
DESCRIPTION  Low-Adhesion Material, Resin Molding Die, and Soil Resistant
Material  5 TECHNICAL FIELD The present invention relates to a material less
adhesive to basic substances, that  is, a low adhesion material, a resin
molding die in which at least a portion of a die  surface is formed of such
a low adhesion material, and a soil resistant material having a  function
preventing adhesion of soil made of an organic substance. 10 BACKGROUND ART
In conventional resin sealing molding, transfer molding or injection molding
has  been used. In transfer molding or injection molding, a resin flow
channel and a cavity  each provided to a die for resin molding are used. A
fluid resin is introduced into the  cavity through the resin flow channel.
The introduced fluid resin is set to form a set 15 resin. Thereby, a molded
object having the set resin is completed. For example,  thermosetting resin
such as epoxy resin or the like is used as the fluid resin, and a steel
material such as tool steel, a cemented carbide (a WC-Co type alloy), or the
like is used  as a material for the die. It is preferable in this case to
reduce adhesion property  between the set resin and the surface of the die
(die surface), in other words, to improve 20 releasability between the set
resin and the die surface, for easy removal of the molded  object. The
inventors of the present application have found that Y2O3 (yttria), which is
a  sintered body stable in the air, has a low adhesion property with respect
to epoxy resin.  The term "low adhesion property" described herein refers to
"having a low adhesion 25 property when comparison is made in terms of
adhesion property between a  conventional material for a die such as a steel
material, a cemented carbide, or the like  and a basic substance represented
by epoxy resin". The inventors of the present  application have proposed to
use an oxide such as Y203 (a basic oxide) to form a die -1 surface or a
resin molding die (see Japanese Patent Laying-Open No. 2005-274478,  pages 8
to 9 and Fig. 2). 



In another patent application filed by the applicants of the present
application, a  Y2O3 solid solution, an yttria composite oxide (LaYO3), and
a mixture of a Y203 solid 5 solution and an yttria composite oxide are
described as low adhesion materials forming a  resin molding die (Japanese
Patent Application No. 2006-0173 3 5). According to these  techniques, a
basic oxide such as Y2O3, a Y2O3 solid solution, or the like, which is a
material less adhesive to a set resin, is contained in a material for a
resin molding die  forming a die surface. Thereby, a resin molding die
excellent in releasability is 10 implemented. It is to be noted that the
invention disclosed in Japanese Patent  Application No. 2006-017335 has not
been published yet. However, according to the conventional techniques
described above, that is, the  techniques of using a material for a resin
molding die containing a basic oxide such as  Y2O3, a Y2O3 solid solution,
or the like (hereinafter referred to as a "basic oxide or the 15 like") to
form a die surface or a resin molding die, there are two problems as
described  below. The first problem is that the resin molding die has
insufficient wear resistance.  This can be highly problematic especially
when a chip-type electronic component  (hereinafter referred to as a "chip")
such as an LSI (Large Scale Integration) chip 20 mounted on a lead frame, a
printed board (hereinafter referred to as a "board"), or the  like is sealed
with resin. In this case, thermosetting resin (for example, epoxy resin)
containing a ceramic filler is used as a fluid resin. The basic oxide or the
like forming  the die surface of the resin molding die is worn by the
filler. The second problem is that the basic oxide or the like is likely to
have chipping  25 when impact is applied from outside, in other words, it
has low impact resistance.  Therefore, although it is possible to obtain a
resin molding die excellent in releasability  according to the techniques of
using a basic oxide or the like, which is merely a low  adhesion material,
to form a die surface or a resin molding die, it has been difficult to -2
obtain a resin molding die having both excellent wear resistance and impact
resistance.  Patent Document 1: Japanese Patent Laying-Open No. 2005-274478
(pages 8 to 9,  



Fig. 2) DISCLOSURE OF THE INVENTION 5 PROBLEMS TO BE SOLVED BY THE INVENTION
The problem to be solved by the present invention is that it is difficult to
obtain a  low adhesion material or a solid resistant material having both
excellent wear resistance  and impact resistance, and obtain a resin molding
die having both excellent wear  resistance and impact resistance in addition
to excellent releasability. 10 MEANS FOR SOLVING THE PROBLEMS Explanation
will be given on wear before describing means for solving the  problem. Wear
described herein refers to erosion wear. According to a document (S.
Srinivasan and R. 0. Scattergood, R curve effects in solid particle erosion
of ceramics,  Wear, 142(1991) 115:), the erosion wear is reduced with
increase in material hardness 15 (H) and a fracture toughness value (KIC)
(see the equation described in table 1 on page  117 of the document).
Therefore, to improve wear resistance of a brittle material with  respect to
solid particles, it is generally effective to increase a fracture toughness
value.  Increasing a fracture toughness value is also effective to improve
impact resistance of a  brittle material. In view of these, the inventors of
the present invention made the 20 invention as described below. To solve the
problem described above, a low adhesion material in accordance  with the
present invention is a low adhesion material having a low adhesion property
with respect to a basic substance, including a body portion and a surface
layer formed on  at least a portion of a surface of the body portion. The
surface layer is formed of a 25 material having a low adhesion property with
respect to the basic substance and a  thermal expansion coefficient smaller
than that of the body portion. The surface layer  is formed on the body
portion at a high temperature. The body portion and the surface  layer are
cooled down to cause compressive residual stress in the surface laver, and
as a  -j result, the compressive residual stress is present in the surface
layer. In the low adhesion material in accordance with the present
invention, it is  



desirable that the surface layer contains at least one of Y203, a Y2O1 solid
solution, and  an yttria composite oxide. 5 In the low adhesion material in
accordance with the present invention, it is  desirable that the body
portion contains a first material of a ZrO2 material mainly  composed of
ZrO2 and containing Y2O., CeO2, or the like, and a second material having  a
thermal expansion coefficient smaller than that of the first material. In
the low adhesion material in accordance with the present invention, it is
10 desirable that the body portion has conductivity. Further, a resin
molding die in accordance with the present invention is used to  set a fluid
resin introduced into a cavity to form a set resin made of a basic substance
and mold a molded object including the set resin. The resin molding die
includes a  body portion provided to overlap at least a portion of a die
surface exposed to the fluid 15 resin, and a surface layer formed on a
surface of the body portion to constitute at least a  portion of the die
surface exposed to the fluid resin. The surface layer is formed of a
material having a low adhesion property with respect to the set resin and a
thermal  expansion coefficient smaller than that of the body portion. The
surface layer is formed  on the body portion at a high temperature. The body
portion and the surface layer are 20 cooled down to cause compressive
residual stress in the surface layer, and as a result,  the compressive
residual stress is present. In the resin molding die in accordance with the
present invention, it is desirable  that the surface layer contains at least
one of Y2Oa, a Y2O3 solid solution, and an yttria  composite oxide. 25 In
the resin molding die in accordance with the present invention, it is
desirable  that the body portion contains a first material of a ZF02
material mainly composed of  ZrO2 and containing Y2O3, CeO2, or the like,
and a second material having a thermal  expansion coefficient smaller than
that of the first material. -4 In the resin molding die in accordance with
the present invention, it is desirable  that the body portion has
conductivity. 



Further, the low adhesion material in accordance with the present invention
can  also be used as a soil resistant material having a function preventing
adhesion of soil 5 made of an organic substance.  EFFECTS OF THE INVENTION
The low adhesion material in accordance with the present invention includes
a  body portion and a surface laver formed on at least a portion of a
surface of the body  portion. The surface layer is formed of a material
having a low adhesion property with 10 respect to a basic substance and a
thermal expansion coefficient smaller than that of the  body portion. The
surface layer is formed on the body portion at a high temperature.  By
cooling down the body portion and the surface layer, compressive residual
stress is  caused in the surface layer due to a difference in the thermal
expansion coefficients of  the body portion and the surface layer, and the
compressive residual stress is present in 15 the surface layer. It can be
considered that the presence of the compressive residual  stress in the
surface layer increases a fracture toughness value of the surface layer.
Therefore, a low adhesion material having excellent wear resistance and
impact  resistance can be obtained by increasing the fracture toughness
value of the surface layer.  In addition, a resin molding die having
excellent releasability, wear resistance, and 20 impact resistance can be
obtained by using the low adhesion material to form at least a  portion of a
die surface. Further, according to the present invention, at least one of
Y2O3, a Y2O3 solid  solution, and an yttria composite oxide, each having a
low adhesion property with  respect to a basic substance, may be contained
in the surface layer of the low adhesion 25 material described above. In
this case, a low adhesion material containing Y203 and  excellent in low
adhesion property with respect to a basic substance, wear resistance,  and
impact resistance can he obtained. In addition, a resin molding die having
excellent  releasability, wear resistance, and impact resistance can be
obtained by using the low -5 adhesion material to form at least a portion of
a die surface. Further, according to the present invention, the body portion
contains a first  



material of a ZrO2 material, and a second material having a thermal
expansion coefficient  smaller than that of the first material. The
difference in the thermal expansion 5 coefficients of the body portion and
the surface layer can be changed by changing the  ratio between the first
material and the second material. Therefore, a low adhesion  material in
which the difference in the thermal expansion coefficients of the body
portion  and the surface layer is optimally determined to prevent
interfacial peeling from  occurring between the body portion and the surface
layer and to increase the fracture 10 toughness value of the surface layer
can be obtained. In addition, a resin molding die  having excellent
releasability, wear resistance, and impact resistance can be obtained by
using the low adhesion material to form at least a portion of a die surface.
Further, according to the present invention, when the body portion has
conductivity, an inner bottom surface of a cavity and a die surface of a
resin molding die  15 can be heated efficiently by causing the body portion
itself to generate heat. Thereby, energy for heating the resin molding die
can be reduced. Herein, to cause the body  portion itself to generate heat,
it is only necessary to supply a current to the body  portion or generate an
induced current by electromagnetic induction to cause self  heating of the
body portion. In addition, the conductivity of the body portion can be 20
utilized to perform precision machining by means of electrical discharge
machining on  the body portion. The foregoing and other objects, features,
aspects and advantages of the present  invention will become more apparent
from the following detailed description of the  present invention when taken
in conjunction with the accompanying drawings. 25 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. I is a cross sectional view showing a resin molding die in
accordance with a  first embodiment of the present invention. Fig. 2 is a
flow chart showing a process of manufacturing a low adhesion  -6 material in
accordance with the first embodiment of the present invention. Fig. 3 is an
explanatory view showing a relationship between a thickness of a  



surface layer in the low adhesion material in accordance with the first
embodiment of the  present invention and a fracture toughness value of the
low adhesion material. 5 Fig. 4 is a cross sectional view showing a resin
molding die in accordance with a  second embodiment of the present
invention. DESCRIPTION OF THE REFERENCE SIGNS l: upper die (resin molding
die), 2: lower die, 3: resin flow channel, 4:  cavity, 5: inner bottom
surface, 6: cavity member (low adhesion material), 7:  10 surrounding
member, 8, 15: body portion, 9, 16: undersurface, 10, 17: surface layer, 11:
board, 12: chip, 13: wire, 14. upper die (low adhesion material, resin
molding die), 18: die surface. BEST MODES FOR CARRYING OUT THE INVENTION An
upper die 1 has a rectangular parallelepiped cavity member 6 constituting an
15 inner bottom surface 5 of a cavity 4, which is a portion of a die
surface, and a  surrounding member 7 constituting a portion other than
cavity member 6. Cavity  member 6 is formed of a low adhesion material in
accordance with the present  embodiment, and specifically, it includes a
body portion 8 and a surface layer 10 formed  on an undersurface 9 of body
portion 8, which is a surface of body portion 8 on a side 20 exposed to a
fluid resin. Body portion 8 is formed of a first material of 3YSZ (3 mol%
of Y2O3, 97 mol% of Zr02) and a second material of ZrN having conductivity
that are  mixed at a predetermined ratio, and has a thermal expansion
coefficient of 10.5 x  10-6/C. Surface layer 10 is formed of Y203 having a
low adhesion property with  respect to a set resin, and has a thermal
expansion coefficient of 8.4 x 10-6/C, which is 25 smaller than that of body
portion 8. By bonding body portion 8 and surface layer 10 at  a high
temperature and then cooling them down, compressive residual stress is
caused in  surface layer 10 due to a difference in the thermal expansion
coefficients of body portion  8 and surface layer 10, and the compressive
residual stress is present in surface layer 10.  -7 First Embodiment A resin
molding die and a low adhesion material in accordance with a first  



embodiment of the present invention will be described with reference to
Figs. I to 3.  The low adhesion material is a laminated structure including
a rectangular parallelepiped 5 body portion and a surface layer formed on
one surface of the body portion. Fig. I is a cross sectional view showing a
resin molding die in accordance with  the present embodiment. Fig. 2 is a
flow chart showing a process of manufacturing a  low adhesion material in
accordance with the present embodiment. Fig. 3 is an  explanatory view
showing a relationship between a thickness of a surface layer in the 10 low
adhesion material in accordance with the present embodiment and a fracture
toughness value of the low adhesion material. All the drawings described
below are exaggerated for ease of illustration.  Further, in the description
below, explanation will be given on a case where a  chip mounted on a board
is sealed with resin by transfer molding as an example of resin 15 molding.
In this sealing with resin, firstly, a wired chip is accommodated in a
cavity.  Next, with a set of resin sealing dies closed, a fluid resin is
introduced into the cavity.  Thereafter, the fluid resin is set to form a
set resin. Thereby, a molded object  (package) having a board and the set
resin is completed. Upper die 1 and a lower die 2 shown in Fig. I together
constitute a resin 20 molding die. Upper die I corresponds to a resin
molding die in accordance with the  present embodiment. Upper die I is
provided with a resin flow channel 3 through  which the fluid resin (not
shown) flows, and cavity 4 communicating with resin flow  channel 3 to be
filled with the fluid resin, which are each provided in a concave shape.
Further, upper die 1 has rectangular parallelepiped cavity member 6
constituting inner 25 bottom surface 5 of cavity 4, which is a portion of
the die surface, and surrounding  member 7 constituting a portion other than
cavity member 6. Cavity member 6 is formed of the low adhesion material in
accordance with the  present embodiment, and specifically, it includes body
portion 8 and surface layer 10  -8 formed on undersurface 9 of body portion
8, which is a surface of body portion 8  exposed to the fluid resin.
Accordingly, surface layer 10 is exposed at inner bottom  



surface 5 of cavity 4, which is a portion of the die surface of the resin
molding die  exposed to the fluid resin. Materials forming body portion 8
and surface layer 10 will  5 be described later. Lower die 2 is formed of an
ordinary material for a resin molding die, for  example, a steel material
such as tool steel, a cemented carbide, or the like. A board  11 is placed
on a die surface of lower die 2. A chip 12 is mounted on board 11, and
electrodes (not shown) of board 11 and chip 12 are electrically connected by
a wire 13. 10 Lower die 2 may be formed of a ceramic material having a
prescribed mechanical  property. Materials forming body portion 8 and
surface layer 10 of cavity member 6  formed of the low adhesion material in
accordance with the present embodiment will  now be described. Firstly, body
portion 8 contains a first material and a second 15 material having a
thermal expansion coefficient smaller than that of the first material.  In
the present embodiment, body portion 8 is formed of the first material of
3YSZ (3  mol% of Y2O3, 97 mol% of ZrO2), which is a YSZ (stabilized ZrO2
containing Y203)  material, and the second material of ZrN having
conductivity. The ratio between the  first material and the second material
is 75 vol% : 25 vol%. 20 Herein, 3YSZ has a thermal expansion coefficient of
11.4 x 106/C, and ZrN  has a thermal expansion coefficient of 7.8 x 10-6/C.
Thus, the material formed of  3YSZ and ZrN mixed at the ratio described
above (the material forming body portion 8)  has a thermal expansion
coefficient of 10.5 x 10 6/C. The first material may be any  ZrO2 material
mainly composed of ZrO2 and containing Y2O3, CeO2, or the like, As 25 the
second material, any material having an appropriate thermal expansion
coefficient  smaller than that of the first material may be used. For
example, ZrB2 or the like  having conductivity, or a nonconductive material
can be used. Body portion 8 is formed in cavity member 6 as described above
because of the  -9 following three reasons. The first reason is that cavity
member 6 should have a  prescribed mechanical property required as a resin
molding die. Herein, the term  



"mechanical property" refers to, for example, fracture strength, fracture
toughness,  impact resistance, or the like. The second reason is that the
difference in the thermal 5 expansion coefficients of the materials forming
body portion 8 and surface layer 10  should be reduced, and that body
portion 8 should have a thermal expansion coefficient  greater than that of
surface layer 10. The third reason is that it is desirable that body
portion 8 has a predetermined conductivity. Further, in cavity member 6,
surface layer 10 contains at least one Of Y201, a  10 Y203 solid solution,
and an yttria composite oxide. Thereby, surface layer 10 has a  low adhesion
property with respect to a set resin. In the present embodiment, surface
layer 10 is formed of Y203. Surface layer 10 is formed to be bonded to the
surface of  body portion 8 (undersurface 9 in the drawing) by a
high-temperature process, that is, a  process performed at a high
temperature. 15 Herein, Y203 has a thermal expansion coefficient of 8.4 x
10-6/C, which is  smaller than the thermal expansion coefficient of body
portion 8 (10.5 x 10-6/,C) ,  Further, the high-temperature process is
performed at a temperature enough to cause a  certain amount of compressive
residual stress in surface layer 10 when body portion 8  and surface layer
10 described above are bonded and then cooled down, due to the 20 difference
in the thermal expansion coefficients thereof Upper die I having cavity
member 6 described above has the following four  characteristics. The first
characteristic is that the surface of body portion 8 having  conductivity
and a prescribed mechanical strength is provided with surface layer 10
bonded at a high temperature, and that the thermal expansion coefficient of
surface layer 25 10 (8.4 x 10-6/C) is smaller than the thermal expansion
coefficient of body portion 8  (10.5 x 10 6/C) When body portion 8 and
surface layer 10 are bonded at a high temperature and  then cooled down,
compressive residual stress is caused in surface layer 10 due to the  -10
difference in the thermal expansion coefficients of body portion 8 and
surface laver 10,  



and the compressive residual stress is present in surface layer 10. It can
be considered  that the presence of the compressive residual stress in
surface layer 10 increases a  fracture toughness value of surface layer 10.
Therefore, a resin molding die formed of 5 a low adhesion material having
excellent wear resistance and impact resistance can be  obtained. The second
characteristic is that surface layer 10 is formed of Y203, which is a
material having a low adhesion property with respect to a set resin.
Thereby, a resin  molding die formed of a low adhesion material having
excellent releasability can be 10 obtained. The third characteristic is that
body portion 8 is formed of 3YSZ having a  thermal expansion coefficient of
11.4 x 10_6/C (the first material) and ZrN having a  thermal expansion
coefficient of 7.8 x 10 6/C (the second material) that are mixed at a
predetermined ratio. 15 Thereby, the thermal expansion coefficient of body
portion 8 (10.5 x 10-6/C) is  set at an appropriate value greater than and
close to the thermal expansion coefficient of  surface layer 10 (8.4 x
10-6/C). Such a combination of the thermal expansion coefficients of body
portion 8 and surface laver 10 can prevent interfacial peeling from
occurring when body portion 8 and surface layer 10 are bonded at a high
temperature.  20 Therefore, a low adhesion material having no interfacial
peeling caused between body portion 8 and surface layer 10, and a resin
molding die formed of the low adhesion  material can be obtained. The fourth
characteristic is that body portion 8 has conductivity. Thereby, it is
possible to cause self heating of body portion 8 by supplying a current to
body portion 8  25 or generating an induced current by electromagnetic
induction. Therefore, inner bottom surface 5 of cavity 4 in resin molding
die I can be heated efficiently by causing  body portion 8 itself to
generate heat. This can save energy required to heat resin molding die 1.
Further, the  -I1 conductivity of body portion 8 can be utilized to perform
precision machining by means  



of electrical discharge machining on body portion 8 as necessary. An
operation of the resin molding die shown in Fig. I will be described.
Firstly,  board 11 is positioned and placed on lower die 2, and fixed to
lower die 2 by means of  5 absorption or the like. Thereafter, upper die I
is lowered to close the upper die and lower die 2. Next, a fluid resin (not
shown) made of thermosetting resin and having a  prescribed viscosity is
pushed by a plunger (not shown). Thereby, the fluid resin is  introduced
into cavity 4 through resin flow channel 3. Next, the fluid resin is heated
by a heater (not shown) provided to upper die l 10 and lower die 2, and the
fluid resin is set to form a set resin. In this step, a current may  be
supplied to body portion 8 having conductivity, or an induced current may be
generated by electromagnetic induction to cause self heating of body portion
8. Then,  upper die 1 is raised to open upper die I and lower die 2, and a
molded object in which  board 11, chip 12, and wire 13 are integrally sealed
with the set resin is released from 15 upper die 1. In this step, the set
resin is easily released from surface layer 10 formed of  Y203 having a low
adhesion property with respect to the set resin. As described above,
according to the present embodiment, a low adhesion  material excellent in
low adhesion property, wear resistance, and impact resistance can  be
obtained. Further, a resin molding die formed of the low adhesion material
and 20 having excellent releasability can be obtained. The low adhesion
material and the resin molding die in accordance with the  present
embodiment are manufactured by a method as described below Firstly, as
shown in Fig. 2, at step S1, powders of 3YSZ and ZrN, which are the
materials for body  portion 8, are blended at a predetermined ratio. Next,
at step S2, the blended powders 25 are mixed in a ball mill. Then, at step
S3, the materials mixed in the ball mill are dried  and sieved. Thereafter,
at step S4, temporary molding is performed to complete a  rectangular
parallelepiped member (corresponding to body portion 8 of Fig. 1). Further,
apart from fabrication of the rectangular parallelepiped member  -12
described above, as shown in Fig. 2, at step S5, powders of Y203, which is
the material  



for surface layer 10, are prepared in an amount as required. Next, at step
S6, the  powders of Y203 are temporarily molded to fabricate a thin-plate
member. Next, the rectangular parallelepiped member and the thin-plate
member formed  5 of Y203 that are each temporarily molded are laminated by
hot pressing to form a  laminated structure. In this case, processing is
performed, for example, at a  temperature of 1350C for one hour with a
pressing pressure of 48 kN in an N2  atmosphere, Thereafter, the formed
laminated structure is cooled down from the  processing temperature to room
temperature. The cooling may be performed by 10 leaving the laminated
structure in an atmosphere at or below room temperature, or may  be
performed forcibly by blowing air or the like. Through these steps, the
laminated structure having the body portion and the  surface layer, that is,
the low adhesion material in accordance with the present  embodiment
(corresponding to cavity member 6 having body portion 8 and surface layer 15
10 in Fig. 1) is completed. In the completed low adhesion material, the
processing  performed at a temperature as high as 1350C causes solid phase
diffusion of Y2O3  contained in surface layer 10 into 3YSZ contained in body
portion 8. Thereby, surface  layer 10 is bonded to body portion 8. Next, as
shown in Fig. 1, cavity member 6 formed of the fabricated low adhesion  20
material is attached to surrounding member 7 formed of an ordinary material
for a resin  molding die, for example, a steel material such as tool steel,
a cemented carbide, or the  like. Thereby, upper die 1, which is the resin
molding die in accordance with the  present embodiment, is completed
Hereinafter, a relationship between a thickness of surface layer 10 formed
of  25 Y203 in the low adhesion material in accordance with the present
embodiment and a  fracture toughness value of the low adhesion material will
be described with reference to  Fig. 3. To evaluate the relationship, three
samples (n=5) having different thicknesses  of the surface layer were
fabricated to measure a fracture toughness value of each -13 sample by JIS
IF method (JIS R 1607) (indentation load = 1 kgf ~ 9.8 N). As a result,  



the samples having thicknesses of the surface layer of 1 4 mm, 0.9 mm, and
0.25 mm  had fracture toughness of 0.9 MPam1/2, 1.7 MPam1/2, and 2.3 MPam"2,
respectively.  Fig. 3 shows the result obtained. 5 Compressive residual
stress in the surface layer at an interface of support layer 8  (body
portion 8) and surface layer 10 was calculated at about 682 MPa, from an
equation for calculation. The equation for calculating compressive residual
stress 6  can be expressed by 6 = EA xsAT/(1-v), where E represents a
longitudinal elastic  modulus of the surface layer, v represents a Poisson's
ratio, Aa represents a difference in 10 linear expansion coefficients of the
support layer (body portion) and the surface layer,  and AT is a difference
between a processing temperature and a use temperature.  Further, on this
occasion, each parameter has a value as follows: E = 171 GPa, AT =  1350 -
20 = 1330C, and v = 0.3. It is to be noted that a fracture toughness value
in a  range indicated by hatching in Fig. 3 is a fracture toughness value
obtained when the 15 resin molding die is formed of Y2O3 alone. Fig. 3 shows
a relationship that the fracture toughness value is increased as a  distance
from the interface between body portion 8 and surface layer 10 to a surface
of  surface layer 10 shown in Fig. 1 is reduced, in other words, as surface
layer ] 0 having  compressive residual stress therein has a reduced
thickness. Considering this 20 relationship and the fracture toughness value
obtained when the resin molding die is  formed of Y203 alone, a thickness of
surface layer 10 appropriate as a low adhesion  material should be not more
than 1.2 mm, and is preferably as small as possible. It is  considered that
a preferred thickness of surface layer 10 is not more than 1 .0 mm, and a
more preferred thickness thereof is not more than 0.25 mm. Further, a lower
limit of 25 the thickness of surface layer 10 may be satisfactorily
specified as long as it allows a  substance forming surface layer 10 to form
a unit lattice (for example, about several  nanometers). In the present
embodiment, among the members forming upper die I. rectangular  -14
parallelepiped cavity member 6 constituting inner bottom surface 5 of cavity
4 is formed  



of the low adhesion material in accordance with the present embodiment.
Instead, a  member constituting an inner bottom surface of resin flow
channel 3 may be formed of  the low adhesion material in accordance with the
present embodiment. Further, in the 5 resin molding die, a portion of the
die surface including all (or most) of the surface  exposed to the fluid
resin may be formed of the low adhesion material in accordance  with the
present embodiment. For example, a portion including inner bottom surface 5
of cavity 4 and the inner  bottom surface of resin flow channel 3 in Fig. 1
may be formed of the low adhesion 10 material in accordance with the present
embodiment. It is essential only that body  portion 8 of cavity member 6 is
provided to overlap at least a portion of the die surface  exposed to the
fluid resin when seen in a plane, and surface layer 10 is formed on the
surface of body portion 8 to constitute at least a portion of the die
surface exposed to  the fluid resin. 1.5 Second Embodiment A resin molding
die and a low adhesion material in accordance with a second  embodiment of
the present invention will be described with reference to Fig. 4. The  low
adhesion material in accordance with the present embodiment is a laminated
structure including a body portion having a concave portion provided in a
surface (one 20 surface: an undersurface in the drawing) of a rectangular
parallelepiped base material,  and a surface layer formed on the surface.
Fig. 4 is a cross sectional view showing the  resin molding die in
accordance with the present embodiment. An upper die 14 shown in Fig. 4
corresponds to the low adhesion material and  the resin molding die in
accordance with the present embodiment. Upper die 14 is  25 formed of the
low adhesion material in accordance with the present embodiment.
Specifically, upper die 14 includes a body portion 15, and a surface layer
17 formed on  an entire undersurface 16 of body portion 15 exposed to a
fluid resin. Accordingly, all  of the die surface of upper die 14 exposed to
the fluid resin is formed of surface layer 17.  - 15  Body portion 15 is
formed of the same materials as those of body portion 8 in  



the first embodiment, that is, the first material of 3YSZ and the second
material of ZrN  having conductivity. Surface layer 17 is formed of the same
material as that of surface  layer 10 in the first embodiment, that is, a
material containing at least one Of Y20-,- a 5 Y203 solid solution, and an
yttria composite oxide. Also in the present embodiment, surface layer 17 is
formed of Y203. According  to the present embodiment, since surface layer 10
is present on a die surface 18 exposed  to the fluid resin, the same effect
as that obtained by the resin molding die and the low  adhesion material
shown in Fig. I can be obtained. 10 The resin molding die shown in Fig. 2 is
obtained as described below. Firstly, a  rectangular parallelepiped raw
material is machined as appropriate by cutting or the like  to form a
concave portion corresponding to resin flow channel 3 and cavity 4. Then,
surface layer 17 in the shape of a layer (film) is formed on undersurface 16
in which the  concave portion is formed, using an appropriate method among
well known methods. 15 Well known methods described herein include, for
example, various coating  methods such as CVD (Chemical Vapor Deposition),
sol-gel method, thermal spraying,  and the like, hot press lamination of
sheet materials, and the like. Also by these well  known methods, surface
layer 17 is formed at a prescribed high temperature and a  certain amount of
compressive residual stress is caused in surface layer 17 after it is 20
cooled down, as in the method described in the first embodiment. In each of
the embodiments described above, a resin molding die used when  sealing chip
12 mounted on board 1 1 with resin has been described as an example. The
present invention is not limited thereto, and is applicable to a resin
molding die used  when molding a molded object by filling a cavity with a
fluid resin and then setting the 25 fluid resin, as in transfer molding,
injection molding, compression molding, or other  similar common techniques.
Body portions S and 15 may be formed of an ordinary material for a resin
molding die, for example, a steel material such as tool steel, a cemented
carbide, or the  _16_ like. Further, compressive residual stress can be
caused to be present in surface layers  



10 and 17 by appropriately determining the thermal expansion coefficients of
body  portions 8 and 15 and surface layers 10 and 17, as in the embodiments
described above. Furthermore, in each of the embodiments, a low adhesion
material in accordance  5 with the present invention and a resin molding die
using the same have been described.  The present invention is not limited
thereto, and the low adhesion material can be used  for an application other
than a resin molding die that requires low wettability with  respect to a
basic substance and also requires wear resistance and impact resistance.
Specifically, the low adhesion material in accordance with the present
invention can be 10 used for coating a portion of a member or the like
exposed to a fluid resin, or for other  similar purposes. Further, the low
adhesion material in accordance with the present invention can  be used for
an application that requires wear resistance and impact resistance in
addition  to a low adhesion property with respect to a basic substance other
than resin. For 15 example, such a low adhesion material can be used as a
material having a function  preventing adhesion of soil made of an organic
substance. Specifically, the low  adhesion material of the present invention
would be used as a material for a building  material forming an outer wall
of a building or the like, a bathtub, sanitary chinaware, or  other similar
equipment. The low adhesion material of the present invention may also 20 be
used as a material for coating a surface of a member used in these
applications. It is to be noted that low adhesion material 3 described above
can also be used as  a soil resistant material having a function preventing
adhesion of soil made of an organic  substance. Although the present
invention has been described and illustrated in detail, it is  25 clearly
understood that the same is by way of illustration and example only and is
not to  be taken by way of limitation, the scope of the present invention
being limited only by  the terms of the appended claims. _17_ CLAIMS  1. A
low adhesion material (6, 14) having a low adhesion property with respect  



to a basic substance, comprising: 5 a body portion (8, 15); and a surface
layer (10, 17) formed on at least a portion of a surface of said body
portion (8, 15), wherein said surface layer (10, 17) is formed of a material
having a low adhesion  property with respect to said basic substance and a
thermal expansion coefficient smaller  10 than that of said body portion (8,
15), and said surface layer (10, 17) is formed on said body portion (8, 15)
at a high  temperature, said body portion (8, 15) and said surface layer
(10, 17) are cooled down  to cause compressive residual stress in said
surface layer (10, 17), and the compressive  residual stress is present in
said surface layer (10, 17). 15 2. The low adhesion material (6, 14)
according to claim 1, wherein said surface  layer (10, 17) contains at least
one of Y2O;, a Y2O; solid solution, and an yttria  composite oxide. 20 3.
The adhesion material (6, 14) according to claim 2, wherein said body
portion (8, 15) contains a first material mainly composed ofZF02 and a
second material  having a thermal expansion coefficient smaller than that of
the first material. 4. The low adhesion material (6, 14) according to claim
1, wherein said body  25 portion (8, 15) has conductivity. 5. A resin
molding die (1, 14) used to set a fluid resin introduced into a cavity  (4)
to form a set resin made of a basic substance and mold a molded object
including the  _18_ set resin, comprising: a body portion (8, 15) provided
in said resin molding die (1, 14) to overlap at  least a portion of a die
surface exposed to said fluid resin; and a surface layer (10, 17) formed on
a surface of said body portion (8, 15) to  5 constitute at least a portion
of the die surface exposed to said fluid resin, wherein said surface layer
(10, 17) is formed of a material having a low adhesion  



property with respect to said set resin and a thermal expansion coefficient
smaller than  that of said body portion (8, 15), and said surface layer (10,
17) is formed on said body portion (8, 15) at a high 10 temperature, said
body portion (8, 15) and said surface layer (10, 17) are cooled down  to
cause compressive residual stress in said surface layer (10, 17), and the
compressive  residual stress is present in said surface layer (10, 17). 6.
The resin molding die (1, 14) according to claim 5, wherein said surface  15
layer (10, 17) contains at least one Of Y203, a Y203 solid solution, and an
yttria  composite oxide. 7. The resin molding die (1, 14) according to claim
6, wherein said body  portion (8, 15) contains a first material mainly
composed of ZrO2 and a second material  20 having a thermal expansion
coefficient smaller than that of the first material. 8. The resin molding
die (1, 14) according to claim 5, wherein said body  portion (8, 15) has
conductivity. 25 9. A soil resistant material (6, 14) having a function
preventing adhesion of soil  made of an organic substance, comprising: a
body portion (8, 15); and a surface layer (10, 17) formed on at least a
portion of a surface of said body  -19 portion (8, 15), wherein said surface
layer (10, 17) is formed of a material having a low adhesion  property with
respect to said basic substance and a thermal expansion coefficient smaller
than that of said body portion (8, 15), and 5 said surface layer (10, 17) is
formed on said body portion (8, 15) at a high  temperature, said body
portion (8, 15) and said surface layer (10, 17) are cooled down  to cause
compressive residual stress in said surface layer (10, 17), and the
compressive  residual stress is present in said surface layer (10, 17). 10
10. The soil resistant material (6, 14) according to claim 9, wherein said
surface layer contains at least one of Y203, a YZO3 solid solution, and an
yttria  



composite oxide. 11. The soil resistant material (6, 14) according to claim
10, wherein said body  15 portion (8, 15) contains a first material mainly
composed of ZrO2 and a second material  having a thermal expansion
coefficient smaller than that of the first material. 12. The soil resistant
material (6, 14) according to claim 9, wherein said body  portion (8, 15)
has conductivity. -20 AMENDED CLAIMS [received by the Tnternational Bureau
on May 17, 2007]  CLAIMS  1. (Amended) A low adhesion material (6, 14)
having a low adhesion property with respect to a basic substance,
comprising:  5 a body portion (8, 15); and a surface layer (10. 17) formed
on at least a portion of a surface of said body  portion (8, 15), wherein
said surface layer (10, 17) is formed of a material having a low adhesion
property with respect to said basic substance and a thermal expansion
coefficient smaller  10 than that of said body portion (8, 15) said surface
layer (10, 17) is formed on said body portion (8, 15) at a high
temperature, said body portion (8, 15) and said surface layer (10, 17) are
cooled down  to cause compressive residual stress in said surface layer (10,
17), and the compressive  residual stress exists in said surface layer (10,
17). 15 said surface layer contains Y2O;, said body portion is formed of a
mixed material containing a first material and a  second material having a
thermal expansion coefficient smaller than that of the first  material, and
said first material is mainly composed of ZrOZ_  20 2. (Amended) A low
adhesion material (6, 14) having a low adhesion  



property with respect to a basic substance, comprising: a body portion (8,
15); and a surface layer (10, 17) formed on at least a portion of a surface
of said body  25 portion (8, 15), wherein said surface layer (10, 17) is
formed of a material having a low adhesion  property with respect to said
basic substance and a thermal expansion coefficient smaller  than that of
said body portion (8. 15), _18_  AMENDED SHEET (ARTICLE 19) AMENDED CLAIMS
[received by the Tnternational Bureau on May 17. 20071 said surface layer
(10. 17) is formed on said body portion (8, 15) at a high  temperature, said
body portion (8, 15) and said surface layer (10, 17) are cooled down  to
cause compressive residual stress in said surface layer (10, 17), and the
compressive  residual stress exists in said surface layer 10. 17), 5 said
surface layer (10, 17) contains at least one of a Y201 solid solution and an
yttria composite oxide, and said body portion is formed of a mixed material,
a steel material, or a cemented  carbide containing a first material and a
second material having a thermal expansion  coefficient smaller than that of
the first material 10 3. (Amended) The low adhesion material (6, 14)
according to claim 2,  wherein said first material is mainly composed of
Zr02 4. (Amended) The low adhesion material (6, 14) according to claim I or
2,  15 wherein said mixed material has conductivity. 5. (Amended) A resin
molding die (1, 14) used to set a fluid resin introduced  into a cavity (4)
to form a set resin made of a basic substance and mold a molded object
including the set resin, comprising: 20 a body portion (8, 15) provided in
said resin molding die (1, 14) to overlap at  



least a portion of a die surface exposed to said fluid resin; and a surface
layer (10, 17) formed on a surface of said body portion (8, 15) to
constitute at least a portion of the die surface exposed to said fluid
resin, wherein said surface layer (10, 17) is formed of a material having a
low adhesion  25 property with respect to said set resin and a thermal
expansion coefficient smaller than  that of said body portion (8, 15)_ said
surface layer (10, 17) is formed on said body portion (8, 15) at a high
temperature, said body portion (8, 15) and said surface layer (10, 17) are
cooled down  - 19 AMENDED SHF,ET (ARTICLE 19) AMENDED CLAIMS [received by
the International Bureau on May 17, 2007] to cause compressive residual
stress in said surface layer (10, 17), and the compressive  residual stress
exists in said surface layer (10, 17) said surface layer contains Y2O said
body portion is formed of a mixed material containing a first material and a
5 second material having a thermal expansion coefficient smaller than that
of the first  material, and said first material is mainly composed of ZrO2.
6. (Amended) A resin molding die (1, 14) used to set a fluid resin
introduced  10 into a cavity (4) to form a set resin made of a basic
substance and mold a molded object  including the set resin, comprising: a
body portion (8, 15) provided in said resin molding die (1, 14) to overlap
at  least a portion of a die surface exposed to said fluid resin; and a
surface layer (10, 17) formed on a surface of said body portion (8, 15) to
15 constitute at least a portion of the die surface exposed to said fluid
resin, wherein said surface laver (10, 17) is formed of a material having a
low adhesion  property with respect to said set resin and a thermal
expansion coefficient smaller than  that of said body portion (8, 15), 



said surface layer (10, 17) is formed on said body portion (8, 15) at a high
20 temperature, said body portion (8, 15) and said surface la er (10, 17)
are cooled down  to cause compressive residual stress in said surface layer
(10, 17), and the compressive  residual stress exists in said
surface-layer-C10,17). said surface layer (10, 17) contains at least one of
a Y2O3 solid solution and an  yttria composite oxide 25 said surface layer
contains at least one of a YZO_ solid solution and an vttria  composite
oxide, and said body portion is formed of a mixed material, a steel
material, or a cemented  carbide containing a first material and a second
material having a thermal expansion  -20 AMENDED SHEET (ARTICLE 19) AMENDED
CLAIMS [received by the International Bureau on May 17. 20071  coefficient
smaller than that of the first material. 7. (Amended) The resin molding die
(1, 14) according to claim 6, wherein  said first material is mainly
composed of ZrOZ 5 8. (Amended) The resin molding die (1, 14) according to
claim 5 or 6,  wherein said first material has conductivity. 9. (Amended) A
soil resistant material (6, 14) having a function preventing  10 adhesion of
soil made of an organic substance, comprising a body portion (8, 15), and a
surface layer (10, 17) formed on at least a portion of a surface of said
body  portion (8, 15), wherein said surface layer (10, 17) is formed of a
material having a low adhesion  15 property with respect to a basic
substance and a thermal expansion coefficient smaller  than that of said
body portion (8, 15)~ said surface layer (10, 17) is formed on said body
portion (8, 15) at a high  



temperature, said body portion (8, 15) and said surface layer (10, 17) are
cooled down  to cause compressive residual stress in said surface layer (10,
17), and the compressive 20 residual stress exists in said surface layer
(10, 17)- said surface layer contains Y103 said body portion is formed of a
mixed material containing a first material and a  second material having a
thermal expansion coefficient smaller than that of the first  material, and
25 said first material is mainly composed of ZrOz. 10. (Amended) A soil
resistant material (6, 14) having a function preventing  adhesion of soil
made of an organic substance, comprising - 20/1  AMENDED SHEET (ARTICLE 19)
AMENDED CLAIMS [received by the International Bureau on may 17. 20071  a
body portion (8, I5), and a surface layer (10, 17) formed on at least a
portion of a surface of said body  portion (8, 15), wherein said surface
layer (10, 17) formed of a material having a low adhesion  5 property with
respect to a basic substance and a thermal expansion coefficient smaller
than that of said body portion (8, 15), said surface layer (10, 17) is
formed on said body portion (8, 15) at a high  temperature, said body
portion (8, 15) and said surface laver (10, 17) are cooled down  to cause
compressive residual stress in said surface la er (10, 17), and the
compressive 10 residual stress exists in said surface layer (10, 17), said
surface layer contains at least one of a Y2O3 solid solution and an yttria
composite oxide, and said body portion is formed of a mixed material, a
steel material, or a cemented  carbide containing a first material and a
second material having a thermal expansion  15 coefficient smaller than that
of the first material. 



11. (Amended) The soil resistant material (6, 14) according to claim 10,
wherein said first material is mainly composed of ZrO2 20 12. (Amended) The
soil resistant material (6, 14) according to claim 9 or 10,  wherein said
mixed material has conductivity. - 20/2  AMENDED SHEET (ARTICLE 19) 


