DESCRI PTI ON Low Adhesi on Material, Resin Molding Die, and Soil Resistant
Material 5 TECHNI CAL FI ELD The present invention relates to a material |ess
adhesive to basic substances, that is, a |ow adhesion material, a resin
nmolding die in which at least a portion of a die surface is formed of such
a | ow adhesion material, and a soil resistant material having a function
preventi ng adhesi on of soil nmade of an organi c substance. 10 BACKGROUND ART
In conventional resin sealing nolding, transfer nolding or injection nolding
has been used. In transfer nolding or injection nolding, a resin flow
channel and a cavity each provided to a die for resin nolding are used. A
fluid resin is introduced into the i rough the resin flow channel
The introduced fluid resin is set ggﬁgﬁﬂ%¥gsget 15 resin. Thereby, a nol ded
obj ect having the set resin is conpleted. For exanple, thernosetting resin
such as epoxy resin or the like is used as the fluid resin, and a steel

mat eri al such asLoweldhetier Materiat it Mdldaer ie dend(SoiVisGant aeeral | oy), 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 rfa oy rds, to inprove 20 releasability between the set
resin%gnd fﬁ%?%#@C%%??%%g? for easy renoval of the nolded object. The
inventors of theThermerntind@bibh ¢ehiteotd NavRrihidesiddhdrate t¥deBc fybistahted) thathi ch s
a sintered body stable in the air, has a | ow adhesion property wth respect
to epoxy resialow afhesiqrangteritlonresitrecliding diyiopdrahat lepsseporied ohedigin refers to

"havi | ow. adhesi on 25 wh ison is mde in terns of
adnesi on- profire s wEenet R BE AR Re ¢ 41 R e IR 2 ot cel

material, & RQMRANTERNERA Rihd8on B sdiBadel df@n o?%‘h%casugﬁ_&il&. substance represented
by epoxy resin". The inventors of the presen application have proposed to

use ahl oxi dRASKERQISNYV2ART(a basic oxide) to forma die -1 surface or a

resin nol ding die (see Japanese Patent Laying- No. . 2005-274478, ages 8
to 9 and Fi g_g 2)I_n c(onventiona res?n sealing molding, ransger%o?&ng or mjzectlon molding has pag

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 Y,0; (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 Y,0; (a basic oxide) to form a die



I n anot her patent application filed by the applicants of the present
application, a Y23 solid solution, an yttria conposite oxide (LaY®3), and
a mxture of a Y203 solid 5 solution and an yttria conposite oxide are
described as | ow adhesion materials formng a resin nolding die (Japanese
Pat ent Application No. 2006-0173 3 5). According to these techniques, a
basi ¢ oxi de such as Y203, a Y2O3 solid solution, or the like, which is a
material |ess adhesive to a set resin, is contained in a material for a
resin nolding die formng a die surface. Thereby, a resin nolding die
excellent in releasability is 10 inplenented. It is to be noted that the

boen publ | SHEP R HDIRTRRE 8 ieb o NG PR LSEBAVBE Nha O CaRhqnes

descri bed ?Qgé/se&totd‘ﬁ{dm%zthe techniques of using a material for a resin
nmol di ng di ont ai ni ng basi ¢ oxide such as Y203, a Y2Q3 solid solution,
or the |ike (herleanathtrgratenebgylicetibr fiediby the"applsiaats@Xitiskeprosent fygpliddioni ke") to
forma die _surface or.a resin nolding die, there are two probl ens as

descri bed Y& §d sghion; mﬂr&mmt? gxide fra Y Ord, and xisE Qf fg2di ®lkas
| nsuffy ci enf, u%ﬁ‘ c[ %tra%?rﬁ)osn Béuﬁe gr%’h(eg%bféa 9@@&4« chhg%r?ﬁﬁ{ s?érﬂﬁr?gdé" ly

when a chip ronic 'co erre o as "chip

such as an ré&h m(olca@dae BapdrResd Piteﬂr/g;sph@ﬁt)onqm [2086-0nvsnx)ed AQOoramFQ@dlefsd’ ane, a
printed board (hereinafter referr to as a "board"), or the i ke is seal ed

wi t h resi n.tedhiques, o b@asemdt: th%; myzQemlld spltten, é»télm)llll@ waisbyya r esi n)

containing a cerz a fluid resh xi de or the

CoRe T or o S B farelits Rl it ot Feeuned iRt Bire TeSn RRML0% e

filler. Th_efo%ﬁgﬂ%eosruﬁ%eem"ﬂh%retb?aé re%ﬂ@nch@ﬁg Qie®%bdRnOM rblR&abililkgsis 1ikely to
have chi ppi ng when I npact 1S applied fromoutside, in other words, it

has | W i npmplemeeidst Ence. be nbhed ehothe invahtidnodigpiosed i1 lppose Phtest t 0o obtain a
resin nol disglg di eqiéécel | ent _in rel easabi | Llr‘?é according to the techniques of
using a ba ligaondNe r20PRE 173 dochas\irt beenipudbligbedbst a | ow  adhesi on mater i aI
toforma die S‘i—rl§\9&%r éc&dlhg% ﬂle’@gg‘%}d?%nﬁ' hnf he?@e%c#@e%%gbé flaf Y thet O -

obtain a resin nolding vin exce wear resistance an i np
r esi st ance.tecHijuendf bairgpamateridl: foﬂap@nﬁﬁ@ldiﬂgtd@ctontﬁ)dh@bﬁh@mlﬂbsucBQQS 274478

(pages 8 to 2903, a Y»0s 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
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Fig. 2) DISCLOSURE OF THE | NVENTI ON 5 PROBLEMS TO BE SOLVED BY THE | NVENTI ON
The problemto be solved by the present invention is that it is difficult to
obtain a |ow adhesion naterial or a solid resistant material having both
excel l ent wear resistance and inpact resistance, and obtain a resin nolding
di e having both excellent wear resistance and inpact resistance in addition
to excellent releasability. 10 MEANS FOR SOLVI NG THE PROBLEMS Expl anati on
will be given on wear before describing nmeans for solving the problem War
described herein refers to erosion wear. According to a docunent (S.
Srinivasan and R. 0. Scattergood, R curve effects in solid particle erosion
of ceramcs, War, 142(1991) 115:), the erosion wear is reduced with

i ncrease i NogiRh ki mBRHEES Baving &lwx e0e it \{iéa"f‘?és%'fa‘?xcé omohnassrevighie (K O

(see the equation described 1n table 1 on page 17 of the docunent).

Ther ef or e, PRaentfuoomenmkearlapaessPannd ayingeOdemiNd. 120057 ¢4 T8 (paptsttto %, espect to
solid particles, it is generally effective to increase a fracture toughness
val ue. I nckig ing a fracture toughness value is also effective to inprove

i npact resiﬁfsaétcg%@{m%ls Hiﬁtw\gar-zlgﬁ(ﬁqi al. In view of these, the inventors of
the

t he present 1 nvention nade Invention as described bel ow. To solve the

pr obl esn despROBEEMDTORE SOLOERBVESHBMNHNTIGN in accordance wth the
present invention is a | ow adhesion nmaterial having a | ow adhesion property
with respect to Bhoproblemdaibstsalved by thediresghnigvention éhthpiot tsidilicanty ebtanef ace

| ayer fornmed on, at |east, a portion of a surface  of, the bod ortion. The
st T ace | ay P Tbefitn RGBT DL rut ARl RGN SRR ST RS aB ¢y i ¢
respect to ifEinbhas €sishRe! #ACHIARY ré&in hBRIFEdie RXMYBIRBx&NBithdar ent smal | er
than that of the body portion. The surface layer 71s forned on the body
portion at msiiagte drdnmpadtresistanct readsitehn tpe@xtéllont raledsabliey. sur f ace | ayer are

cool ed _down to cause ressive residual. stress in the surface |aver, and
as a 1Qj re%wsfﬁgﬁméﬁ%?@%% stress is present in the surface
layer. In the !gﬁ&&m‘ﬁéhwl BRLGEL 8h welr BEGRHARBRg Mhdalls FIQoRIBSRNT

invention, it
problem. Wear described herein refers to erosion wear. According to a document (S.

Srinivasan and R. O. 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 layer, and as a



desirabl e that the surface | ayer contains at |east one of Y203, a Y20l solid
solution, and an yttria conposite oxide. 5 In the |ow adhesion material in
accordance with the present invention, it is desirable that the body
portion contains a first material of a ZrQ2 material mainly conposed of
Zr2 and containing Y20, Ce®, or the |like, and a second material having a
t hermal expansion coefficient smaller than that of the first material. In
the | ow adhesion material in accordance with the present invention, it is

10 desirable that the body portion has conductivity. Further, a resin

nmol ding die in accordance with the present invention is used to set a fluid
resin introduced into a cavity to forma set resin nade of a basic substance

and nol d a pelidest QhRekivt eddidi fEksé RHr&tht ih @ MrfaddRyéresi n nol ding die
includes a body portion provided to overlap at |east a portion of a die

surface exposed Inght lev §4dhesidn tBteriebinraccadahca vatrthapeestraymenfior, ntgd on a

surface of the ho ortion to constitute at |egst a ortion of the die
surf ace exp@%abq? G e Shitgiediven EPmand Heley e b iy &-FS Sobs Hugiogt and
materi al hayj ngia.d : ion property with respect to the set resin and a
t her mal expéﬁgyghng%% ?%@%nt smal | er than that of the body portion. The

surfacg | ayer i sinftae redadhesioh hatdpiabin aposrdame vath the bregbnttierpasattis e. The body
portion and the surface |ayer are 20 cool ed down to cause conpressive
resi dual stdesgable fhat fe body pagien|capiains afist ragjersal pba dre; materal BEAr essi ve

residual stress i ent,. 1n. the,resjin.nol di die in accordance with the
bresent | vt ofp%an sar Palnler FBnbror e et 4 B8R BB R "t cas
one of Y2Ca; tiRrn{A @RpsRlondos@ikiehi @ihilepdhdn 8t ¥t the ifidst nta@ém@si t e oxide. 25 In
the resin nolding die in accordance with the present invention, it is

desirable that Irhidebodgdhssionimaterpbintasrordancefwitisthe pesentiiavengon,at ZF02
et ] oL EPARS0 0 TR B SRR 10 V2CB, GoC2, of (e like
oot 2L 111 Shomied bt B oast Tl g e o saeldanse
conduct i vi t yet 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 Y,0s, a Y,O; 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 ZrO, material mainly composed of
ZrO, and containing Y,0;, CeO,, or the like, and a second material having a thermal

expansion coefficient smaller than that of the first material.



Further, the | ow 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 organi c substance. EFFECTS OF THE | NVENTI ON
The | ow adhesion material in accordance with the present invention includes
a body portion and a surface |laver forned on at |east a portion of a
surface of the body portion. The surface layer is fornmed of a materi al
having a | ow adhesi on property with 10 respect to a basic substance and a

t hermal expansion coefficient smaller than that of the body portion. The
surface layer is formed on the body portion at a high tenperature. By
cooling down the body portion and the surface |ayer, conpressive residual

stress is causqf thdyretilenctdihg 8 8n hebedandd®ith ShePpréich BV ENEA, it s dRgatidhrer mal
expansion coefficients of the body portion and the surface layer, and the

conpr essi véhataké bledyl postiorekas cogdystisgent in 15 the surface layer. It can be
considered that th resence, of the conpressive residual stress in the
surface | ayer i f&r@a@é‘@%ﬁﬁm@a&ea@gﬁ ﬁ‘écé’ééax?a? W&ﬁél?e Qrﬁ%"ngﬁ?’?‘&@é‘ %yer.
Therefore, 8./ RWsafhes] legﬁhﬁﬁhﬁEi%@Mﬁﬂ a%ﬁﬁﬁbﬁER&eM?%%dB&ﬁhﬁH%@ﬁe and
i npact resistance can be obtained by Intreasing the fracture toughness

val ue of t headewfhaoegdniysabstancen addition, a resin nolding die having
excel | ent releasabiligﬁ% wear resistance, and 20 inpact resistance can be

obt ai ned bEHIEGP PRTHHENYENIPHn material to format least a portion of a

obt ai ned by et for m at | :
vooe, “a v208 sol 1 LuaPRREb MY b BFE SRR e ERA Bergh 8BRS A20T '

| ow adhesi addphHeRRIhtand Wishiface 187 Esrinell ®nait RASH Lp TS bENGRfacEBY the®ogPNt ai ned
in the surface |l ayer of the | ow adhesion 25 material described above. In

this case, rriiow adissvifese laver éxfoahed o mptsriplgaving3 lawaddhesiaenrpeaity with | ow

ARG SRR I EE MR ST
excel | ent Rl easali | ThY sudR@NaykPRifstaCs thaBedy PRA6H af £RLEIaRESuGRN be
obtai ned by using the low -5 adhesion material to format | east a portion of
a di e surf decodhng tdhen,thaostyrpdirtien 4ol théeurfice tyat, compesdivomrsidodistriody portion
contains a Jalusresdtin 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 Y,0s, a Y,0s 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 Y,O; and
excellent in low adhesion property with respect to a basic substance, wear resistance,

and impact resistance can be obtained. In addition, a resin molding die having excellent

releasability, wear resistance, and impact resistance can be obtained by using the low
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material of a ZrO2 material, and a second material having a therm

expansi on coefficient smaller than that of the first material. The
difference in the thermal expansion 5 coefficients of the body portion and
the surface | ayer can be changed by changing the ratio between the first
material and the second material. Therefore, a |ow adhesion material in
which the difference in the thermal expansion coefficients of the body
portion and the surface layer is optinmally determ ned to prevent

interfacial peeling from occurring between the body portion and the surface
| ayer and to increase the fracture 10 toughness val ue of the surface |ayer
can be obtained. In addition, a resin nolding die having excellent

rel easabi lity, .wear r.esistanc nd inpaet resistance can be obtai ned by
using the 1% \ﬁvesé%rggﬁegaﬁﬂg?rg}?tg?asﬁ%p?%lﬁog? dlleesf%t;%c% portion of a die surface.

Further, accor dimigthep abetRdiRg &S 8RtpréseMantdnfitn, (MBS R tiOPENtRRS 4 iR has
conductivity, an inner bottom surface of a cavity and a die surface of a

resi n nol dimgemil of a 750¢ matebiel, hehi extord friatdriehitdvingtathermad exgpnsibe codtigienpor t i on
itself to generate heat. Thereby,. en y..for heating the resi.n nolding die
can be redd@gﬁ?r a PfWSggéﬂ?éfpﬁeeg%HV&aE@FﬂPHWtﬁ? fXRagS'gener at e heat ,
it isonly r bt R4 nerate an
i nduce% curéra)gﬁtﬁ%ggs églt%%%ﬁ&gﬁoenﬁngq%%@tc% %XEIP%nct?ggéaenggglb ¢ ﬂ’ég{ﬁﬁg of the
body porti aatio betwaddl tHei flost, mdtbréal aadtheGtdonidinyaterial t hEhdvefdye, pdswiadieswan be 20

utilized to performprecision nmachining by neans of el ectrical discharge
machi ni ng Jnatetigén woph theoditiprgnce iTrike themed Skprgsian qodtitiants ebjhedody peeigpur es,

aspects and ant ages of. the esent . i.nvention wdl. becone. nore apparent
rom the 1 Tt ny PEERf i P GulyriPminde By PP ptkti e TR on whon ¢ aken

i N conj unctdRprristder e tRCERRMRRYI NG dAR&WrHES layePardih RicrddsSHRIRELEN OF THE

DRAWNGS Fig. | i's a cross séctional view showng a resin nolding die in
accor ance twighness value oftthesdrfadé lmpert canbe ohtippdes énadditmreatré¢sonmolding.di@ i s a

fl ow chart show n rocess. of manufacturing a | ow adhesiqn -6 ngterial in
accor dance WVi§ ef‘g%lﬁef‘f)rlﬁ Sagﬁ%d’f REFSISHNCE KB TRRACLIFSISIARC AN R5PbtaRed bY3 i s an
expl anat or yusYrigetWe RROUEHRGi0R Bl OB iaplegﬁtavfo‘?ﬂ?orﬁoftéﬁ'&ig ks, of a
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. 1 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 -



surface |ayer in the | ow adhesion material in accordance with the first
enbodi nent of the present invention and a fracture toughness val ue of the

| ow adhesion naterial. 5 Fig. 4 is a cross sectional view showing a resin
nmol ding die in accordance with a second enbodi nent of the present

i nvention. DESCRI PTI ON OF THE REFERENCE SIGNS | : upper die (resin nolding
die), 2: lower die, 3: resin flow channel, 4: cavity, 5. inner bottom
surface, 6: cavity nenber (|low adhesion material), 7: 10 surroundi ng
menber, 8, 15: body portion, 9, 16: undersurface, 10, 17: surface |ayer, 11:
board, 12: chip, 13: wire, 14. upper die (Il ow adhesion material, resin

nol ding die), 18: die surface. BEST MODES FOR CARRYI NG OUT THE | NVENTI ON An

upper die Te0a% B IESARAHLAE YR 814 SARMAL A ARV TRIRRE, O consti tuting an

15 inner bottom SuUFTAce 0 cavi por n of adie

surface, and a Ry QUAGkNENABRTRRAY ThoS@msi 'tdldﬂoinﬁlg? BetRRER h iclelelesf at han
cavity nmenber 6. vity nmenber 6 is fornmed of a | ow adhesion material in

accor dance swifa¢e layre iprhedewtadhesiapoudtersal in acentiaggrewith thedirstyembodiniene biithes a

body portion 8 and a surface |ayer 10 fornmed. on an, undersurface 9 of body
portion 8 RIFFERMVEIiong]d A Jaa e (OHERRFSHEILY ghfhe R adhespR@aS8iaiy posed to a

fluid gesin. Body PMstaic?g?‘ss%e%ﬁmﬁl%éw%ﬁingafrésﬁé&ol’&ﬁ%ecﬁé @l ac@brdance4viftBa Mol %
of Y2Q3, 97 nnl@b%f Zr02) and a second material of ZrN having conductivity
that are mexed enibodineredétierpresesdnvention, and has a thermal expansion

coefficient _of 10.5 x 10-6/C. Surface Iaéer 10 is forned of Y203 having a
| ow adhesi OREPERHEHON QFtHE RESFBENGHSEONSt resin, and has a thernal

expansi on coeffigcien f 4 0-6/C, hich is 2 | er, t han that of body
portion 8. By boﬁ PH%“%%Q%“%S?%%%%ggla&%mgﬂgﬁg%e 'éfgﬁkfgchn&a ﬁigh

t enper at ur ecagitgd t NeAhes BBItHMAGuihRM @0&!4’\‘/jt¥'@r%mbreﬁél§®\é@hésﬁﬁirﬁMé{lialﬁtrﬁSS i's
caused in surface layer 10 due to a difference in the thermal expansion

coef f 1@i entwirobndingignepdet,i dn 15 Sbadydostionf ade 16:ayndersaidaceandOt e serdanpr essi ve

G SR = N LR N
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 Y0, 97 mol% of ZrO,) 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
107°/°C.  Surface layer 10 is formed of Y05 having a low adhesion property with
respect to a set resin, and has a thermal expansion coefficient of 8.4 x 107°/°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.
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enbodi ment of the present invention will be described with reference to

Figs. | to 3. The |ow adhesion material is a lamnated structure including
a rectangul ar parall el epi ped 5 body portion and a surface |ayer forned on
one surface of the body portion. Fig. | is a cross sectional view show ng a

resin nolding die in accordance with the present enbodinent. Fig. 2 is a
flow chart showing a process of manufacturing a |ow adhesion material in
accordance with the present enbodinent. Fig. 3 is an explanatory view
showi ng a rel ati onship between a thickness of a surface layer in the 10 | ow
adhesion material in accordance with the present enbodi ment and a fracture

t oughness value of the | ow adhesion material. Al the draw ngs descri bed

bel ow are exagg%;agﬁf fgr ease of illustration. Further, in the description
bel ow, explanati&ﬁ mPP‘H?“given on a case where a chip nmounted on a board

is sealed with resdsh ByldingdSiRla IR AihBGoRmaRkFialek ABRIr@arRt Wit fitstlS5 mol di ng.
In this sealing with resin, firstly, a wired chip is acconmpdated in a

cavity. Nextbodimenhofithsgresefit ineestion sabbd deycuthedswith méarencedo Figsi Htadsin is
i ntroduced jnto t cavity. .Thereafter, the fluid resin is set to forma
set resin. Hwés»\ybﬁgtelesgpnnmta%l iob)atiated %%Ra@g)cllﬁa\& HECANGUHRITUREPIRS set

resings c I (e ﬂg%@ in:Fig. | together
consti%utquB&géﬁﬁmng%§Fg%%§m§f§g gﬁ@?’ e %%égggesp ﬁ@@ﬂ?% aresin

mol di ng die in digor daneesswedtionilngew picesiegh reiadidingriic indepardatieavith i s
provided with a resin flow channel 3 through which the fluid resin (not
shown) f 1 ovibe Peesent eabpeiynent. ¢ diign?nip e dlomnehati shawingg proggsp af menipcielinga t o be

filled with the fluid resi.n, which h ided in a hape.
Fur ther - upbiaarect MGERBaecheiPe PR R RuRE SPhERSel, i BICRET 8P
const i t uti NG plARBFy REwRALKRAB.SHES@EEipDeBledhaMhicknés oPbGack Sayar QR | on of

the die surface, and surrounding nenber 7 constituting a portion other than
cavi t Y0 menbew a@hesGavmatgriatembenordance with tinepresent embodimentazddedrasturemt eri al i n

por 1 o5 AL e TIDERShesen PGB on under sur face’ 9 of body port | on
ot oA AP, By SHRmER g e
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. 1 together constitute a resin
20 molding die. Upper die 1 corresponds to a resin molding die in accordance with the
present embodiment. Upper die 1 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 1s formed of the low adhesion material in accordance with the

present embodiment, and specifically, it includes body portion 8 and surface layer 10



surface 5 of cavity 4, which is a portion of the die surface of the resin
nol ding die exposed to the fluid resin. Materials form ng body portion 8
and surface layer 10 will 5 be described later. Lower die 2 is forned of an
ordinary material for a resin nolding die, for exanple, a steel material
such as tool steel, a cenented carbide, or the Iike. A board 11 is placed
on a die surface of lower die 2. A chip 12 is nmounted on board 11, and

el ectrodes (not shown) of board 11 and chip 12 are electrically connected by
awre 13. 10 Lower die 2 may be forned of a ceramic material having a
prescri bed mechanical property. Materials form ng body portion 8 and
surface | ayer 10 of cavity nenber formed of the | ow adhesion material in

6
accor dance st LNGREEIENS SIRACLARNG ey 00N BEFREAI Bidlon §1 TSt 1y, body

portion 8 alns a TIrrst nater secon mat er ving a

thermal expapsse@io tRahfid fisBnt ASB&UIngly, biltedee Ihet 1@fs ckpésell iaf BherBi@hd al . I n
the present enbodi ment, body portion 8 is forned of the first material of

3YSZ (3 noheestS ofxa@gity 9,7whioh hagforeropf) the div surfagsofghy8Bin(meldbz ldized zr 2
cont ai ni ng Y203 terial, and th econ terial, of ZrN having .

conduct i vi Pospheo PR Fisin ettt OFTRELORRPEHOR® SH 1S 186 S et er f
i's 755yolquc@§x§93%ga20 Herein, 3YSZ has a thermal expansion coefficient of
11.4 x 106/ C, and ZrN has a thernmal expansion coefficient of 7.8 x 10-6/C.
Thus, the mat er ilatwek diered fofmed3IYSA oadinhry midtdriak &at aatsih heldieg die, fdescri bed

above (the materi al fornigﬁ body portion 8) has a thermal_ expansiaon
coef fi ci enteXampleoa sfegd matergyl suchmagdoglisiest apgented carkide. orgha e 2 bpardat eri al

mai nly CO”H‘%%gﬂlaQJd a%'&egpﬁ% %Oc{]}tlg\ivé}idﬁ,gz\{zggc’hg)c% mo%trnhe%% q'oia}‘aen ARq 2o the

second mat eri any aving an appropriate thermal  expansion

coef fi ci entelectinéd (ﬁibt §Mdam) bhBdar@f 1 ii@chip N3 tardi@e@fitAly coRveckd bysBdire FOI
exanple, ZrB2 or the like having conductivity, or a nonconductive nmateri al
can bHE) used.ovBodiec Hwey beforged of & oenamit inategal\havipg meprereribs! mechdeisdr i bed above
because of the -9 following three reasons. The first reason is that cavity
nmember 6 sHIWGYhave a prescri bed mechani cal property required as a resin

mol ding die. Herghrialk Rndify B8dy 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 Y,03, 97 mol% of ZrO,), which is a YSZ (stabilized ZrO, containing Y,03)
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 10°%/°C, and ZrN
has a thermal expansion coefficient of 7.8 x 10°/°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°/°C.  The first material may be any
Zr0O, material mainly composed of ZrO, and containing Y,0s;, CeO,, 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, ZrB, 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
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"mechani cal property" refers to, for exanple, fracture strength, fracture

t oughness, inpact resistance, or the like. The second reason is that the
difference in the thermal 5 expansion coefficients of the materials form ng
body portion 8 and surface |ayer 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 predeterm ned conductivity. Further, in cavity nmenber 6,
surface |l ayer 10 contains at |east one OF Y201, a 10 Y203 solid solution,
and an yttria conposite oxide. Thereby, surface layer 10 has a | ow adhesion
property with respect to a set resin In t he present enbodi nent, surface

| ayer 10 i or.red of Y203. 0 i.s e bonded to the
sur face of TOHIE it [HFB (ﬁﬁa& S8 st v SiSRE R ey Oy

hi gh- te”pegﬁéwﬁedo:hé’&ﬁ%%al Bﬁ’ért uifed aeraqes@éﬁmwg Qe Metein b

t enper at ur 15 Herein, Y203 S g t her mal expansi on coefficient of 8.4 x
10- 6/ C, whi'atechaicabpmipbrey" rtefeamtotﬁ&ekheplaaﬂraoﬂmpaﬂsmgm fcoafré taighmdss,of body
portion 8 ((10.5 x . 10-6/, £ Further, the hig nper at ur e %rocess IS
per f or med ampacttr%%wawrt hh%ug?hetsscwéa%soals f@étr & (dHtezshse Ht the theg®atpr essi ve

resi dual st rface | ayer
10" deshr i by PRRIS Lol B Rt MIRAARRN i b BB PR Y ence
in the thergislidespedistdnng et bbey gmlansnedslﬂ@ma&aomrerrdalex;banb@ulca@ﬁclaw ty

nmenber 6 descri bed above has the following four characteristics. The first
characteri ﬁrr:ajer than that of wefaseilapercld. ofThb@ﬂpd sa¥on; 19 thagit adastighle hehbdt i vi ty

and a prescr chanlcal st i.s provided with surface | ayer 10
bonded at dxﬁF @Fg@ﬁV@nagﬂH%Pﬂbf Ythe thermal expansion coefficient of

surface |ayer 255&-‘916{ 8n favity ]rﬁ’en%egb éﬁfa@é‘ﬁ%relro dRednst A feabthGlerBRlY ,©X pANST ON
coefficient of body portlon .5 x 10" 6/ Wien body portion 8 and

sur f at@ | ay¥y0;10lidsautionded amtyttaa mrg;bostte opide at Theretan durfa:ch éaryer: tbhasd down,
conpressive resjduyal stress. is caused in surface |ayer ue to the -10
di f f er ence 'PW adReSIQMRIOREILY BIPASOPEHO ASEITFIRI eHtige BTGS%&W pEFMENG AUECENd

surface | av1§§er319’1s formed of Y,0;. 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, Y,0; has a thermal expansion coefficient of 8.4 x 107%/°C, which is
smaller than the thermal expansion coefficient of body portion 8 (10.5 x 107°/°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 1 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 107%/°C) is smaller than the thermal expansion coefficient of body portion 8
(10.5 x 10°°/°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
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and the conpressive residual stress is present in surface layer 10. It can
be considered that the presence of the conpressive residual stress in
surface layer 10 increases a fracture toughness val ue of surface |layer 10.
Therefore, a resin nolding die formed of 5 a | ow adhesion material having
excel l ent wear resistance and inpact resistance can be obtained. The second
characteristic is that surface layer 10 is formed of Y203, which is a

mat eri al having a | ow adhesi on property with respect to a set resin.
Thereby, a resin nolding die fornmed of a | ow adhesi on material having

excel lent 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 I I on
coeffi ci en?{ %r@a]éag n e tgérg?%éfa hg&qsecon ;{}r%{t)ﬂ‘e\[?ql\ﬂzr%%n?%ag gg{ﬁ%c%g&%

predet er m red theddntpresbive Fesiduabytrest beprésoptrimahrfgoeiaesiion tieef bé comidercdf body
portion 8 (10.5 x 10-6/C) is set at an appropriate value greater than and
close to tHéattth%PWﬁq“C%?Eﬁlﬁé?Pmﬁf%%? restdpeltresstin surpaedeyer [|@ynereases 4 8. 4 x

10-6/C). Suf? ua}e? u hens al%‘ oﬁﬂlr%ab:g la eermalTh%X ngSI Pergmcrggl]zhfnl eefgﬁrﬁ‘ecp bOdy

portion 8 and sart aver can revent It erf act al

occurring whig af@lﬂgs\{om&ttehﬁlrhasm RAc AT G rdsAy/ice AR ﬁxﬁ;ﬁc@&ﬁ@t@ﬁc@éan dehi gh
tenperature. 20 Therefore, a [ow adhesion material having no interfacial

peel i ng caudeadndset ween body portion 8 and surface layer 10, and a resin
nmol ding die fornged of th | ow adhesi on erlgé_ an be abtained. . . The fourth
characteristic is€shetnd av%ﬁtfq'aﬁh%swéasce WREhR s foRsA oftrlhewlich isa i s

possi bl e ni@Hagaifk b 10 dnGhoRAE BOILIRNCE: BY (SUPPI RSy Gty ent O

body portion generatin nd uce current by el ectrd nmagnet i c

i nducti on. mbldingfdds formedofd lovoidhesivs tiafetiakehdvingfexcellent teledsdbility esi e ol di ng
die | can be heated efficiently by causing body portion 8 itself to
generb@e heehttaineghj s can save energy required to heat resin nDIdlng die 1.

Fur Cher. the s LTnGRRIUELNLAS! BRIy RRR s Goilh f3 W hhigd To perform

preci sion machinin
thermal expansmn coefﬁment of 11.4 x 107%/°C (the first material) and ZrN having a

thermal expansion coefficient of 7.8 x 10 %/°C (the second material) that are mixed at a
predetermined ratio.

15 Thereby, the thermal expansion coefficient of body portion 8 (10.5 x 107°/°C) is
set at an appropriate value greater than and close to the thermal expansion coefficient of
surface layer 10 (8.4 x 10°%/°C).  Such a combination of the thermal expansion
coefficients of body portion 8 and surface layer 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 1 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
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of electrical discharge nmachining on body portion 8 as necessary. An
operation of the resin nolding die shown in Fig. I will be described.
Firstly, board 11 is positioned and placed on lower die 2, and fixed to

| ower die 2 by nmeans of 5 absorption or the |ike. Thereafter, upper die |
is lowered to close the upper die and |ower die 2. Next, a fluid resin (not
shown) nade of thernbsetting 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 | 10 and |ower die 2, and the
fluid resin is set to forma set resin. In this step, a current may be

supplied t : i 1AV | Vi i > t may be
qener at ed By ST asR BEASA e a8 b FORGHEL Itk o ARUGER: SVREES OV on
8. Then, up#itrithledidchhipemndchdihgth K¢ Pottjapes astieeessargnd | ower die 2, and a
nol ded object in which board 11, chip 12, and wire 13 are integrally seal ed
with the set reshhopasatian efdBetesmrmaeiling digsbewndn Eigl 1 wilhbe Hessribedep Finshy set

resin is easily.released fr surface | 10.f0 of .. ¥203 havipg a | ow
aheci on proBal 1] SR SRS cArd AP of REvar S b ST a0 iiiy b

accor d§ ng ta%sér‘ﬂﬁoxpéﬁﬁ@mke.en’Pﬁ@éa{lﬁP}upp@r 4i0WViARhRAdaRB cldtatRy upper ¥GRA I ent i n

| ow adhesi on property, wear resistance, and inpact resistance can be
obt ai ned. Howthde 2. aNegs i flunbiesin fgotchew i omadedofahertrivsettiogwreaoihead ihevingrat er i a
and 20 having egﬁleenI rel easability can be ohtained Tge Lﬁw adhesi on
material arfiCICHBEG WEGORIYISIRYSRRS B PP REes 06 shide  inETsbY-Hac fiid desuhs

enbodinentig&&%ggg?ﬁ@g&%gg%ﬁg%gadgﬁgﬁg?C§%§g9§cribed bel ow Firstly, as

shown in Fi step ers and ZrN, which are the
material s for bodext, theflhidassifis leardblyandeadr alot shqwigedaded oagpeadie 6. Next,
at step S2, the blended powders 25 are mxed in a ball mll. Then, at step
s3, tHe matadilaver die xeandithe flwid rpwn is sgf tolfomp a sefrredel  WrddissicpveeuTemharagaf t er,

oL S ED, SRR bR 08 SRR SO B O 2,
e, Laniatnes e e oo someldalentinl wpley TR,
t he mat eri apper die 1 is raised to open upper die 1 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
Y-,0; 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
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for surface layer 10, are prepared in an anount as required. Next, at step
S6, the powders of Y203 are tenporarily nolded to fabricate a thin-plate
menber. Next, the rectangul ar parall el epi ped nmenber and the thin-plate
menber formed 5 of Y203 that are each tenporarily nolded are | am nated by
hot pressing to forma |am nated structure. In this case, processing is
performed, for exanple, at a tenperature of 1350C for one hour with a
pressing pressure of 48 kN in an N2 atnosphere, Thereafter, the forned

| am nated structure is cooled dowmm fromthe processing tenperature to room
tenperature. The cooling may be performed by 10 | eaving the | am nated
structure in an atnosphere at or bel ow roomterrperature or may be

per for Med L&l N R%, B Mty ﬁ@oa%s By, piSGuerlBF 46T RGPS R ShBriall 0O

| am nat ed ructure haV|n tlo ace layer, that is,
the |ow adrfsﬁs@mcmyaruoahrelpae;aa%‘cplrndm%um isheé]thﬁbdpr e&RNtat stepBedhgent
(corresponding to cavity menber 6 having body portion 8 and surface | ayer 15
10 in Fig. poydes chéh@b eteetdmpmrlbhreold@dm febreentd @Wl@r@hé@mombmt erial, the
processing perf

di ffusi on of Y2 tég%%%}aaﬁg@% %&%@%3@’@?2‘1@%%? Cauﬁ%ﬁ‘i%ﬂh’é ipgazgdy
portion 8. FRebehyy a&@aé@&%glrreﬁ}{?@oi‘&d §§e 1? ﬂﬁe l&ﬂ}o??géém Qtd fPf o8- Next, as

shown 1n Fig. "1, cavity ne or me ate ow aélhe5| on 20
mat eri al i daminhted hedettine. S Ui thoducde r;gocfmm@rs pérfbonete dorafxamplepatdi nary nateri al
for aresin nolding die, for exanp a steel material such as tool steel,

a cement ed te@PYRIES ofok3 5@ for qu@élourrWéhémyessmgpéqsswmfiS kiWin@éANes the resin
nol di ng di e ccor nce, W rese | et ed
Fer e nat tertmisPERe: TBRERRE Inthithe BPERRAHESERGE E0ke dbln FRIERE16  or e

of 25 YZO%rb&sﬁlhgténcp\e&aﬁ%eélrmn R R dtaie. I@h@@@&r@aﬁ@%eépérﬁrﬁls@bpr esent

enbodi nent and a fracture toughness val ue of the | ow adhesion nmaterial w |
be deBkri bddawngﬂhe taafisatehgauctwe ifFamatn®sphece &\waalbekiverdonetempemtironsmay, t hree

Fabr i cat od HAPROHRGH ETE0 PHOKINEE POGERRISE vl ue of each -13 Lample by J1'S
IF method (JIS RepfBOA) thEdeNAGA! AL 1Mk 0Rdnictdre k@ing 1R B dWportdth Adt&sUl T
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 1350°C causes solid phase diffusion of Y,0;
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 Y,0sin 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
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t he sanpl es having thicknesses of the surface layer of 1 4 nm 0.9 mm and
0.25 mm had fracture toughness -of 0.9 MPanil/2, 1.7 MPaml/2, and 2.3 MPam 2,
respectively. Fig. 3 shows the result obtained. 5 Conpressive residual
stress in the surface layer at an interface of support |layer 8 (body
portion 8) and surface |ayer 10 was cal cul ated at about 682 MPa, from an
equation for calculation. The equation for cal cul ati ng conpressive residual
stress 6 can be expressed by 6 = EA xsAT/(1-v), where E represents a

| ongi tudi nal elastic nodulus of the surface |layer, v represents a Poisson's
ratio, Aa represents a difference in 10 |inear expansion coefficients of the
support | ayer (body portion) and the surface layer, and AT is a difference

bet ween a processi enper, 8 a.use. t rature. rther..on this
occaston SHBRCHL Lo SFRRATHY KL etRBihdIRE B oys e, RikrastR 560°.
20 = 13300,th@§h%p\reﬁa0in§-thi!:ﬁnegs%_sbpt@%uﬂpéeq@lyerr Ret 4anf! @otiheaddauphmgss val ue
in a range indicated by hatching in Fig. 3 is a fracture toughness val ue
obt ai ned whed fiaberdBuglessnofibd diPeyndf el .7 MHaemitdndR. 3YRPBeral “orspeckivgly. 3 shows
a relationship that the fracture toughness value is increased as a distance
from the i A% Hews tha wedhoB#8sd portion 8 and surface layer 10 to a surface

Caer 0" havi ng ARV BLEHU ol it SorRRNERE o R B el 2o

t hi ckness. (Gedispatesn Bparidiusfacdlay@! 1@t analtuptang abha o8 agealfent sighness val ue
obt ai ned when the resin nolding die is forned of Y203 al one, a thickness of

sur face | aygpatidh fappalopaticat e Tas equdtiowferddabmiating compresiied residoalstiedse not nor e
than 1.2 mm and is preferably as small as possible. It is _considered that
a pref er r ecap RE Ekpesed By osuEAGeATI(hywr whereiEsreptssenib ongHugingl elagtiqyy  and a

nore preferred. thi ﬁnes tggreof I S hot re than %.25 mm_ . Fur.ther, a | ower
Tt o 2R BUC rehieetRin RS D e ey bR
speci ¢ ed 61§1e£r%9¢?a1%§)n' doeBlcled¥iSofahe SUppSE AL (HoaY PbRbnS Hid A€ QuifA¥edyed0 to form
aunit lattice (for exanple, about several nanoneters). In the present
enbodi nent ,andmhg atdifferenseibetveech arprocegsitg peatpeditereland nect sengetamre. - 14
paral | el epi ped cavity nmenber 6 constituting inner bottom surface 5 of cavity
4 is formedurther, on this occasion, each parameter has a value as follows: E = 171 GPa, AT =
1350 —20=1330°C, and v=0.3. Itis 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 Y,0; 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 10 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 Y,0O; 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 1, rectangular
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of the | ow adhesion nmaterial in accordance with the present enbodi nent.

I nstead, a - nenber constituting an inner bottom surface of resin flow
channel 3 may be formed of the | ow adhesion nmaterial in accordance with the
present enbodinment. Further, in the 5 resin nolding die, a portion of the
die surface including all (or nost) of the surface exposed to the fluid
resin may be fornmed of the | ow adhesion material in accordance wth the
present enbodi nent. For exanple, a portion including inner bottomsurface 5
of cavity 4 and the inner bottom surface of resin flow channel 3 in Fig. 1
may be forned of the | ow adhesion 10 material in accordance with the present
enbodi nent . is essential only that body portion 8 of cavity nenber 6 is

provi ded tﬂaa?‘ﬁ%feb B4 @J{vﬁ!ﬁﬁeﬁﬂqe@6Q%B§tlt|%ﬂ1$ﬁp?&%%ttph%uﬁg d 5"8Pcafvﬁ?9(?§§)gmgd) the

fluid resi een i ane ace layer med on

surface of dfaklylopoddhegen &aﬁeaalclmas&draaﬂcemthemﬁermembbdlmm ofindtbrd, di e
surface exposed to the fluid resin. 1.5 Second Enbodi nent A resin nolding
die and a |rb‘vmwN@@St@ﬁln@s@pemeabonwna@é@ﬂedém@s@ Dow ﬁh@ngle?cmqﬁ be émlédlpﬁent of
t he present Pven ion W | e des ri bed th reneéﬁgg . . Tthe |ow
adhesi on tP% Vé?}FHOQHBH?ﬁ é@cﬂh?ﬁwfﬂgy%?ggﬁﬂ}e 1 erl? i nat ed
structgire ig) uhid @eQPﬂMnBQB?HQQh@ﬁM&EQu@MG&Q%ﬁY@rﬂ@&?bp&eﬁ&%%kded in a
surface (one 20 surface: an undersurface in the drawi ng) of a rectangul ar
par al | el epi qx«pdsddaseherm«iaresml may banfbrmed of the ey héhesion nmtered] incavcotdensur f ace.
Fig. 4is a cr SS section view showing the resin nolding die in

accor dance With eﬂﬁ%*ﬁﬁ%@%ﬁﬂn%ﬁbodlnent An upper die 14 shown in Fig. 4

corresponds to t]ftﬁek 1@%?%%6W%1%%%Bgoménﬁaéee§bcha %Q' H@t]@'

accordance with resen per die 14 1s or med o the

| ow adhesi asbtioat ﬁj’rfaad: of Rsiagloor chanast 3uh Fiy. 1 hewydedsemid enborwnaintsion
Specifically, upper die 14 includes a body portion 15, and a surface |ayer
17 folPred omatcad ie Atdordangmureth she pragsat grebesimpridy Ige eeseRsinl QQYé&q@@gdﬁd to a

the f1uia il ol pdnerde 6 brgkid® ) Byt el Qo BRDY it Pl T 1
formed of thgosan® thefal réiSwhs JbRara Phnd) @AY sRRICE 198 0 isformed on the
surface of body portion 8 to constitute at least a portion of the die surface exposed to
the fluid resin.
15 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.
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the first enmbodinment, that is, the first material of 3YSZ and the second
material of ZrN having conductivity. Surface layer 17 is fornmed of the sane
material as that of surface layer 10 in the first enbodinent, that is, a
material containing at |east one O Y20-,- a 5 Y203 solid solution, and an
yttria conposite oxide. Also in the present enbodi nent, surface layer 17 is
formed of Y203. According to the present enbodi nent, since surface |ayer 10
is present on a die surface 18 exposed to the fluid resin, the same effect
as that obtained by the resin nolding die and the |ow adhesion materi al
shown in Fig. | can be obtained. 10 The resin nolding die showmm in Fig. 2 is
obt ai ned as described below Firstly, a rectangular parall el epiped raw

maerial 1S MCHIRGAARPLIBHAS RYHHIMIIGIOL 108 sy sbachan 2

concave portion CO resp on Then,

surface |ayge ﬁﬂs?einBodlh@ntshﬁpﬁ, ok fidstlrdterial 6f 3YVBY. ahé tHeeb@ed rﬁﬁtem@ezmrface 16
in which the concave portion is forned, using an appropriate method anpng

wel | known meingedsductisitye| Surfaolayentt isdorsned e ¢ire o nhmrml as that bilagelace or
exanpl e, varioys.cqatjn thods such as Vapo posi tion),
Sol - gel | metRisa Lf%tl%&erﬁéﬂgew"ﬁw% tndiing e FRESTRGE Bessgo L ¥tad on of
sheet §HterYQL%oh@§ﬂuﬁ&?ahdgﬁ agﬂ tEQ ege well  known nethods, surface

| ayer 17 ormed at a presc bed |gh tenperature and a certain anount of
conpr essi ve r esi Allsalin the lpeessmlemb@amxmd surfacenfenc @ id fayed 4f7Y 04 erAccdrding 20

cool ed down, as in the nethod described in the first enbodinment. In each of
the enbodi nerthepiseas embedimsnlo viace sirfags [ayemis) léIiPF?éefthO@ adieaurfigeens eseasei ng chip

12 mount ed t%r{{u? ﬁl?iﬁ(%es}n }he}’\%am}% rﬁ‘%%t' z{l tnﬁsotbpaef\r?e% béffﬁé: Fesplerﬁolg%%l %qﬂpfo%/ The

pr esent i nvention i § not O aresin

nol di ng di eaxdhegen malesial melvelimBiga 1 kR Beobteikect by fl Iling a cavity with a
fluid resin and then setting the 25 fluid resin, as in transfer nolding,

i nj ecl®on nol di n@he reeinpradisg dig showdimigg. Drs abtaiend asslesdribed belowmoHirsthe hni ques.
Body portions q y Qe forned of an dlnar material. for a.resin

mol di ng di erectfaa%u @x@ﬁaﬁﬁe? pipad Syvs Blatorial rpahingd e APRESRT G D% ¢ BeRE e Bfen e
car bi de, or tfien 4 cdficavk bbfRionclifre Gldlng(?érpésﬁlsﬁedvy EndnRS 3R cabity £SSTIRAN be

caused to be present 1 n surface layer
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 11 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 8 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
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10 and 17 by appropriately determ ning the thermal expansion coefficients of
body portions 8 and 15 and surface layers 10 and 17, as in the enbodi nents
descri bed above. Furthernore, in each of the enbodi nents, a | ow adhesion
material in accordance 5 with the present invention and a resin nolding die
usi ng the same have been described. The present invention is not limted
thereto, and the | ow adhesion material can be used for an application other
than a resin nolding die that requires low wettability with respect to a
basi ¢ substance and al so requires wear resistance and inpact resistance.
Specifically, the | ow adhesion material in accordance with the present

i nvention can be 10 used for coating a portion of a nenber or the like

exposed to +rQherr e(§0 res {ve fré)slidu%[ ﬂ?ers?]czﬁl' 6@ Jaﬁgedptg rbggﬁ{égnt ih %rtfﬂ:% rla e]:she | ow
er ial i ac

adhesi on ma n’ or ance W esent 1 nv 1 on used for

an appl i catiocndtiady ap Eﬁwnﬁesy d/&aﬁnm@@trettaaﬁel @dp@ndlmﬂidi@ﬁé @fttﬁtﬂ«}e in
addition to a |l ow adhesion property with respect to a basic substance other

than resi n.poFdens Boandxidrpideurfaiedayess | bamdatihesindhe rmbedimantsclaseribed ane. as a

t | h f t t dh mad
Subst ance. Spec AT el Gvhe SuRaLRGH bR Ao meaagp St Ehuant | on

woul d e usgeh ag p??lsgﬁtlﬁvénﬁbn bt a ?es&%&l@llngghe TRhE @md RIVEIHREN 8dkchttder val |

of a building or 't , a bathtub itary chinaware, or other simlar
equi prent . Theepresewt adéneioh emarditreted aheretb, drethp toys editesionveandriaboanneyused so 20 be

used as a nateri aI for coating a surface of a nmenber used jn these
appl i cat i orf8T 21 gppligatiay %Berﬁﬁ%%reﬁlﬁé?omlﬁﬁvdé?dhe@?@}ﬁreﬁré‘?‘eP"ieétla Btyeskr i bed above

can 2199 beelfaeh B HBlinc 878 253 TBY GELALOR:Ma At HOGLLEACPT event ng

adhesi on of an organic ance t hou e present

invention heciiiedly, drRI6WiadRehicandatetidl s heodtdecd Wltﬁiﬁieﬁprbsent inver@iondan e ear | y
understood that the sane is b%ﬁway of illustration and exanple only and is

not t¥0 be usaké&n C@ytumyp@monp menbenor thhdike expesedifo & fad peses enforiatheent i on
being limted. onl¥ g the terns of the appended clains. _17 CLAIMS 1. A
| ow adhesi ofMIAIPYRAFS (6, 14) having a | ow adhesi on property with respect

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.
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to a basic substance, conprising: 5 a body portion (8, 15); and a surface

| ayer (10, 17) formed on at |east a portion of a surface of said body
portion (8, 15), wherein said surface |layer (10, 17) is formed of a materi al
having a | ow adhesion property with respect to said basic substance and a
t hermal expansion coefficient smaller 10 than that of said body portion (8,
15), and said surface layer (10, 17) is fornmed on said body portion (8, 15)
at a high tenperature, said body portion (8, 15) and said surface |ayer
(10, 17) are cooled down to cause conpressive residual stress in said
surface layer (10, 17), and the conpressive residual stress is present in
said surface layer (10, 17). 15 2. The | ow adhesion material (6, 14)
according to claim1, wherein said sugfaggg | ayer (10, 17) contains at | east
one of Y20, a Y20 solid solution, and an yttria conposite oxide. 20 3.
The adhesion material (6, 14) according to claim2, wherein said body
portion (8, 15) contains a first material mainly conposed of ZFO2 and a
second material 1 hakilowyadhesionmpggriadipdrs honncoloms adhicanr PEIPSItY dthirRspact hat  of
the first rrate%aial. 4% The | ow adhesion material (6, 14) according to claim
1, wherein S sESUPstanss, SOMFISIBR (8. 15) has conductivity. 5. A resin

ol ding die (1, dhddyysedod @, 36 afdfluid resin introduced into a cavity (4)
to forma set resin’'made of a basic substance and nold a nol ded obj ect

i ncluding the _dgurfasetayeedidn]7)dommad @i atdeasta bardipn p6r surdare (08 said $pdypr ovi ded
in said resin nolding die (1, 14) to overlap at |east a portion of a die
surface expd¥8aN{% 1Shid fluid resin; and a surface layer (10, 17) formed on
a surface of sai Ve i itu I rtion
of the die surfa%}elag@&%@%g%%q%}ée?é@ﬁm Efqgreng?dﬁ@%gyeﬂ%l%agg aqg;\i%g}geé@gl ayer
(10, 17) i spiopempeditbirespedrad edid dhsihsubstagcaarldavthaciid sxgnsion 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 Y,0s, a Y,05 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 of ZrO, 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. Aresin 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
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property with respect to said set resin and a thermal expansion coefficient
smaller than that of said body portion (8, 15), and said surface |ayer (10,
17) is formed on said body portion (8, 15) at a high 10 tenperature, said
body portion (8, 15) and said surface |layer (10, 17) are cooled down to
cause conpressive residual stress in said surface |layer (10, 17), and the
conpressive residual stress is present in said surface |ayer (10, 17). 6.
The resin nolding die (1, 14) according to claimb5, wherein said surface 15
| ayer (10, 17) contains at |east one OF Y203, a Y203 solid solution, and an
yttria conposite oxide. 7. The resin nolding die (1, 14) according to claim
6, wherein said body portion (8, 15) contains a first material mainly
conposed of econd material = 20 having a thernal expansion
coeff|C|ent“%ﬁ%%?%ogPﬁmﬁgthat of the first material. 8. The resin nolding
die (1, 14) accog deggpdrﬂo@t@um Frovidae i &@hdndl@iﬂ%dleqq)ru)(lﬂ ob&ilapll) has
conductivity. 25 9. A soil resistant nateri al 4) having a function
preventing la@Hhesnoamrmfasdw Isurfamdepasfad tmsaot @@ldlrw@@b@t ance, corrprl sing: a

body portion (8, 15 f 10, .17 r med o Ieast a
portion of a sur‘fé&f’tacf) ayEh) (9 E@ rmedll‘g}/i)ﬁ)‘fr%qcﬁ)ﬁf 333b @)pom té)ai d surface
layer £10, dopktidufe {1Q64¥RS pOfio o@rﬁ{eed’ alrf: @\ék e@td oW Adhesion  property with
respect to said basic suBstance an at expansi on coefficient smaller
than that of saidhéethsajautfacniayd (10,3)7) 1safndn<51 ol rdatsnalﬂmameg ldyweradiiesdn 17) is
formed on said body portion (8, 15) at a hig t enper at sald body

portion (8, Prog§rtn e haasPactdn stid set gy and ei@rmiwp%m@né@s @@nbﬁm er th@ncause

conpre55|ve rp§f§%9&¥§§{ré§é§1 59 surface layer (10, 17), and the

conpressive Tesi S'is present in said surface layer (10, 17). 10
10. The soil resisd antacebdyer (18] 11)Gs fokfhkd a6 cail dbagpdios (& 1) 9 a Wagrei n sai d
surface | ayer contains at |east one of Y203, a YZO3 solid solution, and an
yttrid0 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 Y,0s, a Y,0O; 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 ZrO; 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
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conposite oxide. 11. The soil resistant material (6, 14) according to claim
10, -wherein said body 15 portion (8, 15) contains a first material mainly
conposed of Zr2 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 claim9, wherein said body portion (8, 15)
has conductivity. -20 AMENDED CLAIMS [received by the Tnternational Bureau
on May 17, 2007] CLAIMS 1. (Amended) A | ow adhesion nmaterial (6, 14)
having a | ow adhesi on property with respect to a basic substance,
conprising: 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 surfac rh&ygglg 0, 17) is formed of a material having a | ow adhesi on
property wt pect to said basic substance and a thernmal expansion
coefficient smalWidrein@idtstdacetiinat (10X 13pis dodadyorpandteriah h§8ng 4 jw sdhiesiosur f ace
| ayer (10, 17) is formed on said body portion (8, 15) at a high

t enper at ur eRTORANYIVHDERFPEFG @ paidh DI subspncgriand gthermalipfpapson egediicignt gmaley) ar e

cool ed do t se conmpressiye, sesidual stress in said surface |ayer (10,
17), and rﬂéméﬁﬁgaﬁs%V%%Yp9e§¥ﬂﬁa}§%%$gss exists in said surface layer (10,

17). 15 said surfaacirfady/RierqPNt 1B RSforfR&d on §d BoOsbrHiOrS il ONatiashifter med of a
m xed material containing a first material and a second naterial having a
t her mal expamsm@pngogﬁﬂkmyennkmdﬁjH%mndhadsm%amIakrﬂﬁblfjmstodmmﬂewhal, and
S o T S RS ST (78 15, TR ek

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 Y,0s, a Y,0; 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 ZrO, 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.
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property with respect to a basic substance, conprising: a body portion (8,
15); and a surface layer (10, 17) fornmed on at |east 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 | ow adhesion property with respect to said
basi ¢ substance and a thermal eAMENDEDB@LAINMISSNt smaller than that of
said body portion (8. Kk8eivedbBthe INMENDERISKHER dREy CLE0AA) AVENDED CLAI M5
[received by the Tnternational Bureau on May 17. 20071 said surface |ayer
(10. 17) is formed on said body portion (8, 15) at a high tenperature, said
body portion (8, 15) and said surface |layer (10, 17) are cooled down to
cause conpressive residual stress in said surface |layer (10, 17), and the
conpressive residual stress exists igrLaa@ surface |ayer 10. 17), 5 said
surface layer (10, 17) contains at |east one of a Y201 solid solution and an
yttria conposite oxide, and said body portion is forned of a m xed materi al,

t eel terial bi d t t | d
cecond material hadHEFaeton et ERSRAGTBH A Lodtt PEEnt I ShadFBPRt han ¢hat of
the first %S@&}a{xfltllrQes%ect(tg‘g%gggg)bsfghé’e oMy ﬁatghg%' on material (6, 14)

according to claim2, "wherein said first erial is mainly conposed of
Zr02 45 (Anendedébdﬂymdnmwmédhésmmm material (6, 14) accordlng to cIa|n1I or
2, 15 wherein said m xed material has conductivity : qﬁndgg resin
mol ding die (1, aMrfagedayer dOskf) farmed qryatreast WW@P&&&&@@C@ s3dgodavity (4)
to forma Sﬁglggfg gade of a basic substance and nold a nol ded obj ect

i ncl udi ng thhe set ’rési conprising: 20 a body portion (8, 15) provided in
sai d resin nol di WHerdinGaidlsurfick) lafe® (D E17h &Fodked of a material having a low adhesion

property with respect to said basic substance and a thermal expansion coefficient smailer
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 Y,0s,

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 ZrO,.

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 smailer

than that of said body portion (8. 15),

- 18 -
AMENDED SHEET (ARTICLE 19)



| east a portion of a die surface exposed to said fluid resin; and a surface
| ayer (10, 17) forned on a surface of said body portion (8, 15) to
constitute at |east a portion of the die surface exposed to said fluid
resin, wherein said surface layer (10, 17) is forned of a material having a

| ow adhesion 25 property wth AMESFDEIY GI2APMSEt resin and a therma

expansi on coefficient spRlvk@by iHiaRtertfNRhaldursai ¢h QY7 ROGH I on (8, 15)_ said
surface layer (10, 17) is formed on said body portion (8, 15) at a high

tenperature, said body portion (8, 15) and said surface layer (10, 17) are
cool ed down - 19 AMENDED SHF, ET (ARTI CLE 19) AMENDED CLAI MS [received by
the International Bureau on May 17, 2007] to cause conpressive residual
stress in sai d suld @FRcd BY&T(16 10 iskbimePOlsdBoSIRAGSE V6) atlagiilual stress
exists in said surface Iayer (10 17) said surface Iayer contarns Y20 said
body porti aampe B {8 and 5% A ndhitle

5 second naterlal

of the fir ¥ YRS : y 3

6. (Arended), rvg&agaemrs%@gd bt yopd to set @ flurd fesin

i ntroduced et resin made of a basic
subst akice and m)dadi aurfaod Hee (00 76 onthine hidast @né bLa Y60, sctidisblutiopaid arsi ng:  a
body portion (8, 15) provided in said resin nolding die (1, 14) to overlap
at | east avip@raompesies osdeliaad surface exposed to said fluid resin; and a
surface | ayer (10 ‘ surfac- of.sar ) [ 8, 15) to
15 constitute at>} xSt PRI RGP HIEEH LR B e P 2 LG 1 | i d
resin, mer@rtﬂd@é‘érﬂalﬁi‘&faéiﬁﬁ rheﬁé’r%l aﬁ&QSec%Karnr serfaPRAVRE; eﬁndre&&rnm@h having a
| ow adhesi on property mnth respect to sard set resin and a therma
expansi on caefiiaient e (iEein| th al said body portion (8, 15),

10

coef dcrent snaller_than t hat

] exgnsr on

%A £ aan A
»

3. (Amended) The low adhesion material (6, 14) according to claim 2,

wherein said first material is mainly composed of ZrO,.

4, (Amended) The low adhesion material (6, 14) according to claim 1 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.
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said surface layer (10, 17) is forned on said body portion (8, 15) at a high
20 tenperature, said body portion (8, 15) and said surface la er (10, 17)
are cooled dowmn to cause conpressive residual stress in said surface |ayer
(10, 17), and the conpressive residual stress exists in said
surface-layer-Cl0,17). said surisaENBY®D (IJRIME/) contains at |east one of
a Y2Q3 solid sol ution gadivadby Welthietn £RAMARIrEL side12208ai d surface | ayer
contains at |east one of a YZO_ solid solution and an vttria conposite

oxi de, and said body portion is fornmed of a m xed material, a steel
material, or a cenmented carbide containing a first naterial and a second
mat eri al having a thermal expansion -20 AVENDED SHEET ( ARTI CLE 19) ANMENDED
CLAI M5 [recgiced dBwprdisive Pésecrualasttae%alsm@tsﬁ&m IberM’(y 13Y -and @R7bmpraefiki ci ent
smal | er than that o? the first materi al . (Amended) "The resin nolding die
(1, 14) acamﬁd@ﬂgﬁ&mexmanmsﬁdsmﬁme@wnr0©aer_|rst material is mainly

conposed of ZrQZ 5 8. ggnendedi.The resin nmolding die (1, 14) according to
claim5 or 6, erial has conductivity. 9. (Anended) A
sol | resistant %Ideédd'o&@m}@rm*éa‘ék%n@edfﬁm%hél% [ ez[‘ﬁﬂs{‘&at'&l Aghesi on of

soil made of an ©Orgae JOT , and a

surfacg | ay@bor(&ﬁateﬂ;a)hafzmrzrz&ﬂerﬁm1 @ipah@@ﬁ&oeﬁic@@ﬂt &m@lnbrcﬂrﬁanahawffﬂaef:ﬁﬁstof sai d
body portion (8, 15), wherein said surface layer (10, 17) is fornmed of a
mat eri al hamﬂ&gﬂa&KbM/adhesion 15 property with respect to a basic
substance and a th npl expansi o goeffi&i %)snaller than that of said
body portion (8, ~%§§ﬁJ§§FH—S%W@§§é£p§§§?—@§§;i17) is formed on said body

portion (8, 15) at a high

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 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),

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 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),

said surface layer (10, 17) contains at least one of a Y,0s solid solution and an

yttria composite oxide,

25 said surface layer contains at least one of a Y,0s 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
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tenperature, said body portion (8, 15) and said surface |ayer (10, 17) are
cooled down to cause conpressive residual stress in said surface |ayer (10,
17), and the conpressive 20 residual stress exists in said surface |ayer
(10, 17)- said surface |ayer contains Y103 said body portion is forned of a

m xed material containing a fir%ﬁffﬁqﬁﬁi cigpvg second material having a
t hermal expansi on coeff ] ci .Eﬁ qﬁ%t t st nmaterial, and
25 said first nateriaIﬂ%%“ﬁ%ﬁ%ﬁgchﬁ%ﬁée%@%ﬁ’ f)qﬁaﬁg€2?%aended) A soi

resistant material (6, 14) having a function preventing adhesion of soil
made of an organi ¢ substance, conprising - 20/1 AMENDED SHEET ( ARTI CLE 19)
AMENDED CLAIMS [received by the International Bureau on may 17. 20071 a

body portiqgekﬁk {g%mw ﬂﬁnﬁ1§%ft%?§ml gﬁﬂ(lo, 17) fornmed on at |east a

portion of (8, 15), wherein said surface
| ayer (10, 17) fornmed of a material having a | ow adhesion 5 property with
respect to a basic substance and a thernmal expansion coefficient smaller

than that of said HAéengeht i Die regn mphling digi(d kheperding 4y elping a.ovherqyn j s

formed on sai d. bod rtion (8, 15 hi gh tenperature, said body
portion (8,5t edgli mainfyes E’E’OF%{/%IrZF 20, 17) are cool ed down to cause

conpressive residual stress in said surface la er (10, 17), and the
conpressive 10 residual stress exists in said surface |ayer (10, 17), said
surface | ayer coht diAnsended)l eBstresinenoddingdi¥? 0814 akcatdmglatiaons and, an yttria

conposite oxjde, a g sai d bigy portion is forned of a m xed material, a
st eel mat erVagreingpidir as RAYStYEY containing a first material and a

second material having a thermal expansion 15 coefficient snmaller than that
of the first material.

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 Y,0s,

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 ZrO,.

10. (Amended) A soil resistant material (6, 14) having a function preventing

adhesion of soil made of an organic substance, comprising:

-20/1 -
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11. (Amended) The soil resistant material (6, 14) according to claim 10,
wherein said first material is mainly conposed of Zra2 20 12. (Anended) The
soil resistant material (6, 14) according to claim9 or 10, wherein said
m xed material has conductivity. - 20/2 AMENDED SHEET (ARTI CLE 19)

AMENDED CLAIMS
[received by the International Bureau on May 17, 2007]

a body portion (8, 15): and

a surface laver (10. 17) formed on at least a portion of a surface of said body

portion (8, 15),

wherein said surface laver (10, 17) is formed of a material having a low adhesion

5 property with respect to a basic substance and a thermal expansion coeflicient 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

10 residual stress exists in said surface layer (10, 17),

said surface layer contains at least one of a Y,0s5 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 ZrO,,

20 12. (Amended) The soil resistant material (6, 14) according to claim 9 or 10,

wherein said mixed material has conductivity.
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