ADHESI ON PROMOTI ON OF METAL TO A DI ELECTRIC The present
invention is directed to a nethod of pronoting the adhesion of a
netal to a dielectric. Mire specifically, the present invention is
directed to a nethod of pronoting the adhesion of a netal to a
dielectric where the dielectric is treated with a solution containing
curabl e am ne conpounds in excess of curabl e epoxy conpounds.
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Figure 2 is a graph of peel strength versus weight ratio of amne to
epoxy in six adhesion solutions; and Figure 3 are SEMs at

10, 000X of cross sections of FR4 epoxy/glass panels show ng the
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More typically the polyether polyamnes included in the solutions are
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such as 1,2 propane diol or 1,3 propane diol. Such epoxy conpounds
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The solution may then be applied to at | east one surface of a

di el ectric substrate. Conventional apparatus may be used to apply the
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di el ectric surface. Such conventional apparatus include, but are not
limted to, a double sided screen printer, such as those avail abl e
fromBuilt-In Precision machine Co., Ltd., gravure coating, reverse
(eyer “reaf] Qlealk{ﬂdfb?angﬁﬁqﬂ})fd%clmib%gggfyglgm%g m%%&ygﬁ%&m% SEbSHh At
coati ng, mnemylenetfatealm@a,ttetﬁgneamdd@mpwnaﬁamirﬁgpenﬁﬁ&tﬁyﬂulethnﬁ&&amtnet he
solution coating may vary. Typically the thickness of the coating is

from O. 5t3%%t15ﬁlﬁwwaﬂe%qﬁ%ﬁma§= tF?@FHW%FPﬁW@lIPWﬁa?tBWQJ@a@H@h as
sol ution l4i c wal
Soce 11 O RlnicROlr S op AR ERbmBC T s B HOBARHRS 1 WD artlale

t enper at uk, B,L,dlanmyo;réﬁtaﬁc Mexendthderedaniing 2trhétblnesamethylenedifoime) ty.

M nor experinentation t 0. achi eve t i mum osities,
wi t hdr ameog%aéﬁgla QUL ks ﬁ%H“’E“é‘FﬁB’éﬁ"a‘E’ﬁf?@eP ign SMDS, Ges! 1 e
t hi cknessminoethylfi ?@raﬁth@l I%:Eéﬂaﬁleﬂﬁ'ieﬁédx%ldesNtl\y an?e%ﬁﬁléfnﬁoﬁﬁ%o}ﬁ%nd’n@iﬁb n

material used in the man(facture of PCBs. pol'ymer resins
i ncl ude, dvdtl, lérd;ammtﬂdemrlee@xampleepfnwnm@smhsavaslablh pals/alapmxyniegl ass,

di functi t.ifunc ona m de/d.tiazi ne
and epoxy T ESMINERE TSN Q3% SR IR AN PSR AR mS (] saks
acryl oni tandlsgtudtiagi enest yrene, pol ycarbonates (PC), pol yphenyl ene
oxi des (PPO, poI yphenyl ene ethers (PPE), polyphenylene sulfides
(PPS), pol ysuppgags: cfoﬁ'ﬁ)nm%)@ E}\ll' AhEese c]ﬂ@kny A5hSHofyeBME Eorddinin polyammes
pol yet hyl enet er épht hal at e ) and pol ybut yl enet er epht ha'?at e (PBT)
pol yet herthatheqlidstap trest 2 EFKIMinkihgdiogensy iypically ptsl 30astize aIpOﬂGMdI@Ethes

pol yet heri m de etrafl uqroet PTF and

Dol v et r RS BTyt HREe R RGN G5 sk sbo B8 BHe i1 Bne

oxi des anghicalBMAbS0REE GloFe HPRallPIRON) dadtSont A6 hd PdRide R@b YW picalBsl N
materials may have a _high or low T H gh Tg poI ynmer resins are

resi ns whp éﬁalrbawoaismtf@fet@seroepan 1epad¥sier pelyasineningide aom 160C t o
280 C or 0

coat ed o ﬁ%p&&)%ﬁ(gfeﬁg %]g&ggbgﬁlrs%?%o?e may Bé‘g Egﬁ?%ﬁfﬁngr Ar%&ﬁoqgnél of two
subst ant malnioye sﬁmﬂbkyaﬂqﬂefnammnoiﬁeyumg; rmzplcbkiy piﬂytﬁcyblkyleﬁmp@ydmméwdre
processes, | acing the dielectric in conventi onal

convect i é‘l"?“ﬁ °T% P(’ﬁ@rﬂ@’] opcite) g R GthyleRg O g tetigrpalyRersa Theemp
cust om degj Iﬁﬂl@f’p&?ﬁﬁﬁé%mﬁ%zﬁ@@n b E RNy kﬁ‘ﬁ‘f‘d?ec‘Matr bvefﬂgﬁt QtV P.Srohtg 9@00

conveyor. ying is doné at "a tenperature fange of
Dryi ng t inmee m;caﬂarh@ﬁétofﬁﬂﬁmme aboveudefsitin onJolmthfmpelyamdnrauncdlgies any

t hi ckness._ of the d adhesi on ¢ sitio vary. ically th
t hi cknes doBrmiteaRpiSaRESaHs SR TE bralko Rk hh ¥ nahils Sl o
t o 100NMbphéét A &8 blispashocl EMed balidhe. After the dielectric is
dried it is then treated with a pronoter. Desnear with a sol vent

swel | used lweppﬁﬁnvtﬁ@w%ﬁér ﬂ%ﬁﬁﬁﬁﬁé@ﬁcm&d%ﬁielggﬁlﬁons%@w%ﬁ 254l

pronoters may be Used.” Such”pronoters include sulfuric acid, chromc
aci d, al Ipalypnﬁorgedmrpghmmr@smuclphmxepmpyhge dﬂ'lylplesa;lhd golmﬂyaiqpmlene

per manganat e. i s the. pranoter. An exa tall
Ve Fani Sbiarn S po B RSt A iy s 0 e AT petsh
and Haas b amcro@rur@udi%qso% 500. N@sétbﬁﬁ&ug@ucﬂ\ﬂ%ly&@%g}eﬁéd@h&es and
typically applied at tenperatures of 50 tionally, the

di el ect r itdansippsinelydeatileast pnesaeingitohp whached to a seconflaneattoalataner i s t hen
applied to the dielectric to neutralize any acid residues or basic
resi dues | ef t Mbyy tiibe polpethérgrolya@imes are conmadreinky vailbblze Esamplys e used.

Typically the neutralizer is an ueous al kal i ne qu i on cont ai ni ng
one o P BHatDs ey S BB S B HTAeR A £t ¢



A pre-dip is then applied to the dielectric. Exanples of pre-dips
include 2% to 5% hydrochloric acid or an acidic solution of 25 g/L to
75 g/ L sodiumchloride. Optionally, the dielectric is rinsed with
cold water. A catalyst is then applied to the treated surface of
the dielectric. Any conventional catalyst may be used. The choi ce of
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The conposite may then be cut to desired sizes and conventi onal
processi ng such as formation of through-holes or vias. These are
formed in the conposite by drilling or punching or any other nethod
known in the art. The through-holes and vias are then desneared using
conventional processes and then plated. Further processing may take
place to formconpleted printed circuit boards or other electronic
articles and 1668S t
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Pol yoxypr opyl enétri ami n
means the weight in grams of epoxy compound, excluding solvents and water, which

contains one mole of epoxide functional groups. It may be determined by titration with
perchloric acid in the presence of a tetraalkylammonium bromide compound, as is well
known in the art. The functionality of a compound refers to the average number of

functional groups per molecule, here epoxy groups.

The epoxy compounds included in the solutions include at least one epoxide or
oxirane group, typically on average the epoxide compound includes more than one
epoxide group. Such epoxide compounds include, but are not limited to, glycidyl ethers
of monohydric or polyhydric alcohols, such as, for example, glycerol, hydrogenated
diphenylolpropane, or of polyhydric phenols, such as, for example, resorcinol,
diphenylolpropnae or phenol and aldehyde condensates. Also, glycidyl esters of
polybasic carboxylic acids, such as hexahydropthalic acid or dimerized fatty acids may be
included in the solutions. Other suitable epoxy compounds include monofunctional
aliphatic and aromatic glycidyl ethers, such as, for example, butylglycidyl ether or
phenylglycidyl ether or glycidyl esters, such as glycidyl acrylate or epoxides, such as
styrene oxide, or polyfunctional di- or triglycidyl ethers. Typically polyfunctional di- and
triglycidyl ethers are used, more typically diglycidyl ethers of a polyalkylene glycol or
cycloalylene glycol are used. Typically, the diglycidyl ethers of a polyalkylene glycol are
water or Cy.¢ alkane polyol initiated polyalkylene glycols terminated with glycidyl ether
moieties. Polyalkylene glycol chains include, but are not limited to, those derived from
ethylene oxide, propylene oxide, butylene oxide, ethylene glycol, propylene glycol,

butylene glycol, a butane diol, such as 1,3 butane diol or 1,4 butane diol, a propane diol,
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(parts by weight) Propylene glycol nmethyl ether acetate (parts by
weight) 11150212503

such as 1,2 propane diol or 1,3 propane diol. Such epoxy compounds are well known to
those of skill in the art. A commercially available ethylene glycol diglycidyl ether is
QUETOL™ 651, available from Polysciences, Inc. and a commercially available 1,4-
butanediol diglycidyl ether is ERISYS™ GE-21, available from Emerald Performance

Materials.

Glycidyl ethers of cycloalkylene glycols include, but are not limited to,
cycloalkylene compounds containing Cs.z9 alkylene chains which contain one or more
five membered rings. Typically the alkylene chain is Cs.19 cycloalkylene chain contains
six membered ring. An example'of a glycidyl ether of a cycloalkylene glycol is the

diglycidyl ether of cyclohexane diol.

Additional epoxy compounds include bisphenol based epoxies and Novolac epoxy
compounds. Examples of bisphenol based epoxy compounds are bisphenol A glycidyl
ethers, bisphenol F glycidyl ethers, modified bisphenol A glycidiyl ethers, modified
bisphenol F glycidyl ethers. Such epoxy compounds are well known in the art. Examples
of commercially available bisphenol based epoxy compounds are those sold under the
trademarks BECKOPOX® EP384w/53WAMP, EPI-REZ® 3521WY53, ARALDITE®
PZ3961 and WATERPOXY® 1422.

Novolac epoxy compounds are also commercially available. Examples of
commercially available Novoloc epoxy compounds are EPI-REZ® 5003W535, EPI-REZ®
6006W70, ARALDITE® PZ323 and HUNTMANST™ 3601 Epoxy.

The solutions may be water based, solvent based or mixtures thereof. In water
based solutions if the one or more curable amines or the one or more curable epoxy
compounds are not sufficiently soluble one or more water soluble or water miscible
organic solvents may be added to solubilize the components. The solutions are not
dispersions or suspensions of particles. Sufficient amount of water or solvent are added
to solubilize the amines and epoxy solute compounds. The amount of solvent may vary
depending on the desired solids content and thickness of the coating on the dielectric.
Typically, water or organic solvent ranges from 10 parts to 90 or such as from 30 to 70

part by weight of the solution with the remainder being solute.
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Conventional organic solvents may be used. Such organic solvents include, but
are not limited to, alcohols, such as mono- and polyhydroxy alcohols, ketones, such as

methy ethyl ketone, glycols, glycol ethers, glycol ether acetates, esters and aldehydes.

In addition to the curable amines and curable epoxy compounds, the solutions may
also include one or more conventional surfactants. Surfactants are included in
conventional amounts such as from 0.05 parts by weight to 5 parts by weight, or such as
from 0.25 parts by weight to 1 part by weight of the solution. Typically the surfactants
are non-ionic surfactants and include, for example, aliphatic alcohols such as alcohol
alkoxylates. Such aliphatic alcohols have ethylene oxide, propylene oxide, or
combinations thereof, to produce a compound having a polyoxyethylene or
polyoxypropylene chain within the molecule, i.e., a chain composed of recurring (-O-
CH,-CH3-} groups, or a chain composed of recurring (-O-CH,-CH-CHj3) groups, or
combinations thereof. Typically such alcohol alkoxylates are alcohol ethoxylates having
carbon chains of 7 to 15 carbons, linear or branched, and 4 to 20 moles of ethoxylate,
typically 5 to 40 moles of ethoxylate and more typically 5 to 15 moles of ethoxylate.
Many of such alcohol alkoxylates are commercially available. Examples of commercially
available alcohol alkoxylates include, for example, linear primary alcohol ethoxylates
such as NEODOL™ 91-6, NEODOL™ 91-8 and NEODOL™ 91-9 (Cy-C;, alcohols
having an average of '6 to 9 moles of ethylene oxide per mole of linear alcohol ethoxylate)
and NEODOL™ 1-73B (C;, alcohol with an average blend of 7 moles of ethylene oxide
per mole of linear primary alcohol ethoxylate). Both are available from Shell Oil

Company, Houston, Texas.

The solutions may also include one or more curing accelerators. Conventional
curing accelerators may be used and in conventional amounts such as from 0.05 parts by
weight to 5 part by weight. Examples of such accelerators are imidazole derivatives such
as 2MZ, 2E4MZ, C11Z, C17Z and 2PZ manufactured by Shikoku chemicals Corporation,
guanamines, such as acetoguanamine and benzoguanamine, organic acid salts, amine
complexes of boron trifluoride, triazine derivatives, such as ethyldiamino-S-triazine, 2,4-

diamino-S-triazine and 2,4-diamino-6-xylyl-S-triazine, polyphenols, tertiary ammonium



5507 15550816 50 Ei ght FR4 epoxy/ gl ass boards were
obtained fromlsola Lam nate Systens Corp., LaCrosse Wsconsin. Each
board was treated according to the follow ng nethod: 1. Each board
was first pre-cleaned using a conventional acetone cl eaner.

salts, oganic phosphines and optical cationic polymerization catalysts such as

IRGACURE™ 261 manufactured by Ciba Geigy Co., Ltd.

The components of the solution may be combined in any order. The solution may
be heated if necessary to expedite dissolution of the components. Typically the
components are combined together at room temperature. Mixing may be done using

conventional laboratory stirring apparatus.

Prior to applying the solution to the dielectric substrate, the substrate is cleaned.
Cleaning may be done using conventional 'methods such as conventional detergent and

chemical cleaning.

The solution may then be applied to at least one surface of a dielectric substrate.
Conventional apparatus may be used to apply the solution to form a substantially smooth
and uniform layer on the dielectric surface. Such conventional apparatus include, but are
not limited to, a double sided screen printer, such as those available from Built-In
Precision machine Co., Ltd., gravure coating, reverse roll coating, knife over roll coating
or gap coating, metering rod (Meyer rod) coating, slot coating, immersion dip coating,
curtain coating, air knife coating and spray coating. The thickness of the solution coating
may vary. Typically the thickness of the coating is from 0.5um to 5mm, or such as from
lum to Imm. Parameters such as solution viscosity, solids content such as from 1% to
50%, withdrawal speed from the coating apparatus and temperature, typically room
temperature, may determine the coating thickness and uniformity. Minor experimentation
may be done to achieve the optimum viscosities, withdrawal speed, solids content and

temperature to achieve a desired thickness.

The dielectric material is typically a polymer resin material used in the
manufacture of PCBs. Such polymer resins include, but are not limited te, epoxy resins,
such as epoxy/glass, difunctional and multifunctional epoxy resins, bimaleimide/triazine
and epoxy resins (BT epoxy), epoxy/polyphenylene oxide resins,
acrylonitrilebutadienestyrene, polycarbonates (PC), polyphenylene oxides (PPO),
polyphenylene ethers (PPE), polyphenylene suifides (PPS), polysulfones (PS),
polyamides, polyesters such as polyethyleneterephthalate (PET) and
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2. Each board was then dip coated in one of the adhesion pronotion
solutions of Table 1 for 1 mnute at roomtenperature using bench top
dip lab coaters. 3. Each board was then dried in a denro custom

desi gned conformal coating infrared oven with an overhead conveyor
for 60 mnutes at 100 C. The thickness of the dry adhesion pronotion
conpositions were from4umto 51.tmthick. Figure 1 shows the surface
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catal yst for electrol ess copper netallization’ The catal yst had The

f ol | owi ngimomayfaase Gam 3Papinstes taCvENEST Coating thickness of the dry adhesion

composition may vary. Typically the thickness of the dry adhesion composition coating

ranges from 0.2um to 100um or such as from 10um to 50pm.

After the dielectric is dried it is then treated with a promoter. Desmear with a
solvent swell used in many conventional processes is excluded. Conventional promoters
may be used. Such promoters include sulfuric acid, chromic acid, alkaline permanganate
or plasma etching. Typically alkaline permanganate is used as the promoter. An example
of a commercially available promoter is CIRCUPOSIT PROMOTER™ 4130 available
from Rohm and Haas Electronic Materials, Marlborough, MA. Promoters are typically
applied at temperatures of 50° C to 100° C. Optionally, the dielectric substrate is rinsed

with water.

A neutralizer is then applied to the dielectric to neutralize any acid residues or
basic residues left by the promoter. Conventional neutralizers may be used. Typically the
neutralizer is an aqueous alkaline solution containing one or more amines or a solution of
3wt% peroxide and 3wt% sulfuric acid. Neutralizers are typically applied at temperatures
from 30° C to 80° C. Optionally the substrate is rinsed with water.

An acid or alkaline conditioner is then applied to the dielectric substrate.

Conventional conditioners may be used. Such conditioners may include one or more
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AMOUNT Pal | adium Chloride 1 g Concentrated Hydrochloric Acid 300 m
Sodi um Stannate 1.5 g Tin chloride 40 g Water To one liter 12. The
boards were then rinsed with cold water.

cationic surfactants, non-ionic surfactants, complexing agents and pH adjusters or buffers.
Commercially available acid conditioners include, but are not limited to, CIRCUPOSIT
CONDITIONER™ 3320 and CIRCUPOSIT CONDITIONER™ 3327 available from
Rohm and Haas Electronic Materials, Marlborough, MA. Suitable alkaline conditioners
include, but are not limited to, aqueous alkaline surfactant solutions containing one or
more quaternary amines and polyamines. Commercially available alkaline surfactants
include, but are not limited to, CIRCUPOSIT CONDITIONER™ 231, 3325, 813 and 860
available from Rohm and Haas Electronic Materials. The dielectric is conditioned at 30°

C to 70° C for 5 to 10 minutes. Optionally, the dieletric is rinsed with water.

" If metal pads, such as copper pads, are included on the dielectric substrate,
conditioning is followed by microetching the metal pads otherwise this step is not done.
Conventional microeteching compositions may be used. Microetches include, but are not
limited to, 60 g/L to 120 g/L sodium persulfate or sodium or potassium
oxymonopersulfate and sulfuric acid (2%) mixture, or generic sulfuric acid/hydrogen
peroxide. An example of a commercially available microetching composition includes
CIRCUPOSIT MICROETCH™ 3330 available from Rohm and Haas Electronic

Materials.

A pre-dip is then applied to the dielectric. Examples of pre-dips include 2% to 5%
hydrochloric acid or an acidic solution of 25 g/L to 75 g/L sodium chloride. Optionally,

the dielectric is rinsed with cold water.

A catalyst is then applied to the treated surface of the dielectric. Any conventional
catalyst may be used. The choice of catalyst depends on the type of metal to be deposited
on the surface of the dieletric. Typically the catalysts are colloids of noble and non-noble
metals. Such catalysts are well known in the art and many are commercially available or
may be prepared from the literature. Examples of non-noble metal catalysts include
copper, aluminum, cobalt, nickel, tin and iron. Typically noble metal catalysts are used.
Suitable noble metal colloid catalysts include, for example, gold, silver, platinum,
palladium, iridium, rhodium, ruthenium and osmium. More typically, noble metal

catalysts of silver, platinum, gold and palladium are used. Most typically silver and
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13. The surfaces of the boards were then plated with el ectrol ess
copper by imersing each board in 1000 liters of an el ectroless
copper bath for 8 mnutes at 36 C. The el ectrol ess copper bath had
the followi ng fornulation: Table 3 COVPONENT AMOUNT Copper sul fate
Pent ahydrate 2 g Fornmal dehyde 2.5 g Sodi um hydroxide 5 g Et hyl ene
di am ne tetraacetate (EDTA) 25 g Chloride ions

palladium are used. Commercially available catalysts include, for example,
CIRCUPOSIT CATALYST™ 334 and CATAPOSIT™ 44 available from Rohm and
Haas Electronic Materials. The catalyst is applied to the dielectric at 30° C to 90° C for 5

to 10 minutes. Optionally the surface is rinsed with water.

The dielectric is then plated with a metal using a conventional electroless metal
bath. Conventional electroless baths including immersion baths and conventional plating
parameters may be used. Typically the dielectric is placed in an electroless or immersion
bath containing the metal ions of the desired metal to be deposited. Metals which may be
deposited include, but are not limited to, copper, nickel,I gold, silver and copper/nickel
alloys. Typically copper is plated on the dielectric surface. An example ofa
commercially available electroless copper plating bath is CIRCUPOSIT™ 8§80
Electroless Copper plating bath availabie from Rohm and Haas Electronic Materials,
LLC. Electroless plating is typically done at a temperature range of 25° C to 60° C.
Electroless plating is typically done until a thin film metal layer of 0.5um to 5mm thick is
achieved. Optionally, a layer of gold or silver finish using immersion gold or silver may

be deposited over a copper, copper/nickel or nickel deposit.

After the metal is deposited the metal plated dielectric or composite is optionally
rinsed with water. Optionally, an anti-tarnish agent may be applied to the metal.
Conventional anti-tarnish agents may be used. Examples of anti-tarnish agents are ANTI
TARNISH™ 7130 and CUPRATEC™ 3 (obtainable from Rohm and Haas Electronic

Materials).

In one embodiment the metal plated dielectric or composite is placed between
plates of a hot platen and annealed to completely cure the amine and epoxy compounds
and form a substantially smooth adhesion layer at the interface of the metal and the
dielectric. Annealing is done for 30 minutes to 60 minutes at temperatures of 150° C to
200° C or such as from 160° C to 190° C. While not being bound by theory, the
annealing process causes the epoxy functionalities, amine functionalities and any
hydroxyl groups or other reactive functional groups available on the dielectric material to

cure such that a chemical bond is formed between the thin metal film and the dielectric
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59 2,2-Dipridyl 2 ppmWater To one liter 14. After electroless
copper deposition the boards were rinsed with cold water. 15. Each
board was then anneal backed at 160C for 60 mnutes in a conventi onal
oven. 16. Each board was then allowed to cool to roomtenperature and
the peel strength of one of the copper deposits was tested for each
board using a Tensile Tester Atensile strength tester. The peel

strengt hsT%ﬁglgg&sglh%gsiﬁgﬁa&@&&&éw&e& Bl Eind aRf VR B Riifhetal plate

STRENGTH
process may then done as described below.

In another embodiment, prior to annealing and prior to the full metal plate process,
the composite of the dielectric with the thin metal film may be allowed to rest at room
temperature for at least one day or the composite may be heated between plates of a hot
platen for 30 minutes to 60 minutes to partially cure the amine and epoxy compounds of

the solution. Heating is done at temperatures of 70° C to 100° C.

In still another embodiment a full metal process may llae done prior to annealing.
Such full plate process may include conventional lithographic processing such as by
photoimaging using photoresist to form circuit patterns on the thin film metal layer. This
is followed by selective metal deposition on the circuit patterns of the metal surface of the
composite. Typically metal deposition by electrolytic metal plating of, for example,
copper, copper alloys, tin and tin alloys is done Such methods are conventional and well

known in the art. Typically copper is electroplated in the circuit patterns.

In an electrolytic plating process, the composite is used as a cathode. A
conventional soluble or insoluble anode may be used as a second electrode. A
conventional rectifier is used to provide the current source. A process of pulse plating or
direct current (DC) plating or a combination of DC and pulse plating may be used. Such
plating processes are known in the art. Curent densities and electrode surface potentials
may vary depending on the specific substrate to be plated. Generally, current densities
range from 0.1ASD to 20ASD. Electrolytic plating baths are maintained at a temperature
range of 20° C to 110° C. Temperature ranges for specific metals vary. Copper baths are
maintained in a temperature range of 20° C to 80° C with acid copper baths at
temperatures of 20° C to 50° C. Electrolytic plating is continued for a time sufficient to
form a deposit of desired thickness. After electroplating the composite substrate may be
rinsed with water. Annealing as described above is then done on the composite substrate

to improve adhesion between the metal deposits and the dielectric.

The composite may then be cut to desired sizes and conventional processing such

as formation of through-holes or vias. These are formed in the composite by drilling or
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2 0.43 3 0.4540.47 50.396 0.37

punching or any other method known in the art. The through-holes and vias are then
desmeared using conventional processes and then plated. Further processing may take

place to form completed printed circuit boards or other electronic articles and devices.

The method enables the formation of a chemical bond between the dielectric
substrate and a metal layer in contrast to a mechanical bond typical in conventional
adhesion methods for joining a metal to a dielectric. Substantial micro-roughening of the
dielectric surface is avoided and a substantially smooth surface is provided for current
lines and other essential features of electronic devices to provide uniform current flow
and improve electrical performance. Finer line circuitry is also péssible with a smoother

surface, thus enabling smaller articles.

The following examples are intended to illustrate the invention but are not

intended to limit its scope.
Examples 1-8

Eight adhesion promotion solutions were prepared as shown in Table 1 below.

Table 1
EXAMPLE Ethylene glycol Polyoxypropylenetriamine Propylene glycol
diglycidyl ether (parts (parts by weight) methyl ether acetate

by weight) (parts by weight)
1 1 l 50
2 1 2 50
3 1 3 50
4 1 4 50
5 1 4.5 50
6 1 5 50
7 1 5.5 50
8 1 6 50
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0.29 8 0.25 The results were plotted in a graph of peel strength
versus amne parts to 1 pail of epoxy as shown in Figure 2. Pee
strength increased fromO0.41kg/cmto 0.47kg/cmw th an am ne to epoxy
parts by weight ratio of 1:1 to 4:1. Wen the anount of amne to
epoxy increased beyond the 4:1 weight ratio, the peel strength began
to decline to |l ess acceptable |evels of below 0.4kg/cm Exanple 9 The

foll ow ng adhes] r ' tion s nrepared. Tahl ONENT
AVDLNT (a5 T AT GAET 4 o PR e b ae B GR Rt oty Syt i
LaCrosse Wisconsin. Each board was treated according to the following method:

1. Each board was first pre-cleaned using a conventional acetone cleaner.

2. Each board was then dip coated in one of the adhesion promotion solutions of Table 1

for 1 minute at room temperature using bench top dip lab coaters.

3. Each board was then dried in a Glenro custom designed conformal coating infrared
oven with an overhead conveyor for 60 minutes at 100° C. The thickness of the dry
adhesion promotion compositions were from 4pm to Spm thick. Figure 1 shows the
surface of an FR4 epoxy/glass board before application of the adhesion promotion
solution and the same board after application of the adhesion promotion solution after
drying. The surface of the board after applying the adhesion promotion solution had a

smooth surface in contrast to the same board prior to adhesion promotion application.

4. The adhesion promotion coated surfaces of each board was then treated with an
alkaline promoter solution of aqueous alkaline permanganate at a pH of 12 for 7

minutes at 80° C.
5. The boards were rinsed with cold water.

6. The though-holes in the boards were then treated with 180 liters of an aqueous
neutralizer composed of 3wt% hydrogen peroxide and 3wt% sulfuric acid at room

temperature for 75 seconds.
7. The boards were then rinsed with cold water.

8. Each board was then treated with CIRCUPOSIT CONDITIONER™ 3320 aqueous

acid conditioner for 5 minutes at 40° C.
9. Each board was then rinsed with cold water.

10. A pre-dip was then applied to the surfaces of each board for 40 seconds at room

temperature. The pre-dip included 5% concentrated hydrochloric acid.
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Pol yoxypr opyl enetri am ne 4 Propyl ene glycol nethyl ether acetate 50
Two FR4 epoxy/ gl ass boards were obtained fromlsola Lam nate Systens
Corp., LaCrosse Wsconsin. The first board was treated with the
adhesi on pronotion solution of Table 5 as described in Exanple 1. The
second board was not treated with any adhesi on pronotion sol ution.
Each board was then prepped and plated with el ectrol ess copper as
descr i bed . mExael fcke ten primdZAENs BRALE #ase LA SSGLLARShulifh LA 1

m ddl e to provide a cross-'section showng the I nterface of the copper
deposi t and catabysidposlydiniless soppei getabizatiors Ehek@(alB0RedSEdodibwirze
cross-sectiqn of] each board showing the interface of the copper
deposit and ‘¢ &8Bxy/ gl ass as indicated by the arrow. The board
which was treated with the adhesion 1prom)tion solution of Table 5 had
a nuch smoother surface than that ofl@fe board whi ch was not treated

with the 10 The follow ng adhesion pronntiaon
solution|is prepare@MRGNEANT AMOUNT
Palladium Chloride lg
Concentrated Hydrochloric Acid 300 ml
Sodium Stannate I[.5¢g
Tin chiloride 40g
Water To one liter

12. The boards were then rinsed with cold water.

13. The surfaces of the boards were then plated with electroless copper by immersing
each board in 1000 liters of an electroless copper bath for 8 minutes at 36° C. The

electroless copper bath had the following formulation:

Table 3
COMPONENT ‘ AMOUNT
Copper sulfate Pentahydrate 2g
Formaldehyde 25¢g
Sodium hydroxide 5g
Ethylene diamine tetraacetate (EDTA) 25g
Chloride ions 5g
2,2-Dipyridyl 2 ppm
Water To one liter

14. After electroless copper deposition the boards were rinsed with cold water.
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COVPONENT AMOUNT (pails by weight) Ethylene glycol diglycidyl ether 1
Pol yoxypr opyl enetriam ne 4 NEODOLTM 91-9 1 Water 60 An FR4
epoxy/ gl ass board is obtained fromlsola Lam nate Systens Corp.,
LaCrosse Wsconsin. The board is treated with the adhesi on pronotion
solution of Table 6 as described in Exanple I. The board is then
prepped and plated wth el ectrol ess copper as described in Exanple 1.

15. Each board was then anneal backed at 160° C for 60 minutes in a conventional oven.
16. Each board was then allowed to cool to room temperature and the peel strength of one
of the copper deposits was tested for each board using a Tensile Tester A tensile

strength tester. The peel strengths are recorded in Table 4 below.

Table 4
EXAMPLE PEEL STRENGTH (kg/cm)

1 0.41

2 0.43 |

3 0.45

4 0.47

5 0.39

6 0.3

7 0.29

3 0.25

The results were plotted in a graph of peel strength versus amine parts to 1 part
of epoxy as shown in Figure 2. Peel strength increased from 0.41kg/em to 0.47kg/cm
with an amine to epoxy parts by weight ratio of 1:1 to 4:1. When the amount of
amine to epoxy increased beyond the 4:1 weight ratio, the peel strength began to

decline to less acceptable levels of below 0.4kg/cm.
Example 9
The following adhesion promotion solution was prepared.

Table 5

COMPONENT AMOUNT (parts by weight)

1,4-butanediol diglycidyl ether 1
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The board is then sectioned in its mddle to provide a cross-section
showi ng the interface of the copper deposit and the epoxy/glass. The
I nterface of the copper and epoxy/glass is expected to appear
substantially the same as the cross-section of the board with the
coated interface of Figure 3. Exanple 11 The foll ow ng adhesion
pronotion solution is prepared. Table 7 COVPONENT AMOUNT (parts by
wei ght) rI,3bu I ol —digtycidyt—ether—1-Poltyoxypropytenetrianine
NEG%G_)TM o1- 9 hONgpEropylendliitiing *

Propylene glycol methyl ether acetate 50

98]

Two FR4 epoxy/glass boards were obtained from Isola Laminate Systems Corp.,
LaCrosse Wisconsin. The first board was treated with the adhesion promotion solution of
Table 5 as described in Example 1. The second board was not treated with any adhesion
promotion solution. Each board was then prepped and plated with electroless copper as

described in Example 1.

Each board was then sectioned in their middle to provide a cross-section showing
the interface of the copper deposit and the epoxy/glass. Figure 3 is a 10,000X SEM of the
cross-section of each board showing the interface of the copper deposit and the
epoxy/glass as indicated by the arrow. The board which was treated with the adhesion
promotion solution of Table 5 had a much smoother surface than that of the board which

was not treated with the solution.
Example 10

The following adhesion promotion solution is prepared.

Table 6
COMPONENT AMOUNT (parts by weight)
Ethylene glycol diglycidyl ether 1
Polyoxypropylenetriamine 4
NEODOL™ 91-9 1
Water 60

An FR4 epoxy/glass board is obtained from Isola Laminate Systems Corp.,
LaCrosse Wisconsin. The board is treated with the adhesion promotion solution of Table
6 as described in Example 1. The board is then prepped and plated with electroless copper

as described in Example 1.
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60 An FR4 epoxy/glass board is obtained fromlsola Lam nate
Systens Corp., LaCrosse Wsconsin. The board is treated with the
adhesi on pronotion solution of Table 7 as described in Exanple 1. The
board is then prepped and plated with el ectrol ess copper as descri bed
in Exanple 1. The board is then sectioned inits mddle to
provi de a cross-section showing the interface of the copper deposit
and the epoxyil @aitis G Sbafofbd AGR ok S pRORRE AL ERIN B tR. | S
expected to appear substantially the same“as the Cross-sectio Of the
board wi idterfive of dmtcopber depensft andthefepbiydglass. The infréice bSthelcappreand s: 1.
A method conprising: a) providing a dielectric substrate; b) treating
a surfacEP‘B‘gy&l‘ﬁé 1%*%@?%%4 iaePeay setstaatialpie spng 5 thecrasseseiien Q#fhe board
conpri si RGHARERedTRERa&WEBRhEe #M Ne conpounds and one or nore

curabl e epoxy conpounds adj acent the surface of the dielectric
substrate, the anmobunt of the one %Xagﬁjrleencur abl e am ne conpounds to
the one or nore curabl e epoxy conpounds I'n the solution is included
in the soluti in excesgs of the one pr. more curabl e epoxy conpounds;
c) drying theﬂ{s%oflpftg ‘?’18%a‘ihcﬁsggé)ﬁ?m?tgmtsﬁgmf’?ésaﬂrg "€urface of the
dielectric substrate; d) electrol esi"lﬁ gl ating a netal on the treated
surface of the dielectric substrate; ?&fd e) heating the netal plated

di el ect He——substrate to cure the one-por nore amne conpounds and th
one or fore epoxyCOMPEONEREL 2. The net hod SMQUNTHparts tyuweishi}
conpristng selectively electroplatingla netal layer on the

el ect r of essl y,3phwansdiohdighicidyt ¢ther to siep e). 3. The hethod of clain
1, further conprising applying a pronpter to the treated surface of
t he die| ectri Pdlpxymnpdeintriapipbyi ng a| neutralizer t@3the treated
surface| of the

NEODOL™ 91-9 1

Water 60

An FR4 epoxy/glass board is obtained from Isola Laminate Systems Corp.,
LaCrosse Wisconsin. The board is treated with the adhesion promotion solution of Table
7 as described in Example 1. The board is then prepped and plated with electroless copper

as described in Example 1.

The board is then sectioned in its middle to provide a cross-section showing the
interface of the copper deposit and the epoxy/glass. The interface of the copper and
epoxy/glass is expected to appear substantially the same as the cross-section of the board

with the coated interface of Figure 3.
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dielectric followed by conditioning the treated surface of the
dielectric followed by applying a pre-dip to the treated surface of
the dielectric and then applying a catalyst to the treated dielectric
surface after c) and prior to d). 4. The nethod of claim1, wherein a
wei ght ratio of the one or nore curable am ne conpounds to the one or
nore epoxy conpounds is at least 2:1. 5. The nethod of claimd4,
wher ei n &8, \Wehghkqtati o of the one or nore curable am ne conpounds
to the one or nore epoxy conpounds is from2:1 to 4;1. 6. The nethod

of claimy1, he sol ution further conprises one or nore
surfacta%t§A%ﬂﬁkﬁfﬁm&ngpgod of claim1, wherein the solution

conpri ses one_or e C eIerators 8. The nmethod of claiml,
wherein the ofte R qw%%ggﬂgﬁwﬂﬁ HtA'He compounds are pol yani ne

conpounds chose n.fton1al %% gycloallphatlc aral i phatic and
aromatic pol y3hilffaldng ysu H%O £ Aislectie substiakn by apilyieed selutia comerigng

more curabl € epeky of ABRAAH ﬁﬁﬁee&ﬂﬁfﬁ@d n@'o}fg{y ?é’!:urﬁc;lggﬁﬁgl sphenol

gl ycidyl esters, polyfunctional di riglyci
based epoxi es am@nNmumbama@moﬂysaﬂmmaﬁﬁdshd&ﬂncﬁh&nﬁaﬁh@dnmhnof&mn11
wherein the dielectric sub irate co res$n chosen

ol
from epoxy resi 8% “HCPYI YRS ITEH TR “é‘ %@tt ?gﬁ"Fegl T YP GWAPIs SRR e s

pol yphenyl ene oxb&gsundea aaela@lmf&@iaen&ﬁd&aru§thera91hﬁ9@ﬁr%@§a%fﬁfeloﬁ1b des,
pol ysul f ones, pol yam des, polyesters, pol ybutyl eneterephthal ate,

pol yet her et her katsnewable epprydompgendsi pol yners, pol yur et hanes,
pol yet heri m des, pol ytetrafl uoroethyl ene, polytetrafl uoroethyl ene
bl ends, cyanat)e dedngths selndorcatjpesi th ¢ls trdaedmofface of the dielectric substrate;

d) electrolessly plating a metal on the treated surface of the dielectric substrate;

and

e) heating the metal plated dielectric substrate to cure the one or more amine

compounds and the one or more epoxy compounds.

2. The method of claim 1, further comprising selectively electroplating a metal layer on

the electrolessly plated metal prior to step €).

3. The method of claim 1, further comprising applying a promoter to the treéited surface
of the dielectric followed by applying a neutralizer to the treated surface of the
dielectric followed by conditioning the treated surface of the dielectric followed by
applying a pre-dip to the treated surface of the dielectric and then applying a catalyst to

the treated dielectric surface after ¢) and prior to d).

4. The method of claim 1, wherein a weight ratio of the one or more curable amine

compounds to the one or more epoxy compounds is at least 2:1.

5. The method of claim 4, wherein the weight ratio of the one or more curable amine

compounds to the one or more epoxy compounds is from 2:1 to 4;1.

6. The method of claim 1, wherein the solution further comprises one or more

surfactants.
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7. The method of claim 1, wherein the solution comprises one or more curing

accelerators.

8. The method of claim 1, wherein the one or more curable amine compounds are
polyamine compounds chosen from aliphatic, cycloaliphatic, araliphatic and aromatic

polyamines.

9. The method of claim 1, wherein the one or more curable epoxy compounds are chosen
from glycidy! ethers, glycidyl esters, polyfunctional di- and triglycidyl ethers,

bisphenol based epoxies and Novolac epoxy compounds.

10. The method of claim 1, wherein the dielectric substrate comprises a polymer resin
chosen from epoxy resins, acrylonitrilebutadienestyrene, polycarbonates,
polyphenylene oxides, polyphenylene ethers, polyphenylene sulfides, polysulfones,
polyamides, polyesters, polybutyleneterephthalate, polyetheretherketones, liquid
crystal polymers, polyurethanes, polyetherimides, polytetrafluoroethylene,

polytetrafluoroethylene blends, cyanate esters and composites thereof.
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