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(57) ABSTRACT

The present invention relates to a method for manufacturing
an insulating layer for a semiconductor package which can
improve reliability and have excellent heat resistance by
removing pores generated in the insulating layer during
manufacture of an insulating layer for a semiconductor
package using magnetic characteristics, and an insulating
layer for a semiconductor package obtained using the
method for manufacturing the insulating layer for a semi-
conductor package.
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METHOD FOR MANUFACTURING
INSULATING LAYER FOR
SEMICONDUCTOR PACKAGE AND
INSULATING LAYER FOR
SEMICONDUCTOR PACKAGE USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a 35 U.S.C. 371 National Phase
Entry Application from PCT/KR2018/016351 filed on Dec.
20, 2018, designating the United States and claims the
benefits of the filing date of Korean Patent Application No.
10-2018-0003579 filed with Korean Intellectual Property
Office on Jan. 10, 2018, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a method for
manufacturing an insulating layer for a semiconductor pack-
age, and an insulating layer for a semiconductor package
formed using the method. More specifically, the present
invention relates to a method for manufacturing an insulat-
ing layer for a semiconductor package which can improve
reliability and have excellent heat resistance by removing
pores generated in the insulating layer during manufacture
of the insulating layer for a semiconductor package using
magnetic characteristics, and an insulating layer for a semi-
conductor package obtained using such a method for manu-
facturing the insulating layer for a semiconductor package.

BACKGROUND OF THE INVENTION

[0003] In recent years, electronic devices have increas-
ingly been miniaturized, weight-lightened, and highly func-
tionalized. For this purpose, a single or a plurality of printed
circuit boards (PCB), semiconductor package substrates,
flexible semiconductor package (FPCB) substrates, and the
like are included in the electronic devices.

[0004] When these printed circuit boards (PCB), semicon-
ductor package substrates, flexible semiconductor package
(FPCB) substrates, or the like are present in an exposed state
inside the electronic devices, they may be damaged by
physical contact with other accessories or by heat generated
by the use of electronic devices, and in this case, reliability
may be deteriorated.

[0005] To prevent these problems, an insulating layer is
introduced as a protective film for preventing printed circuit
boards (PCB), semiconductor package substrates, and flex-
ible semiconductor package (FPCB) substrates from being
exposed as they are.

[0006] In particular, when the insulating layer for a semi-
conductor package is used as the insulating layer, an insu-
lating layer can be generally formed by coating, drying, and
curing a resin composition containing a thermosetting resin,
and the introduction of such an insulating layer for a
semiconductor package allows it to secure high reliability in
a multilayer printed circuit board and semiconductor pack-
aging.

[0007] However, there is limitation in that during the
process of manufacturing the insulating layer for a semi-
conductor package, fine voids are generated inside the
insulating layer, and due to the pores, the reliability of the
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multilayer printed circuit board and the semiconductor pack-
aging is lowered and the physical properties of the insulating
layer itself are deteriorated.

[0008] Thus, there is a demand to develop a novel method
for manufacturing an insulating layer for a semiconductor
package which can improve reliability and have excellent
heat resistance by effectively removing the pores generated
in the insulating layer during manufacture of the insulating
layer for a semiconductor package.

DETAILED DESCRIPTION OF THE
INVENTION

[0009] The present invention provides a method for manu-
facturing an insulating layer for a semiconductor package
which can improve reliability and have excellent heat resis-
tance by removing the pores generated in the insulating layer
during manufacture of the insulating layer for a semicon-
ductor package using magnetic characteristics.

[0010] The present invention also provides an insulating
layer for a semiconductor package obtained using the
method for manufacturing the insulating layer for a semi-
conductor package.

[0011] An embodiment of the present invention provides a
method for manufacturing an insulating layer for a semi-
conductor package, including: a first step of forming a
thermosetting resin film containing a heat-curable binder
resin, a heat curing catalyst, and 30% to 90% by weight of
a metal grafting porous structure on a circuit board; and a
second step of heat curing the thermosetting resin film,
wherein in at least one of the first step and the second step,
a magnetic field of 0.1 T to 1 T is applied to the thermo-
setting resin film.

[0012] Another embodiment of the present invention pro-
vides an insulating layer for a semiconductor package
including a cured product of a thermosetting resin film
containing a heat-curable binder resin, a heat curing catalyst,
and 30% to 90% by weight of a metal grafting porous
structure, wherein an average diameter of pores contained in
the cured product of the thermosetting resin film is 1.0 pm
or less.

[0013] A method for manufacturing an insulating layer for
a semiconductor package and an insulating layer for a
semiconductor package formed using the method according
to specific embodiments of the present invention will be
described in more detail below.

[0014] Throughout the specification, when one part
“includes” one constituent element, unless otherwise spe-
cifically described, this does not mean that another constitu-
ent element is excluded, but means that another constituent
element may be further included.

[0015] As used herein, the weight average molecular
weight means a weight average molecular weight in terms of
polystyrene measured by the GPC method. In the process of
determining the weight average molecular weight in terms
of polystyrene measured by the GPC method, a commonly
known analyzing device, a detector such as a refractive
index detector, and an analytical column can be used.
Commonly applied conditions for temperature, solvent, and
flow rate can be used. Specific examples of the measurement
conditions are as follows: a Polymer Laboratories PLgel
MIX-B, 300 mm column, Waters PL-GPC220 instrument is
used at an evaluation temperature of 160° C., 1,2,4-trichlo-
robenzene is used as a solvent, the flow rate is 1 mL/min, a
sample is prepared at a concentration of 10 mg/10 mL and
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then fed in an amount of 200 pL, and the value of Mw can
be determined using calibration curves formed from a poly-
styrene standard. The molecular weight of the polystyrene
standards is nine kinds of 2000/10,000/30,000/70,000/200,
000/700,000/2,000,000/4,000,000/10,000,000.

[0016] 1. Method for Manufacturing an Insulating Layer
for a Semiconductor Package

[0017] According to an embodiment of the present inven-
tion, a method for manufacturing an insulating layer for a
semiconductor package can be provided, including: a first
step of forming a thermosetting resin film containing a
heat-curable binder resin, a heat curing catalyst, and 30% to
90% by weight of a metal grafting porous structure on a
circuit board; and a second step of heat curing the thermo-
setting resin film, wherein in at least one of the first step and
the second step, a magnetic field of 0.1 T to 1 T is applied
to the thermosetting resin film.

[0018] Specifically, according to the method for manufac-
turing an insulating layer for a semiconductor package of
one embodiment, in the first step, a magnetic field of 0.1 T
to 1 T may be applied to the thermosetting resin film,
alternatively, in the second step, a magnetic field of 0.1 T to
1 T may be applied to the thermosetting resin film, and as a
further alternative, in both the first step and the second step,
a magnpetic field of 0.1 T to 1 T may be applied to the
thermosetting resin film.

[0019] Through continued experiments, the present inven-
tors found that when a thermosetting resin film containing
30% to 90% by weight of a metal grafting porous structure
is introduced as an insulating layer onto a circuit board, and
a magnetic field of 0.1 T to 1 T is applied to the thermo-
setting resin film in a process of heat curing, that is, in a
process step until being completely heat cured, a pore
diameter remaining in the thermosetting resin film is
reduced while the metal grafting porous structure contained
in the thermosetting resin film vibrates in the magnetic field
due to magnetic characteristics, and finally the pores can be
completely removed or the occurrence of new pores can be
suppressed, thereby improving the reliability of the finally
obtained insulating layer. The present invention has been
completed on the basis of such findings.

[0020] In particular, the metal grafting porous structure is
not a simple additive, but is contained at a high content of
30% to 90% by weight based on the total weight of the
thermosetting resin film, and thus can form a main compo-
nent together with the thermosetting resin. Thus, a specific
magnetic field within the above-described range is applied to
the thermosetting resin film containing a high-content metal
grafting porous structure, and thus the pore diameter is
reduced to a sufficient level, and preferably, the pores can be
completely removed so that the reliability of the insulating
layer can be greatly improved.

[0021] In addition, since the metal grafting porous struc-
ture has a magnetic characteristic such that the frequency of
the magnetic grafting porous structure roughly increases as
the intensity of the magnetic field increases. Therefore, it
was confirmed that the optimum pore removal efficiency can
be exhibited when a sufficient magnetic field of 0.1 Tto 1 T
is applied.

[0022] The details of each step of the method for manu-
facturing an insulating layer for a semiconductor package of
the present invention will be described below.
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[0023] (1) First Step: Step of Forming a Thermosetting
Resin Film Containing a Heat-Curable Binder Resin, a Heat
Curing Catalyst, and 30 to 90% by Weight of a Metal
Grafting Porous Structure on a Circuit Board

[0024] The thermosetting resin film may include a heat-
curable binder resin, a heat curing catalyst, and 30 to 90%
by weight of a metal grafting porous structure on a circuit
board.

[0025] The ‘metal grafting porous structure’ refers to a
complex formed by adsorbing or physically/chemically
bonding a certain metal onto an inorganic material in which
many fine pores are formed.

[0026] As the metal grafting porous structure, a structure
in which a metal is grafted to an inorganic material having
a porous structure may be used. For example, a metal
grafting porous structure known to be commonly used in a
catalyst, a carrier of a catalyst, or an adsorbent can be used.
Specifically, it is preferable that a structure in which the
metal is grafted to a molecular sieve containing a silicate is
used as the metal grafting porous structure. When such a
silicate-containing molecular sieve is used, it is possible to
secure a low linear expansion coefficient and excellent
high-temperature stability.

[0027] The silicate-containing molecular sieve may
include a zeolite, a silica molecular sieve in which fine pores
are uniformly formed, or a mixture thereof.

[0028] Specific examples of the zeolite include mordenite,
ferrierite, ZSM-5, B-zeolite, Ga-silicate, Ti-silicate, Fe-sili-
cate or Mn-silicate, but the contents of the zeolite are not
limited to the examples described above.

[0029] Further, the silica molecular sieve in which fine
pores are uniformly formed means a silica molecular sieve
in which pores having a diameter of several nanometers to
several tens of nanometers or less (for example, a diameter
of 1 nm to 30 nm) are uniformly formed, and specific
examples thereof include MCM-22, MCM-41, MCM-48,
and a mixture thereof.

[0030] Molecular sieves of MCM (mobile crystalline
material) series were developed by Mobil Oil Corporation,
USA. In particular, MCM-41 has a structure in which linear
pores having a certain size on a silica plate form a hexagonal
arrangement, that is, uniformly form channels in the form of
a honeycomb. According to recent research results, it is
known that MCM-41 is manufactured through a liquid
crystal templating mechanism. That is, the surfactant forms
a liquid crystal structure in an aqueous solution, silicate ions
surround it, a conjugate between the surfactant and the
MCM-41 material is formed via a hydrothermal reaction,
and the surfactant is removed by calcination treatment at a
temperature of 500° C. to 600° C. Thereby, MCM-41 can be
obtained.

[0031] When a metal grafting porous structure in which a
metal is grafted to a molecular sieve containing such a
silicate is applied to a thermosetting resin film, it is possible
to improve heat resistance stability, high temperature stabil-
ity, or heat resistance reliability while allowing the film to
have a hue.

[0032] On the other hand, as the metal to be grafted, it is
possible to use metals that can exist as metal ions when
hydrated, and preferably, one or more selected from the
group consisting of nickel, copper, iron, and aluminum can
be used. Further, in consideration of the color of the com-
position expressed by metal ions, as the metal grafting
porous structure, one or more selected from the group
consisting of Ni/MCM-41, Fe/MCM-41, and Co/MCM-41
can be preferably used.
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[0033] The ‘“Ni/MCM-41’, ‘Fe/MCM-41", and ‘Cu/MCM-
41’ means those in which a metal such as nickel, iron, and
copper is grafted to the molecular sieve including silicates of
MCM-41, MCM-41, and MCM-41.

[0034] Further, the metal grafting porous structure is a
structure in which pores having a diameter of several
nanometers to several tens of nanometers or less are formed,
and it may have a particle diameter of less than 1 um. FIG.
2 is a scanning electron microscope (SEM) photograph of
Ni/MCM-41 used in the examples.

[0035] Considering the degree of dispersion of the use
stage or the storage steps of the thermosetting resin film, the
metal grafting porous structure may have a particle diameter
of 10 nm to 2000 nm, or a particle diameter of 100 nm to 600
nm.

[0036] On the other hand, as a method of grafting a metal
to a molecular sieve such as zeolite, methods generally
known to be used for a method of manufacturing a metal
catalyst using zeolite or the like as a carrier can be used
without particular limitation.

[0037] Methods for preparing molecular sieves of MCM
series, such as MCM-22, MCM-41, and MCM-48, in addi-
tion to zeolite, can use commercially available substances,
and can also be manufactured by the following method.

[0038] Specifically, the molecular sieves of MCM series
can be manufactured through the steps of: adding a metal
chloride to an alkyltrimethylammonium halide aqueous
solution; adding ammonia water to the mixture and stirring
the mixture; after the stirring, adding tetraethyl orthosilicate
dropwise and then stirring the mixture; and calcinating the
resulting mixture. The schematic contents of such a manu-
facturing method are shown in FIG. 1. As shown in FIG. 1,
a nucleation reaction may proceed by adding a metal chlo-
ride to an alkyltrimethylammonium halide aqueous solution
corresponding to a surfactant.

[0039] In the aforementioned manufacturing method, the
alkyltrimethylammonium halide compound, which is con-
ventionally known, can be used without particular limita-
tion. For example, hexadecyltrimethylammonium bromide,
dodecyltrimethylammonium bromide, tetradecyltrimethyl-
ammonium bromide, octadecyltrimethyl ammonium bro-
mide, cetyltrimethylammonium chloride, myristyltrimethyl-
ammonium chloride, decyltrimethylammonium bromide,
octyltrimethylammonium bromide, hexyltrimethylammo-
nium bromide, and the like can be used.

[0040] In addition, the metal chloride can be selected in
consideration of the kind of metal grafted to the silicate-
containing molecular sieve. Specific examples of the metal
chloride include nickel dichloride, ferrous chloride, ferric
chloride, cuprous chloride, cupric chloride, or a mixture
thereof.

[0041] Then, when ammonia water is added to the mixed
solution containing the alkyltrimethylammonium halide and
the metal chloride and then stirred, and further, tetraethyl
orthosilicate is added dropwise and stirred, a molecular
sieve precursor having a liquid crystal templating mecha-
nism can be formed through a liquid crystal formation
reaction and an inorganic crosslinking reaction as shown in
FIG. 1. Finally, through calcination, the organic material of
the molecular sieve precursor is blown off and a porous
structure can be obtained.

[0042] On the other hand, it is preferable to add the metal
chloride in an amount of 1 mol % to 30 mol % based on the
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total weight of the alkyltrimethyl ammonium halide solution
including metal chloride in order to improve the reaction
yield.

[0043] The calcination step is carried out at a temperature
0f300° C. to 800° C. in order to incinerate and blow off the
organic substances contained in the molecular sieve precur-
sor.

[0044] The thermosetting resin film may contain 30% to
90% by weight, or 40% to 80% by weight, of the metal
grafting porous structure based on the total weight of the
thermosetting resin film. When the metal grafting porous
structure is added in an amount of less than 30% by weight,
or less than 40% by weight, it is difficult to sufficiently
remove pores inside the thermosetting resin layer, so that the
effect of improving the heat resistance reliability is poor, and
the mechanical properties of the thermosetting resin film
finally produced can also be deteriorated. When the metal
grafting porous structure is contained in an excess amount
exceeding 80% by weight, or more than 90% by weight, not
only is the mechanical properties of the final product
obtained from the composition deteriorated but also the
processability may be lowered in the course of producing the
film from the composition.

[0045] On the other hand, the heat-curable binder resin
may be a thermosetting resin containing one or more func-
tional groups selected from the group consisting of an epoxy
group, an oxetanyl group, a cyclic ether group, and a cyclic
thioether group. Such heat-curable binder resin can be heat
cured through an epoxy curing agent or the like which is
further applied to the thermosetting resin film.

[0046] On the other hand, when the heat-curable binder
resin having a softening point of 70° C. to 100° C. is used,
the irregularities may be minimized during lamination.
When a heat-curable binder resin having a low softening
point is used, the film tackiness is increased, and when a
heat-curable binder resin having a high softening point is
used, the flowability of the thermosetting resin film may be
deteriorated.

[0047] A preferable example of the heat-curable binder
resin may be a thermosetting resin having two or more cyclic
ether groups and/or a cyclic thioether group (hereinafter
referred to as a “cyclic (thio)ether group™). Of these, bifunc-
tional epoxy resins are preferred. Alternatively, diisocyanate
or its bifunctional block isocyanate may be used.

[0048] The heat-curable binder resin having two or more
cyclic(thio)ether groups may be a compound having a 3-, 4-,
or 5-membered cyclic ether group in the molecule, or a
compound having two or more functional groups of one or
two cyclic thioether groups.

[0049] Specifically, the heat-curable binder resin is a
polyfunctional epoxy resin having at least two epoxy
groups, a polyfunctional oxetane resin having at least two
oxetanyl groups, or an episulfide resin having at least two
thioether groups.

[0050] Specific examples of the polyfunctional epoxy
resin include a bisphenol A type of epoxy resin, a hydroge-
nated bisphenol A type of epoxy resin, a brominated bis-
phenol A type of epoxy resin, a bisphenol F type of epoxy
resin, a bisphenol S type of epoxy resin, a novolac type of
epoxy resin, a phenol novolac type of epoxy resin, a cresol
novolac type of epoxy resin, an N-glycidyl type of epoxy
resin, a bisphenol-A type of novolac epoxy resin, a bixylenol
type of epoxy resin, a bisphenol type of epoxy resin, a
chelate type of epoxy resin, a glyoxal type of epoxy resin, an
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amino group-containing epoxy resin, a rubber-modified
epoxy resin, a dicyclopentadiene phenolic epoxy resin, a
diglycidyl phthalate resin, a heterocyclic epoxy resin, a
tetraglycidyl xylenoyl ethane resin, a silicone-modified
epoxy resin, an g-caprolactone-modified epoxy resin, and
the like. Further, in order to impart flame retardancy, an atom
such as phosphorus (P) may be further introduced into the
above-mentioned polyfunctional epoxy resin and used. Such
a polyfunctional epoxy resin can improve properties such as
adhesiveness of the cured film, resistance to soldering heat,
resistance to electroless plating, and the like during heat
curing. Further, as a commercially available product,
YD-127 manufactured by Kukdo Chemical can be used.

[0051] Further, specific examples of the polyfunctional
oxetane resin may include multifunctional oxetanes such as
bis[(3-methyl-3-oxetanylmethoxy)methyl]ether, bis[(3-
ethyl-3-oxetanylmethoxy)methyl]ether, 1,4-bis[(3-methyl-
3-oxetanylmethoxy)methyl|benzene, 1,4-bis[(3-ethyl-3-
oxetanylmethoxy)methyl|benzene, (3-methyl-3-oxetanyl)
methyl acrylate, (3-ethyl-3-oxetanyl)methyl acrylate,
(3-methyl-3-oxetanyl)methyl methacrylate, (3-ethyl-3-
oxetanyl)methyl methacrylate, and oligomers or copolymers
thereof, and etherificated products of oxetane alcohol and
novolac resins, poly(p-hydroxystyrene), cardo type bisphe-
nols, calixarenes, calixresorcinarenes, or resins having
hydroxyl groups such as silsesquioxane, and the like. Fur-
thermore, copolymers of an unsaturated monomer having an
oxetane ring and an alkyl(meth)acrylate may also be
included.

[0052] Meanwhile, examples of the multifunctional
episulfide resins having two or more thioether groups may
include YL7000 (bisphenol A type episulfide resin) manu-
factured by Japan Epoxy Resins Co., Ltd., and the like, but
examples of usable resins are not limited thereto. Further, as
a commercially available product, YDCN-500-80P manu-
factured by Kukdo Chemical can be used.

[0053] The thermosetting resin film may contain 1% to
65% by weight or 5% to 50% by weight of the heat-curable
binder resin. When the content of the heat-curable binder
resin is too small, a carboxyl group remains in the cured
coating film, and thus heat resistance, alkali resistance,
electrical insulation, and the like are deteriorated, which is
not preferable. When the content of the heat-curable binder
resin is too high, a low molecular weight cyclic (thio)ether
group or the like remains in the dried coating film, and thus
the strength or the like of the coating film is lowered, which
is not preferable.

[0054] In addition, the heat curing catalyst serves to accel-
erate the curing of the heat-curable binder resin during heat
curing.

[0055] As described above, since the thermosetting resin
film according to one embodiment of the present invention
may contain the heat-curable binder resin having two or
more cyclic(thio)ether groups, it is possible to incorporate a
heat curing catalyst. Examples of such heat curing catalyst
may include imidazole compounds such as imidazole,
2-methylimidazole, 2-ethylimidazole, 2-ethyl-4-methylimi-
dazole, 2-phenylimidazole, 4-phenylimidazole, 1-cyano-
ethyl-2-phenylimidazole, and 1-(2-cyanoethyl)-2-ethyl-4-
methylimidazole; amine compounds such as dicyandiamide,
benzyldimethylamine, 4-(dimethylamino)-N,N-dimethyl-
benzylamine, 4-methoxy-N,N-dimethylbenzylamine, and
4-methyl-N,N-dimethylbenzylamine; hydrazine compounds
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such as adipic acid dihydrazide and sebacic acid dihydraz-
ide; phosphorus compounds such as triphenylphosphine;
and the like.

[0056] Furthermore, examples of commercially available
products may include 2MZ-A, 2MZ-OK, 2PHZ, 2P4BHZ,
and 2P4 MHZ manufactured by Shikoku Chemical Corpo-
ration (all are trade names of imidazole compounds),
U-CAT3503N and U-CAT3502T manufactured by San-
Apro Ltd. (both are trade names of block isocyanate com-
pounds of dimethylamine), DBU, DBN, U-CATSA102, and
U-CATS5002 (all are bicyclic amidine compounds and salts
thereof), and the like.

[0057] However, the usable heat curing catalysts are not
limited to examples described above, and compounds
known as heat curing catalysts of epoxy resins or oxetane
compounds, or heat curing catalysts promoting the reaction
between epoxy groups and/or oxetanyl groups and carboxyl
groups, can be used without particular limitation.

[0058] Furthermore, guanamine, acetoguanamine, benzo-
guanamine, melamine, and S-triazine derivatives such as
2,4-diamino-6-methacryloyloxyethyl-S-triazine, 2-vinyl-4,
6-diamino-S-triazine, and 2-vinyl-4,6-diamino-S-triazine-
isocyanuric acid and 2,4-diamino-6-methacryloyloxyethyl-
S-triazine-isocyanuric acid adducts can also be used.
[0059] The heat curing catalyst may be used in an appro-
priate amount in consideration of the degree of curing of the
heat-curable binder resin. For example, the thermosetting
resin film may contain 0.1% to 20% by weight of the heat
curing catalyst.

[0060] The thermosetting resin film may further include
pores having an average diameter of 1.2 um or more, 1.5 pm
to 5.0 um, or 1.8 pm to 3.8 pm. The pores may occur in a
process of forming a thermosetting film from a thermoset-
ting resin composition or bonding a thermosetting film to a
circuit board. Finally, when the pores are present in the
insulating layer obtained through heat curing of the thermo-
setting resin film, there is a limit in that it is difficult for the
insulating layer to have excellent reliability.

[0061] In addition, the thermosetting resin film may fur-
ther include a pigment, an epoxy curing agent, a leveling
agent, or a dispersant, as necessary.

[0062] The pigment exhibits visibility and hiding power,
and as the pigment, red, blue, green, yellow, or black
pigments and the like can be used. As the blue pigments,
phthalocyanine blue, Pigment Blue 15:1, Pigment Blue 15:2,
Pigment Blue 15:3, Pigment Blue 15:4, Pigment Blue 15:6,
Pigment Blue 60, and the like can be used. As the green
pigments, Pigment Green 7, Pigment Green 36, Solvent
Green 3, Solvent Green 5, Solvent Green 20, Solvent Green
28, and the like can be used. The yellow pigments include
anthraquinone types, isoindolinone types, condensed azo
types, benzimidazolone types, and the like. For example,
Pigment Yellow 108, Pigment Yellow 147, Pigment Yellow
151, Pigment Yellow 166, Pigment Yellow 181, Pigment
Yellow 193, and the like can be used. As the red pigments,
Pigment Red 254 and the like can be used. The content of the
pigment is preferably 0.1% to 10% by weight, or 0.5% to 5%
by weight, with respect to the total weight of the thermo-
setting resin film.

[0063] Types of the epoxy curing agent may include an
amine compound, an acid anhydride compound, an amide
compound, a phenol compound, or the like. The amine
compound may include diaminodiphenylmethane, diethyl-
enetriamine, triethylenetetramine, diaminodiphenylsulfone,
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isophorondiamine, and the like. The acid anhydride com-
pound may include phthalic anhydride, trimellitic anhy-
dride, pyromellitic anhydride, maleic anhydride, tetrahy-
drophthalic anhydride, methyltetrahydrophthalic anhydride,
methylnadic anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, and the like. The
amide compound may include dicyandiamide and a poly-
amide resin prepared from a dimer of linoleic acid and
ethylene diamine. The phenol compound may include poly-
hydric phenols such as bisphenol A, bisphenol F, bisphenol
S, fluorene bisphenol, and terpene diphenol; a phenol resin
prepared from the condensation of phenols and aldehydes,
ketones, or dienes; modified products of phenols and/or
phenol resins; halogenated phenols such as tetrabromo bis-
phenol A and brominated phenol resin; and other imidazoles,
BF3-amine complexes, and guanidine derivatives.

[0064] The epoxy curing agent can be used in an appro-
priate amount in consideration of the mechanical properties
of the insulating film as prepared. For example, the thermo-
setting resin film can include the epoxy curing agent in an
amount of 0.01% to 10% by weight, or 0.1% to 5% by
weight.

[0065] The leveling agent takes a part in eliminating
popping or a crater on the surface of the film during a film
coating process. As the leveling agent, it is possible to use
a silicone compound, a fluorine compound, and a polymeric
compound, for example BYK-380N, BYK-307, BYK-378,
BYK-350, and the like available from BYK-Chemie GmbH.
[0066] The leveling agent can be used in an appropriate
amount in consideration of the surface characteristics of the
insulating film as prepared. For example, the thermosetting
resin film can include the leveling agent in an amount of
0.1% to 20% by weight, or 1% to 10% by weight. Using too
small an amount of the leveling agent can only have an
insignificant effect on the elimination of the popping or the
crater, while using an excessively large amount of the
leveling agent may cause a number of bubbles in the film.
[0067] Dispersants may be added for the purpose of
enhancing the dispersion stability of the filler or the pigment.
Examples of available dispersants include Disperbyk-110,
Disperbyk-162, and Disperbyk-168, available from BYK-
Chemie GmbH.

[0068] The dispersant can be used in an appropriate
amount, taking into account the dispersibility of each com-
ponent used in the thermosetting resin film. For example, the
thermosetting resin film can include the dispersant in an
amount of 0.1% to 30% by weight, or 1% to 20% by weight.
When the added amount of the dispersant is too small, one
cannot expect a sufficient level of dispersion. When an
excessively large amount of the dispersant is added, the heat
resistance and the reliability may be affected.

[0069] Meanwhile, in addition to the foregoing additives
such as the filler, the leveling agent, and the dispersant,
well-known additives including a silane coupling agent such
as an imidazole-, thiazole-, or triazole-based compound;
and/or a flame retardant such as a phosphorous flame
retardant or an antimony flame retardant can be incorpo-
rated. Further, when such a silane coupling agent and/or
flame retardant is added, it can be added in an amount of
0.01% to 30% by weight, or 0.1% to 20% by weight, based
on the weight of the thermosetting resin film.

[0070] On the other hand, in the first step, the above-
mentioned thermosetting resin film can be formed on the
circuit board.
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[0071] Examples of the circuit board include a printed
circuit board (PCB), a semiconductor package substrate, and
a flexible semiconductor package (FPCB) substrate, but are
not limited thereto. Preferably, a semiconductor package
substrate on which a semiconductor chip is mounted can be
used.

[0072] When the semiconductor package substrate on
which the semiconductor chip is mounted is used as the
circuit board, the method of manufacturing an insulating
layer for a semiconductor package of the above embodiment
can be applied to a semiconductor packaging application.
Specifically, an insulating layer for a semiconductor package
can be manufactured.

[0073] Examples of the method of forming the thermoset-
ting resin film on the circuit board are not particularly
limited, but for example, it can be obtained through the steps
of: applying a thermosetting resin composition containing a
heat-curable binder resin, a heat curing catalyst, and 30% to
90% by weight of a metal grafting porous structure onto a
circuit board and drying it to form a thermosetting resin film;
and bonding a thermosetting film to a circuit board. The
details of the heat-curable binder resin, the heat curing
catalyst, and 30% to 90% by weight of the metal grafting
porous structure contained in the thermosetting resin com-
position may include those described above for the thermo-
setting resin film.

[0074] In addition, the thermosetting resin composition
may further include a pigment, an epoxy curing agent, a
leveling agent, a dispersant, or a solvent, if necessary. The
details of the pigment, the epoxy curing agent, and the
leveling agent may include those described above for the
thermosetting resin film.

[0075] The solvent can be used for the purpose of dissolv-
ing the thermosetting resin composition and imparting suit-
able viscosity for the application of the composition. As
specific examples of the solvent, ketones such as methyl-
ethylketone, cyclohexanone, and the like; aromatic hydro-
carbons such as toluene, xylene, tetramethylbenzene, and
the like; glycol ethers (cellosolves) such as ethylene glycol
monoethylether, ethylene glycol monomethylether, ethylene
glycol monobutylether, diethylene glycol monoethylether,
diethylene glycol monomethylether, diethylene glycol
monobutylether, propylene glycol monomethylether, pro-
pylene glycol monoethylether, dipropylene glycol diethyle-
ther, triethylene glycol monoethylether, and the like; acetic
acid esters such as ethyl acetate, butyl acetate, ethylene
glycol monoethylether acetate, ethylene glycol monobuty-
lether acetate, diethylene glycol monoethylether acetate,
dipropylene glycol monomethylether acetate, and the like;
alcohols such as ethanol, propanol, ethylene glycol, propyl-
ene glycol, carbitol, and the like; aliphatic hydrocarbons
such as octane, decane, and the like; petroleum solvents such
as petroleum ether, petroleum naphtha, hydrogenated petro-
leum naphtha, solvent naphtha, and the like; and amides
such as dimethyl acetamide, dimethylformamide (DMF),
and the like, may be mentioned. The solvent may be used
alone or in combination of two or more thereof.

[0076] The solvent may be used in an appropriate amount
in consideration of the dispersibility, the solubility, or the
viscosity of the thermosetting resin composition. For
example, the thermosetting resin composition can include
the solvent in an amount of 0.1% to 50% by weight, or 1%
to 30% by weight. When the amount of the solvent is too
small, it may increase the viscosity of the thermosetting
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resin composition, leading to a lowered coating ability.
When the amount of the solvent is too large, it may cause
difficulties in a solvent drying process, leading to increased
tackiness of the formed film.

[0077] More specifically, in an example of the method of
forming the thermosetting resin film on the circuit board, the
above-mentioned thermosetting resin composition can be
coated onto a carrier film such as PET, and then dried
through a drying device such as an oven to produce a
multilayer film composed of a carrier film and a thermoset-
ting resin film from below.

[0078] In the coating step, conventional methods and
devices known to be usable for applying the thermosetting
resin composition can be used. For example, a comma
coater, a blade coater, a lip coater, a rod coater, a squeeze
coater, a reverse coater, a transfer roll coater, a gravure
coater, a spray coater, or the like can be used.

[0079] The thickness of the thermosetting resin film may
be 5 um to 500 pm, or 10 pm to 200 um.

[0080] As the carrier film, plastic films such as polyeth-
ylene terephthalate (PET), a polyester film, a polyimide film,
a polyamideimide film, a polypropylene film, a polystyrene
film, or the like can be used.

[0081] The drying temperature in the oven may be 50° C.
to 130° C., or 70° C. to 100° C.

[0082] In the step of bonding the thermosetting resin film
to the circuit board, a method in which a carrier film is
peeled off and a thermosetting resin film is vacuum lami-
nated on a substrate on which a circuit is formed can be used.
For the vacuum lamination, bonding can be performed using
a vacuum laminator, a hot roll laminator, a vacuum press, or
the like.

[0083] On the other hand, in the step of forming a ther-
mosetting resin film on the circuit board, specifically, in the
step of bonding the thermosetting resin film to the circuit
board, a magnetic field of 0.1 Tto 1 T, 0.3 T t0 0.8 T, or 0.5
T to 0.6 T can be applied to the thermosetting resin film.
Consequently, while the metal grafting porous structure
contained in the thermosetting resin film, which has not been
cured, vibrates in the magnetic field due to magnetic char-
acteristics, the pores remaining in the thermosetting resin
film can be removed or the occurrence of new pores can be
suppressed, and thereby the reliability of the insulating layer
finally obtained can be improved.

[0084] An example of a method of applying a magnetic
field into the thermosetting resin film is not particularly
limited. For example, an N pole electromagnet is disposed
on one surface of the thermosetting resin film and an S pole
electromagnet is disposed on the surface opposite to the one
surface of the thermosetting resin film. Thereby, the mag-
netic field can be applied while adjusting its intensity
according to the current applied to the electromagnet.
[0085] In the first step of forming the thermosetting resin
film on the circuit board, when a magnetic field of less than
0.1 T is applied to the thermosetting resin film, the vibration
of the metal grafting porous structure is not sufficiently
generated in the thermosetting resin film, and thus the
efficiency of removing pores in the film may be reduced.
[0086] Further, in the first step of forming the thermoset-
ting resin film on the circuit board, when an excessive
magnetic field exceeding 1 T is applied to the thermosetting
resin film, the magnetism of the metal grafting porous
structure in the thermosetting resin film has already reached
a saturation state as shown in FIG. 3, and thus the frequency
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of the grafting porous structure is not greatly improved so
that the process efficiency due to the use of excessive power
is reduced. Further, there is a fear of affecting the semicon-
ductor chip mounted on the circuit board due to excessive
magnetic field application.

[0087] On the other hand, when a magnetic field of 0.1 T
to 1 T is applied to the thermosetting resin film, the Moment/
Mass measurement value (measured by VSM) of the metal
grafting porous structure contained in the thermosetting
resin film may be 0.6 emu/g to 2.0 emw/g, or 0.7 emu/g to
1.8 emu/g. When the Moment/Mass measurement value
(measured by VSM) of the metal grafting porous structure
contained in the thermosetting resin film is reduced to less
than 0.6 emu/g, the vibration of the metal grafting porous
structure may not be sufficiently generated in the thermo-
setting resin film and thus the efficiency of removing pores
in the film may be reduced.

[0088] On the other hand, after a magnetic field of 0.1 T
to 1 T is applied to the thermosetting resin film, the average
diameter of the pores contained in the thermosetting resin
film may be reduced to 1 pm or less, O um to 1 um, or O um
to 0.7 um. The average diameter of the pores being 0 pm
may mean a pore-free state. This appears to result from the
removal of pores or the suppression of pore generation by
the vibration of the metal grafting porous structure contained
in the thermosetting resin film due to the application of the
magnetic field.

[0089] (2) Second Step: Step of Heat Curing the Thermo-
setting Resin Film

[0090] A step of heat curing the thermosetting resin film
can be included after the first step of forming a thermosetting
resin film including the heat-curable binder resin, the heat
curing catalyst, and 30% to 90% by weight of the metal
grafting porous structure on the circuit board.

[0091] Examples of the heat curing conditions are not
particularly limited, and for example, the film can be heat
cured in an oven at 140° C. to 200° C. for about 0.5 to 2
hours.

[0092] In the step of heat curing the thermosetting resin
film, a step of removing the carrier film or the release film
adhered to the thermosetting resin film may be included, if
necessary.

[0093] Meanwhile, in the step of heat curing the thermo-
setting resin film, a magnetic field of 0.1 Tto 1 T, 0.3 T to
0.8 T, or 0.5 T t0 0.6 T can be applied to the thermosetting
resin film. Consequently, while the metal grafting porous
structure contained in the thermosetting resin film, which
has not been cured, vibrates in the magnetic field due to
magnetic characteristics, the pores remaining in the thermo-
setting resin film are removed or the occurrence of new
pores is suppressed, and thereby the reliability of the insu-
lating layer finally obtained can be improved.

[0094] An example of a method of applying a magnetic
field into the thermosetting resin film is not particularly
limited. For example, an N pole electromagnet is disposed
on one surface of the thermosetting resin film, and an S pole
electromagnet is disposed on the surface opposite to the one
surface of the thermosetting resin film. Thereby, the mag-
netic field can be applied while adjusting its intensity
according to the current applied to the electromagnet.
[0095] In the second step of heat curing the thermosetting
resin film, when