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REPLACEMENT SHEET Date: - 21 NOV.1995 Met hod For Sel ectively
,Substraté Background of the Invention 1. Field of the Invent
“ivention pertains to a nmethod: for selectively netal | i zi ng, & o
an electrical circuit on, a surface of a substrate, such as a pr| nted
circuit board subsMethed Fbr;ﬂﬂlgntmmly Metiallizing A Subatrege ani ¢ subst rate,

whi ch met hod does not require the use of a phot or esi st . Descri ptlon of
the Related Art A substrate, such as a printed ci rgtl’t rd substrate, is
conventi onal | yBaggroungdeet theelnyentiay e g., an el ical circuit is
formed on the substrate, by initially formng a patterned seeding | ayer of,

for exanpl e, pal]ad, n a.surface of the substrate. The resulting
substrate is theiu ﬁﬁlig]r"gptg)el Vool bl ating bath, such as an el ectrol ess

copper plating bath, where the correspondl ng )
The invention pertains to a method for selectively metalhzmg,

5 . e.g., forming an electrical circuit on, a surface of a substrate, ~
such as a printed circuit board substrate, a polyimide substrate or a
ceramic substrafe , which method does not require the use of a
photore'sist .

2. Description of the Related Art

10 A substrate, such as a printed circuit board substrate, is
conventionally selectively-metajl_lized, e.g., an electrical circuit is
formed on the substrate, by initially forming a patterned seeding
layer of, for example, palladium (Pd) on a surface of the substrate.
The resulting substrate is then immersed in a metal plating béth,

15 such as an electroless copper plating bath, where the corresponding
metal, e.g., coppef, is selectively deposited from solution just onto
the patterned seeding layer. The selective}y deposited copper then

- constitutes the desired selective metallization, e.'g. , the desired
electrical circuit. '

20 When forming the patterned seeding layer, _eithei' a subtractive
or an additive procedure is used. In the subtractive procedure, an
unpatterned seeding layer of, for example, palladium is initially
formed on the substrate surface of interest. This is achieved by, for
example, sputtering the seed metal onto the substrate surface.

25 Alternatively, the seed metal is deposited from solution. For
example, an unpatterned layer of palladium is readily depoéited onto
the substrate surface from a solution containing a palladium salt and
tin chloride. Once the seed metal is deposited, a layer of photoresist
is deposited onto the seeding layer, exposed through a mask bearing

30 the pattern of interest and developed. The underlying seeding layer
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the desired selective netallization e.g., the desired electrical CIrCUIt
When form ng atte ned seedl her.,a sybtractive or

addi tive pr océﬁgpgn -1 ¢F aﬁYlﬂéﬁlﬁ‘?‘ifewB#‘éd’éb‘Eﬁégea‘W Eﬁﬁ?&fjt er ned
seedi ng | ayer plfotofesistemanle&chmskadrmeamwpltheqiﬂoyofemmﬁ on t he
substrate surf re h| ev sputtering
the seed metal® %%%fl%iq%g{rg é‘%’r }ftae .s%ll\iac : 5?’?‘1 |ve4mg(‘gﬁgl‘seed metal is
deposi ted from sol JUni the additivexgrosedyurana deymt ofaphwrbal,séﬂs dhitipdlyl adi um i s
Fepdi |y deposiderleniBhGrithans Witistili® sutebarst fieRea b@1h ining a

pal | adi um sal t g tin chlori Once: t Ee seed net al eposite a |layer

of phot or esi st& m@S]ﬂ@Bés‘?Q‘@!Om-oAtmé@ﬂin@u?%?é@auéﬁﬂﬂéeéﬁ themugh.a mask
bearing the pQfe&ﬁ%ﬁeafodtﬂttﬁé%s@ﬂ*e@iﬂh@@ﬂmt&f&tyRﬂﬁ!é ﬁbﬂfg gieedi ng | ayer

patterned photoresist layer as a deposition mask. The patterned
photoresist layer (as well as the metal seed deposited onto the

1o photoresist, per se) is then chemically stripped, leaving just

' the metal seed deposited into the openings in the patterned
photoresist layer, which constitutes the patterned seeding layer.
' As is known, the use of phoforesists and the corresponding .
chemical developers and stripperé is environmentally undesirable.

15 Consequently, attempts have béen made to develop methods for
forming patterned seedmg layers which do not rely on the use
of photoresists. ,

- One method for forming a patterned seeding layer which does
not rely on the use of a photorésist is described by Thomas H.. Baum

20 . et al in "Photoselective Catalysis of Electroless Copper Solutions for

' the Formation of Adherent Copper Films onto Polyimide," Chem.
Mater., Vol. 3, No. 4, 1991, pp. 714-720. According to this journal
. article, a patterned seeding layer of palladium is formed on a surface
of a polyimide substrate by immersing the substrate surface in an

25 aqueous seeding solution. This solution includes hydrated forms of |
potassium trioxalatoferrate (K,Fe (C,0,),) and tetraamine palladium
chloride (Pd(NH;),CL,). The resulting layer of seeding solution on
the substrate surface is then irradiated with UV light through a
mask, to photo-selectively deposit palladium metal from the UV-

30 . irfadiated regions of the solution onto the substrate surface. As a _
result, a patterned palladium seéding layer is formed without the use
of a photoresist. (This patterned seeding layer remains in contact
with, and surrounded by, the unexposed regions of the layer of
seeding solution.) ' | '
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TH' S SHEET HAS BEEN REPLACED is then etched, e.g., chem cal ILL Tetig Ised =T wh “EN i
~using the patterned photoresist as an etch mask, Thereafter,|the REPLACED _ }!
photoresist is chemically stripped, |eaving just the patterned seedrng -
l'ayer. In the additive procedure, a |layer of photoresist is initially 5
deposited onto theAsgpeding:te the Baum aifalijanenal articdls, immersing dugh a mask

and devel OpedFoMHM@buﬁgﬁﬂte duaiingSa pa{cdeﬂﬂédl@shuhaidmseemﬁq&ybﬁp onto the
a

substrate suriface of_ interest, i "e ysing the patterned. toresist |ayer
as a depositiBﬁmﬁ‘é‘é‘fé ag tﬁ’@sﬁ’&i‘ﬁg\gﬁ’@ epHBtad’r%"?FW?eﬁsa‘if’éﬁpe( BHBE as the

met al seed depeasth hatingnapH b€ 12Q@esults in deposjtion of esppér jystromste) i s then
chemcally sty ' ving just _the. et S L | t he

ogeni ngs in tﬁiégg’gﬂ?gir‘ﬁ%’dhﬁ Sjtv?)lr"eg%g?s‘{%fglrl,be? I t g%%?%lg'?lg gfslat he
patterned seedynthd pyesentAsvestoradhat subsequantsimmersion efsp segongd t he

cor respondi ng «HaT foRlktKIC YR ORRIch SO fide AR PaleSm®s ths 2asRNt al |y

undesirable. ) J
" electroless copper plating bath quickly results in serious

difficuities. Moreover, these very same difficulties arise when

10 ' the above-described method of photoselective palladium deposition
is applied to other organic substratés, such as the epoxy resin/
fiberglass substrates and fluoropolymer-containing substrates used
in printed circuit board ménufa_ctufe. Further, these same .
difficulties arise when the above-described method of photoselective

15 - palladium deposition is applied to inorganic, ceramic substrates,
such as alumina subStrates,_ aluminum nitride substrates and silicon
nitride substrates. | '

Summary of the Invention

r.I‘he invention involves the finding by the present inventors

20 ~ that when a patterned seeding layer, e.g., a patterned pélladium
seeding layer, is formed on a substrate, such as a polyimide
substrate, a printed circuit board subétrate or a ceramic substrate,
using the method described in the Baum et al journal article, and the
substrate is then immersed in a metal plating bath, e.g., an

25 electroless copper plating bath, to form a corresponding electrical
circuit, that metal is often depbsited not just onto the patterned
seeding layer. Rather, metal is also deposited onto the unexposed
regions of the photoactive layer of séeding solution remaining on the
substrate surface, and the frequency of this unwanted metal

30 deposition increases as the number of such substrates immersed in

' the same metal plating bath increases: As a consequence; the
electrical circuit formed on the surface of such a substrate exhibits

undesirable short ci'rcixits. Moreover, it has been found that the metal
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15 Consequent |y, attenpts have been made to devellppiwe
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~formng patterned seeding |layers which do not rely on the uge_of “""“""“‘“""ZB a}

photoresists. One nethod for form ng a patterned seeding | ayer which does
not rely on the use of a photoresist is described by Thomas H Baum 20
et al in."PhopldadhgdethdnGawhisls the shbEirates er%m&ﬁgdebet&mmlons for the

Formation of AJRGHRA HEIRBSIne d%aa&n%olsam %nd GHs@pidBter., Vol . 3,
‘No. 4, 1991, pp. 7147% Accor |g§1 ourna article, apatterned

“seeding |ayer of paieivaAtion #lépr}@ao’aﬁSéhg inding that the ALEVRT de subst rat e
by i mersing tdegcsibeat prflens of a@veinted ncthl deposmon andmmpmmdyng
s% ution. This:sol ut¢ B! ncl udes gﬁgrated fo(gj g.t%& nePPﬁ
oxal at of er PAEEVPEIST PEPHOF &AL RS ROPY |rﬁﬁf°8ﬁl agPRAOAFUYR
resul ting | ayéayed oﬁseeﬂmg sohhition cemaininiyeors tiss substrataisteface) Jeaving
I rradi ated w osi t
pal | adi um net é{} #‘%én#)gﬂtte %%ﬁ%gg&m% @%5 bg?omci&at eﬁ?%%%gh}sét o?g
sol uti on ont ointeecenrespondingswetsl qlating hathe Shis remopal tse’Z'Q‘Pé‘(ljlYpal I adl um
seedi ng | ayer gofidwidB§ siitjdRitlg the eipBsed and unexposed regions of the

o photoactive layer of seeding solutlon to an alkaline solution such as,
for example, an aqueous sodium hydroxide solution. Durmg this
removal process, essentially no metal is deposited onto either the
patterned seeding layer or the unexposed regions of the layer of K
seeding solution. -

5 Significantly, the added step of subjecting the exposed and

‘ unexposed regions of the photoactive layer of seeding solution to the
 above-described alkaline solution achieves an unexpected,
advantageous result. That is, if the layer of seeding solution is
formed using, for example, potassium trioxalatoferrate and

0 tetraamine palladium chloride, then subjecting the exposed and
unexposed regions-of the photoactive layer of seeding solution to the
above-described alkaline solution not.only serves to remove the

~unexposed regions, but also serves to form an oxidized species of
iron, e.g., iron oxyhydroxide (FeOOH), gel around the seed metal,

25 per se. This gel prevents oxidation of the seed metal, and thus
‘permits a substrate bearing a patterned seeding layer to be stored
for months before immersion in a metal plating bath. Moreover, this
gel quickly expands and becomes very permeable in the metal plating
bath when the substrate is immersed in the bath, thereby permitting

30 metal to be readily deposited onto the patterned seéding_ layer.

The inventiori further involves the finding that, in addition
to patterned palladium seeding layers, patterned seeding layers of,
for example, platinum (Pt), gold (Al_‘i')'and silver (Ag) are also

readily photoselectively formed on substrates. All such patterned

35 - seeding layers are formed, in accordance with the invention, by
EN994033 S




of a photoresist.. (This patterned seeding |ayer renains ij 4 acEs -t h,,\. N }
and surrounded by, the unexposed regions of the layer of s }9 |ngr$gziu13:@ﬁ y b
EN994033 2 REPLACEMENT SHEET Dat e | NOV=1985=3=-
According 'to the Baumet al journal article, imersing a polyimni de :

substrat e beaekpgsingpepppréatephidtasictive meal'sm@ seeding splugivnctodUYs :
descri bed aboyy ht't'ﬁrgﬂ%gl eﬁLélQ' &nd tﬁgﬂ%ﬁlo@%@ kg‘?uﬁékﬁoﬂéﬁ’i‘ Bgiodshf of 12

results in-dep el Just onto diutm However,. as
di scussed bel éhpsﬂamg,lgé spm:ml ajoven Wmﬂﬁ n%ash Bl t hat subsequent

't e sion of gresRithe ek deduind) soRitibn had/'s koppbyitiondwhsdibst rate into
e sane :
5 includes a metal-containing, water-soluble compound and a
i)hoto'reactive , water-soluble, oxalate compound.

Detailed Description of the Preferred Embodiment(s)

The invention involves a method for selectively metalliiing,
e.g., forming an electrical circuit on, a substrate, such as a '
10 printed circuit board substrate, a polyimide substrate or a
ceramic substrate. Significantly, this method does not require
the use of a photoresist or of the corresponding chemicals needed |
to develop and strip such a photoresist.
In accordance with the inventive method, a patterned metal
L5 seeding layer is initially formed on the substrate surface of
| interest, using the photoselective process described below.
Here, the patterned metal seeding layer is preferably of
palladium (Pd). Alternatively, the patterned metal seeding
layer is of platinum (Pt), gold"(Au) or silver (Ag).
20 According to the photoselective process of the present
invention, a bath of seeding 'sol_ution is first formed, into
which the substrate of interest is to be dipped. Alternatively, this
bath is used as a source of seeding solution which is spray-coated
onto the substrate. Significantly, this seéding solutidﬁ is an
25 : aqueous solution, and has a composition which includes a meta'l-.
containing, water-soluble compound and a photoreactive, water-
soluble, oxalate compound. (For purpdses of the present invention,
a photoreactive oxalate compound is\ an oxalate compohnd which,
when impinged by light' of 'app'ropriate. wavelength, undergoes a
30 reaction with the metal-‘containing compound, during which the metal
ion in the metal-containing cdmpound‘is reducéd_ to the
corresponding base mefal.) | |

The metal-containing, water-soluble compound, referred to
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substrates, such as the epoxy resin/ fiberglass substrates and
f 1 uor opol yner - %’Umea.i hﬂmghs gbnemuémmie&lcfoimmmwmpé,g wheraM ddamsuesl a

manuf act ur e. |
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i norgani c, cer ﬁ%t%mmpe@d mﬂasd%m;mmw@assﬂf &h%@attﬂruﬁdnum nitride
subst rates ands@édmgqay&k id t&ﬁe%ﬂ%ﬁl’a@i@zﬁ (PaY M"Platin @i @#19 Y&r(hxﬂrbe he.

oot erhod seedPlEoT K981 thon WP agtoteb s Se”‘aﬂ,”ve““"” : X‘é@ﬂ’r s
forned on a subAs ﬁatcenvemﬁhnas thep!iipﬁlrghﬁﬁt§ubéd ltﬁi'@glﬁnﬁrﬂmé ed cireuit
gaam er ol | outhiaiorE S RN Bet itk LSRR Ry o £ et ol
pl ati ng bath, wogodentated or polydentated ligand such as, for example, NH; or
ethylenediamine. The anion, X, is, for example, F(™1), C1¢*Y) Bp('D),
10 (S0,)" or (NO,)!™. If, for example, M denotes Pd(?"), then ML_X,
is preferably Pd(NHs) Cl,, which is just tetraamine palladium
chloride, more conventionally written (NH,) ‘Pd012. (Of course,
hydrated forms of the above-described metal-containing compound,
ML_X,, are also encompassed by the present invention.)
15 _ ' The photoreactive, water-soluble, oxalate compound,
referred to above, has the generai chemical formula YpM ( (0204)3);,’
where p denotes an integer. Here, Y denotes, for example, an alkali
metal jon, such as K'*) or Na!**). Alternatively, Y denotes or
includes the quaternary ammonium ion, i.e., (NH,)**. In add1t1on,
20 | M denotes either the iron ion, i.e., Fe!**’, or the ruthenium ion,
i.e., Ru*®. If the patterned seeding layer is to be of, for example,
palladium, then the photoreactive, water-soluble, oxalate compound
is preferably potassium iron oxalate (potassium trioxalatoferrate),
i.e., K;Fe((C,0,);. (As before, hydrated forms of the above-
25 described photoreactive, water-soluble, oxalate compound,
YPM_((CZO4)3)p, are also encompassed by the present invenfion.)
While not essential, the seeding solution bath preferably also
~ includes a surfaétant, such as the surfactant sold under the trade
name Triton X-100 by the Rohm Haas company of Philadelphia,
- 30 Pennsylvania. |
To ensure complete reduction of the metal- contammg
compound by the photoreactive oxalate compound in a seeding
solution bath, the mole ratio of the latter to the former should be at

least 8:1, and is preferably 10:1. Keeping this limitation in mind,'
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phot oactive | ayer of seeding solution reraining on the substrate surface,
and t he frequetheycoaicehivationofithiee thetaltedntediyingi dompoundcinctizesesainghe nunber

of 'such substr ' i 4 ' aser. As a
consequence.  1115ph HEER 3Eebl eholf BBUF 4T Prlliicfon bl E/ENRE
- substrate exhighond LiRdddi,rad és prefarably ebouts7 gibr eGoneentrations lessen f ound

that the metaltpen ﬁ&%%té@%%ﬁ@e%%&%lé ‘becarfse AIPUnkeSfrably small- - - - - - - - AR
4 plating bath into which the substrates are | mersed beconmes_poi soned by
(R unex posed AR sadumetal iadepgRited omio the corresponding substrates.

Concentrations greater than about 9.5 g/L are undesirable because

the seeding solution becomes saturated with metal-containing

cdmpound at a concentration of about 9.5 g/L, and further additions
~ of such compound are not dissolved in the solution. |

10 The concentration of the photoreactive oxalate compound in
| the séeding solution bath ranges from about 25 g/L to about
65 g/L, and is preferably about 47 g/L. Concentrations less
than about 25 g/L are undesirable because this implies there
is insufficient photoreactive material to reduce all the metal
15 in the metal-containing compound. Concentrations greater than
about 65 g/L are imdesirable because the seeding solution _
becomes saturated with the oxalate compound at a concentration
of about 65 g/L, and further additions of such compound are
not dissolved in the solution.
20 ' The concentration of the surfactant in the seeding solution
' bath, if used, ranges from about 0.02 parts per million (ppm)
to about 2 ppm, and- is preferably about 1 ppm. Concentrations less
than abou".c 0.02 ppm are undesirable because they fesult in
poor wetting of the corresponding substrates by fhe other
25 constituents of the solution. Concentrations greater than
about 2 ppm are unnecessary, i.e., they produce no enhanced
wetting effect. ' ,
' When forming the seeding solution bath, the constituents of
the bath should be added to the bath container in the following
30 ‘ -order, to avoid bath instability: (1) add water; (2) add surfactant;
(3) add photoreactive oxalate compound, while stirring, until
the photoreactive arlate compound is completely dissolved; _
and (4) add metal-containing compoﬁ“rid, while stirring, until the

metal-containing compound is completely dissolved. It should be

.35 noted that the above steps should be carried out under, for example,
EN994033 . q
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The, i nvention al so i nvol ves the finding that the above- désEHiSESE Prhytﬂ BREN it
of unwanted netal deposition and bath instability are avoiided b@L?en%ﬁang '
‘the unexposed regions of the photoactive layer of seeding solution

remai ni ng on the substrate surface, Ieawgtgg{;st the patterned seeding
| ayer, bef or eyPHAwlightgta aeoid denomposition phbeisrractive aEelate pl ati ng
bath. This regemp buh& readi 'y achi eved by subjecting the exposed and

unexposed reglons t he photoactiye | ayer of seed;j solution.to an
al kal i ne sol utioen %LYCW&X Fﬁe;'flé? z%ﬁeﬁ'&ﬁi’zﬁ?féi‘ggc}?ﬁ?ﬁ Pﬁ/g‘? B&i de

sol ution. Dur bﬂ@aﬂhdﬂﬂiﬁﬁﬁd&heﬂfoﬁ@%ﬁen&%feﬂﬁel edz-lrgspnndingedeedmgiepoa ted
ogto either t t e S ns of the
Igyer of seedlgﬁléﬁgo ﬁé{lho%ws@l&%%%a%%%g?gﬁ?% %8@&8 g’ %q{sng’bj ecting the
exposed and utwsirpalsdoferegiconsd GiritomeX pht sufacteat) shen adisﬁt;bdl ng sol ution
to the above- :ﬁftﬁ%lf‘;}’ @%h@qe
advant ageous ggﬁﬁ{lépggtﬁllé(%é&& ?«91%]:11@6[ BS}er gaté >solutlon_is forned
using, for exdRPmE of watesdntmihe baklapatl T.29Be §h “ d then add, for

- example, two drops of Triton X-IOO surfactant to the bath. Then,

0 " . one should add, for example, 4.7 grams of potassium trioxalato-
- ferrate hydrate to the bath, while stirring, until the potassium
trioxalatoferrate hydrate is completely dissolved in the bath.
Finally, one should add, for example, 0.7 grams of tetraamine
palladium chloride monohydrate to the bath, while stlrrmg, until
5 _ the latter is completely dissolved in the bath.

It should be noted that the seeding solution bath is preferably
continuously filtered, using conven’uonal filter cartridges, e.g.,
' conventional 5 micrometer filter cartridges, to remove particles
‘from the bath. If the photoreactive oxalate compound dissolved in
20 the bath is, for example, potassium trioxalatoferrate, then these
particles are typically iron-containing particles , such as iron
oxide particles. It is believed that these particles form in the
bath because'the oxalate compound is sensitive to light, and the bath
is unavoidably exposed to light. These particles are undesirable
15  and are removed to prevent these particles from being deposited
onto substrates immersed in the bath. In addition, an excessive
concentration of these particles may cause the bath to become
unstable.
Once the seeding solution bath is formed, the substrate of
30 interest is immersed in the bath to form a phdtoactive layer of
seeding solution on the substrate surface of interest. The thickness
of this layer ranges from about 20 Angstroms to about GOIAngstroms,
and is preferably about 40 Angstroms~ Thicknesses less than about
20 Angstroms are undesirable because the resulting seed metal -

35 . coverage is incomplete and the seed metal has an undesirably large
EN994033 ' "8
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tetraam ne pal |l adium chloride, then subjecting the exposed an TtifeRp«
regi ons of the photoactive |ayer of seeding solution to the gpove- @égéﬂ'be‘d S
al kal i ne solution not only serves to renove the unexposed regrons, but al so
serves to form an oxidi zed species of iron, e.g., iron oxyhydroxide
(FeOOH), gel aumbed dfhpinhebs. TEhivknepsas gneaté’h'rchaxgebopt 60 &mgstosngat i on of
t he seed netal %r:q}etcgé' r&eﬁé&%ﬁ{aath&%%@é ﬁo%ﬁ%h%éa patterned seedi ng

| ayer to be sPEF & i‘mrersion in a rmetal plating bath.
Moreover, this gel Wtiastivlet {yankightink ebe dight having ajesvalapgth rangme net al

pl ating bat h bttt 200 Hemdmetdrs (AHF k6 8Hotf'450"Emb airtd pi‘é@iﬁb}ry pernmitting

netal to be readily deposited onto the patternpe seedl n The
i-Bvention furekent .39951!4,&@&?14@ #£30,8m gsinpyf shing %ﬁ??%r ned
pal I adi um see%y& bﬁgeéangmﬂﬁﬁéﬂeﬂ urwa.dkaymgeﬁn sdlmceeofarrpl e,

Porma o' oubsoRb Gy el £ fok i B B M3 LGB st WP ERo oL oY
accordance W tTandraki SMentlfmmonmany of Anaheim, California. As discussed = .
above, shining such UV light onto the seedmg solution resuits in a
0 " photoinduced reaction in which metal, e.g., palladlum, is formed on
regions of the substrate surface corresponding to the exposed
regions of the photoactive layer of seeding solution. The i_ntensity of
~ the UV light impinged upon the layer of seeding solution ranges from
aboilt 20 millijoules per square centimeter (md {em?) to about 180
.5 _ mJ/cm?, and is preferably about 65 mJ/cm’. Intensities less than
about 20 mJ/cm® are undesirable because less than all of the metal-
containing 'comp.ound reacts with the oxalate compound. Intensities
greater than about 180 mJ/cm? are undesirable because an _
intermediate product formed during the reaction between the oxalate
10 ' compound and the metal-containing compound is decompbsed,
resulting in the formation of .an undesirable oxide, é.g. , iron oxide,
which is deposited onto thé corr'espondin_g substrate. Significantly,
metal, e.g., copper, will not plate onto this oxide. '
" In connection with the reaction between the metal-containing
15 . compound and the oxalate compound, it is believed that the
' impingement of UV light results in the formation of an oxalate
radical, which serves to reduce the metal ion in the metal-containing
compound to base metal. '
Having photoselectively formed a patterned seeding layer on
30 - the substrate surface of interest, the unexposed regions of the.
| photoactive layer of seeding solution, which still contact and
surround the patterned seeding layer, are now removed for the
reasons discussed above. This is ach?éved, in accordance with the

invention, by immersing the substrate in an alkalixie solution, such

EN994033 . : | 9
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REPLACEMENT SHEET Date : 21 NOV 1995 5 exposi ng appropri at e pﬂa?oac{“v Ve o
| ayers of seeding solution to W |light through a mask, "and fithen r BRov g

the unexposed regions of these layers, as described above. S gnificantTy,
each such photoactive |ayer of seeding solution has a conposition which
i ncl udes a netss am:aqnaoum sgdiutt hereidedsutonP Sigtifieanitiy, Hhet PR ECt i Ve,

pe or S0l bl ¢y Al ATRBNR B4 35 GeRECE0BI LET uBhe BB, TS 1SS, o
e. g., fornm ng temperatine efathecalkeline soiytien shinsldr eenge frovhabeutad®r i nt ed _
et Czﬁﬂs R T MR S s o
t m% COrres pond’rl}?g‘ A%-tegrges G andabout 14, respectively, are un es1rab1e .
because the correspond.mg solutions do not serve to remove all of the
unexposed regions of a seeding solution and they yield undesirably
small amounts of, for'examp_le, oxidized iron gel. Temperatures
greater than about 55 degrees C are undesirable because the
10 corresponding solutions serve to remove both the exposed and
' unexposed regions of a seedjng solution.

By way of e.xample, a useful alkaline solution is one which is an
aqueous sbdiﬁm hydroxide solution, in which the concentration of
sodium hydroxide is, for example', 2M and the temperature of the

15 solution is 55 degrees C.

It should be noted that in the case of polymude substrates, the
above-described alkaline solution need not be heated to temperatures
above room temperature (about 25 degrees C). That is, the surfaces
of polyimide substrates tend to be so smooth that the unexposed

20 regions of the corresponding photoactive layers of seeding solution
are readily removed by using alkaline solutions maintained at room
temperature | |

As noted above, using an alkaline solution to remove the
unexposed regions of a layer of seeding solution has the unexpected,

25 _ ~advantageous result of also forming a gel of an oxidized specie's of

| iron or ruthenium, e.g., iron oxyhydroxide or ruthenium
oxyhydroxide, around the seed metal. This gel is advantageous
because it prevents oxidation of the seed metal, and thus permits the
corresponding substrate to be stored fer months ‘before immersion in

30 & metal plating bath. Moreover, upon immersion in a metal plating
bath, the gel expands and becomes very permeable in such a bath to
permit deposition of metal onto the seed metal. (It should be noted
that the amount of gel, in relation to the amount of plated metal and
-seed' metal, is extremely small and has no discernable effect o’n_the

35 utility of the plated metal.) By_contrast., if an acidic solution were to

EN994033 o 10 -
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to devel op and strip such a photoresist. In accordance Wlth‘ t“h}é,
met hod, a patterned netal seeding layer is initially forrred‘ on t Ferliehy -]
~substrate surface of interest, using the photosel ective pro‘cess*de‘ﬁ:‘?‘“ﬁ a T
bel ow. Here, the patterned rret al seeding layer is preferably of palladium

(Pd). Alternatpeak¥a thhiemevktie gt Hisak x%g?&w&fé odcin@’ e@‘e@td'fnum (Pt),

gold (Au) or silver (Ag). According to the hotose ctlve ess of the
present i nvent§S5HDE sehttion,; thenif; ?8?%@?‘5#‘1 tga"fﬂ#%‘% af‘I?FfWé’Gl Pregesswhi ch

‘the substrat efmécesﬂiﬁlsei'ésulisﬁﬁ) the dimnw@h ofAlth& 8@ iméeRal . Tﬁi%l i% mghlgt;l st used
as a source of .S sou rate.
Significantly, d"fﬁﬁg Pﬂﬁ C5PEET Sﬁs?‘étlaiﬁp E/?éegﬁ@wggpﬁt‘# 51 ﬁﬂd’”ﬁg -

codposi ti on whihehoxiditeddssedamatalavhern the abrnesppndbtgasu‘asﬂratﬂ s corrpound and
a phot or eact i ig,mdhabg ' asﬁh‘c&icqqave o & %ﬁ%%i“dsugh':&{a&&i@% the

present invention, a photorea ate conpdu 1S an oxa?ate Corrpound '
whi ch, when i rRSmRYSS Bth therexpasedmnd the anexposed vegjons ofither goes a -
photoactive layer of seeding solution.

_ With the removal of the unexposed regions of the layer of
10 - seeding solution, as described above, the substrate is now ready for
deposition of metal onto the seed metal via, for example, electroless
metal plating. In this regard, if the seed metal consists of palladium
(Pd), platinum (Pt), gold (Au) or silver (Ag), then it should be -
noted that a variety of metals are readily deposited onto these seed
15 metals. Included among this variety are copper (Cu), cobalt (Co),
_ nicke__l (Ni) and gold (Au). _
As is known, conventional industrial metal plating baths,
e.g., conventional industrial electrbless copper plating baths,
operate at relatively high temperatures, such as, for example, 72
20 ' degrees C. This is disadvantégeous because direct immersion of a
substrate bearing a patterned seeding layer into such an industrial
metal plating bath will result in the partial or total destruction of the
patterned seeding layer. To avoid such destruction, and in’
accordance with the invention, a substrate bearing a patterned
25 seeding layer is first immersed in a corresponding metal plating bath
operating at room temperature (about 25 degrees C). The purpose of
such an immersion is to deposit a relatively thin layer of metal,
hereinafter referred to as a strike layer, onto the éeeding layer,
‘which serves to protect the seeding laYer when the substrate is
30 immersed in an industrial metal plating bath. It should be noted that
the thickness of such a strike layer should be at least one (1)
micrometer to achieve effective protection of the seeding layer.
With the formation of the strike layer on the patterned seeding
layer, the substrate can now be immersed ih an industrial metal

35 . plating bath to deposit additional metal onto the strike layer.
EN994033 o 11
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reactlon wi th the netal - containing conpound, during which tljeﬁi*@t%i’l‘ ' i
t he netal -containing conpound is reduced to the correspondi g basehhbft‘a%" o
“Fhe netal - contai ni ng, water-sol ubl e conpound, referred to REPCACEVENT

SHEET Dat e:.21 NOV 1995 6 above, has the general chemical fornula M. [err]

where M denotes a rmé&bté‘cﬁhbé’fb thd ﬁlﬁﬂﬂdnrﬁglﬁtfﬁpf&asélbaﬂveiyew s base
| i gand, X denaqt 881 an ani on {]ST gﬂ‘ﬁuﬁf n denot I nte I f_ the %’tterned

seedi ng | ayer ‘? allizing a,yarig mBLss, ?}f il eEPE‘je syBFtratesy) or
silver (Ag), tﬁmntd‘d dizcuiteisoard sfwbst}-a{esraxid deramic subAtrdtes s Ineludparr] (As

is conventi OnEH (} ?héﬂﬁg’l Qﬁﬁs C}Q ﬁﬂ)%g%%lﬁglc%mg Eﬁko%%%gic%en()t €

oxi dation states ase
5 include biphenyl tetracarboxyhc dlanhydnde-phenylene diamine

(BPDA-PDA) and biphenyl tetracarboxylic dianhydride-oxydianiline
(BPDA-ODA). Also included among the polyimide substrates are
those having compositions which include pyromellitic dianhydride-
' oxydianiline (PMDA-ODA). Significantly, in connection with éach_ of
10 '_ ~ these polyimide substrates, it has been found that the adHesion of

3 EER |

metal, e.g., copper, deposited onto a patterned seeding layer
overlying the surface of a polyimide substrate is substantially
increased if the polyimide surface is base hydrolyzed before the
layer of 'seeding solution is formed on the polyimide surface. This is

15 ~ readily achieved by immersing the substrate surface into, for
example, an aqueous solution of sodium hydroxide and N,N,N',N'-
tetrakis (2-hydroxypropyl) ethylenediamine for, for example, 10 to
30 minutes. The concentration of the former preferably ranges from
about 2M to about 2.5M, while the concentration of the latter

20 - preferably ranges from about 0.05M to about 0.1M. However, while

" the base hydroly51s of a polymude substrate enhances metal
adhesion, such hydrolysis is undesirable because the polylmlde is
converted to the disodium salt of the correspondmg polyamic acid.
Also in connection with the above-mentioned polyimides, there
25 is a distinction between those having compositions which include
| BPDA-PDA and BPDA-ODA, and those having compositions which

include PMDA-ODA. That is, the former are resistant to attack by
hot alkaline baths, i.e., alkaline baths heated to temperatures above
room temperature (about 25 degrees .C), whereas the latter are not

30 resistant to such attack. (Of course at sufficiently high
temperatures, e.g., at a temperature of 150 degrees C, and/or
sufficiently high pH, e.g., a pH of 14, even BPDA-PDA and BPDA-

" ODA are subjeét to aftack.) ' Conseqﬁ_éntly_, when the former are

immersed in industrial metal piating baths, which are typically .

35 alkaline, no adverse consequences follow. However, when the latter

EN994033 | 1
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nonodent at ed or pol ydentated |igand such as, for exanple, NH WS
et hyl enedi ami ne. The anion, X is, for exanple, [err] [err] [[err];[err.,: 5

[-err] If, for exanple, M denot es [err] then {err] is prefer —r—wvvhé*f'*‘**'“ﬂ:

T T

IS just tetraam ne pal | adi um chl ori de, nore conventionally wi tten [err]
(OF course, h;aheanmbr[sedrinhﬁtmﬂasﬁﬁQVQewwmbg&aﬂm,ath@aﬁéﬁﬂﬂﬂ@

conmpound, [errdy C S& esen entd on ' _
" phot oreacti ve, Jm%{tg?{alss‘?h%ﬁ a%g%gtl aQe%%ntbﬁoﬁﬁ{}er?e %lggtlgygs%\z}}gy has t he
general chem cke attecked @n[iethe]!‘ehvie:oevgrmww em‘resmmgbng pelyemicy denot es,
for exanple, apjg@skali netal ion, such as [err] or [err] Alternatively, Y
denotes or inclugdes the quaternary anmoni um ' errj. I n addition,
M3Uenot es ei t her FORRIALRIY, ithg conversiopof P°1Wm1f1ﬁé° rﬂ?gmcbﬁ‘ﬁlﬂon i.e.,

[err] If the pwsueﬁﬂgcfrsmaﬁerw:olvay@ésdrﬁbé@bb@e agrdrasrglsegsﬁd&lse an@l -adi um
then the photore e, water-saolu

pot assi um i r or"SR EP;%/?%&'P&%%% L}ﬁrrteP‘E{'}ygﬁxe%f‘g%‘g’F §-a 59 Pﬁ %‘Saﬁrﬁgﬁea?l [/err]
(As before, hysdsasgdfferpinting, tthe pilpintide substrates are readily
‘heated so as to convert any polyamic acids to the cori'esponding'
10 ' . polyimides, using the same procedures and temperatures -
conventionally used to convert polyamic acids to the corresponding
polyimides. Thus, any damage suffered durmg base hydrolys1s and
metal plating is easily reparable.

Included among the printed circuit bdard substrates which are

15 readily selectively metallized via the invention are those which
have epoxy resin/fiberglass compositions. In addition, the invention
is also useful in connection with printed circuit board substrates
having compositions which include fluoropolymers. These include
substrates with compositions which include: (1) polytetrafluoro- -

20 ' ethylene (PTFE); (2) copolymers of tetrafluorcethylene and
hexafluoropropylene; (3) copolyxhers_ of tetrafluoroethylene and
perfluoroalkoxyvinyl ether; and (4) copolymers of PTFE and
compounds having one or more fluorinated dioxole ring segments. In
connection with (4) » it should be noted that such substrates often

25 have amorphous structures.

' ~ In connection with printed circuit board substrates having
compositions which include PTFE and which have undergone
densification, it has been found that the surfaces of such
substrates often contain undesirable chromium deposits. Such

30 deposits are undesirable because the chromium acts like seed
metal, causing metal, e.g., copper, to be plated Whefe no such

' plating is desired. Significanfly, it has been found that such
chromium deposits are readily r’emov’é‘d, prior to the formation of a

~ photoactive layer of seeding solution, by immersing the substrate in

35 an aqueous, sodium persulfate/sulfuric acid solution. One such
EN994033 13
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descri bed phot or eact i ve, wat er - sol ubl e, oxal ate conpound, }L/DW('S Eé'f"f}faréig\
al so enconpassed by the present invention.) Wile not essential “Fhé~=0

seedi ng solution bath preferably also includes a surfactant, such as the
surfactant sold under the trade nane Triton X-100 by the Rohm Haas conpany
of Phi | adel phi usefiud mobytiom is formesl bysdiseolving 28 tgrame df ciodimmof t he

met al - cont ai ni perAaRRAUh bR Lt GdAG: KECKA &Y fugpmmaund in a
seedi ng sol ”tiéﬂ bath, the nole rati 0 Of the Flatter' to the fornmer should be
at least 8:1, Shdejonizadpaten, The sorresponding immersion Hmeshewld n i nd,
REPLACEMENF SHe& hbloat @ milutbelV 1995 7t he concentration of t he
megal ~contal ning Cofgcclﬁagdlarﬂxgnhgethseeggfarx}gc substrates which are readily

selectively metallized via the invention are those having

alumina compositions, aluminum nitride éompositions and silicon

nitride compositions. '

Example 1

10 An epoxy resin/ fiberglass (commonly referred to in the trade
as FR-4) printed circuit board substrate was immersed for 30
seconds in a bath of alkaline cleaner/degreaser sold under the trade
name K2 by the Pennwalt Corporation of Cornweld Heights,
Pennsylvania. This substrate was then rinsed with deionized water
15 for 2 minutes, immersed for 10 seconds in a 10% sulfuric acid bath to
' neutralize the alkalinity of the K2 bath, and again rinsed with
deionized water for 2 minutes. |
A bath of palladium seeding solution Was prepared by initially
pouring 100mL of water into a bath container and then adding 2
20  drops of Triton X-100 surfactant to the bath. Thereafter, 4.7 grams
'  of potassium trioxalatoferrate hydrate was added to the bath, while
stirring, until the potassium trioxalatoferrate hydrate was
completely dissolved. Finally, 0.7 grams of tetraamine palladium
chloride monohydrate was added to the bath, while stirring, until
25 . the tetraamine palladium chloride fnonohydrate was completely
dissolved.
The epoxy résinlfiberglass' substrate was immersed in the
above-described palladium seeding éolution_bath for 5 minutes.
During this immersion, the bath was continuously filtered through a
30 -5 miqroineter filter carfridge . Upon removal from this bath, the
| substrate was air-dried with a so-called air knife.
The substrate was exposed to UV light, through a mask, using

a Tamarak Model 161B UV lamp to achieve photoselective seeding.

_EN994033 N 14
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sol'ution bath ranges from-about 4 grans per liter of water [ gfii¥y F-Erabow SEEN
9.5 g/L, and is preferably about 7 g/L. Concentrations | essi|than afeiutZd
g/ L are undesirabl e because an undesirably small anmount of fretar 15
deposited onto the correspondi ng substrates. Concentrations greater than

about 9.5 g/ L ame mieesity 3PltRePP AR WhRhSERG S ﬁBthth_Qrétmas?mswas '
saturated with tal -containing conpound at & caoncentration of about 9.5
g/L, and furt hgge“éﬁ&f“t(ﬁﬁﬁsz)of T%E&WJW #es 10stecgnrdsol ved in the '
sol gtion. IThe concemftattmpnétdsbfécm@b ﬁé 'qu:pﬂ? ahexﬁdaaaes /Obu’gdot'éél t he
seedi ng sol uti  ranges f.rom about 25 L.t Qut 65 L,.,and is
preferably abogf| t&%%ﬁf %%ecééﬁgrsgﬁ%% OPe@'g %.‘1%?3-1”%8{80‘&?%"89‘7@%%

undesi r abl e betmersingithei sylistesatet forr 2 misutessnfd 2Misediun hydroshist | ve

material to regyge %t%ﬁge%%_gsngé%%fg%_al - cont ai ni ng conpound.

Concentrations greater out 6 are undesirabl e because the

seedi ng sol ution be¥®opsremavel frem thetsedivme hydapside bathpdbecuhstoate
concentrati on fhsadesdd GRttakiontAd WHtdrfur ftiiel) ImpibrsdiLih gogPOUNd are

sulfuric acid for 10 seconds, and then once again rinsed with
10 deionized water for 1 minute. '

-
!
l
1

The substi-ate_ was immersed in a conventional, electroless
copper plating bath, maintained at room temperature (about 25
degrees C), for 15 minutes. As a result, a strike layer of copper,-
having a thickness of 10 micrometers, was formed on the patterned

15 _ palladium see.ding layer. Thereafter, the substrate was immersed in
a conventional, industrial electroless copper plating bath.

Optical inspection of the subétrat_e under a microscope showed
that copper had deposited only onto the pattei'ned palladium
seeding layer, and nowhere else. The copper adhesion was very

20 good. L

Example 2

- A PTFE, Model 2800 printed circuit board substrate,
purchased from the Rogers Corporation of Rogers, Connecticut, was
initially densified using a copper foil which contained chromium

25 . oxide. This substrate was then treated with a conventional HCI
solution to remove the copper foil. Thereafter, the substrate was
initially cleaned with an aqueous, sodium persulfate/sulfuric acid
solution, described above, for 2 minutes; to remove chromium
deposifs. Finally, with the exception of th_é immersion in the K2

30 cleaner, this substrate was subjected to the séme processing steps as
those described in Example 1. The re-—é'ﬁults were the same'as those
achieved in Example 1.

EN994033 | ' 15.
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not di ssolved in the solution. The concentration of the su f BoB it
seedi ng solution bath, if used, ranges from about 0.02 part|s per&aFidion

¢ppm) to about 2 ppm and is preferably about 1 ppm Concentrations tess

t han about 0.02 ppm are undesirable because they result in poor wetting of
the correspondE®@emBlebdtrates by the ot her constituents of the solution.
Concentrations greater than about 2 ppm are unnecessary, i.e., they produce

no enhanced wetting g{g&legts. When f_ornigignt he seedi ng solution bath, the .
constituents of theApENMRASQDA golydmide bilm soldhrnder Fhe thpde nepe Kentae

fol | owi ng or deby the DiPdit dsthpariy|Swad ihitially hslge 1piéd by(Beingdd .
the phot or ’eaéf’i%@é’rﬁsfﬁfs‘%ﬁrl@%iﬁ'&ﬁ%ﬁi‘li"tﬁ%ﬁ{sﬁi‘%%”%@&bsgi:' 8 and (4] add
nebal - cont ai ni sejutionpemidining isediveh ihydrogidevand IN, N ¥ jit-setrakist ai ni ng .
SR e. e TRk Rk Ay o ! R bt iR o0
was then formed on the modified polyimide film by immersing
the film, for 10 minutes, in a solution containing potassium
trioxalatoferrate a_nd. tetraamine pailadium chloride.
10 | A patterned palladium seeding layer was formed on the
' polyimide film by exposing the film to UV light through a mask. The
unexposéd regions of the layer of seeding solution were removed by
immersing the film in an aqueous, 2M, sodium hydroxide solution
maintained at room temperature. | _
15 : * The polyimide film was immersed in an electroless copper.
plating bath, operated at room temperature, for no more than 10
minutes to form a strike laYer of copper on the patterned palladium
seeding layer. The polyimide film was then immersed in a hot,
industrial electroless copper plating bath in order to deposit
20 ' additional copper onto the strike layer. Thereafter, the polyimide
. film was heate_d to 300 degrees C to imidize any polyamic acid which
may have formed 'during the initial base hydrolysis and subsequent
immersion in the industrié.l electroless copper plating bath.

Optical inspec'tion of the polyimide film under a microscope

25 showed that copper had deposited only onto the patterned palladium
seeding layer, and nowhere else. The copper adhesion was very
good.

Example 4

A thin film of BPDA-?DA was spin coated onto a silicon wafer
30 and heated to drive off the casting solvent and to cure the film to the
' polyimide structure. This film was base hydrolyzed by immersing the
film, for 10 minutes, in the above-described alkaline solution

EN994033 ' | 16
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REPLACENENT SHEET Date: 21 NOV 1995 8 yellow light to avoid étéow’p 3t i
~the photoreactive oxal ate conpound. By way of exanple, if th pat £'6r hed=2

| GAS BES

N

seeding layer is to be of palladium and the constituents of"The
correspondi ng seedi ng sol ution bath include tetraam ne palladium chloride,
pot assi um t ri osentainingrsogivm iy rprideand N, N ulN-4etrakis (2hen a usef ul

(stable) bath hgat oy PEiRAlofkainpiid 2h! yBPUE LBGnpUaIBHBARKE  100TL of

wat er into the bat ainer.” One s exanpl e, two drops
of Triton X- 108y “l‘r&!ﬁda‘?ﬂ the rokdmide Fi %W‘mﬂﬁngﬁ%lf&m&oﬁ?r 3%r exanpl e,

4.7 grans of pﬁmﬁasuIimTarsm&bﬁtdént&ﬁiﬂgﬁbﬁtd%)éﬁinﬁl&ﬁok@la&&ﬁérbﬁiehandml l e
St?s”' ng, unt IJ:ett A\l %Ot aaﬁfadmm chloride. . _
_ A patterned palladium seeding layer was formed on the
polyimide film by exposing the layer of seeding solution to uv light
~ through a mask. The unexposed regions of the layer of seeding
solution were removed by immersing the film in an aqueous, 2M,
10 sodium hydroxide solution maintained at room temperature.

The polyimide film was imnierséd in an electroless copper .
plating bath, operated at room temperature, in order to form a strike
layer of copper on the patterned palladium seeding layer.

o Thereafter, the polyimide film was immersed in an industrial
15 electroless copper plating bath in order to deposit additional copper
onto the strike layer. Thereafter, the polyimide film was heated to
300 degrees C to imidize any polyamic acid which may have formed
during the initial base hydrolysis. The results were the same
as those achieved in Example 3.

20 : While the in_ventioh has been particularly shown and described
with reference to preferred embodiments thereof , it will be
understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit
and scope of the invention. '

EN994033 | 17

S

laced _

Vi



tr| oxal atoferrate hydrate is conpletely dissolved in the batlEL ﬁéﬁy""‘@rﬁe—m
shoul d add, for exanple, 0.7 grams of tetraam ne palladi um chLoci PLACE

m)nohydrate to the bath, while stirring, until the latter is conpletely -

di ssolved i'n the bath. It should be noted that the seeding solution bath is
preferably continuously filtered, using conventional filter m :
g., conventi ogadimz:M cronmeter fi Iter cartri dges, to renove U mllm'iﬂlmmlm
the bath. If the photoreactive oxal ate conpound dissolved in *the dattf i §, * -
for exanple, potassiumtrioxal atoferrate, then these particles are

typi cal ly iron:CcAnheiHdfbrPsdlbesvely, motatliziag o s@bstexie]cdiiirisilgethe |t is
bel i eved t hat ghese particles formin the bath because the oxal ate conpound
i € sensitive £ Rﬁ% and the bath is unavoi dably exposed to light. These
pa3rticles are urfdemn@blleyandf arsolutomvach surfacewfshid hebstrate t saides from

03 19 depos! " SEnAPLavi & MkipobllIlH RRftH thol(fed @ tikst b BMbM A

excessi ve concentration arti es may cause t

ulst abl e. compound and a photoreactlve oxalate compound ;
6 exposing selected regions of said layer to light, to thereby
N form said first metal on regions of said substrate corresponding
8 . to said selected regions of said layer; and. | _
9 removing said une‘xposed.regions of said layer from said substrate
10 while depositing essentially no metal onto either said first metal or-
11 " the unexposed regiohs of said layer. |
1 2. The method of claim 1, further comprising the step of immersing
2 said substrate in a second metal plating bath, to thereby deposit
3

said second metal onto said first metal.

1 3. The method of claim 1, wherein said first metal-containing

2 compound has the general chemical formula ML X, , where M denotes a
3 metal cation, L is a Lewis base ligand and X denotes an anion, and m
4 and n denote integers.

1 4. The method of claim 3, wherein M is Pd‘*").

1 5. The method of claim 3, wherein M is Pt¢?")."

1 6. The method of claim 3, wherein M is Au®*".

1 | 7. The method of claim 3, wherein M is Au®®*’.

1 8. The method of claim 3, wherein M1s Ag{*!.

ENS94033 - : 18
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Once t he seedl ng solution bath is fornmed, the substrate of |inméi£:e i
imersed in the bath to form a.photoactive |ayer of seeding ljsol ut R§R-BREPhe
substrate surface of interest. The thickness of this |ayer ranges from

about 20 Angstroms to about .60 Angstrons, and is preferably about 40
Andstrons-. ThckBbesmsthbdsf dliizm3 alwdiereROLAs gshitrogenaren taining ghhé. '
‘because the-resulting seed netal coverage is inconplete and-the-seed netal
has an undesirably | arge REPLACEMENT SHEET Dat e. :21 NOV 1995 9 nunber

of 1pi nhol es. . ThY ckFbe seshed oficdaim hawhepein: L 6 NEhgst r ons ar HI“I mﬂmﬂﬁm " ||||
because they provide no advantage. U traviolet (UV) light,

hagl ng a wavel ??gtﬁhé%gghgg from about 200 nanonet.ers_(nm to a out _ A50° um

pref erably of claim 9, wherein L is ethylenediamine.
1 . . 12. The method of.claim 3, wherein X is FU'9, |
1 - 13. The method of claim 3, wheretn X is cr.
1 14. The method of claim 3, wherein X is Br"”..

15. The method of claim 3, wherein X is (SO,)'™.
16. The method of claim 3, wherein X is (NO;)™.
17. The method of ‘claim 1, wherein said-photoreactive oxalate

compound has the general chemical formula YPM( (C204)3)p and p
denotes an integer.

1 . 18. Thé method of claim 17, wherejn Y is an alkali metal ion.
1 19. .'_I‘he methbd of ciaim 17, wﬁerein Y is KV,
1 | 20. The method of claim 17, wherein Y is. ﬁa‘*l’.
1 21. The ﬁethod of claim 17, wherein Y includes (NH,) ", |
1 22. The method of claim 17, where_in M is Fe!*},
1 - 23. The method of claim 17, wher;ein M is ﬁu"’”.
1 24.. The method of claim 1, wherein said substrate has a composition
2 which includes epqu resin'.. |
EN994033 . i9
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about 300 nmto about 450 nm is now shined -onte—the—photoaftime gi-mrl—mﬁ BEEN

exanpl e, "W lanp Mdel 161B sold by th
Anaheim California. As discussed above, s I i ght onto the
seeding solution results in a phot0| nduced reactlon |n which netal, e.g.,

pakl adium is ggrwﬂe%[btthg@iogr}:?‘g %t%e?&%sgal&fs%bg g(‘he cor, ﬁﬁ&}‘% gg to.

seedi ng sol ution through a mask. A usef ﬂgm liu UVl i ghtRFB:,.Aﬁ:ﬂD

t he exposed regions o tve Tayer seedt I'Ag $o u
inensity of tWwaidhinglydes elymegen the | ayer of seeding soI ution
ranges from about 20 mllijoules per square centineter (mJ/[err]) to about

189 mi/[err] agg iﬁ grefg gbly about 65 mJ/cnR. Intensjities |ess than about
olmi/[err] ar é8unbiBeimetbed of slaim 2, wherein f7id fluogppelymerds palytatkdai ni ng
copound r eact fluorbéthiylleneéixal at e compound. Intensities greater than-about
180 mJ/cnR are undesirabl e because an internediate product fornmed during
the reaction between the oxal at e conpound and the netal - contai ni ng conpound
sldeconposed 2% esThe imeghod of lelaimo25yawhereinfsaid flnodepolyaterdsaxi de, e. g.,

irgn oxide, copolymer of tetrafluoroethylene and hexafluoropropylene.

28. The_ method of glaiin 25, wherein said fluoropolymer is a
copolymer of tetrafluoroethylene and perfluoroalkoxyvinyl ether.

1 . 29. The method of claim 25; wherein said fluoropolymer is amorphous
fluoropolymer and is a copolymer of polytetrafluoroethylene and

3 and a compound having a fluorinated dioxole ring segment.

1 30. The method of claim 1, wherein said substrate has a composition
which includes polyimide. .

31. The method of claim 30, wherein said polyimide has a composition
2 which includes BPDA-PDA.

32. The method of claim 30, wherein said polyimide has a composition
which includes BPDA-ODA. '

1 33. The method of claim 30, wherein said polyimide has a composition
which includes PMDA-ODA. |

34. The method of claim 1, where_ih said substrate is a ceramic
substrate. '

35. The method of claim 34, whereinsaid ceramic substrate has a

2 _ composition which includes alumina.

EN994033 20
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whi ‘ch is deposited onto the correspondl te. |f\’ i lBEEN
e.g., copper, will not plate onto this m i’ "uam ﬂt&m [én ﬁ%:ﬂﬁé% .

reaction between the netal - cont ai ni ng c xaIL________ﬂg_oT_@mm

is believed that the inpingenent of UV |ight results in the formation of an
oxdl at e radi caB8. wWihemetbhodedf dlaint wpwhet-éiﬁ suld zkramic substbste has a

metgal - cont ai ni RgmELER hot osel ectively fornmed a
patterned seedi ngﬁﬁayfe%lrﬁngb} %%g %mnsur glgegof i nterest, the unexposed
regi ons of the photoactive |ayer- of seedl ng sol ution, -which st| I I contact
and surround t e, pﬂhé%&ﬁéd%%@ﬁ&i a%ﬁ&reﬁré%.l&%&'énﬁi@éiﬁﬂsti-&’fe hdear €asons

di scussed above. Thi chi ev i'n_accordance with the I nvention, by
i n%ersu ng the §8’B§P§’§’c°é‘ Wﬁl f‘k‘&?ﬁ ﬁgcgempp #: such REPLACEMVENT SHEET

38. The method of claim 2, wherein said _second metal is Cu.

1 ' 39. The method of claim 2, wherein said second metal is Co.
1 40. The method of claim 2, wherein said second metal is Ni.
1 ~~ 41. The method of .claim 2, wherein said second metal is Au.
EN994033 - g
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Date: 21 NOV 1995 10 as an aqueous sodi um hydroxi de sol ution; :Slsggqftca_gl
the pH of this alkaline solution should be at |east about 14, V\/ﬂl’-‘«zkﬁﬁhhe
tenperature of the al kaline solution should range from abo e
to about 55 degrees C. E er&t'ur and pHs |less than about 40 degrees C
and about 14, respectiv %}Bog r rRiechyely Metglizing & BHESEte espondi ng
solutions do not serve to renove all ofAdskeadinexposed regi ons of a seeding
solution and they yield undesirably small anounts of, for exanple, oxidized
iron gel. Tenperatures eater than about 55 degrees C are undesirable
because the correspén@ﬁ%@%fnmsélmvelmmetaﬂmngmvg o fdrnsng)eposed and
unexposed regl@lé‘étﬁ&al@cﬁseﬂldiﬂ #8lkbte, EoHaY o r1ﬁEQiTB{r% g usetu
Igallne sol ut S one 'S, an aqueous so roxide solution, in.
whPch the conc FPBﬁtr&FesBcHW%FBkFH@“F or af@ﬁrammbetram and-t he

t errper ature ofis dii%cliﬁieﬂtl Sigmﬁlcﬁﬁtlﬁﬁgh%&eﬁmd does not involve the
use of a photores1st orof a correspondmg chemical developer

or photoresist str1pper Rather, in accordance with the method,
_ a layer of seeding solution is formed on a substrate surface of
10 interest. This‘laYér is éprsed to light of appropriate wavelength,
' fhrough a mask, which results in the formation of metal seed on

regions of the substrate surface corresponding to the regions of
the layer of seeding solution exposed to light. The unexposed
regions of the layer of seeding solution are removed by subjecting

15 the exposed and unexposed regions of the layer of seeding solution
to an alkaline solution. Thereafter, additional metal is deposited,
e.g., plated, _ onto the metal séed_using conventional techniques.

This Sheet Has Been Replaced
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|t _shoul._d be noted that in the case of polyinm de substrat e}, RARHACEMENT SHEET
aboye-descri bed al kal i ne sol uti on-need not be heated to tefper at qeﬂoqbggg
roomtenperature (about 25 degrees C). That is, the surfacgdayd %;ol-y-rm- e

substrates tend to be so snooth that tRhe unexposed regi ons=of—the
correspondi ng photoactive |ayers of s€eding solution are readily renoved by
usi ng al kal i ne soMethashEomSelaciivedyl Matallizing Achipbstrate e. As not ed above,
using an alkaline solution to renove the unexposed regions of a |ayer of
seedi ng sol ution has the unexpected, advantageous result of also formng a
gel of an oxiBfickgyoupdafdhedmnviepdionor rut henium e. g., iron oxyhydroxi de
or rutheni um oxyhydroxi de, around the seed netal. This gel is advantageous

because it preven xi,dati.on of, the seed netal, and thus permts the
correspondi ng s{m&fﬁ@%‘ﬁ& Ip¥etigPed for nonths before inmersion in a netal
pl ati ng bath. Mreover, upon imersion in a nmetal plating bath, the gel

meral onto the. sechd et Potaty fb B fielyPa 8t BeleRefiRly ersfiify, | O
e.g., forming an electrical circuit on, a surface of a substrate,
suéh as a printed circuit board substrate, a polyimide substrate or a
ceramic substrate, which method does not require the use of a
photoresisf.

2. Description of the Related Art

A substrate, such as a printed circuit board substrate, is
conventionally selectively metallized, e.g., an electrical circuit is
formed on the substrate, by initially forming a patterned seeding
layer of, for example, palladium (Pd) on a surface of the substrate.
The resulfing substrate is then immersed in a metal plating bath,
such as an electroless copper plating bath, where the corresponding
metal, e.g., copper, is selectively deposited from solution just onto
the patterned seeding layer. The selectively deposited copper then
constitutes the desired selective metallization, e.g., the desired
electrical circuit.

When forming the patterned seeding layer, either a subtractive
or an additive procedure is used. In the subtractive procedure, an
unpatterned seeding layer of, for example, palladium is initially
formed on the substrate surface of interest. This is achieved by, for
example, sputtering the seed metal onto the substrate surface.
Alternatively, the seed metal is deposited from solution. For
example, an unpatterned layer of palladium is readily deposited onto
the substrate surface from a solution containing a palladium salt and

tin chloride. Once the seed metal is deposited, a layer of photoresist
is deposited onto the seeding layer, exposed through a mask bearing
the pattern of interest and developed. The underlying seeding layer



T

that the amount of gel, in relation to the amobunt of plat dR%%kA?EMEiiEE E'
netal, is extrenely snmall and has no discernable effect o qu_ titl &w ]
the plated netal.) By contrast, if an acidic solution wer CACENERT
SHEET ‘Date ...21 NOV 1995 11 be used to renove the unexposed regions of a
phot oacti ve Iayer of seeding solution,,then it has been found that such a
renoval process necessarily results ipr= A2 =t he oxidation of the seed netal

doposi ted onESEROGRPa: Fa8- & SoARKALY, oAad: vidle deig BBl fhedicd 1 o 1
i mrer sed i n photeresisp batennetchanssk STheneafters e photoresist iSol ution renoves
oot o oo EoRR otPHIASIBNTRY fu80'AE pablorhBl sBdRimpyere | aver of
In the additive procedure, a layer of photoresist is initially

deposited onto the substrate surface of interest, exposed through

a mask and developed. A metal seed, such as palladium, is then

deposited onto the substrate surface of interest, while using the

patterned photoresist layer as a deposition mask. The patterned

photoresist layer (as well as the metal seed deposited onto the .

photoresist, per se) is then chemically stripped, leaving just
the metal seed deposited into the openings in the patterned
photoresist layer, which constitutes the patterned seeding layer.

As is known, the use of photoresists and the corresponding .
chemical developers and strippers is environmentally undesirable.
Consequently, attempts have been made to develop methods for
forming pétterned seeding layers which do not rely on the use
of photoresists. | .

One method for forming a patterned seedmg layer which does
not rely on the use of a photoresist is described by Thomas H. Baum
et al in "Photoselective Catalysis of Electroless Copper Solutions for
the Formation of Adherent Copper Films onto Polyimide," Chem.
Mater., Vol. 3, No. 4, 1991, pp. 714-720. According to this journal
article, a patterned seeding layer of palladium is formed on a surface
of a polyimide substrate by immersing the substrate surface in an
aqueous seeding solution. This solution includes hydrated forms of
potassium trioxalatoferrate (K,Fe (C,0,),) and tetraamine palladium
chloride (Pd(NH,),Cl,). The resulting layer of seeding solution on
the substrate surface is then irradiated with UV light through a
mask, to photo-selectively deposit palladium metal from the UV-"
irradiated regions of the solution onto the substrate surface. As a
result, a patterned palladium seeding layer is formed without the use
of a photoresist. (This patterned seeding layer remains in contact

with, and surrounded by, the unexpused regions of the layer of
seeding solution. )



Wth- -the renoval of the unexposed regions of the |ayer of >§@ﬁg_nggsaqhtﬂt85~mﬁr
as. descri bed above, the substrate is now ready for depositjjon of nmetal ont

the seed netal via, for exanple, electroless netal platin daﬂa tms\mmla
if the seed netal consists of palladium (Pd), platinum (Pt e —ot

silver (Ag), then it should be noted that a variety of rretals are readlly
deposited onto these seed netals. Included anong this variety are copper
(Cu), cobalt (CO) Aceording to\the Baumpet &l jongmal geticle, ERBEFSINgFhvent i onal

i ndustri al h@tshﬂgtm& lbearfgda p a@fé}heatpanmahum Rdeaing Rlyeel ectrol ess

copper plating haths, operate at rel a,tlvel hte rat res, such as, for
exanpl e, 72 m@ﬁeegdes giheg %P%vz?dv‘&rﬂ%ﬁéﬁﬁ?q i mrer si on of

a substrate hmhl Heifrmdrmm ﬁgdéposiﬁonrdfccoppeh]ast omtbustrial metal

B-;?E ;P%egatsgégl SU| t 8"{3\%? s8¢ Iﬁ%‘lﬁf?@rgtt% tg?':" dﬂg’g%r?ﬁglhlnf%gcggrégﬁce W th
the inventiomy me;pbes!emtmvbnmnsr@aa qubsequemm«got' aysecond, f j r st
i mersed in %hfzpt.{ rf’o%ﬁQHd'ng nﬁéﬂ pgiﬁ{niws&’@g&ate into the same

" electroless copper plating bath quickly results in serious

difficulties. Moreover, these very same difficulties arise when

the above-described method of photoselective palladium deposition

is applied to other organic substrates, such as the epoxy resin/

fiberglass substrates and fluoropolymer-containing substrates used

in printed circuit board manufacture. Further, these same

difficulties arise when the above~-described method of photoselective

palladium deposition is applied to inorganic, ceramic substrates,

such as alumina substrates, aluminum nitride substrates and silicon

. nitride substrates.

Summary of the Invention

The invention involves the finding by the present inventors
that when a patterned seeding layer, e.g., a patterned palladium
seeding layer, is formed on a substrate, such as a polyimide

. substrate, a printed circuit board substrate or a éeramic substrate,
using the method described in the Baum et al journal article, and the
substrate is then immersed in a metal plating bath, e.g., an
electroless copper plating bath, to form a corresponding electrical
circuit, that metal is often deposited not just onto the patterned
seeding layer. Rather, metal is also deposited onto the unexposed
regions of the photoactive layer of seeding solution remaining on the
substrate surface, and the frequency of this unwanted metal
deposition increases as the number of éuch substrates immersed in
the same metal plating bath increases: As a consequence, the
electrical circuit formed on the surface of such a substrate exhibits

undesirable short circuits. Moreover, it has been found that the metal



P Il REPLAGEMENT SHEET l
operating at roomtenperature (about 25 degrees C). The purpose of sr \qug

Il meesion is to deposit a relatively thin |ayer of netal, h rﬁét@afZe

referred to as a strike layer, onto the seeding |ayer, which-serres—to
protect the seeding |ayer when the substrate is imrersed in an industrial
metal plating bath. It should be noted &hat the thickness of such a strike
| ayer shoul d be at |east one (1) micrometer to achi eve effective protection
of the seedi rmatiagebatm/in‘th which fthersmuttistrates atrlaémmers@bleaqmes on the

patterned se XW%S r HR.FE in an industri al
metal plati ng&t &#?%%e 05| It]@égﬁnﬁé@o ont o% st rike | ayer .
REPLACEMENT SHEET The énve;qﬁq»mspmome%hmapéwamthq alovetvention is
useful for sej&ciived Yroblems of unwanted metal deposition and bath instability

are avoided by removing the unexposed regions of the photoactive
layer of seeding solution remaining on the substrate surface, leaving
just the patterned seeding layer, before immersing the substrate

in a corresponding metal plating bath. This removal is readily
achieved by subjecting the exposed and unexposed regions of the
photoactive layer of seediﬁg solution to an alkaline solution such as,
for example, an agueous sodium hydroxide solution. During this
removal process, essentially no metal is deposited onto either the
patterned seeding layer or the unexposed regions of the layer of
seeding solution. .

Significantly, the acided step of subjecting the exposed and
unexposed regions of the photoactive layer of seeding solution to the
above-described alkaline solution achieves an unexpected,
advantageous result. That is, if the layer of seeding solution is
formed using, for example, potassium trioxalatoferrate and '
tetraamine palladium chloride, then subjecting the exposed and
unexposed regions of the photoactive layer of seeding solution to the
above-described alkaline solution not only serves to remove the

unexposed regions, but also serves to form an oxidized species of
iron, e.g., iron oxyhydroxide (FeOOH), gel around the seed metal,
per se. This gel prevents oxidation of the seed metal, and thus
permits a substrate bearing a patterned seeding layer to be stored
for months before immersion in a metal plating bath. Moreover, this
_gel quickly expands and becomes very permeable in the metal plating
bath when the substrate is immersed in the bath, thereby permitting
metal to be readily deposited onto the patterned seeding layer.

The invention further involves the finding that, in addition
to patterned palladium seeding layers, patterned seeding layers'of ,
for example, platinum (Pt), gold (Au) and silver (Ag) are also
readily photoselectively formed on substrates. All such patterned
seeding layers are formed, in accordance with the invention, by



metallizing a variety of substrates, such as polyimde subst
circuit board substrates and ceram c substrates. Included a
pol'yi m de substrates are those having compositions which incl umebi.g.h‘ﬁmv..]%ﬁ.
tetracarboxylic di anhydri de-phenyl ene di am ne ( BPDA- PDA) and A .
tetracar boxylic di anhydr.i de-oxydi ani|ling (BPDA-ODA). Al so included anong

t he polyi m de substrates are those havifg conpositions which include

pyronel litic dianhydride- oxydianiling (:PVDA- OPA). ..Signi.fj.cantl in

connection w ?’ﬁp%sé%ﬁ “&P‘f’ﬁsﬁe Sg’i"i[ﬁﬁﬁt'&’@ 153555[ %ﬁé@@#%‘é@oﬁg n‘y ound 't hat

t he adhesi on Hghtrthedughe amask; caapk thenl eemevingrithemanexpgsetit wagiens s€edi ng

| ayer overlyi ' f . L te.l E?“Bst antially

i ncreased if %estegg@ﬁﬁ %%agg‘}?gg‘g%ibébg"agggﬁﬁ%f%%&bge ore the | ayer of

seedi ng sol ut pbetoastiverlager of seedingmsolutipn dias & eempositinn gvhichr eadi | y

achi eved by i {jjuph&dd'd gﬁ&ﬁ%ﬂﬂ&ﬁiﬁﬁfé@%ﬁm&lﬁ&mﬁ&{n@xﬁm e, an aqueous

solution of sodi um hydroxi de and , N ,N - tetraKis (2-hydroxypropyl)
et hyl enedi ani pRotoyeactive, watenssaluble, pxalste AeMPPW. The concentration of
the former preferably ranges from

Detailed Description of the Preferred Embodiment(s)

The invention involves a method for selectively metallizing,
e.g., forming an electrical circuit on, a substrate, such as a
printed circuit board substrate, a polyimide substrate or a
ceramic substrate. Significantly, this method does not require
the use of a photoresist or of the corresponding chemicals needed
to develop and strip such a photoresist.

In accordance with the inventive method, a patterned metal
seeding layer is initially formed on the substrate surface of
interest, ixsing the photoselective process described below.

Here, the patterned metal seeding layer is preferably of
palladium (Pd). Alternatively, the patterned metal seeding
layer is of platinum (Pt), gold (Au) or silver (Ag).

According to the photoselective process of the present
invention, a bath of seeding solution is first formed, into
which the substrate of interest is to be dipped. Alternatively, this
bath is used as a source of seeding solution which is spray-coated
onto the substrate. Significantly, this seeding solutioﬁ is an
aqueous solution, and has a composition which includes a metal-
containing, water-soluble compound and a photoreactive, water-
soluble, oxalate compound. (For purposes of the present invention,
a photoreactive oxalate compound is an oxalate compound which,
when impinged by light of appropriate wavelength, undergoes a
reaction with the metal-containing compound, during which the metal
ion in the metal-containing compoundis reduced to the
corresponding base metal.)

The metal-containing, water-soluble compound, referred to



about 2Mto about 2.5M while the concentration of the latte %(:&Fa@ ng
ranges fromabout 0. 05Mto about 0. 1M However, while the
of *a pol yi mi de substrate enhances netal adhesion, such hydr "'I"S """""""""""""

undesi rabl e because the" polyin de is converted to the disodi um sal t of the
correspondi ng polyam c’acid. Also in connection with the above-nmentioned
polyimdes, there is a distinction bet wden t hose havi ng conpositions which

| ude BPDA-P, h | ud
o de, B ol B s SRR B RN B SRR el 110
bat hs, i.e., amptal catiopatlhis & axtrogenocontajning, Uresds diase digamdn Xenper at ur e
(about 25 degrg ICIe"tﬁbﬁ %]B%ﬂ&ht&xfn&&%{%ter&eif%ﬁé‘%t{e‘itné&‘?h att ack.

(OF course at s erature of 150

degrees C, andgendingrlayer !?ntq veg?rIB-‘pﬂmle @4), @lﬁﬁn@m %), (AreDA and

BPDA- Oé)A are §i!l$&tleEAF§9t§élli Mheiot@@fpgf‘?ﬁe@‘tm A#i‘@ﬂ tﬁlﬁ"f’%ﬁ”lﬁé"a’{ﬁ I
i mersed in ingdustrial nmeta a [¢h are typical Iy alkaline,
no adverse cong‘gﬁﬂl%ﬁeﬁg ?%?'F‘ﬂwt gHe Hsed thropghgut t this

disclosure denote oxidation states). The Lewis base ligand, L, is a
monodentated or polydentated ligand such as, for example, NH, or
ethylenediamine. The anion, X, is, for example, F{**!, C1™?, Bp(¥),
(S0,)"® or (NO,)"*, If, for example, M denotes Pd‘*"!, then ML X_
is preferably Pd(NH,) Cl,, which is just tetraamine palladium
chloride, more conventionally written (NH,) PdCl,. (Of course,
hydrated forms of the above-described metal-containing compound,
ML X, , are also encompassed by the present invention.)

The photoreactive, water-soluble, oxalate compound,
referred to above, has the general chemical formula Y M((C,0,);),,
where p denotes an integer. Here, Y denotes, for example, an alkali
metal ion; such as K**) or Na‘**!. Alternatively, Y denotes or
includes the quaternary ammonium ion, i.e., (NH,)*"). In addition,
M denotes either the iron ion, i.e., Fe!*?), or the ruthenium ion,
i.e., Ru'*®, If the patterned seeding layer is to be of, for example,
palladium , then the photoreactive, water-soluble, oxalate compound
is preferably pdtassium iron oxalate (potassium trioxalatoferrate),
i.e., K;Fe((C,0,);. (As before, hydrated forms of the above-
described photoreactive, water-soluble, oxalate compound,

Y M( (020:)3)9, are also encompassed by the present invention.)

While not essential, the seeding solution bath preferably also
includes a surfactant, such as the surfactant sold under the trade
name Triton X-100 by the Rohm Haas company of Philadelphia,
Pennsylvania.

To ensure complete reduction of the metal-containing
compound by the photoreactive oxalate compound in a seeding
solution bath, the mole ratio of the latter to the former should be at

least 8:1, and is preferably 10:1. Keeping this limitation in mind,
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metal plating baths, the areas of the substrates which are npt covered gl
patterned seedi ng Iayers may be attacked and thereby convert'a@at@_hﬂﬂv 1995

..........................

correspondi ng pol yam ¢ acids. Fortunately, the conversion ofi=p de—to

pol yam ¢ acid, resulting fromthe above:described base hydrol y5| S process
and netal plating process, is readily rdversible. That is in all cases,

any pol yam o gt Snfiieadhd B WSOl SanBliile Bthudunl 8 She Hholiyg © OO
procedur es angolugionchath rangesoireonebantad igyams gertliter of water d@/fdrtec aci ds
to the corresgpagt 9% g/, and is preferably about 7 g/L. Concentrations less

than about 4 g/L are undesirable because an undesirably smail

amount of seed metal is deposited onto the corresponding substrates.

Concentrations greater than about 9.5 g/L are undesirable because _

the seeding solution becomes saturated with metal-containing

compound at a concentration of about 9.5 g/L, and further additions

of such compound are not dissolved in the solution.

The concentration of the photoreactive oxalate compound in
the seeding solution bath ranges from about 25 g/L to about
65 g/L, and is preferably about 47 g/L. Concentrations less
than about 25 g/L are undesirable because this implies there
is insufficient photoreactive material to reduce all the metal
in the metal-containing compound. Concentrations greater than
about 65 g/L are undesirable because the seeding solution
becomes saturated with the oxalate compound at a concentration
of about 65 g/L, and further additions of such compound are
not dissolved in the solution. '

The concentration of the surfactant in the seeding solution
bath, if used, ranges from about 0.02 parts per million (ppm)
to about 2 ppm, and is preferably about 1 ppm. Concentrations less
than about 0.02 ppm are undesirable because they resulf in
poor wetting of the correspdnding substrates by the other
constituents of the solution. Concentrations greater than
‘about 2 pPPm are unnecessary, i.e., they produce no enhanced
wetting effect.

When forming the seedmg solution bath, the constituents of
the bath should be added to the bath container in the following
order, to avoid bath instability: (1) add water; (2) add surfactant;
(3) add photoreactive oxalate compound, while stirring, until
the photoreactive oxalate compound is completely dissolved;
and (4) add metal-containing compoﬁ‘_rid s while stirring, until the |
metal-containing compound is completely dissolved. It should be
noted that the above steps should be carried out under, for example,



. e
pol yi mi des. Thus, any danmge suffered during base hydrol ysis [pitFrBEEMENT SHEET
plating is easily reparable. Included anong the printed circujt board
substrates which are readily selectively netallized via the i;"l\Pé‘Fﬁ:?om-vm-\é--lggs----

t hose whi ch have epoxy resin/fiberglasséionpositions. I n addition, the
i nvention is also useful in connection th printed circuit board
substrates havi ng conpositions which include fluoropolynmers. These include
substrat es wiXella¥lighditeiayeid dprempositionf: thephatarepctiviegxalater- et hyl ene
(PTFE); (2) cauaspounrd.s of tetrafluoroethyl ene and hexafl uoropropyl ene; (3)

copol ymers of PTFEBYNPYh SEMIBLE. HaFRRPASHETGR SOREE IRIR PG di oxol o
ring segment sof pallsdtiams clrdothe\edhstitilents bf 1he tbeirdspondingglséddihgsuch
o e boar (SRR Sael IR e Stanlpl e RS R o o
have under goneriakaisfofexrmite and Tritba X100 surfactant,thent dasefulf aces of such
(stable) bath is readily formed by initially pouring, for example,
100mL of water into the bath container. One should then add, for
example, two drops of Triton X-100 surfactant to the bath. Then,
one should add, for example, 4.7 grams of potassium trioxalato-
ferrate hydrate to the bath, while stirring, until the potassium
trioxalatoferrate hydrate is completely dissolved in the bath.
Finally, one should add, for example, 0.7 grams of tetraamine
palladium chloride monohydrate to the bath, while stirring, until
the latter is completely dissolved in the bath.

It should be noted that the seeding solution bath is preferably
continuously filtered, using conventional filter cartridges, e.g.,
conventional 5 micrometer filter cartridges, to remove particles
from the bath. If the photoreactive oxalate compound dissolved in
the bath is, for example, potassium trioxalatoferrate, then these
particles are typically iron-containing particles, such as iron
oxide particles. It is believed that these particles form in the
bath because the oxalate compound is sensitive to light, and the bath
is unavoidably exposed to light. These particles are undesirable
and are removed to prevent these particles from being deposited
onto substrates immersed in the bath. In addition, an excessive
concentration of these particles may cause the bath to become
unstable.

Once the seeding solution bath is formed, the substrate of
interest is immersed in the bath to form a photoactive layer of
seeding solution on the substrate surface of interest. The thickness

_of this layer ranges from about 20 Angstroms to about 60 Angstroms,
and is preferably about 40 Angstroms: Thicknesses less than about
20. Angstroms are undesirable because the resulting seed metal
coverage is incomplete and the seed metal has an undesirably large



substrates often contain undesirabl e chronium deposi ts.
undesi rabl e because the chromumacts |ike seed netal, c

Su c,

ausTng
copper, to be plated where no such plating is desired. SlgA QZE gﬂvepgs

has been found that such chrom um deposits are readily rend

the formati on of a photoactive |ayer of9seeding sol ution,
substrate in an aqueous, sodium persul fate/sulfuric acid
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shoul d be about 2 Hitravislet (UV) light, i.e., hght havmga wavelength ranging
from about 200 nanometers (nm) to about 450 nm, and preferably
about 300 nm to about 450 nm, is now shined onto the photoactive
layer of seeding solution through a mask. A useful source of
such UV light is, for example, UV lamp Model 161B sold by the
Tamarak Scientific company of Anaheim, California. As discussed
above, shining such UV light onto the seeding solution results in a

P " photoinduced reaction in which metal, e.g., palladium, is formed on

regions of the substrate surface corresponding to the exposed
regions of the photoactive layer of seeding solution. The intensity of
the UV light impinged upon the layer of seeding solution ranges from
about 20 millijoules per square centimeter (mJ/cm®) to about 180
mJ/cm?, and is preferably about 65 mJ/cm’. Intensities less than
about 20 mJ/cm? are undesirable because less than all of the metal-

containing compound reacts with the oxalate compound.

Intensities

greater than about 180 mJ/cm? are undesirable because an
intermediate product formed during the reaction between the oxalate
compound and the metal-containing compound is decomposed,

resulting in the formation of an undesirable oxide, e.g

., iron oxide,

which is deposited onto the corresponding substrate. Significantly,

metal, e.g., copper, will not plate onto this oxide.

In connection with the reaction between the metal-containing
compound and the oxalate compound, it is believed that the
impingement of UV light results in the formation of an oxalate
radical, which serves to reduce the metal ion in the metal-containing

.compound to base metal.

Having photoselectively formed a patterned seeding layer on
the substrate surface of interest, the unexposed regions of the
photoactive layer of seeding sdlution, which still contact and
surround the patterned seeding layer, are now removed for the
reasons discussed above. This is achieved, in accordance with the

invention, by immersing the substrate in an alkaline solution, such
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An epoxy resin/fiberglass (commonly referred-to in the trade as FR—4)
printed circuit board substrate was i mpgrsed for 30 seconds in a bath of
al kal i ne cl eaner/degreaser sold under ttre trade nane K2 by the Pennwalt
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the bath, whi lb&ause the corresponding solutions do not serve to remove all of the

unexposed regions of a seeding solution and they yield undesirably

small amounts of,, for example, oxidized iron gel. Temperatures

~ greater than about 55 degrees C are undesirable because the

corresponding solutions serve to remove both the exposed and

unexposed regions of a seeding solution.

By way of example, a useful alkaline solution is one which is an
aqueous sodium hydroxide solution, in which the concentration of -
sodium hydroxide is, for example, 2M and the temperature of the
solution is 55 degrees C.

It should be noted that in the case of polyimide substrates, the
above-described alkaline solution need not be heated to temperatures
above room temperature (about 25 degrees C). That is, the surfaces
of polyimide substrates tend to be so smooth that the unexposed
regions of the corresponding photoactive layers of seeding solution
are readily removed by using alkaline solutions maintained at room
temperature. |

As noted above, using an alkaline solution to remove the
unexposed regions of a layer of seeding solution has the unexpected,
advantageous result of also forming a gel of an oxidized species of
iron or ruthenium, e.g., iron oxyhydroxide or ruthenium
oxyhydroxide, around the seed metal. This gel is advantageous
because it prevents oxidation of the seed metal, and thus permits the
corresponding substrate to be stored for months before immersion in
a metal plating bath. Moreover, upon immersion in a metal plating
bath, the gel expands and becomes very permeable in such a bath to
permit deposition'of metal onto the sged metal. (It should be noted
that the amount of gel, in relation to the amount of plated metal and
seed metal, is extremely small and has no discernable effect on the
utility of the plated metal.) By contrast, if an acidic solution were t.:
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necessarily results in the oxidation of the seed metal. Th1s is highly
disadvantageous because essentially no metal will be deposited onto
the oxidized seed metal when the corresponding substrate is
immersed in a metal plating bath. Further, such an acidic solution-
removes both the exposed and the unexposed regions of the
‘photoactive layer of seeding solution.
With the removal of the unexposed regions of the layer of
seeding solution, as described above, the substrate is now ready for
deposition of metal onto the seed metal via, for example, electroless
metal plating. In this regard, if the seed metal consists of palladium
(Pd), platinum (Pt), gold (Au) or silver (Ag), then it should be -
noted that a variety of metals are readily deposited onto these seed
metals. Included among this variety are copper (Cu), cobalt (Co),
nickel (Ni) and gold (Au).
As is known, conventional industrial metal plating baths,

e.g., conventional industrial electroless copper plating baths,
operate at relatively high temperatures, such as, for example, 72
degrees C. This is disadvantageous because direct immersion of a
substrate bearing a patter'ned seeding layer into such an industrial
metal plating bath will result in the partial or total destruction of the
patterned seeding layer. To avoid such destruction, and in

‘ accordance with the invention, a substrate bearing a patterned
seeding layer is first immersed in a corresponding metal plating bath
operating at room temperature (about 25 degrees C). The purpose of
such an immersion is to deposit a relatively thin layer of metal,
hereinafter referred to as a strike layer, onto the seeding layer,
which serves to protect the seeding layer when the substrate is
immersed in an industrial metal plating bath. It should be noted that
the thickness of such a strike layer should be at least one (1)
micrometer to achieve effective protection of the seeding layer.

o With the formation of the strike layer on the patterned seeding
layer, the substrate can now be immersed in an industrial metal
plating bath to deposit additional metal onto the strike layer. _
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(BPDA-PDA) and biphenyl tetracarboxylic dianhydride-oxydianiline
(BPDA-ODA). Also included among the polyimide substrates are
those having compositions which include pyromellitic dianhydride-
oxydianiline (PMDA~-ODA). Significantly, in connection with each of
" these polyimide substrates, it has been found that the adhesion of
metal, e.g., copper, deposited onto a patterned seeding layer
overlying the surface of a polyimide' substrate is substantially
increased if the polyimide surface is base hydrolyzed before the
layer of seeding solution is formed on the polyimide surface. This is
readily achieved by immersing the substrate surface into, for
example, an aqueous solution of sodium hydroxide and N,N,N',N'-
tetrakis (2-hydroxypropyl) ethylenediamine for, for example, 10 to
30 minutes. The concentration of the former preferably ranges from
about 2M to about 2.5M, while the concentration of the latter
preferably ranges from about 0.05M to about 0.1M. However, while
the base hydroleis of a polyimide substrate enhances metal
adhesion, such hydrolysis is undesirable because the polyimide is
converted to the disodium salt of the corresponding polyamic acid.
Also in connection with the above-nientioned polyimides, there
N is a distinction between those having compositions which include
BPDA-PDA and BPDA-ODA, and those having compositions which
include PMDA-ODA. That is, the former are resistant to attack by
hot alkaline baths, i.e., alkaline baths heated to temperatures above
room temperature (about 25 degrees C), whereas the latter are not
resistant to such attack. (Of course at sufficientlj high
temperattires, e.g., at a temperature of 150 degrees C, and/or
sufficiently high pH, e.g., a pH of 14, even BPDA-PDA and BPDA-
" ODA are subject to attack.) Conseqﬁently, when the former are
immersed in industrial metal plating baths, which are typically
alkaline, no adverse éonsequences follow. However, when the latter
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printed circuit board substrate, purchased fromthe Rogers Cor por ation of
Rogers, Connecticut, was initially densified using a copper foil which
contai ned chrom um oxi de. This substratg was then treated with a
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Example 1. TRgidsesults were the same as those achieved in Exanple 1.
Fortunately, the conversion of polyimide to polyamic acid,
resulting from the gbove-described base hydrolysis process and
metal plating process, is readily reversible. That is, in all
cases, after plating', the polyimide substrates are readily )
heated so as to convert any polyamic acids to the corresponding
polyimides, using the same procedures and temperatures °
conventionalljr used to convert polyamic acids to the corresponding
polyimides. Thus, any damage suffered durmg base hydrolysis and
metal plating is easily reparable.

Included among the printed circuit board substrates which are
readily selectively metallized via the invention are those which
have epoxy resin/ fiberglass compositions. In éddition, the invention
is also useful in connection with printed circuit board substrates
having compositions which include fluoropolymers. These include
substrates with compositions which include: (1) polytetrafluoro-
ethylene (PTFE); (2) copolymers of tetrafluoroethylene and
hexafluoropropylene; (3) copolymers of tetrafluoroethylene and
perfluoroalkoxyvinyl ether; and (4) copolymers of PTFE and
compounds having one or more fluorinated dioxole ring segments. In
connection with (4), it should be noted that such substrates often
have amorphous structures.

In connection with printed circuit board substrates having
compositions which include PTFE and which have undergone
densification, it has been found that the surfaces of such
substrates often contain undesirable chromium deposits. Such
deposits are undesirable because the chromium acts like seed
metal, causing metal, e.g., copper, to be plated where no such
plating is desired. Significantly, it has been found that such
chromium deposits are readily remov?d, prior to the formation of a
photoactive layer of seeding solutioh, by immersing the substrate in
an aqueous, sodium persulfate/sulfuric acid solution. One such
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by be about 2 minutes.

Included emong the ceramic substrates which are readily
selectively metallized via the invention are those having
alumina compositions, aluminum nitride compositions and silicon
nitride compositions.

Example 1

An epoxy resin/fiberglass (commonly referred to in the trade
as FR-4) printed circuit board substrate was immersed for 30
seconds in a bath of alkaline cleaner/degreaser sold under the trade
name K2 by the Pennwalt Corporation of Cornweld Heights,
Pennsylvania. This substrate was then rinsed with deionized water
for 2 minutes, immersed for 10 seconds in a 10% sulfuric acid bath to
neutralize the alkalinity of the K2 bath, and again rinsed with
deionized water for 2 minutes.

A bath of palladium seeding solution was prepared by initially
pouring 100mL of water into a bath container and then adding 2
drops of Triton X-100 surfactant to the bath. Thereafter, 4.7 grams
of potassium trioxalatoferrate hydrate was added to the bath, while
stirring, until the potassium trioxalatoferrate hydrate was
completely dissolved. Finally, 0.7 grams of tetraamine palladium
chloride monohydrate was added to the bath, while stirﬁng, until
the tetraamine palladium chloride monohydrate was completely
dissolved.

. The epoxy resin/fiberglass substrate was immersed in the
above-described palladium seeding solution bath for 5 minutes.
During this immersion, the bath was continuously filtered through a
5 micrometer filter cartridge. !'pon removal from this bath, the
substrate was air-dried with a so-called air knife.

The substrate was exposed to UV light, through a mask, using
a Tamarak Model 161B UV lamp to achieve photoselective seeding.
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immersing the substrate for 2 minutes in a 2M sodium hydroxide
bath, maintained at 50-55 degrees C. -

Upon removal from the sodium hydroxide bath, fhe substrate
was rinsed with deionized water for 2 minutes, immersed in 10%
sulfuric acid for 10 seconds, and then once again rinsed with
deionized water for 1 minute. )

The substrate was immersed in a conventional, electroless
copper plating bath, maintained at rodm temperature (about 25
degrees C), for 15 minutes. As a result, a strike layer of copper,"
hb,ving a thickness of 10 micrometers, was formed on the patterned
palladium seeding layer. Thereafter, the substrate was immersed in
a conventional, industrial electroless copper plating bath.

Optical inspection of the substrate under a microscope showed
that copper had deposited only onto the patterned palladium
seeding layer, and nowhere else. The cOppér adhesion was very
good.

Example 2

A PTFE, Model 2800 printed circuit board substrate,
purchased-from the Rogers Corporation of Rogers, Connecticut, was
initially densified using a copper foil which contained chromium
oxide. This substrate was then treated with a conventional HCI
solution to remove the copper foil. Thereafter, the substrate was
initially cleaned with an aqueous, sodium persulfate/sulfuric acid
solution, described above, for 2 minutes, to remove chromium
deposits. Finally, with the exception of the immersion in the K2
cleaner, this substrate was subjected to the same processing steps as
those described in Example 1. The results were the same as those
achieved in Example 1.
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N,NNN,N -tetrakis (2- hydroxypropyl) ethylenediam ne. A |layer of seeding
sol ution was then formed on the polyinmygde filmby imersing the film for
30 minutes, in a solution containing petassiumtrioxal atoferrate and
tetraam ne pakkasipledchl oride. A patterned pall adi um seeding | ayer was
formed on the polyimde filmby exposing the |ayer of seeding solution to
W light through a mask. The unexposed regions of the |ayer of seeding
A PMDA-ODA polyimide film, sold under the trade name Kapton

by the DuPont company, was initially base hydrolyzed by being
immersed, for 10 minutes, in the above-described alkaline .
solution containing sodium hydroxide and N,N,N',N'-tetrakis |
(2-hydroxypropyl) ethylenediamine. A layer of seeding solution
was then formed on the modified polyimide film by immersing
the film, for 10 minutes, in a solution containing potassium
trioxalatoferrate and tetraamine palladium chloride.

A patterned palladium séeding layer was formed on the
polyimide film by exposing the film to UV light through a mask. The
unexposed regions of the layer of séeding solution were removed by
immersing the film in an aqueous, 2M, sodium hydroxide solution
maintained at room temperature. '

The polyimide film was immersed in an electroless copper
plating bath, operated at room temperature, for no more than 10
minutes to form a strike layer of copper on the patterned palladium
seeding layer. The polyimide film was then immersed in a hot,
industrial electroless copper plating bath in order to deposit
additional copper onto the strike layer. Thereafter, the polyimide
film was heated to 300 degrees C to imidize any polyamic acid which
may have formed during the initial base hydrolysis and subsequent
immersion in the industrial electroless copper plating bath.

Optical inspection of the polyimide film under a microscope
showed th;t copper had deposited only onto the patterned palladium
seeding layer, and nowhere eise. The copper adhesion was very
good.

Example 4

A thin film of BPDA-PDA was spin coated onto a silicon wafer
" and heated to drive off the casting solvent and to cure the film to the
polyimide structure. This film was base hydrolyzed by immersing the
film, for 10 minutes, in the above-described alkaline solution
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tetraamine palladium chloride.
A patterned palladium seeding layer was formed on the
polyimide film by exposing the layer of seeding solution to UV light
. through a mask. The unexposed regions of the layer of seeding
solution were removed by immersing the film in an aqueous, 2M,
‘sodium hydroxide solution maintained at room temperature.
The polyimide film was immersed in an electroless copper
plating bath, operated at room temperature, in order to form a strike
layer of copper on the patterned palladium seeding layer.
Thereafter, the polyimide film was immersed in an industrial
electroless copper plating bath in order to deposit additional copper
onto the strike layer. Thereafter, the polyimide film was heated to
300 degrees C to imidize any polyamic acid which may have formed
during the initial base hydrolysis. The results were the same
as those achieved in Example 3.

While the invention has been particularly shown and described
with reference to preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit
and scope of the invention. .
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T Si g 22@2%%82? ate n an al kaline Soluti on while dopod illﬂllﬂﬂll“lﬂﬂl\l“ W
al

onto either s ‘irst metal or the. unexposed regions of said | dyet.

1. A method for selectively metallizing a substrate, comprising the
steps of : | _

forming a layer of a solution on a surface of said substrate, said.
solution having a composition which includes a first metal-containing
compound and a photoreactive oxalate compound;

exposing selected regions of said layer to light, to thereby
form said first metal on regions of said substrate corresponding
to said selected regions of said layer; and

removing said unexposed regions of said layer from said substrate

~while depositing essentially no metal onto either said first metal or

the unexposed regions of said layer.

2. The method of claim 1, further comprising the step of immersing
said substrate in a second metal plating bath, to thereby deposit
said second metal onto said first metal.

3. The method of claim 1, wherein said first metal-containing
compound has the general chemical formula MLX,, where M denotes a
metal cation, L is a Lewis base ligand and X denotes an anion, and m
and n denote integers. .

4. The method of claim 3, wherein M is Pd(?*),

5. The method of claim 3, wherein M is Pt‘*"),

6. The method of claim 3, wherein M is Auf*!,

7. The method of claim 3, wherein M is Auf**’.

as Been Repllaced

8. The method of claim 3, wherein M1s Agt*?. mm



2. The method of claim1, further conpr 'ﬁga hg«@‘éﬁd’ SHEET
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netal ‘onto said first metal. 3. The net ?I ﬂa@% a
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denotes a netal cation, L is a Lews baﬁ% |l i gand and x denotes an ani on,
and mand n denote integers. 4. The netftrod of claim3, wherein Mis [err]
5. The nmethod_ of_claim3, wherein Mis Jerr] 6., The nethod of_ claim 3,
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11. The methoci of claim 9, wherein L is ethylenediamine.

12. The method of claim 3, wherein X-is F%,

13. The mgthod of claim 3, wherein X is C1¢™,

14. The method of claim 3, wherein X is Br“‘s.

15. The method of claim 3, wherein X is (S0,)¢.

16. The method of claim 3, wherein X is (NO,)‘™".

17. The m_ethod of claim 1, wherein said.photoreactive oxalate
compound has the general chemical formula Y M((C,0,),), and p
denotes an integer.

18. Thé method of claim 17, wherein Y is an alkali metal ion.
19. The method of claim 17, wherein Y is K*".

20. The method of claim 17, wherein Y is Na®**,

21. The method of claim 17, wherein Y includes' (NH,) Y.
_.22. The method of claim 17, wherein M is Fet*.

23. The method of claim 17, wherein M is Ruf*?’,

24. The method of claim 1, wherein said substrate has a composition
which includes epoxy resin.
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The method of claim9, wherein L is N THIBISHEHeHARERBY Bf [l aim 9, wherein
L is ethyl enediam ne. 12. The mnet hod
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The nmethod of claim3, wherein X is [erT] 14, The nethod ofEglaim-Ge
wherein X is [err] 15. The nmethod of claim3, whererm—X+s [err1 16. The
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and p denotes an integer. 18. The neth of claim I7

alkali netal ion._19. The t hQd of claim 17, wherei n 20 The
met hod of cl afn 15he W‘F@‘é‘iﬁ elaim {seY’PFr%‘E sajq} substrate t@? %F ?onwher ein
Y includes [ewhickthclidés FRioBesolgmesl ai m 17, wherein Mis [err]

26. The method of claim 25, wherein said fluoropolymer is polytetra-
fluoroethylene.

27. The method of claim 25, wherein said fluoropolymer is a
copolymer of tetrafluoroethylene and hexafluoropropylene.

28. The method of claim 25, wherein said ﬂuoropolymer is a
copolymer of tetrafluoroethylene and perfluoroalkoxyvinyl ether.

29. The method of claim 25, wherein said fluoropolymer is amorphous
fluoropolymer and is a copolymer of polytetrafluoroethylene and
and a compound having a fluorinated dioxole ring segment.

30. The method of claim 1, wherein said substrate has a composition
which includes polyimide.

31. The method of claim 30, wherein said polyimide has a composition
which includes BPDA-PDA. '

32. The method of claim 30, wherein said polyimide has a composition
which includes BPDA-ODA. '

33. The method of claim 30, wherein said polyimide has a composition
which includes PMDA-ODA.

34. The method of claim 1, wherein said substrate is a ceramic
substrate.

35. The method of claim 34, whereinsaid ceramic substrate has a
composition which includes alumina.
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wherein said substrate has a conpositijon whiehi pggbudes

Sheet Has Beenl_ml Iﬂ'{ﬂwl Iml ACEMENT= = @é@r%'%fm@s
L »substrate has a conposition
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is a composition which includes aluminum nitride.

37. The method of claim 34, wherein said ceramic substrate has a
composition which includes silicon nitride.

38. The method of claim 2, wherein said second metal is Cu.
39. The method of claim 2, wherein said second metal is Co.
40. The method of claim 2, wherein said second metal is Ni.

41. The method of claim 2, wherein said second metal is Au.
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copol yner of tetrafluoroethyl ene and perfl uoroal koxyvinyl e hEFQL%M%NESHEET
_nmet hed of claim25, wherein said fluoropolyner is anorphous f
and is a copolynmer of polytetrafluoroethylene and a conpoun

fluorinated dioxole ring segnent. 30. The nethod of claim1, wherein said
substrate has a conposition which includes polyimde. 31. The nethod of
claim 30, wherein said polyimde has a conposition which includes bi phenyl
tetracarboxylic di anhydri de-phenyl ene di am ne. 32. The nethod of claim 30,
wher ei n sai d "pol yi m de Method Foe Beledtively Métallizing & sdpstratehenyl
tatracarboxylic di anhydri de-oxydi anili = 3%. The net hod of cl ai m 30,
wherein said polyimde has a conposit YA ch i ncl udes pylonellitic

di anhydri de- oxydi ani |l i ne. ' :

" A method for selectively metallizing, e.g., for forming an
electrical circuit on, a substrate, such as a printed circuit
board substrate, a polyimide substrate or a ceramic substrate,
is disclosed. Significantly, this method does not involve the
use of a photoresist, or of a corresponding chemical developer
or photoresist stripper. Rather, in accordance with the method,
a layer of seeding solution is formed on a substrate surface of
interest. This layer is exposed to light of appropriate wavelength,
through a mask, which results in the formation of metal seed on
regions of the substrate surface corresponding to the regions of -
the layer of seeding solution exposed to light. The unexposed
regions of the layer of seeding solution are removed by subjecting
the exposed and unexposed regions of the layer of seeding solution
to an alkaline solution. Thereafter, additional metal is deposited,
e.g., plated, onto the metal seed using conventional techniques.
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35. The method of claim 34, wherein said ceram c substrate pas a }
conposi tibn which includes al unina. 21 RERmAdiﬂkwﬂGNEBB
SHEET 36. The nethod of claim 34, wherein said ceram c substFare—Has—g=———
conposition which includes almnumnitride. 37. The nethod of claim 34,
wherein said ceram c substrate has a copposition which includes silicon-
nitride. 38. The nethod of claim?2, wterein said second netal is Cu. 39.

The met hod of claim 2, wherein said second nmetal is Co. 40. The net hod of

claim 2, rei 11 fr m 2,
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26. The method of claim 1, wherein said fluoropelymer is
polytetra-fluoroethylene,

27. The method of claim 25, wherein said fluoropolymer is a
copolymer of tetrafluorocethylene and hexafluoropropylene.

28. The method of claim 25, wherein said fluoropolymer iz a
copolymer of tetrafluoroethyléne and perflucroalkoxyvinyl
ether.

29. The method of claim 25, whereiln said fluoropolymer is
amorphous fluoropolymer and is a copolymer of
polytetrafluorcethylene and a compound having a fluorinated
dloxole ring segment.

30. The method of c¢laim 1, wherein said substrate has a
composition which includes polyimide.

31. The method of claim 30, wherein said polyimide has a
composition which includes biphenyl tetracarboxylic
dianhydride-phenylene diamine.

32. The method of claim 30, wherein sald polyimide has a
composition which inecludes biphenyl tetracarboxylic
dianhydride-oxydianiline.

33. The method of elaim 30, wherein said polyimide has a
composition which includes pylomellitic
dlanhydride-oxydianiline.

34. The method of claim 1, wherein said substrate is a ceramie
substrate.

35. The method of claim 34, wherein said ceramic substrate has
a composition which ing¢ludes alumina.
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36. The method of claim 34, wherein said ceramic substrate has
a composltion which includes alminum nitride.

37. The method of claim 34, wherein said ceramic substrate has
a composition which includes silicon nitride.

38. The method of elaim 2, wherein said second metal is Cu.
39, The method of claim 2, wherein said second.metel is Ce.
40. The method of claim 2, wherein said second metal is Ni.
41, The method of claim 2, wherein said second metal is Au.
42. The method ef ¢laim 1, wherein said step of removing said
unexposed regions includes a step of immersing sald substrate

in an alkaline solution.

43. The method of claim 42, wherein said alkaline solution is
an aqueous sodium hydroxide solution.

44. The method of claim 42, wherein said alkaline solution
has pH of at least 14.

45. The method of claim 42, whereln sailéd alkalilne solution

has a temperature between 40 degrees C and 55 degrees C.
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1. A method for selectively metallizing a substrate, comprising
the steps of:

forming a layer of a solution on a surface of said substrate,
sald solution having a composition which includes a first
metal-containing compound and a photoreactive oxalate compound;

exposing reglons of sald layar to light, to thereby
form sald first metal on regions of gald substrate underlying
said regions of sald layer exposed to Light; and

removing the unexposed regions of said layer from said
substrate by immersing said substrate in an alkaline solution,
while depositing no metal onto either said first metal

or the unexposed regions of said layer.

2. The method of claim 1, further comprising the step of
immersing said substarte in a second metal plating bath,

to thereby deposit sald second metal onto sald first metal.
3. The method of claim 1, wherein said first metal-containing
compound has the general chemical formula ML,X., where

M denotes a metal cation, 1L 1s a Lewlis base ligand and

X denotes an anion, and m and n denote intagers.

4. The mathod of claim 3, wherein M 1s Pqc=+?,

5. The method of c¢laim 3, wherein M is Pt <z

6. The method of elaim 3, wherein M is Auci+>,

7. The method of claim 3, wherein M is Auts+’,

8. The method of claim 3, wherein M is Agt:+’,



e

———

REPLACEMENT SHEET

W
21 ) REPLACEMENT SHEET

36. The method of claim 34, wherein said ceramic substrate has

a composition which includes alminum nitride.

37. The method of claim 34, wherein sald ceramic substrate has

a composition which includes silicon nitride.

38. The method of claim 2, whereiln sald
39, The method of clqim 2, wherein said
40. The method of claim 2, wherein said
41. The method of claim 2, whereln said

42, The method of claim 1, wherein said
an aqueous sodium hydroxide solution.

43. The method of claim 1, wherein said
has pH of at least 14.

44. The method of claim 1, wherein said

second metal is Cu.
sacond metal is Co.
second metal is Ni,
sec¢ond metal is Au.,

alkaline solution is
alkaline solution

alkaline solution

has a temperature between 40 degrees C and 55 degrees C.



