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DESCRIPTION

Title of Invention
SINTERABLE BONDING MATERIAL AND SEMICONDUCTOR
DEVICE USING THE SAME

Technical Field
[0001]

The present invention relates to a bonding material. In particular, the
present invention relates to a sinterable bonding material comprising an organic
base compound as a sintering promoter, and a manufacturing method of the same.
The present invention further relates to a semiconductor device manufactured by

using the bonding material, and a manufacturing method of the same.

Background Art
[0002]

Due to size and weight reduction of electronic devices and their improved
performance, the amount of heat that generates in a semiconductor device tends
to increase. In recent years in a motor controlling field, a power semiconductor
having a large band gap such as silicon carbide or gallium nitride has been
developed for applications in which high voltage or high current is required such
as an electric power device, a vehicle, or a machine tool. Such a power
semiconductor can operate at a higher temperature compared with a
conventional silicon semiconductor because the semiconductor element itself has
high heat resistance.

[0003] |

In order to take advantage of such characteristics of the power
semiconductor, a bonding material having an excellent thermal conductivity is
required. In recent years, a paste containing nano-sized metal fine particles has
been studied as a bonding material having a high thermal conductivity. In a
bonding method using such a paste, a sintering phenomenon of metal particles is
utilized for the bonding.

[0004]
A wide variety of studies have been developed for such a bonding method

that utilizes sintering of metals. For example, Patent Literature 2 discloses a
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sintering preform including a carrier having a surface that has at least one
structuring element containing hardened paste, wherein the hardened paste
contains (a) metal particles having a coating that contains at least one organic
compound; and (b) at least one sintering aid. Patent Literature 2 explains that
the sintering aid is capable of ensuring a burning off of the coating compounds
during the sintering process, and discloses (b1) organic peroxides, (b2) inorganic
peroxides, (b3) inorganic acids, (b4) salts of organic acids, (b5) ester of organic

acids, and (b6) carbonyl complexes as the sintering aid.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent Laid-Open No. 2006-352080
Patent Literature 2: Japanese Patent Laid-Open No. 2012-60114

Summary of Invention

Technical Problem
(0006]

However, the sintering aids disclosed in the above Patent Literature 2 are
still insufficient in view of their effect on sinterability of bonding materials, and
further improvement has been desired.

[0007]

Accordingly, an object of the present invention is to provide a bonding

material excellent in sinterability, thereby a bonding layer having an improved

thermal conductivity is provided.

Solution to Problem
[0008]

One aspect of the present invention relates to a sinterable bonding
material comprising a silver filler and an organic base compound as a sintering

promoter.

Advantageous Effects of Invention
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[0009]
The present invention can provide a bonding material excellent in

sinterability.

Brief Description of Drawings
[0010]

[Figure 1] Figure 1 is a partial cross-sectional view of a semiconductor
device according to one embodiment of the present invention.

[Figure 2] Figure 2 is the DSC chart of the bonding materials in

Example.

Description of Embodiments
[0011]
<Sintering Promoter>

The bonding material according to the present invention comprises a
silver filler and an organic base compound as a sintering promoter.
[0012]

The organic base compound as a sintering promoter is preferably a
nitrogen-containing basic compound. Examples of the nitrogen-containing basic
compound include non-cyclic amine compounds, nitrogen-containing hetero ring
compounds, phosphazene compounds and the like, and the nitrogen-containing
hetero ring compouhds are preferable.

[0013]

Examples of the non-cyclic amine compound include alkylamines,
amino-alcohols and alkylene diamines. The non-cyclic amine compound
preferably has 1 to 15 carbon atoms, more preferably 1 to 10 carbon atoms. The
alkylamine includes mono, di or tri-alkyl amine, and is preferably trialkylamine.
Examples of the trialkylamine include trimethylamine, triethylamine,
diisopropylethylamine, tributylamine and the like. Examples of the
amino-alcohol include mono, di, or tri-alcohol amine such as monoethanolamine,
diethanolamine, triethanolamine, 2-amino-2-methyl 1-propanol,
diisopropanolamine and triisopropanol amine. Examples of the alkylene
diamine include ethylenediamine, hexamethylene diamine and the like.

[0014]

Examples of the nitrogen-containing hetero ring compound include



WO 2016/103527 4 PCT/JP2014/084764

non-aromatic cyclic amine compounds, nitrogen-containing aromatic hetero ring
compounds, nitrogen-containing polycyclic hetero ring compounds and the like.
[0015]

Examples of the non-aromatic cyclic amine compound include cyclic
~ secondary amine compounds such as ethylene imine (or aziridine), pyrrolidine,
piperidine and morpholine; and cyclic tertiary amine compounds such as
1,4-diazabicyclo[2.2.2]octane (DABCO), N-methyl pyrrolidine and N-methyl
morpholine.

[0016]

Examples of the nitrogen-containing aromatic hetero ring compound
include pyridine based compounds such as pyridine, picoline, 2,6-lutidine,
colidine and dimethylaminopyridine (DMAP); imidazole based compounds;
triazole based compounds such as 1,2,3-triazole, 1,2,4-triazole and benzotriazole;
bipyridine compounds such as 2,2 -bipyridine and 4,4’-bipyridine; pyrimidine
bases; purine bases; and triazine based compounds. The nitrogen-containing
aromatic hetero ring compound preferably has a five-membered ring or
six-membered ring as a nitrogen-containing moiety. Among these,
imidazole-based compounds are preferable.

[0017] |

Examples of the imidazole based compound may include, but not limited
to, imidazole and benzimidazole. The imidazole based compounds may have at
least one substituent, examples of which include alkyl group having 1 to 4 carbon
atoms, hydroxyl group, amino group, phenyl group and the like. The substituent
is preferably methyl group or ethyl group, and more preferably methyl group.
[0018]

Examples of the nitrogen-containing polycyclic hetero ring compound may
include 1,8-diazabicyclo[5.4.0]-7-undecene (DBU), 1,5-diazabicyclo
[4.3.0]-5-nonene (DBN), 7-methyl-1,5,7- triazabicyclo[4.4.0]ldec-5-ene (MTBD),
1,5,7-triazabicyclol4.4.0] dec-5-ene (TBD), and the like.

[0019] |

Examples of the phosphazene compound include, but not limited to,
phospazene bases such as BEMP (2-tert-butylimino-2- diethylamino-
1,3-dimethylperhydro-1,3,2-diazaphosphorine), tBu-P1 (tert-butylimino-
tris(dimethylamino) phosphorane), tBu-P1-t (tert-butylimino-tri(pyrrolidino)
phosphorane), Et-P2 (1-ethyl-2,2,4,4,4-pentakis (dimethylamino)-2A5,
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4)3-catenadi (phosphazene)), tBu-P4 (1-tert-butyl-4,4,4-tris(dimethylamino)-
2,2-bis[tris(dimethylamino)-phosphoranylidenaminol-215,4)5- catenadi
(phosphazene)) and the like.

[0020]

In one embodiment, the nitrogen-containing hetero ring compound is
preferably a compound having two or more nitrogen atoms in a molecule,
examples of which may include a compound having an amidine moiety and/or a
guanidine moiety. Herein, the amidine moiety is a structure in which two
nitrogen atoms are bonded to one carbon atom with one single bond and one
double bond, respectively. The guanidine moiety is a structure in which three
nitrogen atoms are bonded to one carbon atoms with two single bonds and one
double bond, respectively. Examples of such a compound include imidazole
based compounds, DBU, DBN, MTBD, TBD and the like.

[0021]

In one embodiment, the pKa of the conjugate acid of the organic base
compound of the present invention is preferably 6.0 or more, and more preferably
7.0 or more. Also, a compound having a higher basicity can be preferably used.
In such an embodiment, the pKa of its conjugate acid is preferably 9.0 or more, |
more preferably 10.0 or more, and still more preferably 11.0 or more. Herein, the
pKa of the conjugate acid is a value measured at 25°C in DMSO. Examples of
the compound having a conjugate acid pKa of 7.0 or more include, but not limited
to, triethylamine, morpholine, N-methyl morpholine, imidazole, N-methyl
imidazole, and DMAP. Examples of the compound having a conjugate acid pKa
of 11.0 or more include, but not limited to, DBU, DBN, TBD, MTBD, and
phosphazene compounds.

[0022]

Preferably, the organic base compound is not, or scarcely present in the
sintered product. From this aspect, the boiling point of the organic base
compound is preferably not excessively higher than the sintering temperature of
the bonding material of the present invention, more preferably lower than the
sintering temperature, and still more preferably lower by more than 100°C than
the sintering temperature.

[0023]
In one embodiment, in view of its effect on sintering of silver fillers,

imidazole based compounds, DBU and DBN are preferable.
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[0024]

The organic base compound may be used singly, or in combination of two
or more.
[0025]

The content of the organic base compound is preferably in the range of
0.01 to 5.0 parts by mass, more preferably 0.05 to 2.0 parts by mass, and still
more preferably 0.1 to 1.0 part by mass based on 100 parts by mass of the silver
filler.

[0026]

According to the present invention, the organic base compounds can
improve sinterability of the bonding material. The reason therefor has not yet
been clearly understood, but it is assumed that the organic base compounds serve
to increase the surface activity of silver fillers.

[0027]

According to the present invention, sinterability of the bonding material
can be improved, and as a result, a bonding layer having a lower porosity can be
achieved. The thermal conductivity of the bonding layer decreases as the
porosity increases. In addition, when the porosity of the bonding layer is
excessively high, the state of air-spaces in the bonding layer may change or grow
in size during operation of a semiconductor device, particularly during a
long-term operation at a high temperature such as 200°C or more, which may
disadvantageously impair long-term reliability of the semiconductor device.
According to the present invention using an organic base compound as a
sintering promoter, a bonding layer having a low porosity and thereby having an
excellent thermal conductivity can be achieved.

[0028]
<Additive agent>

The bonding material of the present invention can comprise an additive
agent in combination with the above described organic base compounds.
[0029]

Examples of the additive agent other than the organic base compound
include a component capable of promoting the elution and/or the thermal
decomposition of the organic substance coating the surface of the silver filler such
as an oxidant.

[0030]
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Examples of the oxidant may include organic peroxides, inorganic
peroxides, and inorganic acids and the like.
[0031]

The organic peroxide is a compound having a peroxide anion Og2 or
peroxide group -O-O-, and at least one organic group directly bonded thereto.
Examples thereof include diisobutyryl peroxide, cumol peroxyneodecanoate,
1,1,3,3-tetrametylbutyl peroxyneodecanoate, di-n-propyl peroxydicarbonate,
tert-amyl peroxyneodecanoate, di-(2-ethylhexyl)-peroxydicarbonate, tert-butyl
peroxyneodecanoate, di-n-butyl peroxydicarbonate, 1,1,3,3-tetramethylbutyl
peroxypivalate, tert-butyl peroxyneoheptanoate, tert-amyl peroxypivalate,
tert-butyl peroxypivalate, di-(3,5,5-trimethylhexanoyl)peroxide,
tert-butyl-peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate,
1,1-di-(tert-butylperoxy)-3,3,5-trimethylcyclohexane,
1,1-di-(tert-butylperoxy)-cyclohexane, tert-butyl-peroxy-
3,5,5-trimethylhexanoate, 2,2-di-(tert-butylperoxy)-butane, tert-butyl
peroxyisopropylcarbonate, tert-butyl peroxyacetate,
2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)-hexane, 1,1,3,3-tetramethylbutyl
peroxy-2-ethylhexanoate, tert-amyl-peroxy- 2-ethylhexanoate, tert-butyl
peroxydiethylacetate, tert-amyl-peroxy- 2-ethylhexylcarbonate, tert-butyl
peroxy-2-ethylhexylcarbonate, tert-butyl peroxybenzoate, di-tert-amyl peroxide,
2,5-dimethyl- 2,5-di-(tert-butylperoxy)-hexane, tert-butyl cumyl-peroxide,
2,5-dimethyl'2,5;di(tert-butylperoxy)hexyne-3, di-tert-butyl peroxide (Perbutyl
D), 3,6,9-triethyl-3,6,9-trimethyl-1,4, 7-triperoxonane,
di-isopropylbenzene-mono-hydroperoxide, p-menthane hydroperoxide, cumol
hydroperoxide, dicumyl peroxide, and 1,1,3,3-tetramethylbutyl hydroperoxide.
[0032]

The inorganic peroxide 1s a compound having a peroxide anion 022 or
peroxide group -O-0-, and an inorganic group directly bonded thereto. Examples
thereof include hydrogen peroxide, ammonium peroxide, monomethylammonium
peroxide, dimethylammonium peroxide, trimethylammonium peroxide,
monoethylammonium peroxide, diethylammonium peroxide, triethylammonium
peroxide, monopropylammonium peroxide, dipropylammonium peroxide,
tripropylammonium peroxide, monoisopropylammonium peroxide,
diisopropylammonium peroxide, triisopropylammonium peroxide,

monobutylammonium peroxide, dibutylammonium peroxide, tributylammonium
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peroxide, lithium peroxide, sodium peroxide, potassium peroxide, magnesium
peroxide, calcium peroxide, barium peroxide, ammonium perborate, lithium
perborate, potassium perborate and sodium perborate.

[0033]

In the present invention, the organic peroxide and the inorganic peroxide
preferably have a decomposition temperature (1 hour half-life temperature) of
200°C or less.

[0034]

Examples of the inorganic acid include phosphate compounds such as
orthophosphoric acid, pyrophoric acid, metaphosphoric acid, and polyphosphoric
acid.

[0035]

A component promoting the reduction of the silver oxide which may be
present on the surface of the silver filler is also preferably used as the additive
agent.

[0036]

Examples of the component promoting the reduction of the silver oxide
include an alcohol compound and a carboxylic compound. Examples of the
alcohol compound may include a polyhydric alcohol such as citric acid, ascorbic
acid, and glucose. Examples of the carboxylic compound may include primary
carboxylic acid such as alkyl carboxylic acid, secondary carboxylic acid, and
tertiary carboxylic acid; dicarboxylic acid; and a carboxyl compound having a
cyclic structure. An organic acid salt, an organic acid ester, and a carbonyl
complex or the like which emits or generates carbon monoxide during sintering
can also be used as the component promoting the reduction of silver oxide.
[0037]

The additive agents may be used singly or in combination of two or more.
[0038]

When the additive agent other than the organic base compound is used,
the content of the additive agent is preferably 0.01 to 5.0 parts by mass, more
preferably 0.05 to 2.0 parts by mas, and still more preferably 0.1 to 1.0 part by
mass based on 100 parts by mass of the silver filler.

[0039]
<Silver Filler>

The silver filler is a main component of the bonding material according to
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the present invention. The silver fillers in the bonding material fuse together
(sinter) by heating to form a silver sintered product, and thereby a bonding layer
having an excellent thermal conductivity and bonding strength is formed.

foo40]

The content of the silver filler of the bonding material according to the
present invention is preferably 75% by mass or more of the total mass of solid
components in the bonding material, more preferably 85% by mass or more, still
more preferably 90% by mass or more, and may be even more preferably 95% by
mass or more. The uppermost limit of the content is not particularly limited and
may be 100% by mass of the total mass of solid components in the bonding
material. The “solid component” herein refers to all the components in the
bonding material excluding components which vanish from the bonding layer by
heating, in other words, all the components that remain in a sintered product
after sintering. A bonding material having superior bonding strength and
thermal conductivity 1s obtained as the content of the silver filler is increased.
[0041]

The silver filler preferably has a central particle diameter of 1 nm to 50
pm. The central particle diameter of the silver filler is more preferably 10 nm to
30 pm, and still more preferably 100 nm to 20 pm. When the particle diameter of
the silver filler is within the above range, the sinterability of the filler can be
more improved. In addition, the fillers are well dispersed in the bonding
material, which can improve the preservation stability of the bonding material,
and provide an uniform bonding strength. Herein, the “central particle
diameter” of the silver filler represents a median diameter (50% particle
diameter: D50) in a volume-basis particle size distribution curve obtained by
measurement with a laser diffraction particle size analyzer.

[0042]

The shape of the silver filler is not particularly limited, and examples of
which include a spherical-shaped, approximately spherical-shaped, elliptical
spherical-shaped, spindle-shaped, cube-shaped, approximately cube-shaped,
flake-shaped, and unshaped-shaped. Among them, from the viewpoint of
preservation stability, the spherical-shaped, approximately spherical-shaped,
and flake-shaped fillers are preferably used.

[0043]

In one embodiment, the flake-shaped filler is still more preferable.
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Examples of the flake-shaped filler may include plate-shaped, lamellar-shaped,
and scale-shaped fillers. Preferable examples of the flake-shaped filler include a
particle having a thin plate shape in a side direction, and a circular shape, an
elliptical shape, a polygonal shape, or an unshaped shape in a front face direction.
The filler having such a shape has excellent heating sinterability because of a
high contact area between the fillers, which can reduce porosity in a sintered
product.

[0044]

The content of the flake-shaped filler is preferably 30% by mass or more of
the silver filler, more preferably 50% by mass or more, and still more preferably
60% by mass or more, and further more preferably 70% by mass or more of the
silver filler. In one embodiment, the content of the flake-shaped filler is
preferably 80% by mass or more, more preferably 90% by mass or more, and may
be 100% by mass. When the flake-shaped filler is contained in the above range,
a sintered product having a low porosity and an excellent thermal conductivity
can be formed.

[0045]
A preferable example of the flake-shaped filler will be described below.
[0046] |

In the present invention, a flake-shaped filler having a smooth surface is
particularly preferable. Since such a filler has a flat surface, the contact area
between the fillers is more increased, which realize an excellent sinterability and
thereby provides a bonding layer having an excellent thermal conductivity. In
addition, since the filler has a smooth surface, the filler has excellent
dispersibility, and thereby a bonding layer having homogeneous bonding strength
can be formed. |
[0047]

Herein, when the filler has a smooth surface, an arithmetic average
roughness (Ra) of the surface is preferably 20nm or less, and more preferably 10
nm or less. From the viewpoints of dispersibility of the filler and the thermal
conductivity of the bonding layer obtained therefrom, the arithmetic average
roughness (Ra) of the filler is preferably 8.5 nm or less, more preferably 5 nm or
less, and still more preferably 3.5 nm or less. Considering the ease of
manufacturing, the arithmetic average roughness (Ra) of the filler is preferably 1

nm or more.
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[0048]

Herein, the arithmetic average roughness (Ra) can be measured with an
atomic force microscope (AFM). The AFM traces a sample surface using a probe
attached to a tip of a cantilever, or scans the sample surface maintaining a
constant distance between the probe and the sample surface. The
concavo-convex shape of the sample surface is evaluated by measuring vertical
displacement of the cantilever. The measurement conditions are as follows.

Mode: Contact Mode

Cantilever: OMCL-TR800PSA-1 manufactured by Olympus Corporation

Height-Directional Resolution: 0.01 nm

Lateral-Directional Resolution: 0.2 nm
[0049]

Furthermore, the flake-shaped filler having the smooth surface is
preferably a crystalline filler. The crystalline flake-shaped filler has excellent
sinterability, which can provide excellent bonding strength. The crystal may be
a single crystal or a polycrystal. From the viewpoint of the smoothness of the
surface, the crystal is more preferably a single crystal. The crystalline silver
filler can be confirmed by X-ray diffraction analysis or the like.

[0050]

The flake-shaped filler preferably has a central particle diameter (D50) of
0.05 pm or more and 20 um or less. Particles having a central particle diameter
of 0.05 pm or more are easily manufactured, and particles having a central
particle diameter of 20 um or less have excellent sinterability. The central
particle diameter is more preferably 15 um or less, and still more preferably 8 pm
or less, and in one embodiment, 5 um or less may be particularly preferable. The
central particle diameter is more preferably 0.1 um or more, and still more
preferably 0.3 pm or more. |
[0051]

The standard deviation (D) of the particle diameter is preferably 10 pm
or less, more preferably 8um or less, and still more preferably 4 pm or less.
Herein, the standard deviation (D) of the particle diameter is a value calculated
based on particle diameters of 100 particles selected at random.

[0052]
The average thickness (T) of the particles is preferably 1 nm or more and

100 nm or less. Particles having an average thickness of 1 nm or more can be
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more easily manufactured, and particles having an average thickness of 100 nm
or less can provide a sintered product having an excellent thermal conductivity.
The average thickness is more preferably 80 nm or less, and still more preferably
50 nm or less. The average thickness is more preferably 10 nm or more, and still
more preferably 20 nm or more. Herein, the average thickness (T) of the

-particles is an average value of thicknesses of 100 particles selected at random.
The thicknesses of the particles can be measured based on a scanning electron
microscope (SEM) photograph, visually or by using an image-analysis software.
[0053]

The aspect ratio (central particle diameter (D50)/average thickness (T) of
particles) of the flake-shaped filler is preferably 20 or more and 1000 or less.

The aspect ratio is more preferably 30 or more, and still more preferably 35 or
more. The aspect ratio is more preferably 500 or less, still more preferably 200
or less, and particularly preferably 100 or less.

[0054]

The silver filler that can be used for the present invention can be
manufactured by a known method such as a reduction method, a milling method,
an electrolysis method, an atomization method, or a heat treatment method.
Examples of a method for manufacturing a flake-shaped filler such as those
described above include a method described in Japanese Patent Laid-Open No.
2014-196527. The entire disclosure thereof is incorporated herein by reference.
[0055]

In one embodiment, the surface of the silver filler may be coated with an
organic substance.
f0056]

The amount of the organic substance is preferably 0.01 to 10% by weight,
and more preferably 0.1 to 2% by weight of the silver filler. It is also preferable
to adjust the amount of the organic substance according to the shape of the silver
filler or the like. The amount of the organic substance can be measured by
volatilizing or thermally decomposing the organic substance by heating, and
measuring a weight decrease, for example.

[0057]

Herein, the state where a silver filler is “coated with the organic

substance” includes a state where an organic solvent is adhered to the surface of

a silver filler by dispersing the silver filler in the organic solvent.
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[0058]

Examples of the organic substance coating the silver filler may include a
hydrophilic organic compound such as an alkyl alcohol having 1 to 5 carbon
atoms, an alkanethiol having 1 to 5 carbon atoms, and an alkane polyol having 1
to 5 carbon atoms, or a lower fatty acid having 1 to 5 carbon atoms; and a
hydrophobic organic compound such as a higher fatty acid having 15 or more
carbon atoms and its derivatives, a middle fatty acid having 6-14 carbon atoms
and its derivatives, an alkyl alcohol having 6 or more carbon atoms, an
alkylamine having 16 or more carbon atoms, or an alkanethiol having 6 or more
carbon atoms.

[0059]

Among them, the higher fatty acid, the middle fatty acid, and their metal
salts, amide, amine, or ester compounds are preferable. The hydrophobic
(water-repellent) organic compound is more preferably a higher or middle fatty
acid, or its water-repellent derivatives. In view of its coating effect, the higher or
middle fatty acid is particularly preferable.

[0060]

Examples of the higher fatty acid include a straight-chain saturated fatty
acid such as pentadecanoic acid, hexadecane acid, heptadecanoic acid,
octadecanoic acid, 12-hydroxy octadecanoic acid, eicosanoic acid, docosanoic acid,
tetracosanoic acid, hexacosanoic acid (cerinic acid), or octacosanoic acid; a
branched saturated fatty acid such as 2-pentyl nonanoic acid, 2-hexyl decanoic
acid, 2-heptyl dodecanoic acid, or isostearic acid; and an unsaturated fatty acid
such as palmitoleic acid, oleic acid, isooleic acid, elaidic acid, linoleic acid,
linolenic acid, recinoleic acid, gadoleic acid, erucic acid, and selacholeic acid.
[0061]

Examples of the middle fatty acid include a straight-chain saturated fatty
acid such as hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic
acid, undecanoic acid, dodecanoic acid, tridecanoic acid, or tetradecanoic acid; a
branched saturated fatty acid such as isohexanoic acid, isoheptanoic acid,
2-ethylhexanoic acid, isooctane acid, isononanoic acid, 2-propyl heptanoic acid,
isodecanoic acid, isoundecanoic acid, 2-butyl octanoic acid, isododecanoic acid,
and isotridecanoic acid; and an unsaturated fatty acid such as 10-undecenoic
acid.

[0062]
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Examples of a method for manufacturing a silver filler having a surface
coated with an organic substance include, but are not particularly limited to, a
method for manufacturing a silver filler in the presence of an organic solvent by a
reductive method. Specifically, the silver filler can be obtained by mixing a
carboxylic acid silver salt with a primary amine, and depositing a silver filler
using a reducing agent in the presence of an organic solvent, as described in
Japanese Patent Laid-open Nos. 2006-183072 and 2011-153362 or the like, for
example. In addition, the silver filler can be obtained by a method described in
Japanese Patent Laid-open No0.2014-196527 comprising a step of dispersing
silver oxalate by using a carrier medium such as water or alcohol, and a
dispersion medium such as glycols, followed by applying heat and/or pressure.
The flake-shaped filler manufactured as such can be preferably used in
combination with the sintering promoter of the present invention. The entire
disclosure of the above applications is incorporated herein by reference.

[0063]

It is also preferable to disperse the obtained silver filler in a solvent used
for manufacturing the filler, and add the dispersion directly to the bonding
material of the present invention.

[0064]

In addition, the surface of the silver filler may be coated with organic
substance layers of two or more. Such a filler can be obtained, for example, by
dispersing the above manufactured silver filler having a coating of an organic
substance into other organic solvents. A solvent to be added to the bonding
material of the present invention can be preferably used as such “other solvents”.
[0065]

When the surface of the silver filler is coated with the organic substance,
the aggregation of the silver filler in the bonding material can be more prevented
or reduced. In addition, the organic substance on the surface of the filler may be
eluted, volatilized, or thermally decomposed when heated to expose a silver
surface, and as a result, the sinterability of the filler can be more increased.
[0066]

In one embodiment, the silver filler may be a silver oxide particle or a
particle having a silver oxide layer at least on its surface. When such a silver
filler is used, the silver surface is exposed by reduction of silver oxide when

sintering, and thereby the sinterability can be more increased.
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[0067]

The silver fillers may be used singly or in combination of two or more.
Combination of fillers in different shapes or in different sizes may reduce porosity
of the sintered product. Examples of the combination include, but not limited to,
a mixture of a flake-shaped filler, and an approximately spherical-shaped filler
having a central particle diameter smaller than that of the flake-shaped filler.
The content the approximately spherical-shaped filler may be in the range of 1 to
50 wt% by mass, and more preferably 5 to 30 wt% by mass of the silver filler.
[0068]

In one embodiment, the bonding material according to the present
invention can also comprise a filler of other metals in place of a portion of the
silver filler. Examples of the metal other than silver include copper, gold, tin,
zinc, titanium, and alloys and oxides of these metals, and among them, copper
and an alloy containing copper are preferable.

[0069]

Preferable examples of the particle diameter, shape, and surface coating
of such metal fillers include the same as those exemplified in the above silver
filler. The content of the metal filler other than silver filler is preferably O to
30 % by mass, more preferably 1 to 20 % by mass of the silver filler.

[0070]
<Solvent>

The bonding material of the present invention can further comprise a
solvent that vaporizes or vanishes at a sintering temperature or less of the
bonding material.

[0071]

The solvent can adjust the flowability of the bonding material to improve
the workability. The solvent may also have an effect of improving the
sinterability of the silver filler by volatilizing during sintering and/or removing
an organic layer coating the silver filler. A compound having an effect of
promoting the reduction of the silver oxide layer is also preferably used as the
solvent.

[0072]

The boiling point of the solvent used in the present invention is preferably

60°C or more and 300°C or less. When the boiling point is in the above range,

volatilization of the solvent during the manufacturing process or remaining of the
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solvent after sintering can be suppressed.
[0073]

Examples of the solvent include, but not limited to, alcohols such as
aliphatic alcohols, alicyclic alcohols, aromatic alcohols, and poly-hydric alcohol;
glycol ethers; glycol esters; glycol ether esters; aliphatic and/ or aromatic
hydrocarbons; esters; ethers; amides; and cyclic ketones. Specific examples of
the solvent include, but not particularly limited to, methyl carbitol, ethyl carbitol,
propyl carbitol, butyl carbitol (BC), dipropylene glycol monomethyl ether
(DPGME), triethylene glycol dimethyl ether, methyl cellosolve, ethyl cellosolve,
or butyl cellosolve, ethyl carbitol acetate, butyl carbitol acetate (BCA), methyl
cellosolve acetate, or ethyl cellosolve acetate, ethylene glycol, dipropylene glycol
(DPG@), polyethylene glycol, cyclooctanone, cycloheptanone, cyclohexanone, benzyl
alcohol, glycerin, butyl ethoxyethyl acetate, propylene carbonate,
tetrahydrofuran, diethyl eter, y-butyrolactone, isophorone, glycidyl phenyl ether,
terpineol, dimethylformamide, dimethylacetamide, N-methylpyrrolidone or the
like.

[0074]

The solvents may be used singly or in combinations of two or more.
[0075]

The amount of the solvent to be added is not particularly limited, and
preferably in the range of 0.5 part by mass or more and 20 parts by mass or less,
more preferably 1 part by mass or more and 15 parts by mass or less, and still
more preferably 2 parts by mass or more and 10 parts by mass or less based on
100 parts by mass of the silver filler. In one embodiment, the amount is
preferably 8 parts by mass or less, and more preferably 6 parts by mass or less.
When the amount of the solvent is in the above range, a shrinkage ratio in a
drying or sintering step after applying can be more reduced, while maintaining
an improved workability during manufacturing.

[0076]

The bonding material according to the present invention has a viscosity of
preferably in the range of 5000 to 150,000 mPa-s, and more preferably in the
range of 8,000 to 100,000 mPa-s. The bonding material preferably has a
thixotropic index in the range of 1.0 to 5.0. When the viscosity and the
thixotropic index are within the above range, the workability of the bonding

material can be more improved. Herein, the viscosity represents a value
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measured under conditions of no.7 spindle/10 rpm/25°C using a brookfield
viscosity meter (RV DV-II). The thixotropic index is a value calculated as a ratio
of a viscosity at 0.5 rpm/a viscosity at 5 rpm measured likewise.

[0077]

Furthermore, the present invention can be suitably applied for a bonding
material that further comprises a component other than sinterable metal such as
inorganic fine particles, a resin, an antioxidant, a stabilizing agent, a dispersing
agent, and a thixotropic property imparting material or the like.

[0078]

The bonding material according to the present invention can be
manufactured by introducing the silver filler and the organic base compound as a
sintering promoter, and optionally the solvent, the additive agent and the like
into a mixer such as a bead mill, a grinder, a pot mill, a three-roll mill, a rotary
mixer, or a twin-screw mixer, and mixing these.

[0079]

The bonding layer is formed by applying the bonding material according
to the present invention to a desired portion of a member to be bonded, and
heating them.

[0080]

According to one embodiment of the present invention, a bonding layer
having a lower porosity can be achieved. For example, the porosity of the
bonding layer can be 10% or less, preferably 6% or less, and more preferably 4%
or less. However, the porosity can vary depending on a component comprised in
the bonding material, the sintering condition, or the like.

[0081]

Herein, the porosity is an average value over the bonded area (the area
sandwiched between the two members to be bonded), and can be measured as
follows and explained in details in Examples.

[0082]

1. Polish the bonded article with a polisher to expose a cross-sectional
surface of the bonded layer.

2. Take more than ten SEM Images of the surface from one end of the
bonded area to another end.

3. Import the images into a microscope, extract air-spaces in the image by

luminance extraction, and calculate the proportion of an area of the air-spaces.
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Porosity of the bonded area is calculated as an average of the porosities of all the
images taken.
[0083]

According to one embodiment of the present invention, a bonding layer
having a high thermal conductivity can be obtained. For example, the thermal
conductivity of the bonding layer can be 200 W/mK or more, and preferably 230
W/mK or more. In a preferable embodiment, the thermal conductivity of the
bonding layer can be 280 W/mK or more, and preferably 300 W/mK or more.
However, the thermal conductivity can vary depending on a component
comprised in the bonding material, the sintering condition, or the like. Herein,
the thermal conductivity can be determined by a method using a laser-flash
calorimeter with reference to JIS R1611-2010, the details of which are explained
in Examples.

[0084]

The thickness of the bonding layer can be suitably set to exhibit required
bonding strength in accordance with applications, and for example, the thickness
can be set to 40 to 100 pm.

[0085]

The bonding material according to the present invention can be suitably
used for various applications, and is particularly suitable for bonding elements of
a power semiconductor for which high heat-release characteristics, an improved
bonding strength and a high reliability at a high temperature operation are
required.

[0086]

A method for manufacturing a bonded article using a bonding material
according to the present invention includes the steps of:

providing two members to be bonded;

disposing the two members and a bonding material so that surfaces to be
bonded of the two members face to each other with the bonding material
according to the present invention disposed therebetween; and

heating the two members with the bonding material disposed
therebetween to a predetermined temperature.

[0087]
As one aspect of the bonded article using the bonding material according-

to the present invention, a semiconductor device and a manufacturing method of



WO 2016/103527 19 PCT/JP2014/084764

the same will be described.
[0088]

Figure 1 1is a partial cross-sectional view of a semiconductor device
according to one embodiment of the present invention. The semiconductor
device includes a semiconductor chip (1) and a substrate (4) wherein the
semiconductor chip (1) and a metal surface of the substrate (3) are bonded to each
other by a bonding layer (2) obtained by sintering the bonding material according
to the present invention. The semiconductor device can further include a cooling
plate (5) wherein the semiconductor chip (1) and the metal surface of the
substrate (3), and/or the metal surface of the substrate (3) and the cooling plate
’(5) are bonded to each other by a bonding layer (2 and/or 2’) obtained by sintering
the bonding material according to the present invention.

[0089]
(Member to be Bonded)

The semiconductor chip is not particularly limited. Examples thereof
may include, but are not limited to, a Si chip and a SiC chip. The back side (the
surface to be bonded) of the semiconductor chip is preferably metal-plated with
silver, copper, nickel, and gold or the like. Examples of the shape of the
semiconductor chip include, but are not particularly limited to, a square and a
rectangle which have a height and a width of about 2 mm to about 15 mm.

[0090]

Examples of the substrate include, but are not particularly limited to, a
metal substrate, a ceramic substrate, and a substrate having a structure in which
a metal layer and a ceramic layer are layered in a sandwich structure. The
surface of the substrate (the surface to be bonded) is preferably a metal. For
example, a metal-plated substrate such as a silver-plated substrate, a gold-plated
substrate, a nickel-plated substrate, or a tin-plated substrate; and a metal
substrate such as a copper substrate or an aluminum substrate can be suitably
used. Specific examples may include DBU substrate, DBA substrate, AMB
substrate and the like but are not limited thereto.

[0091]
(Method for Manufacturing Semiconductor Device)

A method for manufacturing a semiconductor device according to the
present embodiment includes the steps of:

(1) applying the bonding material according to the present invention on a
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substrate,

(2) placing a semiconductor chip on the substrate, and

(3) heating the substrate on which the semiconductor chip is placéd.
[0092]

In the above step (1), the method for applying the bonding material on the
substrate is not particularly limited, and a dispense method and a screen
printing method or the like can be used.

In the above step (2), a known method may be used as the method for
placing (mounting) the semiconductor chip on the substrate. The above step (2)
may also include the step of positioning the semiconductor chip, and the step of
adjusting the thickness of the bonding material applied, or the like.

In the above step (3), the method of heating can be appropriately selected
according to the bonding material or the member to be bonded.

[0093]

An example of sintering profile, but not limited to, includes:
Drying step: 90°C or more, 15 minutes or more
Sintering temperature: 250°C or more, for example, 300°C
Pressure: 10 MPa or more
Time: 3 minutes to 5 minutes
[0094]

In another embodiment, a sintering profile in which a low or no pressure
is applied can be suitably used due to the improved sintering ability of the
bonding material of the present invention. A low or no pressure at sintering
process may have an effect of increasing productivity, or improving quality of the
semiconductor device by reducing the stress at die bonding process.

[0095]

The bonding material according to the present invention can be used for
various applications such as an electronic part, an electronic device, an electric
part, and an electric device. For example, the bonding material can be suitably
used to bond a chip component and a circuit substrate of for example a capacitor
or a resistor; a semiconductor chip and a lead frame or a circuit substrate of for
example a diode, a memory, an IC, or a CPU; and a high heat generating CPU

chip and a cooling plate.

Examples
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[0096]

Hereinafter, the present invention will be described with Examples for
the purpose of describing the present invention in more detail. These Examples
are used for describing the present invention, and do not limit the present
invention at all.

[0097]

Materials used in the present Examples will be shown below. If not
otherwise specified, commercially available high-purity products were used as
reagents.

[0098]
<Silver filler>

a mixture of a flake-shaped filler (aspect ratio=20~200, Ra < 10nm) and a
spherical-shaped filler, D50=0.79um
<Additive>

Perbutyl D (di-tert-butylperoxide)

Comparative compound 1: HOOC-(CHg2),-COOH (n=4 to 5)

Comparative compound 2: HOOC-(CH2),-COOH (n=1 to 3)

Imidazole (1,3-diaza-2,4-cyclopentadiene)

DBU (1,8-diazabicyclo[5.4.0lundec-7-ene)
<Solvent>

BC (butyl carbitol)

BCA (butyl carbitol acetate)

DPG (dipropylene glycol)

[0099]
<Example I>

Silver filler 1: 90.24wt%, an additive agent shown in Table 1: 0.2wt%, and
a solvent (BCA/DPG=1/1(mass ratio)): 9.56 wt% were mixed to prepare a bonding
material.

[0100]

The obtained bonding material was printed at a thickness of 100 pm on a
substrate (a silver-plated copper lead frame, 25 x 25 mm, a thickness of 0.3 mm).
A semiconductor chip (backside silver-plated Si die, 5 x 5 mm) was mounted on
the substrate. The substrate with the chip was heated under the conditions of
250°C/60 minutes/no pressure in an oven to obtain a test piece for evaluation. A

porosity of the bonding layer of the test piece was determined as follows.
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[0101]
(Porosity Determination) |
1. Polishing of the test piece:

Device: BUEHLER Beta GRINDER-POLISHER 60-1990

Polishing papers: Struers SiC Paper #120, #220, #500, #800,
#1200, #2000

Buff: Struers DP-Nap Size: 200mm dia

Diamond spray: Struers DP-Spray P 1lum, 1/4um

The test piece was polished with polishing papers #120, #220, #500, #800,

#1200, #2000, Buff, Diamond spray 1um, 1/4pm in turn to expose a cross sectional
surface of the bonding layer.
2. SEM Imaging: SEM Images of the cross sectional surface of the bonding layer
were taken by using Scanning Electron Microscope (HITACHI S-3000,
magnification=2000 fold, 1280x960 dpi, 15 images from right edge to left edge of
the bonded area).
3. Porosity calculation: The obtained images were imported into a microscope
(Keyence Digital Microscope VHX-500), air-spaces were extracted by luminance
extraction, and porosity was determined as a proportion of the area of air-spaces
in the image. The average porosity was calculated by averaging the porosities of

15 images. The results are shown in Table 1.

[0102]
[Table 1]
Example Comparative Example
1 2 1 2 3 4
Comparative Comparative
Promoter imidazole DBU none Perbutyl D
compound 1 compound 2
Porosity (%) 9 7 10 10 16 12

[0103]

As shown in Table 1, a porosity lower than 10% was achieved in Examples

1 and 2, which indicates that an organic base compound can improve the

sinterability of the bonding material when used as a sintering promoter.

[0104]

(Heat generation characteristics)

The heat generation characteristics of the obtained bonding materials
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were analyzed by differential scanning calorimetry (DSC) (a temperature rising
speed of 10°C/min). The results are shown in Figure 2.
[0105]

As shown in Figure 2, distinctive exothermic peaks were observed in
Examples 1 and 2, which suggests that the organic base compounds used as a
sintering promoter enhanced the activation of the silver filler surface by, for
example, accelerating the degradation of its coating substance.

[0106]
<Example 11>

Silver filler 1: 90.24wt%, DBU as a sintering promoter: 0.2wt%, and a
solvent shown in Table 2: 9.56 wt% were mixed to prepare a bonding material.
[o107]

The obtained bonding material was printed at a thickness of 100 pm on a
substrate (silver-plated copper DBC, 25 x 25 mm, a thickness of 1 mm). The
semiconductor chip (backside silver-plated Si die, 5 x 5 mm) was mounted on the
substrate. The substrate with the chip was dried at 90°C for 30 minutes, and
heated under conditions of 250°C/5 minutes/10 MPa in an oven to obtain a test
piece for evaluation. A porosity of the bonding layer of the test piece was

determined as described above. The results are shown in Table 2.

[0108]
[Table 2]

Example 3 Example 4

BCA/DPG

Solvent BCA
11
Porosity (%) 2.4 1.9

[0109]

As shown in Table 2, a lower porosity was achieved also in a case where
different solvents were used, and the bonding materials were sintered under
pressure.

[0110]
<Example ITI>

Silver filler (a mixture of a flake-shaped filler (aspect ratio=20~200, Ra <
10nm) and a spherical-shaped filler, D50=0.45um): 94.9wt%, DBU as a sintering
promoter: 0.2wt%, and BC: 4.9 wt% were mixed to prepare a bonding material
(Example 5).
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[0111] _

The obtained bonding material was printed at a thickness of 100 pm
between two substrates (silver-plated copper having a thickness of 500 um, 5
mmeo). The two substrates with the bonding material were dried at 90°C for 30
minutes, and heated under conditions of 300°C/5 minutes/10 MPa in an oven to
obtain a test piece for evaluation. The thickness of the bonding layer after
sintering was about 40 to 60 pm, and of the obtained test piece (i e, the thickness
of the two substrates and the bonding layer) was about 1.0 to 1.1 mm.

[0112]
(Measurement of Thermal Conductivity)

The obtained test piece was placed in Kyoto Denshi Kogyo LFA-502, and
the thermal conductivity of the thickness direction was determined by measuring
thermal diffusivity (a (m2/s)), specific heat capacity (c(J/gK)), and material
density (p (g/m3)) at room temperature (23+1°C), and the thermal conductivity O
(W/mK)) was calculated by the relation: A=acp. As the reference, thermal
conductivity of a silver-plated copper plate having a thickness of 1 mm was
measured in the same manner as above, which was 380 W/mK.

[0113]

The thermal conductivity of the bonding layer of Example 5 was 280
W/mK.

[0114]

These results demonstrate that the use of the organic base compound as a
sintering promoter can improve the sinterability of bonding materials, and as a
result, a bonding layer having a low porosity and a high thermal conductivity is

formed.

[Industrial Applicability]
f0115]

A bonding material according to the present invention can be applied to
an electronic component, an electronic device, an electric component, and an
electric device or the like. In particular, the bonding material can be usefully
used to bond a chip component and a circuit substrate of a capacitor, a resistor or
the like; a semiconductor chip, and a lead frame or a circuit substrate of a diode, a
memory, an IC, a CPU or the like; and a high-heat-generating CPU element and a

cooling plate.
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Explanation of Symbols
[0116]

1: semiconductor chip

2, 2 bonding layer

3: metal surface of substrate
4: substrate

5: cooling plate

PCT/JP2014/084764
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CLAIMS

1. A sinterable bonding material comprising a silver filler and an organic

base compound as a sintering promoter.

2. A sinterable bonding material according to claim 1, wherein the organic

base compound is a nitrogen-containing basic compound.

3. A sinterable bonding material according to claim 1 or 2, wherein the

organic base compound is a nitrogen-containing hetero-ring compound.

4, A sinterable bonding material according to any one of claims 1 to 3,
wherein the organic base compound has an amidine moiety and/or a guanidine

moiety.

5. A sinterable bonding material according to any one of claims 1 to 4,
wherein the pKa of the conjugate acid of the organic base compound is 7.0 or

more.

6. A sinterable bonding material according to any one of claims 1 to 5,
wherein the organic base compound is at least one selected from the group
consisting of substituted or unsubstituted imidazoles,

1,8-diazabicyclol5.4.0]-7-undecene, and 1,5-diazabicyclo[4.3.0]-5- nonene.

7. A sinterable bonding material according to any one of claims 1 to 6,

wherein the silver filler comprises a flake-shaped filler.
8 A sinterable bonding material according to any one of claims 1 to 7,
wherein the silver filler comprises a flake-shaped filler having an arithmetic

average roughness (Ra) of 10 nm or less.

9. A sinterable bonding material according to any one of claims 1 to 8,

further comprising a solvent.

10. A semiconductor device manufactured by using the sinterable bonding
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material according to any one of claims 1 to 9.

11. A method for manufacturing a semiconductor device comprising the steps
of:

providing two members to be bonded;

disposing the two members and a bonding material so that surfaces to be
bonded of the two members face to each other with the bonding material disposed
therebetween; and

heating the two members with the bonding material disposed
therebetween to a predetermined temperature,
wherein the bonding material is a sinterable bonding material comprising a

silver filler and an organic base compound as a sintering promoter.



DSC mW

WO 2016/103527 PCT/JP2014/084764

60

50

40

30

20

10

-10

-20

11
Figure 1
1
e (554920253307 2 3
4
2)
SR e e e oRl
7
Figure 2

=

/Example 1

Example 2

o

Comparative
Example 3

Comparative
Example 1

Comparative
Example 2

100.0 150.0 200.0 2500 300.0
Temp Cel



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/084764

A.

Int.Cl. HO1L21/52(2006.01)1,

CLASSIFICATION OF SUBJECT MATTER

HO5K1/02(2006.01)1,

HO5K3/32(2006.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B.

FIELDS SEARCHED

HO5K1/02, HO5K3/32

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. HO1L21/52,

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996

Published unexamined utility model applications of Japan 1971-2015

Registered utility model specifications of Japan 1996-2015

Published registered utility model applications of Japan 19%4-2015

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2013-41884 A (FURUKAWA ELECTRIC CO., LTD.) 1, 2, 5, 9-11
Y 2013.02.28, paragraphs [0023] - [0031] 3 -7, 9, 10
A (family: none) 3
X JP 2013-149566 A (MITSUBISHI MATERIALS CORP.) 1, ¢ - 11
\% 2013.08.01, paragraphs [0002], [0006], [0007], 7, 9, 10
A [0012], [0028] - [0036] 38

(family: none)
Y JP 11-26480 A (SONY CORP.) 3 -7, 9, 10
1999.01.29, paragraphs [0022], [0023]
(family: none)
§# Further documents are listed in the continuation of Box C. {7} See patent family annex.

*

Special categories of cited documents:

“T” later document published after the international filing date or

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be_: of particular relevance understand the principle or theory underlying the invention
“E” flaﬂleé la g[ﬁllllca(tjlotn or patent but published on or after the inter- «“X” document of particular relevance; the claimed invention cannot
“L d?)c?m?ent w%ic?linay throw doubts on priority claim(s) or which be considered novel or cannot be considered to involve an
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“p” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
11.03.2015 31.03.2015
Name and mailing address of the ISA/JP Authorized officer 579379
Japan Patent Office Tsuyoshi KASHIMOTO

Telephone No. +81-3-3581-1101 Ext. 3516

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/084764

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

JP 2012-52198 A (NIHON HANDA CO., LTD.)
2012.03.15, claim 1
(family: none)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

