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In Materials for Sequential Build Up (SBU) of HDI-Mcrovia Organic
Substrates, Ceferino, G Gonzales, The Board Authority March 2000 and in
“Application Technol ogies for Coating Liquid Mcrovia Dielectrics, Torsten
Reckert, Proceeding of Technical Conference IPC Printed Circuit Expo 2000,
liquid, thermally reactive resins which have been dissolved in sol vents but
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and the netal foil are firmy bonded to one another by nmeans of el evated
tenperature and el evated pressure with curing of the layer. The expression
" conponent is understood as neani ng conponents which are used in

el ectronics, such as, for exanple) circuit boards or optoel ectronic
conponents. The expression sheet-like substrate material is understood as
meani ng a structure sheet-1like substarce which acts as a substrate. This
may be flexible or rigid. Exanples of this are filmor inner |ayers.
Structured inner layers are often used. The structured inner |ayer may
contain, for exanple, an insulating |ayer which is applied to the conductor
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art. The drying process is adapted so that the solvent is renoved fromthe

formul ati on but crosslinking of the curable resin is substantially avoided.
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quality of the press plate is very inportant for the quality of the
~conponents and hence no dirt particles and foreign particles are permtted
to be present between press plates, the internediate |ayer and the netal
foils. Typical press conditions are, for exanple, from20 to 120)
preferably from20 to 80 and particularly preferably from20 to 60 m nutes
at tenperatures of from 120 to 200C arfd- preferably from 140 to 200C, for
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dithiols, such as, for example, ethane-1,2-diol or bis(4-mercaptomethylphenyl) ether.

V) Cycloaliphatic epoxy resins, such as, for example, bis(2,3-epoxycyclopentyl) ether, 2,3-
epoxycyclopentyl  glycidyl  ether, 1,2-bis(2,3-epoxycyclopentyloxy)ethane  or  3,4-
epoxycyclohexylmethyl 3',4-epoxycyclohexanecarboxylate.

It is also possible to use epoxy resins in which the 1,2-epoxide groups are bonded to
different hetero atoms or functional groups; these compounds include, for example, N,N,O-
triglycidy! derivative of 4-aminophenol, the glycidyl ether glycidy! ester of salicylic acid, N-
glycidyl-N'-(2-glycidyloxypropyl)-5,5-dimethylhydantoin and 2-glycidyloxy-1,3-bis(5,5-
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The coating fornulation has a viscosity of 10 Pas. A copper foil structured
on one side and having a thickness of92 Nmis used. The structured inner
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t hi cknesatiaf fa3Gulbtion ¥, tether with the other components, sald curing agents form a dry
layer after removal of the solvent. The formation of a dry layer can be tested by a person
skilled in the art as mentioned above in a simple manner. Curing agents for epoxy resins are
preferably selected from the group consisting of the basic curing agents, nitrogen- and
phosphorus-containing curing agents being particularly preferred, such as, for example,
imidazoles, amides and polyamines. Furthermore, phenol resins, polycarboxylic acids and

the anhydrides thereof, and cyanate esters, are also suitable.

Examples of curing agents in combination with epoxide compounds are polycarboxylic acids,
polyamines, polyaminoamines, adducts of an amine and a polyepoxide compound which
contain amino groups, aliphatic and aromatic polyols and catalytic curing agents.

For example, the following may be mentioned as suitable polycarboxylic acids: aliphatic
polycarboxylic acids, such as maleic acid, oxalic acid, succinic acid, nonyl- or
dodecylsuccinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid or
dimerized or trimerized linoleic acid; cycloaliphatic polycarboxylic acids, such as, for
example, tetrahydrophthalic  acid, methylendomethylenetetrahydrophthalic  acid,
hexachloroendomethylenetetrahydrophthalic  acid,  4-methyltetrahydrophthalic acid,
hexahydrophthalic acid or 4-methylhexahydrophthalic acid, or aromatic polycarboxylic acids,
such as, for example, phthalic acid, isophthalic acid, terephthalic acid, trimellitic acid,
pyromellitic acid or benzophenone-3,3',4,4'-tetracarboxylic acid, and the anhydrides of said
polycarboxylic acids.

Aliphatic, cycloaliphatic, aromatic or heterocyclic amines may be used as polyamines for the
curing, such as, for example, ethylenediamine, propane-1,2-diamine, propane-1,3-diamine,



The structured inner layer is coated with the above coating formul ati on by
~means of coating -16 with a doctor blade. The double coating is effected
using a 100 Nm doctor blade. The coating fornmulation is dried for 60

m nutes at 80C. The conpression is effected for 60 m nutes at 150C at 10
kglcnm2 in a press (manufacturer Carver, nodel C, 15 x 15 cm heatable). The
circuit board according to the inventi®n has a copper adhesion of > 14 Ncm
(copper adhesi on neasurenment according to IPCTM 650 2.4.8), a planarity of
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Suitable polyaminoamides are, for example, the reaction products obtained by reaction of
polycarboxylic acids, preferably of dimerized fatty acids, with polyamines in a molar excess,
as described, for example, in Handbook of Epoxy Resins, 1967, pages 10-2 to 10-10, by H.
Lee and K. Neville.

Adducts of an amine and a polyepoxide compound which contain amino groups are likewise
curing agents for epoxy resins and can be used for the curing of the epoxy resin
compositions according to the invention and are obtained, for example by reaction of epoxy
resins with polyamines in an equivalent excess. Such adducts containing amino groups are
described in more detail, for example, in U.S. Patents 3,538,184; 4,330,659, 4,500,582 and
4,540,750.

For example, ethylene glycol, diethylene glycol and higher poly(oxyethylene) glycols,
propane-1,2-diol or poly(oxypropylene) glycols, propane-1,3-diol, butane-1,4-diol,
poly(oxytetramethylene) glycols, pentane-1,5-diol, hexane-1,6-diol, hexane-2,4,6-triol,
glycerol, 1,1,1-trimethylolpropane, pentaerythritol, sorbitol, N,N-bis(2-hydroxyethyl)aniline or
p,p'-bis(2-hydroxyethylamino)diphenylmethane are suitable as aliphatic polyols for the curing
of the epoxy resin composition according to the invention.

For example, mononuclear phenols, such as resorcinol or hydroquinone or polynuclear
phenols, such as bis(4-hydroxyphenyl)methane, 4,4-dihydroxybiphenyl,  bis(4-
hydroxyphenyl) sulphone, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, 2,2-bis(4-
hydroxyphenyl)propane,  2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane  and  novolaks
obtainable by condensation of aldehydes, such as formaldehyde, acetaldehyde, chloral or
furfuraldehyde, with phenols, such as phenol, or with phenols which are substituted in the
nucleus by chlorine atoms or C,-Cg-alkyl groups, such as, for example, 4-chiorophenol, 2-



fornms, and (g) thereafter a netal foil is applied to the dried |ayer and
~the substrate material, the layer and the netal foil are firnly bonded to
one another by means of elevated tenperature and el evated pressure with
curing of the layer. 2. A nethod according to Claim1l, characterized in
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curing acc@ or's, m‘fﬁ Elﬂgoltropl ¢ agent acl(’,ld % ; *
Patent O 379 464 or US Patent 5 013,814, in European Batent 0 %8%52 or US Patent
5,374,697, or heterocyclic ammonium salts, for example quinolinium salts mixed with

benzpinacol, as mentioned, for example, in EP-A-0 066 543.

Initiators which can be activated by irradiation and which, after the irradiation, act as thermal
curing agents, in particular in combination with epoxide compounds, can also be used as
curing agents. In this case, applied layers are exposed to light, preferably UV light, after
drying and before lamination with a metal foil. Such initiators are preferably selected from
the group consisting of the aryldiazonium salts, diaryliodonium salts, such as, for example,
diphenyliodonium tetraflucroborate and the like, triarylsulphonium salts, such as, for
example, triphenylsulphonium hexafluoroantimonate and the like, arylacyldialkylsulphonium
salts, 1,2-quinonediazide-4-carboxylic acid ester, 1,2-quinonediazide-4-sulphonic acid ester,
4-(2-ethylhexanoyl)resorcinol-1,2-naphthoquinonediazide-4-sulphonic acid ester and the
like, and iron-arene complexes. The latter are compounds of the formula

[R'(Fe"R*)]"IX)I

in which R' is a n-arene and R? is a n-arene or a n-arene anion. Preferably, R' is an ne-
cumene, n°-naphthalene, n5-benzene or n°-pyrrole. R? is preferably an n°-cyclopentadiene.
X is a nonnucleophilic anion. Particularly preferred examples of X include BF,, PFg, AsFg¢’,
SbFg, SbFsOH", sulphonates, such as methylsulphonate, p-tolylsulphate and the like,
perfluoroalkyl ~ sulphonates, such as, for example, trifluoromethylsulphonates,
nonafluorobutyl sulphonates and the like, acetates, such as CH;COO and the like,
perflucroacetates, such as CF;COO" and the like, halogens, such as F°, CI', Br’, I and the
like, pseudohalogens, such as CN’, SCN" and the like. Preferably, X is a sulphonate, a
perfluorosulphonate or PFg’. It is known to a person skilled in the art that, at their thermal
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r A B GharkalFadd phdc8dediéal ScLifb@ dagehts can also be used with accelerators. Preferred
accelerators are benzyldimethylamine, 2-phenylimidazole and 2-methylimidazole, which is
added for increasing the Tg point (glass transition temperature) and/or more rapid curing.
The higher the Tg point, the higher the temperature at which the polymer is transformed
from a glassy into a virtually elastomeric state. On the basis of his knowledge of the Tg
point, a person skilled in the art can adjust the Tg point so that dimensional changes,
deformations and distortions of the intermediate layer are avoided.

Suitable solvents in the coating formulation are polar, in particular polar, aprotic solvents.
The solvents can be used alone or as a mixture with other solvents. Possible solvents are:
ethers, halogenated hydrocarbons, carboxylic esters, lactones, sulphones, ketones and
substituted benzenes. Diethylene glycol ethyl ether acetate and dipropylene glycol methyl
ether and mixtures thereof are particularly preferred.

Fillers are frequently added to the coating formulation. Examples of these are inorganic
fillers, such as barium sulphate, barium titanate, silica, talc, calcium carbonate, calcium
magnesium carbonate, ammonium phosphate, mica, magnesium hydroxide, aluminium
hydroxides and the like, or organic fillers, such as silicone powder, nylon powder, microgels,
fluoride powder and the like.

If necessary, additives are also added in the coating formulation. Examples of these are
thixotropic agents, such as aerosil, orben, bentone, montmorillonite and the like.

Further additives which are preferably present in the coating formulation are antifoams and
dyes, such as phthalocyanine blue, phthalocyanine green, crystal violet, titanium oxide and
the like.

Various metal foils having different conductivities can be used for the coating, copper foils
being particularly preferred. Other preferably used metal foils are those of aluminium, those
of copper alloys and those of metals stable at high temperatures, such as nickel. Copper
foils can be used in any desired thicknesses. Foils having a thickness greater than 10 pm
are preferred. The lower limit is determined by mechanical stability of the foils. By using
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substrate foils, it is also possible to use thinner foils. Examples of such substrate foils are |
aluminium-copper foils.

Copper foils having a small thickness permit direct drilling/structuring by laser ablation. For
this purpose, a layer which is applied to the metal foil, increases the absorption or reduces
the reflection of the laser light can be applied. An example of this is a copper oxide layer,
which permits direct use of CO, lasers. Time-consuming and expensive wet chemical
etching processes (window etching process) for copper structuring or copper driliing are thus
no longer necessary. The application of the copper foil to the intermediate layer means that
a wet/plasma chemical roughening process is no longer necessary. Consequently, a very
wide range of curable resins can be used for the method according to the invention.

Components produced by the method according to the invention and intended for electronic
apparatuses have excellent mechanical, chemical and electrical properties and can also be
economically produced.

A circuit board obtained by the method according to the invention is ready for further process
steps, such as laser drilling, structuring of the copper, flash-etching for direct laser drilling
with CO, lasers or window-etching. By means of the method according to the invention, the
manufacturing tolerance can be considerably reduced, which in turn may lead to major cost
saving in the subsequent processes. The circuit boards produced by the method according
to the invention simplify the use of novel technologies, such as, for example, novel bond
technologies, such as flipchip attachment. Furthermore, it is possible to save material, such
as, for example, by reduction of the solder resist mask layer thickness.

The invention is explained in more detail below with reference to some figures. Therein:
Figure 1 shows the design of a structured inner layer;

Figure 2 shows the structured inner layer after coating with a coating formulation and
drying thereof and

Figure 3 shows a completed circuit board produced by the method according to the
invention.

Figure 1 shows the design of a structured inner layer 1. Conductor tracks 3 are applied to an
insulating layer 2. The insulating layer 2 is structured by vias 5 and microholes 4, these
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being produced by means of conventional drilling. The vias § and microholes 4 are likewise
copper-plated and an integral component of the conductor tracks 3. The insulating layer 2
preferably consists of a curable resin, e.g. epoxy resin, reinforced with a glass fibre braid.
This insulating layer 2 is known by the term PREPREG. Particularly preferably, the FR4
epoxy resin is reinforced with a glass fibre braid.

Figure 2 shows the structured inner layer 1 after coating with the coating formulation 6 and
drying thereof. The coating formulation 6 is applied to the structured inner layer by a method
described above. The vias 4 and microholes 5 are filled thereby. After the coating of the
structured inner layer 1 with the coating formulation 6, the latter is dried.

Figure 3 shows the circuit board 7 produced by the method according to the invention. A
metal foil 8 is applied to the intermediate layer 6 on the structured inner layer 1 and is
pressed at elevated temperature, the curing of the curable resin taking place. As a result of
the compression, the intermediate layer 6 becomes planar.

The examples which follow illustrate the invention in more detail.

Example 1:

Composition of the coating formulation

Promoted bisphenol A glycidyl ether 40.00%
Epoxyphenol novolak 10.00%
Silica-based thixotropic agent 1.00%
Filler, CaMgCO, 20.00%
Diethylene glycol ethyl ether acetate 25.00%
Phenylimidazole 0.5%
Cresol novolak 3.0%
Additives 0.2%
Total 100.00%

The coating formulation has a viscosity of 10 Pa-s.

A copper foil structured on one side and having a thickness of 12 pm is used.

The structured inner layer is coated with the above coating formulation by means of a
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furnace roller coater. The double coating is effected using an 800 roll (= 800 ym grooving).
The coating formulation is dried for 60 minutes at 80°C.

The press used is a multilayer press from Cedal having inductive heating (Adara model 57).
In this press, the heating and pressure profile can be individually adjusted. The following
parameters are used:

10 minutes at 80°C at 4 kg/cm?,
25 minutes at 130°C at 4 kg/cm?,
9 minutes at 175°C at 10 kg/cm?,
20 minutes at 185°C at 10 kg/cm?.

The circuit board according to the invention has a copper adhesion of > 14 N/ecm (copper
adhesion measurement according to IPC-TM-650 2.4.8), a planarity of <5 um (planarity
determination by means of IPC-TM-650 2.2.21) and a layer thickness distribution of <5 um.
The glass transition temperature of the cured resin in the coating formulation is 120°C
(determined by means of TMA).

Example 2:

Composition of the coating formulation:

Promoted bisphenol A glycidyl ether 30.00%
Epoxyphenol novolak 9.00%
Silica-based thixotropic agent 0.70%
Filler, CaMgCOs 15.00%
Diethylene glycol ethyl ether acetate 25.00%
Copper(ll) naphthenate (8% Cu) 0.1%
Bisphenol A cyanate ester 20.00%
Additives 0.2%
Total 100.00%

The coating formulation has a viscosity of 10 Pa's.

A copper foil structured on one side and having a thickness of 36 ym is used.

The structured inner layer is coated with the above coating formulation by means of coating
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with a doctor blade. The double coating is effected using a 100 pm doctor blade. The
coating formulation is dried for 60 minutes at 80°C.

The compression is effected for 60 minutes at 150°C at 10 kg/cm? in a press (manufacturer
Carver, model C, 15 x 15 cm, heatable).

The circuit board according to the invention has a copper adhesion of > 14 N/cm (copper
adhesion measurement according to IPC-TM-650 2.4.8), a planarity of <5 pm (planarity
determination by means of IPC-TM-650 2.2.21) and a layer thickness distribution of < 5 um.
The glass transition temperature of the curable resin is 145°C (determined by means of
TMA).
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(d) first a liquid, solvent-containing and heat-curable two-component system is
formulated from at least one curing agent and at least one curable compound,

(e) the formulation is applied as a layer to at least one surface of the substrate
material,

(f) the applied layer is heated, the solvent is removed and a solid and dry layer
forms, and

(g) thereafter a metal foil is applied to the dried layer and the substrate material, the
layer and the metal foil are firmly bonded to one another by means of elevated
temperature and elevated pressure with curing of the layer.

2. A method according to Claim 1, characterized in that the metal foil is applied to the
intermediate layer immediately after drying.

3. A method according to Claim 1, characterized in that the metal foil used is a copper
foil.

4, A method according to Claim 1, characterized in that the formulation of stage (d) for
the method has a viscosity of less than 20 Pa's, measured at 25°C according to
Brookfield.

5. A method according to Claim 4, characterized in that the viscosity is from 5 to 15

Pa-s.
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7. A method according to Claim 1, characterized in that the drying is carried out for a
duration of from 10 to 120 minutes.

8. A method according to Claim 1, characterized in that the curable compound in the
formulation of stage (d) is an epoxide compound having on average more than one
epoxide group in the molecule.

9. A method according to Claim 8, characterized in that the epoxide compound is an
optionally prereacted diglycidy! ether of a bisphenol or is an epoxyphenol novolak.

10. A method according to Claim 1, characterized in that the curing agent in the
formulation of stage (d) is selected from the group consisting of the imidazoles,
anhydrides, amides, amines, phenol resins and cyanate esters.

1. A method according to Claim 1, characterized in that the formulation of stage (d)
additionally contains curing accelerators, fillers, thixotropic agents and dyes.



