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DESCRIPTION

Title of Invention

TEMPORARY PROTECTIVE FILM  FOR  PRODUCING
SEMICONDUCTOR DEVICE, REEL BODY, AND METHOD FOR
PRODUCING SEMICONDUCTOR DEVICE

Technical Field

[0001] The present invention relates to a temporary protective film for
producing a semiconductor device, a reel body, and a method for
producing a semiconductor device.

Background Art

[0002] Semiconductor packages having a structure in which a sealing
layer sealing a semiconductor element is provided only on one surface
side of a substrate for a semiconductor such as a lead frame and an organic
substrate and the rear surface of the substrate for a semiconductor is
exposed have been proposed.  The semiconductor packages having such
structure are produced, for example, by a method in which a temporary
protective film having an adhesive layer is attached to the rear surface of
a substrate for a semiconductor having an opening to temporarily protect
the rear surface of the substrate for a semiconductor, a semiconductor
element mounted on the front surface side of the substrate for a
semiconductor is sealed in this state, and then the temporary protective
film is peeled off. Using the temporary protective film can prevent
defects that a sealing resin sneaks to the rear surface of the substrate for
a semiconductor during sealing molding, or the like (for example, Patent

Literature 1).
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Citation List

Patent Literature

[0003] Patent Literature 1: International Publication WO 2001/035460
Summary of Invention

Technical Problem

[0004] It is desirable that a temporary protective film to be used in
production of a semiconductor device can be attached to a substrate for a
semiconductor at normal temperature and can be easily peeled off from
the substrate for a semiconductor after being heated at a high temperature.
However, in the case of a temporary protective film having relatively
satisfactory attachment properties at normal temperature, for example,
after heating the temporary protective film at a temperature of 180°C or
higher, the temporary protective film is difficult to be peeled off from the
substrate for a semiconductor, or a part of the adhesive layer remains on
the substrate for a semiconductor or on the sealing layer in some cases
after peeling off the temporary protective film.

[0005] In this regard, the present invention provides a temporary
protective film for producing a semiconductor device, the temporary
protective film capable of being easily attached to a substrate for a
semiconductor at normal temperature and capable of being easily peeled
off after being heated at a high temperature while occurrence of a residue
on a substrate for a semiconductor and a sealing layer is suppressed.
Solution to Problem

[0006] An aspect of the present invention relates to a temporary
protective film for producing a semiconductor device, the temporary

protective film being used for temporarily protecting a surface of a
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substrate for a semiconductor that is opposite to a surface on which a
semiconductor element is mounted, in a method for producing a
semiconductor device having the substrate for a semiconductor and the
semiconductor element mounted on the substrate for a semiconductor.
The temporary protective film includes a support film and an adhesive
layer provided on one surface or both surfaces of the support film. The
adhesive layer contains acrylic rubber. When the temporary protective
film is attached to a copper alloy plate having a copper alloy surface at
25°C so that the adhesive layer is in contact with the copper alloy plate,
and a laminate thus obtained is sequentially heated at 180°C for 60
minutes and at 200°C for 60 minutes, a 90-degree peeling strength of the
temporary protective film against the copper alloy plate is 5 N/m or more
at 25°C before heating the laminate and 150 N/m or less at 50°C after
heating the laminate. |

[0007] Another aspect of the present invention relates to a reel body
including a reel having a tubular wind-up unit and the above-described
temporary protective film for producing a semiconductor device, the
temporary protective film being wound up around the wind-up unit.
[0008] Still another aspect of the present invention relates to a method
for producing a semiconductor device, the method including, in the
following order, a step of attaching the above-described temporary
protective film for producing a semiconductor device to one surface of a
substrate for a semiconductor in a direction in which the adhesive layer
comes into contact with the substrate for a semiconductor, a step of
mounting a semiconductor element on a surface of the substrate for a

semiconductor that is opposite to the temporary protective film, a step of
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forming a sealing layer sealing the semiconductor element to obtain a
sealing molded body having the substrate for a semiconductor, the
semiconductor element, and the sealing layer, and a step of peeling off
the temporary protective film from the sealing molded body.
Advantageous Effects of Invention
[0009] According to the present invention, there is provided a temporary
protective film for producing a semiconductor device, the temporary
protective film capable of being easily attached to a substrate for a
semiconductor at normal temperature and capable of being easily peeled
off after being heated at a high temperature while occurrence of a residue
on a sealing layer is suppressed.
Brief Description of Drawings
[0010] 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
method for producing a semiconductor device.

FIG. 3 is a cross-sectional view illustrating an embodiment of a
method for producing a semiconductor device.
Description of Embodiments
[0011] Hereinafter, preferred embodiments of the present invention will
be specifically described. However, the present invention is not limited
to the following embodiments. Upper limit values and lower limit
values in the numerical range described in the present specification can
be arbitrarily combined. Values described in Examples can also be used
as upper limit values or lower limit values in the numerical range. In

the present specification, "(meth)acrylic acid" means "acrylic acid" and
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"methacrylic acid".
[0012] Temporary protective film

FIG. 1 is a cross-sectional view illustrating a temporary protective
film according to an embodiment. A 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. This temporary
protective film is used for temporarily protecting a surface of a
semiconductor substrate that is opposite to a surface on which a
semiconductor element is mounted, in a method for producing a
semiconductor device having the semiconductor substrate and the
semiconductor element mounted on the semiconductor substrate. For
example, during a step of forming a sealing layer sealing a semiconductor
element mounted on a semiconductor substrate (for example, a lead
frame), the temporary protective film is attached to the semiconductor
substrate so that the semiconductor substrate can be temporarily
protected.
[0013] The adhesive layer 2 contains acrylic rubber. The acrylic rubber
is generally a copolymer containing (meth)acrylic acid alkyl ester as a
main monomer unit. The ratio of the monomer unit ((meth)acrylic acid
alkyl ester unit) derived from (meth)acrylic acid alkyl ester in the acrylic
rubber may be 50% by mass or more with respect to the entire acrylic
rubber. The (meth)acrylic acid alkyl ester constituting the acrylic
rubber may be, for example, at least one selected from the group
consisting of n-butyl (meth)acrylate, ethyl (meth)acrylate, and methyl
(meth)acrylate.



10

15

20

25

[0014] Examples of a monomer other than the (meth)acrylic acid alkyl
ester constituting the acrylic rubber include (meth)acrylic acid, 2-
hydroxyethyl (meth)acrylate, and acrylonitrile. The acrylic rubber may
be a copolymer including a (meth)acrylic acid alkyl ester unit, a
(meth)acrylic acid unit and/or a 2-hydroxyethyl acrylate unit, and an
acrylonitrile unit, and may be a copolymer including a (meth)acrylic acid
alkyl ester unit, a (meth)acrylic acid unit and/or a 2-hydroxyethyl acrylate
unit, an acrylonitrile unit, and a glycidyl (meth)acrylate unit. By using
the acrylic rubber mainly configured from these monomer units, a
temporary protective film having a predetermined adhesive force
described below can be particularly easily obtained. The total ratio of
the (meth)acrylic acid alkyl ester unit having an alkyl group not having a
substituent, the (meth)acrylic acid unit, the 2-hydroxyethyl acrylate unit,
and the acrylonitrile unit, or the total ratio of the (meth)acrylic acid alkyl
ester unit having an alkyl group not having a substituent, the
(meth)acrylic acid unit, the 2-hydroxyethyl acrylate unit, the acrylonitrile
unit, and the glycidyl (meth)acrylate unit may be 90% by mass or more,
95% by mass or more, or 97% by mass or more with respect to a total
mass of the acrylic rubber.

[0015] From the viewpoint of maintaining the attachment properties of
the adhesive layer at normal temperature, the glass transition temperature
(Tg) of the acrylic rubber may be -70°C to 40°C, -60°C to 30°C, or -50°C
to 20°C. Herein, the glass transition temperature of the acrylic rubber
means a value measured by differential scanning calorimetric
measurement, differential thermal measurement, dynamic viscoelasticity

measurement, or thermomechanical analysis. The glass transition
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temperature may be a theoretical value obtained from the type of the
monomer unit and the copolymerization ratio.

[0016] The weight average molecular weight of the acrylic rubber may
be affected by the cohesion force of the adhesive layer. In an adhesive
layer having a weak cohesion force, there is a tendency that a residue is
likely to be generated on the sealing layer after peeling-off. From this
viewpoint, the weight average molecular weight of the acrylic rubber may
be 50000 or more, 100000 or more, or 150000 or more, and may be
900000 or less. The weight average molecular weight of the acrylic
rubber described herein means a value measured by gel permeation
chromatography.

[0017] As the acrylic rubber, a product purchased as a commercially
available product may be used without departing from the gist of the
present invention. Examples of a commercially available product of the
acrylic rubber include HTR-280 DR (manufactured by Nagase ChemteX
Corporation, weight average molecular weight: 800000 to 900000) and
WS-023 EK30 (manufactured by Nagase ChemteX Corporation, weight
average molecular weight: 450000 to 500000). Two or more kinds of
these acrylic rubbers may be used in combination.

[0018] The content of the acrylic rubber in the adhesive layer 2 may be
50% by mass or more, 60% by mass or more, 70% by mass or more, or
80% by mass or more, and may be 100% by mass or less, on the basis of
the mass of the adhesive layer 2.

[0019] The temporary protective film 10 has a predetermined adhesive
force against a semiconductor substrate after attachment to the

semiconductor substrate at normal temperature and after the subsequent
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heating treatment. The adhesive force of the temporary protective film
10 against the semiconductor substrate can be evaluated by the 90-degree
peeling strength of the temporary protective film 10 against a copper alloy
plate having a copper alloy surface, assuming a lead frame as an example
of the semiconductor substrate.  Specifically, when the temporary
protective film 10 is attached to a copper alloy plate at 25°C so that the
adhesive layer 2 is in contact with the copper alloy plate, and the obtained
laminate is sequentially heated at 180°C for 60 minutes and at 200°C for
60 minutes, a 90-degree peeling strength of the temporafy protective film
against the copper alloy plate is 5 N/m or more at 25°C before heating the
laminate and 150 N/m or lcss at 50°C after heating the laminate. The
90-degree peeling strength before the laminate is sequentially heated at
180°C for 60 minutes and at 200°C for 60 minutes is referred to as the
"adhesive force after attachment at normal temperature" in some cases.
The 90-degree peeling strength after the laminate is sequentially heated
at 180°C for 60 minutes and at 200°C for 60 minutes is referred to as the
"adhesive force after the heating treatment" in some cases.

[0020] In order to obtain the above-described laminate, for example, a
temporary protective film having a size of 40 mm x 160 mm is pressure-
bonded to a copper alloy plate by a load of 20 N in an environment of
25°C. The copper alloy plate has, for example, a size of 50 mm x 157
mm. The copper alloy constituting the copper alloy plate may be, for
example, a Cu-Fe-P-based alloy such as CDA194. As the copper alloy
plate, a plate which is not covered by palladium plating or the like and
has a copper alloy outermost layer is used. The 90-degree peeling

strength is the maximum value of the load (N/m) per width of 10 mm of
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the adhesive layer of the temporary protective film when the temporary
protective film attached to the copper alloy plate is torn off in the 90°
direction against the principal surface of the copper alloy plate. The
tearing-off speed is 50 mm/min.  The adhesive force after the
attachment at normal temperature is measured in an environment of 25°C.
The adhesive force after the heating treatment is measured in an
environment of 50°C.

[0021] The adhesive force of the temporary protective film after
attachment at normal temperature may be 10 N/m or more, 20 N/m or
more, or 30 N/m or more, and may be 200 N/m or less or 150 N/m or less
at 25°C. The adhesive force of the temporary protective film after the
heating treatment may be 100 N/m or less or 90 N/m or less, and may be
10 N/m or more at 50°C.

[0022] The adhesive layer 2 may further contain a peelability imparting
agent. By using the adhesive layer containing a combination of the
acrylic rubber and the peelability imparting agent, the temporary
protective film having the predetermined adhesive force mentioned above
can be particularly easily obtained. ~The peelability imparting agent is a
component which lowers the adhesive force of the heated adhesive layer
against the substrate for a semiconductor or the sealing layer as compared
to a case where the adhesive layer does not contain the peelability
imparting agent. When the peelability imparting agent is added to the
adhesive layer, a change in state of the outermost surface of the adhesive
layer occurs, for example, an interaction with the semiconductor substrate
is weakened by the influence of the functional group existing on the

surface, or surface free energy changes to lower wettability.
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[0023] The peelability imparting agent can contain, for example, an
aliphatic compound having a linear, branched, or alicyclic hydrocarbon
group. The aliphatic compound may have at least one functional group
selected from an epoxy group, a hydroxyl group, and an amino group.
The aliphatic compound may have at least one functional group selected
from an amino group, a carboxy group, an isocyanate group, and an
ureido group. In particular, the peelability imparting agent may contain
an aliphatic epoxy compound having an aliphatic group and a glycidyl
ether group bonded to the aliphatic group. The aliphatic epoxy
compound may have two or more epoxy groups and may further have a
hydroxyl group. The aliphatic epoxy compound may have a
hydrocarbon group having 2 to 10 carbon atoms. As an example of the
aliphatic epoxy compound which may be used as the peelability
imparting agent, at least one aliphatic compound (or aliphatic epoxy
resin) selected from the group consisting of sorbitol polyglycidyl ether,
ethylene glycol diglycidyl ether, and glycerol polyglycidyl ether may be
included. These aliphatic compounds may be used alone or may be used
in combination of two or more kinds thereof.

[0024] The peelability imparting agent may be a compound having an
alkoxysilyl group. The compound having an alkoxysilyl group is, for

example, represented by Formula (1) below.

In Formula (1), "X" represents a phenyl group, a glycidoxy group,

an acryloyloxy group, a methacryloyloxy group, a mercapto group, an
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amino group, a vinyl group, or an isocyanate group, "s" represents an
integer of 0 to 10, and R'', R'?, and R" each independently represent an
alkyl group having 1 to 10 carbon atoms. Examples of the alkyl group
having 1 to 10 carbon atoms represented by R'', R'>, or R" include a
methyl group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, an isopropyl group, and an isobutyl group. R!, R, and
R'3 may each independently be a methyl group, an ethyl group, ora pentyl
group. From the viewpoint of heat resistance, X may be an amino
group, a glycidoxy group, a mercapto group, or an isocyanate group, and
may a glycidoxy group or a mercapto group.

[0025] The total content of the peelability imparting agent may be 0.1
parts by mass or more and less than 50 parts by mass, 40 parts by mass

or less, 35 parts by mass or less, or 30 parts by mass or less, may be 1 part

by mass or more and less than 50 parts by mass, 40 parts by mass or less,

35 parts by mass or less, or 30 parts by mass or less, may be 3 parts by

mass or more and less than 50 parts by mass, 40 parts by mass or less, 35
parts by mass or less, or 30 parts by mass or less, may be 5 parts by mass
or more and less than 50 parts by mass, 40 parts by mass or less, 35 parts
by mass or less, or 30 parts by mass or less, and may be 7 parts by mass
or more and less than 50 parts by mass, 40 parts by mass or less, 35 parts
by mass or less, or 30 parts by mass or less, with respect to 100 parts by
mass of the acrylic rubber. ~When the content of the peelability
imparting agent is within these numerical ranges, the temporary
protective film having the predetermined adhesive force mentioned above

is particularly easily obtained. The content of the acrylic rubber and the
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peelability imparting agent may be 80 to 100% by mass, 90 to 100% by
mass, or 95 to 100% by mass, on the basis of the mass of the adhesive
layer.

[0026] The adhesive layer 2 may further contain other components.
Examples of the other components include an antioxidant, an ultraviolet
absorber, a filler (for example, an inorganic filler, conductive particles, or

a pigment), a lubricant such as wax, a tackifier, a plasticizer, a curing

accelerator, and a fluorescent dye.

[0027] The thickness of the adhesive layer 2 may be, for example, 1 to
100 um. When the adhesive layer 2 is thick, there is a tendency that a
residual material of the adhesive layer after peeling-off is further
suppressed. Therefore, the thickness of the adhesive layer 2 may be 2
Lm or more, 5 pm or more, 6 pm or more, or § um or more. From the
viewpoint of suppressing defects in wire bonding, or the like, the
thickness of the adhesive layer 2 may be 80 um or less or 60 pum or less.
When the thickness of the adhesive layer 2 is less than 2 um, the adhesive
force is insufficient so that a defect that the adherend is peeled off in the
course of processing may occur. The thickness of the adhesive layer 2
may be 2 pm or more and 80 um or less, or 60 um or less, may be 5 um
or more and 80 pum or less, or 60 um or less, may be 6 um or more and
80 um or less, or 60 um or less, and may be 8 um or more and 80 uni or
less, or 60 um or less.

[0028] The support film 1 may be, for example, a film of an aromatic
polyimide, an aromatic polyamide, an aromatic polyamideimide, an
aromatic polysulfone, an aromatic polyethersulfone, polyphenylene

sulfide, an aromatic polyether ketone, polyallylate, an aromatic polyether
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ether ketone, or polyethylene naphthalate.

[0029] The linear thermal expansion coefficient of the support film 1 at
20°C to 200°C may be 3.0x1073/°C or less. The heating shrinkage ratio
when the support film 1 is heated at 200°C for 2 hours may be 0.15% or
less. For example, an aromatic polyimide film has these characteristics
in many cases.

[0030] The support film 1 may be subjected to a surface treatment such
as a plasma treatment, a corona treatment, or a primer treatment.

[0031] From the viewpoint of suppressing warpage of a semiconductor
substrate after the temporary protective film is attached to the
semiconducior substrate, the thickness of the support film 1 may be 200
pm or less, 100 wm or less, or 50 pm or less, and may be 10 pm or more.
[0032] The temporary protective film may further include a cover film
covering the surface of the adhesive layer 2 that is opposite to the support
film 1. The cover film may be, for example, a polyethylene
terephthalate film (PET). The cover film may have a peelable layer.
The thickness of the cover film may be 10 to 100 um or 20 to 100 um.
[0033] The temporary protective film 10 can be obtained, for example,
by a method including applying a varnish containing acrylic rubber, a
solvent such as cyclohexanone or methyl ethyl ketone, and as necessary,
other components such as a peelability imparting agent to the support film
1 and removing the solvent from the coating film by heating to form the
adhesive layer 2 on the support film 1.

[0034] The method of applying the varnish to the support film is not -
particularly limited, and examples thereof include methods using roll

coating, reverse roll coating, gravure coating, bar coating, comma
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coating, die coating, or reduced pressure die coating,.
[0035] An elongated temporary protective film may be wound up around
areel, and a semiconductor device may be produced while the temporary
protective film is unwound from the obtained reel body. The reel body
in this case has a reel having a tubular wind-up unit and the
aforementioned temporary protective film according to the embodiment
wound up around the wind-up unit.
[0036] Method for producing semiconductor device

It is possible to produce, using the temporary protective film
according to an embodiment, a semiconductor device having, for
example, a lead frame as an example of a semiconductor substrate, a
semiconductor element mounted thereon, and a sealing layer sealing the
semiconductor element on the semiconductor element side of the lead
frame, in which the rear surface of the lead frame is exposed for external
connection. The semiconductor device having such a configuration
may be called a Non Lead Type Package. Specific examples thereof
include QFN (QuadFlat Non-leaded Package) and SON (Small Outline
Non-leaded Package).
[0037] Hereinafter, the method for producing a semiconductor device
will be specifically described with reference to the drawings. However,
a semiconductor device obtained by the production method of the present
embodiment is not limited to those having configurations exemplified
below. FIG. 2 and FIG. 3 are cross-sectional views illustrating a method
for producing a semiconductor device according to an embodiment of the
present invention. The method according to the embodiments of FIG. 2

and FIG. 3 includes a step of attaching the temporary protective film 10
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to one surface (rear surface) of the lead frame 11 having a plurality of die
pads 11a and an inner lead 11b in a direction in which the adhesive layer
2 comes into contact with the lead frame 11, a step of adhering (mounting)
the semiconductor element 14 to the die pad 11a, a step of providing a
wire 12 connecting the semiconductor element 14 and the inner lead 11D,
a step of forming a sealing layer 13 covering the surface of the lead frame
11 on the semiconductor element 14 side, the semiconductor element 14,
and the wire 12 to obtain the sealing molded body 20 having the lead
frame 11, the semiconductor element 14, and the sealing layer 13, a step
of peeling off the temporary protective film 10 from the sealing molded
body 20, and a step of dividing the sealing molded body 20 to obtain a
plurality of semiconductor devices 100 each having one semiconductor
element 14.

[0038] Attachment of the temporary protective film 10 to the lead frame
11 can be performed at normal temperature (for example, 5°C to 35°C).
The attachment method is not particularly limited, and may be, for
example, a roll lamination method.

[0039] The material for the lead frame 11 is not particularly limited, and
may be, for example, an iron-based alloy such as Alloy 42, copper, or a
copper alloy. In the case of using lead frames of copper and a copper
alloy, the surface of the lead frames may be subjected to a coating
treatment of palladium, gold, silver, or the like. In order to improve the
sticking force with the sealing material, the surface of the lead frame may
be physically roughening-treated. The surface of the lead frame may
also be subjected to a chemical treatment such as an epoxy bleed-out

(EBO) prevention treatment of preventing bleed-out of a silver paste.
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[0040] The semiconductor element 14 is usually adhered to the die pad
11athrough an adhesive (for example, a silver paste). The adhesive may
be cured by a heating treatment (for example, 140°C to 200°C, 30 minutes
to 2 hours).

[0041] The wire 12 is not particularly limited, and may be, for example,
a gold wire, a copper wire, or an aluminum or palladium-coated copper
wire. For example, a semiconductor element and an inner lead may be
joined with the wire 12 by heating at 200°C to 270°C for 3 to 60 minutes
and utilizing ultrasonic waves and a pressing pressure.

[0042] After wire bonding with the wire 12 and before the step of
forming the sealing layer 13, the lead frame 11 may be subjected to a
plasma treatment. Through the plasma treatment, the adhesiveness
between the sealing layer and the lead frame can be further increased, and
thereby, reliability of the semiconductor device can be further improved.
As the plasma treatment, for example, a method of injecting a gas such
as argon, nitrogen, or oxygen in a predetermined gas flow rate under
reduced pressure conditions (for example, 10 Pa or less), and performing
plasma irradiation may be mentioned. The irradiation output of the
plasma 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.

[0043] Inthe step of sealing molding, the sealing layer 13 is formed using
a sealing material. Through the sealing molding, the sealing molded
body 20 having the plurality of semiconductor elements 14 and the
sealing layer 13 integrally sealing these semiconductor elements is

obtained. Since the temporary protective film 10 is provided during the
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sealing molding, the sealing material is inhibited from sneaking to the
rear surface side of the lead frame 11.

[0044] The temperature during the formation of the sealing layer 13
(sealing temperature) may be 140°C to 200°C, and may be 160°C to
180°C. The pressure during the formation of the sealing layer (sealing
pressure) may be 6 to 15 MPa, and may be 7 to 10 MPa. The heating
time for the sealing molding (sealing time) may be 1 to 5 minutes, and
may be 2 to 3 minutes.

[0045] The material for the sealing material is not particularly limited,
and examples thereof include epoxy resins such as a cresol novolac epoxy
resin, a phenol novolac epoxy resin, a biphenyl diepoxy resin, and a
naphthol novolac epoxy resin. The sealing material may contain
additive materials such as a filler, a flame retardant substance (for
example, a brominated compound), and a wax.

[0046] After the formation of the sealing layer 13, the temporary
protective film 10 is peeled off from the lead frame 11 and the sealing
layer 13 of the sealing molded body 20 thus obtained. In the case of
curing the sealing layer 13, the temporary protective film 10 may be
peeled off at any time point before or after curing of the sealing layer 13.
[0047] The temperature at the time of peeling off the temporary
protective film 10 is not particularly limited, and may be normal
temperature (for example, 5°C to 35°C). This temperature may be
higher than or equal to the glass transition temperature of the adhesive
layer. In this case, the peelability of the temporary protective film
against the lead frame and the sealing layer becomes more satisfactory.

When the Tg of the acrylic rubber in the adhesive layer is, for example,
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5°C or lower, or 0°C or lower, satisfactory peelability at normal
temperature is easily obtained.
[0048] A 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. Thus, the
semiconductor device can be utilized in, for example, electronic
equipment such as mobile phones, smart phones, personal computers, and
tablets.
Examples
[0049] Hereinafter, the present invention will be described more
specifically by way of Examples; however, the present invention is not
intended to be limited to the following Examples.
[0050] 1. Production of temporary protective film

1-1. Production of varnish for coating

A resin composition having the composition (unit: parts by mass)
shown in Table 1 and cyclohexanone as a solvent were mixed, the mixture
was stirred, and thereby varnishes A to E in which the concentration of
the component other than the solvent was 12% by mass were obtained.
The details of the acrylic rubber and the peelability imparting agent
shown in the table are as follows.
Acrylic rubber
- WS-023 EK30 (trade name, manufactured by Nagase ChemteX
Corporation, weight average molecular weight: 500000, glass transition
temperature (theoretical value calculated from copolymerization ratio): -
10°C) A
- HTR-280 DR (trade name, manufactured by Nagase ChemteX
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Corporation, weight average molecular weight: 900000, glass transition
temperature (theoretical value calculated from copolymerization ratio): -
29°C)

Peelability imparting agent

- EX-614B (trade name, manufactured by Nagase ChemteX Corporation,
sorbitol polyglycidyl ether, epoxy equivalent: 174)

- EX-810 (trade name, manufactured by Nagase ChemteX Corporation,
ethylene glycol diglycidyl ether, epoxy equivalent: 113)

[0051] Table 1

Varnish A B C D E
Acrylic rubber |WS-023 EK30 70 70 70 100 0
HTR-280 DR 30 30 30 0 100
Peelability EX-614B 10 0 10 0 0
imparting agent |EX810 0 10 10 0 0

[0052] 1-2. Temporary protective film

An aromatic polyimide film (manufactured by Ube Industries,
Ltd., trade name: UPILEX 25SGADS, film thickness: 25 pm) was
prepared as a support film. The varnish A, B, C, D, or E was applied
onto this support film. The coating film was dried by heating at 90°C
for 2 minutes and at 180°C for 2 minutes to form an adhesive layer having
a thickness of 2, 6, 10, or 60 um, thereby obtaining temporary protective
films of Examples 1 to 9 and Comparative Examples 1 and 2. The
combination of the varnish and the thickness of the adhesive layer in each
of Examples and Comparative Examples is as shown in Table 2.
[0053] 2. Evaluation

2-1. Adhesive force of adhesive layer

(1) Adhesive force after attachment at normal temperature
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As adherends, a CDA194 plate (Cu-Fe-P-based alloy,
manufactured by SHINKO ELECTRIC INDUSTRIES CO., LTD.) and a
CDA194 palladium-plated plate (PPF, manufactured by SHINKO
ELECTRIC INDUSTRIES CO., LTD.) were prepared. These lead
frames had a size of 50 mm x 157 mm. To these lead frames, each
temporary protective film cut into a size of 40 mm x 160 mm was
attached using a hand roller, in a direction in which the adhesive layer
came into contact with the lead frame, under the conditions of 25°C and
a load of 20 N. Subsequently, each temporary protective film was torn
off using a force gauge at a speed of 50 mm/min in the 90° direction
against the principal surface of the lead frame at 25°C. The maximum
value (N/m) of the load per width of 10 mm of the adhesive layer at that
time was recorded as the adhesive force (90-degree peeling strength) after
attachment at normal temperature.

[0054] (2) Adhesive force after heating treatment

As adherends, a CDA194 plate (Cu-Fe-P-based | alloy,
manufactured by SHINKO ELECTRIC INDUSTRIES CO.,LTD.) and a
CDA194 palladium-plated plate (PPF, manufactured by SHINKO
ELECTRIC INDUSTRIES CO., LTD.) were prepared. These lead
frames had a size of 50 mm x 157 mm. To these lead frames, each
temporary protective film cut into a size of 40 mm x 160 mm was
attached using a hand roller, in a direction in which the adhesive layer
came into contact with the lead franie, under the conditions of 25°C and
a load of 20 N. The obtained laminate was subjected to a heaﬁng
treatment at 180°C for 60 minutes and at 200°C for 60 minutes in an oven

in an air atmosphere. Thereafter, the temporary protective film was torn
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off using a force gauge at a speed of 50 mm/min in the 90° direction
against the principal surface of the lead frame at 50°C. The maximum
value (N/m) of the load per width of 10 mm of the adhesive layer at that
time was recorded as the adhesive force (90-degree peeling strength) after
the heating treatment.

[0055] 2-2. Residual material of adhesive layer after sealing molding

Each of the temporary protective films of Examples and
Comparative Examples was attached to a CDA194 frame (lead frame,
manufactured by SHINKO ELECTRIC INDUSTRIES CO., LTD.) in a
direction in which the adhesive layer came into contact with the lead
frame, under the conditions of 25°C and a load of 20 N. The obtained
laminate was heated in an oven in an air atmosphere while the conditions
were changed to the sequence of at 180°C for 60 minutes and at 200°C
for 60 minutes. The surface of the lead frame that is opposite to the
temporary protective film was subjected to a plasma treatment in an argon
gas atmosphere (flow rate: 20 sccm) under the conditions of 150 W and
15 seconds.

A sealing layer was formed using a mold molding machine
(manufactured by APIC YAMADA CORPORATION) by a sealing
material (trade name: GE-300, manufactured by Hitachi Chemical Co.,
Ltd.) on the surface of the lead frame that is opposite to the temporary
protective film. The sealing conditions were setto 175°C, 6.8 MPa, and
2 minutes. Thereafter, each temporary protective film was torn off at a
speed of 50 mm/min in the 90° direction againsto the surface of the lead
frame at 50°C. The state of the adhesive layer remaining on the sealing

layer after the temporary protective film was torn off was checked. The
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ratio of the area of the residual material of the adhesive layer with respect
to the area of the surface of the sealing layer was determined. The
peelability after the sealing molding was evaluated according to the
following 5-grade criteria on the basis of the ratio of the area of the
residual material of the adhesive layer.

5:60% to 100%

4: 40% to less than 60%

3:20% or more and less than 40%

2: 10% or more and less than 20%

1: 0% to less than 10%

[0056] The above evaluation results are shown in Table 2.  The
temporary protective film of each Example could be attached to the lead
frame at normal temperature and could be easily peeled off from the lead
frame after the heating treatment. After the sealing molding, the
temporary protective film could be peeled off from the sealing molded
body while occurrence of a residue on the lead frame and the sealing layer

was suppressed.
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Reference Signs List
[0058] 1: support film, 2: adhesive layer, 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, 100: semiconductor

device.
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CLAIMS

1. A temporary protective film for producing a semiconductor
device, the temporary protective film being used in a method for
producing a semiconductor device having a semiconductor substrate and
a semiconductor element mounted on the semiconductor substrate, to
temporarily protect a surface of the semiconductor substrate that is
opposite to a surface on which the semiconductor element is mounted
during the method,

the temporary protective film comprising:

a support film; and

an adhesive layer provided on one surface or both surfaces of the
support film, the adhesive layer comprising an acrylic rubber,

wherein a content of the acrylic rubber is 50% by mass or more,

wherein the adhesive layer further comprises a peelability
imparting agent,

wherein a thickness of the adhesive layer is 8 pum or more and 100
um or less,

wherein a thickness of the support film is 10 wm or more and 200
pm or less, and

wherein when the temporary protective film is attached to a
copper alloy plate having a copper alloy surface at 25°C so that the
adhesive layer is in contact with the copper alloy plate, and a laminate
thus obtained is sequentially heated at 180°C for 60 minutes and at 200°C
for 60 minutes, a 90-degree peeling strength of the temporary protective
film against the copper alloy plate is 5 N/m or more at 25°C before
heating the laminate and 150 N/m or less at 50°C after heating the

25



10

15

20

25

laminate.

2. The temporary protective film for producing a semiconductor
device according to claim 1, wherein the acrylic rubber is a copolymer
comprising: a (meth)acrylic acid alkyl ester unit; a (meth)acrylic acid unit
and/or a 2-hydroxyethyl acrylate unit; and an acrylonitrile unit, and a total
ratio of these monomer units is 90% by mass or more with respect to a
total mass of the acrylic rubber.

3. The temporary protective film for producing a semiconductor
device according to claim 1 or 2, wherein a glass transition temperature
of the acrylic rubber is -50°C to 20°C.

4. The temporary protective film for producing a semiconductor
device according to any one of claims 1 to 3, wherein a weight average
molecular weight of the acrylic rubber i1s 150000 to 900000.

5. The temporary protective film for producing a semiconductor
device according to any one of claims 1 to 4, wherein a content of the
peelability imparting agent is 0.1 parts by mass or more and less than 50
parts by mass with respect to 100 parts by mass of the acrylic rubber.

6. The temporary protective film for producing a semiconductor
device according to any one of claim 1 to 5, wherein the peelability
imparting agent comprises an aliphatic epoxy compound having an
aliphatic group and a glycidyl ether group bonded to the aliphatic group.
7. The temporary protective film for producing a semiconductor
device according to any one of claims 1 to 6, further comprising a cover
film covering a surface of the adhesive layer that is opposite to the support
film.

8. A reel body comprising:
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a reel having a tubular wind-up unit; and

the temporary protective film for producing a semiconductor
device according to any one of claims 1 to 7, the temporary protective
film being wound up around the wind-up unit.

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

a step of attaching the temporary protective film for producing a
semiconductor device according to any one of claims 1 to 7 to a
semiconductor substrate in a direction in which the adhesive layer comes
into contact with the semiconductor substrate;

a step of mounting a semiconductor element on a surface of the
semiconductor substrate that is opposite to the temporary protective film;

a step of forming a sealing layer sealing the semiconductor
element to obtain a sealing molded body having the semiconductor
substrate, the semiconductor element, and the sealing layer; and

a step of peeling off the temporary protective film from the
sealing molded body.
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