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BUFFER FILMI FOR MULT-CHIP 
PACKAGING 

TECHNICAL FIELD 

0001. This is a Division of Application No. 13/805,553 
filed Dec. 19, 2012, which in turn is a National Phase of 
Application No. PCT/JP2011/070691 filed Sep. 12, 2011, 
which claims the benefit of JP 2010-227420 filed Oct. 7, 
2010. The disclosure of the prior applications is hereby incor 
porated by reference herein in its entirety. 
0002 The present invention relates to a buffer film for 
multi-chip packaging and a method for producing a multi 
chip module using the same. 

BACKGROUND ART 

0003 Hitherto, a plurality of chip devices such as LED 
devices are collectively connected with a substrate through a 
non-conductive adhesive or an anisotropic conductive adhe 
sive by applying heat and pressure with a bonding head. 
However, there are difference or variation of height of the 
chip devices and difference or variation of thickness of wir 
ings or height of bumps formed on the chip device or the 
substrate. Therefore, the heat and pressure applied to each 
chip device are different. As a result, a chip device not to be 
heated and pressurized sufficiently or a chip device to be 
heated and pressurized excessively may be produced. In the 
former case, connection failure may occur, and in the latter 
case, the chip device may be damaged. 
0004. In order to eliminate the difference or variation of 
height of the chip devices during the connection operation by 
the bonding head, it has been proposed to dispose a heat 
resistant rubber-like elastic body as a buffer material between 
the Substrate and the bonding head and apply heat and pres 
sure to the chip devices toward the substrate through the 
heat-resistant rubber-like elastic body. 

CITATION LIST 

Patent Literature 

0005 Patent Literature 1.JP10-256311 A 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 
0006. When a rubber-like elastic body is used as a buffer 
layer as disclosed in Patent Literature 1, the connection 
strength of each chip device is favorable. However, the buffer 
layer may be deformed by a heating and pressurizing head so 
as to spread in a plane direction of the substrate. Further, the 
chip devices may be out of alignment due to the deformation. 
In some cases, there has been a problem of reduction of 
connection reliability. 
0007 An object of the present invention is to solve the 
problems of the conventional technique, and to ensure favor 
able connection reliability without out of alignment in multi 
chip packaging. 

Means for Solving the Problems 
0008. The present inventors have found that a structure in 
which a heat-resistant resin layer to be disposed on a chip 
device side, which has a linear expansion coefficient of less 
than a predetermined value and is unlikely to deform com 
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paratively, and a flexible resin layer to be disposed on a 
bonding head side, of which a flexible resin is made of a 
material having a predetermined Shore A hardness and is 
likely to deform comparatively, are laminated is used as a 
buffer material to be used in multi-chip packaging, to achieve 
the above-described object, whereby the present invention 
has been completed. 
0009. The present invention provides a buffer film for 
multi-chip packaging having a heat-resistant resin layer and a 
flexible resin layer formed thereon, wherein the heat-resistant 
resin layer has a linear expansion coefficient of 80 ppm/°C. or 
lower and the flexible resin layer is made of a resin material 
having a Shore A hardness according to JIS K6253 of 10 to 
8O. 

0010 Further, the present invention provides a method for 
producing a multi-chip module by applying heat and pressure 
to a plurality of chip devices on a Substrate through an adhe 
sive with a bonding head to perform multi-chip packaging, 
the method including the following steps (A) to (C): 
(0011 Step (A): 
0012 aligning the plurality of chip devices on the sub 
strate through the adhesive to perform temporary adhesion; 
0013 Step (B): 
0014 disposing the above-described buffer film for multi 
chip packaging between the chip devices and the bonding 
head so that the heat-resistant resin layer is on a chip device 
side; and 
(0.015 Step (C): 
0016 connecting the plurality of chip devices with the 
Substrate by applying heat and pressure to the chip devices 
toward the substrate through the buffer film for multi-chip 
packaging with the bonding head. 

Advantageous Effects of the Invention 

0017. The buffer film for multi-chip packaging of the 
present invention has a structure in which a flexible resin layer 
to be disposed on a bonding head side, of which a flexible 
resin is made of a material having a predetermined Shore A 
hardness and is likely to deform comparatively is laminated 
on a heat-resistant resin to be disposed on a chip device side, 
which has a linear expansion coefficient of less than a prede 
termined value and is unlikely to deform comparatively. 
Therefore, when heat and pressure are applied to the buffer 
film with the bonding head in multi-chip packaging, the heat 
resistant resin layer in contact with the chip devices is 
unlikely to deform. As a result, the out of alignment of the 
chip devices can be suppressed. On the other hand, the flex 
ible resin layer in contact with the bonding head is likely to 
deform. Therefore, since the difference or variation of height 
of the chip devices is eliminated and heat and pressure are 
applied well to each of the plurality of chip devices, favorable 
connection reliability can be ensured. 

BRIEF DESCRIPTION OF DRAWINGS 

0018 FIG. 1 is a schematic cross-sectional view of a 
buffer film for multi-chip packaging of the present invention. 
0019 FIG. 2 is a view illustrating a method for producing 
a multi-chip module of the present invention. 
0020 FIG. 3 is a view illustrating a method for producing 
a multi-chip module of the present invention using a buffer 
film for multi-chip packaging by single wafer processing. 
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0021 FIG. 4 is a view illustrating a method for producing 
a multi-chip module of the present invention using a buffer 
film for multi-chip packaging by roll-to-roll processing. 
0022 FIG. 5 is a view illustrating the method for produc 
ing a multi-chip module of the present invention. 
0023 FIG. 6 is a schematic cross-sectional view of a 
multi-chip module obtained by the method for producing a 
multi-chip module of the present invention. 
0024 FIG. 7A is a schematic cross-sectional view of a 
light-reflective conductive particle used for a light-reflective 
anisotropic conductive adhesive. 
0.025 FIG. 7B is a schematic cross-sectional view of a 
light-reflective conductive particle used for a light-reflective 
anisotropic conductive adhesive. 

DESCRIPTION OF EMBODIMENTS 

0026. Hereinafter, the present invention will be described 
in detail with reference to the drawings. 
0027 FIG. 1 is a cross-sectional view of a buffer film 10 
for multi-chip packaging having a heat-resistant resin layer 1 
and a flexible resin layer 2 formed on the layer. 
0028. The heat-resistant resin layer 1 forming the buffer 
film 10 for multi-chip packaging of the present invention is 
disposed on a chip device side in the multi-chip packaging. In 
order to effectively suppress the out of alignment, the heat 
resistant resin layer 1 has a linear expansion coefficient of 80 
ppm/°C. or lower, and preferably 20 to 50 ppm/°C. in a 
temperature range equal to or lower than the glass transition 
temperature. When the linear expansion coefficient is equal to 
or more than the lower limit of the preferable range, the 
difference or variation of height of the chip devices and the 
like can be sufficiently eliminated. Further, when the linear 
expansion coefficient is equal to or lower than the upper limit 
of the preferable range, the out of alignment can be Sup 
pressed well. 
0029. Examples of the heat-resistant resin layer 1 may 
include a polyimide resin film (for example, UPILEX-25S 
available from Ube Industries, Ltd.), a polyester resin film 
(for example, Teijin Tetoron Film available from Teijin Lim 
ited), a polyvinyl chloride resin film (for example, Evilon 
CB3005 available from Taihei Chemicals Limited), a poly 
olefin resin film (for example, SAN8041 available from Tech 
Jam), a fluororesin film (Nitoflon (polytetrafluoroethylene) 
available from Nitto Denko Corporation), and the like. 
0030. When the thickness of the heat-resistant resin layer 
1 is too large, the difference or variation of height of the chip 
devices and the like cannot be sufficiently eliminated. There 
fore, it is preferably 200 um or less, and more preferably 10 to 
50 um. Further, when the thickness is equal to or more than 
the lower limit of the preferable range, the out of alignment 
can be suppressed more effectively. When the thickness is 
equal to or less than the upper limit of the preferable range, the 
difference or variation of height of the chip devices and the 
like can be sufficiently eliminated. 
0031. The flexible resin layer 2 forming the buffer film 10 
for multi-chip packaging of the present invention is disposed 
on a bonding head side in the multi-chip packaging, and is 
made of a resin material having a Shore Ahardness according 
to JIS K6253 of 10 to 80, and preferably 40 to 75. When the 
Shore A hardness falls within this range, the difference or 
variation of height of the chip devices and the like can be 
sufficiently eliminated. 
0032 Examples of such a resin material preferably 
include a silicone resin material, and more preferably an 

Sep. 4, 2014 

anionically living-polymerizable silicone resin composition. 
Specific examples thereof include silicone (for example, 
KE-1281 and X-32-2020 available from Shin-Etsu Chemical 
Co., Ltd., and XE13-C1822 available from Momentive), and 
dimethyl silicone (for example, KER-2600 and KER-2500 
available from Shin-Etsu Chemical Co., Ltd.). 
0033. When the thickness of the flexible resin layer 2 is too 
small, the difference or variation of height of the chip devices 
and the like cannot be sufficiently eliminated, and favorable 
connection reliability cannot be obtained. Therefore, it is 
preferably 10 um or more, and more preferably 40 to 60 um. 
When the thickness is equal to or more than the lower limit of 
the preferable range, the difference or variation of height of 
the chip devices and the like can be sufficiently eliminated. 
When the thickness is equal to or less than the upper limit of 
the preferable range, favorable connection reliability can be 
ensured. 
0034. The buffer film 10 for multi-chip packaging 
described above may be provided with another resin layer 
between the heat-resistant resin layer 1 and the flexible resin 
layer 2 within a range not impairing the effects of the present 
invention. 
0035. The buffer film 10 for multi-chip packaging of the 
present invention can be produced by applying a resin mate 
rial for forming the flexible resin layer 2 to a film-shape 
heat-resistant resin layer 1 according to an ordinary method, 
and drying (or polymerizing) the resin material. 
0036 Further, the buffer film 10 for multi-chip packaging 
of the present invention can be preferably applied to a method 
for producing a multi-chip module by applying heat and 
pressure to a plurality of chip devices on a Substrate through 
an adhesive with a bonding head to perform multi-chip pack 
aging. The method for producing a multi-chip module 
includes the following steps (A) to (C). 

Step (A) 
0037 Chip devices are aligned on a substrate through an 
adhesive to thereby temporarily adhere thereto. Specifically, 
as shown in FIG. 2, a Substrate 24 having wirings 22 and 
bumps 23 is disposed on a known stage 21 for thermocom 
pression bonding made of stainless steel and the like, and chip 
devices 26 are aligned through an adhesive 25 by a flip chip 
method to thereby temporarily adhere thereto. The alignment 
operation and the temporary adhesion operation of the chip 
devices 26 are not particularly limited, and can be performed 
by applying the alignment operation and the temporary adhe 
sion operation performed in the conventional method for 
producing a multi-chip module. 
0038 Examples of the chip device 26 applicable to the 
production method of the present invention may include an IC 
device, an LED (light-emitting diode) device, and the like. 
0039 Examples of the substrate 24 having wirings 22 and 
bumps 23 may include a glass Substrate, a plastic Substrate, 
and a ceramic Substrate, which have wirings made of various 
metal materials or transparent electrode materials such as ITO 
by a printing method, a dry plating method, a wet plating 
method, a photolithography method, or the like, and bumps 
Such as a gold bump and a solder bump formed by a deposi 
tion method, a plating method, a printing method, a bonding 
method (stud bump), or the like. 
0040. As the adhesive 25, known non-conductive adhesive 
paste (NCP) or film (NCF) or anisotropic conductive paste 
(ACP) or film (ACF) can be used. When the chip device 26 is 
an LED device, from the viewpoint of productivity, it is 
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particularly preferable that the anisotropic conductive adhe 
sive (ACP and ACF) should be used as the adhesive 25. 
0041. In particular, from the viewpoint of improvement in 
light extraction efficiency, it is preferable that the anisotropic 
conductive adhesive should exhibit light reflectivity. It is pref 
erable that an anisotropic conductive adhesive having Such 
light reflectivity should contain a needle-shaped light-reflec 
tive insulating particle. The details will be described after the 
description of the step (C) again. 

Step (B) 

0042. As shown in FIG.3, the buffer film 10 formulti-chip 
packaging of the present invention is disposed between the 
chip devices 26 and a bonding head 27 preferably having a 
metal pressure bonding face and provided with a heater. In 
this case, a heat-resistant resin layer 1 of the buffer film 10 for 
multi-chip packaging is on the side of the chip device 26. 
0043. Herein, the buffer film 10 for multi-chip packaging 
may be applied for single-wafer processing as shown in FIG. 
3, and is preferably applied for roll to roll processing as shown 
in FIG. 4. In the roll to roll processing, the buffer film 10 for 
multi-chip packaging can be easily exchanged, and the pro 
ductivity can be improved. 

Step (C) 

0044 As shown in FIG. 5, heat and pressure are applied to 
the plurality of chip devices 26 toward the substrate 24 
through the buffer film 10 for multi-chip packaging with the 
bonding head 27. After the application of heat and pressure, a 
multi-chip module 50 shown in FIG. 6 can be obtained. 
0045. As described above, an anisotropic conductive 
adhesive having light reflectivity which can be preferably 
used as the adhesive 25 will be described in detail. 
0046 When the chip device is an LED device, a preferably 
applicable adhesive is a light-reflective anisotropic conduc 
tive adhesive which contains a thermosetting resin composi 
tion, a conductive particle, and a needle-shaped light-reflec 
tive insulating particle having an aspect ratio of a 
predetermined range. Since the needle-shaped light-reflec 
tive particle is used, it is possible to prevent occurrence of 
cracks in the anisotropic conductive adhesive and obtain high 
connection reliability. 
0047. Note that when the thermosetting resin composition 
contains a spherical particle, if the stretchability of the resin 
composition decreases (the resin composition is cured) with 
temperature change, the internal stress of the thermosetting 
resin composition (or the cured product) is likely to cause 
cracks on an interface between the spherical particle and the 
thermosetting resin composition. The occurrence of cracks on 
the light-reflective anisotropic conductive adhesive leads to a 
loss of connection reliability. Therefore, the light-reflective 
anisotropic conductive adhesive needs to have excellent 
toughness. As described above, when the needle-shaped 
light-reflective insulating particle having an aspect ratio of a 
predetermined range is added to the thermosetting resin com 
position, high toughness can be imparted to the anisotropic 
conductive adhesive. This is because the needle-shaped light 
reflective insulating particles which are each disposed in ran 
dom directions in the thermosetting resin composition easily 
curve or easily bend. This allows the internal stress of the 
thermosetting resin composition with temperature change to 
transmit to and absorb into needle-shaped crystals. Therefore, 
transmission of the internal stress to the thermosetting resin 
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composition can be suppressed. Accordingly, the light-reflec 
tive anisotropic conductive adhesive containing the needle 
shaped light-reflective insulating particle exerts excellent 
toughness, and the occurrence of cracks or the separation of 
an adhesion face can be suppressed even when the thermo 
setting resin composition expands or contracts due to tem 
perature change. 
0048. The needle-shaped light-reflective insulating par 
ticle is preferably made from a needle-shaped white inorganic 
compound. Light incident on the light-reflective anisotropic 
conductive adhesive reflects outward due to the insulating 
particle. Since the needle-shaped light-reflective insulating 
particle is white, the wavelength dependency of reflection 
property with respect to visible light can decrease and the 
visible light can efficiently reflect. 
0049 Since the light-reflective anisotropic conductive 
adhesive contains a particle which is white and is made from 
a needle-shaped inorganic compound having an aspect ratio 
of a predetermined range (hereinafter referred to as “needle 
shaped white inorganic particle'), decrease of reflectance 
with respect to the light emitted from a light-emitting device 
is suppressed and the light-emitting efficiency of the light 
emitting device can be maintained. In addition, cracks can be 
prevented and high connection reliability can be obtained. 
0050 Examples of the needle-shaped white inorganic par 
ticle may include a Zinc oxide whisker, a titanate whisker Such 
as a titanium oxide whisker, a potassium titanate whisker, and 
a titanic acid whisker, an aluminum borate whisker, wollas 
tonite (needle-shaped crystal of kaolin silicate), and other 
needle-shaped inorganic compounds. Since a whisker is a 
needle-shaped crystal grown by a special production method 
and has an aligned crystalline structure, it has advantages of 
rich in elasticity and difficulty in deformation. Since the inor 
ganic compound is white in the visible light region, the wave 
length dependency of reflection property with respect to vis 
ible light is low and the visible light is likely to reflect. Among 
them, a Zinc oxide whisker has a high degree of whiteness and 
no catalytic property against photodegradation even when the 
photodegradation of cured product of the thermosetting resin 
composition in a cured anisotropic conductive adhesive is 
concerned, and therefore it is particularly preferable. 
0051. When the needle-shaped white inorganic particle is 
made of a crystal having a single needle shape (single needle 
shaped crystal), the fiber diameter (particle diameter in a 
shorter direction) is preferably 5 um or smaller. Further, the 
aspect ratio of the needle-shaped white inorganic particle 
made of a single needle-shaped crystal is preferably more 
than 10 and less than 35, and particularly preferably more 
than 10 and less than 20. When the aspect ratio of the needle 
shaped white inorganic particle is more than 10, the internal 
stress of the thermosetting resin composition can be suffi 
ciently transmitted and absorbed. When the aspect ratio of the 
needle-shaped white inorganic particle is less than 35, a 
needle-shaped crystal is unlikely to be broken, and the par 
ticles can be uniformly dispersed in the thermosetting resin 
composition. When the aspect ratio is less than 20, dispers 
ibility in the thermosetting resin composition can be further 
improved. 
0.052 The needle-shaped white inorganic particles having 
an aspect ratio of more than 10 and less than 35 are added to 
the thermosetting resin composition, whereby the toughness 
of the thermosetting resin composition can be enhanced. 
Therefore, even when the light-reflective anisotropic conduc 
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tive adhesive expands or contracts, the separation of an adhe 
sion face and the occurrence of cracks can be suppressed. 
0053 As the needle-shaped white inorganic particle, a 
crystal (multi needle-shaped crystal) having a plurality of 
needle shapes such as a shape formed by connecting a center 
with each of apexes of a tetrahedron, like Tetrapod (registered 
trademark), may be used instead of the single needle-shaped 
crystal. A needle-shaped white inorganic particle of a multi 
needle-shaped crystal is excellent in larger thermal conduc 
tivity, but has a bulkier crystalline structure as compared with 
the needle-shaped white inorganic particle of single needle 
shaped crystal. Therefore, during thermocompression bond 
ing, an attention needs to be paid not to cause the needle 
shaped part to damage connecting parts of the Substrate and 
the devices. 
0054 The needle-shaped white inorganic particle may be 
one treated with a silane-coupling agent. The treatment of the 
needle-shaped white inorganic particle with a silane-coupling 
agent can improve dispersibility in the thermosetting resin 
composition. For this reason, the needle-shaped white inor 
ganic particle treated with a silane-coupling agent can be 
uniformly mixed in the thermosetting resin composition in a 
short period of time. 
0055. The refractive index (JIS K7142) of the needle 
shaped white inorganic particle is preferably larger than that 
of the cured product of the thermosetting resin composition, 
and more preferably larger by at least about 0.02. This is 
because a small difference of the refractive index decreases 
the reflection efficiency on the interface. Therefore, an inor 
ganic particle having a refractive index equal to or less than 
that of the used thermosetting resin composition and even 
having light reflectivity and insulation property, like SiO, 
cannot be applied as the needle-shaped white inorganic par 
ticle. 
0056. When the mixed amount of the needle-shaped white 
inorganic particle in the light-reflective anisotropic conduc 
tive adhesive is too small, sufficient light reflection tends not 
to be obtained. On the other hand, when it is too large, the 
adhesive property of the thermosetting resin composition 
tends to reduce. The mixed amount is preferably 1 to 50% by 
Volume based on the thermosetting resin composition, and 
particularly preferably 5 to 25% by volume. 
0057 Since the light-reflective anisotropic conductive 
adhesive applicable to the production method of the present 
invention covers most of the conductive particle by contain 
ing the needle-shaped white inorganic particle, even when the 
conductive particle is colored such as brown, whiteness of the 
thermosetting resin composition is attained. Due to the white 
ness, the wavelength dependency of reflection property with 
respect to visible light can decrease and the visible light is 
likely to reflect. Therefore, regardless of kind of color of a 
substrate electrode, decrease of reflectance of light emitted 
from an LED device can be suppressed, and other light emit 
ted from the LED device toward the underside can be effi 
ciently used. Accordingly, the light-emitting efficiency (light 
extraction efficiency) of the LED device can be improved. 
0058. To the light-reflective anisotropic conductive adhe 
sive described above, a particle made of a spherical white 
inorganic compound (hereinafter referred to as 'spherical 
white inorganic particle') may be added as a spherical white 
insulating particle in addition to the needle-shaped white 
inorganic particle. The addition of the spherical white inor 
ganic particle with the needle-shaped white inorganic particle 
further whitens the thermosetting resin composition, and the 
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light extraction efficiency of the LED device can be 
improved. Also in this case, the toughness of the thermoset 
ting resin composition can be enhanced. It is preferable that 
the added amount (% by volume) of the needle-shaped white 
inorganic particle be equal to or more than that of the spheri 
cal white inorganic particle. 
0059. When the spherical white inorganic particles are 
added to the light-reflective anisotropic conductive adhesive 
together with the needle-shaped white inorganic particles, the 
light-reflective anisotropic conductive adhesive can exhibit 
excellent toughness. Therefore, even during expansion and 
contraction, the separation of an adhesion face or the occur 
rence of cracks can be Suppressed. 
0060. As the conductive particle contained in the light 
reflective anisotropic conductive adhesive as described 
above, a particle of a metal material used in the conventional 
conductive particle for anisotropic conductive connection can 
be used. Examples of the metal material for the conductive 
particle may include gold, nickel, copper, silver, solder, pal 
ladium, aluminum, an alloy thereof, a multi-layered material 
thereof (for example, nickel plating/gold flash plating mate 
rial), and the like. 
0061 Since the conductive particle using gold, nickel, or 
copper as the metal material is brown, the particle can obtain 
effects of the present invention as compared with the other 
metal materials. As described above, since needle-shaped 
white inorganic particles cover most conductive particles in 
the thermosetting resin composition, the thermosetting resin 
composition is prevented from turning brown due to the con 
ductive particles, and the whole thermosetting resin compo 
sition has high whiteness. 
0062. Further, as the conductive particle, a metal-coated 
resin particle in which a resin particle is coated with a metal 
material may be used. Examples of Such a resin particle may 
include a styrene-based resin particle, a benzoguanamine 
resin particle, a nylon resin particle, and the like. As a method 
for coating a resin particle with a metal material, a conven 
tionally known method can be used, and for example, an 
electroless plating method, an electrolytic plating method, 
and the like can be used. 
0063. The thickness of layer of a metal material for coat 
ing may take any thickness enough to ensure favorable con 
nection reliability, and may depend on a particle diameter of 
the resin particle or a kind of metal. It is usually 0.1 to 3 um. 
0064. When the particle diameter of the resin particle is 
too small, the connection failure may occur, and when it is too 
large, patterns are likely to be short-circuited. Therefore, it is 
preferably 1 to 20 Lum, more preferably 3 to 10 um, and 
particularly preferably 3 to 5um. In this case, it is preferable 
that the shape of the resin particle should be spherical. Fur 
ther, the shape may be flaky or a rugby ball shape. 
0065. The metal-coated resin particle is spherical, and a 
too large particle diameter thereoftends to reduce connection 
reliability, and therefore the particle diameter is preferably 1 
to 20 um, and more preferably 3 to 10 Lum. 
0066. The conductive particle contained in the light-re 
flective anisotropic conductive adhesive described above may 
be a light-reflective conductive particle to which light reflec 
tivity is imparted as shown in the cross-sectional views of 
FIGS. 7A and 7B. 
0067. A light-reflective conductive particle 100 shown in 
FIG. 7A includes a core particle 110 coated with a metal 
material, and a light-reflective layer 130 formed on the sur 
face of the particle and made from at least one kind of inor 
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ganic particle 120 selected from a titanium oxide (TiO) 
particle, a Zinc oxide (ZnO) particle, and an aluminum oxide 
(AlO) particle. The light-reflective layer 130 made from 
Such an inorganic particle 120 has color ranging from white to 
gray. Accordingly, the wavelength dependency of reflection 
property with respect to visible light is low and the visible 
light is likely to reflect, and therefore the light-emitting effi 
ciency of the LED device can be further improved. 
0068. When photodegeneration of the cured product of the 
thermosetting resin composition of the cured light-reflective 
anisotropic conductive adhesive is concerned, among a tita 
nium oxide particle, a Zinc oxide particle, and an aluminum 
oxide particle, the Zinc oxide which has no catalytic property 
with respective to the photodegeneration and high refractive 
index can be preferably used as described above. 
0069. Since the core particle 110 is subjected to anisotro 
pic conductive connection, the Surface of the core particle is 
made from a metal material. As an aspect of the core particle 
110, an aspect in which the core particle 110 itself is a metal 
material, or an aspect in which the Surface of a resin particle 
is coated with a metal material may be exemplified. 
0070 From the viewpoint of size relative to the particle 
diameter of the core particle 110, when the thickness of the 
light-reflective layer 130 made from the inorganic particle 
120 is too small as compared with the particle diameter of the 
core particle 110, the reflectance significantly decreases, and 
when it is too large, connection failure may occur. Therefore, 
the thickness of the light-reflective layer 130 is preferably 0.5 
to 50%, and more preferably 1 to 25%. 
(0071. In the light-reflective conductive particle 100, when 
the particle diameter of the inorganic particle 120 forming the 
light-reflective layer 130 is too small, light-reflection phe 
nomenon is unlikely to occur, and when it is too large, the 
formation of the light-reflective layer tends to become diffi 
cult. Therefore, the particle diameter of the inorganic particle 
120 is preferably 0.02 to 4 um, more preferably 0.1 to 1 um, 
and particularly preferably 0.2 to 0.5um. From the viewpoint 
of wavelength of light to be reflected, it is preferable that the 
particle diameter of the inorganic particle 120 should be equal 
to or more than 50% of wavelength of light to be reflected 
(that is, light emitted from the light-emitting device) so that 
the light does not pass therethrough. In this case, examples of 
shape of the inorganic particle 120 may include anamorphous 
shape, a spherical shape, a flaky shape, a needle shape, and the 
like. Among them, the spherical shape is preferable in terms 
of light diffusion effect, and the flaky shape is preferable in 
terms of total reflection effect. 
0072. The light-reflective conductive particle 100 can be 
produced by a known film formation technique (so-called 
mechano-fusion method) in which powders of various sizes 
are caused to physically collide with each other to form a film 
made from particles having a smaller particle diameter on the 
Surface of particles having a larger particle diameter. In this 
case, the inorganic particles 120 are fixed to the metal mate 
rial on the surface of the core particle 110 to bite into the metal 
material. Further, the inorganic particles are unlikely to be 
fixed to each other by fusion, and therefore a monolayer of the 
inorganic particle constitutes the light-reflective layer 130. In 
FIG. 7A, the thickness of the light-reflective layer 130 may be 
equal to or slightly less than the particle diameter of the 
inorganic particle 120. 
0073. A light-reflective conductive particle 200 shown in 
FIG. 7B is different from the light-reflective conductive par 
ticle 100 of FIG. 7A in terms of facts in which the light 
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reflective layer 230 contains a thermoplastic resin 240 func 
tioning as an adhesive, in which the inorganic particles 220 
are fixed to each other by the thermoplastic resin 240, and in 
which the light-reflective inorganic particles 220 each include 
multi layers (for example, two layers or three layers). The 
presence of the thermoplastic resin 240 improves mechanical 
strength of the light-reflective layer 230, and therefore the 
separation of the inorganic particles is unlikely to occur. 
0074 As the thermoplastic resin 240, a halogen-free ther 
moplastic resin can be preferably used for reduction of the 
load on the environment. For example, polyolefin such as 
polyethylene and polypropylene, polystyrene, acrylic resin, 
and the like, can be preferably used. 
(0075 Such a light-reflective conductive particle 200 can 
be also produced by the mechano-fusion method. When the 
particle diameter of a thermoplastic resin 240 to be applied to 
the mechano-fusion method is too small, adhesion function 
deteriorates, and when it is too large, the thermoplastic resin 
240 is unlikely to adhere to the core particle 210. Therefore, 
it is preferably 0.02 to 4 and more preferably 0.1 to 1 Further, 
when the mixed amount of the thermoplastic resin 240 is too 
Small, the adhesion function deteriorates, and when it is too 
large, agglomerates of the particles are formed. Therefore, the 
mixed amount is preferably 0.2 to 500 parts by mass based on 
100 parts by mass of the inorganic particle 220, and more 
preferably 4 to 25 parts by mass. 
0076. As the thermosetting resin composition contained in 
the light-reflective anisotropic conductive adhesive, a color 
less and transparent material is preferably used. This is 
because the light reflective efficiency of the light-reflective 
conductive particle in the light-reflective anisotropic conduc 
tive adhesive is not caused to decrease, and the incident light 
reflects without the color change of the incident light. The 
colorless and transparent herein means that the cured product 
of the light-reflective anisotropic conductive adhesive has a 
light transmmisivity (JIS K7105) of 80% or more with a light 
path length of 1 cm with respect to visible light having a 
wavelength of 380 to 780 nm, and preferably 90% or more. 
0077. In the light-reflective anisotropic conductive adhe 
sive, when the mixed amount of the conductive particle Such 
as a light-reflective conductive particle based on 100 parts by 
mass of the thermosetting resin composition is too small, 
connection failure may occur, and when it is too large, pat 
terns tend to be short-circuited. Therefore, it is preferably 1 to 
100 parts by mass, and more preferably 10 to 50 parts by 
a SS. 

0078. The addition of the needle-shaped white inorganic 
particles to the thermosetting resin composition can allow the 
light-reflective anisotropic conductive adhesive to have a 
reflectance (JIS K7105) to light having a wavelength of 450 
nm of more than 9%. The other factors such as reflection 
property and mixed amount of the light-reflective conductive 
particle and mixed composition of the thermosetting resin 
composition can be appropriately adjusted to exert a reflec 
tance (JIS K7105) to light having a wavelength of 450 nm of 
30% or more as the reflection property of the light-reflective 
anisotropic conductive adhesive. In general, increase of the 
mixed amount of the light-reflective conductive particle hav 
ing a favorable reflection property tends to increase the reflec 
tance. 

(0079. From the viewpoint of refractive index, the reflec 
tion property of the light-reflective anisotropic conductive 
adhesive can be evaluated. This is because when the reflec 
tance of the cured product is larger than the refractive index of 
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the cured product of the thermosetting resin composition 
except for the conductive particles and the light-reflective 
insulating particles, the light reflection amount on the inter 
face between the light-reflective insulating particles and the 
cured product of the thermosetting resin composition Sur 
rounding the particle increases. Specifically, it is desirable 
that a difference obtained by subtracting the refractive index 
(JIS K7142) of the cured product of the thermosetting resin 
composition from that of the light-reflective insulating par 
ticle should be preferably 0.02 or more, and more preferably 
0.2 or more. The refractive index of the thermosetting resin 
composition containing an epoxy resin as a main component 
is usually about 1.5. 
0080. As the thermosetting resin composition, compounds 
used in the conventional anisotropic conductive adhesive can 
be used. In general, the thermosetting resin composition is 
obtained by mixing a curing agent in an insulating binder 
resin. Preferable examples of the insulating binder resin may 
include epoxy resins containing an alicyclic epoxy com 
pound, a heterocyclic epoxy compound, or a hydrogenated 
epoxy compound as a main component. 
0081 Preferred examples of the alicyclic epoxy com 
pound may include compounds having two or more epoxy 
groups in their molecules. These may be liquid or solid. 
Specific examples may include glycidyl hexahydrobisphe 
nol, epoxycyclohexenylmethyl-epoxycyclohexene carboxy 
late, and the like. Among these, it is preferable that glycidyl 
hexahydrobisphenol A and 3, 4-epoxycyclohexenylmethyl 
3',4'-epoxycyclohexene carboxylate be used in terms of the 
fact in which the cured product can ensure the light transm 
misivity Suitable to packaging of an LED element and rapid 
curing properties are excellent. 
0082 Examples of the heterocyclic epoxy compound may 
include epoxy compounds having a triazine ring. In particu 
lar, 1,3,5-tris(2,3-epoxypropyl)-1,3,5-triazine-2,4,6-(1H.3H, 
5H)-trione is preferable. 
0083. As the hydrogenated epoxy compound, hydroge 
nated compounds of the alicyclic epoxy compound and the 
heterocyclic epoxy compound as described above, and other 
known hydrogenated epoxy resins can be used. 
0084. The alicyclic epoxy compound, the heterocyclic 
epoxy compound, and the hydrogenated epoxy compound 
may be used alone, or two or more kinds thereof may be used 
in combination. Another epoxy compound may be used in 
combination with these epoxy compounds as long as the 
effects of the present invention are not adversely affected. 
Examples thereof may include glycidyl ethers obtained by 
reacting epichlorohydrin with a polyhydric phenol Such as 
bisphenol A, bisphenol F. bisphenol S. tetramethylbisphenol 
A, diarylbisphenol A, hydroquinone, catechol, resorcin, 
cresol, tetrabromobisphenol A, trihydroxybiphenyl, ben 
Zophenone, bisresorcinol, bisphenol hexafluoroacetone, tet 
ramethylbisphenol A, tetramethylbisphenol F. tris(hydrox 
yphenyl)methane, biXylenol, phenol-novolac, and cresol 
novolac, polyglycidyl ethers obtained by reacting epichloro 
hydrin with an aliphatic polyhydric alcohol Such as glycerol, 
neopentyl glycol, ethylene glycol, propylene glycol, hexy 
lene glycol, polyethylene glycol, and polypropylene glycol, 
glycidyl ether esters obtained by reacting epichlorohydrin 
with a hydroxycarboxylic acid such as p-oxybenzoic acid and 
P-Oxynaphthoic acid; polyglycidyl esters obtained from 
polycarboxylic acids such as phthalic acid, methylphthalic 
acid, isophthalic acid, terephthalic acid, tetrahydrophthalic 
acid, endomethylene tetrahydrophthalic acid, endomethylene 
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hexahydrophthalic acid, and trimellitic acid; glycidylami 
noglycidyl ethers obtained from aminophenol and ami 
noalkylphenol; glycidylaminoglycidyl esters obtained from 
aminobenzoic acid; glycidylamines obtained from aniline, 
toluidine, tribromoaniline, Xylylenediamine, diamino cyclo 
hexane, bisaminomethylcyclohexane, 4,4'-diaminodiphenyl 
methane, and 4,4'-diaminodiphenylsulfone; and known 
epoxy resins such as epoxydized polyolefins. 
I0085. As the curing agent, an anhydride, an imidazole 
compound, dicyan, and the like can be used. Among them, an 
acid anhydride which is difficult to change the color of the 
cured product, and particularly an alicyclic acid anhydride 
curing agent can be preferably used. Specific examples 
thereof may preferably include methylhexahydrophthalic 
anhydride and the like. 
I0086. In the case where an alicyclic epoxy compound and 
an alicyclic acid anhydride curing agent are used in the ther 
mosetting resin composition, if the used amount of the alicy 
clic acid anhydride curing agent is too small, the amount of an 
uncured epoxy compound may increase. If the used amount is 
too large, corrosion of a material to be adhered tends to be 
promoted by effects of excess curing agent. Therefore, it is 
preferable that the alicyclic anhydride curing agent be used in 
a ratio of 80 to 120 parts by mass based on 100 parts by mass 
of the alicyclic epoxy compound, and more preferably 95 to 
105 parts by mass. 
I0087. The light-reflective anisotropic conductive adhesive 
can be produced by uniformly mixing the thermosetting resin 
composition, the conductive particles, and the needle-shaped 
white inorganic particles as the light-reflective insulating par 
ticles. When a light-reflective anisotropic conductive film is 
produced, the thermosetting resin composition, the conduc 
tive particles, the needle-shaped white inorganic particles as 
the light-reflective insulating particles are dispersed and 
mixed in a solvent such as toluene, and the resultant mixture 
is applied to a PET film having been subjected to peeling 
treatment so as to have a desired thickness, and dried at about 
800 C. 

EXAMPLES The present invention will now be 
described in more detail using the following 

Examples. 

Examples 1 to 6 and Comparative Examples 1 to 4 

I0088 (Production of buffer film for multi-chip packaging) 
A silicone-based resin composition shown in Table 1 was 
applied to a heat-resistant resin film (heat-resistant resin lay 
ers) shown in Table 1 by the screen printing method and dried 
at 120° C. for one hour to form a flexible resin layer, thereby 
producing a buffer film for multi-chip packaging. 
0089. As the heat-resistant resin films and the silicone 
based resin compositions, the following materials were used. 
(0090 Polyimide resin film: UPILEX-25S, Ube Industries, 
Ltd. 
(0091 Polyester resin film: Teijin Tetoron Film, Teijin 
Limited 
0092. Polyvinyl chloride resin film: Evilon CB3005, 
Taihei 

0093 Chemicals Limited 
(0094 Polyolefin resin film: SAN8041, Tech-Jam 
(0095 Fluororesin film (polytetrafluoroethylene): Nitof 
lon, 
(0096 Nitto Denko Corporation 
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0097. Silicone: KE-1281, X-32-2020, Shin-Etsu Chemi 
cal Co., Ltd. 
0.098 Silicone: XE13-1822, MOMENTIVE 
0099 Dimethylsilicone: KER-2600, Shin-Etsu Chemical 
Co., Ltd. 
0100 Dimethylsilicone: KER-2500, Shin-Etsu Chemical 
Co., Ltd. 
0101. A plurality of LED devices were collectively 
mounted on a circuit Substrate by the flip chip method using 
the produced buffer films for multi-chip packaging and a 
light-reflective anisotropic conductive adhesive described 
below to obtain multi-chip modules. As for the multi-chip 
modules, “connection reliability” and “out of alignment 
were evaluated on a test. The obtained evaluation results are 
shown in Table 1. 

Preparation of Light-Reflective Anisotropic 
Conductive Adhesive 

0102 Needle-shaped white inorganic particles and con 
ductive particles (particle diameter: 5um) in which the sur 
face of spherical particle was plated with gold were mixed in 
a thermosetting resin composition made from an epoxy cur 
ing adhesive (adhesive binder containing CEL2021P-MeH 
HPA as a main component) to prepare a light-reflective aniso 
tropic conductive adhesive. The added amount of the needle 
shaped white inorganic particle was 12.0% by volume based 
on the thermosetting resin composition. As the needle-shaped 
white inorganic particle, a titanium dioxide (TiO) whisker 
having a particle diameter of 1.7 um in the longer side direc 
tion and of 0.13 um in the shorter side direction (aspect ratio: 
13.1) was used. The added amount of the conductive particle 
was 10% by mass based on the thermosetting resin composi 
tion. 

Production of Multi-Chip Module 
0103) An Aubump having a height of 10 um was formed 
using a bump holder (FB700, Kaijo Corporation) on a glass 
epoxy Substrate having wirings in which copper wirings hav 
ing a pitch of 100 um had been Ni/Au plated (5.0 um/0.3 um 
in thickness) and capable of mounting 20 LED devices. The 
anisotropic conductive adhesive was applied to the glass 
epoxy Substrate having an Aubump so as to have a thickness 
of 15um, and 20 LED chip devices having a square of side 0.3 
mm were mounted on the Substrate, and temporarily adhered. 
The buffer films for multi-chip packaging of Examples and 
Comparative Examples were disposed between the tempo 
rarily adhered LED chip devices and the heating and pressur 
izing head using a flip chip bonder provided with a metallic 

Linear Expansion 
Coefficient 

ppm/°C. 

Heat-Resistant Upilex-25S 12 

Resin Layer in Teijin Tetoron 60 
Buffer Film Evilon CB3OOS 70 

SAN8041 110 

Nitoflon 100 
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heating and pressurizing head, and Subjected to application of 
heat and pressure at 200° C. for 30 seconds to obtain multi 
chip modules. 

Connection Reliability Evaluation 
0104. The connection resistance of each of the multi-chip 
modules immediately after the production was measured 
using a curve tracer (TCT-2004, Kokuyo Electric Co., Ltd.). 
The obtained results are shown in Table 1. The multi-chip 
modules were then Subjected to a temperature cycle test 
(TCT: exposure to an atmosphere of -40°C. and 100° C. for 
30 minutes is defined as one temperature cycle. 500 or 1000 
cycles were performed.), and the connection resistance was 
measured. The obtained results are shown in Table 1. 
0105 A Vf value during If 20 mA was measured, and 
connection reliability was evaluated in accordance with the 
following criteria. When short circuit (leakage) was con 
firmed due to chip damage and the like during mounting, the 
connection reliability was represented as “*”, and when the 
connection was opened (impossible), it was represented as 

0106 Rank criterion 
0107 AA: The increment of Vf value from the initial Vf 
value is less than +0.05 V. 
01.08 A: The increment of Vf value from the initial Vf 
value is -0.05 V or more and less than 0.07 V. 
0109 B: The increment of Vf value from the initial Vf 
value is +0.07 V or more and less than +0.1 V. 
0110 C: The increment of Vf value from the initial Vf 
value is +0.1 V or more. 

Evaluation of Out of Alignment 
0111. The external appearance of each of the obtained 
multi-chip modules was observed with a microscopy, and the 
observed gaps between the LED chip devices and the bumps 
on the substrate were evaluated in accordance with the fol 
lowing criteria. 
0112 Rank criterion 
0113 AA: No gap was observed between the electrodes of 
the LED devices and the bumps on the substrate. 
0114 A: Some gaps were observed between the electrodes 
of the LED devices and the bumps on the substrate, but there 
was no problem in practical use. 
0115 B: Some gaps were observed between the electrodes 
of the LED devices and the bumps on the substrate, but 
electric connection was ensured. 
0116 C: Remarkable gaps were observed between the 
electrodes of the LED devices and the bumps on the substrate, 
and electric connection was not obtained. 

TABLE 1 

Example Comparative Example 
Shore A (Thickness Im) (Thickness Im) 

Hardness 1 2 3 4 5 6 1 2 3 4 

12.5 12.5 12.S. 12.5 12.5 12.5 

16 

15 

50 

50 
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TABLE 1-continued 

Linear Expansion 
Coefficient 

ppm/°C. Hardness 1 

Flexible Resin KE-1281 2O 
Layer in Buffer KER-2600 47 
Film KER-2SOO 70 50 

X-32-2O2O 78 
XE13-C1822 94 

Out of Alignment AA 
Connection Early Stage AA 
Reliability After 500 AA 

TCT Cycles 
After 1000 AA 
TCT Cycles 

0117. As shown in Table 1, in the multi-chip modules 
produced using the buffer films for multi-chip packaging of 
Examples 1 to 6, out of alignment in the LED chip was 
observed, and connection reliability at the early stage and 
after 1000 TCT cycles was favorable. In particular, the result 
of Example 1 is better than those of other Examples. 
0118. On the other hand, in the multi-chip module pro 
duced using the buffer film for multi-chip packaging of Com 
parative Example 1, out of alignment in the LED chip was not 
observed, but leakage was observed at the initial evaluation of 
the connection reliability test due to no flexible resin layer and 
favorable connection reliability was not obtained. 
0119. In the multi-chip module produced using the buffer 
film for multi-chip packaging of Comparative Example 2, out 
of alignment in the LED chip was not observed, but there was 
a problem of connection reliability because the flexible resin 
layer was relatively hard. 
0120 In the multi-chip module produced using the buffer 
film for multi-chip packaging of Comparative Example 3, the 
heat-resistant resin layer of the buffer film was thermally 
contracted, and out of alignment in the LED chip was 
observed. Further, the initial connection reliability was favor 
able, but the Vf value after 500 TCT cycles remarkably 
increased, and connection after 1000 TCT cycles was opened. 
0121. In the multi-chip module produced using the buffer 
film for multi-chip packaging of Comparative Example 4, the 
buffer film was deformed, and the LED chips were com 
pletely out of alignment. 

INDUSTRIAL APPLICABILITY 

0122) The buffer film for multi-chip packaging of the 
present invention has a structure in which a flexible resin to be 
disposed on a bonding head side, which is made from a 
material having a predetermined Shore A hardness and is 
likely to deform comparatively is laminated on a heat-resis 
tant resin layer to be disposed on a chip device side, which has 
a linear expansion coefficient of less than a predetermined 
value and is unlikely to deform comparatively. Therefore, 
when heat and pressure are applied to the buffer film with a 
bonding head in multi-chip packaging, the heat-resistant 
resin layer in contact with the chip devices is unlikely to 
deform. As a result, the out of alignment of the chip devices 
can be suppressed. On the other hand, since the flexible resin 
layer in contact with the bonding head is likely to deform, the 

Shore A Thickness In 

2 
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Example Comparative Example 
Thickness In 

3 4 5 6 1 2 3 4 

50 15 None None 
50 

50 
50 

50 
A. A A. A. A. A. C C 
A. A A. A. : — A — 
A. A A. A. B 

A. A A. A. 

difference or variation of height of the chip devices is elimi 
nated. In this state, heat and pressure are applied well to each 
of the chip devices, so that favorable connection reliability 
can be ensured. Accordingly, this is useful for multi-chip 
packaging in which a plurality of chip devices are collectively 
mounted on a Substrate. 

REFERENCE SIGNS LIST 

I0123. 1 heat-resistant resin layer 
(0.124 2 flexible resin layer 
0.125 10 buffer film for multi-chip packaging 
I0126 21 stage 
(O127 22 wiring 
I0128 23 bump 
0129 24 substrate 
0.130 25 adhesive 
I0131 26 chip device 
(0132) 27 bonding head 
(0.133 50 multi-chip module 
I0134 100, 200 light-reflective conductive particle 
I0135) 110, 210 core particle 
0.136 120, 220 inorganic particle 
I0137 130, 230 light-reflective layer 
I0138 240 thermoplastic resin 

1. A buffer film for multi-chip packaging, comprising a 
heat-resistant resin layer and a flexible resin layer formed 
thereon, wherein the heat-resistant resin layer has a linear 
expansion coefficient of 80 ppm/°C. or lower and the flexible 
resin layer is made of a resin material having a Shore A 
hardness according to JIS K6253 of 10 to 80. 

2. The buffer film for multi-chip packaging according to 
claim 1, wherein the heat-resistant resin layer is formed from 
a polyimide resin film, a polyester resin film, a polyvinyl 
chloride resin film, a polyolefin resin film, or a fluororesin 
film. 

3. The buffer film for multi-chip packaging according to 
claim 1, wherein the resin material forming the flexible resin 
layer is an anionically living-polymerizable silicone resin 
composition. 

4. The buffer film for multi-chip packaging according to 
claim 1, wherein the heat-resistant resin layer has a thickness 
of 200 um or less and the flexible resin layer has a thickness 
of 10 um or more. 


