
DESCRIPTION SEMICONDUCTOR DEVICE TECHNICAL FIELD [0001] The present
invention relates to a semiconductor device. The present application
claims priority on the basis of Japanese Patent Application No.
2011-119606, filed in Japan on May 27, 2011, the contents of which
are incorporated herein by reference. BACKGROUND ART [0002] The
technique which uses an adhesive film as a technique connecting a
semiconductor element on a leadframe is known. For example, this kind
of technique is disclosed in Patent Document 1. As for the adhesive
film disclosed in Patent Document 1, it is described that a film
which contains silver filler in a thermosetting resin is used. Patent
Document 1: Japanese Unexamined Patent Application No. 2002-118081
Patent Document 2: Japanese Unexamined Patent Application No.
2003-82034 [0003] Problem to be solved by the Invention [0004]
However, the inventors examined and as a result, it is proved that
the conventional adhesive film has room of improvement in the stress
relaxation ability between a semiconductor element and another
member. DISCLOSURE OF INVENTION [0005] Patent Document 2 discloses
that in a silver paste adhesive, silver filler present at upper
portion moves downwardly due to sinking of silver filler, and as a
result, the distribution of silver filler becomes uneven. According
to Patent Document 2, it is disclosed that in an adhesive layer
consisting of paste, the concentration of the silver filler increases
from the upper surface to the  bottom surface, and as a result, the
adhesive force significantly decreases at the bottom surface. 



[0006] Thus, in the field of the present invention, it has been
required to reduce the decreasing of adhesive force at the bottom
surface of the adhesive layer. It has been thought that in order to
satisfy such a requirement, the adhesive layer film that is pressure
welded between a semiconductor element and a leadframe, preferably
has perfectly uniform silver filler distribution in its thickness
direction. [0007] However, as a result that the inventors examined,
in the case in whichsilver filler was distributed completely uniform,
it is proved that stress relaxation ability in an interface of an
adhesive layer film cannot be obtained sufficiently. [0008] As a
result that the inventors further examined, it was found that in the
adhesive layer consisting of die attach paste (which may be called as
DA layer, below), non-uniform distribution of silver filler generates
in a thickness direction of layer. Although its mechanism is
uncertain, if a die attach paste is pressed from both sides, then
flowing of resin differs in the inner portion and the outer portion
of the paste. From this, it can be presumed that the concentration of
silver filler increases in the inner portion of the DA layer, whereas
the concentration of resin increases in both interfaces of the DA
layer. Thereby, stress relaxation ability at the both interfaces of
the DA layer increases. [0009] As a result of examination, it is
found that an item having the following constitution is desirable. In
other words, the present invention provides: [1] A semiconductor
device, comprising: a base material, a semiconductor element, and an
adhesive layer intervening the space between the base material and
the semiconductor element to adhere the base material and the
semiconductor element, wherein thermal conductive filler is dispersed
in the adhesive layer, and when the content of the thermal conductive
filler dispersed in the whole of the adhesive layer is expressed as
C, the content of the thermal conductive filler in the region 1
ranging from the interface of the adhesive layer at the side of the
semiconductor element to the depth by 2itm is 2  expressed as Cl, and
the content of the thermal conductive filler in the region 2 ranging
from the interface of the adhesive layer at the side of the base
material to the depth of 2/tm is expressed as C2, the following
formulae are satisfied: Cl<C, and C2<C. [0010] 



In addition, the present invention includes the following.  [2] The
semiconductor device as set forth in [1], wherein the following
formulae are satisfied: 0.75< Cl/C <0.97, and 0.75< C2/C <0.97.  [3]
The semiconductor device as set forth in [1] or [2], wherein the
thermal conductive filler contains at least one kind of particle
selected from the group consisting of silver, copper, gold, aluminum,
nickel, alumina and silica.  [4] The semiconductor device as set
forth in any one of [1] to [3], wherein the base material is
leadframe, a heat sink or a BGA substrate.  [5] The semiconductor
device as set forth in any one of [1] to [4], wherein the
semiconductor element is a power device having electric power
consumption of 1.7 W or more. EFFECT OF THE INVENTION [0011]
According to the present invention, provided is a semiconductor
device which excels in yield. BRIEF DESCRIPTION OF DRAWINGS [0012]
FIG. 1 is a cross-sectional view showing the constitution of the
semiconductor device with regard to the present embodiment. FIG. 2 is
an enlarged view of the semiconductor device shown in Fig. 1. BEST
MODE FOR CARRYING OUT THE INVENTION [0013] One embodiment according
to the present invention will be explained below, referring to the
drawings. It should be noted that the same reference is attached to
the same constitutional element, and explanation thereof may be
omitted appropriately. 3  FIG.1 is a cross-sectional view showingthe
constitution of the semiconductor device 10 of this embodiment. FIG.
2 is a drawing showing enlarged view of a part of the semiconductor
device 10 shown in Fig. 1. The semiconductor device 10 of this
embodiment has the base material(die pad 2), the semiconductor
element 3, and the adhesive layer 1 intervening the space between the
base material and the semiconductor element 3 to adhere the base
material and the semiconductor element. The adhesive layer 1 contains
the thermal conductive filler 8. In the semiconductor device 10, the
thermal conductive filler 8 is dispersed in the adhesive layer 1, and
when the content of the thermal conductive filler 8 dispersed in the
entirely of the adhesive layer I is expressed as C, the content of
the thermal conductive filler 8 in the region 1 ranging from the
interface of the adhesive layer 1 at the side of the semiconductor
element 3 to a depth of 2/.tm is expressed as Cl, and the content of
the thermal conductive filler 8 in the region 2 ranging from the
interface of the adhesive layer 1 at the side of the base
material(the die pad 2) to a depth of 2/.tm is expressed as C2, the
following formulae are satisfied: Cl<C, and C2C. It will be explained
in detail below. 



[0014] The adhesive layer 1 is formed by contact bonding a resin
paste composition(die attach paste) explained later, with the
semiconductor element 3 and the die pad 2. The inventors of the
present invention found that non-uniform distribution of the thermal
conductive filler 8 such as silver filler generates in the direction
of contact bonding(i.e. thickness direction of the layer) of the
adhesive layer (which may be expressed simply as the adhesive layer
1) which is obtained by contact bonding the die attached paste along
the opposed direction. Although the mechanism that thermal conductive
filler 8 becomes uneven distribution is unexplained, it can be
imagined as follows. That is, when the die attached paste is pressed
from both sides, the flow of resin differs in the inner portion and
in the outer portion of the paste. Thereby, the concentration of the
thermal conductive filler 8 in the inner portion of the adhesive
layer 1 becomes higher than that of the interface. On the other hand,
it can be thought that the concentration of the resin in both
interfaces of the adhesive layer 1 becomes higher than that of the
inner portion. Such an adhesive layer 1 can be specified by the
formulae Cl<C and C2C. As a result of examination, it is found that
the adhesive layer satisfying the condition as such excels in the
stress relaxation ability in both interfaces. Accordingly, since the
semiconductor element 3 is protected by the adhesive layer 1 4
having stress relaxation ability upon being cured, the yield of the
semiconductor device 10 increases. [0015] Conventionally, as for
distribution of silver filler in the adhesive layer, there are two
ways as follows. The first one is that silver filler is distributed
such that the concentration of the silver filler increases from the
upper surface of the adhesive layer to the bottom surface. The second
one is that silver filler is distributed such that the concentration
of the silver filler is completely uniform from the upper surface of
the adhesive layer to the bottom surface. In the first distribution,
since the concentration of silver filler at the bottom surface of the
adhesive layer becomes significantly high, the adhesive force at the
bottom surface deteriorates. On the other hand, in the second
distribution, since silver filler is distributed uniformly over the
entirety of the adhesive layer, the stress relaxation ability at the
interface of the adhesive layer film cannot be sufficiently obtained.
[0016] In contrast, according to this embodiment, the adhesive layer
1 is constituted such that the concentration of the thermal
conductive filler 8 in the upper layer and the bottom layer is lower
than that of the inner portion. Accordingly, the adhesive layer I can
exhibit stress relaxation ability at both the upper interface and the
bottom interface, as well as excellent adhesive properties. [0017] In
this embodiment, the adhesive layer 1 preferably satisfies the
formulae 0.75< Cl/C <0.97 and 0.75< C2/C <0.97. As a result of making
each of Cl/C and C2/C the upper limit thereof or less, thermal
shrinkage decreases, and stress relaxation ability can be
sufficiently exhibited. In addition, adhesive property can be
sufficiently exhibited. On the other hand, as a result of making each
of Cl/C and C2/C be the lower limit thereof or higher, the linear
expansion coefficient decreases, thereby occurrence of cracks can be
controlled. In addition, since the linear expansion coefficient can
be increased, occurrence of camber in the adhesive layer I can be
controlled. In other words, it is possible to obtain an adhesive
layer 1 which excels in balance of the stress relaxation ability and



In addition, in this embodiment, the total depth L of the adhesive
layer 1 is not particularly limited, but, for example, is preferably
6 to 200 Am, and more preferably8 to 100 Am. As a result of making
the value the lower limit thereof or higher, it is possible to
exhibit the stress relaxation ability sufficiently. On the other
hand, as a result of making the value the upper limit thereof or
less, occurrence of a crack can be suppressed. [0021] As a
calculation method of content of the thermal conductive filler 8, for
example, the following method can be adopted. In other words, at
first, a binarization process is performed on a scanning electron
microscope cross-sectional image of the adhesive layer 1 in a
thickness direction. In the binarization process, the threshold is
set to the volume fraction X of the conductive filler contained in
the cured product obtained from the ash measurement of cured product
of paste. Subsequently, the binarized image obtained by the
binarization process is divided in the thickness direction at 0.2Am
intervals, thereby calculating the content of thermal conductive
filler 8 of each of the layers. This embodiment will be explained
using silver filler as the thermal conductive 6  filler 8. However,
it can be calculated similarly when a different filler is used. Here,
the calculation of the content is performed as follows. First, in
order from the upper part to the lower part, the 1st layer, the 2nd
layer, ... the Nth layer are defined. On the other hand, it is
defined as the l'st layer, the 2'ndlayer, ... the N'th layer from the
upper part to the lower part. Subsequently, (1) the content of the
1st layer to the Nth layer from the upper part to the lower part is
calculated. Thereafter, it is calculated, as the silver ratio of the
1st layer = (silver amount of the 1st layer/X)x100, the silver ratio
of from the lst layer to the 2nd layer =(silver amount of the lst
layer + silver amount of the 2" layer)/Xx100, ..., the silver ratio
of from the 1st layer to the Nth layer =(silver amount of the lst
layer + silver amount of the 2" layer +...+ silver amount of the Nth
layer)/Xx 100 = (X/X) x100 = 100. Similarly, (2) the content from the
lower part to the upper part is calculated. Thereafter, it is
calculated, as the silver ratio of the l'st layer = (silver amount of
the l'st layer/X)x100, the silver ratio of from the l'st layer to the
2'nd layer = (silver amount of the l'st layer + silver amount of the
2'nd layer)/Xx100 ,, the silver ratio of from the l'st layer to the
N'th layer = (silver amount of the l'st layer + silver amount of the
2'nd layer + ...+ silver amount of the N'th layer)Xx100 =(X/X)x100 =
100. From these numerical values, silver ratio of each of layers to
the total amount of silver when changing the distance from the upper
part and the lower part is calculated. Thereafter, as for Cl/C in the
region 1 ranging from the interface at the semiconductor element 3
side to a depth of 2gm of the adhesive layer 1, the silver ratio (1)
which is calculated from the upper part to the lower part of the 10th
layer is adopted. On the other hand, as for C2/C in the region 2
ranging from the interface at the base material(die pad 2) side to a
depth of 2 gm of the adhesive layer 1, the silver ratio (2) which is
calculated from the lower part to the upper part of the le layer is
adopted. [0022] Thermal conductive filler 8 is contained in the
adhesive layer 1. As for the thermal conductive filler 8, the
material therefor is not limited particularly, besides particles of
silver, copper, gold, aluminum, nickel, alumina, or silica, particles
containing silver as a main component, metal particles such as



[0026] In this embodiment, for example, the adhesive layer 1 is
obtained by, for example, curing a thermosetting resin composition.
As the thermosetting resin composition, those including a general
thermosetting resin which forms a network structure of a three
dimension by heating is preferred. The thermosetting resin is not
limited particularly, it is preferable to be material which fonns a
liquid resin composition, and it is desirable to be a liquidat a room
temperature (25 C). For example, cyanate resin, an epoxy resin,
radical polymerizable acrylic resin, and maleimide resin are
exemplary. The thermosetting adhesive composition may contain various
additives such as a curing agent, curing accelerant, polymerization
initiator, depending on object. [0027] Cyanate resin is a compound
having -NCO group in the molecule, and a resinwhich forms a network
structure of a three dimension since the -NCO group reacts by heating
to be cured. Specifically, 1,3-dicyanate benzene, 1,4-dicyanate
benzene,  1,3,5-tricyanate benzene, 1,3-dicyanate naphthalene,
1,4-dicyanate naphthalene, 1,6-dicyanate naphthalene, 1,8-dicyanate
naphthalene, 2,6-dicyanate naphthalene, 2,7-dicyanate naphthalene,
1,3,6-tricyanate naphthalene, 4,4'-dicyanate biphenyl, bis (4-cyanate
phenyl)methane, bis (3,5-dimethy1-4-cyanate phenyl)methane,
2,2-bis(4-cyanate phenyl)propane, 2,2-bis (3,5-dibromo-4-cyanate
phenyl)propane, bis(4-cyanate phenyflether, bis(4-cyanate phenyl)
thioether, bis(4-cyanate phenyl) sulfone, his (4-cyanate
phenyl)phosphite, tris (4-cyanate phenyl) phosphate and cyanates
obtainable from reaction of novolac resin and halogenation cyan are
exemplary, and prepolymer having triazine ring formed by trimerizing
the cyanate group of these multifunctional cyanate resins can be also
used. This prepolymer is obtained by polymerizing the multifunctional
cyanate resin monomer using, for example, acids such as mineral acid,
Lewis acid, bases such as sodium alcoholate, tertiary amine, salts
such as sodium carbonate, as catalyst. [0028] As a curing accelerant
for the cyanate resin, those known well can be used generally. For
example, organic metal complex such as zinc octoate, tin octoate,
cobalt naphthenate, zinc naphthenate, acetylacetone iron, metal salts
such as aluminum chloride, tin chloride, zinc chloride, and amines
such as triethylamine, dimethyl benzylamine are exemplary, but is not
limited thereto. These curing accelerants can be used alone or as a
mixture of two or more thereof In addition, cyanate resin can be used
together with other resin such as an epoxy resin, oxetane resin,
acrylic resin, and maleimide resin. [00291 Epoxy resin is a compound
which has one or more of glycidyl group in the molecule, which forms
a network structure of a three dimension by reacting the glycidyl
group with heat to be cured. It is preferable that two or more of
glycidyl groups are contained in one molecule, because even if a
compound having only one glycidyl group is reacted, sufficient cured
product properties cannot be obtained. As the compound which has two
or more of glycidyl groups in one molecule, bifunctional compounds
obtained by epoxidation of bisphenol compounds such as bisphenol A,
bisphenol F, biphenol and derivatives thereof, diols having alicyclic
structure such as hydrogenated bisphenol A, hydrogenated bisphenol F,
hydrogenated biphenol, cyclohexanediol, cyclohexanedimethanol,
cyclohexanediethanol, and derivatives thereof, aliphatic diols such
as butanediol, hexanediol, octanediol, nonanediol, decanediol or
derivatives thereof trifunctional compounds having
trihydroxyphenylmethane skeleton, aminophenol skeleton; and



If the number is larger than this range, then the molecular weight
increases too much, such that the viscosity of the electric
conductive paste increases too much, and hence it is not preferable.
More preferable number of phenolic hydroxyl group contained in one
molecule is 2 or 3. As such a compound, bisphenols such as bisphenol
F, bisphenol A, bisphenol S, tetramethyl bisphenol A, tetramethyl
bisphenol F, tetramethyl bisphenol S, dihydroxy diphenyl ether,
dihydroxy benzophenone, tetra methyl biphenol, ethylidene bisphenol,
methylethylidene bis (methyl phenol), cyclohexylidene bisphenol,
biphenol, and  derivatives thereof; trifunctional phenols such as tri
(hydroxyphenyl) methane, tri (hydroxyphenypethane, and derivatives
thereof; compound obtained by reacting phenols such as phenol
novolac, cresol novolac, with formaldehyde and mainly consisting of
dimer or trimer and derivatives thereof are exemplary [0032] As a
curing accelerant of epoxy resin, imidazoles, salts of
triphenylphosphine or tetraphenylphosphonMm, amine type compouds such
as diazabicycloundecene and salts thereof are exemplary, imidazole
compouds such as 2-methylimidazole,
2-ethylimidazole-2-phenylimidazole, 2-phenyl-4-methylimidazole,
2-phenyl-4-methyl-5-hydroxymethylimidazole,
2-phenyl-4,5-dihydroxymethylimidazole, 2-C IIH23-imidazole, and an
adduct of 2-methylimidazole and 2,4-diamino-6-vinyltriazine are used
favorably Of these, particularly preferred one is imidazole compounds
having melting point of 180 C or higher. In addition, an epoxy resin
is desirable to be used with cyanate resin, acrylic resin, and
maleimide resin. [0033] Radical polymerizable acrylic resin is a
compound having (meth)acryloyl groups in the molecule, which forms a
network structure of a three dimension by reacting (meth)acryloyl
groups to be cured. In the molecule, one or more of (meth)acryloyl
groups have to be contained, two or more of (meth)acryloyl groups
preferably be contained. Particularly preferable acrylic resin is a
compound having molecular weight ranging from 500 to 10000, of
polyether, polyester, polycarbonate, poly(meth)acrylate, having
(meth)acrylic groups. As a polyether, those having organic groups of
3 to 6 carbon atoms repeating through ether linkage are preferred and
those having no aromatic rings are preferred. They can be obtained by
reacting polyetherpolyols with (meth)acrylic acid or derivative
thereof As a polyester, those having organic groups of 3 to 6 carbon
atoms repeating through ester linkage are preferred and those having
no aromatic rings are preferred. They can be obtained by reacting
polyesterpolyols with (meth)acrylic acid or derivative thereof As a
polycarbonate, those having organic groups of 3 to 6 carbon atoms
repeating through carbonate linkage are preferred and those having no
aromatic rings are preferred. They can be obtained by reacting
polycarbonatepolyols with (meth)acrylic acid or derivative thereof
[0034] As a poly (meth) acrylate, copolymers of (meth)acrylic acid
and (meth)acrylate or  copolymers of (meth)acrylate having polar
groups and (meth)acrylate having no polar groups are preferred. In
the case of reacting these copolymers with carboxyl groups, acrylate
having hydroxyl groups are used, whereas in the case of reacting
these copolymers with hydroxyl groups, (meth)acrylic acid or
derivative thereof are used to obtain. [0035] If necessary, the
following compounds can be used together. For example, (meth)acrylate
having hydroxyl groups such as 2-hydroxy ethyl (meth) acrylate,
2-hydroxy propyl (meth) acrylate, 3-hydroxy propyl (meth) acrylate,



[0037] Further, a thermalradical polymerization initiator is further
used favorably as a polymerization initiator. Those usually used as a
thermalradical polymerization initiator, are not limited
particularly. Preferred is those having decomposition temperature in
the flash heating examination (decomposition starting temperature
when sample in an amount of lg is placed on an electrical hot plate,
and heated at a rate of 4C/minute) ranging from 40 to 140C. If the
decomposition temperature is less than 40C, then the storage life of
the electrical conductive paste at an atmospheric temperature
deteriorates, whereas the decomposition temperature is more than
140C, then the curing time becomes long too much, and hence it is not
favorable. As a thermal radical polymerization initiator satisfying
this condition, specifically, methyl ethyl ketone peroxide, methyl
cyclohexanone peroxide, methyl aceto acetate per oxide,
acetylacetoneperoxide, 1,1-bis(t-butyl peroxy)3,3,5-trimethyl
cyclohexane, 1,1- bis(t-hexyl peroxy)cyclohexane, 1,1-bis(t-hexyl
peroxy)3,3,5-trimethyl cyclohexane, 1,1-bis(t-butyl
peroxy)cyclohexane, 2,2-bis(4,4-di-t-butyl peroxycyclohexyl) propane,
1,1-bis(t-butyl peroxy) cyclododecane, n-butyl, 4,4-bis (t-butyl
peroxy)valerate, 2,2-bis (t-butyl peroxy)butane, 1,1-bis (t-butyl
peroxy)-2-methyl cyclohexane, t-butylhydroper oxide,
P-menthanehydroperoxide, 1,1,3,3-tetramethyl butyl hydroperoxides,
t-hexyl hydro peroxide, dicumylperoxide, 2,5-dimethy1-2,5-bis
(t-butyl peroxy)hexane, o d-bis (t-butyl peroxy)diisopropyl benzene,
t-butyl cumylperoxide, di-t-butyl peroxide,
2,5-dimethy1-2,5-bis(t-butyl peroxy)hexyne-3, isobutyrylperoxide,
3,5,5-trimethyl hexanoylperoxide, octanoylperoxide, lauroyl peroxide,
cinnamic acid per oxide, m-toluoylperoxide, benzoyl peroxide,
diisopropyl peroxydicarbonate, bis(4-t-butyl cyclohexyl)
peroxydicarbonate, di-3-methoxy butyl peroxydicarbonate, di-2-ethyl
hexyl peroxy dicarbonate, di-sec-butyl peroxydicarbonate,
di(3-methyl-3-methoxy butyl) peroxydicarbonate, di (4-t-butyl
cyclohexyl) peroxydicarbonate, o d-bis (neo-decanoylperoxy)
diisopropyl benzene, cumyl peroxyneodecanoate,
1,1,3,3,-tetramethylbutylperoxyneodecanoate,
1-cyclohexyl-l-methylethylperoxyneodecanoate,
t-hexylperoxyneodecanoate, t-butyl peroxyneodecanoate, t-hexyl
peroxypivalate, t-butyl peroxypivalate, 2,5-dimethy1-2,5- bis
(2-ethyl hexanoyl peroxy)hexane, 1,1,3,3-tetramethyl butyl
peroxy-2-ethyl hexanoate, 1-cyclohexyl-1-methylethyl peroxy-2-ethyl
hexanoate, t-hexyl peroxy-2- ethyl hexanoate, t-butyl peroxy-2-ethyl
hexanoate, t-butyl peroxy isobutylate, t-butylperoxymaleic acid,
t-butyl peroxy laurate, t-butyl peroxy-3,5,5-trimethyl hexanoate,
t-butyl peroxy isopropyl monocarbonate, t-butyl peroxy-2-ethyl hexyl
mono carbonate, 2,5-dimethy1-2,5-bis(benzoyl peroxy)hexane, t-butyl
peroxy acetate, t-hexyl peroxy benzoate, t-butyl peroxy-m-toluoyl
benzoate, t-butyl peroxy benzoate, bis(tbutyl peroxy)isophthalate,
t-butyl peroxy allyl monocarbonate, and 3,31,4,4'-tetra(t-butyl
peroxy carbonyl)benzophenone are exemplary. Each of these can be used
alone or as a mixture of two or more thereof, in order to control
curing ability. In addition, the above mentioned radical
polymerizable acrylic resin is preferably used together with cyanate
resin, epoxy resin, maleimide resin. [0038] Maleimide resin is a
compound which has one or more of maleimide group in one molecule,
which forms a network structure of a three dimension by reacting



It should be noted that a film-shaped adhesive can be used by the
same way as above. In this case, for example, the film-shaped
adhesive is laminated on a supporting member, and then the resultant
laminated adhesive is processed by the same way as above to obtain a
semiconductor device. EXAMPLE [0042] The present invention will be
explained below, using embodiments concretely, but the present
invention is not limited thereto. A compound ratio represents are
shown in terms of parts by weight. In both the Example and
Comperative Example, the following materials were compounded in parts
by weight shown in Table 1, and then the resultant mixture was
kneaded and deaerated using a three-roll mill to obtain a resin
composition. [0043] (Evaluation test) The following evaluation tests
were conducted on the resultant resin composition obtained in the
Examples and Comparative Examples, respectively. Evaluation resultis
shown in Table 1. [0044] (Precipitation test) Syringes (10 cc) filled
with each of the resin compositions of Examples in an amount of 30g
were stored such that the tip of syringe turns to the bottom, for 30
days in a temperature controlled bath adjusted at 0C. The appearance
of the test sample (the content of the syringe) after storing was
confirmed by visual observation, and the test sample having no change
was graded as 0, the test sample showing a little separation between
the silver powder and the resin composition was graded as A, and the
test sample showing a significant separation between the silver
powder and the resin composition was graded as x. [0045] (Reflow
resistance) Using each of the resin compositions of Examples and
Comparative Examples, the following leadframe and silicon chip were
cured at 175Cfor 60 minutes, thereby adhering. And further, using a
sealing material (SUMICON EME-G700, a product of Sumitomo Bakelite
Co., Ltd.), the resultant adhered product was sealed to produce a
semiconductor device.  The resultant semiconductor device was
subjected to a moisture adsorption treatment under a condition of at
30C, relative humidity of 60%, for 168 hours, thereafter the
resultant semiconductor device was subjected to IR reflow
treatment(at 260C, for 10 sec., 3 times reflowing). With respect to
the resultant semiconductor device, degree of exfoliation was
determined by a supersonic flaw detection device (a permeation type).
If the percentage of exfoliated area to a chip is less than 10%, then
it is graded as pass. Semiconductor device: QFP (14x20x2.0n)
leadframe: A copper leadframe on which silver spot plating was
effected. chip size: 5x5 mm Curing condition of the resin
composition: in an oven kept at 175C,for 60 minutes 0 : The
exfoliated area to the area of a silicon chip is less than 5%. 



A : The exfoliated area to the area of a silicon chip is not less
than5% and less than 10%. X: The exfoliated area to the area of a
silicon chip is more than 10%. [0046] (Calculation method of C, Cl
and C2) Using each of the resin compositions of Examples and
Comparative Examples, the following leadframe and silicon chip were
cured at 175C for 60 minutes, thereby adhering. From the resultant
adhered product, a cross-section of the adhesive layer 1 was cut off
to obtain an SEM cross-sectional view of the adhesive layer 1 in the
thickness direction. The resultant SEM cross-sectional view was
subjected to binarize process. In the binarize process, the threshold
was set to be the volume fraction X of the conductive filler
contained in the cured product obtained from the ash measurement of
cured product of paste. Subsequently, the binarized image obtained by
the binarize process was cut in the thickness direction at 0.2 Am
intervals, thereby calculating the content of thermal conductive
filler 8 of each of the layers. At first, from the upper part to the
lower part, the content of up to Nth layer was calculated. That is,
it was calculated, as the silver ratio of the 1st layer = (silver
amount of the 1st layer/X)x100, the silver ratio of from the 1st
layer to the 2nd layer =(silver amount of the 1st layer + silver
amount of the 2nd layer)/Xx100, ..., the silver ratio of from the 1st
layer to the Nth layer =(silver amount of the 1st layer + silver
amount of the 2nd layer +...+ silver amount of the Nth layer)/Xx100 =
(X/X)x100 = 100. Similarly, (2) the content from the lower part to
the upper part was calculated. That is, it was calculated, as the
silver ratio of the l'st layer = (silver amount of the l'st
layer/X)x100, the silver ratio of from the l'st layer to the 2'nd
layer = (silver amount of the 1 'st layer + silver amount of the 2'nd
layer)/Xx100 ,     , the silver ratio of from the l'st layer to the
N'th layer = (silver amount of the l'st layer + silver amount of the
2'nd layer + ...+ silver amount of the N'th layer)Xx100 =(X/X)x100 =
100. As for Cl/C in the region 1 ranging from the interface of the
semiconductor 3 side to a depth of 21.tm of the adhesive layer 1, (1)
the silver ratio of the first layer calculated from the upper part to
the lower part was adopted. On the other hand, as for C2/C in the
region 2 ranging from the interface of the base material( die pad 2)
side to a depth of 21.tm of the adhesive layer 1, (2) the silver
ratio of the l'th layer calculated from the lower part to the upper
part was adopted. [0047] (Heat cycle(adhesiveness)) Using each of the
resin compositions of Examples and Comparative Examples, the
following leadframe and silicon chip were cured at 175C for 60
minutes, thereby adhering. With respect to the resultant adhered
product, heat cycle treatment (25C/1 60C for 30 minutes was
determined as I cycle) was performed. At every 10 cycles performed,
it was confirmed whether exfoliation is generated or not between the
chip and the adhesive layer, and whether exfoliation is generated or
not between the leadframe and the adhesive layer. When there is no
exfoliation between the chip and theadhesive layer, and there is no
exfoliation between the leadframe and the adhesive layer, it is
indicated as 0/0. When there is exfoliation between the chip and the
adhesive layer, and there is no exfoliation between the leadframe and
the adhesive layer, it is indicated as X./0. When there is no
exfoliation between the chip and the adhesive layer, and there is
exfoliation between the leadframe and the adhesive layer, it is
indicated as 0/X. When there is exfoliation between the chip and the
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[0049] In Examples, it is conformed that the region having low
content of the thermal conductive filler 8 is formed on both sides of
the adhesive layer I. As a result, it revealed that each of Examples
excels in both reflow-resistance and heat cycle performance. On the
other hand, it revealed that each of Comparative Examples is poor at
both reflow-resistance and heat cycle performance. In addition, when
monodispersed spherical alumina having lOnm of maximum particle size
of particle size distribution was used instead of silver powder in
Example 1, similar result as Example 1 was obtained. [0050] It should
be noted that, it is course, afore-mentioned embodiments and plural
deformation can be combined with each other, as far as the contents
of which are not contrary to each other. In addition, in the
embodiment and a deformation example, constitution of each part were
explained concretely, but the constitutions can be changed as far as
they satisfythe present invention. INDUSTRIAL APPLICABILITY [0051]
According to the present invention, a semiconductor device having an
excellent yield is provided, and hence the present invention is
extremely useful. DENOTATION OF REFERENCE NUMERALS [0052] 1 adhesive
layer, 2 die pad, 3 semiconductor element, 4 lead, 5 sealing layer, 6
bonding wire, 



7 pad, 8 thermal conductive filler, 10 semiconductor device.  CLAIMS
1. A semiconductor device, comprising: a base material, a
semiconductor element, and an adhesive layer intervening the space
between the base material and the semiconductor element to adhere the
base material and the semiconductor element, wherein thermal
conductive filler is dispersed in the adhesive layer, and when the
content of the thermal conductive filler dispersed in the whole of
the adhesive layer is expressed as C, the content of the thermal
conductive filler in the region 1 ranging from the interface of the
adhesive layer at the side of the semiconductor element to the depth
by 21.tm is expressed as Cl, and the content of the thermal
conductive filler in the region 2 ranging from the interface of the
adhesive layer at the side of the base material to the depth by 2ptm
is expressed as C2, the following formulae are satisfied: Cl<C, and
C2<C.  2. The semiconductor device as set forth in Claim 1, wherein
the following formulae are satisfied: 0.75< Cl/C <0.97, and 0.75<
C2/C <0.97.  3. The semiconductor device as set forth in Claim 1 or
2, wherein the thermal conductive filler contains at least one kind
of particle selected from the group consisting of silver, copper,
gold, aluminum, nickel, alumina and silica.  4. The semiconductor
device as set forth in any one of Claims 1 to 3, wherein the base
material is a leadframe, a heat sink or a BGA substrate  5. The
semiconductor device as set forth in any one of Claims 1 to 4,
wherein the semiconductor element is a power device having electric
power consumption of 1.7 W or more. 


