; rse3exu(veTMS Background of the Invention The present invention rel
generally to the field of electrol ess netal platlng I'n mwlmmﬁMWﬂM‘Mthe
present invention relates to the field of electroless go

| mersion or displacenment plating is an el ectrol ess plating psoseess, but is
given a separate classification in the art. In inmmersion plating,

deposition is by displacenent of an elenental netal from

nmetal ions in a plating solution. In electrol ess pI ating wmﬁ l[mmwm kes

pl ace primarily by autocat al ions Tromso
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| mrer si t enploy an external electric current but rather
is an eﬁggclsl@mql'il thhg? figh | acenent reaction which is driven by the position
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be deposited Tromso occurs H%t al ions in
a pl at i pgtibdarhthe peesetit pieattomdeloies thmﬁeid af¢leomelefd gddplating.e) netal that is
contacted with the plating bath. In the manufacture of printed wiring
boards, sol demadskien bi dispddvementpiating 5 apalectrolags platieg ptosessy but iscgiveniar i ng boar d
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ar eas oéle@uqin;sputxn@tmulrcsmprmmqﬂfe,reddctﬁga@atent No. 5, 143,544 (I ant osca)
di scloses a solution for imersion plating a tin-lead alloy suitable as a
sol derabl e fhrnn@ﬁomplaﬁng)ddesmdcenw\qyiangthkdeMneatlmt rdfionisvear , there is a
grovmng far lves to |lead for
use in plrg‘?'%l[rgt51 %mc{ﬂdl ac% aﬁ%"ﬁ‘u urpeéve Sgcﬁqlgﬁ@n i hes ttr%%&" éaaan | ead

al | oys tha eteb&mhotmelsermsadpmwm}& riﬁaa:lersbeadeposﬁeéﬁbml snluftluh uPlatmﬁmemsmn

exanpl e .S, Patent. No. 5,536,908 (Etchells et al. nopre
onvi Fon el mERtiot el e a1arig oo dreidRelipl! hiaBins dortr 0%l axel Bl B s o1
use as eontweledaviththepkhiing tsdth, As di scussed above, the preferred nethod of
depositing such a solderable finish is by imrersion plating. For exanple,
U.S. Pat ent INdhe Bargdssiurd of ridded weiring boands, Joldtirabld fimishes exrtyricallyiapphimdss on

silver phald HRinBabK sTluhRPhsidHadd SR ikrbibd 11ek BNlsehrotioh ¥ FasiO Judh
as a soldermask. Such solderable finishes are often applied by immersion plating as electroless
plating can also deposit metal on the surface of the mask, which is undesirable. As an immersion
plating reaction is driven by the difference in electrochemical potentials, plating will only occur
at areas of exposed metal. For example, U.S. Patent No. 5,143,544 (lantosca) discloses a
solution for immersion plating a tin-lead alloy suitable as a solderable finish on a printed wiring
board substrate. However, there is a growing demand for more environmentally acceptable
alternatives to lead for use in printed wiring board manufacture. Thus, the use of lead and lead
alloys in electronic components faces an uncertain future. See, for example, U.S. Patent No.
5,536,908 (Etchells et al.).

Silver is a more environmentally acceptable alternative to lead and has been suggested
for use as a solderable finish, As discussed above, the preferred method of depositing such a
solderable finish is by immersion plating. For example, U.S. Patent No. 5,955,141 (Souter et al.)

discloses certain immersion silver plating baths suitable for depositing a layer of silver on a



printed w ning board. Silver has many drawbacks, such as poor adhesion of

i mrersion silver deposits and silver's tendency to tarnish, thus requiring
the use of anti-tarnish coatings. Gold has | ong bcen used in the

el ectronics industry as a netal for contact surfaces because of its | ow
electrical resistivity and its iner to attack by corrosive substances, Such
gal | deposits have typically beets plated using electrolcss ox i mersion
gold plating baths, ha particular, gold has | ong been used over a nickel
under co er coat
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qui t e dinfthispafetit, | Nt er nati onal patent application 'WO g/ 18254 (Scheel et
al,) discloses a solution for electroless gold plating which may contain
certain red uElbﬂg)laggukisglatmgcbhthasomﬁaIaireduaim'gdgenthTmthedminamltsmi on fails
to disc P Il rsion
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solutions that are stable and that work at | ower tenperatures than
conventional plating solutions. Sunmary of the Invention In one aspect, the
present invention provides an el ectrolgss gold plating conposition

i ncluding: a) one or nore water sol uble gold conpounds; b) one or nore gold
conpl exi ng agents; 0) one or nore organic stabilizer compounds of the
formula R-SO2-Y wherein Ris (Cl- Cl18)al kyl, aryl, or heteroaryl and Y is
hydrogen or a nonoval ent cation, and d) ono air nore uniformty enhancers

I n anot her aspect, the present invention provides nmethod of elcctrolessly
depositing gold on a substrate including the step of contacting a substrate
wi th the conposition described above. The present invention further
prOV|des a nethod for dep05|t|ng gold an a netal that is |less
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In a still further aspect, the present invention provides a nethod of

manuf acturing tut electronic device including depositing a gold |ayer

i ncluding the step of contacting an el ectronic device substrate with a
conposition including: a) one or nore water soluble gold conpounds; b) one
or nore gold conpl oxi ng agents; c) one or nore organic stabilizer conpounds
of the formula R-SOx-Y wherein Ris (Cl-Ct8)al kyl, aryl, or heteroaryl and
Y i s hydrogen or a nonoval ent cation, and d) and one or nono uniformty
enhancers;, for a period of tinme suffrcrent to deposit the desired gold
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avai |l abl e source. Such one or nore conpl exing agents are typically present
in atotal amount of 0.1 to 150 glL,, &nd preferably from1 to 100 gl11:,. A
mare preferred anount of conpl exing agent is frnzrn 5 to ?5 gn., and stil
nore preferably from10 to 60 g/):.. The one or nore eonplexing agents are
generally commercially avail able or nmay be prepared from by nethods wel |
known in the art. The ono or chore organic stabiliser Conpounds useful in
the present invention have the fornmula R S02-Y wherein Ris (C-C8)al kyl,
aryl, or | ~eteroaryl and Y is hydrogen or a nonoval ent ration. Suitable
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furanyl, pyridyl, t>xiaphenyl, and the like. It is preferred that It is an
aryl group) and nmare prcferably phenyl. It will be appreciated by those
slcillcd in the art that substituted (C~--G s)all~yl, aryl, or heteroaryl
are witk~in the soaps of this invention. 13y "substituted (Cl -C-$)al kyl,
aryl, or hetcroaryl”, it is nmeant that one or nore hydrogens on the

(C -C~g)aliryl, aryl, ar hetoroaryl group is replaced by one or z~nore
substituents groups. Suitable substituetits groups include, but are not
limted to, bR gt ;_"'5‘@ mtre t hi o,
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glf, of one or nore organic stabilizer conpounds of the formula It S02~Y
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sel ected. For exanpl e, dihydrogen potassi um phosphate is typically used in
an anount of 1 to 50 glL, and preferablgy fiom5 to ZS glL,. In general, the
present conpositions are maintained at a phi 3 to 9, preferably 4 to 8 and
preferably from5 to 7,5, The conppsitions generally include water. Any
grade of water xs suitable) but deionixed is preferred. Qold plating
conpositions of the present invention nmay optionally ccntain ono or nore
ot her additives, such as surfactants. Anionic and nonionic surfactants are
the preferred surfactants, and anionic surfactants are nore prefarcdd.

Sui tabl e anionic surfactants include phosphate esters such as phosphate
esters of allphatlc alcohols |nclud|ng phosphate esters of glycerldos and
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.avai l abl e from Rhodi a and Cronpton Corporation, respectively. Such
surfactants ire typically used in an anount of 0.1 to 2 gll:,. The present
conpositions may be prepared by conbining the above carnponottts in any
order. It is preferred that when gold chloride is used, it is added to the
conpositions after the gold eonpl exi ng agents, organic stabilizer conpounds
and uniformty enhancers are added to the conposition. preferably, the
pl'-1 of the conmposition is maintained at ~ S during the addition of the
gold chloride. The pl~ may be numintained, far exanp]e, the ~tdditiott of
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.A gold plating solution was prepared by dissolving metallic gold (Au) in a
m xture of hot hydrochloric acid and nitric aold. After the nnetallic gold
was conpl etely dissolved, the solution was heated to dryness. The renai ning
salt was than washed with hot deiani zed wator and heated again until
nitrates were no | onger detectable in the solution, yiolding laAuCh . The
HAuC 4 obt ai ned above was slowy added to tho saturated sol ution of Na203Sz
until it would not go into solution) resulting ina mlky solution at this

point s, added urrtl |l t olutiop cleared and a white
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aar er pl eprefernbBf Hchﬂ reaction. rt was assuned that alt gold tvvos reduced
frmea the aurlo to aurous state. The solution was filtered and the
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cont ai ni ng a ni ckél | ayer, fn the bath for 5 m nutes. A~~er removal from
t he bat hlik& he substrates worn rinsed and dried and the resulting gold
deposits anal yzed and found to be 4 to ? pin thick. exanple 3 An al um num
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g/L and more pteferably from 3 to 15 g/L. A particularly suitable amount of organic stabilizer

compound is 3 to 10 /L. Such organic stabilizer compounds are generally commercially
available or may be prepared by methods well known in the art.

Whilc not intending to be bound by theory, it is belicved that the present organic
. stabilizer compounds stabilize the electroless gold plating compositions, particularly when
thiosulfate ion is used, under mildly acidic conditions, such that the solution does not break
down on standing and does not liberate any appreciable amounts of sulfur dioxide in the case of
thiosulfate ion,

One or more uniformity enhancers ure added to (he present compositions. Such
uniformity cnhancers are typically organic catboxylic acids capable of providing chelation,
While not wishing to be bound by theory, such uniformity enhancers may additionally act as
mild reducing agents. These uniformity enhancers have been found to provide a more uniform
gold deposit than that provided by compositions that do not contain such compounds. Suitable
uniformity enhancers include polycarboxylic acids such as di- and tri-carboxylic acid
compounds, hydroxy-substituted carboxylio acid compounds, and the like. It is preferred that the
uniformity enhancer is a di-catboxylic acid. Exemplary uniformity enhancers include, but arc
not limited to, oxalic acid, ascorbic acid, cltric acid, malic acid, glycolic acid, malonio acid,
lactic acid, oxalactic acid and tartaric acid. Othcr suitable uniformity enhancers include phthalic



. After rinsing, the nickel coated alum num substrate was then eottta.cted
with the gold plating bath of Exainplc 2. Gold was deposited on the nickol
at a rate of approximately 2 piumn. After gold plating, the substrate was
removed fromthe plating bath, rinsed and dried. |3xama Tho procedure of
L~xanpl e 3 was repeated except that the wafer pad was copper and the

el ectrol ess nickel bash was operated at a tenperature of 1g5 F. N ckel was

deposited at a rate of t O ~itJmn. Exa a A gold plating bath was prepared
according to Exanple 2

,except that the anmpunts were thoso listed In Table
0. 11 ik adipjc sishpeselnis acid amdeplterio W&«,Pxﬂﬁaa?%“@gnﬂﬁz RSy arg °’s“§iﬂin&#ﬁ"
thi asul f lafnRIcldResBitf il khdificasidd Oklid adid i W84 pRESARISInUGImAty<asphat o 20
xalio ~.c~id 5 Water Ta 1 Ir '> he pll of the bath was 7. The tcnporature
of the b&mlindis maintained at 12p F (ca. 49 C), Exam a Sixteen sanples (ea.
1x2 inches) of IrR-4 rantaiuing an clcctrol ossl yegeposi ted ntj ckel |ayer
were plated wigsneral, thewar Apmprsaniormity fghangets aprused A amognt ofiQ. Lto S01§{Tok ness
of the g ' S AP of ififoRnity 8xhahédd Y RspE gNCeE
(" ~CRF ~Qll§d|;pelgtﬁ?§§§c%%§a t'@?§ rreasurcedrrl\% ts‘slﬁﬁ.g?ﬂeﬁ?hadlgen far egch sad:lfpl e. Most
sanpl es Ku#i® gol d deposit having a thickness of 7-$ itin, with a nean
value of 7.06 pln. .x mle A sanple (ca, 1x2 inches) of FR-~4 containing an
el cctral ess| yPartiptarly wsafuh pompasitions efithepreseabinvetion éncliderd) 0 do B9 &idlg™bat h of

Exanpl e g mﬁ{éﬁh‘%@a&ﬁ 1 thidsulbflEcoRPOTAGE; HYASoNOOBASSH dnk 8FinbRagoM at i ng bat h
and the tfn C naesas1 of tgﬁe gof%l doposi t wat'y@)qdet erm ned by XRF ﬁﬁectroscopy to
be 7$ p, epmplexing agents selected from the group consisting of thiosulfuric acid or an alkali metal

thiosulfate salt; ¢) 2 g/L to 25 g/L of one or more organic stabilizer comapounds of the formula R~

S0,-Y wherein R is (Ci-Cra)alkyl, atyl, or heteroaryl and Y is hydrogen or a monovalent cation;
and d) 1 to 15 g/L of oxalic acid.

The present compositions may further include a pH regulating compound. Any pH
rogulating compound may be used provided that it docs not adversely affect the stability or
performance of the composition. Suitable pH regulating compounds include phosphates such as
dihydrogen potassium phosphate monohydrogen dipotassium phosphate, tripotassium phosphato,
boric ﬁcid, and the like. The amount of such pH regulating compound used depends upon tho
desired pH to bo maintained and the specific pH regulating compound selected. For examplo,
dihydrogen potassium phosphate is typically used in an amount of 1 to 50 g/, and.prcfembly
from 5 to 25 ¢/L. In general, the present compositions are maintaincd at a pH 3 to 9, preforably
4 to 8 and preferably from § to 7.5,

The compositions generally include water. Any grade of water is suitable, but deionized
is preferred.

Gold plating compositions of the present invention may optioﬂally contain one or more
other additivos, such as surfactants. Anionic and nonionic surfactants are the preferred
surfactants, and anionic surfactants are more preferred. Suitable anionic surfactants include
phosphate esters such as phosphate esters of aliphatic alcohols including phosphate esters of
glycerides, and preferably phosphate esters of long chain aliphatic alcohols. Suitable anionic
phosphate ester surfactants include those sold under the RHODAFAC and EMPHOS trademarks,



. A sanple (ca. 1x2 inches) of FR-4 containing an el cctrol cssly deposited

ni ckel |ayer was contacted with tho plating bath of Exanple 5. After 50
rninutas, tho sanplo was renoved from 12 the plating bath and the

t hi ckness of the gold deposit was determ ned. by ~CltF spectroscopy to be
173 din, x to Sanples (ca. 1x2 inches) of rli -4 containing att

eleCtrol essly deposited nickel layer and a gold layer (7-9 p,in) deposited
according to Exanple 2 were evaluated fir their wire bonding ability.
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veto re pé?ﬂ"é\‘] goldiby ahybrid elec jB§ Progess: necessary to plate
gold using the present compositions, it is properly termed an clectroless plating process. The

present compositions do not plate gold onto gold foil, thus, the present compositions are not
autocatalytic and thus are not believed to be a “truc” clectroless process. However, the present
compoasitions provide gold deposits that are thicker than conventional immersion processes. For
example, up to 175 pin of gold ean be deposited on a nickel substrate after contact with the
presont compositions for 1 hour. Thus, the present plating process is believed tobe a “hybrid"
plating process. '

The thickness of the desired gold deposit on a substrate can be controlled by controlling
the amount of time the substrate is in contact with the present plating compositions. An
advantape of the present compositions is that they provide gold deposits that have good
adhesion.

The present compositions are particularly suited for depositing gold on a wide variety of
substrates, particularly on a metal that is less electropositive than gold, i.e. a traditional
immersion plating approach. Typlcal metals that are less electropositive than gold include, but
are not limited to, nickel, copper, palladium and iron. More than one metal that is less



Sanmpl es Gero Cross Tine (sec) Wetting Force at 2 seconds (nNlmm) As pl ated
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el ectrol ess gold plating conposition conprising: a) one or mare water
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nation; and d)- ono or nore uniformty enhaneers. 2. 1'hc conposition of
claim 1 eleetrapositivérthay gbdld nuayrhemsedd Hos exampld, k dyer ofpatiddign lod atdyenefitlidkat i3
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i on. typically added to the present compositions. A wide variety of conventional reducing agents

may be suitably employed. However, it is preferred that the present compositions do not contain
thlourea, thiourea derivatives suchas methylthioursa, dimethylthiourea, ethylthiourea, N-
methylthiourea and the like, hydroquinono, catechol and the like, Such electroless deposits are
achieved by contacting a substrate to be gold plated with the compositions described above.

The present compositious are particularly useful in the manufacture of electronic devices,
such as printed wiring boards, integrated circuits and integrated circult packaging, For example,
in the manufacture of an electronic device including & gold layer, the gold layer can be deposited ‘
by a method including the step of contacting an electrounic device substrate with a composition
including: a) ‘one or morc water soluble gold compounds; b) one or more gold complexing
agents; ¢) one or morc organic stabilizer compounds of the formula R-S03-Y wharein R is (Cr-
Cis)alkyl, aryl, or heteroaryl and Y is hydrogen or 2 monovalent cation; and d) and one or more
uniformity enhancers; for a period of time sufficient to doposit the desired gold laysr, Suitable
metals (hat are less electrapositive than gold are as described above and aro preferably nickel and
palladium on nickel. Such nickel and palladium layers are typically electrolessly dep‘(;sitcd.
Particularly suitable integrated cireuit packaging include, but is not limited to, lcad frames, pads
on wafers, ceramic packages, and the like, The present invention is also suitable for applying a
solderable gold finish on a printed circuit board or depositing gold on an integrated circuit.

The following examples are intended to illustrate further various aspects of the present
invention, but are not intended to limit the scope of the invention in any aspect.



7. A nethod of electrolessly depositing gold on a substrate conprising the
step of contacting a substrate with the conposition of any a the preceding
claims. 8, A nethod of depositing gold on a netal that is |ess

el ectropositive than gol d eonpxi sing cankacting a substrate containing a
metal that is:ass clcctropasitive than gold with the conposition of any of
claime 1 ~G -9. A nethod of manufacturing an el ectronic device conprising
dapoaiting a gold | ayer conprising the step of contacting an el ectronic
devi ce substrate with the conposition of any of clans 1-6. 15 10. "fho
met hod of claim9 wherein the electronio device subsir~te is sclectdd tom
the group consisting ofprinted wirinBxdmél substrates) integrated
circuits, land franmes, pads on wafers anal ceram c packages. 16
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Example 2
A gold plating bath was prepared by combining the components in Table lin tho
amounts shown.
Tablc 1

Component Amount (g/1.)
Gold as AuNay084 1
Sodium thiosulfate 50
Benzene sulfinic acid 10
Dihydrogen potassium phosphate 15
Oxalic acid 5
Water TolL

The pH of the bath was 5.5. The temperature of the bath was maintained at 120° F (ca.
49° C). A number of substrates were plated with gold by immersing the substrate, an FR-4

10
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10: Substratc containing a nickel layer, in the bath for § minutes. After removal from the bath, the
substrates were rinsed and dried and the resulting gold deposits analyzed and found tobe 4 to 7
pin thick.

EBxample 3

An aluminum pad on a wafer was plated with nickel using a commercially available
electroless nickel product (EVERON™ BP clectroless nickel, available from the Shipley
Company, Marlborough, Massachusetts). Standard plating conditions were used (190° F) to
deposit nickel at a rate of 12 pin/min, Following electroless nickel plating, the nickel coating

was rinsed.

After rinsing, the nickel coated aluminum substraie was then contacted with the gold
plating bath of Examplc 2. Gold was deposited on the nickel at a rate of approximately
2 pin/min. After gold plating, the substrate was removed from the plating bath, rinsed and dried.

Bxample 4

_The procedure of Example 3 was repeated except that the wafer pad was copper and the

electroless nickel bath was operated at a temperature of 185° F, Nickel was deposited at a rate of
10 pin/min.

Example

A gold plating bath was prepared according to Examplc 2, except that the amounts were
thoso listed in Table 2.

11
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Component Amount (g/L)
Gold as AuNay 0S4 1
Sodium thiosulfate 55
Benzene sulfinic acld 10
Dihydrogen potassium phosphate 20

. Oxali¢ acid 5
Water TollL

The pHl of the bath was 7. The temporature of the bath was maintained at 120° F (ca. 49° C),

Example

Sixteen samples (ca. 1x2 inches) of FR-4 cantaining an clectrolessly deposited nickel
layer were plated with gold using the plating bath of Example 5, The thickness of the gold
deposit on each sample was measured using X-ray fluorescence (“XREF™) spectroscopy. T'wo
mcasurements were taken for cach sample. Most samples had a gold deposit having a thickness
of 7-8 pin, with a mean value of 7.06 pin.

E.vxgmalc 2

A sample (ca. 1x2 inches) of FR-4 containing an elcctrolessly deposited nickel layer was
contacted with the plating bath of Example 5. After 30 minutcs, the sample was removed from
the plating bath and the thickness of the pold deposit was determined by XRF spectroscopy to be
78 pin,

Example &

A sample (ca. 1x2 inches) of FR-4 containing an electrolessly deposited nickel layer was
contacted with tho plating bath of Bxample 5. After 60 minutes, the sample was removed from

12
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Examplo 9

Samples (ca. 1x2 inches) of FR-4 containing an electrolessly deposited nickel layer and a
gold layer (7-9 pin) deposited according to Bxample 2 weve evaluated for their wire bonding
ability. Aluminum wire (1 mil) was nltrasonically bonded to the gold layer on a number of
samples using a K&S model 4523 aluminum wire bonder. Gold wire (1.3 mil) was
thermosonioally bonded to the gold layer on & number of samples using a K&S model 4524 gold
wire bonder, Some of both the aluminum and gold wire bonded samples were pulled as is.
Some samples were baked for 1 hour at 150° C before pulling, Some samples were baked (1
hour, 150° C) first, then bonded to either aluminum or gold wirc and then pulled. The force
needed to break the wire is reported in grams (g). The results are reported in Table 3.

Table 4
Wire Bonded and Pulled (§)  Bonded, Bakedand ~ Baked, Bonded and
Pulled () Fulled (g)
Aluminum 8.5-8.6 8.5-8.6 8-8.1
Gold 11.5-12 13-13.5 11-115
BExample 10

The procedure of Example 9 was repeated cxcept that the samples contained an
electroless nickel layer, an electroless palladium over nickel and then gold over palladium.
Acceptable aluminum and gold wire bonding resnlts were obtained.

13
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ample

Ten satples (ca. 1x2 inches) of FR-4 containing an elcctrolessly doposited nickol layer
and a gold layer (7-9 pin) deposited according to Example 2 were evaluated for the soldarability
of the gold deposit. Solderability was evaluated using 8 MENISCO ST-50 wetting balance. Five
sarmples wero tested as gold plated and the other five samples were tosted after baking at 16
hours at 150° C, Lead-free solder was used at 245° C. The flux used was KRSTER 422-CX no
clean type. For each sample, the zero cross time (in seconds) and the wetting force at 2 seconds
(in mN/mm) were determined. Two measurements wero made on each sample and the averages
wero reported. The results are reported in Tablc 4.

Table 4
Samples Zero Cross Time (sec) Wetting Force at 2 seconds
(mN/mm)
As plated 0.15 . 0.26
After Baking 0.25 0.28
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What is claimed is:
1. An electroless gold plating composition comprising:

a) one or more water soluble gold compounds;

b) one or more gold complexing agents;

¢) one or mote organic stabilizer compounds of the formula R-SOs-Y wherein R is (Cy-

Cis)alkyl, aryl, ot heteroaryl and Y is hydrogen or a monovalent cation: and

d) onc or more uniformity eohancers.

2. The composition of claim 1 wherein the gold compound is an alkali metal gold

thiosulfate compound.

3. The composition of any of the preceding claims wherein R is phenyl, tolyl, xylyl,

naphthyl, or bisphenol A.

4. The composition of any of the preceding claims wherein the one or more organic

stabilizer compounds are present in an amount of at least 2 g/L.

5. The composition of any of the preceding claims wherein the one or more uniformity

enhancers are selected from the group consisting of oxalic acid, ascorbic acid, citric acid, malic

acid, plycolic acid, malonic acid, Jactic acid, oxalactic acid, tartaric acid, phthalic acid, adipic

acid, succinic acid and glutaric acid.

6. The composition of any of the preceding claims wherein the composition is

substantially free of oyanide ion and sulfite ion.

contacting a substrate with the composition of any of the preceding claims.

8. A method of depositing gold on a metal that is less electropositive than

7. A method of electrolessly depositing gold on a substrate comprising the step of

gold

comprising contacting a substrate containing u metal that is less cloctropositive than gold with

the composition of any of claims 1-6.

9. A mothod of manufacturing an elcctronic device comprising depositing a gold layer
comprising the step of contacting an clectronic device substrate with the composition of any of

claims 1-6,

15
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