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DESCRIPTION
Title of Invention
TEMPORARY PROTECTIVE FILM FOR SEMICONDUCTOR
SEALING MOLDING, LEAD FRAME WITH TEMPORARY
PROTECTIVE FILM, SEALED MOLDED BODY WITH
TEMPORARY PROTECTIVE FILM, AND METHOD FOR
PRODUCING SEMICONDUCTOR DEVICE
Technical Field
[0001] The present invention relates to a temporary protective film for
semiconductor sealing molding, a lead flame with temporary protective
film, a sealed molded body with temporary protective film, and a
method for producing semiconductor device.
Background Art
[0002] Conventionally, semiconductor packages having a structure in
which a semiconductor element is adhered onto a die pad by means of
an adhesive such as a silver paste, this is joined to a lead frame with a
wire, and then the entirety is sealed while an outer lead for external
connection is left, have been used. However, as there is a stronger
demand for density increase, area reduction, thickness reduction, and
the like in recent years, semiconductor packages having various
structures have been suggested. As such a semiconductor package, a
semiconductor package having a structure in which only one surface
(semiconductor element side) of the package is sealed, and a lead frame
exposed at the rear surface is used for external connection, has been
developed (for example, QuadFlat Non-leaded (QFN) package). Since

a package having this structure does not have a lead frame protruded
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from the sealing resin, area reduction and thickness reduction can be

promoted. However, there are occasions in which defects such as the

sealing resin wrapping around the rear surface of the lead frame at the
time of sealing molding occur.

[0003] As a method for preventing such defects, a method of attaching
an adhesive film for semiconductor as a temporary protective film to the
rear surface of the lead frame, thereby protecting the lead frame rear
surface, sealing molding the semiconductor element mounted on the
lead frame front surface side, and then tearing off the temporary
protective film, is known. (for example, Patent Literature 1).

Citation List

Patent Literatare

[0004] Patent Literature 1: International Publication WO 2001/035460
Summary of Invention

Technical Problem

[0005] It is desirable that after a temporary protective film used for
semiconductor sealing molding is attached to the lead frame, the lead
frame does not warp. When the warpage of the lead frame is
significant, problems may occur in view of mass productivity, such as
that the lead frame is caught during conveyance and cannot be
conveyed, that the lead frame cannot be vacuum fixed to the apparatus,
and that wire deformation occurs.

[0006] The adhesive film for semiconductor of Patent Literature 1 is a
film that can casily cause the occurrence of warpage; however, in a case
in which the adhesive film for semiconductor is used for conventional

lead frames, there have been no significant problems. However, as a
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result of film thickness reduction, width increase, and density increase
(chip size reduction) of lead frames in recent years, the requirements on
warpage of the lead frame have become strict, and for the adhesive film
for semiconductor of Patent Literature 1, it has been found that it is
difficult to avoid the influence of warpage after adhesion under
high-temperature and high-pressure conditions (for example, 200°C to
250°C, 3 to 8 MPa) and after moisture absorption.

[0007] Thus, it is an object of the present invention to provide a
temporary protective film for semiconductor sealing molding that can
suppress warpage of a lead frame after adhesion under high-temperature
and high-pressure conditions and after moisture absorption.

Means for Solving the problems

[0008] The inventors of the present invention conducted a thorough
investigation in order to solve the problems described above, and as a
result, the inventors found that the problems can be solved by adjusting
the coefficient of linear expansion (CTE), thus completing the present
invention.

[0009] A first aspect of the present invention relates to a temporary
protective film for semiconductor sealing molding comprising a support
film and an adhesive layer provided on one surface or both surfaces of
the support film, in which a coefficient of linear expansion at 30°C to
200°C of the temporary protective film is greater than or equal to 16
ppm/°C and less than or equal to 20 ppm/°C in at least one in-plane
direction of the temporary protective film.

[0010] The elastic modulus at 30°C of the temporary protective film

may be 9 GPa or lower.
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[0011] The elastic modulus at 230°C of the adhesive layer may be 1
MPa or higher.

[0012] The adhesive layer may contain a thermoplastic resin having an
amide group, an ester group, an imide group, an ether group, or a
sulfone group, or may contain a thermoplastic resin having an amide
group, an ester group, an imide group, or an ether group.

[0013] The support film may be a film of a polymer selected from the
group consisting of an aromatic polyimide, an aromatic polyamide, an
aromatic polyamideimide, an aromatic polysulfone, an aromatic
polyethersulfone, a polyphenylene sulfide, an aromatic polyether
ketone, a polyallylate, an aromatic polyether ether ketone, and
polyethylene naphthalate.

[0014] The adhesive layer may be provided on one surface of the
support film, and a ratio of a thickness of the adhesive layer to a
thickness of the support film may be 0.2 or less.

[0015] The temporary protective film may include a non-adhesive layer
provided on a surface of the support film, the surface being on the
opposite side of the surface provided with the adhesive layer.

[0016] A ratio of a thickness of the adhesive layer to a thickness of the
non-adhesive layer may be 1.0 to 2.0.

[0017] An aspect of the present invention relates to a reel body
including a winding core and the temporary protective film for
semiconductor sealing molding wound around the wining core.

[0018] An aspect of the present invention relates to a package

comprising the reel body; and a packaging bag accommodating the reel
body.
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[0019] An aspect of the present invention relates to a packing material,
comprising the package; and a packing box accommodating the
package.

[0020] An aspect of the present invention relates to a temporary
protective film-attached lead frame, comprising: a lead frame having a
die pad and an inner lead; and the temporary protective film, wherein
the temporary protective film is attached to the lead frame in a direction
in which the adhesive layer of the temporary protective film comes into
contact with one surface of the lead frame, and an in-plane direction of
the temporary protective film, in which the coefficient of linear
expansion at 30°C to 200°C is higher than or equal to 16 ppm/°C and
lower than or equal to 20 ppm/°C, runs parallel to a shorter side of the
lead frame in a case where the outer periphery of the lead frame has a
rectangular shape, and parallel to any one side in a case where the outer
periphery of the lead frame has a square shape.

[0021] An aspect of the present invention relates to a temporary
protective film-attached lead frame, comprising: a lead frame having a
die pad and an inner lead; and the temporary protective film, wherein
the temporary protective film is attached to the lead frame in a direction
in which the adhesive layer of the temporary protective film comes into
contact with one surface of the lead frame.

[0022] An aspect of the present invention relates to a method for
producing a semiconductor device, comprising, in the following order: a
step of attaching the temporary protective film for semiconductor
sealing molding on one surface of a lead frame having a die pad and an

inner lead, in a direction in which an adhesive layer of the temporary
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protective film comes into contact with the lead frame, and an in-plane
direction of the temporary protective film, in which the coefficient of
linear expansion at 30°C to 200°C is higher than or equal to 16 ppm/°C
and lower than or equal to 20 ppm/°C, runs parallel to a shorter side in a
case where the outer periphery of the lead frame is a rectangular shape,
and parallel to any one side in a case where the outer periphery of the
lead frame has a square shape; a step of mounting a semiconductor
element on a surface of the die pad, the surface being on the opposite
side of the temporary protective film; a step of providing a wire for
connecting the semiconductor element and the inner lead; a step of
forming a sealing layer sealing the semiconductor element and the wire,
and thereby obtaining a sealing molded body having a lead frame, a
semiconductor element, and a sealing layer; and a step of peeling off the
temporary protective film from the sealing molded body.

[0023] 1t is desirable that the lead frame has a plurality of die pads, and
a semiconductor element is mounted on each of the plurality of die
pads, and the method further comprises a step of dividing the sealing
molded body before or after peeling off the temporary protective film
from the sealing molded body, and thereby obtaining semiconductor
devices each having one die pad and one semiconductor element.
Advantageous Effects of Invention

[0024] According to the present invention, there is provided a
temporary protective film for semiconductor sealing molding that can
suppress warpage of a lead frame caused by shrinkage at the time of
cooling after adhesion under high-temperature and high-pressure

conditions, and warpage of a lead frame attributable to expansion of a
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film caused by moisture adsorption. Thereby, a semiconductor device
can be produced with high workability and productivity.

[0025] In conventional temporary protective films, the warpage of a
lead frame is large after adhesion thereof, however, even in a case in
which warpage is decreased after moisture absorption and expansion,
moisture is exhausted as heat is applied during the production process,
and the lead frame may return to the original state of large warpage. In
the temporary protective film of the present invention, such a warpage
attribute to moisture exhaust is also suppressed.

Brief Description of Drawings

[0026] FIG. 1 is a cross-sectional view illustrating an embodiment of a
temporary protective film.

FIG. 2 is a cross-sectional view illustrating an embodiment of a
temporary protective film.

FIG. 3 is a cross-sectional view explaining an embodiment of a
method for producing a semiconductor device.

FIG. 4 is a cross-sectional view illustrating an embodiment of a
semiconductor device.

FIG. 5 is a schematic diagram for explaining a method of
measuring the amount of warpage of a temporary protective
film-attached lead frame.

FIG. 6 is a perspective view illustrating an embodiment of a reel
body.

FIG. 7 is a front view diagram illustrating an embodiment of a
package. |

FIG. 8 is a front view diagram illustrating an embodiment of a
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packing material.
Description of Embodiments
[0027] Hereinafter, suitable embodiments of the present invention will
be explained in detail. However, the present invention is not intended
to be limited to the following embodiments. The upper limits and the
lower limits of the value ranges described in the present specification
can be arbitrarily combined. The values described in Examples can
also be used as the upper limits or lower limits of value ranges.
[0028] <Temporary protective film>

FIG 1 is a cross-sectional view illustrating a temporary
protective film according to an embodiment. The temporary protective
film 10 illustrated in FIG 1 is composed of a support film 1 and an
adhesive layer 2 provided on one surface of the support film 1. An
adhesive layer may be formed on both surfaces of the support film 1.
FIG. 2 is also a cross-sectional view illustrating the temporary protective
film according to an embodiment. The temporary protective film 10'
of FIG. 2 has a support film 1; an adhesive layer 2 provided on one of
principal surfaces of the support film 1; and a resin layer (non-adhesive
layer 3) that is provided on the other principal surface of the support
film 1 and substantially does not have adhesiveness. These temporary
protective films can be used, in a process for sealing molding of
forming a sealing layer that seals a semiconductor element mounted on
a lead frame, as temporary protective films for semiconductor sealing
molding for temporarily protecting lead frames during sealing molding,
by attaching a temporary protective film on the rear surface of the lead

frame (surface on the side opposite to the surface where the
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semiconductor element is mounted).

[0029] The coefficient of linear expansion at 30°C to 200°C of the
temporary protective film may be greater than or equal to 16 ppm/°C
and less than or equal to 20 ppm/°C in at least one in-plane direction of
the temporary protective film. The at least one in-plane direction may
be at least one in-plane direction selected from the group consisting of
the MD direction (Machine direction) and the TD direction (Transverse
direction), and is desirably the TD direction. The MD direction is
usually the longitudinal direction of the support film. The TD
direction is a direction perpendicular to the MD direction.
Measurement of the coefficient of linear expansion can be measured
using a thermomechanical analyzer (for example, manufactured by
Seiko Instruments, Inc., Model SSC5200). The coefficient of linear
expansion at 30°C to 200°C in at least one direction of the temporary
protective film can be adjusted by, for example, adjusting the thickness
of the adhesive layer.

[0030] The elastic modulus at 30°C of the temporary protective film is
desirably 9 GPa or less. The elastic modulus at 30°C of the temporary
protective film may be 8 GPa or less or 7 GPa or less, and may be 4
GPa or greater or 5 GPa or greater. The elastic modulus at 30°C of a
temporary protective film can be measured by the following method.
First, a specimen obtained by cutting out a temporary protective film
into a size of 4 mm x 30 mm is mounted on a dynamic viscoelasticity
measuring  apparatus  (manufactured by UBM Co., ILitd,
Rheogel-E4000), and the distance between chucks is set to 20 mm.

The elastic modulus can be determined by measuring the tensile
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modulus of the mounted specimen under the conditions of sinusoidal
waves, a temperature range maintained constant at 30°C, and a
frequency of 10 Hz.
[0031] <Adhesive layer>

The adhesive layer may be provided on one surface of the
support film, or may be provided on both surfaces of the support film in
order to offset the curl of the temporary protective film, which is
attributed to volume reduction of the adhesive layer at the time of
solvent removal.
[0032] The method for forming an adhesive layer on a support film is
not particularly limited; however, for example, a varnish for forming an
adhesive layer (resin varnish), which is produced by dissolving a resin
used for the formation of an adhesive layer (hereinafter, also referred to
as "resin (a)") in a solvent such as N-methyl-2-pyrrolidone,
dimethylacetamide, diethylene glycol dimethyl ether, tetrahydrofuran,
cyclohexanone, methyl ethyl ketone, or dimethylformamide, is applied
on one surface or both surfaces of a support film, subsequently the
varnish is subjected to heating to remove the solvent, and thereby an
adhesive layer containing the resin (a) can be formed on one surface or
both surfaces of the support film. An adhesive layer containing a resin
(a) can also be formed by applying a vamish (precursor varnish) for
forming an adhesive layer, obtained by dissolving an precursor (for
example, polyamic acid) of the resin (a) (for example, a polyimide
resin), which becomes the resin (a) by a heating treatment or the like
after varnish application, in a solvent, on one surface or both surfaces of

a support film, and then heat-treating the varnish. In this case, the
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solvent is removed by the heating treatment after application of the
precursor varnish, and at the same time, the precursor of the resin (a)
becomes the resin (a) (for example, imidization). The resin (a) is
desirably a heat-resistant resin. From the viewpoint of the surface state
of the coated surface, it is acceptable to use a resin varnish.

[0033] The treatment temperature employed at the time of heat-treating
the support film after being coated with a varnish for forming an
adhesive layer for the purpose of removal of the solvent, imidization,
and the like, may differ depending on whether a resin varnish is used or
a precursor varnish is used. The treatment temperature may be, in the
case of a resin varnish, any temperature at which the solvent can be
removed, and in the case of a precursor varnish, the treatment
temperature may be any temperature higher than or equal to the glass
transition temperature of the adhesive layer in order to form a resin from
the precursor (for example, imidization).

[0034] The method of applying a resin varnish or a precursor vanish on
one surface of a support film is not particularly limited; however, for
example, roll coating, reverse roll coating, gravure coating, bar coating,
comma coating, die coating, or reduced pressure die coating can be
used. Application may also be achieved by passing a support film
through a resin varnish or a precursor varnish.

[0035] The glass transition temperature (Tg) of the adhesive layer may
be 100°C or higher, and may be 150°C or higher. The glass transition
temperature (Tg) of the adhesive layer may be 300°C or lower, and may
be 250°C or lower. In a case in which the glass transition temperature

is 100°C or higher, there is a tendency that when the temporary
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protective film is torn off from the lead frame and the sealing material,
peeling at the interface between the adhesive layer and the support film
is easily suppressed, and the adhesive layer is not easily subjected to
cohesive destruction. In a case in which the glass fransition
temperature is 100°C or higher, there is a tendency that the adhesive
layer does not easily remain on the lead frame and the sealing material,
the adhesive layer is not easily softened by heat in a wire bonding
process, and defective bonding of wire does not easily occur
Furthermore, there is a tendency that defects such as that the resin layer
is not ecasily softened by heat in the sealing process, and the sealing
material penetrates between the lead frame and the adhesive layer, do
not easily occur. In a case in which the glass transition temperature is
300°C or lower, there is a tendency that softening of the adhesive layer
is sufficiently suppressed at the time of adhesion, and a decrease in the
peel strength at a peeling angle of 90 degrees between the temporary
protective film and the lead frame occurring at normal temperature (for
example, 25°C) is easily suppressed.

[0036] The glass transition temperature can be measured using a
thermomechanical analyzer (manufactured by Seiko Instruments, Inc.,
Model SSC5200) in a tensile mode under the conditions of a distance
between chucks of 10 mm, a temperature range of 30°C to 300°C, and a
rate of temperature increase of 10°C/min.

[0037] The 5% weight reduction temperature of the adhesive layer may
be 300°C or higher, may be 350°C or higher, and may be 400°C or
higher. In a case in which the temperature at which the adhesive layer

undergoes 5% weight reduction is 300°C or higher, there is a tendency
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that outgases generated by the heat produced at the time of attaching the
temporary protective film to a lead frame and the heat of the wire
bonding process are not easily produced, and contamination of the lead
frame, wires, and the like is easily suppressed. The 5% weight
reduction temperature can be measured using a differential thermal
balance (manufactured by Seiko Instruments, Inc., Model SSC5200) in
an air atmosphere under the conditions of a rate of temperature increase
of 10°C/min.

[0038] The elastic modulus at 230°C of the adhesive layer may be 1
MPa or higher, and may be 3 MPa or higher. Here, in regard to the
production process for a semiconductor device, the temperature in the
wire bonding process (wire bonding temperature) is not particularly
limited; however, the temperature is generally about 200°C to 260°C,
and a temperature of more or less 230°C is widely used. Therefore, in
a case in which the elastic modulus at 230°C is 1 MPa or higher, there is
a tendency that softening of the adhesive layer caused by the heat
produced in a wire bonding process is suppressed, and defective wire
bonding does not easily occur. The upper limit of the elastic modulus
at 230°C of the adhesive layer may be 2,000 MPa, may be 1,500 MPa,
and may be 1,000 MPa.

[0039] The elastic modulus at 230°C of the adhesive layer can be
measured using a dynamic viscoelasticity measuring apparatus
(manufactured by UBM Co., Ltd., Rheogel-E4000) by setting the
distance between chucks to 20 mm in a tensile mode with sinusoidal

waves at a rate of temperature increase of 5°C/min and a frequency of
10 Hz.
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[0040] The resin (a) used for the formation of the adhesive layer may
be a thermoplastic resin having an amide group (-NHCO-), an ester
group (-CO-0-), an imide group (-NR,, provided that R's are each
-CO-), an ether group (-O-), or a sulfone group (-SO,-). Particularly,
the resin (a) may be a thermoplastic resin having an amide group, an
ester group, an imide group, or an ether group. Specific examples of
the resin (a) include an aromatic polyamide, an aromatic polyester, an
aromatic polyimide, an aromatic polyamideimide, an aromatic
polyether, an aromatic polyether amideimide, an aromatic polyether
amide, an aromatic polyester imide, and an aromatic polyether imide.
Among these, the resin (a) may be at least one resin selected from the
group consisting of an aromatic polyether amideimide, an aromatic
polyether imide, and an aromatic polyether amide, from the viewpoints
of heat resistance and adhesiveness.

[0041] The above-described resins can all be produced by subjecting an
aromatic diamine, a bisphenol, or the like, which are basic components,
and a dicarboxylic acid, a tricarboxylic acid, a tetracarboxylic acid, or
an aromatic chloride, which are acidic components, or reactive
derivatives thereof to polycondensation. That is, the polycondensation
can be carried out by a conventional method that is used for a reaction
between an amine and an acid, and there are no particular limitations on
the various conditions and the like. With regard to a polycondensation
reaction between an aromatic dicarboxylic acid, an aromatic
tricarboxylic acid, or reactive derivatives thereof and a diamine,
conventional methods are used.

[0042] As the basic component to be used for the synthesis of an

14
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aromatic polyether imide, an aromatic polyether amideimide, or an
aromatic polyether amide, for example, an aromatic diamine having an
ether group, such as 2,2-bis[4-(4-aminophenoxy)phenyl}propane,
bis[4-(4-aminophenoxy)phenyl]sulfone, 4,4'-diaminodiphenyl ether,
bis[4-(4-aminophenoy)phenyl] ether, or
2,2-bis[4-(4-aminophenoxy)]hexafluoropropane; an aromatic diamine
having no ether group, such as
4,4'-methylenebis(2,6-diisopropylamine); a siloxane diamine such as
1,3-bis(3-aminopropyl)-tetramethyldisiloxane; and an
a,m-diaminoalkane such as 1,12-diaminododecane or
1,6-diaminohexane, may also be used. In the total amount of the basic
component, the aromatic diamine having an ether group described
above may be used in an amount of 40 mol% to 100 mol% or 50 mol%
to 97 mol%, and at least one selected from an aromatic diamine having
no ether group, a siloxane diamine, and an o,0-diaminoalkane may be
used in an amount of 0 mol% to 60 mol% or 3 mol% to 50 mol%.
Specific examples of the basic component include: (1) a basic
component composed of 60 mol% to 89 mol% or 68 mol% to 82 mol%
of an aromatic diamine having an ether group, 1 mol% to 10 mol% or 3
mol% to 7 mol% of a siloxane diamine, and 10 mol% to 30 mol% or 15
mol% to 25 mol% of an o,w-diaminoalkane; (2) a basic component
composed of 90 mol% to 99 mol% or 93 mol% to 97 mol% of an
aromatic diamine having an ether group, and 1 mol% to 10 mol% or 3
mol% to 7 mol% of a siloxane diamine; and (3) a basic component
composed of 40 mol% to 70 mol% or 45 mol% to 60 mol% of an

aromatic diamine having an ether group, and 30 mol% to 60 mol% or
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40 mol% to 55 mol% of an aromatic diamine having no ether group.
[0043] Examples of the acid component to be used for the synthesis of
an aromatic polyether imide, an aromatic polyether amideimide, or an
aromatic polyether amide, include: (A) trimellitic anhydride, a reactive
derivative of trimellitic anhydride such as trimellitic anhydride chloride,
a mononuclear aromatic tricarboxylic acid anhydride such as
pyromellitic dianhydride, or a mononuclear aromatic tetracarboxylic
acid dianhydride; (B) a polynuclear aromatic tetracarboxylic acid
dianhydride such as bisphenol A bistrimellitate dianhydride or an
oxydiphthalic anhydride; (C) an aromatic dicarboxylic acid such as
terephthalic acid, isophthalic acid, or a reactive derivative of phthalic
acid such as terephthalic acid chloride or isophthalic acid chloride; and
the like. Among them, an aromatic polyether amideimide obtainable
by reacting 0.95 to 1.05 mol or 0.98 to 1.02 mol of the above-mentioned
acid component (A) per 1 mol of the above-mentioned basic component
(1) or (2), and an aromatic polyether imide obtainable by reacting 0.95
to 1.05 mol or 0.98 to 1.02 mol of the above-mentioned acid component
(B) per 1 mol of the above-mentioned basic component (3), may also be
used.

[0044] The adhesive layer may further contain other components in
addition to the resin (a). Examples of the other components include
fillers such as a ceramic powder, powdered glass, powdered silver,
powdered copper, resin particles, and rubber particles, and a coupling
agent.

[0045] In a case in which the adhesive layer contains a filler as another

component, the content of the filler may be 1 to 30 parts by mass, or
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may be 5 to 15 parts by mass, with respect to 100 parts by mass of the
resin (a).

[0046] Regarding the coupling agent, a coupling agent such as a
vinylsilane, an epoxysilane, an aminosilane, a mercaptosilane, a titanate,
an aluminum chelate, or a zircoaluminate can be used; however, the
coupling agent is desirably a silane coupling agent. 'The silane
coupling agent may be a silane coupling agent having an organic
reactive group at the terminal, such as vinyltrimethoxysilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane,
B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
y-glycidoxypropyltrimethoxysilane,
v-glycidoxypropylmethyldiethoxysilane,
N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,
v-aminopropyltriethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane, or
v-mercaptopropyltrimethoxysilane, and among these, an epoxysilane
coupling agent having an epoxy group may be used. Here, the organic
reactive group is a functional group such as an epoxy group, a vinyl
group, an amino group, or a mercapto group. Addition of a silane
coupling agent is intended to enhance the adhesiveness of the resin to
the support film and to make it difficult for peeling to occur at an
interface between the adhesive layer and a support film when the
adhesive layer is torn off at a temperature of 100°C to 300°C. In a
case in which the adhesive layer contains a coupling agent as another
component, the content of the coupling agent may be 1 to 15 parts by

mass, and may be 2 to 10 parts by mass, with respect to 100 parts by
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mass of the resin (a).
[0047] The thickness (A) of the adhesive layer may be 20 pm or less,
18 pm or less, 16 pm or less, 14 um or less, 12 pm or less, 10 um or
less, 9 um or less, or 8 um or less. The thickness (A) of the adhesive
layer may be 1 pm or more, 2 um or more, 3 um or more, 4 um or
more, 5 pm or more, 6 um or more, 7 [m or more, or § pm or more.
The thickness (A) of the adhesive layer may be 1 to 20 or less, may be 1
to 15 or less, or may be 1 to 8 um or less. In a case in which the
thickness of the adhesive layer is 1 pm or more, sufficient adhesiveness
can be secured, and there is a tendency that the sealing material is not
likely to leak at the time of sealing. In a case in which the thickness
(A) of the adhesive layer is 20 pm or less, the layer thickness of the
temporary protective film is decreased, and the economic efficiency
tends to be excellent. In addition to that, generation of voids at the
time of performing a heat treatment at 300°C or higher is further
suppressed. Furthermore, in a case in which the thickness (A) of the
adhesive layer is 20 pm or less, an increase of wettability at the time of
heat treatment is suppressed, and strong attachment between the
adherend and the adhesive layer is suppressed. Therefore, peelability
becomes superior.
[0048] <Non-adhesive layer>

A non-adhesive layer is a resin layer that substantially does not
have adhesiveness (or pressure-sensitive adhesiveness) to a lead frame
at 0°C to 270°C. The non-adhesive layer may be a resin layer that is
not easily softened at high temperature, and for example, a resin layer

having a high glass transition temperature can function as a
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non-adhesive layer.

[0049] The elastic modulus at 230°C of the non-adhesive layer may be
10 MPa or higher, may be 100 MPa or higher, and may be 1,000 MPa or
higher. In a case in which the elastic modulus at 230°C of the
non-adhesive layer is 10 MPa or higher, there is a tendency that the
non-adhesive layer is not easily softened in a process in which heat is
applied, such as a wire bonding process, and the non-adhesive layer
does not easily adhere to a mold and jigs. The elastic modulus at
230°C of the non-adhesive layer may be 2,000 MPa or less, and may be
1,800 MPa or less.

[0050] The elastic modulus at 230°C of the non-adhesive layer can be
measured similarly to the elastic modulus at 230°C of the adhesive layer
as described above.

[0051] The adhesive force of the non-adhesive layer to a mold and jigs
is not particularly limited as long as the adhesive force is low to the
extent that the non-adhesive layer does not adhere to the mold and/or
jigs during a process; however, the peel strength at a peeling angle of 90
degrees between the non-adhesive layer and the mold as well as jigs at
normal temperature (for example, 25°C) may be less than 5 N/m, or
may be 1 N/m or less. This peel strength is measured, for example,
after the non-adhesive layer is pressure-bonded to a mold made of brass
at a temperature of 250°C and a pressure of 8 MPa for 10 seconds.
[0052] The glass transition temperature of the non-adhesive layer may
be 150°C or higher, may be 200°C or higher, or may be 250°C or
higher, in order to make the non-adhesive layer difficult to be softened

in a process of adhering a semiconductor element to a die pad, a wire
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bonding process, a sealing process, a process of tearing off the
temporary protective film from a sealing molded body, and the like, and
to make it difficult for the non-adhesive layer to be attached to a mold
and jigs. The glass transition temperature of the non-adhesive layer
may be 350°C or lower, or may be 300°C or lower.

[0053] The composition of the resin used for the formation of the
non-adhesive layer (hereinafter, also referred to as "resin (b)") is not
particularly limited; however, for example, a thermoplastic resin and a
thermosetting resin can all be used. The composition of the
thermoplastic resin is not particularly limited; however, a thermoplastic
resin having an amide group, an ester group, an imide group, or an ether
group, similar to the resin described above, is desirable. Particularly,
the thermoplastic resin may be an aromatic polyether amideimide
obtainable by reacting 1 mol of the basic component (3) with 0.95 to
1.05 mol, or 0.98 to 1.02 mol, of the acid component (A). The
composition of the thermosetting resin is not particularly limited;
however, for example, the thermosetting resin may be an epoxy resin, a
phenolic resin, or a bismaleimide resin (for example, a bismaleimide
resin produced using bis(4-maleimidophenyl)methanol as a monomer).
It is also acceptable to use a thermoplastic resin and a thermosetting
resin as a mixture. In the case of using a thermoplastic resin and a
thermosetting resin in combination, the thermosetting resin may be used
in an amount of 5 to 100 parts by mass, or may be used in an amount of
20 to 70 parts by mass, with respect to 100 parts by mass of the
thermoplastic resin.

[0054] The non-adhesive layer may contain other components in
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addition to the resin (b). Examples of the other components include
the filler and the coupling agent described above. In a case in which
the non-adhesive layer contains a filler as another component, the
content of the filler may be 1 to 30 parts by mass, or may be 5 to 15
parts by mass, with respect to 100 parts by mass of the resin (b). Ina
case in which the non-adhesive layer contains a coupling agent as
another component, the content of the coupling agent may be 1 to 20
parts by mass, or may be 5 to 15 parts by mass, with respect to 100 parts
by mass of the resin (b).

[0055] The method of forming a non-adhesive layer on a support film is
not particularly limited; however, usually, a non-adhesive layer can be
formed by applying a varnish for forming a non-adhesive layer (resin
varnish), which is produced by dissolving the resin (b) in a solvent such
as N-methyl-2-pyrrolidone, dimethylacetamide, diethylene glycol
dimethyl ether, tetrahydrofuran, cyclohexanone, methyl ethyl ketone, or
dimethylformamide, on a support film and then heat-treating the varnish
to remove the solvent. A non-adhesive layer containing a resin (b) can
also be formed by applying on a support film a precursor varnish
produced by dissolving a precursor (for example, polyamic acid) of the
resin (b) (for example, a polyimide resin), which becomes the resin (b)
(for example, a heat-resistant resin) by a heating treatment after varnish
application or the like, in a solvent, and then heat-treating the varnish.
In this case, as a result of the heating treatment after application of the
precursor varnish, the solvent is removed, and at the same time, the
precursor of the resin (b) becomes the resin (b) (for example,

imidization). From the viewpoint of the surface state of the coated
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surface, a resin varnish may also be used.

[0056] The treatment temperature in the case of heat-treating the
support film coated with the varnish described above for the purpose of
solvent removal, imidization, and the like, may differ depending on
whether a resin varnish is used or a precursor varnish is used. The
treatment temperature may be, in the case of a resin varnish, a
temperature at which the solvent can be removed, and in the case of a
precursor varnish, the treatment temperature may be higher than or
equal to the glass transition temperature of the resin layer in order to
achieve imidization.

[0057] In the case of using a thermosetting resin as the resin (b), or in
the case of using a thermoplastic resin and a thermosetting resin in
combination, the thermosetting resin is cured by a heating treatment
after application, and thereby the elastic modulus of the non-adhesive
layer can be adjusted to 10 MPa or higher. This heating treatment can
be carried out simultaneously with solvent removal and/or imidization,
or can be carried out separately.

[0058] In a case in which the non-adhesive layer is provided on a

surface of the support film, the surface being on the opposite side of the

surface provided with the adhesive layer, curl of the temporary
protective film attributed to volume reduction of the adhesive layer is
offset by volume reduction of the non-adhesive layer at the time of
solvent removal, imidization, and shrinkage at the time of curing of the
thermosetting resin, or the like.

[0059] The method of applying a resin varnish containing the resin (b)

or a precursor varnish containing a precursor of the resin (b) on a
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support film is not particularly limited; however, the application can be
carried out using, for example, roll coating, reverse roll coating, gravure
coating, bar coating, comma coating, die coating, or pressure reduction
die coating.
[0060] The thickness of the non-adhesive layer may be, for example, 10
pm or less, 9 um or less, 8 pm or less, or 7 pm or less.  The thickness
of the non-adhesive layer may be, for example, 1 pum or more, 2 um or
more, 3 pm or more, 4 um or more, 5 um or more, or 6 pm or more.
The thickness of the non-adhesive layer is not particularly limited,;
however, the thickness may be, for example, 1 to 10 um, or 1 to 8 pm.
[0061] The ratio (A/C) of the thickness of the adhesive layer (A) to the
thickness of the non-adhesive layer (C) may be 1.0 to 2.0, or 1.3 to 2.0.
[0062] <Support film>

The support film is not particularly limited; however, the
support film may be a film formed from a resin that can endure heat
during application and drying of a resin that is used for forming an
adhesive layer or a non-adhesive layer, and during a semiconductor
device assembly process (heat-resistant resin). The support film may
be, for example, a film of at least one polymer selected from the group
consisting of an aromatic polyimide, an aromatic polyamide, an
aromatic polyamideimide, an aromatic polysulfone, an aromatic
polyethersulfone, a polyphenylene sulfide, an aromatic polyether
ketone, a polyallylate, an aromatic polyether ether ketone, and
polyethylene naphthalate.
[0063] The glass transition temperature of the support film may be
200°C or higher, or may be 250°C or higher, in order to increase
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heat-resistance. By using a film of the above-described polymers, in
processes of applying heat, such as a process of adhering a
semiconductor element to a die pad, a wire bonding process, a sealing
process, and a process of tearing off the temporary protective film from
a sealing molded body, the support film is not softened, and the
operation can be carried out efficiently.

[0064] It is preferable that the support film has sufficiently high
adhesiveness to the adhesive layer. When the adhesiveness is low, at
the time of tearing off the support film from the lead frame and the
sealing material at a temperature of 100°C to 300°C, detachment is
likely to occur at the interface between the adhesive layer 2 and the
support film, and the resin is likely to remain on the lead frame and the
sealing material. Since it is preferable that the support film has heat
resistance and sufficiently high adhesiveness to the adhesive layer, the
support film may be a polyimide film.

[0065] The type of the polyimide film is not particularly limited;
however, the coefficient of linear expansion at 30°C to 200°C may be
3.0x10°/°C or less, may be 2.5%x10°/°C or less, or may be 2.0x107/°C
or less. The heat shrinkage factor obtainable at the time of heating for
2 hours at 200°C may be 0.15% or less, may be 0.1% or less, and may
be 0.05% or less.

[0066] Regarding the support film, the surface may be treated in order
to sufficiently increase tight adhesiveness to the adhesive layer. The
method for surface-treating the support film is not particularly limited;
however, examples include chemical treatments such as an alkali

treatment and a silane coupling treatment; physical treatments such as a
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sand mat treatment; a plasma treatment, a corona treatment, and the like.
[0067] The thickness of the support film is not particularly limited;
however, in order to reduce warpage of the lead frame after the
temporary protective film is attached to the lead frame, the thickness
may be 100 um or less, may be 50 um or less, and may be 25 pm or
less. The thickness of the support film may be 5 pm or more, and may
be 10 um or more.

[0068] The material of the support film can also be selected from the
group consisting of copper, aluminum, stainless steel, and nickel, in
addition to the resins described above. By making the support film
from a metal, the coefficients of linear expansion of the lead frame and
the support film can be made closer, and warpage of the lead frame after
the temporary protective film has been attached to the lead frame can be
reduced.

[0069] In the case of a temporary protective film in which an adhesive
layer is provided on one surface of a support film, from the viewpoint
that curl of the film caused by volume reduction of the adhesive layer at
the time of solvent removal after application is more easily suppressed,
the ratio (A/B) of the thickness of the adhesive layer (A) to the
thickness of the support film (B) may be 0.2 or less, may be 0.1 or less,
and may be 0.05 or less. In a case in which the ratio (A/B) of the
thickness of the adhesive layer (A) to the thickness of the support film
(B) is 0.2 or less, there is a tendency that curl of the film caused by
volume reduction of the resin layer at the time of solvent removal after
application is easily suppressed, and decrease in workability,

productivity, and the like at the time of adhering the film to the lead
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frame is easily suppressed.
[0070] From the viewpoint that curl of the temporary protective film is
more easily suppressed, in the temporary protective film, an adhesive
layer may be provided on both surfaces of a support film, or a
non-adhesive layer may be provided on a surface of a support film, the
surface being on the opposite side of the surface provided with the
adhesive layer. In the case of a temporary protective film having a
three-layer structure having an adhesive layer provided on both surfaces
of a support film, the thickness of the adhesive layer (A) described
above means the thickness of any one layer of the adhesive layer. In
this case, the ratio (A/A) of the thicknesses (A) of the adhesive layers is
desirably 1.
[0071] <Cover film>

The temﬁorary protective film for semiconductor sealing
molding may include a cover film provided on a surface of the adhesive
layer, the surface being on the opposite side of the surface provided with
the support film. That is, the temporary protective film for
semiconductor sealing molding may be in the form of a cover
film-attached temporary protective film for semiconductor sealing
molding. The cover film is not particularly limited; however, the cover
film may be a polyethylene terephthalate film or may be a polyethylene
terephthalate film provided with a release layer.
[0072] The thickness of the cover film may be 10 um or more, may be
20 um or more, and may be 100 pm or less.
[0073] <Method for producing semiconductor device>

A semiconductor device can be produced by a method including
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a sealing molding process of a semiconductor element using the
temporary protective film according to an embodiment.  The
semiconductor device thus produced may be, for example, a Non Lead
Type Package, which has a lead frame and a semiconductor element
mounted thereon; and a sealing layer sealing the semiconductor element
on the semiconductor element-side of the lead frame, with the rear
surface of the lead frame being exposed for external connection.
Specific examples thereof include QuadFlat Non-leaded Package (QFN)
and Small Outline Non-leaded Package (SON).

[0074] FIG. 3 is a cross-sectional view illustrating a method for
producing a semiconductor device according to an embodiment. FIG.
4 is a cross-sectional view illustrating an embodiment of a
semiconductor device obtainable according to the production method of
FIG. 3. Hereinafter, various processes will be explained with reference
to the various drawings as necessary.

[0075] The method for producing a semiconductor device according to
the embodiment of FIG. 3 includes, in the following order: a step of
attaching a temporary protective film 10 (or 10") on one surface (rear
surface) of a lead frame 11 having a die pad 11a and an inner lead 11b,
in a direction in which an adhesive layer of the temporary protective
film comes into contact with the lead frame, and an in-plane direction of
the temporary protective film 10 (or 10", in which the coefficient of
linear expansion at 30°C to 200°C is higher than or equal to 16 ppm/°C
and lower than or equal to 20 ppm/°C, runs parallel to a shorter side in a
case where the outer periphery of the lead frame is a rectangular shape,

and parallel to any one side in a case where the outer periphery of the
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lead frame has a square shape; a step of mounting (adhering) a
semiconductor element 14 on a surface of the die pad 1la, the surface
being on the opposite side of the temporary protective film 10 (or 10); a
step of providing a wire 12 for connecting the semiconductor element
14 and the inner lead 11b; a step of forming a sealing layer 13 for
covering the semiconductor element 14 side surface of the lead frame
11, the semiconductor element 14, and the wire 12, and thereby sealing
the semiconductor element 14; a step of obtaining a sealing molded
body 20 having the temporary protective film 10 (or 10'), the lead frame
11, the semiconductor element 14, and a sealing layer 13; and a step of
peeling off the temporary protective film 10 (or 10") from the sealing
molded body 20.

[0076] The conditions for attaching the temporary protective film 10 (or
10" to the lead frame 11 are not particularly limited; however, the
adhesion temperature may be 150°C or higher, may be 180°C or higher,
and may be 200°C or higher. The adhesion temperature may be 400°C
or lower, may be 350°C or lower, and may be 300°C or lower. In a
case in which the adhesion temperature is 150°C or higher, the peel
strength at a peeling angle of 90 degrees between the lead frame and the
resin layer 2 tends to further increase. In a case in which the adhesion
temperature is 400°C or lower, deterioration of the lead frame tends to
be further suppressed.

[0077] The adhesion pressure of the temporary protective film 10 (or
10" to the lead frame 11 may be 0.5 MPa or higher, may be 1 MPa o
higher, and may be 3 MPa or higher. The adhesion pressure may be 30

MPa or lower, may be 20 MPa or lower, and may be 15 MPa or lower,
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and in a case in which the adhesion pressure is 0.5 MPa or higher, the
peel strength at a peeling angle of 90 degrees between the adhesive
layer and the lead frame tends to further increase. In a case in which
the adhesion pressure is 30 MPa or lower, damage of the lead frame
tends to be suppressed more easily. According to the present
invention, the time for adhesion of the temporary protective film to the
lead frame may be between 0.1 seconds and 60 seconds, may be 1 to 30
seconds, and may be 3 to 20 seconds. In a case in which the adhesion
time is 0.1 seconds or longer, the 90-degree peel strength between the
adhesive layer and the lead frame tends to be increased more easily. In
a case in which the adhesion time is 60 seconds or shorter, workability
and productivity tend to be enhanced more easily. Before pressure is
applied, preliminary heating may be carried out for about 5 to 60
seconds.

[0078] The temporary protective film-attached lead frame according to
an embodiment includes a lead frame 11 having a die pad 11a and an
inner lead 11b; and a temporary protective film 10 (or 10'), and the
temporary protective film 10 (or 10') is attached to the lead frame 11 in
a direction in which the adhesive layer 2 of the temporary protective
film comes into contact with one surface of the lead frame 11, and an
in-plane direction of the temporary protective film 10 (or 10"), in which
the coefficient of linear expansion at 30°C to 200°C is higher than or
equal to 16 ppm/°C and lower than or equal to 20 ppm/°C, runs parallel
to a shorter side of the lead frame in a case where the outer periphery of
the lead frame 11 has a rectangular shape, and parallel to any one side in

a case where the outer periphery of the lead frame 11 has a square
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shape.

[0079] The material for the lead frame 11 is not particularly limited;
however, for example, the material may be an iron-based alloy such as
Alloy 42, copper, or a copper-based alloy. In the case of using a lead
frame of copper and a copper-based alloy, the surface of the lead frame
may be subjected to a coating treatment with palladium, gold, silver, or
the like. In order to enhance the adhesive force to the sealing material,
the lead frame surface may be subjected to a physical roughening
treatment. A chemical treatment such as an epoxy bleed-out (EBO)
prevention treatment of preventing bleed-out of a silver paste may be
applied to the lead frame surface. The thickness of the lead frame may
be, for example, 30 to 150 um. When the thickness of the lead frame
is in this range, warpage of the lead frame tends to occur easily after the
temporary protective film used for semiconductor sealing molding is
attached to the lead frame; however, when the temporary protective film
according to the present embodiment is used, the occurrence of warpage
of the lead frame is suppressed.

[0080] The semiconductor element 14 is usually adhered to the die pad
11a by means of an adhesive (for example, a silver paste). The
adhesive may be cured by means of a heating treatment (for example,
140°C to 200°C, 30 minutes to 2 hours).

[0081] The length in the extension direction of the die pad 11a and/or
the length in a direction orthogonally intersecting the extension
direction may be 5 um or less, 3 pm or less, 2 pm or less, or 1 um or
less. When the above-mentioned length of the die pad 11a becomes

smaller, warpage of the lead frame is likely to occur after the temporary
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protective film is attached to the lead frame. When the temporary
protective film according to the present embodiment is used, even in a
case in which a die pad 11a having the above-mentioned length is used,
the occurrence of warpage of the lead frame 1s suppreséed.

[0082] The wire 12 is not particularly limited; however, for example,
the wire may be a gold wire, a copper wire, or a palladium-coated
copper wire. For example, the semiconductor element and the inner
lead may be joined with a wire 12 by heating for 3 to 60 minutes at
200°C to 270°C and utilizing ultrasonic waves and pressing pressure.
[0083] After wire bonding using the wire 12, and before a process of
sealing molding for obtaining a sealing molded body 20 (forming a
sealing layer 13), the lead frame 11 may be subjected to a plasma
treatment. Through a plasma treatment, the adhesiveness between the
sealing layer and the lead frame can be further increased, and the
reliability of the semiconductor device can be further increased.
Regarding the plasma treatment, for example, a method of injecting a
gas such as argon, nitrogen, or oxygen at a predetermined gas flow rate
under reduced pressure conditions (for example, 9.33 Pa or less) and
radiating plasma may be mentioned. The output power for plasma
radiation in the plasma treatment may be, for example, 10 to 500 W. -
The time for the plasma treatment may be, for example, 5 to 50 seconds.
The gas flow rate in the plasma treatment may be 5 to 50 sccm.

[0084] In the process for sealing molding, the sealing layer 13 is formed
using a sealing material. Through sealing molding, a sealing molded
body 20 having a plurality of semiconductor elements 14 and a sealing

layer 13 integrally sealing those, is obtained. During the sealing
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molding, since the temporary protective film 10 (or 10") is provided, the
sealing material is prevented from wrapping around the rear surface side
of the lead frame 11.

[0085] A temporary protective film-attached sealing molded body
according to an embodiment includes a lead frame 11 having a die pad
11a and an inner lead 11b; a semiconductor element 14 mounted on the
die pad 11a; a wire 12 connecting the semiconductor element 14 and the
inner lead 11b; a sealing layer 13 sealing the semiconductor element 14
and the wire 12; and a temporary protective film 10 (or 10'), and in the
temporary protective fitm 10 (or 10"), the adhesive layer 2 thereof is
attached to a surface of the lead frame 11, the surface being on the
opposite side of the surface where the semiconductor element 14 is
mounted.

[0086] The temperature during the formation of the sealing layer
(sealing temperature) may be 140°C to 200°C, or may be 160°C to
180°C. The pressure during the formation of the sealing layer (sealing
pressure) may be 6 to 15 MPa, or may be 7 to 10 MPa. The heating
time for sealing molding (sealing time) may be 1 to 5 minutes, or may
be 2 to 3 minutes.

[0087] The sealing layer 13 thus formed may be heated and cured as
necessary. The heating temperature for curing of the sealing layer
(sealing curing temperature) may be 150°C to 200°C, or may be 160°C
to 180°C. The heating time for curing of the seaiihg layer (sealing
curing time) may be 4 to 7 hours, or may be 5 to 6 hours.

[0088] The material for the sealing material is not particularly limited;

however, examples include epoxy resins such as a cresol novolac epoxy
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resin, a phenol novolac epoxy resin, a biphenyl diepoxy resin, and a
naphthol novolac epoxy resin. In the sealing material, for example,
additive materials such as a filler, a flame retardant substance such as a
bromine compound, and a wax component may be incorporated.

[0089] After the formation of the sealing layer 13 (sealing molding), the
temporary protective film 10 (or 10') is peeled off from the lead frame
11 and the sealing layer 13 of the sealing molded body 20. In the case
of curing the sealing layer, the temporary protective film 10 (or 10') may
be peeled off at any time point before or after curing of the sealing layer.
[0090] The temperature at the time of peeling off the temporary
protective film is not particularly limited; however, the peeling
temperature may be between 0°C and 250°C. In a case in which the
temperature is 0°C or higher, it is difficult for the adhesive layer to
remain on the lead frame and the sealing material. When the
temperature is 250°C or lower, deterioration of the lead frame and the
sealing material tends to be suppressed. From the reasons such as
described above, the peeling temperature may be 100°C to 250°C, and
may be 150°C to 200°C.

[0091] The method for producing a semiconductor device may further
include, if necessary, a step of removing the adhesive layer (adhesive
residue) remaining on the lead frame 11 and the sealing layer 13 after
the peeling step. According to the present invention, it is preferable
that when the temporary protective film is torn off at 0°C to 250°C after
sealing with a sealing material, the adhesive layer does not remain on
the lead frame and the sealing material. In a case in which the residual

amount of the adhesive layer is large, the external appearance becomes
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poor, and also, when the lead frame is used for external connection, the
adhesive residue easily causes defective plating or defective contact.
Therefore, the adhesive layer remaining on the lead frame and the
sealing material may be removed using a mechanical brushing, a
solvent, or the like. The solvent is not particularly limited; however,
N-methyl-2-pyrrolidone, dimethylacetamide, diethylene glycol dimethyl
ether, tetrahydrofuran, cyclohexanone, methyl ethyl ketone,
dimethylformamide, and the like are used.

[0092] Tn a case in which the lead frame includes a plurality of patterns
each having a die pad and an inner lead, if necessary, a plurality of the
semiconductor device 100 of FIG. 4 each having one semiconductor
element can be obtained by dividing the sealing molded body 20.

[0093] That is, in a case in which the lead frame 11 has a plurality of
die pads 11a, and a semiconductor element 14 is mounted on each of the
multiple die pads 1la, the production method according to the
embodiment may further include a step of dividing the sealing molded
body 20 before or after the temporary protective film 10 (or 10) from
the sealing molded body 20, and thereby obtaining semiconductor
devices 100 each having one die pad 1la and semiconductor element
14.

[0094] A semiconductor device may be produced while a temporary
protective film is unwound from the reel body obtained by winding a
Jong temporary protective film around a winding core. The reel body
in this case has a winding core and a temporary protective film wound
around the winding core according to the above-described embodiment.

[0095] FIG. 6 is a perspective view illustrating an embodiment of a reel
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body. The reel body 33 illustrated in FIG. 6 includes a winding core
31, a temporary protective film 10 wound around the winding core 31,
and side plates 32.

[0096] The width (length in a direction orthogonally intersecting the
direction of winding) of the winding core 31 and the temporary
protective film 10 may be, for example, 10 pm or more, 50 pm or more,
50 um or more, or 80 um or more, and may be 300 um or less. The
width (length in a direction orthogonally intersecting the direction of
winding) of the winding core 31 and the temporary protective film 10
may be, for example, more than or equal to 10 um and less than or equal
to 300 um, more than or equal to 50 um and less than or equal to 300
pm, or more than or equal to 80 pm and less than or equal to 300 pm.
[0097] The temporary protective film according to the above-described
embodiments may be supplied as a package in which the
above-described reel body is accommodated in a packaging bag. FIG.
7 illustrates an embodiment of the package. As illustrated in FIG. 7,
the package 50 includes the reel body 33 and a packaging bag 40
accommodating the reel body 33. The reel body 33 is usually
individually accommodated in a packaging bag; however, a plurality of
(for example, two or three) the reel bodies 33 may be accommodated in
one packaging bag 40.

[0098] The packaging bag 40 may be formed from a resin film, or may
be formed from a composite film, which is a resin film having an
aluminum layer. A specific example of the packaging bag 40 may be
an aluminum-coated plastic bag, or the like. Examples of the material

of the resin film include plastics such as polyethylene, polyester, vinyl
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chloride, and polyethylene terephthalate. The reel body 33 may be, for
example, accommodated in a packaging bag in a vacuum-packed state.
The package 50 is not limited to a vacuum-packed product.

[0099] In the packaging bag 40, a desiccant may be accommodated
together with the reel body 33. Examples of the desiccant include
silica gel. The package 50 may be a product in which the packaging
bag 40 accommodating the reel body 33 is further wrapped with a
cushioning material.

[0100] The package 50 may be supplied as a packing material
accommodated in a packing box. FIG 8 illustrates an embodiment of
the packing material. As illustrated in FIG. 8, the packing material 70
includes the package 50 and a packing box 60 accommodating the
package 50. In the packing box 60, one or a plurality of packages 50
are accommodated. As the packing box 60, for example, corrugated
cardboard can be used.

[0101] The semiconductor device produced using the temporary
protective film according to an embodiment is excellent in view of
density increase, area reduction, thickness reduction, and the like, and
can be suitably utilized in electronic instruments such as, for example,
mobile telephones, smart phones, personal computers, and tablets.
Examples

[0102] Hereinafter, the present invention will be explained more
specifically by way of Examples; however, the present invention is not
intended to be limited to the following Examples.

[0103] <Production of temporary protective films of Examples 1 to 15

and Comparative Examples 1 to 4>
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(Production of coating varnish)

Production Example 1: Production of varnish 1 for adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 258.3 g (0.63
mol) of 2,2-bis[4-(4-aminophenoxy)phenyl]propane and 10.4 g (0.042
mol) of 1,3-bis(3-aminopropyl)-tetramethyldisiloxane were introduced
in a nitrogen atmosphere, and these were dissolved in 1,450 g of
N-methyl-2-pyrrolidone.  Furthermore, this solution was heated to
70°C, and 33.6 g (0.168 mol) of 1,12-diaminododecane was added
thereto and dissolved at this temperature. Furthermore, this solution
was cooled to 0°C, and 180.4 g (0.857 mol) of trimellitic anhydride
chloride was added thereto at this temperature. After trimellitic
anhydride chloride had dissolved, 130 g of triethylamine was added
thereto.  Stirring was continued for 2 hours at room temperature,
subsequently the temperature was increased to 180°C, and imidization
was completed by a reaction for 5 hours. The reaction liquid was
introduced into methanol, and a polymer was isolated. This was dried
and then was dissolved in N-methyl-2-pyrrolidone. The solution was
introduced into methanol, and the polymer was isolated again. The
polymer thus isolated was dried under reduced pressure, and thereby
purified polyether amideimide in a powder form was obtained. 120 g
of this polyether amideimide and 6 g of a silane coupling agent
(manufactured by Dow Corning Toray Co., Ltd., trade name: SH6040)
were dissolved in 360 g of N-methyl-2-pyrrolidone, and varnish 1 for

adhesive layer formation was obtained.
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[0104] Production Example 2: Production of varnish 2 for adhesive
layer formation

In a S5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 258.6 g (0.63
mol) of 2,2-bis[4-(4-aminophenoxy)phenylipropane and 67.0 g (0.27
mol) of 1,3-bis(3-aminopropyl)-tetramethyldisiloxane were introducedv
in a nitrogen atmosphere, and these were dissolved in 1,550 g of
N-methyl-2-pyrrolidone. Furthermore, this solution was cooled to
0°C, and 187.3 g (0.89 mol) of trimellitic anhydride chloride was added
thereto at this temperature. After trimellitic anhydride chloride
dissolved, 100 g of triethylamine was added thercto. Stirring was
continued for .2 hours at room temperature, subsequently the
temperature was increased to 180°C, and imidization was completed by
a reaction for 5 hours. The reaction liquid was introduced into
methanol, and a polymer was isolated. This was dried and then was
dissolved in N-methyl-2-pyrrolidone. The solution was introduced
into methanol, and the polymer was isolated again. The polymer thus
isolated was dried under reduced pressure, and thereby a purified
polyether amideimide in a powder form was obtained. 120 g of this
polyether amideimide and 3.6 g of a silane coupling agent
(manufactured by Dow Corning Toray Co., Ltd., trade name: SH6040)
were dissolved in 360 g of N-methyl-2-pyrrolidone, and varnish 2 for
adhesive layer formation was obtained.
[0105] Production Example 3: Production of varnish 3 for non-adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
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stirrer, a nitrogen inlet tube, and a fractionating column, 172.4 g (0.42
mol) of 2,2-bis[4-(4-aminophenoxy)phenyl|propane and 153.7 g (0.42
mol) of 4,4"-methylenebis(2,6-diisopropylaniline) were introduced in a
nitrogen atmosphere, and these were dissolved in 1,550 g of
N-methyl-2-pyrrolidone.  Furthermore, this solution was cooled to
0°C, and 174.7 g (0.83 mol) of trimellitic anhydride chloride was added
thereto at this temperature. After trimellitic anhydride chloride
dissolved, 130 g of triethylamine was added thereto. Stirring was
continued for 2 hours at room temperature, subsequently the
temperature was increased to 180°C, and imidization was completed by
a reaction for 5 hours. The reaction liquid was introduced into
methanol, and a polymer was isolated. This was dried and then was
dissolved in N-methyl-2-pyrrolidone. The solution was introduced
into methanol, and the polymer was isolated again. The polymer thus
isolated was dried under reduced pressure, and thereby purified
polyether amideimide in a powder form was obtained. 120 g of this
polyether amideimide and 6 g of a silane coupling agent (manufactured
by Dow Corning Toray Co., Ltd., trade name: SH6040) were dissolved
in 360 g of N-methyl-2-pyrrolidone, and varnish 3 for non-adhesive
layer formation was obtained.
[0106] Production Example 4: Production of varnish 4 for adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 270.9 g (0.66
mol) of 2,2-bis[4-(4-aminophenoxy)phenyl]propane and 8.7 g (0.035

mol) of 1,3-bis(3-aminopropyl)-tetramethyldisiloxane were introduced
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in a nitrogen atmosphere, and these were dissolved in 1,950 g of
N-methyl-2-pyrrolidone.  Furthermore, this solution was cooled to
0°C, and 149.5 g (0.71 mol) of trimellitic anhydride chloride was added
thereto at this temperature. After trimellitic anhydride chloride
dissolved, 100 g of triethylamine was added thereto. Stirring was
continued for 2 hours at room temperature, subsequently the
temperature was increased to 180°C, and imidization was completed by
a reaction for 5 hours. The reaction liquid was introduced into
methanol, and a polymer was isolated. This was dried and then was
dissolved in N-methyl-2-pyrrolidone. The solution was introduced
into methanol, and the polymer was isolated again. The polymer thus
isolated was dried under reduced pressure, and therecby a purified
polyether amideimide in a powder form was obtained. 120 g of this
polyether amideimide and 3.6 g of a silane coupling agent
(manufactured by Dow Corning Toray Co., Ltd., trade name: SH6040)
were dissolved in 360 g of N-methyl-2-pyrrolidone, and varnish 4 for
adhesive layer formation was obtained.
[0107] Production Example 5: Production of varnish 5 for adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 102.5 g (0.25
mol) of 2,2-bis[4-(4-aminophenoxy)phenyljpropane and 91.5 g (0.25
mol) of 4,4-methylenebis(2,6-diisopropylaniline) were introduced in a
nitrogen atmosphere, and these were dissolved in 1,900 g of
N-methyl-2-pyrrolidone.  Furthermore, this solution was cooled to

0°C, and 282.2 g (0.49 mol) of bisphenol A bistrimellitate dianhydride

40



10

15

20

25

was added thereto at this temperature. Thereafter, stirring was
continued for 20 minutes at room temperature and for 2 hours at 60°C,
subsequently the temperature was increased to 180°C, and imidization
was completed by a reaction for 5 hours. The reaction liquid was
introduced into methanol, and a polymer was isolated. This was dried
and then was dissolved in N-methyl-2-pyrrolidone. The solution was
introduced into methanol, and the polymer was isolated again. The
polymer thus isolated was dried under reduced pressure, and thereby a
purified polyether imide in a powder form was obtained. 120 g of this
polyether imide was dissolved in 360 g of N-methyl-2-pyrrolidone, and
varnish 5 for adhesive layer formation was obtained.
[0108] Production Example 6: Production of varnish 6 for adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 250.9 g (0.58
mol) of 2,2-bis[4-(4-aminophenoxy)phenyl]sulfone and 7.4 g (0.03 mol)
of 1,3-bis(3-aminopropyl)-tetramethyldisiloxane were introduced in a
nitrogen atmosphere, and these were dissolved in 1,500 g of
N-methyl-2-pyrrolidone.  Furthermore, this solution was cooled to
0°C, and 126.3 g (0.6 mol) of trimellitic anhydride chloride was added
thereto at this temperature.  After trimellitic anhydride chloride
dissolved, 67 g of triethylamine was added thereto. Stirring was
continued for 2 hours at room temperature, subsequently the
temperature was increased to 180°C, and imidization was completed by
a reaction for 5 hours. The reaction liquid was introduced into

methanol, and a polymer was isolated. This was dried and then was
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dissolved in N-methyl-2-pyrrolidone. The solution was introduced
into methanol, and the polymer was isolated again. The polymer thus
isolated was dried under reduced pressure, and thereby a purified
polyether amideimide in a powder form was obtained. 120 g of this
polyether amideimide and 6.0 g of a silane coupling agent
(manufactured by Dow Corning Toray Co., Ltd., trade name: SH6040)
were dissolved in 360 g of N-methyl-2-pyrrolidone, and varnish 6 for
adhesive layer formation was obtained.
[0109] Production Example 7: Production of varnish 7 for adhesive
layer formation

In a 5-liter four-necked flask equipped with a thermometer, a
stirrer, a nitrogen inlet tube, and a fractionating column, 295.2 g (0.72
mol) of 2,2-bis[4-(4-aminophenoxy)phenyl]sulfone and 540 g (0.18
mol) of siliconediamine (manufactured by Dow Coming Toray Co.,
Ltd., trade name: X-22-161B) were introduced in a nitrogen
atmosphere, and these were dissolved in 2,400 g of diethylene glycol
dimethyl ether. Furthermore, this solution was cooled to -10°C, and
188.8 g (0.93 mol) of isophthalic acid chloride was added thereto at this
temperature. Thereafter, the mixture was stirred for 1 hour, and then
214 g of propylene oxide was added thereto. Furthermore, stirring was
continued for 30 minutes at room temperature, subsequently the
temperature was increased to 40°C, and a reaction was carried out for 5
hours. The reaction liquid was introduced into methanol, and a
polymer was isolated. This was dried and then was dissolved in
dimethylformamide. The solution was introduced into methanol, and

the polymer was isolated again. The polymer thus isolated was dried
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under reduced pressure, and thereby a purified polysiloxane polyamide
block copolymer in a powder form was obtained. 120 g of this
polysiloxane polyamide block copolymer and 6.0 g of a silane coupling
agent (manufactured by Dow Corning Toray Co., Ltd., trade name:
SH6040) were dissolved in 360 g of N-methyl-2-pyrrolidone, and
varnish 7 for adhesive layer formation was obtained.
[0110] (Production of temporary protective film)

Examples 1 to 19

Varnish 1, 2, 4, 5, or 6 for adhesive layer formation was each
applied on the support film indicated in Table 1. The coating film was
dried by heating for 10 minutes at 100°C and for 10 minutes at 300°C,
and an adhesive layer having the thickness (film thickness) indicated in
Table 1 was formed on the support film. In a case in which a
temporary protective film having a three-layer structure was produced,
varnish 3 for non-adhesive layer formation was used, and similarly as
described above, a non-adhesive layer having the thickness (film
thickness) indicated in Table 1 was formed on a surface of the support
film, the surface being on the opposite side of the adhesive layer. By
the above-described method, temporary protective films of Examples 1
to 19 were formed.
[0111] Comparative Examples 1 to 9

Varnish 1, 2, 4, 5, 6, or 7 for adhesive layer formation was
applied on the support film indicated in Table 2. The coating film was
dried by heating for 10 minutes at 100°C and for 10 minutes at 300°C,
and an adhesive layer having the thickness indicated in Table 2 was

formed on the support film. In a case in which a temporary protective
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film having a three-layer structure was produced, vamish 3 for
non-adhesive layer formation was used, and similarly as described
above, a non-adhesive layer having the thickness indicated in Table 2
was formed on the support film. By the above-described method,
temporary protective films of Comparative Examples 1 to 9 were
obtained.
[0112] The Tg (°C), the 5% weight reduction temperature (5% weight
decomposition temperature) (°C), and the elastic modulus at 230°C
(MPa, 230°C) of the adhesive layers produced using varnishes 1, 2, and
4 to 7 were as described in Table 1. The Tg (°C), the 5% weight
reduction temperature (°C), and the elastic modulus at 230°C (MPa,
230°C) of the non-adhesive layer produced using varnish 3 (Production
Example 3) were 260°C, 421°C, and 1,700 MPa (230°C), respectively.
[0113] <Evaluation>

(Measurement of amount of warpage)

A temporary protective film was cut out into a size of 220 mm x
54 mm and was subjected to tape prebaking at 250°C for 10 seconds.
This film was placed on a lead frame (manufactured by Shinko Electric
Industries Co., Ltd., EL-D912S), and the film was thermally
compressed using a pressing machine set to the conditions of 250°C for
the upper mold and 250°C for the lower mold, under the conditions of 6
MPa and 12 seconds. In Example 5, thermal compression was
performed under the conditions of an attachment temperature of 260°C.
[0114] FIG. 5 is a schematic diagram for explaining a method for
measuring the amount of warpage. As shown in FIG 5B, a temporary

protective film-attached lead frame 30 was placed on a measurement
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stage S in a direction in which the temporary protective film 10 (or 10')
came into contact with the measurement stage S. Next, the height of
the lower surface of the temporary protective film 10 (or 10" from the
measurement stage S was measured at measurement points a to f of six
sites provided along the edge on a shorter side of the outer periphery of
the lead frame 11 shown in FIG. 5A. The amount of warpage was
calculated by the following formula from the heights at the
measurement points a to f.

Formula: Amount of warpage (um) = {(Maximum value of
heights at a, b, and ¢) + (maximum value of heights at d, e, and f)}/2 -
100 (film thickness of lead frame) (um) - film thickness of temporary
protective film (pm)

[0115] The amount of warpage was measured immediately after the
attachment of the temporary protective film and after standing (after
moisture absorption) for 24 hours under the conditions of 24°C and
50%RH (relative humidity).

[0116] (Measurement of tensile modulus (elastic modulus))

A specimen obtained by cutting out a temporary protective film
into a size of 4 mm x 30 mm was mounted on a dynamic viscoelasticity
measuring apparatus (manufactured by UBM Co., Ltd., Rheogel-E4000)
at a distance between chucks of 20 mm. For the specimen thus
mounted, the tensile modulus was measured with sinusoidal waves
under the conditions of a temperature range maintained constant at 30°C
and a frequency of 10 Hz.

[0117] (Measurement of coefficient of linear expansion (CTE))

A temporary protective film was left to stand for 10 minutes on
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a hot plate heated to 300°C, and thus the residual stress of the temporary
protective film was eliminated. Thereafter, the temporary protective
film was cut out into a size of 3 mm x 30 mm such that the Transverse
direction (TD) direction of the support film would be the longitudinal
direction, and thus a specimen was obtained. The specimen was
mounted on a thermomechanical analyzer (manufactured by Seiko
Instruments, Inc., Model SSC5200) in a tensile mode at a distance
between chucks of 20 mm. The specimen thus mounted was treated
under the conditions of a temperature range of 30°C to 300°C and a rate
of temperature increase of 10°C/min, and the coefficient of linear
expansion of the specimen was measured. From the measurement

results, the coefficient of linear expansion (CTE) at 30°C to 200°C was

read out.
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Reference Signs List

[0120] 1: support film, 2: adhesive layer, 3: non-adhesive layer, 10, 10"
temporary protective film, 11: lead frame, 11a: die pad, 11b: inner lead,
12: wire, 13: sealing layer, 14: semiconductor element, 20: sealing
molded body, 30: temporary protective film-attached lead frame, 31:
winding core, 32: side plate, 33: reel body, 40: packaging bag, 50:
package, 60: packing box, 70: packing material, 100: semiconductor

device.
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CLAIMS

1. A temporary protective film for semiconductor sealing molding,
comprising a support film and an adhesive layer provided on one surface
or both surfaces of the support film,

wherein the temporary film is used for temporarily protecting a
lead frame during sealing molding of forming a sealing layer that seals a
semiconductor element, by attaching the temporary protective film at an
adhesion temperature of 150°C or higher and 400°C or lower to the surface
on the side opposite to the surface where the semiconductor element is
mounted or the semiconductor element is to be mounted, and

a coefficient of linear expansion at 30°C to 200°C of the temporary
protective film is greater than or equal to 16 ppm/°C and less than or equal
to 20 ppm/°C in at least one in-plane direction of the temporary protective
film.
2. The temporary protective film for semiconductor sealing molding
according to claim 1, wherein the thickness of the adhesive layer is 9 um
or less.
3. The temporary protective film for semiconductor sealing molding
according to claim 1 or 2, wherein an elastic modulus at 30°C of the
temporary protective film is 9 GPa or less.
4. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 3, wherein an elastic modulus at
230°C of the adhesive layer is 1 MPa or more.
5. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 4, wherein the adhesive layer
contains a thermoplastic resin having an amide group, an ester group, an

imide group, an ether group, or a sulfone group.
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6. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 5, wherein the adhesive layer
contains a thermoplastic resin having an amide group, an ester group, an
imide group, or an ether group.
7. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 5, wherein the support film is a film
of a polymer selected from the group consisting of an aromatic
polyimide, an aromatic polyamide, an aromatic polyamideimide, an
aromatic polysulfone, an aromatic polyethersulfone, a polyphenylene
sulfide, an aromatic polyether ketone, a polyallylate, an aromatic
polyether ether ketone, and polyethylene naphthalate.
8. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 7,

wherein the adhesive layer is provided on one surface of the
support film, and

a ratio of a thickness of the adhesive layer to a thickness of the
support film is 0.2 or less.
0. The temporary protective film for semiconductor sealing molding
according to any one of claims 1 to 8,

wherein the adhesive layer is provided on one surface of the
support film, and

the temporary protective film further includes a non-adhesive layer
provided on a surface of the support film, the surface being on the opposite
side of the surface provided with the adhesive layer.
10. The temporary protective film for semiconductor sealing molding
according to claim 9, wherein a ratio of a thickness of the adhesive layer

to a thickness of the non-adhesive layer is 1.0 to 2.0.

51



10

15

20

25

11. A reel body, comprising a winding core and the temporary
protective film for semiconductor sealing molding according to any one
of claims 1 to 10wound around the winding core.

12. A package, comprising the reel body according to claim 11; and a
packaging bag accommodating the reel body.

13. A packing material, comprising the package according to claim
12; and a packing box accommodating the package.

14. A method for producing a semiconductor device, comprising, in
the following order:

a step of attaching the temporary protective film for semiconductor
sealing molding according to any one of claims 1 to 10 on one surface of
a lead frame having a die pad and an inner lead, in a direction in which an
adhesive layer of the temporary protective film comes into contact with
the lead frame, and an in-plane direction of the temporary protective film,
in which the coefficient of linear expansion at 30°C to 200°C is higher
than or equal to 16 ppm/°C and lower than or equal to 20 ppm/°C, runs
parallel to a shorter side in a case where the outer periphery of the lead
frame is a rectangular shape, and parallel to any one side in a case where
the outer periphery of the lead frame has a square shape;

a step of mounting a semiconductor element on a surface of the die
pad, the surface being on the opposite side of the temporary protective
film;

a step of providing a wire for connecting the semiconductor
element and the inner lead;

a step of forming a sealing layer sealing the semiconductor element
and the wire, and thereby obtaining a sealing molded body having a lead

frame, a semiconductor element, and a sealing layer; and
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a step of peeling off the temporary protective film from the sealing
molded body, and

wherein the temporary protective film for semiconductor sealing
molding is attached to one side of the lead frame at an adhesion
temperature of 150°C or higher and 400°C or lower.
15. A method according to claim 14,

wherein the lead frame has a plurality of die pads, and a
semiconductor element is mounted on each of the plurality of die pads,
and

the method further comprises a step of dividing the sealing molded
body before or after peeling off the temporary protective film from the
sealing molded body, and thereby obtaining semiconductor devices each

having one die pad and one semiconductor element.
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