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[DESCRIPTION]

{TITLE OF INVENTION]

METHOD AND APPARATUS FOR PRODUCING SEMICONDUCTOR DEVICE
[Technical Field]

[0001]

The present invention relates to a method and an apparatus
for producing a semiconductor device, which are used in PC and
mobile terminals. More specifically, the present invention
relates to a method and an apparatus for producing a semiconductor
device in which solder joints are made between semiconductor chips
forICsandLSIs, andacircuitsubstrate suchasaflexiblesubstrate,
a glass epoxy substrate, a glass substrate, a ceramics substrate,
a silicon interposer, or a silicon substrate, cor a semiconductorl
device inwhich soclder joints are made between semiconductor chips.
[Background Art]

[0002]

In recent days, in accordance with achievement of
miniaturization and high density of a semiconductor device,
flip-chipmounting, and three-dimensional stackmounting in which
semiconductor chips are three-dimensionally stacked by a
through-silicon via piercing though chips have been growing as
themethod formounting semiconductor chipsonacircuit substrate.
As themethod to ensure connection reliability of the joint portion
between semiconductor chips and a substrate, there has widely been

used, as the general method, a method in which bumps formed on



10

15

20

25

semiconductor chips are joined with electrode pads of a substrate,
andthenaliquidsealingadhesiveisinjectedintothe spacebetween
the semiconductor chips and a circuit substrate, followed by
curing.
[0003]

There has recently been proposed a method in which a resin
film is temporarily bonded with a semiconductor wafer with bumps
and a semiconductor wafer is diced into individual semiconductor
chips, and then the semiconductor chips are flip-chip jointed to
a clrcuit substrate, and electrical joining and resin sealing are
simultaneously performed, and an adhesive filmused therefor (see,
forexample, Patent Literatures1to3). Accordingtothesemethods,
it is possible to make a bonding area between the adhesive film
and the semiconductor chips to be almost the same, leading to very
little extrusion of an adhesive to the semiconductor chips as
compared with the case of using a liquid sealing adhesive. When
thin semiconductor chips are joined on a substrate through such
adhesive film, an proposal is made to take a measure so as not
to cause adhesion of the extruded adhesive to a heat tool by
interposing a resin film made of Teflon (registered trademark),
silicone, or the like into the space between semiconductor chips
and a heat tool of a bonding device. A proposal is also made to
use, as a protective filmthereof, a protective filmhavinga large
elastic modulus so as to suppress warp of the semiconductor chips

(see, for example, Patent Literatures 4 to 5). A proposal is also
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made on a method to prevent extrusion of an adhesive, and jamming
of an insulating inorganic filler and a resin contained in an
adhesive film between bumps of semiconductor chips and electrode
pads on a substrate by defining the size of an adhesive film in
the case of thermal compression bonding (see Patent Literature
6).
[Citation List]
[Patent Literature]
[0004]
[Patent Literature 1]

Japanese Unexamined Patent Publication (Kokai) No.
2001-237268 (claim 1, pages 3 to 4)
[Patent Literature 2]

Japanese Unexamined Patent Publication (Kokai) No.
2004-315688 (claims)
[Patent Literature 3]

Japanese Unexamined Patent Publication (Kokai) No.
2004-319823 (claims)
[Patent Literature 4)

Japanese Unexamined Patent Publication (Kokail) No.
2006-229124 (claims)
[Patent Literature 5]

Japanese Unexamined Patent Publication (Kokai) No.
2009-116326 (claims)

[Patent Literature 6]
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Japanese Unexamined Patent Publication {Kokai)} No.
2010~226098 (claims)
[Summary of Invention]
[Technical Problem]
[60O05]

However, there was a problem that, in the case of making
solder joints through an adhesive film using a protective film
thereof, a resin of the adhesive film is caught between bumps and
electrode pads to cause continuity failure.

[0006]

An object of the present invention is to provide a method
and an apparatus for producing a semiconductor device, which is
capable of satisfactory making solder joints without causing
catching of a resin of an adhesive film between bumps and electrode
pads, and contamination of a heat tool.

[Soiution to Problem]
[0007]

A first ﬁethod for producing a semiconductor device of the
present invention is a method for producing a semiconductor device
in which solder joints are made between semiconductor chips with
bumps and a substrate with electrodes corresponding to the bumps
through a thermosetting adhesive layer, the method including the
successive steps of:

(A) forming a thermosetting adhesive layer in advance on a surface

including bumps of the semiconductor chip;
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(B) laying a surface on the thermosetting adhesive layer side of
thesemiconductorchip,cn1whichthethermoéettingadhesivelayer
is formed, anda substrate oneuponanother, followedbypre-bonding
using a heat tool to obtain a pre-bonded laminate; and

(C) interposing a protective film having a thermal conductivity
of 100 W/mK or more between the heat tool and a surface on the
semiconductor chip side of the pre-bonded laminate, melting a
solder between the semiconductor chips and the substrate and

simultaneously'curiné the thermosetting adhesive layer using the
heat tool.

[ocosg]

A second method for producing a semiconductor device of the
present invention is a method for producing a semiconductor device
according to claim 1, wherein solder joints are made between a
plurality of semiconductor chips with bumps and through-silicon
vias, and a substrate with electrodes corresponding to the bumps
through a thermosetting adhesive layer, the method including the
successive steps of:

(A') forming a thermosetting adhesive layer in advance on each
surface including bumps of a plurality of semiconductor chips to
obtain a plurality of semiconductor chips on which the
thermosetting adhesive layer is formed,

(B’ ) obtaining amultistage pre-bonded laminate by passing through
the step of laying a surface on the thermosetting adhesive layer

side, on which the thermosetting adhesive layer is formed, of one
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semiconductor chip and a substrate one upon another, followed by
pre-bonding using the heat tool, and one or more step(s) of laying
a surface on the semiconductor chip side of the semiconductor chips
and a surface on the thermosetting adhesive layer side of the other
semiconductor chips, on which the thermosetting adhesive layer
is formed, one upon another, followed by pre-bonding using the
heat tool, and

{C’) interposing a protective film having a thermal conductivity
of 100 W/mK or more between the heat tool and a surface on the
semiconductor chip side of the multistage pre-bonded laminate,
melting a solder between a plurality of semiconductor chips, and
a solder between the semiconductor chips and the substrate, and
simultaneously curing the thermosetting adhesive layer using the
heat tool.

[0009]

An apparatus for producing a semiconductor device of the
present invention is an apparatus for producing a semiconductox
device by bonding a substrate with a semiconductor chip, including
a bonding device including a stage for disposing the substrate
and a heat tool having a mechanism for heating and pressurizing
the semiconductor chip; a supply reel for supplying a protective
filmhavinga thermal conductivityof 100W/mKormore; anda take-up
reel for taking up the protective film; which are disposed so that
the protective film supplied from the supply reel passes between

the heat toocl and the stage, thus being taken up by the take-up



10

15

20

25

reel.
[Advantageous Effects of Invention]
[0010]

According to the productionmethod of the present invention,
it is possible to easily make solder joints between bumps and
electrode pads through a thermosetting adhesive layer, thusmaking
it possible to produce a semiconductor device in a high yield.
[Brief Description of the‘Drawings]

[0011]

Fig. 1 is a sectional view showing a mounting step of a
semiconductor device using a protective film according to the
present invention.

Fig. 2 is an explanatory drawing of a method for producing
a semiconductor device according to the present invention.

Fig. 3 is an explanatory drawing of a method for producing
a semiconductor device according to the present invention.

Fig. 4 is an explanatory drawing of a method for producing
a semiconductor device in which three-dimensional stack mounting
according to the present invention is performed. .
[Description of Embodiments]

[0012]

“Semiconductordevice” asusedinthepresent inventionmeans
all devices capable of functioning by making use of properties
of a semiconductor device. All of an electro-optical device in

which semiconductor chips are connected to a substrate, a
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semiconductor circuit substrate, and electronic components
including them are included in the semiconductor device. The
semiconductor device also includes those obtained by
three-dimensionally laminating a plurality of silicon chips using
semiconductorchipsinwhichconnectionterminalssuchaselectrode
pads andbumps are formedonboth surfacesof siliconchipsincluding
a through-silicon via (TSV).

[0013]

Examples of the semiconductor chip include, but are not
limitedto, anintegratedcircuit, alarge-scaleintegratedcircuit,
a transistor, a thyristor, a diode, and the like. It is possible
to use, as the material of the semiconductor chip, semiconductors
such as silicon (Si) and germanium (Ge); and compound
semiconductors such as galliumarsenide (GaAs), galliumphosphide
(GaP), indium phosphide {InP),‘and silicon carbide (8iC).
[0014]

Bumps are formed on the semiconductor chip fromthe viewpoint
of connection reliability. There is no particular limitation on
the material of bumps, and it is possible to use metals which can
be usually used in the semiconductor device, such as aluminum,
copper, titanium, tungsten, chromium, nickel, gold, solder, and
alloys using the same. Since there is a need tomake solder joints
between bumps of the semiconductor chip and electrode pads of a
substrate, the material of either the bumps or the electrode pad

is preferably a solder. In the present invention, heating is
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performed from the semiconductor chip side by a heat tool, and
thus bumps are preferably solder bumps because heat easily
transfers to the solder.

[0015]

There is no particular limitation on the material of the
solder, anditispreferredtouse lead-freesolderssuchas Sn-Ag-Cu
based, Sn-Cubased, Sn-Agbased, Sn~Ag~Cu-Bi based, Sn-Zn-Bibased,
and Sn-Ag-In-Bi based solders from the viewpoint of an adverse
influence on the human body and envirconment. In order to respond
narrow-pitch bumps, solder bumps are preferably formedon apillar
made of metal, especially a copper pillar. It is also possible
toprovide abarriermetal layer for suppressingdiffusionofmetal
between the solder and the metal pillar. From the viewpoint of
the fact that it is difficult to catch a resin and a filler between
bumps and electrode pads, solder bumps preferably have a

hemispherical shape.

It is preferred that all bumps in the semiconductor chip
have uniform height. Specifically, variation in height of bumps
is preferably 0.5 um or less. Variation of 0.5 um or less enables
mounting of the semiconductor chip without causing connection
failure in the case of bonding bumps. More preferably, variation
inheight of bumps is 0.2 ymor less. It isalsopossible tosubject
bumps to grinding processing so as to decrease variation in height

of bumps.
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[0017]

Examples of the substrate include semiconductor substrates
such as a silicon substrate, a ceramics substrate, a compound
semiconductor substrate, an organic circuit substrate, an
inorganic circuit substrate, and those obtained by disposing
constituent materials of a circuit on these substrates. It is
alsopossibletouse, asthesiliconsubstrate, semiconductor chips
including the semiconductor chips, especially those having a TSV
structure. 1In this case, plural semiconductor chips are joined
witheachother. Inthemethodofthepresentinvention, regardless
of kinds of members to be used, a member in contact with a heat
seal through a protective film is called a “semiconductor chip”,
while a member disposed on the below-mentioned is called a
“substrate”. Examples of the organic circuit substrate include
glass base copper clad laminates such as a glass cloth epoxy copper
clad laminate; composite copper clad laminates such as a glass
nonwoven fabric epoxy copper clad laminate; heat-resistant
thermoplasticsubstrates suchasapolyetherimide resinsubstrate,
a polyether ketone resin substrate, and a polysulfone-based resin
substrate; polyester copper clad film substrates; and flexible
substrates such as a polyimide copper clad film substrate.
Examples of the inorganic circuilt substrate include ceramic
substrates such as an alumina substrate, an aluminum nitride
substrate, and a silicon carbide substrate; and metal-based

substrates such as an aluminum-based substrate and an iron-based
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substrate. Especially, the present invention effectively acts
when using a silicon substrate used in a thinned multilayer
substrate having a high thermal conductivity, especially
semiconductor chips having a TSV structure.

(0018}

Examples of the constituent material of a circuit on the
substrate include a conductor containing metals such as silver,
gold, copper, and aluminum; a resistor containing an inorganic
oxide, and the like; a low dielectric material containing a
glass-based material and/or a resin; a high dielectric material
containinga resin, highdielectric constant inorganic particles,
and the like; and an insulator containing a glass~based material.
[0019]

The substrate includes electrode pads corresponding to the
position of bumps of the semiconductor chip. The electrode pad
may have a flat shape, or may be a protrusion of a so~called pillar
shape (columnar). The electrode pad may have either a circular
shape, or a polygonal shape such as square or octagon. There is
no particular limitation on the material of the electrcde pad,
and it is possible to use metals which can be usually used in the
semiconductor device, suchasaluminum, copper, titanium, tungsten,
chromium, nickel, gold, solder, and alloys using the same. It
is also possible to laminate a plurality of metals. 1In the case
of electrode pads, like bumps, variation in height is preferably

0.5 um or less and it is also possible to be subjected to grinding
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processing.
[0020]

The first method for producing a semiconductor device of
the present invention is a method for producing a semiconductor
device in which solder joints are made between a semiconductor
chip with bumps and a substrate with electrodes corresponding to
the bumps through a thermosetting adhesive léyer, the method
comprising the successive steps of:

(A) forming a thermosetting adhesive layer in advance on a surface
including bumps of the semiconductor chip;

(B) laying a surface on the thermosetting adhesive layer side of
thesemiconductorchip,cnzwhichthethermosettingadhesivelayer
is formed, anda substrate one uponanother, followedby pre-bonding
using a heat tool to obtain a pre-bonded laminate; and

(C) interposing a protective film having a thermal conductivity
of 100 W/mK or more between the heat tool and a surface on the
semiconductor chip side of the pre-bonded iaminate,rmelting a
solder between the semiconductor chip and the substrate and
simultaneously curing the thermosetting adhesive layer using the
heat tool.

[0021]

In the step (A), a thermosetting adhesive layer is formed
in advance cn a surface includingﬁﬁumps of the semiconductor chip.
A particularly preferred method is a method comprising the

successive steps of laying a surface on the thermosetting adhesive
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layer sideof athermosettingadhesive filminwhichathermosetting
adhesive layer is formedona releasable plastic film, and a surface
on the bump side of semiconductor chips with bumps one upon another,
and performing heat lamination or vacuum heating lamination while
pressurizing because of its simple operation and less extrusion
of an adhesive to semiconductor chips. The temperature at the
time of lamination is preferably 60°C or higher in view of
followabilitytoirregularityof thethermosettingadhesive layer.
In oxrder to prevent curing of a thermosetting adhesive at the time
of lamination, the temperature is preferably set at 100°C or lower.
The dynamic viscosity of the thermosetting adhesive layer is
preferably 50 to 5,000 Pa-s within this temperature. It is easy
to handle when the dynamic viscosity of the thermosetting adhesive
layer is 50 Pa's or more, while bumps are likely to be embedded
inthe thermosettingadhesive layer, thusenablinglaminationunder
a low pressure when the dynamic viscosity is 5,000 Pa's or less.
In this case, a releasable plastic film of the thermosetting
adhesive film is peeled off, leading to exposure of the
thermosetting adhesive layer until the bonding step after the
lamination step.
[0022]

The dynamic viscosity of the thermosetting adhesive layer
canbemeasuredbyadynamicviscoelasticmethodusing, forexample,
a rheometer (DMS6100, manufactured by Seiko Instruments Inc.).

[0023]
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It is also possible to férnta thermosetting adhesive layer
by coating a surface including bumps of the semiconductor chip
with a liguid thermosetting adhesive, as the other method. There
isnoparticularlimitationonthecocatingmethod, andit ispossible
to use a spinner, screen printing, a blade coater, a die coater,
and the like. In this case, the thermosetting adhesive layer is
preferably dried in advance from the viewpoint of handling
properties of the semiconductor chip until the bonding step.
[0024]

It is also possible to produce a semiconductor chip with
a thermosetting adhesive layer by forming a thermosetting adhesive
layer on a surface of a semiconductor wafer including bumps formed
thereon, on which a ;ot of semiconductor chips are formed, and
dicing the semiconductor wafer, together with the thermosetting
adhesive layer in place of performing the above-mentioned step
(A) to individual semiconductor chips, respectively. Thismethod
is preferable since the thermosetting adhesive layer and the
semiconductor chip can be formed into the same shape, thus
minimizing extrusion of the thermosetting adhesive layer during
bonding.

[06025]

The thermosetting adhesive layer may be made only of an
insulating resin, or the insulating resin may contain other
components. Apluralityofkindsofinsulatingresinsmaybemixed.

It is possible to use, as the insulating resin, a polyimide resin,
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an epoxy resin, an acrylic resin, a phenoxy resin, a
polyethersulfone resin, and the like, but the insulating resin
is not limited thereto. The thermosetting adhesive layer may
further contain a curing agent, a curing accelerator, and the like.
It is possible to use, as the curing agent and curing accelerator,
known curing agents and curing accelerators.

[0026]

The thermosetting adhesive layer preferably contains an
insulating inorganic filler from the viewpoint of insulation
reliability and reliability to temperature cycle. It ispossible
touse, as the insulating inorganicfiller, silica, siliconnitride,
alumina, aluminum nitride, titanium oxide, titanium nitride,
barium titanate, and the like. Since the insulating inorganic
filler may be sometimes caught between the bunps and the electrode
pad, the thermosetting adhesive layer can be preferably produced
byusingamethod forproducingasemiconductordeviceof thepresent
invention.

[0027]

If necessary, a crosslinking agent, a surfactant, a
dispersingagent, andthe likemaybe containedinthe thermosetting
adhesive layer. The thermosetting adhesive layer may have
photosensitivity. In the case of having photosensitivity, after
formation of a coating film or sticking of a sheet, patterning
is performed by exposure and development, thus enabling opening

of the requisite portion such as bump formation portion.
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[0028]

It is possible to use, as the thermosetting adhesive used
inthepresent invention, resincompesitionsdisclosed, forexample,
inJapanese Unexamined Patent Publication (Kokai) No. 2004-319823,
Japanese Unexamined Patent Publication (Kokai) No. 2008-94870,
Japanese Patent No. 3995022, Japanese Unexamined Patent
Publication (Kokai) No. 2009-262227, and the like.

[0029]

The thickness of the thermosetting adhesive layer is
preferably an average height or more of bumps. More preferably,
the thickness is an average height or more of bumps, and is also
1.5times or less the thickness obtained by adding an average height
of bumps and an average height of an electrode pad on a substrate.
Still more preferably, the thickness is an average height or more
of bumps, and is also the thickness or less obtained by adding
an average height of bumps and an average height of an electrode
pad on a substrate. It is possible to obtain the height of bumps
or the height of an electrode padbymeasuring the shape of a surface
of semiconductor chips or substrate, and measuring a peak value
of the height using the lowest height (0 pm) as standards. The
average height and the average height of the electrode pad are
respectivelyanaverage of theheightsofall bumpsof semiconductor
chips and an average of the heights of all electrode pads on a
substrate, and they can be measured, for example, by a confocal

microscope (H1200, manufactured by Lasertec Corporation). When
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the thickness of the thermosetting adhesive layer is an average
height or more of bumps, voids are less likely to be generated
between the thermosetting adhesive layer and the substrate after
bonding, and thus a decrease in adhesive force and an adverse
influence on reliability are less likely to occur. When the
thickness of the thermosetting adhesive layer is 1.5 times or less
the thickness obtained by adding an average height of bumps and
an average height of an electrode pad on a substrate, because of
not only excellent economy but also a small amount of the
thermosettingadhesive layer extruded, themountingareadecreases
and the extruded thermosetting adhesive layer also reaches the
upper portion of semiconductor chips, thus suppressing
contamination of a heat tool of the bonding device and bonding
between the heat tool and semiconductor chips.

[0030]

In the step (B), pre-bonding is performed. As used herein,
the pre-bonding step is a step in which while semiconductor chips
and a substgate are fixed using a heat tool, heat and pressure
are applied so that‘curing of a thermosetting adhesive does not
proceed. In the pre-bonding step, a surface on the thermosetting
adhesive layer side of the semiconductor chip, on which the
thermosetting adhesive layer is formed, and a substrate are laid
one upon another, followed by pre-bonding using the heat tool to
cbhtain a pre-bonded laminate.

[0031]
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In that case, after adjusting the position based on the
alignment mark so that the connection position of bumps of the
semiconductor chip agrees with that of the electrode pads of the
substrate, pre-bonding is performed. From the viewpoint of
positional accuracy, the thermosetting adhesive layer is
preferably transparent so as to be able to recognize the alignment
mark.,

[0032]

The temperature of the heat tool at the time of pre-bonding
is preferably within a temperature range of 60 to 120°C so that
the viscosity of the thermosetting adhesive layer is decreased
at the temperature of a solder melting point or lower to enhance
adhesiveness, thus fixing semiconductor chipsat the predetermined
position, andcuringof the thermosetting adhesive does not proceed.
The pressure at the time of pre-bonding is preferably within a
range 0of 0.01 to 0.5 MPa. The pressure of 0.01 MPa or more enables
sufficient achievement of an object of pre-bonding, while the
pressure of 0.5 MPa or less enables pre-bonding without causing
significant deformation of bumps. Pre-bonding may be performed
under a normal pressure, or may be performed in vacuum So as to
prevent intrusionofbubbles. Thetemperatureasusedhereinmeans
a temperature in the thermosetting adhesive layer and can be
determined, for example, by connecting a thermocouple to a
temperature recorder (NR100, manufactured by Keyence

Corporation).
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[0033]

In the case of pre-pbonding, it is also possible to stick
a protective film having a thermal conductivity of 100 W/mK or
more to a surface in contact with the semiconductor chip of a heat
tool. In this case, it is possible to continuously perform the
below-mentioned main bonding step without removing a heat tool
fromsemiconductorchips. Itisalsopossibletostickaprotective
film on a stage on which a substrate is disposed so as not to
contaminate the stage.
[0034]

In the step (C), main bonding is performed. As used herein,
a main bonding step means a step of melting a solder between a
semiconductor chip and a substrate using a heat tool, and also
applying heat and pressure so as to cure a thermosetting adhesive
layer. In the main bonding step, a protective film having a
thermal conductivity of 100 W/mK or more is interposed between
the heat tool and a surface on the semiconductor chip side of a
pre-bonded laminate, and a solder between the semiconductor chips
and the substrate is melted and the thermosetting adhesive layer
is simultaneously cured using the heat tool.
0035}

The temperature of the heat tool at the time of main bonding
is preferably within a range of 220 to 300°C so that a solder is
melted. Thisheattreatmentmaybeperformedbystepwiselyraising

the temperature or continuously raising the temperature. The
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heating time is preferably from 1 second to several minutes. As
an example, after maintaining at 100°C for 10 seconds so as to
soften the thermcsetting adhesive layer, a heating treatment is
performed at 250°C for 20 seconds so as to melt solder. At this
time, the heat-up time of the temperature is preferably 1 second
or less from the viewpoint of fluidity of the adhesive and timing
of melting of solder. The heat-up time means the time duringwhich
the surface temperature of the heat tool changes by 90% or more
from the current temperature toward the setting temperature. The
pressure at the time of main bonding is preferably within a range
of 0.01 to 1 MPa from the viewpoint of the pushed in amount of
a solder. At this time, the pressure can be temporally change&.
At the time of melting a solder, it is also possible to perform
height control for fixing the position of the heat tool; The heat
treatment may be performed under a normal pressure or in vacuum.
In order to prevent oxidative degradation due to air, the heat
treatment may be performed under nitrogen atmosphere.

[0036]

The protective film used in the present invention is a film
having a thermal conductivity of 100 W/mK or more, and preferably
200 W/mK or more. Use of the protective film makes it possible
to prevent the heat tool from contaminating with the thermosetting
adhesive. Contamination of the heat tool causes impaired
smoothness of the heat tool, leading to nonmunifofm thermally

bonded state of semiconductor chips at the time of bonding,
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resulting in generation of bonding failure. Use of theprotective
filmenables prevention of suchproblem. When the protective film
has thermal conductivity of 100 W/mK or more, it becomes possible
totransfer heat fromthe heat ool tosolder bumps of semiconductor
chips or solder electrode pads of a substrate in a short time.
As a result, it becomes possible tomelt a solder in a state where
the thermosetting adhesive layer has fluidity before curing. It
is possible to join bumps with electrode pads without causing
catching of a resin contained in the thermosetting adhesive layer.
The upper limit of thermal conductivity isnotparticularly limited
and is preferably 500 W/mK or less, and more preferably 400 W/mK
or less, in view of ease of availability of a protective film.
[0037]

When the protective film has thermal conductivity of less
than 100 W/mK, transfer of heat from the heat tool to solder bumps
or solder electrode pads takes time, and thus curing of the
thermosetting adhesive layer proceeds before a solder is melted.
In that case, in the case of joining bumps with electrode pads,
the thermosetting adhesive having lost fluidity is caught between
bumps and electrode pads.

[0038]

The thickness of the protective film is preferably 5 pym or
more and 20 um or less. The thickness is preferably 5 ym or more
since the strength of the protective f£ilm increases. When the

thickness is 20 um or less, the heat transfer time at the time
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of sclder melting decreases and thus it is easy to transfer heat
without curing the thermosetting adhesive layer.
[0039]

It is possible to use, as the material of the protective
film, various materials having a thermal conductivity of 100 W/mK
ormore. Of thesematerials, a copper foil or aluminum foil having
highthermal conductivityandhighworkability ispreferable. The
copper foilmaycontainimpuritiesother thancopper, and the amount
of impurities is preferably 10% by weight or less, and more
preferably 1% by weight or less, in the total weight of the copper
foil. The aluminum foil may also contain impurities other than
aluminum, and the amount of impurities is preferably 10% by weight.
or less, and more preferably 1% by weight or less, in the total
weight of the aluminum foil. The protective film may have a
structure in which two or more metal foils or a film capable of
prevention of sticking are laminating. It is also possible to
use those with a fluorine coat (releasant). In the case of these
protective films, thermal conductivity is the value as the whole
laminate structure. Thermal conductivity of the protective film
can be measured, for example, using Thermal Conductivity
Measurement System (1 u, manufactured by ai-Phase Co., Ltd.).
[0040]

After the above main bonding step, additional cure may be
performed. The conditions of additional cure can be optionally

set according to properties of the thermosetting adhesive to be
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used.
[0041]

Each step of the method for producing a semiconductor device
of the present invention will be describeé by way of Examples,
but the present invention isnot limited to the following Examples.
[0042]

First, an example of the step (A) is shown in Fig. 2({(a).
In the example shown in Fig. 2(a), copper pillars 7 are provided
on one surface of a semiconductor chip 3, and hemispherical solder
bumps 8 are formed on copper pillars 7. On a surface on which
solder bumps 8 of the semiconductor chip 3 are formed, a
thermosetting adhesive film, in which a thermosetting adhesive
layer 4 is formed on a plastic film 10, is laminated. A surface
onthe thermosettingadhesive layer 4 of the thermosettingadhesive
film and a surface, on which solder bumps 8 of the semiconductor
chip 3 are formed, are laid one upon another, followed by lamination
by application of pressure while heating. In this case, since
lamination is preferably performed without forming voids between
the thermosetting adhesive layer 4 and the semiconductor chip 3,
lamination is preferably performed in vacuum. The device capable
of laminating in vacuum includes, for example, Vacuum & Pressure
Laminator (MVLP500/600, manufacturedbyMeikiCo., Ltd.). Atthis
time, heating may be performed from the semiconductor chip side
or the plastic film side, or both sides. The pressure at the time

of lamination is preferably 0.1 MPa or more and 1 MPa or less so
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that the thermosetting adhesive layer 4 can follow irregularity
of solder bumps 8 and solder bumps 8 are not collapsed. After
lamination, a plastic film 10 is removed from the thermosetting
adhesive layer 4, thusmaking it possible to obtain a semiconductor

chip on which the thermosetting adhesive layer 4 is formed (Fig.

2(b)).
{00437

Next, an example of the pre-bonding step as the step (B)
is shown in Fig. 2(c). For pre-bonding, a flip-chip bonder, for

example, a bonding device FC3000S (manufactured by Toray

Engineering Co., Ltd.) is used. A substrate 5 is disposed on a
stage 6 of the bonding device and the semiconductor chip, on which
the thermosetting adhesive layer 4 is formed, is conveyed to the
upper direction of the substrate using a heat tool 1, whereby,
a bump formation surface of the substrate 5 and a surface on the
thermosetting adhesive layer 4 of the semiconductor chip face each
other. In this case, a protective film 2 may be interposed in
advance between the heat tool 1 and the semiconductor chip 3. The
stage 6 may be maintained in advance at a given temperature of
40°C or higher and 100°C or lower so that ambient temperature
environmentalconditionsexertnoinfiuenceandcufingoftheresin
does not proceed. Next, positioning is performed by detecting
the respective alignment marks of the semiconductor chip 3 and
the substrate 5 area so that the connection position of solder

bumps 8 of the semiconductor chip agrees with that of the electrode
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pads 9 of the substrate. Theheattooll isprovidedwithamechanism
fof heating and pressurizing the semiconductor chip 3 and the
semiconductor chip 3 is pressed against the substrate 5 while
heating (Fig. 2(d)). At this time, heat transfers to a
thermosetting adhesive layer 4 through the semiconductor chip 3.
Accordingly, the temperature of the thermosetting adhesive layer
4 rises to cause an increase in fluidity, and thus bonding the
semiconductor chip 3 and the substrate 5 to obtain a pre-bonded
laminate.
[0044]

Next, a main bonding step shown in Fig. 2(e) is performed.
In the main bonding step, like the case of pre-bonding, the
semiconductor chip 3 ispressedagainst the substrate while heating
using a heat tool 1, and the temperature of the heat tool 1 is
controlled so that the thermosetting adhesive layer 4 is cured
and also a solder of solder bumps 8 is melted. A protective film
2 having a thermal conductivity of 1OQ W/mK or more is interposed
between the heat tool 1 and the semiconductor chip 3.
[0045]

In the present invention, since a protective film 2 having
a high thermal conductivity is used, a solder is melted before
curing of the thermosetting adhesive laver 4 because of guick
thermal conduction from the heat tool 1. Therefore, the
thermosetting adhesive layer 4 maintains fluidity at the time of

melting of a solder, thus enabling satisfactory joining between
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the solder bump 8 and the electrode pad 9. Even if the adhesive
is extruded, the protective film 2 exists between the heat tool
1 and the semiconductor chip 3, thus enabling bonding without
causing contamination of the heat tool 1 with the adhesive. 1In
order to allow curing of the thermosetting adhesive layer 4 to
proceed, heatingmay be further heated after themain bonding step.
[0046]

The protective film 2 may be stuck in advance on the heat
tool 1, or may be inserted between the semiconductor chip 3 and
the heat tool 1 at the time of bonding. As shown in Fig. 3, the
protective £film 2 is preferably supplied in a reel-to reel manner
since it becomes easy to supply a new surface of the protective
film 2 between the semiconductor chip 3 and the heat tool 1. 1In
the device of Fig. 3, thé protective film 2 is supplied from a
supply reel 12 and is disposed so that it passes between the heat
tool 1 and the semiconductor chip 3 in the bonding device, and
then taken up by a take-up reel 13. One of preferred aspects is
as follows. That is, the supply reel 12 and the take-up reel 13
are driven according to an operation of the bonding device, and
the supply reel 12 and the take—up reel 13 are driven every single
bonding operation, thus supplying a new surface of the protective
film 2 between the heat tool 1 and the semiconductor chip 3. The
reel isnot drivenevery single bonding operation, but maybe driven
everymultiple bonding operation. Anewsurface of the protective

film2maypbecontinuously suppliedlittlebylittlebycontinuously
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driving the reel at a given rate.
[0047]

A second method for producing a semiconductor device of the
present invention is amethod for producing a semiconductordevice,
wherein solder joints are made between a plurality of
semiconductor chips with bumps and through-silicon vias, and a
substrate with electrodes corresponding to the bumps through a
thermosetting adhesive layer, themethod including the successive
steps of:

(A’) forming a thermosetting adhesive layer in advance on each
surface including bumps of a plurality of semiconductor chips to
obtain a plurality of semiconductor chips on which the
thermosetting adhesive layer is formed,

(B”) obtainingamultistage pre-bonded laminate by passing through
the step of laying a surface on the thermosetting adhesive layer
side, on which the thermosetting adhesive layer is formed, of one
semiconductor chip and a substrate one upon another, followed by
pre-bonding using a heat tool, and one or more step(s) of laying
a surface on the semiconductor chip side of the semiconductor chips
and a surface on the thermosetting adhesive laver side of the other
semiconductor chips, on which the thermosetting adhesive layer
is formed, one upon another, followed by pre-bonding using a heat
tool, and

(C") interposing a protective filnlhaviﬁg'a‘thermal conductivity

of 100 W/mK or more between the heat tool and a surface on the
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semiconductor chip side of the multistage pre-bonded laminate,
melting a solder between a plurality of semiconductor chips, and
a solder between the semiconductor chips and the substrate, and
simultaneously curing the thermosetting adhesive layer using the
heat tool.

[0048]

First, in the step (A’), a thermosetting adhesive layer is
formed in advance on a surface including bumps of the semiconductor
chips. It is possible to use, as the method for forming a
thermosetting adhesive layer, the same method as the first
production method. In the present production method, a laminate
of chips is formed in a multi-stage manner. Therefore, it is
particularly preferred to use chips obtained by forming a
thermosetting adhesive layer on a semiconductor wafer, and
simultaneously dicing the thermosetting adhesive layer and the
semiconductor wafer since extrusion of the thermosetting adhesive
layer from the obtained laminate can be minimized.

[0049]

Next, in the step (B’), pre-bonding is performed. In the
pre-bonding step, first, in the same manner as in the first
production method, after laying a surface on the thermosetting
adhesive layer side of one semiconductor chip, on which a
thermosetting adhesive layer is formed, and a substrate one upon
another, pre-bonding isperformedbyheatingandpressurizingusing

a heat toocl of a bonding device. Furthermore, after laying a
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surface on the semiconductor chip side of the pre-bonded
semiconductor chips and a surface on the thermosetting adhesive
layer side of other semiconductor chips on which a thermosetting
adhesive layer is formedone upon another, pre-bonding is performed.
This step is repeated to form a multistage pre-bonded laminate
in which a plurality of semiconductor chips are laminated and
pre-bonded.

[0050]

While preferred temperature conditions of the heat tool of
pre-bonding are the same as in the first production method, it
is possible to change the temperature every number of stages of
lamination since heat transfer from the heat tool varies when the
number of stages of lamination increases.

[0051]

In the case of pre-bonding, it is also possible to stick
a protective f£ilm having a thermal conductivity of 100 W/mK or
more to a surface in contact with the semiconductor chip of the

heat tool. In this case, the below-mentioned main bonding step

-{(C") can be continuously performed without removing the heat tool

from the semiconductor chip.
[0052]

In the main bonding step (C’), in the same manner as in the
first production method, a protective film having a thermal
conductivity of 100 W/mK or more is interposed between a heat tool

and a surface on the semiconductor chip side of a multistage
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pre-bonded laminate, and a solder between a plurality of
semiconductor chips and a solder between the semiconductor chips
and the substrate are melted and the thermosetting adhesive layer
is cured, simultaneously. It is also possible to lay a surface
on the thermosetting adhesive layer side of other semiconductor
chips on which a thermosetting adhesive layer is further formed
thereon to form amultistage pre-bonded laminate by the step (B’),
followed by a main bonding step (C’).

[0053]

Each step of a second production method will be described
below by way of examples, but the present invention is not limited
to the following examples.

[0054]

First, an example of the step (A’) is shown in Fig. 4(a).
In this example, semiconductor chips 3 including through-silicon
vias (TSV) 11 are used. A copper pillar 7 is provided on TSV 11
on one surface of the semiconductor chips 3 including TSV 11, while
hemispherical solder bumps 8 are formed on the copper pillar 7.
On TSV 11 on the opposite surface, electrode pads 9 is formed.
In the same manner as in the first production method, on a surface
on which solder bumps 8 of semiconductor chips 3 are formed, a
thermosetting adhesive film, on which a thermosetting adhesive
layer 4 is formed on a plastic film 10, is laminated, and then
theplastic film1l0 ispeeledoff to formthe thermosetting adhesive

layer 4 on the surface on which solder bumps 8 of semiconductor
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chips 3 are formed.
[0055]

(klaéurfaceincludingbumps8<xfapluralityofsemiconductor
chips 3, a thermosetting adhesive layer 4 is formed in accordance
with the step (A’), thus obtaining a plurality of semiconductor
chips inwhichathermosettingadhesive layeris formed (Fig. 4(b)).
[0056]

Next, a surface on thermosetting adhesive layer side of one
semiconductor chip, on which a thermosetting adhesive layer 4 is
formed, and a substrate 5 are laid one upon another, followed by
pre-bonding in the same manner as in the first production method.
As shown in Fig. 4(c), a surface on the semiconductor chip side
of pre-bonded semiconductor chips is laid on a surface on the
thermosetting adhesive layer 4 side of other semiconductor chips
3 on which a thermosetting adhesive layer 4 is formed, followed
by pre-bonding. Thus step 1s repeated to form a multistage
pre-pbonded laminate in which a ?lurality of semiconductor chips
are laminated and pre-bonded (Fig. 4(dj).

[0057]

Finally, inthe samemanner as inthe first productionmethod,
a protective f£ilm 2 having a thermal conductivity of 100 W/mK or
more 1s interposed between a heat tool 1 and a surface on the
semiconductor chip side in the multistage pre-bonded laminate,
and a solder betweenaplurality of semiconductor chips anda solder

between the semiconductor chips and the substrate are melted and
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a main bonding step of curing the thermosetting adhesive layer
is performed, simultaneocusly (Fig. 4(e)).

[Examples]

(0058}

Amethod for producing a semiconductor device of the present
invention will be more specifically described below, but the

resent invention is not limited thereto.
[0059]

The present invention will be described below by way of
Examples, but thepresent inventionisnot limitedtothese Examples.
Materials and evaluation methods used in Examples 1 to 14 and
Comparative Examples 1 to 6 are shown below.

[0060]
<Structure of Semiconductor Chip>

A 1 um thick aluminum wiring was formed on an oxide film
of a silicon wafer, and a 1 um thick silicon nitride insulating
film was formed thereon. The silicon nitride insulating film was
provided with an opening so as to have continuity with the silicon
wafer. The opening was formed with a chromium layer, and then
a copper post having a height of 10 pym and a bump having a height
of 5ummade of a solder (SnAg) hemispherewere formedonthe chromium
layer to produce a semiconductor chip. Four kinds of bumps, each
having a bump diameter of 25 um, 30 um, 35 um, or 40 um, were provided
in one semiconductor chip. Four kinds of bumps, each having a

bump pitch of 75 pm, 80 pm, 85 ym, or 90 pm relative to each bump
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diameter, were provided. The number of bumps provided was 174,
162, 150, and 138, to each pitch. Aluminum wiring is patterned
on semiconductor chips so as to be able to measure connection
resistance foreachbump structure aftermountingonthe substrate.
A lot of semiconductor chips are formed on one silicon wafer, and
each semiconductor chip has a size of 7 mm x7 mm and a thickness
of 100 um. Fach semiconductor chip is formed with an alignment
mark for positioning.
[0061]
<Substrate>

A 1 um thick aluminum wiring was formed on an oxide film
of a silicon substrate (film thickness of 100 um), anda 1 uym thick
silicon nitride insulating £ilm was formed thereon. The silicon
nitride insulating film was provided with an opening so as to have
continuity with the silicon substrate. The opening was formed
with a chromium layer, and then an electrode pad made of copper
having a film thickness of 5 pm and nickel/gold having a film
thickness of 1 um was formed on the chromium layer to produce a
substrate. Both the position and the diameter of the electrode
pad formed are set so as to correspond to the bump of the
semiconductor chip. The substrate has a size of 12 mm x12 mm and
a thickness of 100 pm, and a pad of an extraction electrode of
2mm square is formed in the region where the chip on the substrate
is not mounted. A daisy chain is formed by mounting the

above-mentioned semiconductor chip on the substrate, and junction
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resistance between the bump and the electrode pad can be measured
through the extraction electrode. The substrate is formed with
an alignment mark for positioning.
[0062]
<Protective Film>

An aluminum foil and a copper folil were used as a protective
film having a thermal conductivity of 100 W/mK or more. A
fluororesin film and an iron foil were used as a protective film
having a thermal conductivity of less than 100 W/mK. The thermal
conductivity measured by using Thermal Conductivity Measurement
System (1 p, maﬁufactured.by ai~Phase Co., Ltd.) was 230 W/mK for
aluminum foil, 400 W/mK for copper foil, 0.25 W/mK for fluororesin
film, and 70 W/mK for iron foil. Aluminum foil each having a film
thickness of 6 ym, 12 pm, or 18 um; copper foils each having a
film thickness of 3 pym, 5 um, 18 um, or 30 um; fluororesin films
each having a £ilm thickness of 12 pm or 30 um; and an iron foil
having a film thickness of 20 um were used.
{0063]
<Formation of Thermosetting Adhesive Film>

Aftermixing apolyimide (a), anepoxy resin (b), anda curing
accelerator (c) mentioned below, a solvent {(d) was added while
appropriately adjusting so as to obtain a coating film having a
uniform thickness, thus obtaining a thermosetting adhesive. The
thermosetting adhesive was applied on a releasable plastic film

{(polyethylene terephthalate film) and then dried to form a
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thermosetting adhesive film 1 in which a thermosetting adhesive
layer is formed on a plastic film. Mixing was performed so that
a ratio of the polyimide (a), the epoxy resin (b), and the curing
accelerator {(c) becomes 50:20:50 in terms of a weight ratio. The
thermosetting adhesive layer had a thickness of 25 pm.

[0064]

After mixing a polyimide (a), an epoxy resin (b), a curing
accelerator (c¢), and an insulating filler (e) mentioned below,
a solvent (d) was added while appropriately adjusting so as to
obtain a coating film having a uniform thickness, thus obtaining
a thermosetting adhesive. The thermosettingadhesive was applied
on a releasable plastic film (polyethylene terephthalate film)
and then dried to form a thermosetting adhesive film 2 in which
athermosetting adhesive layer is formedonaplastic film. Mixing
was performed so that a ratio of the peclyimide (a), the epoxy resin
(b), the curing accelerator (c), and the insulating filler (e)
becomes 25:10:25:50 in terms of aweight ratio. The thermosetting
adhesive layer had a thickness of 25 um.

[0065]

The curing accelerator (c¢) is prepared by dispersing a
microcapsule typecuringaccelerator inanepoxy resin, andaweight
ratio of the microcapsule type curing accelerator to the epoxy
resinis 33/67. However, inthe abovemixingratio, theproportion
of the curing accelerator (c) is calculated based on the entire

amount of the curingaccelerator (¢). Theepoxyresininthecuring
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accelerator (c¢) is not included in the proportion of the epoxy
resin (b).
[0066]
(a) Polyimide

An organic sclvent-soluble polyimide synthesized by the
following process was used. First, under a drynitrogen gas flow,
24.54 g (0.067 mol) of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, 4.97g (0.02
mol) of 1,3-bis{(3-aminopropyl)tetramethyldisiloxane, and 2.18 g
(0.02 mol) of 3-aminophenol as a terminal sealing agent were
dissolved in 80 g of NMP. To the solution thus obtained, 31.02
g (0.1lmol) cfbis(3,4-dicarboxyphenyl)etherdianhydridewas added,
together with 20 g of NMP, followed by the reaction at 20°C for
1 hour and further stirring at 50°C for 4 hours. Thereafter, 15
g of xylene was added and the reaction solution was stirred at
180°C for 5 hours while making water to azeotripic, together with
xylene. After completion of the stirring, the solution was poured
into 3 L of water to obtain a polymer as a white precipitate. This
precipitate was collected by filtration, washed three times with
water, and then dried at 80°C for 20 hours using a vacuum dryer.
[0067]
{b) Epoxy Resin

A solid epoxy compound (epoxy resin 157570, manufactured
by Mitsubishi Chemical Corporation) was used.

[0068]
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{c) Curing Accelerator

A microcapsule type curing accelerator (NOVACURE
(registered trade name) HX~-3941HP, manufactured by Asahi Kaseil
Chemicals Corp.) was used.
[0069]
(d} Solvent

A mixture of methyl ethyl ketone and toluene (= 4/1 in terms
of a weight ratio) was used.
[G070]
(e) Insulating Inorganic Fillexr

SO;EZ (trade name, spherical silica particles, average
particle diameter of 0.5 pm, manufactured by Admatechs Company
Limited) was used.
[0071]
<Production of Semiconductor Chip with Thermosetting Adhesive
Film>

A thermosetting adhesive layer was embedded in bumps of a
semiconductor chipusingVacuumé& Pressure Laminator {(MVLP500/600,
manufactured by Meiki Co., Ltd.). Lamination was performed in
vacuum under the conditions at 80°C for 20 seconds under a pressure
of 0.7 MPa while pressing a surface on the thermosetting adhesive
layer side of the thermosetting adhesive film thus formed as
mentioned above against a bump formation surface of asiliconwafer
on which a lot of semiconductor chips are formed. The excessive

thermosetting adhesive film on the periphery of the silicon wafer
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was cut by a cutter. The silicon wafer used herein has a size
of 8 inch.
[0072] i

Next, using a wafer mounter (FM-1146-DF, manufactured by
TECHNOVISION, INC.), a surface on the opposite side from bumps
of a semiconductor wafer substrate, on which a thermosetting
adhesive layer is formed, and a dicing tape (D-650, manufactured
by Lintec Corporation) stuck on a tape frame are laid one upon
another. After removing a polyethylene terephthalate film from
the thermosetting adhesive layer, the tape frame was fixed on a
cutting stage of a dicing device (DFD~6240, manufactured by DISCO
Corporation) so that the surface of the thermosetting adhesive
layer facesupward. Then, dicingwasperformedunder the following
cutting conditions.
Bilade: NBC-ZH 127F-SE 27HCCC
Spindle speed: 25,000 rpm
Cutting speed: 50 mm/s
Cutting depth: cut up to depth of 20 um of dicing tape
Cut: One-path full cut
Cut mode: Down cut
Amount of cutting fluid: 3.7 L/minute
Cutting fluid and coolant: temperature of 23°C, electrical
conductivity of 0.5 MQ-cm {(carbonic acid gas is injected into
ultrapure water).

[0073]
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With regard for semiconductor chips chipped into individual
pieces by dicing, adhesion of chips to a surface of a thermosetting
adhesive layer, crackingoromissionof a surfaceof athermosetting
adhesive layer, and peeling of a thermosetting adhesive film from
a wafer were not observed.

[0074)
<Bonding>

Semiconductor dhips with a thermosetting adhesive film
obtained as mentioned above were accommodated in a chip tray with
asurface, onwhichathermosettingadhesive layer is formed, facing
upward, and then supplied to a bonding device (FC3000S,
manufactured by Toray Engineering Co., Ltd.). Meanwhile, the
substrate was disposedon a state maintained at 60°C of the bonding
device.

[0075]

First, semiconductor chips accommodated in the chip tray
were pickedup by apick~up tool and a surface of chips was inverted.
Next, a surface on the semiconductor chip side of semiconductor
chips was vacuum-suctiocned by a conveying device and semiconductor
chips were conveyed upward of the substrate placed on the stage.
Next, an alignment recognition camera enters between the
semiconductor chips and substrate so that bumps of semiconductor
chipsand electrodepadsonthe substrateare laidone uponanother
at the predetermined position, followed by detection of each

alignment mark.



10

20

25

40

[0076]

After adjusting the position based on the alignment mark
so that the connection position of bumps of semiconductor chips
agrees with that of the electrode padof the substrate, pre-bonding
wasperformedbyheatingandpressurizing semiconductor chipsunder
a pressure of 15N at a tempe;ature of 100°C for 10 seconds using
a heat tool of a bonding device to produce a pre-bonded laminate.
{0077

The surface temperature of an attachment of the heat tool
was calibrated in advance using a temperature recorder (NR100,
manufactured by Keyence Corporation) and a K thermocouple.
[0078]

Next, a protective film having a thermal conductivity of
100 W/mK or more was interposed between the heat toocl and a surface
on the semiconductor chip side in the pre-bonded iaminate, and
main bonding was performed, thereby melting a solder between the
semiconductorchipsandthesubstrate, andcuringthethermosetting
adhesive layer. The main bonding was performed by maintaining
under a pressure of 40N at a temperature of 100°C for 10 seconds,
and then treating under a pressure of 40N at a temperature of 250°C
for 20 seconds.

[0079]
<Mountability Evaluation>
Mountability was evaluated by the measurement of continuity

resistance of a daisy chain formed after mounting (continuity
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evaluation) andcross-sectional observationof the bump connection
portion (cross-sectional observation evaluation).
[0080]

It is designed that semiconductor chips and substrates used
in the evaluation of each Example are electrically connected
through connection portions formed in the number of 138, 150, 162,
and 174 for each bump pitch. If only one portion‘where bumps are
not in contact with.theeelgctrode:pad, connection failure occurs.
Here, a measuring terminal of DIGITAL VOLTMETER (3455A,
manufactured by HEWLETT PACKARD) was connected and a resistance
value thereof was measured. The resistance value includes not
only thevalueof the connectionportionbetweenbumps andelectrode
pads, but also the value of resistance inside semiconductor chips
and a lead electrode. It was judged whether or not all resistance
values measured with respect to the daisy chain of each bump pitch
are less than 100 k. The case where all resistance values of
daisy chains measured with respect to 3 samples after mounting
are less than 100 kQwas rated “A”, the casewhere some of resistance
values of daisychainsmeasuredwithrespect tolsampleor 2 samples
after mounting are more than 100 kQ were rated “B”, and the case
where all resistance values of daisy chains measured with respect
to 3 samples after mounting are more than 100 kQ was rated “C”,
respectively.

[0081]

Cross-sectional cobservation was evaluated by the following
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procedures. With respect to bumps observed by a microscope after
cutting at any position, it was judged whether or not a resin or
a filler bites at an interface between solder bumps and a copper
pad on a substrate in the proportion of 10% or more relative to
the diameter of a copper pad. The case where all 3 samples do
not bite in the proportion of 10% or more relative to the diameter
of a copper pad after mounting was rated “A”, the case where 1
samplecnr2sampiesbite(s)j11theproportionof1O%<m§morerelative
to the diameter of a copper pad after mounting was rated “B”, and
the case where all 3 samples bite in the proportion of 10% or more
relative to the diameter of a copper pad after mounting was rated
“C”, respectively.
(00821
Example 1 to Example 3

Using aluminum foils, each having a thickness of 6 um, 12
um, or 20 umas a protective filmandusing a thermosetting adhesive
film2 as athermosettingadhesive film, mountabilitywasevaluated
by the above-mentioned method. Regarding Example 1 to Example
3, adhesionof the extrudedthermosettingadhesive filmtoapick-up
tool was not observed, and thusbothcontinuityandcross~sectional
observation were rated “A” as a result of the evaluation. The
results are shown in Table 1.
[0083]
Example 4 to Example 6

In the same manner as in Example 1 to Example 3, except that
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athermosettingadhesivefilmlwasusedasathermosettingadhesive
film, the evaluation was performed, respectively. Both
continuity and cross-sectional observation were rated “A” as a
result of the evaluation. The results are shown in Table 1.
[0084]
Example 7 to Example 10

In the same manner as in Example 1, except that copper foils,
each having a thickness of 3 um, 5 pm, 18 um, or 30 um was used
as a protective film, the evaluation was performed. When using
a copper foil having a film thickness of 30 um (Example 10), while
10%ormoreofbitingwasrecognizedinc?oss—sectionalobservation
for 1 sample, adhesion of the extruded thermosetting adhesive £ilm
to a pick-up tool was not observed, and thus both continuity and
cross~gectional observation were rated “A” as a result of the
evaluation. The results are shown in Table 1.
[0085]
Example 11 to Example 14

In the same manner as in Example 7 to Example 10, except
that a thermosetting adhesive film 1 was used as a thermosetting
adhesive film, the evaluation was performed, respectively. Both
continuity and cross-sectional observation were rated “A” as a
result of the evaluation. The results are shown in Table 1.
(00861
Example 15

A silicon substrate including TSV (s) made of copper having
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a diameter of 50 um at a pitch of 200 pm formed thereon was used
as the semiconductor chip. A lot of semiconductor chips are formed
on one silicon wafer, and each semiconductor chip has a size of
7 mm x7 mm. Chips of 7 mm square are formed with TSV (26 x 27).
A 1 pm thick copper wiring was formed on TSV on one surface of
semiconductor chips through a 1 um thick polyimide passivation
film, anda lumthickpolyimide insulating filmwas formed thereon.
The polyimide insulating film was provided with an opening so as
to electrically connect to TSV, and the opening was formed with
a chromium layer, and then the opening was formed with a copper
post having a height of 10 pm and a bump having a height of 5 um
madeofeasoléer(SnAg)hemisphereix)produceeasemiconductorchip.
A pbump diameter is 30 ym. After mounting on the substrate, copper
wiring is patterned to each bump so as to be able to measure
connection resistance. Chip has a thickness of 100 pm. On a
surface on the opposite side from bumps of semiconductor chips,
an opening provided on a 1 pm thick polyimide insulating film so
as tobe electrically connected with TSV was formed with a chromium
layer, and the opening was formed with an electrode pad made of
copper having a film thickness of 5 ym and nickel/gold having a
film thickness of 1 um.
r0087]

On an oxide film of a silicon substrate (film thickness of
100 pym), a 1 pm thick aluminum wiring was formed and also a 1 um

thick silicon nitride insulating film was formed thereon. The
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opening provided on the silicon nitride insulating film so as to
have continuity with silicon substrate was formed with a chromium
layer, and then the opening was formed with an electrode pad made
of copper having a film thickness of 5 um and nickel/gold having
a film thickness of 1 um to produce a substrate. The electrode
pads are formed so that thepositionanddiameter thereof correspond
to bumps of semiconductor chips. The substrate has a size of 12
mm x12 mm and a thickness of 100 um, and a pad of an extraction
electrode of 2 mm sguare is formed in the region where the chip
onthe substrate isnotmounted. Adaisychainis formedbymounting
the above-mentioned semiconductor chip on the substrate, and
junction resistance between the bump and the electrode pad can
be measured through the extraction electrode.
(00881

In the same manner as in the step of <Production of
Semiconductor Chip with Thermosetting Adhesive Film>, except that
the silicon wafer formed with TSV was used in place of the silicon
wafer used in the step of <Production of Semiconductor Chip with
Thermosetting Adhesive Film>, a semiconductor chip with a
thermosetting adhesive layer was obtained.
[0089]

Inthe same manner as in the pre~bonding step of the <bonding>
step, except that this semiconductor chip with a thermosetting
adhesive layer was used, a pre-bonded laminate in which

semiconductor chips are laminated in one stage on a substrate.



10

15

20

25

46

Furthermore, the same step was repeated three times to form a
four-stage pre-bonded laminate in which the semiconductor chip
is laminated in four stages on a substrate. Next, a 12 um thick
protective film of an aluminum foil was interposed between a heat
tool and a surface on the semiconductor chip side in a four-stage
pre-bonded laminate, followed by main bonding using the same
method as in the main bonding step in the <bonding> step.
[0090]

Mountability was evaluated in the same manner as in Example
1. In cross-sectional observation evaluation, regarding a
semiconductor device obtained in Example 1, a semiconductor chip
is produced in one stage. In the present Example, a semiconductor
chip is produced in four stages and, in the present Example, a
semiconductor device obtained by laminating a semiconductor chip
in four stages was cut. The results are shown in Table 1.
[0091]
Comparative Examples 1 and 2

In the same manner as in Comparative Examp}@ 1, except that
flucroresin films, each having a thickness of 12 ym or 30 um, were
used as a protective film, the evaluation was performed,
respectively. While adhesion of the extruded thermosetting
adhesive layer toapick-uptoolwasnot recognized, bothcontinuity
and cross-sectional observation were rated “C”. The results are
shown in Table 1.
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Comparative Examples 3 and 4

In the same manner as in Comparative Examples 1 and 2, except
that a thermosetting adhesive film 1 was used as a thermosetting
adhesive film, the evaluation was performed, respectively. When
using a protective film having a thickness of 12 pym (Comparative
Example 3), all resistance values of a daisy chain were less than
daisychain 100 kQ foronly one sample in the continuityevaluation,
and thus cross-sectional observation was rated “B” as a result
of theevaluation. Thecross-sectional observationwasrated™“C”.
The results are shown in Table 1.
[0093]
Comparative Example 5

In the same manner as in Comparative Example 1, except that
an ircn foil having a thickness of 20 um was used as a protective
film, theevaluationwasperformed. Whileadhesionof theextruded
thermosetting adhesive layer to a pick-up tool was not observed,
both continuity and cross~sectional observation were rated “C”
as a result of the evaluation. The results are shown in Table
1.
[0094]
Comparative Example 6

In the same manner as in Comparative Example 5, except that
athermosettingadhésivefilnﬂlwasusedaseathermosettingadhesive
film, the evaluation was performed. While continuity was rated

“AY as a result of the evaluation, cross-sectional observation
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was rated “C”. The results are shown in Table 1.
[0095]
Comparative Example 7
In the samemanner as in Example 15, except that a fluororesin
film having a thickness of 30 um was used as a protective film,

the evaluation was performed. The results are shown in Table 1.

[009¢6]
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[(Table 1]
Protective film Insulating | Evaluation | Evaluation of
~ Film Thermal organic of cross-sectional
Material |thickness | conductivity | filler continuity | observation
(Hm) (W/mK)

Example 1 Aluminum 6 230 Present A A
Example 2 | Aluminum 12 230 Present A A
Example 3 | Aluminum 20 230 Present A A
Example 4 | Aluminum 6 230 Absent A A
Example 5 | Aluminum 12 230 Absent A A
Example 6 | Aluminum 20 230 Absent A A
Example 7 Copper 3 400 Present A A
Example 8 Copper 5 400 Present A A
Example 9 Copper 18 400 Present A A
Example 10 Copper 30 400 Present 'A B
Example 11 Copper 3 400 Absent A A
Example 12 Copper 5 400 Absent A A
Example 13 Copper 18 400 Absent A A
Example 14 Copper 30 400 Absent A A
Example 15 | Aluminum 12 400 Present A A
Comparative Fluororesin 12 0.25 Present c C
Example 1

(E:g;nn’?;’:g"e Fluororesin 30 0.25 Present C C
g;;nnﬁ);reagve Fluororesin| 12 0.25 Absent B C
g:;nnfgfgve Fluororesin 30 0.25 Absent C C
ggg}?&gg\’e Iron 20 70 Present C C
Comparative fron 20 70 Absent A C
Example 6

(égg‘trss;:t;ve Fluororesin 30 0.25 Present C C

[Reference Signs List]

[0097]
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1 Heat tcol

2 Protective film

3 Semiconductor chip

4 Thermosetting adhesive layer
5 Substrate

6 Stage

7 Copper pillarx

3 Solder bump

9 Electrode pad

10 Plastic film
11 Through=-silicon via (TSV)
12 Supply reel

13 Take-up reel

[Industrial Applicability]
(0098} ‘

According to the productionmethod of the present invention,
it becomes possible to easily make solder joints between bumps
and electrode pads through an adhesive film, thus enabling the
production of a semiconductor device in high yield.

[0099]

The present invention is suited for the production of a
semiconductor device in which solder joints are made between
gsemiconductor chips such as Ics and LSIs, and circult substrates

such as a flexible substrate, a glass epoxy substrate, a glass
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substrate, a ceramics substrate, a silicon interposer, and a
silicon substrate, or the production of a semiconductor chip
laminate in which solder joints are made between semiconductor

chips.
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[CLAIMS]

1. A method for producing a semiconductor device in which
solder joints are made between a semiconductor chip with bumps
and a substrate withelectrodescorrespondingtothebumps through
a thermosetting adhesive layer, the method comprising the
successive steps of:

(&) forming a thermosetting adhesive layer in advance on a surface
including bumps of the semiconductor chip;

(B) laying a surface on the thermosetting adhesive layer side of
thesemiconductorchip,<n1which£hethermosettingadhesiveiayer
is formed, andasubstrateoneuponanother, followedbypre~bonding
using a heat tool to obtain a pre-bonded laminate; and

(C) interposing a protective film having a thermal conductivity
of 100 W/mK or more between the heat tool and a surface on the
semiconductor chip side of the pre-bonded laminate, melting a
solder between the semiconductor chip and the substrate and
simultaneously curing the thermosetting adhesive layer using the
heat tool.

Z. The methoed for producing a semiconductor device according
to claim 1, wherein solder joints are made between a plurality
of semiconductor chips. with bumps and through-silicon vias, and
asubstrateincludingelectrodes correspondingtothebumps through
athermosettingadhesivelayer, themethodincludingthe successive
steps of:

(A") forming a thermosetting adhesive layer in advance on each
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surface including bumps of a plurality of semiconductor chips to
obtain a plurality of semiconductor chips on which the
thermosetting adhesive layer is formed,

(B") obtainingamultistage pre-bonded laminate by passing through
the step of laying a surface on the thermosetting adhesive layer
side, on which the thermosetting adhesive layer is formed, of one
semiconductor chip and a substrate one upon another, followed by
pre~bonding using a heat tool, and one or more step(s) of laying
a surface on the semiconductor chip side of the semiconductor chips
and a surface on the thermosetting adhesive layer side of the other
semiconductor chips, on which the thermosetting adhesive layer
is formed, one upon another, followed by pre-bonding using a heat
tool, and

(C’) interposing a protective film having a thermal conductivity
of 100 W/mK or more between the heat tool and a surface on the
semiconductor chip side of the multistage pre-bonded laminate,
melting a solder between a plurality of semiconductor chips, and
a solder between the semiconductor chips and the substrate, and
simultaneously curing the thermosetting adhesive layer using the
heat tool.

3. A method for producing a semiconductor device, wherein a
thermosetting adhesive film is laminated in advance on a surface
including bumps of the semiconductor chip to form a thermosetting
adhesive layer in the step (A).

4. The method for preoducing a semiconductor device according



54

to claim 2, wherein the thermosetting adhesive film is laminated
in advance on each surface including bumps of a plurality of

semiconductor chips to form a thermosetting adhesiye layer in the
step (A7).

5. The method for producing a semiconductor device according
to any one of claims 1 to 4, wherein the thermosetting adhesive
layer contains an insulating inorganic filler.

6. The method for producing a semiconductor device according
to anf one of claims 1 to 5, wherein the protective film is an
aluminum foil or a copper foil.

7. The method for producing a semiconductor device according
to any one of claims 1 to 6, wherein the substrate is a silicon
substrate.

8. The method for producing a semiconductor device according
toanyone of claims 1 to 7, wherein the protective £ilm is supplied
in a reel-toc-reel manner.

9. An apparatus for producing a semiconductor device by bonding
a substrate with a semiconductor chip, comprising a bonding device
including a stage for disposing the substrate and a heat tool having
a mechanism for heating and pressurizing the semiconductor chip;
a supply reel for supplying a protective film having a thermal
conductivity of 100 W/mK or more; and a take-up reel for taking
up the protective film; which are disposed so that the protective
film supplied from the supply reel passes between the heat tool

and the stage, thus being taken up by the take-up reel.



