&d&ﬂ(?@ﬂﬁgh@%oﬂ@@%éﬁ h?ﬂ’lg%gpﬁ?es we% at ed
in a Shipley 4560depRre mipute sSelestive plating was found et five gningtes fseerver e

g' eWﬁddWI dd1 oplt irfiiHutss ﬁﬁ&%ﬁ@f’h @hc?éﬂlsét&tﬂvitﬁ ?kgaw raed%ﬁmeugh@t NtSJ TPe
orohydride only |onso n atin en.seconds and one ninute.
Sel ective plati ﬁé{eﬁg@ 6@ cﬁ* gtﬁ §amples.cn 10 m nutes and
cover age |ncreased wiThe btm:hydsdé aredl EDTA reduction Showed mp plating ataten

observed on any o8 {%ﬁgmbgi, @g g‘f‘{%]| o {L{ Lgm%ﬂ{-r{;@ e@ﬁ#ﬁﬁe&%,ﬁi&%}gg

no plating at te

la

I*eC
and fifteen ni naﬂtescoVHnge;me@gdw mmdmom\terpbtmgjwnsqbaemdaomngy
was obser yed on Fthe samples. of the sanples.

Finally, the borohydride, EDTA and KI showed selectlve plating at -
ten seconds, one minute and five minutes. Over plating was observed at
fifteen minutes. Coverage increased with time in all samples.

20 In summary, the present invention provides a method and .
reducing solution suitable for producing catalytic islands 301 on a two
dielectric layered sequentially processed circuit board in a production
environment. Using this method and reducing solution, finely spaced
conductors, pads and vias can be created on a circuit board, without '

25 bridging . '



Finally, the borohydride, EDTA and KI showed selective plating at ten
seconds, one mnute and five mnutes. Over plating was observed at fifteen
m hutes. Coverage increased with tine in all

sumary, the present invention provides a nathod and
suitable for producing catalytic islands 30 on a t: mﬂm‘w“mamﬂm ed
sequentially processed circuit ‘board in a productlon onnmemt . s Us ng
this met hod and~educi ng solution, finely spaced cohductors, pads and vias
can be created ircuit board, wi t hout 25 bri dgi ng. What is
clainmed is: A process for netallizing at |east a first surface of a
substrate, sai ising the steps of: (a) formng the
substrate by sm §%l'\q.l%af}%lformy mxing a resin with a plurality of
smal | netal oxide partrcles 10 (b) exposing the small neta
oxi de pargicles near the first surface; (c) appl yi ng an-aqueous reducing

solution including i) a prinary r ducrn e ndar ci,ng
agent; and iii) a caiut ur | APLR§ taﬂqlﬂgtaﬁéeqspf\sfgsé r?%qeeo%a sypgrate,”
substrate for csaideprbces;domp Sthds f: oxi de particles to non-connected
i sland areas of catalyticepar. C

surface resistivity eat € %%gbg %g?hg%@ﬁn&ﬂ& d?édgéﬁ Mg £

el ectrol essly neesin with ag)lumiltys)fasmala okxiderparticles; surface of said
substratggto a prede%ﬁr m ésﬁ;bstﬁ%d@mp mat%ad@ RIS nbal B GRFFaee;
are interconnected cess of claim]l

erein further
i ncl udes the step of (S xr‘i‘Ej’ &Hlﬁﬁﬂ%’“ﬁé’&éb‘%’@ PHPFd-HCi 1ﬂ&ve a pH of
10 or greater. 1)a Tedudin t;of claim2, wherein the step
of m xing the aqueous red soj ution f.urther udes the step of
selecting the primry redﬂ %Y Wﬂdh -reacts preferably to

metal in the plus one oxiiifta mpturmgeagent
15 to the first surface of the substrate for converting the exposed metal oxide
particles to non-connected island areas of catalytic particles, such that the )
first surface has a surface resistivity greater than 106 ohms per square; and
(dy electrolessly metallizing the island areas of the first surface of
said substrate to a predetermined thickness, whereby adjacent island areas
20 are interconnected.

2. The process of claim 1, wherein step c further includes the
step of mixing the aqueous reducing solution to have a pH of 10 or greater. -

25 - 3. . The process of claim 2, wherein the step of mixing the
aqueous reducing solution further includes the step of selecting the
primary reducing agent from a group that reacts preferably to metal in the
plus one oxidation state. |

30 4, The process of claim 3, wherein the step of selecting the
' ~ primary reducing agent involves selecting a borohydride.

5. The process of claim 2, wherein the step of mixing the
aqueous reducing solution further includes selecting the secondary
35 reducing agent from a group that reacts preferably to metal in the plus two
oxidation state and reduces it to the plus one oxidation state.



30 4. The process of claim3, wherein the step of selecting the

primary reducing agent involves selecting a borohydrider—5"  The process
of *claim 2, wherein the step of mixing the aqueouys ' \ tm]n :
further includes selecting the secondary 3%19. feH m“m“ﬁﬂﬁ‘ a group
that reacts preferably to nmetal in the plus two oxi dat¢on st*tat & ahd reduces

It to the plus one oxidation state. 6. The process of claimb5, wherein
the step of selecting a secondary reduci ng agent involves selecting a

i odi de. "5 ' 7. e process, qf, claim 1, wherein the si.ep of m xing
t he aqueous reduci ng®sol utﬁ@rgmﬁ?%éi?%li&g{%ﬂ“:ﬁﬁﬂﬁ’é’tfc?ﬁbftm‘gr?g agent
froma group i ngecotidagy aediscin dnvelvesdeleetingaxiodddegents. 8.  The
process of claim1, wherein the capturing agent s EDTA. 10 9. A
reduction solution for use in a process for producing catalytic islands on

a surface5 conprisind: a Thegprpdessdef ¢laim g whereircthe stepiofrmixing the001 to
1.0 nolar; an i 'ﬁg“g'u VA b %érg Sebti en@nNd 15
a chelating age%tq{l avi ?}éédl&&é%ﬁﬁﬂﬂf&[‘hﬁﬁhépﬁﬂﬁ te gnﬁog Zagcaﬁ}d;i?gadﬁﬁr& The

centration fromO. :
reducti on sol ut ¥ @ GLIUR m@dws#@&ﬁm&egmi@da@mﬂwsegsnw of 10 or
greater by hydroxide. '

8. The proéess of claim 1, wherein the capturing agent is EDTA.
10
9. A reduction solution for use in a process for producing
catalytic islands on a surface, comprising:
a borohydride having a concentration from 0.001 to 1.0 molar;
an iodide having a concentration from 0.0 to 0.25 molar; and
15 a chelating agent having a concentration from 0.0 to 0.25 molar.

10.  The reduction solution of claim 9, wherein the pH is adjusted
" to a pH of 10 or greater by hydroxide.



