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DESCRIPTION

Title of Invention

TEMPORARY PROTECTIVE FILM FOR SEMICONDUCTOR
ENCAPSULATION MOLDING, LEAD FRAME WITH TEMPORARY
PROTECTIVE FILM, ENCAPSULATION MOLDED BODY WITH
TEMPORARY PROTECTIVE FILM, AND METHOD FOR
MANUFACTURING SEMICONDUCTOR DEVICE

Technical Field

[0001] The present invention relates to a temporary protective film for
semiconductor encapsulation molding, a temporary protective film-
attached lead frame, a temporary protective film-attached encapsulation
molded body, and a method for manufacturing a 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, the semiconductor element and a lead
frame are joined by a wire, and the entirety is encapsulated while leaving
outer leads for external connection, have been used. However, as the
demand for density increase, area reduction, thickness reduction, and the
like of semiconductor packages has increased in recent years,
semiconductor packages of various structures have been proposed.
Examples thereof include LOC (lead on chip) and COL (chip on lead)
structures; however, these have limitations in view of area reduction and
thickness reduction.

[0003] In order to solve these problems, packages having a structure in
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which only one surface (semiconductor element side) of the package is
encapsulated, and a lead frame exposed at the back face is used for
external connection, have been developed (Patent Literatures 1 and 2).
In packages having this structure, since lead frames are not protruding
from the encapsulation resin, area reduction and thickness reduction can
be promoted. One of the methods for manufacturing a semiconductor
device having this package structure is a manufacturing method including
the following steps.

[0004] (1) A step of sticking a temporary protective film for
semiconductor encapsulation molding onto the back face, which is one
surface of a lead frame having a die pad and an inner lead;

(2) a step of mounting or adhering a semiconductor element on a
surface of the die pad, the surface being on the opposite side of the
temporary protective film;

(3) a step of providing a wire that connects the semiconductor
element to the inner lead;

(4) a step of forming an encapsulation layer that encapsulates the
semiconductor element and the wire to obtain an encapsulation molded
body having the lead frame, the semiconductor element, and the
encapsulation layer; and

(5) a step of detaching the temporary protective film from the
encapsulation molded body.

[0005] The manufacture of a semiconductor package according to this
method may cause defects in which the encapsulation resin wraps around
the back face of a lead frame during encapsulation molding. As a

method for preventing such inconvenience, there is known a method of
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sticking a temporary protective film as an adhesive film for
semiconductor to the back face of a lead frame to protect the back face of
the lead frame; encapsulation molding the semiconductor element
mounted on a surface of the lead frame, the surface being on the opposite
side of the back face; and then tearing off the temporary protective film.
Citation List
Patent Literature
[0006] Patent Document 1: Japanese Unexamined Patent Publication No.
H5-129473

Patent Document 2: Japanese Unexamined Patent Publication No.
H10-12773
Summary of Invention
Technical Problem
[0007] Since a temporary protective film used for the manufacture of
semiconductor devices is required to withstand the heat of a
semiconductor assembling process, a polyimide film is frequently used
as a base material (support film). However, when a film made of a resin,
such as a polyimide film, was used, there were occasions in which
conveyance failure occurred in the manufacturing process due to poor
sliding and the like during conveyance in an apparatus.
[0008] Thus, according to an aspect of the present invention, there is
provided a temporary protective film for semiconductor encapsulation
molding capable of suppressing conveyance failure on a stage in a process
for manufacturing a semiconductor device.
Solution to Problem

[0009] An aspect of the present invention relates to a temporary
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protective film for semiconductor encapsulation molding for temporarily
protecting a lead frame during encapsulation molding of forming an
encapsulation layer that encapsulates a semiconductor element mounted
on the lead frame. This temporary protective film comprises a support
film, an adhesive layer provided on one surface of the support film, and
a non-adhesive layer provided on the surface of the support film on the
opposite side from the surface provided with the adhesive layer. The
thickness of the non-adhesive layer is 10 um or less. The surface of the
non-adhesive layer on the opposite side from the surface in contact with
the support film has a surface roughness of 0.1 um or more. The surface
roughness Ra is a value measured by a laser microscope under a condition
that a magnification ratio of an object lens is 50 times. The surface
roughness Ra may be a value calculated according to the standard of JIS
B0601:2001.

[0010] When the temporary protective film is attached to a lead frame
having a die pad and an inner lead so that the adhesive layer is in contact
with the lead frame, the 90° peel strength between the adhesive layer and
the lead frame at 25°C may be 5 N/m or more.

[0011] When the temporary protective film is attached to a lead frame
having a die pad and an inner lead so that the adhesive layer is in contact
with the lead frame, a semiconductor element is mounted on a surface of
the die pad on the opposite side of the temporary protective film, and an
encapsulation layer encapsulating the semiconductor element while being
in contact with the adhesive layer is formed, the 90° peel strength between
the adhesive layer and the lead frame as well as the encapsulation layer

may be 1000 N/m or less, at least a portion of the temperature of 0°C to
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250°C, at least a portion of the temperature range of 80°C to 250°C, or at
the temperature at the time of detaching the temporary protective film
from the lead frame and the encapsulation layer.

[0012] The glass transition temperature of the adhesive layer may be
100°C to 300°C. The elastic modulus of the adhesive layer may be 1
MPa or more at 230°C. The 5% weight reduction temperature of the
adhesive layer may be 300°C or higher. The adhesive layer may
comprise a thermoplastic resin having at least one functional group
selected from the group consisting of an amide group, an ester group, an
imide group, an ether group, and a sulfone group, or a thermoplastic resin
having at least one functional group selected from the group consisting
of an amide group, an ester group, an imide group, and an ether group.
[0013] The support film may be a film comprising a polymer selected
from the group consisting of an aromatic polyimide, an aromatic
polyamide, an aromatic polyamideimide, an aromatic polysulfone, an
aromatic polyethersulfone, polyphenylene sulfide, an aromatic polyether
ketone, a polyallylate, an aromatic polyether ether ketone, and
polyethylene naphthalate. The ratio of the thickness of the adhesive
layer to the thickness of the support film may be 0.5 or less. The elastic
modulus of the non-adhesive layer may be 10 MPa or more at 230°C.
[0014] Another aspect of the present invention relates to a reel body
comprising a winding core and the temporary protective film wound
around the winding core.

[0015] Still another 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 above-described temporary protective film,



10

15

20

25

wherein the temporary protective film is attached to the lead frame so that
an adhesive layer of the temporary protective film is in contact with one
surface of the lead frame.

[0016] An aspect of the present invention relates to a temporary
protective film-attached encapsulation molded body, comprising a lead
frame having a die pad and an inner lead; a semiconductor element
mounted on the die pad; a wire connecting the semiconductor element
and the inner lead; an encapsulation layer encapsulating the
semiconductor element and the wire; and the above-described temporary
protective film, wherein the temporary protective film is so that the
adhesive layer of the temporary protective film is attached to a surface of
the lead frame on the opposite side of the surface where the
semiconductor element is mounted.

[0017] An aspect of the present invention relates to a method for
manufacturing a semiconductor device, the method comprising a step of
sticking the above-described temporary protective film to one surface of
a lead frame having a die pad and an inner lead, in a direction in which
the adhesive layer of the temporary protective film is in contact with the
lead frame; a step of mounting a semiconductor element to a surface of
the die pad 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 an encapsulation layer encapsulating the
semiconductor element and the wire to obtain an encapsulation molded
body having the lead frame, the semiconductor element, and the
encapsulation layer; and a step of detaching the temporary protective film

from the encapsulation molded body, in this order.
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[0018] The method for manufacturing a semiconductor device may
further comprise a step of connecting the semiconductor element
mounted on the die pad and the inner lead using an electroconductive
material by reflow.
Advantageous Effects of Invention
[0019] According to the present invention, a temporary protective film
for semiconductor encapsulation molding capable of suppressing
conveyance failure on a stage in a process for manufacturing a
semiconductor device, can be provided.
[0020] According to the temporary protective film for semiconductor
encapsulation molding of the present invention, the possibility of the
occurrence of jamming can be suppressed by suppressing conveyance
failure. Therefore, when the temporary protective film for
semiconductor encapsulation molding of the present invention is used,
the productivity of semiconductor devices can be enhanced.
Furthermore, the temporary protective film for encapsulation molding of
the present invention also has various characteristics required for
semiconductor use applications, by which curling, and warpage of lead
frames are suppressed.
Brief Description of Drawings
[0021] 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 manufacturing a semiconductor device.

FIG. 3 is a cross-sectional view illustrating an embodiment of the

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

FIG. 5 is a diagram illustrating the point of measurement 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 illustrating an embodiment of a package.

FIG. 8 is a front view illustrating an embodiment of a packed
article.
Description of Embodiments
[0022] In the following description, suitable embodiments of the present
invention will be described in detail. However, the present invention is
not limited to the following embodiments. The upper limit value and
the lower limit value of a numerical value range described in the present
specification can be arbitrarily combined. = The numerical values
described in the Examples can also be used as the upper limit values or
the lower limit values of numerical value ranges.
[0023] Temporary protective film

FIG. 1 is a cross-sectional view illustrating a temporary protective
film according to an embodiment. The temporary protective film 10 of
FIG. 1 has a support film 1; an adhesive layer 2 provided on one principal
surface of the support film 1; and a non-adhesive layer 3 (resin layer that
is substantially not adhesive) provided on the other principal surface of
the support film 1 while being in contact with the support film 1. The
temporary protective film of these can be used, in an encapsulation

molding step of forming an encapsulation layer that encapsulates a
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semiconductor element mounted on a lead frame, as a temporary
protective film for semiconductor encapsulation molding for temporarily
protect a lead frame during encapsulation molding, by sticking the
temporary protective film to the back face (a surface on the opposite side
of the surface where the semiconductor element is mounted) of the lead
frame.

[0024] When the temporary protective film is attached to a lead frame
having a die pad and an inner lead so that the adhesive layer is in contact
with the lead frame, the 90° peel strength between the adhesive layer and
the lead frame (peel strength after sticking) may be 5 N/m or more, 10
N/m or more, 50 N/m or more, 100 N/m or more, or 150 N/m or more, at
25°C.  When the peel strength after sticking is 5 N/m or more at 25°C,
the temporary protective film is not likely to be peeled off from the lead
frame. Inaddition, a problem such as the encapsulation resin infiltrating
between the lead frame and the adhesive layer during encapsulation
molding, tends to be suppressed. The peel strength after sticking may
be 2000 N/m or less, 1500 N/m or less, or 1000 N/m or less, at 25°C.
[0025] The peel strength after sticking is measured, for example,
according to the 90° tear-off method of JIS Z 0237, by tearing off the
temporary protective film in the 90° direction with respect to the lead
frame. Specifically, the 90° peel strength when the temporary protective
film is torn off at a rate of 270 to 330 mm per minute or 300 mm per
minute at 25°C is measured using a 90° peeling tester (manufactured by
Tester Sangyo Co., Ltd.).

[0026] The peel strength after sticking depends on the glass transition

temperature (Tg) of the adhesive layer, the adhesion temperature, the
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material of the adherend, wettability of the adhesive layer, and the like.
Accordingly, the conditions can be appropriately selected while
considering the glass transition temperature (Tg) of the adhesive layer,
the adhesion temperature, the material of the lead frame, wettability of
the adhesive layer, and the like so that the peel strength after sticking
becomes 5 N/m or more. Among these, the glass transition temperature
(Tg) of the adhesive layer and the sticking (adhesion) temperature largely
affect the peel strength. Usually, an adhesion temperature higher by
about 0°C to 30°C than the glass transition temperature (Tg) of the
adhesive layer is employed. Appropriate conditions may be determined
by taking into consideration of the material of the lead frame, the
wettability of the adhesive layer, or the like.

[0027] The conditions for adhering the temporary protective film and a
lead frame in order to measure the peel strength after sticking are not
particularly limited; however, for example, the conditions for adhering
the temporary protective film to a lead frame, which will be described
below, may be employed. For example, sticking can be performed using
a copper lead frame, a copper lead frame coated with palladium, or a lead
frame made of Alloy 42 as the lead frame, under any of the adhesion
conditions of: (1) a temperature of 230°C, a pressure of 6 MPa, and a
duration of 10 seconds, (2) a temperature of 350°C, a pressure of 3 MPa,
and a duration of 3 seconds , or (3) a temperature of 250°C, a pressure of
8 MPa, and a duration of 10 seconds.

[0028] Particularly, the 90° peel strength between the adhesive layer and
the lead frame immediately before carrying out the encapsulation step

may be 5 N/m or more, 10 N/m or more, or 50 N/m or more, at 25°C.
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When the 90° peel strength immediately before carrying out the
encapsulation step is 5 N/m or more at 25°C, a problem such as the
encapsulation resin infiltrating between the lead frame and the adhesive
layer during the encapsulation step tends to be suppressed. Here, the
phrase immediately before carrying out the encapsulation step means a
time point before the encapsulation step, which is when all the steps to be
carried out before the encapsulation step have been completed.

[0029] A heating step of heating the temporary protective film-attached
lead frame may be carried out after the temporary protective film is
attached or adhered to the lead frame, and before the encapsulation step
is carried out. As a result, the adhesive strength between the adhesive
layer and the lead frame can be enhanced. The heating temperature in
the heating step is not particularly limited; however, in order to enhance
the adhesive strength between the adhesive layer and the lead frame, the
heating temperature may be 100°C or higher. The heating temperature
may be 400°C or lower from the viewpoint of the heat resistance of the
lead frame and the temporary protective film. For similar reasons, the
heating temperature may be from 130°C to 350°C. The heating time is
not particularly limited; however, in order to sufficiently enhance the
adhesive strength between the adhesive layer and the lead frame, the
heating time may be 10 seconds or more. For similar reasons, the
heating time may be from 1 minute to 2 hours.

[0030] From the viewpoint of productivity, the above-described heating
step may be carried out by heating in various steps before moving to the
encapsulation step (for example, a curing step for an adhesive such as a

silver paste (semiconductor element adhesion step), a reflow connection
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step, and a wire bonding step). For example, as described above, in the
semiconductor element adhesion step, usually, heating is performed at
140°C to 200°C for 30 minutes to 2 hours in order to cure the adhesive
used for adhesion. Therefore, the above-described heating step can be
carried out by heating in these various steps.

[0031] When the temporary protective film is attached to a lead frame so
that the adhesive layer is in contact with the lead frame, a semiconductor
element is mounted on a surface of the die pad, the surface being on the
opposite side of the temporary protective film, and an encapsulation layer
that encapsulates the semiconductor element is formed to be in contact
with the adhesive layer, the 90° peel strength between the adhesive layer
and the lead frame as well as the encapsulation layer (hereinafter, also
referred to as "peel strength after encapsulation") may be 1000 N/m or
less, 800 N/m or less, or 500 N/m or less, in at least a portion of the
temperature range of 0°C to 250°C. When the peel strength after
encapsulation is 1000 N/m or less, a problem that the lead frame and the
encapsulation layer are damaged when subjected to stress, tends to be
suppressed. The peel strength after encapsulation usually decreases as
the measurement temperature rises. The peel strength after
encapsulation may be 0 N/m or more, 3 N/m or more, or 5 N/m or more,
in at least a portion of the temperature range of 0°C to 250°C.

[0032] The peel strength after encapsulation may be in the above-
mentioned range in at least a portion of the temperature range of 80°C to
250°C and may be in the above-mentioned range at the temperature
adopted when the temporary protective film is detached from the lead

frame and the encapsulation layer.
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[0033] The peel strength after encapsulation is measured according to the
90° tear-off method of JIS Z 0237, by tearing off the temporary protective
film in the 90° direction with respect to lead frame and the encapsulation
layer at room temperature or on a stage of 0°C to 250°C. Specifically,
the 90° peel strength at the time of tearing off the temporary protective
film at a rate of 270 to 330 mm per minute or 300 mm per minute in at
least a portion of the temperature of 0°C to 250°C is measured using a
90° peeling tester (manufactured by Tester Sangyo Co., Ltd.). The
temperature range for measuring this peel strength may be 80°C to 240°C,
or 140°C to 230°C.

[0034] The temperature (temperature of the temporary protective film) at
the time of tearing off the temporary protective film from the lead frame
and the encapsulation layer may be usually from 0°C to 250°C. There
are no particular limitations on the conditions for encapsulation using an
encapsulant for measuring the peel strength after encapsulation in at least
a portion of the temperature range of 0°C to 250°C. However, the
conditions may be conditions for forming an encapsulation layer in the
method for manufacturing a semiconductor device, which will be
described below. The formation of an encapsulation layer may include,
for example, forming an encapsulation layer using CEL-9200 (trade
name, a biphenyl encapsulant manufactured by Hitachi Chemical Co.,
Ltd.) under the conditions of a temperature of 180°C, a pressure of 10
MPa, and a duration of 3 minutes; and curing the encapsulant forming the
encapsulation layer by heating at 180°C for 5 hours.

[0035] Adhesive layer

The adhesive layer may contain a resin. The resin used for

13
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forming the adhesive layer (hereinafter, also referred to as "resin (a)")
may be a thermoplastic resin having an amide group (-NHCO-), an ester
group (-CO-0-), an imide group (-NR», provided that each R is -CO-), an
ether group (-O-), or a sulfone group (-SO2-). 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
polyetheramideimide, an aromatic polyetheramide, an aromatic
polyesterimide, and an aromatic polyetherimide. From the viewpoints
of heat resistance and adhesiveness, the resin (a) may be at least one
selected from the group consisting of an aromatic polyetheramideimide,
an aromatic polyetherimide, and an aromatic polyetheramide.

[0036] The resin (a) can be produced by, for example, polycondensing
an aromatic diamine, a bisphenol, or the like as a base component and a
dicarboxylic acid, a tricarboxylic acid, a tetracarboxylic acid, an aromatic
chloride, or a reactive derivative of any one of these. That is, the
production can be carried out by any conventional method used for a
reaction between an amine and an acid, and there are also no particular
limitations on the various conditions and the like. For the
polycondensation reaction of an aromatic dicarboxylic acid, an aromatic
tricarboxylic acid, or a reactive derivative of one of these and a diamine,
any conventional method is used.

[0037] The aromatic polyetherimide, the aromatic polyetheramideimide,
and the aromatic polyetheramide may contain a constituent unit derived

from a base component used for the synthesis of these polymers.

14



10

15

20

25

Examples of the base component include 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-
aminophenoxy)phenyl] ether, or 2,2-bis[4-(4-
aminophenoxy)]hexafluoropropane; an aromatic diamine that does not
have an ether group, such as 4,4'-methylenebis(2,6-diisopropylamine); a
siloxanediamine such as 1,3-bis(3-aminopropyl)-tetramethyldisiloxane;
and an o,o-diaminoalkane such as 1,12-diaminododecane or 1,6-
diaminohexane. Based on the total amount of the base component, the
proportion of the aromatic diamine having an ether group may be an
amount equivalent to 40 mol% to 100 mol%, or 50 mol% to 97 mol%,
and the proportion of at least one selected from the aromatic diamine that
does not have an ether group, a siloxanediamine, and an o,®-
diaminoalkane may be an amount equivalent to 0 mol% to 60 mol%, or
3 mol% to 50 mol%. Examples of a combination of the base
components include: (1) a combination of base components including 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
siloxanediamine, and 10 mol% to 30 mol% or 15 mol% to 25 mol% of
an o,0-daminoalkane; (2) a combination of base components including
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 siloxanediamine; and (3) a combination of base components including
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 40 mol% 55 mol%

of an aromatic diamine that does not have an ether group.
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[0038] The aromatic polyetherimide, the aromatic polyetheramideimide,
and the aromatic polyetheramide may contain a constituent unit derived
from an acid component, which is used for the synthesis of these
polymers. Examples of the acid component 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 dianhydride such as bisphenol A bistrimellitate
dianhydride or oxydiphthalic anhydride, and (C) an aromatic
dicarboxylic acid such as a reactive derivative of phthalic acid, such as
terephthalic acid, isophthalic acid, terephthalic acid chloride, or
isophthalic acid chloride. ~The aromatic polyetheramide may be a
product obtained by, for example, reacting 0.95 to 1.05 mol or 0.98 to
1.02 mol of the acid component (A) per 1 mol of the above-mentioned
base component (1) or (2). The aromatic polyetherimide may be a
product obtained by, for example, reacting 0.95 to 1.05 mol or 0.98 to
1.02 mol of the acid component (B) per 1 mol of the above-mentioned
base component (3).

[0039] The adhesive layer may contain a filler such as ceramic powder,
glass powder, silver powder, copper powder, resin particles, or rubber
particles; a coupling agent, and the like. ~When the adhesive layer
contains a filler, the content of the filler may be 1 to 30 parts by weight
or 5 to 15 parts by weight with respect to 100 parts by weight of the resin
(a).

[0040] Examples of the coupling agent include vinylsilane, epoxysilane,
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mercaptosilane, a titanate, an aluminum chelate, a zircoaluminate, or a

combination of these. The coupling agent may be a silane coupling

agent. Examples of the silane coupling agent include
vinyltrimethoxysilane, vinyltriethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 3-

glycidoxypropyltriethoxysilane, 3-methacryloxypropyltrimethoxysilane,
and 3-mercaptopropyltrimethoxysilane. The silane coupling agent may
also be an epoxysilane coupling agent having an epoxy group. When
the adhesive layer contains a silane coupling agent, the close
adhesiveness of the adhesive layer to the support film can be enhanced,
and as a result, when the temporary protective film is torn off, detachment
is not likely to occur at the interface between the adhesive layer and the
support film. The content of the coupling agent may be 1 to 15 parts by
weight or 2 to 10 parts by weight with respect to 100 parts by weight of
the resin (a).

[0041] From the viewpoints of adhesiveness and heat resistance, the
glass transition temperature of the adhesive layer may be 100°C to 300°C,
130°C to 280°C, or 150°C to 250°C. In a case where the glass transition
temperature is 100°C or higher, when the temporary protective film is
torn off from the lead frame and the encapsulant, peeling is not likely to
occur at the interface between the adhesive layer and the support film,
and there is a tendency that the adhesive layer is not likely to undergo
cohesive fracture. Furthermore, in the wire bonding step, the adhesive

layer is not excessively softened, dispersion of force at the time of wire

17



10

15

20

25

connection is suppressed, and there is a tendency that connection failure
of the wire is not likely to occur. When the glass transition temperature
is 300°C or lower, since the adhesive layer is sufficiently softened at the
time of adhesion, a decrease in the 90° peel strength between the adhesive
layer and the lead frame at 25°C tends to be suppressed. Therefore,
detachment in the conveyance step, a leak in the encapsulant at the time
of encapsulation, and the like are not likely to occur.

[0042] The 5% weight reduction temperature of the adhesive layer may
be 300°C or higher, 350°C or higher, or 400°C or higher. When the 5%
weight reduction temperature of the adhesive layer is 300°C or higher,
outgassing caused by the heat generated at the time of sticking the
temporary protective film to a lead frame, and/or the heat generated in the
wire bonding step is not likely to occur, and there is a tendency that the
lead frame and the wire are not likely to be contaminated. The 5%
weight reduction temperature of the adhesive layer can be determined by
measuring the temperature at a rate of temperature increase of 10°C/min
using a differential thermal balance (manufactured by Seiko Instruments,
Inc., TG/DTA220).

[0043] The elastic modulus at 230°C of the adhesive layer may be 1 MPa
or more, or 3 MPa or more. The wire bonding temperature is not
particularly limited; however, the wire bonding temperature is generally
about 180°C to 260°C and is frequently approximately 230°C.
Therefore, when the elastic modulus at 230°C is 1 MPa or more, the
adhesive layer is not excessively softened by the heat generated in the
wire bonding step, and there is a tendency that connection failure of wire

is not likely to occur. The upper limit of the elastic modulus at 230°C
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of the adhesive layer is not particularly limited; however, the upper limit
may be 2000 MPa or less, 1500 MPa or less, or 1000 MPa or less. The
elastic modulus at 230°C of the adhesive layer is measured in a tensile
mode with a sine wave at a rate of temperature increase of 5°C/min and
a frequency of 10 Hz by setting the distance between chucks to 20 mm in
a dynamic viscoelasticity analyzer (manufactured by UBM Co., Ltd.,
Rheogel-E4000).
[0044] The thickness (A) of the adhesive layer may be 1 to 20 um, 3 to
15 um, or 4 to 10 um. When the thickness (A) of the adhesive layer is
1 um or more, the adhesive layer has superior adhesiveness, and there is
a tendency that the encapsulant is not likely to leak during encapsulation.
When the thickness (A) of the adhesive layer is 20 um or less, the
economic efficiency tends to be superior.
[0045] Support film

The support film is not particularly limited; however, the support
film may be a film including a resin that can endure heat (heat-resistant
resin) during application and drying of the resin used for forming the
adhesive layer or the non-adhesive layer and during a semiconductor
device assembling process. 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,
polyphenylene sulfide, an aromatic polyether ketone, a polyallylate, an
aromatic polyether ether ketone, and polyethylene naphthalate, that is, a
film containing the polymer.

[0046] The glass transition temperature of the support film may be 200°C
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or higher, or 250°C or higher, in order to enhance heat resistance. By
using a film of the above-described polymer, the support film is not
softened during a process of applying heat, such as a step of adhering a
semiconductor element to a die pad, a wire bonding step, an encapsulation
step, or a step of tearing off the temporary protective film from the
encapsulation molded body, and the operation can be carried out
efficiently.

[0047] In order to reduce the warpage of the lead frame occurring after
sticking the temporary protective film to the lead frame, the coefficient
of linear expansion at 20°C to 200°C of the support film may be 3.0x10-
3/°C or less, 2.5x107/°C or less, or 2.0x10/°C or less. The coefficient
of linear expansion at 20°C to 200°C of the support film is performed
according to JIS K 7197. The measurement is performed using a
thermomechanical analysis apparatus (TMA). The distance between
chucks is set to 20 mm, and the coefficient of thermal expansion at 20°C
to 200°C is calculated.

[0048] In order to reduce the warpage of the lead frame occurring after
sticking the temporary protective film to the lead frame, the coefficient
of thermal shrinkage at the time of heating the support film at 200°C for
2 hours may be 0.15% or less, 0.13% or less, or 0.10% or less.
Measurement of the coefficient of thermal shrinkage can be carried out
according to JIS K 7133. For the measurement of the coefficient of
thermal shrinkage, a wuniversal measuring microscope MF-U
manufactured by Mitutoyo Corporation is used. The coefficient of
thermal shrinkage can be determined by measuring the difference of the

dimensions in the MD direction (longitudinal direction) or the TD
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direction (direction perpendicular to the MD direction) of the support film
before and after a heat treatment. The conditions for the heat treatment
are a temperature of 200°C and a duration of 2 hours. The coefficient
of thermal shrinkage is a measured value in any direction whichever gives
a larger value between the MD direction and the TD direction.

[0049] The support film may be a film having sufficiently high close
adhesiveness to the adhesive layer. In a case where the close
adhesiveness is high, when the temporary protective film is torn off from
the lead frame and the encapsulant at a temperature of 100°C to 300°C,
detachment is not likely to occur at the interface between the adhesive
layer and the support film, and the resin is not likely to remain in the lead
frame and the encapsulant. The support film may be a polyimide film
from the viewpoints of the heat resistance and the close adhesiveness to
the adhesive layer.

[0050] The support film may be subjected to a surface treatment in order
to sufficiently increase the close adhesiveness to the adhesive layer. The
method for performing a surface treatment on the support film is not
particularly limited; however, examples include a chemical treatment
such as an alkali treatment or a silane coupling treatment a physical
treatment such as a sand mat treatment; a plasma treatment; and a corona
treatment.

[0051] The thickness of the support film is not particularly limited;
however, the thickness may be 5 to 100 um, or 5 to 50 um or less. When
the thickness of the support film is 5 pm or more, workability tends to be
high because creases are not likely to be generated in the temporary

protective film. When the thickness of the support film is 100 um or
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less, there is a tendency that the warpage of the lead frame occurring after
sticking the temporary protective film to the lead frame is likely to be
suppressed.
[0052] The material of the support film may be a metal selected from the
group consisting of copper, aluminum, stainless steel, and nickel. When
the support film contains these metals, the coefficients of linear expansion
of the lead frame and the support film become close to each other, and
therefore, the warpage of the lead frame occurring after sticking the
temporary protective film to the lead frame can be reduced.
[0053] The ratio T»/T: of the thickness T> of the adhesive layer to the
thickness T of the support film may be 0.5 or less, 0.3 or less, or 0.2 or
less.  When the T»/T is 0.5 or less, curling of the film caused by volume
reduction of the adhesive layer at the time of solvent removal after
application is suppressed, and the workability at the time of sticking the
support film to the lead frame tends to be high.
[0054] Non-adhesive layer

The non-adhesive layer is a resin layer that substantially does not
have adhesiveness (or pressure-sensitive adhesiveness) to the lead frame
at 0°C to 270°C. When the temporary protective film comprises a non-
adhesive layer, curling of the temporary protective film attributable to the
volume reduction of the adhesive layer at the time of solvent removal, or
the volume reduction of the adhesive layer caused by shrinkage at the
time of imidization or at the time of curing of a thermosetting resin can
be canceled.
[0055] The non-adhesive layer may be a resin layer that is not likely to

be softened at high temperature, and for example, a resin layer having a
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high glass transition temperature can function as the non-adhesive layer.
[0056] The non-adhesive layer may contain a resin. The composition
of the resin (hereinafter, also referred to as "resin (b)") used for forming
the non-adhesive layer is not particularly limited; however, the resin may
be either a thermoplastic resin or a thermosetting resin.  The
thermoplastic resin is not particularly limited but may be a thermoplastic
resin having at least one functional group selected from the group
consisting of an amide group, an ester group, an imide group, an ether
group, and a sulfone group. The thermosetting resin is not particularly
limited but may be, for example, an epoxy resin, a phenol resin, or a
bismaleimide resin (for example, a bismaleimide resin containing bis(4-
maleimidophenyl)methane as a monomer). It is also acceptable to
combine a thermoplastic resin and a thermosetting resin. In the case of
combining a thermoplastic resin and a thermosetting resin, the amount of
the thermosetting resin may be 5 to 100 parts by mass, or 20 to 70 parts
by mass, with respect to 100 parts by mass of the thermoplastic resin.
[0057] The non-adhesive layer may contain a filler such as ceramic
powder, glass powder, silver powder, copper powder, resin particles, or
rubber particles; a coupling agent, and the like. When the non-adhesive
layer contains a filler, 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). The content of the coupling agent may be 1 to 20 parts
by mass or may be 2 to 15 parts by mass, with respect to 100 parts by
mass of the resin (b).

[0058] The elastic modulus at 230°C of the non-adhesive layer may be
10 MPa or more, 100 MPa or more, or 1000 MPa or more. When the
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elastic modulus at 230°C of the non-adhesive layer is 10 MPa or more,
the non-adhesive layer is not likely to be softened in a step where heat is
applied, such as a wire bonding step, and therefore, there is a tendency
that the non-adhesive layer is not likely to adhere to a mold and a jig.
The elastic modulus at 230°C of the non-adhesive layer may be 2000 MPa
or less or 1500 MPa or less.

[0059] The elastic modulus at 230°C of the non-adhesive layer can be
measured in a tensile mode with a sine wave at a rate of temperature
increase of 5°C/min and a frequency of 10 Hz, using a dynamic
viscoelasticity measuring apparatus (manufactured by UBM Co., Ltd.,
Rheogel-E4000) by setting the distance between chucks to 20 mm.
[0060] The adhesive force of the non-adhesive layer to a mold and a jig
is not particularly limited when the adhesive force is low to the extent that
the non-adhesive layer does not stick to the mold and/or jig; however, the
90° peel strength between the non-adhesive layer and the mold as well as
the jig at 25°C may be less than 5 N/m or less than 1 N/m. This peel
strength is measured, for example, after the non-adhesive layer is
compressed against a mold made of brass at a temperature of 250°C and
a pressure of 8 MPa for 10 seconds.

[0061] The glass transition temperature of the non-adhesive layer may be
150°C or higher, 200°C or higher, or 250°C or higher, in order to make it
difficult for the non-adhesive layer to be softened in a step of adhering a
semiconductor element to a die pad, a wire bonding step, an encapsulation
step, a step of tearing off the temporary protective film from an
encapsulation molded boy, or the like, and to make it difficult for the non-

adhesive layer to adhere to a mold and a jig. The glass transition
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temperature of the non-adhesive layer may be 350°C or lower or 300°C
or lower.

[0062] The thickness of the non-adhesive layer may be, for example, 10
um or less, 9 um or less, 8 um or less, or 7 um or less.  The thickness of
the non-adhesive layer may be, for example, 1 um or more, 2 um or more,
3 um or more, 4 um or more, 5 um or more, or 6 um or more. The
thickness of the non-adhesive layer is not particularly limited; however,
for example, the thickness may be 1 to 10 um or 1 to 8 um.

[0063] The surface roughness Ra of a surface of the non-adhesive layer,
the surface being on the opposite side of the surface in contact with the
support film, is 0.1 um and may be 0.15 wm or more or 0.2 um or more.
The surface roughness Ra as used herein is a value measured by a laser
microscope under a condition in which a magnification ratio of an object
lens of 50 times. The surface roughness Ra can be determined by, for
example, an analysis of an image obtained by linking images of 11
sections in the vertical direction and 9 sections in the horizontal direction.
When the surface roughness Ra is 0.1 pm or more, the non-adhesive layer
exhibits excellent sliding with a stage in the apparatus, is not likely to
cause jamming defects, exhibits excellent sliding between lead frames to
which the temporary protective film is attached, and is not likely to cause
a problem that the non-adhesive layer adheres and is not peeled off. The
surface roughness Ra can be measured with a shape measuring laser
microscope VK-X100 manufactured by Keyence Corporation, which is a
laser microscope. The surface roughness (Ra) of a surface of the non-
adhesive layer, the surface being on the opposite side of the surface in

contact with the support film, may be, for example, 3 pum or less, 2 um or
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less, or 1 um orless. From the viewpoint such as described above, when
the surface roughness Ra is measured by a laser microscope under the
conditions of a magnification ratio of the object lens of 10 times, the
surface roughness Ra of a surface of the non-adhesive layer, the surface
being on the opposite side of the surface in contact with the support film,
may be 0.4 um or more, 0.5 um or more, or 0.6 um or more and may be
8 um or less or 6 um or less.
[0064] Method for manufacturing temporary protective film

The temporary protective film according to an embodiment
includes, for example, dissolving the resin (a) used for forming an
adhesive layer in a solvent such as N-methyl-2-pyrrolidone,
dimethylacetamide, diethylene glycol dimethyl ether, tetrahydrofuran,
cyclohexanone, methyl ethyl ketone, or dimethylformamide to prepare an
adhesive varnish; applying the adhesive varnish on one surface of a
support film; and removing the solvent from the applied adhesive varnish
by heating to form an adhesive layer. A temporary protective film
having a bilayer structure can be obtained by this method. The method
for forming a temporary protective film may also include preparing a
precursor varnish in which a resin (a) precursor (for example, polyamic
acid) that produces the resin (a) (for example, a polyimide resin) by a
heating treatment or the like is dissolved in a solvent; applying the
precursor varnish on one surface of a support film; and subjecting the
applied precursor varnish to a heating treatment to form an adhesive layer
including the resin (a). A temporary protective film having a bilayer
structure can be obtained by this method. In the case of using a resin (a)

precursor, the solvent is removed by a heating treatment after application,
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and at the same time, the resin (a) is produced from the precursor by, for
example, imidization. From the viewpoint of the surface state of the
applied surface or the like, an adhesive varnish may also be used.

[0065] When the support film having the above-described varnish
applied thereon is subjected to a heating treatment for the purpose of
removing the solvent, imidization, and the like, the temperature of the
heating treatment may vary depending on whether an adhesive varnish is
used, or whether a precursor varnish is used. In the case of an adhesive
varnish, the temperature may be a temperature at which the solvent can
be removed, and in the case of a precursor varnish, the temperature may
be a treatment temperature equal to or higher than the glass transition
temperature of the adhesive layer in order to perform imidization.

[0066] There are no particular limitations on the application method for
the adhesive varnish or the precursor varnish, which is applied on one
surface of the support film. For example, the varnish can be applied by
using roll coating, reverse roll coating, gravure coating, bar coating, or
comma coating. These varnishes may also be applied by a method of
passing the support film through the adhesive varnish or the precursor
varnish.

[0067] The method for forming the non-adhesive layer is not particularly
limited and includes 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 to prepare a resin varnish; applying the resin varnish
on the support film; and removing the solvent from the applied resin

varnish by heating. The method for forming the non-adhesive layer may
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include dissolving a resin (b) precursor (for example, polyamic acid) that
produces the resin (b) (for example, a polyimide resin) by heating or the
like in a solvent to prepare a precursor varnish; applying the precursor
varnish on a support film or the like; and heating the applied precursor
varnish. In this case, as a result of the heating treatment after
application, the solvent is removed, and at the same time, the resin (b) is
produced from the precursor by, for example, imidization. From the
viewpoint of the surface state of the coating film, a resin varnish may also
be used.

[0068] When the support film having the above-described varnish
applied thereon is subjected to a heating treatment for the purpose of
removing the solvent, imidization, and the like, the temperature for the
heating treatment may vary depending on whether a resin varnish is used,
or whether a precursor varnish is used. In the case of using a resin
varnish, the temperature may be a temperature at which the solvent can
be removed, and in the case of using a precursor varnish, the temperature
may be a treatment temperature equal to or higher than the glass transition
temperature of the non-adhesive layer in order to perform imidization.
[0069] There are no particular limitations on the application method for
the adhesive varnish or the precursor varnish of the resin (b) on the
support film. For example, the varnish can be applied by using roll
coating, reverse roll coating, gravure coating, bar coating, or comma
coating. These varnishes may also be applied by a method of passing
the support film through the adhesive varnish or the precursor varnish.
[0070] Method for manufacturing semiconductor device

A semiconductor device can be produced by a method including
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an encapsulation molding step of a semiconductor element using the
temporary protective film according to an embodiment. The
semiconductor device is produced by, for example, detaching the
temporary protective film from a temporary protective film-attached
semiconductor device that comprises a temporary protective film; a lead
frame adhered to be in contact with the adhesive layer of the temporary
protective film; a semiconductor element adhered to the die pad of the
lead frame; an electroconductive material such as a wire or a metal plate
for connecting the semiconductor element to the inner lead of the lead
frame; and an encapsulation layer that encapsulates the exposed surface
of the lead frame, the semiconductor element, and the wire.

[0071] The semiconductor device that is manufactured may be, for
example, a Non Lead Type Package which has a lead frame, a
semiconductor element mounted on this lead frame, and an encapsulation
layer that encapsulates the semiconductor element on the semiconductor
element side of the lead frame, and in which the back face of the lead
frame is exposed for external connection. Specific examples thereof
include QFN (QuadFlat Non-leaded Package) and SON (Small Outline
Non-leaded Package).

[0072] FIGS. 2 and 3 are cross-sectional views illustrating a method for
manufacturing a semiconductor device according to an embodiment.
FIG. 4 is a cross-sectional view illustrating an embodiment of the
semiconductor device obtainable by the manufacturing method of FIGS.
2 and 3. In the following description, each step will be described with
reference to each of the drawings as necessary.

[0073] The method for manufacturing a semiconductor device according
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to embodiments comprises a step of sticking a temporary protective film
10 to one surface (back face) of a lead frame 11 having a die pad 11a and
an inner lead 11b, in such a direction that the adhesive layer of the
temporary protective film 10 is in contact with the lead frame; 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; a step of providing a wire 12 that connects the
semiconductor element 14 and the inner lead 11b; a step of forming an
encapsulation layer 13 that encapsulates the semiconductor element 14
and the wire 12 to obtain an encapsulation molded body 20 having the
lead frame 11, the semiconductor element 14, and the encapsulation layer
13; and a step of detaching the temporary protective film 10 from the
encapsulation molded body 20, in this order.

[0074] Sticking of the temporary protective film 10 to the lead frame 11
may be carried out under heating or may be carried out at normal
temperature (for example, 5°C to 35°C). The method of sticking is not
particularly limited but may be, for example, a roll lamination method.
The temporary protective film-attached lead frame according to an
embodiment comprises a lead frame 11 having a die pad 11a and an inner
lead 11b; and a temporary protective film 10. The temporary protective
film 10 is attached to the lead frame 11 so that the adhesive layer 2 of the
temporary protective film 10 is in contact with one surface of the lead
frame 11.

[0075] The conditions for adhesion of the temporary protective film 10
to the lead frame 11 are not particularly limited; however, the adhesion

temperature may be 150°C to 400°C, 180°C to 350°C, or 200°C to 300°C.
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When the adhesive temperature is 150°C or higher, the adhesive strength
between the lead frame 11 and the adhesive layer 2 tends to be further
enhanced. = When the adhesion temperature is 400°C or lower,
deterioration of the lead frame 11 tends to be further suppressed.

[0076] The adhesion pressure of the temporary protective film 10 to the
lead frame 11 may be 0.5 to 30 MPa, 1 to 20 MPa, or 3 to 15 MPa.
When the adhesion pressure is 0.5 MPa or higher, the adhesive strength
between the adhesive layer 2 and the lead frame 11 tends to be further
enhanced. When the adhesion pressure is 30 MPa or less, there is a
tendency that damage of the lead frame 11 is likely to be further
suppressed.

[0077] The adhesion time for the temporary protective film 10 to the lead
frame 11 may be 0.1 to 60 seconds, 1 to 30 seconds, or 3 to 20 seconds.
When the adhesion time is 0.1 seconds or more, there is a tendency that
the adhesive strength between the adhesive layer 2 and the lead frame 11
is likely to be further enhanced. When the adhesion time is 60 seconds
or less, there is a tendency that workability and productivity are likely to
be further enhanced. Before pressure is applied, preliminary heating for
about 5 to 60 seconds may be carried out.

[0078] 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. When copper and a copper
alloy are used, a coating treatment with palladium, gold, silver, or the like
may be applied to the surface of the lead frame.

[0079] The semiconductor element 14 is usually mounted (adhered) on

the die pad 11a, with an adhesive (for example, silver paste) interposed
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therebetween. The adhesive may be cured by a heating treatment (for
example, 140°C to 200°C, 30 minutes to 2 hours).

[0080] After the semiconductor element is mounted (adhered), the
semiconductor element and the inner lead may be connected by solder
reflow using an electroconductive material such as a copper plate. That
is, the method for manufacturing a semiconductor device may further
comprise a step of connecting the semiconductor element mounted on the
die pad to the inner lead using an electroconductive material by reflow.
The connection by reflow may be carried out, for example, at a maximum
temperature in the temperature range of 250°C to 420°C under the
conditions of 1 to 30 minutes. The connection by reflow is carried out,
for example, before the step of obtaining the encapsulation molded body
20 and after the step of mounting (adhering) the semiconductor element
14. The connection by reflow may also be carried out, for example,
after the step of mounting (adhering) the semiconductor element 1 and
before the step of providing the wire 12.

[0081] The wire 12 is not particularly limited; however, the wire 12 may
be, for example, a gold wire, a copper wire, a palladium-coated copper
wire, or an aluminum wire. For example, the semiconductor element
and the inner lead may be joined by the wire 12 by heating at 200°C to
300°C for 3 minutes to 3 hours.

[0082] In the step of encapsulation molding, an encapsulation layer 13 is
formed using an encapsulant. An encapsulation molded body 20 having
a plurality of semiconductor elements 14 and an encapsulation layer 13
encapsulating those in a lump by encapsulation molding is obtained.

During encapsulation molding, since the temporary protective film 10 is
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provided, the encapsulant wrapping around the back face side of the lead
frame 11 is suppressed.

[0083] The temporary protective film-attached encapsulation molded
body according to an embodiment comprises 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; an encapsulation layer 13 encapsulating the
semiconductor element 14 and the wire 12; and a temporary protective
film 10. The temporary protective film 10 is attached to the lead frame
11 so that the adhesive layer 2 of the temporary protective film 10 is
attached to a surface of the lead frame 11 on the opposite side of the
surface where the semiconductor element 14 is mounted.

[0084] The temperature during the process of forming the encapsulation
layer 13 (encapsulation temperature) may be, for example, 150°C to
200°C. The pressure during the process of forming the encapsulation
layer (encapsulation pressure) may be 6 to 15 MPa or 7 to 10 MPa. The
heating time for encapsulation molding (encapsulation time) may be 1 to
5 minutes or 2 to 3 minutes.

[0085] The formed encapsulation layer 13 may be heated and cured as
necessary. The heating temperature for curing the encapsulation layer
13 (encapsulation curing temperature) may be 150°C to 200°C. The
heating time for curing the encapsulation layer 13 (encapsulation curing
time) may be, for example, 4 to 6 hours.

[0086] The encapsulant is not particularly limited; however, the
encapsulant may be, for example, a curable resin composition including

an epoxy resin such as a cresol novolac epoxy resin, a phenol novolac
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epoxy resin, a biphenyl diepoxy resin, or a naphthol novolac epoxy resin.
The encapsulant may contain, for example, additive materials such as a
filler, a flame retardant substance such as a bromine compound, and a
wax component.

[0087] After the encapsulation layer 13 is formed (encapsulation
molding), the temporary protective film 10 is detached from the lead
frame 11 and the encapsulation layer 13 of the obtained encapsulation
molded body 20. When the encapsulation layer is cured, the temporary
protective film 10 may be detached at any time point before or after the
curing of the encapsulation layer 13.

[0088] The temperature at which the temporary protective film 10 is
detached from the encapsulation molded body (detachment temperature)
may be between 0°C and 250°C. When the detachment temperature is
0°C or higher, the adhesive layer is less likely to remain on the lead frame
11 and the encapsulation layer 13.  When the detachment temperature is
250°C or lower, there is a tendency that deterioration of the lead frame 11
and the encapsulation layer 13 is likely to be further suppressed. For
similar reasons, the detachment temperature may be 80°C to 240°C, or
140°C to 230°C.

[0089] The method for manufacturing a semiconductor device may
further include a step of removing the adhesive layer (adhesive residue)
remaining on the lead frame 11 and the encapsulation layer 13 after the
detachment step, as necessary. When the temporary protective film 10
is torn off at 0°C to 250°C after being encapsulated with an encapsulant,
the adhesive layer 2 may not remain on the lead frame 11 and the

encapsulation layer 13.  When the residual amount of the adhesive layer
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is large, not only the external appearance is poor, but also the residue is
likely to cause connection failure when the lead frame 11 is used for
external connection. Therefore, the adhesive layer remaining on the
lead frame 11 and the encapsulation layer 13 may be removed by
mechanical brushing or with a solvent or the like. The solvent is not
particularly limited, and the solvent may be N-methyl-2-pyrrolidone,
dimethylacetamide, diethylene glycol dimethyl ether, tetrahydrofuran,
cyclohexanone, methyl ethyl ketone, dimethylformamide, or a
combination of these.

[0090] When the lead frame has a plurality of patterns each having a die
pad and an inner lead, a plurality of the semiconductor devices 100 of
FIG. 4 each having one semiconductor element can be obtained by
dividing the encapsulation molded body 20 as necessary.

[0091] That is, when the lead frame 11 has a plurality of die pads 11a,
and a semiconductor element 14 is mounted on each of a plurality of the
die pads 11a, the manufacturing method according to an embodiment may
further comprise a step of dividing the encapsulation molded body 20
before or after detaching the temporary protective film 10 from the
encapsulation molded body 20 to obtain semiconductor devices 100 each
having one die pad 11a and a semiconductor element 14.

[0092] The semiconductor device may also be manufactured by winding
a long temporary protective film around a winding core and unwinding
the temporary protective film from the obtained reel body. The reel
body in this case has a winding core and a temporary protective film
according to the above-mentioned embodiments wound around the

winding core.
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[0093] FIG. 6 is a perspective view illustrating an embodiment of the reel
body. The reel body 30 shown in FIG. 6 comprises a winding core 31,
a temporary protective film 10 wound around the winding core 31, and
side plates 32.

[0094] The width (length in a direction orthogonally intersecting the
winding direction) of the winding core 31 and the temporary protective
film 10 may be, for example, 10 mm or more, 40 mm or more, 60 mm or
more, or 80 mm or more, and may be 350 mm or less. The width (length
in a direction orthogonally intersecting the winding direction) of the
winding core 31 and the temporary protective film 10 may be, for
example, from 10 mm to 350 mm, from 40 mm to 350 mm, or from 80
mm to 350 mm.

[0095] The temporary protective film according to the above-mentioned
embodiments may be provided as a package in which the above-described
reel body is housed in a packaging bag. FIG. 7 shows an embodiment
of the package. As shown in FIG. 7, the package 50 comprises the
above-described reel body 30, and a packaging bag 40 having the reel
body 30 housed therein. The reel body 30 is usually individually housed
in the packaging bag; however, it is also acceptable that a plurality (for
example, two or three) of reel bodies 30 are housed in one packaging bag
40.

[0096] 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. Specific examples of the packaging bag 40 include an
aluminum-coated plastic bag. Examples of the material for the resin

film include plastics such as polyethylene, polyester, vinyl chloride, and
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polyethylene terephthalate. The reel body 30 may be housed in, for
example, a packaging bag in a state of being vacuum-packed. The
package 50 is not limited to a vacuum-packed package.

[0097] The packaging bag 40 may have a desiccant housed together with
the reel body 30. Examples of the desiccant include silica gel. The
package 50 may be a product obtained by further wrapping up the
packaging bag 40 having the reel body 30 housed therein, with a buffer
material.

[0098] The package 50 may be provided as a packed article housed in a
packing box. FIG. 8 shows an embodiment of a packed article. As
shown in FIG. 8, the packed article 70 comprises the package 50 and a
packing box 60 having the package 50 housed therein. In the packing
box 60, one package 50 or a plurality of packages 50 are housed. As the
packing box 60, for example, corrugated cardboard can be used.

[0099] A semiconductor device manufactured by using the temporary
protective film according to an embodiment is excellent in terms of
density increase, area reduction, thickness reduction, and the like, and can
be suitably utilized for, for example, electronic equipment such as mobile
telephones, smartphones, personal computers, and tablets.

Examples

[0100] 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.

[0101] 1. Production of varnish for forming adhesive layer or non-
adhesive layer

Varnish A-1 (varnish for forming adhesive layer)
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Into a four-necked 5-liter 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-aminophenoxy)phenyl]|propane and 8.7 g (0.035 mol)
of 1,3-bis(3-aminopropyl)-tetramethyldisiloxane were introduced in a
nitrogen atmosphere, and this mixture was dissolved in 1950 g of N-
methyl-2-pyrrolidone. The solution was cooled to 0°C, and at this
temperature, 149.5 g (0.71 mol) of trimellitic anhydride chloride was
added to the solution.  After trimellitic anhydride chloride was
dissolved, 100 g of triethylamine was added to the solution. The
mixture was continuously stirred for 2 hours at room temperature,
subsequently the temperature was raised to 180°C, and imidization was
completed by a reaction for 5 hours. Next, the reaction liquid was
thrown into methanol to precipitate a polymer. The precipitated
polymer was dried and then dissolved in N-methyl-2-pyrrolidone. The
solution was thrown into methanol to precipitate the polymer again.
The precipitated polymer was dried under reduced pressure to obtain a
purified polyetheramideimide in a powder form. 120 g of the obtained
polyetheramideimide and 3.6 g of a silane coupling agent (manufactured
by Shin-Etsu Chemical Co., Ltd., trade name: SH6040) were dissolved in
360 g of N-methyl-2-pyrrolidone, and a varnish A-1 including an
aromatic polyetheramideimide was obtained.
[0102] Varnish A-2 (varnish for forming adhesive layer)

Into a four-necked 5-liter 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)phenyl]propane and 67.0 g (0.27

mol) of 1,3-bis(3-aminopropyl)tetramethyldisiloxane were introduced in
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a nitrogen atmosphere, and this mixture was dissolved in 1550 g of N-
methyl-2-pyrrolidone. Furthermore, this solution was cooled to 0°C,
and at this temperature, 187.3 g (0.89 mol) of trimellitic anhydride
chloride was added to the solution. After trimellitic anhydride chloride
was dissolved, 100 g of triethylamine was added to the solution. The
mixture was continuously stirred for 2 hours at room temperature,
subsequently the temperature was raised to 180°C, and imidization was
completed by a reaction for 5 hours. Next, the reaction liquid was
thrown into methanol to precipitate a polymer. The precipitated
polymer was dried and then dissolved in N-methyl-2-pyrrolidone. The
solution was thrown into methanol to precipitate the polymer again.
The precipitated polymer was dried under reduced pressure to obtain a
purified polyetheramideimide in a powder form. 120 g of the obtained
polyetheramideimide and 3.6 g of a silane coupling agent (manufactured
by Shin-Etsu Chemical Co., Ltd., trade name: SH6040) were dissolved in
360 g of N-methyl-2-pyrrolidone, and a varnish A-2 including an
aromatic polyetheramideimide was obtained.
[0103] Varnish B-1 (varnish for forming non-adhesive layer)

Into a four-necked 5-liter flask equipped with a thermometer, a
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 this mixture was dissolved in 1550 g of N-
methyl-2-pyrrolidone. Furthermore, this solution was cooled to 0°C,
and at this temperature, 174.7 g (0.83 mol) of trimellitic anhydride

chloride was added to the solution.  After trimellitic anhydride chloride
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was dissolved, 130 g of triethylamine was added to the solution. The
mixture was continuously stirred for 2 hours at room temperature,
subsequently the temperature was raised to 180°C, and imidization was
completed by a reaction for 5 hours. Next, the reaction liquid was
thrown into methanol to precipitate a polymer. The precipitated
polymer was dried and then dissolved in N-methyl-2-pyrrolidone. The
solution was thrown into methanol to precipitate the polymer again.
The precipitated polymer was dried under reduced pressure to obtain a
purified polyetheramideimide in a powder form. 120 g of the obtained
polyetheramideimide and 6 g of a silane coupling agent (manufactured
by Shin-Etsu Chemical Co., Ltd., trade name: SH6040) were dissolved in
360 g of N-methyl-2-pyrrolidone, and a varnish B-1 including an
aromatic polyetheramideimide was obtained.

[0104] Varnish B-2 (varnish for forming non-adhesive layer)

40 g of the polyetheramideimide synthesized in Production
Example 3 and 2 g of a silane coupling agent (manufactured by Shin-Etsu
Chemical Co., Ltd., trade name: SH6040) were dissolved in 500 g of N-
methyl-2-pyrrolidone, and a varnish B-2 including an aromatic
polyetheramideimide was obtained.

[0105] 2. Production and evaluation of temporary protective film

Method for measuring surface roughness Ra

The surface roughness Ra of a surface of the non-adhesive layer,
the surface being on the opposite side of the surface that was in contact
with the support film (back face of the temporary protective film), was
measured using a shape measuring laser microscope VK-X100

manufactured by Keyence Corporation, under the following Condition 1
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or Condition 2.

Condition 1: Magnification ratio of the object lens 50 times, laser
wavelength 658 nm

Condition 2: Magnification ratio of the object lens 10 times, laser
wavelength 658 nm
[0106] Example 1

A polyimide film (manufactured by DuPont-Toray Co., Ltd.,
KAPTON 100EN) having a thickness of 25 um was used as a support
film. The varnish A-1 was flow cast to a thickness of 25 um on one
surface of this polyimide film. The coating film was dried for 10
minutes at 100°C and for 10 minutes at 300°C to obtain a temporary
protective film comprising an adhesive layer having a thickness of 3 um
on one surface of the support film. The adhesive layer was a layer
having a glass transition temperature of 230°C, a 5% weight reduction
temperature of 451°C, and an elastic modulus at 230°C of 150 MPa.
Furthermore, the varnish B-1 was flow cast to a thickness of 20 um on
the surface of the polyimide film on the opposite side from the surface
provided with the adhesive layer. The coating film was dried for 10
minutes at 100°C and for 10 minutes at 300°C to form a non-adhesive
layer having a thickness of 2 um. This non-adhesive layer was a layer
having a glass transition temperature of 260°C, a 5% weight reduction
temperature of 421°C, and an elastic modulus at 230°C of 1700 MPa.
As aresult, as shown in FIG. 1, a temporary protective film of Example
1, in which an adhesive layer was provided on one surface of a support
film, and a non-adhesive layer was provided on the other surface of the

support film, was obtained. The ratio of the thickness (A) of the
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adhesive layer with respect to the thickness (C) of the support film was
0.12. In the temporary protective film of Example 1, the surface
roughness (Ra) of the surface of the non-adhesive layer on the opposite
side from the surface in contact with the support film (back face of the
temporary protective film) was 0.26 pum under the Condition 1 and 0.6
pum under the Condition 2.

[0107] The temporary protective film of Example 1 was adhered to a
palladium-coated copper lead frame (50 mm x 200 mm) at a temperature
of 250°C, a pressure of 8 MPa, and a duration of 10 seconds, the 90° peel
strength (peeling rate: 300 mm per minute; hereinafter, the same) between
the adhesive layer and the lead frame at 25°C was measured, and a
problem of peeling during conveyance at 50 N/m did not occur. Curling
of the temporary protective film almost did not occur, and the workability
at the time of adhesion was satisfactory.

[0108] The warpage of the temporary protective film of Example 1 was
measured. FIG. 5 is a schematic diagram illustrating a method for
evaluating warpage. As shown in FIG. 5, a temporary protective film-
attached lead frame obtained by sticking the temporary protective film 10
to alead frame 11 was placed on a support base 200, and the warpage (X)
in the longitudinal direction of this temporary protective film-attached
lead frame was measured. The warpage (X) caused by the temporary
protective film of Example 1 was measured, and as a result, the warpage
(X) was about 0.1 mm.

[0109] Using the produced temporary protective film-attached lead
frame, adhesion of a semiconductor element, a wire bonding step, and an

encapsulation step were carried out. As a result, problems such as
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stopping due to conveyance failure of the lead frame were not observed
in any of the steps. The obtained packages had the structure shown in
FIG. 3. Assilver paste was used for the adhesion of the semiconductor
element, and the silver paste was cured by heating for 60 minutes at
150°C. Wire bonding was carried out by using a gold wire as the wire
and heating the wire for 5 minutes at 260°C. In the encapsulation step,
a biphenyl encapsulant (manufactured by Hitachi Chemical Co., Ltd.,
trade name: CEL9200) was used as the encapsulant. An encapsulation
layer was formed at a temperature of 180°C and a pressure of 10 MPa for
a duration of 3 minutes, and subsequently, the encapsulation layer was
cured by heating at 180°C for 5 hours. No problem occurred in any of
the steps. After the encapsulation step, the temporary protective film
was torn off from the lead frame and the encapsulant at 200°C, and the
temporary protective film was easily torn off, with the 90° peel strength
being 150 N/m, while the resin almost did not remain on the lead frame
and the encapsulating resin. A very small amount of the resin remaining
thereon could be removed by washing with N-methyl-2-pyrrolidone.
Furthermore, this package was divided to produce packages each having
one semiconductor element as shown in FIG. 4. There was no problem
during the step.
[0110] Example 2

A polyimide film (manufactured by Ube Industries, Ltd.,
UPILEX SPA) having a thickness of 25 um was used as a support film.
The varnish A-1 was flow cast to a thickness of 40 um on one surface of
this polyimide film. The coating film was dried for 10 minutes at 100°C

and for 10 minutes at 300°C to obtain a temporary protective film

43



10

15

20

25

comprising an adhesive layer having a thickness of 6 pum on one surface
of the support film. The adhesive layer was a layer having a glass
transition temperature of 230°C, a 5% weight reduction temperature of
451°C, and an elastic modulus at 230°C of 150 MPa. Furthermore, the
varnish B-2 was flow cast to a thickness of 100 um on the surface of the
polyimide film on the opposite side from the surface provided with the
adhesive layer. The coating film was dried for 10 minutes at 100°C and
for 10 minutes at 300°C to form a non-adhesive layer having a thickness
of 5 um. This non-adhesive layer was a layer having a glass transition
temperature of 260°C, a 5% weight reduction temperature of 421°C, and
an elastic modulus at 230°C of 1700 MPa. As aresult, as shown in FIG.
1, a temporary protective film of Example 2, in which an adhesive layer
was provided on one surface of a support film, and a non-adhesive layer
was provided on the other surface of the support film, was obtained.
The ratio of the thickness (A) of the adhesive layer with respect to the
thickness (C) of the support film was 0.24. In the temporary protective
film of Example 2, the surface roughness (Ra) of the surface of the non-
adhesive layer on the opposite side from the surface in contact with the
support film (back face of the temporary protective film) was 0.22 pum
under the Condition 1 and 0.8 pm under the Condition 2.
[0111] Example 3

A polyimide film (manufactured by Ube Industries, Ltd.,
UPILEX SGA) having a thickness of 25 um was used as a support film.
The varnish A-1 was flow cast to a thickness of 60 um on one surface of
this polyimide film. The coating film was dried for 10 minutes at 100°C

and for 10 minutes at 300°C to obtain a temporary protective film

44



10

15

20

25

comprising an adhesive layer having a thickness of 9 um on one surface
of the support film. The adhesive layer was a layer having a glass
transition temperature of 230°C, a 5% weight reduction temperature of
451°C, and an elastic modulus at 230°C of 150 MPa. Furthermore, the
varnish B-2 for forming a non-adhesive layer as produced in Production
Example 2 was flow cast to a thickness of 180 um on the surface of the
polyimide film on the opposite side from the surface provided with the
adhesive layer, and was dried for 10 minutes at 100°C and for 10 minutes
at 300°C to form a non-adhesive layer having a thickness of 9 um. This
non-adhesive layer had a glass transition temperature of 260°C, a 5%
weight reduction temperature of 421°C, and an elastic modulus at 230°C
of 1700 MPa. As a result, as shown in FIG. 1, a temporary protective
film of Example 3, in which an adhesive layer was provided on one
surface of a support film, and a non-adhesive layer was provided on the
other surface of the support film, was obtained. The ratio of the
thickness (A) of the adhesive layer with respect to the thickness (C) of
the support film was 0.36. In the temporary protective film of Example
3, the surface roughness (Ra) of the surface of the non-adhesive layer on
the opposite side from the surface in contact with the support film (back
face of the temporary protective film) was 0.67 pum under the Condition
1 and 1.1 um under the Condition 2.
[0112] Comparative Example 1

A polyimide film (manufactured by Ube Industries, Ltd.,
UPILEX SPA) having a thickness of 25 um and having the surface
subjected to a plasma treatment was used as a support film. The varnish

A-2 was flow cast to a thickness of 50 um on one surface of this
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polyimide film. The coating film was dried for 10 minutes at 100°C and
for 10 minutes at 300°C to form an adhesive layer having a thickness of
10 um. This adhesive layer was a layer having a glass transition
temperature of 187°C, a 5% weight reduction temperature of 429°C, and
an elastic modulus at 230°C of 5 MPa. Furthermore, the varnish B-1
was flow cast to a thickness of 50 wm on the surface of the polyimide film
on the opposite side. The coating film was dried for 10 minutes at
100°C and for 10 minutes at 300°C to form a non-adhesive layer having
a thickness of 10 um. This non-adhesive layer was a layer having a
glass transition temperature of 260°C, a 5% weight reduction temperature
0f 421°C, and an elastic modulus at 230°C of 1700 MPa. As aresult, as
shown in FIG. 1, a temporary protective film of Comparative Example 1,
in which an adhesive layer was provided on one surface of a support film,
and a non-adhesive layer was provided on the other surface of the support
film, was obtained. In the temporary protective film of Comparative
Example 1, the surface roughness (Ra) of the surface of the non-adhesive
layer on the opposite side from the surface in contact with the support
film (back face of the temporary protective film) was 0.05 um under the
Condition 1 and 0.3 um under the Condition 2.

[0113] After the temporary protective film was adhered to a palladium-
coated copper lead frame at a temperature of 250°C and a pressure of 8
MPa for a duration of 10 seconds, the 90° peel strength between the
temporary protective film and the lead frame at 25°C was measured, and
there was no problem of peeling during conveyance at 150 N/m.
Curling of the temporary protective film almost did not occur, and the

workability at the time of adhesion was satisfactory. As in the case of
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Example 1, the warpage (X) in the longitudinal direction of lead frame
was measured, and the value was about 0.15 mm. Using this lead frame
having the temporary protective film adhered thereto, adhesion of a
semiconductor element, a wire bonding step, and an encapsulation step
were carried out in the same manner as in Example 1; however,
conveyance failure was observed because sliding between the lead frame
and the stage was poor in the conveyance step for the lead frame.
[0114] The temporary protective films of the Examples, in which the
surface roughness (Ra) of the back face is 0.1 um or more under the
Condition 1 and 0.4 um or more under the Condition 2, have high close
adhesiveness to the lead frame at 25°C, and furthermore, since the
temporary protective films can be torn off from the lead frame and the
encapsulant after being resin-encapsulated, semiconductor packages can
be manufactured with high workability and productivity. In contrast,
the adhesive films for semiconductor of the Comparative Example, in
which the surface roughness (Ra) of the back face is less than 0.1 pum
under the Condition 1 and less than 0.4 um under the Condition 2,
exhibited conveyance failure with poor sliding on the stage in the
semiconductor assembling process, and the adhesive films exhibit
inferior workability and productivity compared to the temporary
protective films of the Examples.
[0115] Comparative Example 2

A polyimide film (manufactured by Ube Industries, Ltd.,
UPILEX SPA) having a thickness of 25 um was used as a support film.
The varnish A-1 was flow cast to a thickness of 40 um on one surface of

this polyimide film. The coating film was dried for 10 minutes at 100°C
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and for 10 minutes at 300°C to obtain a temporary protective film
comprising an adhesive layer having a thickness of 6 pum on one surface
of a support film. The adhesive layer was a layer having a glass
transition temperature of 230°C, a 5% weight reduction temperature of
451°C, and an elastic modulus at 230°C of 150 MPa. Furthermore, the
varnish B-1 was flow cast to a thickness of 35 um on the surface of the
polyimide film on the opposite side from the surface provided with the
adhesive layer. The coating film was dried for 10 minutes at 100°C and
for 10 minutes at 300°C to form a non-adhesive layer having a thickness
of 5 um. This non-adhesive layer was a layer having a glass transition
temperature of 260°C, a 5% weight reduction temperature of 421°C, and
an elastic modulus at 230°C of 1700 MPa. As aresult, as shown in FIG.
1, a temporary protective film of Comparative Example 2, in which an
adhesive layer was provided on one surface of a support film, and a non-
adhesive layer was provided on the other surface of the support film, was
obtained. The ratio of the thickness (A) of the adhesive layer with
respect to the thickness (C) of the support film was 0.24. In the
temporary protective film of Comparative Example 2, the surface
roughness (Ra) of the surface of the non-adhesive layer on the opposite
side from the surface in contact with the support film (back face of the
temporary protective film) was 0.06 um under the Condition 1 and 0.3
um under the Condition 2.
[0116] Evaluation of slipperiness of back face of temporary protective
film

The slipperiness of a surface (back face) of each of the temporary

protective films of Examples 1, 2, and 3 and Comparative Examples 1

48



10

15

and 2, the surface being on the opposite side of the surface in contact with
the lead frame, was evaluated by the following friction test. The
temporary protective film was fixed to a flat support base in a direction
so that the surface that was not in contact with the lead frame (back face)
faced upward. A standard attachment flat type A-2 for force gauge
(manufactured by Imada Co., Ltd., made of aluminum, weight 2.5 g, ¢13
mm) was placed on the temporary protective film in a direction so that
the flat surface of the standard attachment faced downward and was
caused to slide, and the maximum value of stress at that time was
measured using a force gauge (DPS-0.5 manufactured by Imada Co.,
Ltd.). The measurement results are shown in Table 1.

[0117] Table 1

Adhesive layer | Non-adhesive layer| 5. 1 ¢ o Slipperiness
roughness (maximum
Support Ra & value of
film Varnish | Thickness | Varnish | Thickness (Condition stress in
1 friction
test)
KAPTON
Ex. 1 100EN A-1 3 um B-1 2 um 0.26 pm 1.8 gf
UPILEX
Ex. 2 25SPA A-1 6 um B-2 5 um 0.22 pm 1.6 gf
UPILEX
Ex.3 25SGA A-1 9 um B-2 9 um 0.67 um 1.8 gf
Comp. |UPILEX
Ex. 1 |258PA A-2 10 pm B-1 10pum | 0.05 um 2.5 gf
Comp. [UPILEX
Ex.2 |25SpA A-1 6 um B-1 5 pm 0.06 pm 24 ¢f

[0118] The temporary protective films of the Examples had low
maximum values of stress in the friction test, as compared to the
temporary protective films of the Comparative Examples. When the

temporary protective film of Example 1 was used, it was verified that
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there was no conveyance failure. In contrast, when the temporary
protective film of Comparative Example 1 was used, conveyance failure
occurred. In the case of the temporary protective films of Examples 1
and 2 that exhibited maximum values of stress equal to or less than the
maximum value of stress of the temporary protective film of Example 1
in the friction test, it can also be said that the conveyance failure is
sufficiently suppressed.

Reference Signs List

[0119] 1: support film, 2: adhesive layer, 3: non-adhesive layer, 10:
temporary protective film, 11: lead frame, 11a: die pad, 11b: inner lead,
12: wire, 13: encapsulation layer, 14: semiconductor element, 20:
encapsulation molded body, 30: reel body, 31: winding core, 32: side
plate, 40: packaging bag, 50: package, 60: packing box, 70: packed

article, 100: semiconductor device.
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CLAIMS

1. A temporary protective film for semiconductor encapsulation
molding, used for temporarily protecting a lead frame during
encapsulation molding of forming an encapsulation layer that
encapsulates a semiconductor element mounted on the lead frame, the
temporary protective film comprising;:

a support film;

an adhesive layer provided on one surface of the support film; and

a non-adhesive layer provided on a surface of the support film on
an opposite side of a surface provided with the adhesive layer,

wherein a thickness of the non-adhesive layer is 10 um or less,
and

a surface of the non-adhesive layer on an opposite side of a
surface in contact with the support film has a surface roughness Ra of 0.1
um or more, and the surface roughness Ra is a value measured by a laser
microscope under such condition that a magnification ratio of an object
lens is 50 times.
2. The temporary protective film for semiconductor encapsulation
molding according to claim 1, wherein, when the temporary protective
film is attached to a lead frame having a die pad and an inner lead so that
the adhesive layer is in contact with the lead frame, a 90° peel strength
between the adhesive layer and the lead frame is 5 N/m or more at 25°C.
3. The temporary protective film for semiconductor encapsulation
molding according to claim 1 or 2, wherein, when the temporary
protective film is attached to a lead frame having a die pad and an inner

lead so that the adhesive layer is in contact with the lead frame, a
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semiconductor element is mounted on a surface of the die pad on an
opposite side from the temporary protective film, and an encapsulation
layer encapsulating the semiconductor element while being in contact
with the adhesive layer is formed, a 90° peel strength between the
adhesive layer and the lead frame as well as the encapsulation layer is
1000 N/m or less in at least a portion of a temperature range of 0°C to
250°C.

4. The temporary protective film for semiconductor encapsulation
molding according to claim 3, wherein a 90° peel strength, between the
adhesive layer and the lead frame as well as the encapsulation layer, is
1000 N/m or less in at least a portion of a temperature range of 80°C to
250°C.

5. The temporary protective film for semiconductor encapsulation
molding according to claim 3 or 4, wherein the 90° peel strength between
the adhesive layer and the lead frame as well as the encapsulation layer
is 1000 N/m or less at a temperature at which the temporary protective
film is detached from the lead frame and the encapsulation layer.

6. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 5, wherein a glass transition
temperature of the adhesive layer is 100°C to 300°C.

7. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 6, wherein an elastic modulus
of the adhesive layer is 1 MPa or more at 230°C.

8. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 7, wherein a 5% weight

reduction temperature of the adhesive layer is 300°C or higher.
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0. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 8, wherein the adhesive layer
comprises a thermoplastic resin having at least one functional group
selected from the group consisting of an amide group, an ester group, an
imide group, an ether group, and a sulfone group.

10. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 8, wherein the adhesive layer
comprises a thermoplastic resin having at least one functional group
selected from the group consisting of an amide group, an ester group, an
imide group, and an ether group.

11. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 8, wherein the support film
is a film comprising a polymer selected from the group consisting of an
aromatic  polyimide, an aromatic polyamide, an aromatic
polyamideimide, an aromatic polysulfone, an aromatic polyethersulfone,
polyphenylene sulfide, an aromatic polyether ketone, a polyallylate, an
aromatic polyether ether ketone, and polyethylene naphthalate.

12. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 11, wherein a ratio of a
thickness of the adhesive layer to a thickness of the support film is 0.5 or
less.

13. The temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 12, wherein an elastic
modulus of the non-adhesive layer is 10 MPa or more at 230°C.

14. A reel body comprising a winding core and the temporary

protective film for semiconductor encapsulation molding according to
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any one of claims 1 to 13 wound around the winding core.
15.  Atemporary protective film-attached lead frame, comprising:

a lead frame having a die pad and an inner lead; and

the temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 13,

wherein the temporary protective film is attached to the lead
frame so that the adhesive layer of the temporary protective film is in
contact with one surface of the lead frame.
16. A temporary protective film-attached encapsulation molded body,
comprising:

a lead frame having a die pad and an inner lead;

a semiconductor element mounted on the die pad;

a wire connecting the semiconductor element and the inner lead,

an encapsulation layer encapsulating the semiconductor element
and the wire; and

the temporary protective film for semiconductor encapsulation
molding according to any one of claims 1 to 13,

wherein the temporary protective film is attached to a surface of
the lead frame so that the adhesive layer of the temporary protective film
is attached to a surface of the lead frame on an opposite side of a surface
where the semiconductor element is mounted.
17. A method for manufacturing a semiconductor device, the method
comprising, in the following order:

a step of attaching the temporary protective film for
semiconductor encapsulation molding according to any one of claims 1

to 13 to a surface of a lead frame having a die pad and an inner lead, in
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such a direction so that the adhesive layer of the temporary protective
film is in contact with the lead frame;

a step of mounting a semiconductor element to a surface of the
die pad on an opposite side from the temporary protective film;

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

a step of forming an encapsulation layer encapsulating the
semiconductor element and the wire to obtain an encapsulation molded
body having the lead frame, the semiconductor element, and the
encapsulation layer; and

a step of detaching the temporary protective film from the
encapsulation molded body.

18.  The method for manufacturing a semiconductor device according
to claim 17, further comprising a step of connecting the semiconductor
element mounted on the die pad and the inner lead using an

electroconductive material by reflow.

55



