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1 ELECTROLESS METAL DEPGSI TI ON ON SILYL

, HYDRI DE FUNCTI ONAL RESI N - The presént invention rela o) negAod
for el ectrol ess netal deposition. Specifically, the nethodZF?92léﬁés to
el ectrol ess deposition of nmetal on a substrate having a silyl dri de
functional resin coating. El ectrol ess plating of netals own in
the art. In this process, a netal compound is reduced to netallic state
by neans of a chemi cal reducing agent. A typical el ectrol ess plating

Pgogesslinglves forn}n%i@ﬂ&ffﬁ@@BSSSQEvALonprsaquNal salt of the netal
e plated, a suitahle reduc 3% | exi ng agent to
sol ubilize the metal saPl §ﬁ§ gbb@%&l gﬁﬁ??ﬁ?ﬁ@iﬁg‘§8%¥ﬁgl the solution
staEiIity ard plating rate. These sol utions are deposited on a substrate
with a catal ytigal |y active H This.calalyiiealky tive surface
catal yzes the ﬁlreeé%%cetsleélnt o]’fmf%(kaglrr%f:fe%%?sa% %e‘éﬁ?f}éhl ﬁat%he deposi tion
of the edesitrmdemd inahagh deposikicre. Spechfienpliylnthe wmeghedcat al ytic

and, thus W ' ELi ki .
rfﬁ%é’é]%g Jl%é&%lé&@f&%@égs?@lg%n Seprethiosnok addstirgpal netal

Ander son, ] m _Soc.. 80, ). _teaches . that a silyl
hydri de f Badnsha i%ﬁlYéamiﬁérk%%dg‘é%C%l%% | E2518| ERRFIATdonor foryt he
rt?d'l[JCtl'(lj'R of ?m@ﬁrdra?ij1Mﬂ@tﬁ metal & dés knowhein gheuadtnet din
state. e.reference teaches _,the fq ' as .t e qof e
silyl hyd e PHREET ol Ty @°“‘5‘§‘?‘_§?rr%?a%é?eg‘riy’g%?g%?ﬁ?% 85255t ont
No. 5, 281 pyithesanss ofi\@ SHersBxel txedncingeasedtof BepyRicrhg a netal film
on the  Wdatoidsd pld thefrhccon! phis1 048" esvhifgOuPplatiing Mot hod

SR IIEC L EECR UE T SHRERIE e L RO CHEN
s!lyl hy digud® 281 4 heedusind adgentexs , base, sal gbmpydxidg sgehéicéoi s react ed
wth a solubilize the metal salt and special.additiQes to control
the solution stability and plating rate. These solutions
are deposited on a substrate with a catalytically active
surface. This catalytically active surface catalyzes the
reduction of the metal salt and results in the deposition of
the metal as a film on the surface. The metal film is
autocatalytic and, thus, catalyzes furxther reaction and
deposition of additional metal.

Anderson, J. Am. Chem. Soc., 80, 5083 (1958), teaches
that a silyl hydride functionality can be used as a single
electron donor for the reduction of several transition metal
halides to their ground metal state. The reference teaches
the use of a silane as the source of the silyl hydride
functionality.

Similarly, Frye et al. in US Patent No. 5,281,440 and
WO- 97/46326 teach a method of depositing a metal film on the
surface of a solid which contains hydroxyl groups. The
méthod described therein comprises first reacting the
surface of the solid having hydroxyl groups with a silyl
hydride such as a silane to form silYl hydride on the
surface. Next, the silyl hydride surface is reacted with a
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2 nmetal ion resulting in its reduction and, thus, deposition as a netal
film The process of the above Frye et. al. patents, however, starts
with a surface which contains sufficient hydroxyl groups and these hydroxyl
groups are then silylated by reaction wigh a silane. This [imts the
surfaces onto which the netal filmcan be applied. Mreover, this process
is conplicated, tinme consum ng, expensive and it can result in the rel ease

of byprodugdtsaBuchnasebEhtihgnahl Yt st RedRcRaens agmertaidsy GRIpE i tiewi de
metal tracks with h# Pl esolutlon Wagner et al., Industrial and
Y

Engi neer i ff GhePTsd no- 2, pp. 321 (1952) teach the production,
properties and nbespfocesslofouhexybpdeiﬁEyeTb@ raﬂeuganenﬂsﬂehQWémer,

solutions slastl!GemnoxyudeLle GRchecnedins RIHINGARIIG

t he
reduction vari ous the re ence states trwu éy}lca
coat ed wi tIFewPs caRdo%haser huérgpcya EF@@§§S aEemyhiest fg Iniats
trichl orosida@€i & wi6hsSHr Eatanean rm_ciucqlmﬂc!-.ertrﬁn%m&tﬁwes Qﬁ&.o Ihelch

f t h ei,t | yi t f
Sol ut ons iR cReet BT ke aBeTiedror MREEbvET, TR GRRT crbed
metal fil nsompl sobseédat edme consumlhgveexpwn@h&eowembdtaqanxnﬁxnImN1n
O et 01 eSnd e 2 02B05k! Lo BHLER AKAIHS abhadl OO LA Wl

processes esen I nvent!l on provi des i n one O ItS as
net hod f.orgeRgRhby acwlpﬁr REQVAEeametalmtaRckss Widdy étzelbf@@dﬁm@ss

et al deDOSIthma 88Pr &6 4. 2PPhduke ra apakhar m@m@&tx{lﬂ@ CHaERiiAg, a silyl

hydri de fun re5| nto u e.and.a I n n_.el ectrol ess
pl ati ng sof ﬂf 321 Qig 35 teach %%ey f%é%ctlon,

propertles and uses for silicon oxyhydride. The reference
states that solutions of silicon oxyhydride can be used as
reducing agents for the reduction of various metals.
Likewise the reference states that silica coated with
silicon oxyhydride by a process comprising hydrolyzing
trichlorosilane on its surface can reduce silver and other
ions. The reference does not, however, teach either
applying resinous coatings from solutions which act as
reducing agents for metals or forming patterned metal films
on substrates.

We have now discovered a process for electroless metal
deposition which avoids the problems of the prior art
processes.

The present invention provides in one of its aspects a
method for forming a patterned metal film on a substrate by
electroless metal deposition comprising applying a patterned
coating comprising a silyl hydride functional resin onto a
substrate and applying an electroless plating solution
comprising a metal ion onto the 8ilyl hydride functional
resin coating to deposit a patterned metal film on the
substrate. _ |

By the above method, one can apply metal films on a
wide variety of substrates by simple processes. The



conprising a netal ion onto the silyl hydride functional resin coating to
;,deposit a patterned netal filmon the substrate. By the above nethod,
one can apply netal filns on a wide variety of substrates by sinple
processes. The 3 3 resul tant netal
films can be formed wth very high resolution such that they are useful in
the el ectronics industry. The choi ce of substrates to be coated in the

present invention. s limt onl X S§ hydri de
functi onaFeisé“é‘itr'il nr?ugfeefmiet&ei“?% é/aalgﬁt?% 2@%}@?&?&%@2 u%%ﬁaﬁé&&vi t hout

adver sel yrgsbdsttimp svchstthat jrhewfaxgargeteh br the SLeFREEPAFSt he
substrat e4nihusrf he substrate can be, for exanple, glass, netal, plastic,

ceramic or the |li'ke. It is preferred, howeyer, to coat electronic,.
substrates i nc/i §Qoisa Qfgts“lbi%r(aé:(fst &o éeeé:f’iag:r‘ﬁdc 1&e$ik@e?r&seéitect roni ¢
circuits sutRentddh Heuiltinicadionlyi bycahebfset tbhaitceébe gillyilulmysrsies de
based devices, .focal plane arrays, tQ-ele i Vi ges taic
cells andfb‘ﬁtcitcléinag‘eviegelsn. “_‘%Jt %e&% ?’gt Ias%;élirgq‘r|%r(1:(\et g Igﬁgctsﬁ%%gg%@
deposi.ti owithomtt aldsreameditliaff etk img &hien BEFUCENTSo R tHes relwd g Fs on

of the sulgtiegl® Y faee supstents i ohuef, the subsrbyd cde bancidenal
resin. The resi_n coating can he on one or m)re,surfac%% f..the bstrate.
Fieh a6 an)

The silyl erpaRlGe @diass. iroRAASG n CGTET e P& 158 -any 5 &8 n
which is gaedehaet, hriweyernplticddat Eelectuidce sobstthea tesh dincdiue iargl
provi de sufficient .Si.- cti i ; i r IRE 2, 3
effecti ve%(‘,‘l&t LN ilé'%c%algtéi lr%g%'f St %[q%?ét&élg:fire})rligs%s% Er)eq.ﬁgllteg:gp03| t(.?tgﬁ'.ﬁiqﬁilets
struct ur e suich ke cdgiquiits beardpesifliican Pased Geyicsseh IRddiitdt are known

in the art, b, shayv el #eeA desrd foriall b apier RRSaYE, Ut dpedstitivdrivent i on.
General ly, they have units of. the 'trUCtU%?gicLﬁrﬁng%g@1iCh each Ris
|ndependeﬁFN¢9%$«mé}%ﬁQY{}ﬁﬁhf(ﬁei;s and op

The first step in the electroless deposition of metals
according to this invention comprises the activation of the
substrate_surfacé by deposition of the silyl hydride
functional resin. The resin coating can be on one or more
surfaces of the substrate.

The silyl hydride (Si-H) functional resin used herein
can be any resin which is capable of being applied to the
surface of the substrate and provide sufficient Si-H
functionality at its surface to generate an effective
catalytic coating for the electroless metal deposition. The
structure of the resin is not specifically limited. Such
resins are known in the art but have not been used for the
purpose of the present invention. Generally, they have units

- of the structure:

R,HSIO (3 _p) /2

in which each R is independently an organic group or a
substituted organic group, preferably a monovalent
hydrocarbon group containing 1 to 20 carbbn atoms such as
alkyl (e.g., methyl, ethyl, propyl or butyl), alkenyl or
phenyl and p is 0, 1, or 2. Such resins may also contain

units of the structure:



substituted organic group, preferably a nonoval ent hydrocarbon group
containing 1 to 20 carbon atons such as al kyl (e.g. met hyl, ethyl, propyl
or butyl), alkenyl or phenyl and pis 0, 1, or 2. Such resins may al so
contain units of the structure: 4
[err] in which Ris as referred to abovét and [err] is O, 1, 2 or 3.

Qobvi ously, such resins nust have sufficient crosslinking (i.e., units in
which silicon is bonded t® g:Qr 4 oxygen atons) to be resinous in
structure. The preferr%dlsliym)ﬁ dride functional resins contain units
of the fornmula [err] These resins may be only partially hydrolyzed (i.e
cont ai ni ngirsortei G -KREs | 36 whe Eerred| Eoaabovganradgnods O 3.5 @M Ak ed
organic g u(%kfﬁ.c(dé"fyl’déu&lu 2@&&58@5@ habksyhaf%aeheﬁi @%Uamnﬁmﬁ

propyl, b etc S such \ al kenyl s such as allyl or
vinyl ) whi Q:Jh evmehnb'éﬂdb’él vhigh ?Haigc?ﬁr6§gﬁ°f’ﬂ§do%§’gén°&'t SmOETH a

hydr ol yzat&tﬁ:@é’)bs&datwnfésﬂﬂaéérmaétrabtureondensed (i.e., containing sone
Si-OH). Athou not res nt s.structure hese. resin

contain a small %n‘f‘)’é‘? jfeg‘égﬁ)ﬁ%ﬁ 4% lfncl%/‘an%$ SRR %%{;X\Ahi ch
have eit hamixsrofl Mr@embﬂo:rrs attached thereto due to various factors

I nvolved in their fornatibﬁiey;handling The nost preferred silyl

hydri de functional resins are those which are substantially hydrolyzed and
condensed Tingkdamesime wdy vud wonel Y H&ﬂ{mlly hydrauyszﬂ n(is3, to 10, 000.

These mat et Yol r5%§ %ﬁfb t for
their pro ﬂ%jhngl? V%{gévmé%lg&?hgrhaﬂﬂf@g exa % |$1s etlrgz;l&oﬁ uU. S
Pat ent No.SWesaityyed iergdnidgTRuR uckn o @ing, rféame,xarrwl%/ cHeehged resin
(which MYsuch as methyl, ethyl, propyl, butyl, etc., aryls such as

phenyl, and alkenyls such as allyl or vinyl) which, when

bonded to silicon through the oxygen atom, forms a
hydrolyzable substituent) and/or partially condensed (i.e.,
containing some Si-OH). Although not represented by this
structure, these resins may contain a small number (e.g.,
less than about 10%) of silicon atoms which have either 0 or
2 hydrogen atoms attached thereto due to various factors
involved in their formation or handling.

The most preferred silyl hydride functional resins are
those which are substantially hydrolyzed and condensed and
have the structure (HSiO,,,), in which n is 3 to 10,000.

These materials, known as hydrogen silsésquioxane resins, and
methods for their production are known in the art. For
example, Collins et al. in U.S. Patent No. 3,615,272 teach
the production of a nearly fully condensed resin (which may
contain up to 100-300 ppm silanol) by a process comprising
hydrolyzing trichlorosilane in a benzenesulfonic acid hydrate
hydrolysis medium and then washing the resultant resin with
water or aqueous sulfuric acid. Similarly, Bank et al. in US
Patent No. 5,010,159 teach hydrolyzing hydridosilanes in an
arylsulfonic acid hydrate hydrolysis medium to form a resin
which is then contacted with a neutralizing agent. The



contain up to 100-300 ppm silanol) by a process conprising hydrol yzi ng
.trichlorosilane in a benzenesul fonic acid hydrate hydrol ysis nedi um and
t hen washing the resultant resin with water or aqueous sul furic acid.
Simlarly, Bank et al. in US Patent No. 5,010,159 teach hydrol yzi ng
hydri dosilanes in an arylsulfonic acid hydrate hydrolysis mediumto forma
resin which i's then contacted with a neutralizing agent. The
structure of the hydrogen sil sesqui oxane resin may be what is general]y
known as | gggectuypeot celye-iydeogen r#idseeguionareeifresin may Rg whaty|is
hydri de function resins, it cggggigygg e gtestl . i n US
Pat ent hb.gﬁP35@Eg§7§3%ﬂ%s%§ggo %%Edgﬁéghydroly2|ngbga al koxy or acyl oxy
silane in themeplic, al coholic hydrolysis medium those described in
6?-86?17 and 6ﬁoéﬁ$%23i191 arpafefu§¢ty¢nﬁy?rés&péLumméhwgé ﬁhssaylmﬁgl
al so function herein. -~ .- 'The sjly ride fu i Q [ i ed as
a coating #856rihe z}% BrYengt S%%St’f%%g l&aql:h%n'ts‘ W‘%ﬂ ﬂ%ﬁ%?ﬁ?hn‘%ﬁ%al '
resin coat pagduaadiby apdietyzingrgn nebsexy dus i il @y frakane 6n an o
preferred i 05« i SSL-Ni DG O sl Sper Si heed@Sived i@ di | uent
to forma %”g‘;k{ig?qé-Q#%Jl’%{g%lgtﬁ%‘l\%pigﬁ%nmﬂ%%ﬁ?'e?%% he surface of fhe ..
substrat e. 60-86022 2ndh632188L3Ad R RRY FhehShlekdwdr rf‘?‘bﬁt}%nﬁl '
met hod for £gifl ng; 81Biab FohstoBnansrdsarate by el ectroless netal
deposition conprjstng.app]yi.ng.a gixtucre ¢ [Lsing. | dr i de
functi onal. resiﬂgﬁnﬁgéygiLé@ﬁgdﬁn?%nﬁFéﬂﬁgﬁggféf%n%Sgﬂﬁ%%¥%3h¥%éédiIuent to
evapor at e toataong eocaasunfiacenpf i shagsubsttate hydFhelesilmbthydmideesin and
aPpl Yi NG aPyuELEGbhGh 2285 PhALRE1AG! i e HPPTL S4 h P inidf QEdLréde
silyl hydrlae unc;lonaf resin_coating to deposif a netal filmon the
subst r at e. o¥hpraftirahydr der ¢ EAEF P8 MRFERRQ| HYRRIFRF I TP P AsPoct of the
i nvention aﬁggéﬁfﬁﬁﬁt@h&eﬂe§inuﬁ@aét@in@dnt to fdimuembxwinreh Melyide used
or t

|n this asg?.g:cture lset 21\46\2{);') :E.]eclingcl) uéjl?e aéllyrggggt()@rtfqéXé&ggtggtg.gent S

which wll ] )
As such, a second aspect of the present invention is a

method for forming a metal film on a substrate by
electroless metal deposition comprising applying a mixture
comprisiﬁg a silyl hydride functidnai resin and a diluent
onto a substrate and allowing the diluent to evaporate to
form a coéting comprising a silyl hydride functional resin
and applying an electroless plating solution comprising a
metal ion onto the silyl hydride functional resin coating to
deposit a metal film on the substrate. The silyl hydride
functional resin coating in this aspect of the invention can
be patterned or unpatterned.

Diluents which may be used in this aspect of the
invention include any agent or mixture of agents which will
dissolve or disperse the silyl hydride functional resin to
form a liquid mixture without adversely affecting the resin
or the resultant coating. These diluents can include, for
example, aromatic hydrocarbons such as benzene, xylene or
toluene, alkanes such as n-heptane or dodecane, ketones,
esters, ethers, or dimethylpolysiloxanes, in an amount
sufficient to dissolve/disperse the silyl functional hydride



di ssolve or disperse the silyl hydrjde functional resin to forma liquid
>m xture w thout adversely affecting the resin or the resultant coating.
These diluents can include, for exanple, aromatic hydrocarbons such as
benzene, xylene or toluene, al kanes such as n-heptane or dodecane, ketones,
esters, ethers, or dinethylpolysiloxane® in an amount sufficient to

di ssol ve/ di sperse the silyl functional hydride resin to the
concentration desired for application. Generally, enough of the above

di | uent i sessigu tioo they mepaEICr ol apidafizng fan AR 190 ef erabl y 1-50
Wt . perCelfanerally! NedBughiicE cma)rawfeg dﬂ&;éﬂd yﬂs hyadid de> fAowmi iorel1+ esin
and diluent is then coat ed onto the surf iqs S:Strae CenThe met hod
of coatindkaieight RATTE I HTHT « PRY, fg, & p‘ecoartl ng, spray
coating or fl owrc@aiimradmnpnmmgwg:hemmhetwme gt lomak eeni ng

for selective de o$ (ﬁﬁgerﬁ P oA el ééﬁéﬁ%oené(}?"@i’eersuﬁaecé”ép dgened to be

vmthlnthé: vention. | uent 1s then allowed to
evapor at e a‘lthmtdtee codhenl matthed Af eeing IRED P hdWepdsinqtont Hrited
silyl hydrd té&;@inge%ib %@édﬂ% ﬁl&cia’p\i)i@ B NEL W c&yapmgt i on
may be use s sinple airf y ex ure to an agtbl ent |r9nrrent
or by the Q%ﬁ}ﬁ# @RI IEer 0? eI L PR IR BTt YT O
It is to krpudsdidhate en ﬁcmrtzmséshg hcs»emad dxe sldzb tdemmed g ilbg
period is_m |mvc§§i as_t ?s]f)t'}? |ves of f the sol vent

Al t hough e BT D r| marll focus on using a diluent

facilitated apﬁrmmlmt‘- s:k$|¢1e%ln|¢11 %r‘fovﬁ)‘tﬁ‘WF%’é%g‘Fﬁ‘i‘é et carhed

equi val entg 11@:{_;1 cmtﬁm)dmmféﬁtbfmlgm Erlgydroad are
conterrplategto%e vvltsfnnthe scope of i s, | ¥ W

|
suf fi ci entfWRFGIopRY I FRLR (FRAFURGT Y ns"i”st%bﬁzl%%a‘[‘% hesy ﬁ%leléP the -~
substrat e @y BOAUSE] s EESRAN0s IpTd dnixs animgll@mte@e*ufenmnmal ity at

P oo AL PO byt ot 8 d Wabbinebechsshess
heat (e.g., less than S50°C). It 1s to be noted that when
spin coating is used, the addltlonal drying periocd is
minimized as the spinning often drives off the solvent.

Although the above described methods primarily focus on
using a diluent facilitated approach, one skilled in the art
would recognize that other equivalent means (e.g., melt
coating) would also function herein and are contemplated to
be within the scope of this invention.

Typically, sufficient silyl hydride functional resin is
applied to the surface of the substrate to produce a coating
which has sufficient Si-H functionality at its surface to
generate an effective catalytic coating for the electroless
metal deposition. Generally, sufficient silyl hydride
functional resin is used to produce a coating having a
thickness in the range of about 0.01 to about 10 micrometers,
preferably in the range of about 0.05 to 2 micrometers.

If desired, other optional components may also be
included in the above composition comprising the silyl
hydride functional resin and optional diluent. These
include, for example, catalysts (e.g., Pt, Rh or Cu) or



functional resin is used to produce a coating having a thickness in the
,range of about 0.01 to about 10 mcroneters, preferably in the range of
about 0.05 to 2 mcroneters. | f desired, other optional conponents may
al so be included in the above conposition conprising the silyl hydride
functional resin and optional diluent. Iyese i ncl ude, for exanple,
catalysts (e.g., Pt, Rh or Cu) or 7
fillers such as oxides, nitrides, borides or carbides of various netals and

non-netal s (e.qg., ss, alun na, sili, alal I bQn cat es,
pi gnent s, ré‘ SR3E t'ﬁet’ﬁ‘igé k sor‘r% %%gfa%rﬁ c <#erl al s
such as caidmlcﬁ&e mmysamrdies;orphmt:ils els 1g5- .argiat&tﬂa |3 iy, @ islolgre) used.

One particulard adv u ﬂ]% ?ﬁiﬂ'ﬁ M Clyfcft el tive
whi ch cancr?eld"s é) et gat | ve' rp%a <

|n e| positive t echni ques to form
patterns end m@ulwehye&lm fRARS |Q¥Fi£ﬁn#<‘e§‘i"=ﬁ=€t¥iﬂ-ac %{ﬂ%ttar%te Such

materi al s ano Jfé.@@dsﬁ) Oahidd, YIRSE H1OME idhd thaTlikdmeleralsb dse
negative resi st naterials as exenpllfled by US Patent 5,238,787, EP725, 106,
EP798341 afPEP799858. Such material s include, for exanpl e,

N- et hyl ni f edi pome, pbeaigmlsaliaoamm;a@equalwmrbalrmmomm@xi%le%
b h o I th
enzop e”?ﬁ'}r c?\gg?s%)&?ﬂ?e“ avrﬁiél‘?”c?éna:f@ ddb | 1% 1 thier BACHSE UISSH W

t hese neg S gener al conpri ses- n1X|n t he, S|IyI
hydri de fumgatiee resistieshriguendio J@“eﬁﬁfr"ﬁw pths vk ni xture

as a coat 'rgﬂdﬁhé @uﬁé@f&ﬁé‘i%eéiﬁ&%%hé‘%@bé@ié@éﬂ @udianoetialswi t h,
for exanpl a radlatlon source and a nggq wherei.n the raq%gtéonrs urce
causes cr R4 iMREREAST PR LRFIT HER AFT JHN oy TR PTY nsi T the

non-r adi ateee (Megat Lvaesstshkedatesial giad exaglihiedrbyiUsigaténte.
devel Oprfen%)nghiéé? ?ﬁ?;ﬁ;\%%ﬁéo%;gé?i?eaéé’rm‘j)@@sgf %éﬁfﬁéﬁ’eéims _

tracks on 1he su are use I nst ance, he el ectronic
i ndustry. Sielvde) yfopoekampbe r dirmethylnifediRinte %ﬁ%ﬁykd%ﬁﬁb?ﬂaPﬁﬁ'art

Typi cal |y, pdh -0t OSHEEmAEEL ! | ¥ESoRI Bels MeniBSNeRbRes, acetophenones,
silanes and the like. The process used w1th these negative
resist materials generally comprises mixing the silyl hydride
functional resin w1th the photocure additive, applying the
mixture as a coating on the substrate, irradiating a pattern
on the coating with, for example, a radiation source and a
mask, wherein the radiation source causes crosslinking of the
irradiated resin, and then rinsing off the non-radiated (non-
crogslinked) resin with a solvent or diluent (i.e.,
development). This process allows for the formation of
extremely fine tracks on the substrate which are useful, for
instance, in the electronic industry. Similarly, positive
resist techniques are also known in the art.

Typically, if photocure additives are used, they are
used in an amount which, upon exposure to radiation, produces
sufficient cross-linking in the silyl hydride functional
resin to prevent its removal during development. Generally,
photocure additives are used in an amount of between about
0.01 and 10 weight percent based on the weight of the resin.

If desired, the silyl hydride functional resin coating
may be rendered insoluble in solvents to inhibit damage to,



used in an anobunt which, upon exposure to radiation, produces sufficient
.cross-linking in the silyl hydride functional resin to prevent its renoval
during devel opnent. Generally, photocure additives are used in an anount of
bet ween about 0.01 and 10 wei ght percent based on the weight of the resin.

| f desired, the silyl hydride functionalgresin coating may be rendered

i nsol uble in solvents to inhibit damage to, _ or renoval of, the
resin coating during the electroless plating process (e.g. , the solvents in

t he electroless 1 \ bis can be
acconpl i sHed g‘f%ﬁ EFprf %S%Sﬂ?%g"“% %r{i%ﬁ %ﬁa% UReT T onal resin
coati ng t(plzm:sxeg gama:ms cleing. e goluents yln sliﬂlétl%le%@'r‘%l%%l tives such
as phot Ob?ﬁgﬁﬁﬁg SESs & Ay A RHA LRI ddie 1185) N fakd Hvsath e

|

activatio ationto partiall ure the resi ng. . . If the
silyl hydraeRomRbhEsheR Y r &% %’%ﬁl?l«t%: afehe Fhe rﬁ’sl)éﬁg 1Gig‘”a‘é%orrpl i shed
at any termﬁﬁél&wﬁaﬁrhﬁbsk{hafb‘atﬁrwg rmmﬁseie;samﬁchbrmﬂ@ the silyl

hydri de f tion r enai ns; in the
range of g@gﬁ?r’%‘% Ja%bu'?p%céjfﬁ_lers‘]e ea/pen%l%&s osq‘@ﬁ f%gﬁf a? nospher e
(e.g., ai rgeﬁmt@rsmmmtlwwc@teﬂc} irettthy reqin rﬂOJel%W‘?dd%d heat i ng
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radi ant or m crowave energy, etc.). Heating is generally conducted for
several seR@Mekn¥p to several hours (e.g., 2 seconds to 3 hours) and the
rate of heatingrfschets£lyli Bgdrbae, fuhct$oﬁaitrp@mmncﬁﬁtungimseferred to

heat as rapidly,as,possible u 0 y; @l so be
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atmosphere (e.g., air, 0,, an inert gas (N,, etc.), H, etc.)
and heating technique (e.g., convection oven, rapid thermal
processing, hot plate, radiant or microwave energy, etc.).
Heating is generally conducted for several seconds up to
several hours (e.g., 2 seconds to 3 hours) and the rate of
heating is not critical but, it is most practical and
preferred to heat as rapidly as possible. Other techniques
such as radiation may also be used herein.

. In another embodiment of the invention, the ccating of
f.he silyl hydride functional resin can be patterned after its
deposition. This can be done with resist materials and by
methods known in the art. Such resists include, for example,

- OMR-83™ resist (a bisazido containing rubber) produced by
Tokyo Ohka Kogyo.

In yet another embodiment of the invention, the coating
of the silyl hydride functional resin can be coated with
resist materials by methods known in the art followed by
removing a portion of the resist to expose the silyl hydride
functional resin for electroless plating as described below.
Such resists include, for example, OMR-83™ resist (a bisazido
containing rubber) produced by Tokyo Ohka Kogyo. Generally,



Tokyo Ohka Kogyo. In yet anot her enbodi nent of the invention, the
coating of "'the silyl hydride functional resin can be coated wth resist
materials by nethods known in the art foll owed by renoving a portion of the
resist to expose the silyl hydride funciional resin for electroless plating
as described bel ow. Such resists include, for exanple, OVR-83[err] resist
(a bisazido containing rubber) produced by Tokyo Chka Kogyo. Cenerally,

9 such a nethod ¢

oat g, SHORyT e EREE SRy BB aRR e e s UL MR pRBs SRR D

resi st byre\asmngaoiﬂgt h@mbﬁlngr@cﬁalf%%llfﬁésllslfr%@l%&h%é*t%éf%ﬁ#%ﬂ hydri de

functionalng aéoelo i T@ﬁe ?&i&@'@?%@é@iﬁ@%ﬁ@'t&é%ﬁmicﬁlﬁtm
applied to the sil ? ﬁ?

unctjonal coatin refﬁrablz’é‘g however, the
si |yl hde?ﬁésFUEEt?EH%Fecﬁ%flﬂblY§ ?Y@%%decfﬁﬁﬁﬂl eeted layer of
netal . This 'seghé’ eLeyeromasuspMaa$ngheorathbgstc&nrthemtberappkiedoﬁqss

e ng (HheosRly EyaHLERTRanCRIBAL Joal iy, SCBflrePUBLy| hdfRASE! od Y

coating t e functrronal resin ¢ g seed] ng
sol ution. tEﬁchléUﬂthdnsdgeﬁenathynebn9¢¢%enatl$e srsh eeatediwith such

met al 'Onssééa‘rQQVE?doPYméEQIS'|¥hlgydééQ&'fP ét0ﬂ§|ﬂ§dda£9 thdus, the
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based on
mercury, copper, iron, tantalum, zinc, nickel, cobalt, lead,

uranium, bismuth, osmium, ruthenium, antimony, chromium,
nmixtures and alloys of the above and the like. Preferred
for the ‘seed’ layer is palladium.

Suitable sources of metal ions include salts of the
metals. These include, for example, palladium chloride,
palladium acetate, copper sulfate, copper nitrate, copper
chloride, copper bromide, silver nitrate, silver sulfate,
mercury bromide, wvanadium chloride, platinum chloride, gold
cyanide, and the like. Typically, the metal salts are
present in the ‘seeding’ solution at concentrations in the

~ range of about 0.001 to about 10 weight percent based on the
weight of the seeding solution.

The ‘seeding’ solutions also often contain solvents for
the metal salt and any other additives which may be useful
for depositing the ‘seed’ layer of metal such as, for
exXample, other agents used in the electroless plating
solutions below. ' |



wei ght of the seeding sol ution. The 'seeding' solutions also often
contain solvents for the netal salt and any other additives which may be
useful for depositing the seed |ayer of nmetal such as, for exanple, other
agents used in the electroless plating solutions bel ow.

10 The solvent can be aqueous or;4t can be-an organic liquid as
appropriate for the netal salt. Such organic |iquids can include ,for
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temperatures of 30 to 200°C. Deposition can take from
several seconds (e.g., 2-10) up to many hours (e.g., 48
hours) depending on the reaction kinetics and the desired,
film thickness. Preferably, the reaction will occur in from
about 15 seconds up to 3 hours.

After deposition, the substrate can optionally be washed
to quench the ‘seed’ layer deposition process. Any suitable
washing solution can be used for this step, but generally it
comprises the diluent for the metal salt.

If desired, the ‘seed’ metal layer can be heated to
increase its atCachment.to the substrate and stabilize the
underlying resin coating to the electroless plating solution.

- This is typically used, for instance, where a highly alkaline
electroless plating solution can damage the resin coating.
Heating can be performed, for instance, at temperatures of 50
to 500°C for S minutes to several hours (e.g., 3 hours).

Typically, sufficient ‘seeding’ solution is applied to
the silyl hydride functional resin to produce a metal layer
which is sufficient to catalyze the electroless metallization
as described below. Generally, sufficient ‘seeding’ solution
is used to produce a metal layer having a thickness in the



to 500[err]C for 5 mnutes to several hours (e.g., 3 hours).

Typically, sufficient 'seeding" solution is applied to the silyl hydride
functional resin to produce a netal |ayer which is sufficient to catalyze
the electroless netallization as described bel ow. Generally, sufficient
"seeding, solution is used to produce a.getal |ayer having a thickness in
t he range of from about a natom c | ayer to about 100

m croneters. The el ectroless plating solutions can then be applied to

t he substrate having the silyl hydride functional resi ing or, if
deposi t ed F&#e '%éee%"o‘? a%#é‘?“%fa r%?%ﬁ@m-’ﬁ Pk ?ﬁ)g a@’o‘f“{h ﬁb S generally -
conpri se atidmasdtersal ions. Such netal ions react with the silyl hydride
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to catal yze thgfqée%%%ﬁ?%ﬁégégtgfél%ejf%#%r esu tﬁ%a{‘.%&t e %Ie@%sl% oﬁg%f@% he
pl ati ng nethe supbstratenhbaving Spiiatle hxlride sumiieral wesin
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exanple, p oride, copper s ate, copper. nitrate, copper
chlori de, <pprzorohe deedycriepr aft Fheemesaly gesyditdage imdthdury broni de,
vanadi um dgds eioR! 8f1 BHE phheihgemegalldagyanitdam wirChttle Bl atgobal t
Sal s ar o Pt HeearertBiparceatBRaiRy kofi FERARAY Ry ot ons i n
t he range sifldmoutpla®idumo abbaltiOzaeeghtipendum, beswiixyn tdupper ght of
the el ectralges PlALhfono0LIhEON1cad, LIHRIBHECHIBNRIS RGHY, sol utions
al so often contain solvents tfor the netal salt, suitable reducing agents,
chromium, bismuth, osmium, ruthenium, antimony, mixtures and
alloys thereof and the like. Preferred are copper, silver,
nickel and gold.
Suitable sources of metal ions include salts of the
metals. These include, for example, palladium chloride,
copper sulfate, copper nitrate, copper chloride, copper
bromide, silver nitrate, silver sulfate, mercury bromide,
vanadium chloride, platinum chloride, gold cyanide, nickel
sulfate, cobalt (II) chloride, cobalt (II) sulfate, and the
like. Typically, the metal salts are present in the
electroless plating solution at concentrations in the range
of about 0.001 to about 10 weight percent based on the
weight of the electroless plating solution.
- The electroless plating solutions also often contain
solvents for the metal salt, suitable reducing agents,
bases, complexing agents to solubilize the metal salt and
special additives to control the solution stability and
plating rate.
The solvent can be aqueocus or it can be an organic
liquid as appropriate for the metal salt. Such organic
liquids can include, for example, alcohols, ethers, ketones,
alkanes and the like.



bases, conpl exing agents to solubilize the netal salt and special additives
.to control the solution stability and plating rate. The sol vent can be -
aqueous or it can be an organic liquid as appropriate for the netal salt.
Such organic liquids can include, for exanple, alcohols, ethers, ketones,
al kanes and the |ike. 12 .
Exanpl es of reducing agents include forﬁﬁldehyde, hydr azi nes, am nobor anes
such as di net hyl am ne borane, borohydri des, hypophosphites dithionites,
sugars and the like. Typically,, the reducin are in the
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and salts t eo tetranmet apnoni y |de a s and
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‘golution.
Examples of complexing agents include ammonium chloride

and hydrochloric acid, tartrates, ethylenediaminetetraacetic
acid (EDTA) and salts thereof, tetramethylammonium
hydroxide, alkanolamines and the like. Typically, the
complexing agents are present in the electroless plating
solution at concentrations in the range of about 0.01 to
about 10 weight percent based on the weight'of the
electroless plating solution. ,

Examples of special additives include stabilizers such
as mercaptobenzothiazole, thiourea, sulfur compounds,
cyanide or ferrocyanide salts, mercury compounds,
molybdenum, tungsten, heterocyclic nitrogen compounds,

- methylbutynol, pfoprionitrile, molecular oxygen and the
like; rate enhancers such as ammonium salts, nitrates,
chlorides, chlorates, perchlorates, tartrates, wmolybdates
and tungstates; and other commonly used ingfedients such as
surfactants, organic acids such as hydroacetic acid, iactic
acid, citric acid, malonic acid, malic acid and propionic
acid and materials such as sodium acetate, sodium fluoride,
sodium pyrophosphate, thallous nitrate, boric acid,
hydrochloric acid, glycine, sodium lauryl sulfate, lead (II)



chl orides, chlorates, perchlorates, tartrates, nolybdates and tungstates;
.and ot her commonly used ingredients such as surfactants, organic acids such
as hydroacetic acid, lactic acid, citric acid, nalonic acid, malic acid and
propi onic acid and naterlals such .as sodlun1acetate sodi um fl uori de,

sodi um pyrophosphat e, thal |l ous nitrate, 1Boric acid, hydr ochl ori c aci d,
glycine, sodiumlauryl sulfate, lead (I1)

13 i on, sodium carbonate, nethyldichlorosilane, sodiumcitrate, ammonium
chl ori de, ianmmpriadiwul datleonave; umeshgtdnahdoxod ideadieumsodifumt axithaieal | vy,
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plating solution. It is also often desirable to heat the
electroless plating solution for more rapid deposition of the
metal film. This can be, for example, at tempefatures of 30
to 200°C. Deposition can take from several seconds (e.g., 2-
10) up to many hours (e.g., 48 hours) depending on the
reaction kinetics and the desired film thickness.

Preferably, the reaction will occur in from about 15 seconds
up to 3 hours. '

If desired, more than one layer of metal film may be
applied. Likewise, if more than one layer of metal film is
applied, the layers may be the same or different metals.

After deposition, the substrate can optionally be washed
to quench the electroless deposition process.  Any suitable
washing solution can be used for this step, but generally it
comprises the diluent for the metal salt.

If desired, the metal film can be heated to increase its
attachment to the substrate. Heating can be performed, for
instance, at temperatures of 50 to 500°C for 5 minutes to

several hours (e.g., 3 hours).



washi ng solution can be used for this step, but generally it conprises the
diluent for the netal salt. | f desired, the netal filmcan be heated
to increase its attachment to the substrate. Heating can be perforned, for

i nstance, at tenperatures of 50 to 500[err]C for 5 mnutes to several hours
(e.g., 3 hours). 14 14 Typi cal ly,
sufficient electroless plating solutionis applied to formthe desired
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for example, as electrical conductors.

The present invention provides in a third aspect, an
electronic substrate having a metal film on a surface
comprising an electronlc.subs;rate having a surface; on the
surface of said electronic substrate, a coating comprising a
silyl hydride functional resin; and on said coating
comprising a silyl hydride functional resin, a metal film.

In order that the invention may become more clear,
there now follows examples illustrative of the methods of
the invention. Unless indicated, all parts are by weight
and all viscosities are at 25°C.

Example 1 - Deposition of Hydrogen Silsesguioxane Resin
Coatings
- (A) Thin coatings of hydrogen silsesquioxane resin

were applied on the surface of silicon wafers by spin
coating solutions of FOx™ 14 (14 wt. % hydrogen
silsesquioxane resin made by the method of Collins et al. in
US Patent No. 3,615,272 in methylisobutyl ketone) at 800 rpm
for 0.6 seconds and 4000 rpm for 10 seconds to give a
coating with.a thickness of approximately 0.2 micrometers.
The coated wafer was then heated to 200°C.



coating solutions of FOx[err] 14 (14 w. % hydrogen sil sesqui oxane resin
.made by the nethod of Collins et al. in US Patent No. 3,615,272 in

nmet hyl i sobutyl ketone) at 800 rpmfor 0.6 seconds and 4000 rpm for 10
seconds to give a coating with a thickness of approximately 0.2

m croneters. The coated wafer was then heated to-200[err]C. .
15 (B) Oher silicon wafers were Tbat ed with hydr ogen sil sesqui oxane
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manner #Cé ﬁc B S’“‘&?x Iac d het.ween .t he (g{ce an tEhe
hydrogen sFFERES Qné E"o'atl n Ffjd‘é’lé’ﬁ PG PGS HEIFRE Wien
t he coati ngs tz\héerésual)oaedSO\oaaipedfdm Bhsb@:kxm{dmaearm 2200 arponeficar 1t ck

patterned coablage "aRY Leduings vekl BrlleRAMGCIR FhehiChodche

Si | sesqw OXahe resin coa roceaure o
OVs- 83 resThe[epa]:inersowy@eoﬁmnmgy@}hes@ép oxa$ tsmvr@gﬁ Widdntnrel ®skhe

coat i ngs at4590mwmu¥ At BH5LCcRAS aﬁﬂe5éQQtiﬂ§beéré)otﬁéﬁoﬁg§t baked
resultant coatip {)rebacked at 80[err]C for
at 80 for minute Finally, the coatlngs were rinsed
with toluene. The resultant coatings were approximately
0.42 micrometers thick.

(D) silicon wafers with patterned hydrogen
silsesquioxane resin coatings were prepared in the same
manner as 1(C) except a UV mask was placed between the UV
source and the hydrogen silsesquioxane coatings during
irradiation to form a pattern. When the coatings were
developed (washed) with toluene, 0.42 micrometer thick
patterned coatings resulted.

(E) Silicon wafers with hydrogen silsesquioxane resin
coatings were prepared by the procedure of 1(C). OMS-83
resist ™ (Tokyo Ohka Kogyo) (60cp) was then spin coated on
the coatings at 500 rpm for 3 seconds and 5500 rpm for 20
seconds. The resultant coating was prebacked at 80°C for S
minutes. The coatings were irradiated (4.8 mW/cm® at 254
nm) for 2 seconds with a mask as in 1 (D). The coatings
were post baked at 80°C for 1 minute. When the coatings
were developed with toluene, 0.3 micrometer thick patterned
coatings resulted with no damage to the hydrogen

silisesquioxane resin coating.



m nutes. The coatings were irradiated (4.8 mWcnierr] at 254 nm for 2
seconds with a mask as in 1 (D). The coatings were post baked at 80[err]C
for 1 mnute. Wien the coatings were devel oped with tol uene, 0.3 nmicroneter
thick patterned coatings resulted with no damage to the hydrogen

sil 1 sesqui oxane resin coating. 16 Exanple 2 - Preparation of

" Seedi na' Solutions and Surface Catal ysis ' Seedi ng' solutions were
prepared by m xi ng the conponents in the fornmulations listed in Table 1.

lggsgugf' “ﬁ:kgﬂggé’e‘ée fblrgﬁrﬁ?ﬁt‘i%nr grfo"\"s ter%ﬁ_qu%% %oi\%gféﬁ§8#aeleu£@agsnts of
t he hydrog§§5§l1§é§QU|oxane coatings prepared in Exanple 1 (A-E) by

i mersing the C@Qéaélalgl'l €8N uA LRSS Wetled Pritparedlitie wokithy OPRe The seeding
sol utions were used at, m tenper.at yre unl.ess ot herw se |nd|caged in Table
1 Follomnn§°WHﬁBF§F5nlntﬁ es&ﬁ%ﬁ@% ﬁ&lﬂﬁﬁf i¥h BAR+Her et RERBR (for
met hanol bastdtsohst weks) falteaedr tof aremuptes it tzasedl ob| nbn ods$sabdeshen

all owed to € then cured by heating to a

tenperatureg%¥e§gg[gﬁa]glugg Eﬁ& éﬁ%hccessful deposition of the reduced
netal onto the TheBgceseRding’ hpedugdons IwsrsyArpdird renta eaahi af whs
j udged quaﬁy&ﬁé?xﬁlﬁlhﬁe%aﬁleQéaﬂedd&ﬂyﬂgy ﬁ?eﬁiFéé“Eﬁaéﬁaﬁﬁiéoﬂ‘@ﬂ E)

i mer si on |nto he netal .i'on solutiaq results, are sunmari zed Tabl e
1. by immersing the coated 51 icon wafers into the seedlng

solutions. The eeedlng solutlons were used at room
temperature unless otherw1se indicated in Table 1.

Following immersion, the samples were washed with either
methanol (for methanol based solutions) or water (for water
based solutions) and then allowed to dry. The seeding films
were then cured by heating to a temperature of 300°C.

The successful deposition of the reduced metal onto the
surface of the hydrogen silsesquioXane resin coating was
judged qualitatively by the change in color of the surface
following immersion into the metal ion solution. The
results are summarized in Table 1.



17 Tabl e | Sol ution Result (A) 0.12 g

-pal I adi um (11) CGeneration of a palladium chloride 100 mi
met hanol filmon the surface in
|l ess than 1 minute. (B) 0.15 g palladium (I1) Generation of a
pal | adi um chl ori de 17 filmby heating the - 0.03
g amoni um chl ori de "seeding' solution to 2 drops conc. HG
90[err]C for 10 m nutes. 100 M distilled water (C) 0.005 g di sodi um
Generation of a platinum tetrachl oroplatinate (I1) filmby
heating the 20 M distilled water 'seeding’ solution to
90[err] C fable® Tinutes. (D) 0.6 g silver (1) nitrate Ceneration of a
silver - 50 mM distilled mater filmby heating the
' seedi ng’ solutlon to 90[err]C for 10
m nutes. ¢ 6 Nomneicivica o3e
1.62 g tetmomadhy& @T@i\lhﬁﬁlum (a:yam de Gechlm]atammrmﬂjra malr]msdrmn
50 m dlstllled ter F. ent copper |t on
obser ved. %ﬁ+ %%8 ePeEﬁgSS%xcess ggék%nnlunfimgiaie 1 drop
conc. Ammoni um hydroxide (pH<ll) (G 0.3gsg §dag U miapdhs de No
deposi ti onipbserye 1184 amg(&@srarret hyl o d0iARd) pal 1 & HRPS
t et r amet hyﬁée)ljnnonll\!um A/%rom g 25 wt. % |€] vvatbe )h (? m- distilled
wat er chlori eat:.ng
0.03 g ammonium chloride ‘seeding’ solution to
2 drops conc. HCl 90°C for 10 minutes.
100 ml distilled water
(C) 0.005 g disodium Generation of a platinum
tetrachloroplatinate (IT) film by heating the
20 ml distilled water ‘seeding’ solution to
90°C for 10 minutes.
(D) 0.6 g silver (I) nitrate Generation of a silver
S0 ml distilled water film by heating the
' ‘seeding’ solution to
90°C for 10 minutes.
(E) 0.17 g copper (I) chloride No deposition observed.

1.62 g tetramethylammonium
cyanide
1 drop ammonium hydroxide
S0 ml distilled water
(F) concentrated copper (II) No deposition observed.
- chloride in water '
excess diammonium taxtate
1 drop conc. Ammonium
hydroxide (pH<11l)
(G) 0.28 g gold (I) cyanide No deposition observed
0.52 g tetramethyl ammonium cyanide
6 drxops -tetramethylammonium hydroxide
(25 wt. % in water)
50 ml distilled water



Exanple 3 - Preparation of Electroless Plating Solutions and Plating

Process El ectrol ess plating solutions were prepared by nixing the
conponents in the fornulations |isted bel ow (1) - 0.4.3 g copper (I1)
sul fate - 1.73 g dianmoniumtartate - 15 m

t et ranet hyl anmoni um hydroxi de (25 wt. ajqign wat er) - 85
m distilled water - fornaldehyde (31 wt. %solution in water)
added at a ratio of 1 part formal dehyde to 60 parts

copper solgi.i ] - : : ' d at
30[err] C 2. ye op ngﬂ{{@{égg - go g
et hyl enedisa bt 8EECc acid (EDTA) di ammoni um sal t hydrate

- 23 m tetranetﬂjyéaﬂfr@néym ?!d&@i&gd%oﬁ.ail\&xe Yeire prepared MRt ding

- 77 m distilled wa 3 mal dehé @%% " % solution in

wat er) ad C°mp°nent§tlﬁ Fhei §opmu a5APRS; drREREe RAE 0 60 part s

copper sol ution{Just- befonegthepberh(Es)usadfate Fornmul ation used at
50[err] C, pH=12.5 % an&%oglﬁﬁpgﬁthEE chl ori de - 1.62 g
tetranethylannnnlun1cyan| conc. ammoni um hydroxi de (25
Ww. %in wat &) ml1 tetramethY%mmpneugt ydxexdgieer(25 wt. % in ]
m formal dehyde (37 wgte§©solut|on I n water) added just before

the bath is used. 1 Eormy thpn %sed at 90[err]C pH = 10.5
(1V) (i) 0.62 g silver8Plnfiipkilled wa 50 m distilled water
(ii) 12 M conc. Anmenformh}dehydde (80nwai.ngngodution in watd)gladdse

at a ratio of 1 part formaldehyde to 60 parts
copper solution just before the bath is used.
Formulation used at 30°C; pH=12.5

(II) - 0.62 g copper (II) sulfate
- 3.0 g ethylenediaminetetraacetic acid (EDTA)
diammonium salt hydrate
- 23 ml tetramethylammonium hydroxide (25 wt. % in
water) |
- 77 ml distilled water
- formaldehyde (37 wt. % solution in water) added
at a ratio of 1 part formaldehyde to 60 parts
copper solution just before the bath is used.
Formulation used at 50°C; pH=12.5

(III)- 0.17 g copper (I) chloride
- 1.62 g tetramethylammonium cyanide
- 1 drop conc. ammonium hydroxide (25 wt. % in

- water)
' - 50 ml distilled water

- 1 ml formaldehyde (37 wt. % solution in water)
added just before the bath is used.
Formulation used at 90°C; pH = 10.5

(IV) (i) 0.62 g-silver (I) nitrate

50 ml distilled water

(ii) 12 ml conc. Ammonium hydroxide containing 2 g

D-gluccse



19 1g (i) nixed with 1

g (i1i) just prior to use.
Formul ation used at 40 [err]C (V) - 0.28 g gold (I) cyanide
- 0.52 g tetranet hyl ammoni um cyani de - 6 drops
t et ramet hyl anmoni um hydr oxi de (25 wt. % I n water) - 50
m distilled water - small a nt of fornmal dehyde added j ust
before use Fornul-atidon used at 90 [err]C These

solutions were prepared just prior to use to nmaxim ze performance. The

sol utions appeared to be,guite_ stabl 1 th . | . plating. qut. up to 3
hours after preparaf}d%.(l) m %s%lng%t?oFg%gEéﬁgFiﬁggggl&%i%ﬁ?nmere
deposited onto the hEarwgbat §ohsesedi akafk® Datings having the 'seed' netal

| ayers preparedypn Eza@pﬁg-g'?glénﬁfysgpgngag resul tant silicon wafers into
the el ectrol ess platiqg solTUtTons at the tenperatures |isted above. Heating

was provided by a cont9ob?ed FOErHREERYhaBHNORLESHCYBRdORONS were used for
each plating. Follow ng §reEsstefrahéEhfaanneaivRr Ryduerdded (2% ditstig | ed
wat er, washed with water and,then allowed to dry. The results are presented
in Table I1. in water) 20 Table Il

Deposited Metal - 50 ml distilled water

- small amount of formaldehyde added just before
use ' ,
Formulation used at 90 °c

These solutions were ptepared just prior to use to
maximize performance. The sclutions appeared to be quite
stable with no metal plating out up to 3 hours after
preparation. _

These electroless plating solutions were deposited onto
the hydrogen silsesquioxane coatings having the ‘seed’ metal
layers prépared in Example 2 by immersing the resultant
silicon wafers into the electroless plating solutions at the
temperatures listed above. Heating was provided by a
controlled hot water bath. Fresh solutions were used for
each plating. Following immersion, the samples were
quenched in distilled water, washed with water and then
allowed to dry. The results are presented in Table IT.



Seebing copper Silver . Gol d Sol ution A

.Site specific Slow, site specific Slight change deposi tion;
deposi tion, but in colour (to Hi gh quality but no netallic
yel | ow) with netallic lustre (grainy i ndi cated very

| ustre' deposi tion) slqﬂsdeposition B Site
specific deposi tion; Not as fast Not tested

Not tested as sanpl es treated with (A[err]
C Very fast, Not tested Not tested but not
site Table Idpecific[err] D Sl ow and not Slow, site

Not tested site specific[err] specific

deposi tion, {

nmetallic lustre Depggit{%;%ﬁES;deposition 1 = Copper

el ectrol eseeghiagi ng sol utdappen , |1 and $43ven = Copper el ec%?l)fiess pl ating

sol ution k. - 21 Exanpl e 4
Si ngl e Stgg gi%&%% Deposition on Patterned :

A Site specific Slow, site specific Slight change
| deposition; deposition, but in colour (to
High quality  but no metallic yellow)
with metallic lustfe (grainy indicated very
lustre’ debositioﬁ) slow deposition.
B Site specific
depoéition;
Not as fast Not tested Not tested

as samples
treated with

(a)?

C Very fast, Not tested Not tested
but not site
specific?

D Slow and not Slow, site Not tested
site specific?® specific

deposition,
- but no

metallic lustre
{(grainy deposition)

=~
[

Copper electroless plating solutions I, II and III

[\
1l

Copper electroless plating solution I only



Hydr ogen Sil sesaui oxane Resin An el ectrol ess plating solutions was
_prepared by mxing 0.62 g silver (I) nitrate, 50 m distilled water, 12 mni
conc. ammoni um hydroxi de containing 2 g D-glucose. This solution was
prepared just prior to Use.to maxi m ze perfornmance. This el ectrol ess
pl ati ng solution was deposited directly 8hto the hydrogen sil sesqui oxane
coatings prepared in Exanple 1 (A-E) by imersing the coated silicon wafers
.into the electroless platlng léolutlons at 40[err]C Heatlng was provi ded

by a contre i e

quenched |H_ rekyen ad: uloxgﬁgxhégiﬁ mater and t hen allomed to dry.
fesulted after X Ztsa{!;;r'e% i, sofutions Sdd prépdrlaly' Rlxihng
Claims 10.62 geshdoeior(Momiitimatee pB0 enhedises bledi waten, alguhdtrate by

el ect ol esgofiRl Aanfiendtid Ihﬁ)&r&&%@%&{eéﬁ%}%ﬁh@ gfuggggod Chgmri ses:

applying a patterne conprising a si nctional resin
onto a sub&PrutécBnyas prepszed li¥§ﬁ1Rﬂ%ﬁ%r%?é%%epF%Imﬁﬁlngﬁt|on
COWpFISIngpérﬁBEﬁbanﬂ onto the silyl hydride functional resin coating to

Co Glaim 1 furt RO ocRIF AP o oRe BIRRITY THITTPY A5 FPRBRH Bt | onal r ol n
i s hydr ogedisektdyqontrather dyidroger8.siVsemyibokame ocoanings treparédor 2
further chapaglgrb$8d1 (A-E) by immersing the coated silicon wafers

.into the electroless plating solutions at 40°C . Heating

was provided by a controlled hot water bath. Following

immersion, the samples were quenched in distilled water,

washed with water and then allowed to dry.

A high quality silver film with a metallic lustre and

no grainy texture resulted after 30 seconds of immersion.



in‘that the silyl hydride functional resin coating is heated prior to .
_applying the electroless plating solution. 4, A net hod according to any
precedf%ﬁ‘tréfnr%ﬁF%heL_nharacterised in that the netal ion is derived from
a netalJnm el ectrol ess plating solution also conprises one or

nore matf "Nﬂ”i&ﬂ%ﬁ“{;omthe group consisting eof solvents for the netal
salt, reducingta . 1S€es, conplexinﬁzagents to solubilize the netal
salt, surfactants and additives which control the solution stability and

plating rate of the solution.. 5. A nethod according to any preceding
Claimfurther characterised in that tﬁ%é%@%strate conprises an electronic
substrate. - 23 6. A nethod

accordi ng, to: any cedi.n aimfurther. . .ch ised-d4, that a netal
seedi ng sbf ut | nm%gﬁﬁgi SP%ggS‘f'r%‘g%‘% 3 %ﬁtsce_ aﬁﬁfﬁf‘%@%ﬁﬁl@“ s‘%}?y;]i hydri de
f unct i onadubssrateokyi ajectrddpesi megaded¢pastidiidray adharagrerbSePptRi ng

the el ect gg@s?hglaé“ﬂgdsggﬁ k9Bes: /- A nethod according to Claimé6
further characterised 1n that the seed netal |ayer s heated Erio

. - _ {
appl yi ng the ekeRlydngs3d PRECEEGCSSOCOALIMNI COPPTILIRG b f r%Waﬁlaﬁ any
pr ecedi ngeghet phHLt beEishantet ar sadétiratiehaind he coating conprising the

silyl hydride functional resin.is.deposiited b Vil

conpri si ng theagPiy%nﬁyaPi8@?F&ﬁ8%ﬁ§ﬁaP%éiﬁ%?@§§¥4§%ﬁ#ié§1 %%%{g?lgmﬁng

t he dil uanétdd tompontibethe silyl hydride functional resin coating to
deposit a patterned metal film.on the substrate. '

2. A method éccording to Claim 1 further characterised in
that the silyl hydride functional resin is hydrogen

silsesquioxane resin.

3. A method according to Claim 1 or 2 further characterised
. in that the silyl hydride functional resin coating is heated
prior to applying the electroless plating solution.

4. A method according to any preceding Claim further
characterised in that the imetal ion is derived from a metal
salt and the electroless plating solution also comprises one
or more materials selected from the group consisting of
solvents for the metal salt, reducing agents, bases,
complexing agents to sblubilize the metal salt, surfactants
and additives which control the solution stability and

~ plating rate of the solution.

5. A method according to any preceding Claim further
characterised in that the substrate comprises an electronic
substrate. '



Claim8 further characterised in that the silyl
hydrlde resin sol ution al so conprises a phot ocure additi ve. 10
A meth (mg@"m&g y preceding Claimfurther characterised in that the
silyl ri resin coating is patterned with a resist material.
11. A nethod accordlng to any preceding, Caimfurther characterised in that
the nmetal ion in the electroless platlgﬁasolution Is selected fromthe
group consisting of paIIadiun1 tin, rhodium gold, silver, platinum
cobalt, zinc, titanium nercyry, cop i ron, tant | um , | ead,
urani um & cket @ taCEﬂFah%EnfobggﬁuPﬁ'ecﬁgﬁ% %éﬁﬁeﬁnti nony,
and m)dlﬂhﬁtéﬁtbfdé@&Slhhehaofa nmetdl Aaedhagt@mmutrnﬁxndmﬁfnimwgng a
metal filmo ce of.. . chara h t r med
accordi ng ?toﬁaalrr%l?ho% %grfélsnént gﬁgng‘%& gdﬂ&ﬁ %n&%gﬂgi“ résL?
coating to dep031t a seed meta 1ayer prlor to applying the

electroless platlng solution.

7. A method accordlng to clalm 6 further characterised in
that the seed metal layer is heated prior to applying the
electroless platlng solution.

8. A method according to any.pfecediné Claim further
characterised in that the coating comprising the silyl
hydride fungtionél resin is deposited by applying a mixture
comprising the silyl hydride functional resin and a diluent
and allowing the diluent to evaporate.

9. A method according to Claim 8 further characterised in
that the silyl hydride functional resin solution also
comprises a photocure additive.

10. A method according to any preceding Claim further
characterised in that the silyl hydride functional resin
coating is patterned with a resist material.

11. A method according to any preceding Claim further
characterised in that the metal ion in the electroless
plating solution is selected from the group consisting of
palladium, tin, rhodium, gold, silver, platinum, cobalt,
zinc, titanium, mercury, coppey, iron, tantalum, zinc, lead,
uranium, nickel, cobalt, chromium, bismuth, osmium,
ruthenium, antimony, and mixtures and alloys thereof.

12. An electronic substrate having a metal film on a surface
thereof characterised in that the film is formed according to
a method according to any preceding Claim.



