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 naterial |ess
adhesive to basic substances, that is, a |ow adhesion material, a resin

mol ding die in which at | east 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 pgarRiprION ough the resin flow channel .
The introduced fluid resin is set to forma set 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 as losbAdhesion MatgrigeResin Melding Biejand QoNRewgantydateral| 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 syrfacercHNICAI R Words, to inprove 20 rel easability between the set
resin and the die surface, for easy renoval of the nolded object. The
i nventors of theThe peeamt irvpptidncalatesiio hanagerfablescladhhsive MARBic(sybstarices) thatvhi ch i s

a sintered. body stahle in the air, S | ow .adhesi on property with respect
to epoxy rebihloW Q&@SIP%M“@EWF%%%P‘&% ‘S? ghwhich at lgast @ popiad Af@di§ n refers to

having a 'Qﬂffa%g'&e@h?&i SRuld QRS Ldhe ﬁ%afe?ﬁp%aﬁ‘g il ‘;e%isﬂiﬂ @a{eﬂaltrﬁ(zi 20f
adhesi on property between a conventional mdaterral for a die such ds a steel
material , afunetid@npredertiap billiion@f sbihmalié &fan crgshi@sibdsince subst ance represent ed
by epoxy resin". The inventors of the present application have proposed to
use aRloxi dBASGRATNDABRT(a basic oxide) to forma die -1 surface or a

resin ol ding di £, (6 EARISR Sl S E MR R sr iH00R eI Bres POES 8
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 ﬂbw 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 thé set resin and the die surface, for easy removal of the molded
object.

The inventors of the present application have found that Y,0s3 (yttria), whichis 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,0s (a basic oxide) to form a die
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Jn another patent application filed by the applicants of the present
application, a Y203 solid solution, an yttria conposite oxide (LaYQ8), 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. 2006-017335). According to these techniques, a basic
oxi de such as Y203, a Y203 solid solution, or the like, which is a materi al
| 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 invention

di scl osed | nt;. icatiagn ...2008-01. been

publ i shed %/J]e‘{"a%gﬁgag%glrrgglgfégéiﬁed@%egiatpg%s%gatgrg{ﬁlvaé{%r{gfgﬁ% I%S ec Oﬁ?zzﬁgg’descri bed
above, thapade§ 8 tbandtFachni ques of using a material for a resin nolding die
containing a basic oxide such as Y203, a Y23 solid solution, or the like
(herei naft er relmeanogur patestsapali¢adtias ifileddyi theapplicatieoflthe Iprdsetit)applicafion,m a di e

f | di die, th t I ib bel ow.
The Tirst SeRbIUASPETPhR JHE PBEPHRIN (A dvb SRS TR ST Chohar |
ol act Poni ¢ LRI R PP, RIRME IR HpRRET ulhoskmagidy fhfie 1 1°, o

(Large Scatein mbld@galie Oapanedei Ratedd Application Non2@06-eHts 36y, ankecoadify iorthésd boar d
(hereinafter referred to as a "board"), or the |ike is sealed with resin.

In this cateshniguesy abasiaexidrpuckas X204 arY ol wlutiggoythedike.iyhickisat ai ni ng a
ic filler. | d. f]ujd in. The basi. i de.or the |ike forni

Che di o suPriel B RRERaeR el il EohRned B BRRHEV Y RESIN rliPE o csecond

probl em i stdrhils 4 Mg shBRLC PKdESy qrreinhﬁmldirk{dié SxdelléRliy rdl@shmeichi ppi ng 25

when inpact is applied fromoutside, in other words, it has Iow inpact

r esi d0anceimpldhented. orlejs tabt hoteghhattthe mveviesidisclos¢dindbpamiese Ratengési n nol di ng
die excellent .in re] easabili.t accarding .to the techni ques of using a basic
oxide or t P“?%‘_@Pﬁ%?%&%’nﬁéﬁ@f th’e%wq’ ‘é}&ﬁﬁi_e@F-pn material, to forma die
surface or a regj,.0g! ﬂéc@gdi@g ﬁithlﬁ: tcoﬁ\%ﬁti@rﬁ?fécﬂﬁi%ﬁés%%c&ib%@ abReOhAE h@ resin

nol di ng di e having both exc ent wear resistance an npact’ resi st ance.
Pat ent Doc wthhitjuds of h8ina A &fetertah faani retif yrioldingie RoMainirng(HBesi okdde8uétp@ges 8 to

. Y203, a Y,0; 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) D SCLOSURE 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 material 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 BbfxRd @fdsﬁlm&aahgﬂmv;hé both ex@Bltbn wekraelitth feel 2 GRPLS Seskdnge (Kl C)
(see the equation described in table 1 on page 117 of the docunent).

Ther ef or e, Pta@nt Epmmmlt \we afapanese Patent bayifig-Opbm Not 2@OS2T47B 4pages Bho 9r espect to
solid partg ?{i is generally effective to increase a fracture toughness
val ue. |ng a fracture toughness value is also effective to inprove

i npact res gfial. In view of these, the inventors of
the pr esen{[ﬁlsgggﬁtim{)]:ﬁélﬂgmthe |nventi on as described bel ow. To solve the
probl &n dePROBIEEMSLY BE SOL VEDBVGHOMNWENGION in accordance wth the
present invention is a | ow adhesion material having a | ow adhesion property
Wi th respect toTéaemml%nsqﬁpﬁs&oémwthmneawweathm%awﬂ@ fdidiiculirie obtaliva f ace

| ayer for as rii.on rface o ion. The
surface IaycévrY af?}ées Wrag?fl%f)r %g(g]:fi rr?%{ rge?te%ag\;lfﬂag Bogho%c@(‘?ﬂtce)‘glg% gsbﬁ&%lﬁgrty wth
respect to ahdanRRsH&isBHAS hADEKaArein nxdwﬁgaie HRvRaBe{HdkcaIRef Wesi ent smal | er

“than that of the body portion. The surface layer is formed on the body

portion at resistangh ahé npecatesistancelinadditdy tpercellan reedatility. surf ace | ayer are
cool e e i j stress in the surface |ayer, and
as a % @@%%%Smgiﬁil{@étg% stress is present in the surface

Tayer. In the | o AR ) IRl P bBSFOBAENGR Mebh P SIRREREN

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
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desirable that the surface |ayer contains at |east one of Y203, a Y203 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 Y203, 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 reshidate efthgessiverredidii figesk Repréght habd urfatbRyeesi n nol ding die
i ncludes a body portion provided to overlap at |east a portion of a die

surface exposed Iotheesv adhesion mBiteriadinraccendance with thg peeseatyinyention,ield on a
surface of the ho ortion to constitute at | a ortion of the die
Surf ace expHBUaPE SR Priaesares EPfaing ableds g o Y0y &V splif rudhos: a5t
material hayl pghfcdip¥sadbgat on property with respect to the set resin and a
thermal expansion coefficient smaller than that of the body portion. The
surfacé | ayer i sl the hed adlesioh heatdrtadlin qpooidande with the lprggbnttievaneibatitise. The body

portion and the surface |ayer are 20 cool ed down to cause conpressive
resi dual st Aesirgblieshat fee badyparion copiains afifat materal of 8 irP; matarial waiplyr essi ve

present. i nvenrass of PROCHsonbEY IR SRop e el + BrBhS BRRPA T " cacy
The resin ol e e o n T he. B e o ont fon, 1t is
desirable that Ihthetiodypdpsioninmatercdit zicoslance with therpatsent inventibnat &r 02
eLeril LDl SOMOSel Of TR AN, ConLal v g V203, Cecp, or e like,
et 2 LR SRRk ke gt e
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,0j5 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

Zr0O, 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 adhesjon 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 |layer fornmed 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 snmaller 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 Causgﬂ_thé‘re'fsih‘?no‘l&[h% 8eSn hesodanddl Gith@hprdieh RIVERA, it ks dRatidier mal
expansion coefficients of the body portion and the surface |ayer, and the
conpr essi vahatghé bedyl pastiorebas dosdytisgent in 15 the surface layer. It can be
considered that th resence_of the conpressive residual stress in the
surface |ayer i r#d‘\fé‘ﬁgé]ée lgwradhesion waiehalgh Aewsdangs Wétﬁélf‘e PIREENS VPRI 92By er |

Therefore, gl adhes Ecgf‘re b hit ri%%\ﬂziﬂg 2 S%%8bh ‘B{Eh/e fadh&sbeoAdafe and
i npact resistance can be obtainhed by |ntreasing thé fracture toughness

val ue »f thﬂadewffaa@egdn&y@bstanden addition, a resin nolding die having
excellent rel easability, wear resistance, and 20 inpact resistance can be

obt ai ned byERIHGES ORHBWNYENIIODh naterial to format |least a portion of a
-di e surface. Furfher cordi .1.o the prese i nventjon, at .l east one of
Y203, & Y208 sol 11 ugRirrsrmadre T petprdinee Slb ssodFriat Xl el aavi ng

_! ow adhesi QdpHBRRINMdW shifFace 18500 85 meldDndat s &E&H%B%ﬁﬁfac_%i?th%%owm ai ned
in the surface | ayer of the | ow adhesion 25 material described above. In
this case, mrliiaw ditteesiface laydr éy foahed ofid miaterinichaYR@a lawddhesiangprbperty with | ow

adhesj on propert ith respect to a basic substance, wea| resistance, and
inpac]toresir§§l>§ﬁ’é%’%: icsEbgMcsiapd @ tharmabgrparssrcoe creégﬁrﬁfﬁ-%rhfmbat@?@ehavi ng

excel | ent il . I i ANE i S n be
obt ai ned bfkﬁgﬁﬁgﬁﬁheTﬁgﬁpﬁﬁgéaﬁg§F§% ma éP?gﬁd#g&?géﬁggﬁgﬁégg%ﬁgﬁghrtion of
a die surf &;ﬁcodﬁﬁgtdb%,th@wpﬂrﬁkﬂr il thbsuribdce 68, compaRiivOresidudiatregdy portion
contains a first

caused in the surface layer due to a difference in the thermal expansion ceefficients 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>0; 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,0; 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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paterial of a ZrQ2 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 | iyfiiesi WEALte 8 S REANE astf%rligfﬁ)@fzﬁ d{e%ﬁf'f?ée@nce can be obtained by

usi ng the I'ow adhesion materi a ormat least a portion of a die surface.

Further, accor diFaghémaddoediig RSt@8 brdsent eitehfitn, thdignlytpoetidaadwtangyd firsh has
conductivity, an inner bottomsurface of a cavity and a die surface of a
resin nol dinigeri ef a ZE0cmptendd, andar ssgonst mpterialavipg ipyhermakexpgnsionecassiienpor t i on

itself t to, T by.. : heat i t [ | di di
can e GcERTET BB BR0! P LRt o BRA T REE BF OB 2D Poner at o hent.
It s pnly BERERHAOY tHeDbody BBHONANE W fiffacd Rydén BQ@Nang&Plliy‘; b}%gﬂg_t&ener ate an

i nduced current by el ectrofmagnetic 1 nductioh to cause self heating of the
body porti ostio batwaeldihe ifiost matdrel aeintie s¢dond tmateyfal .t Hehebabohg, plort adiesioan be 20

e S e P S i s B b 2,
From tne f o ot Nyaaceufis o, B8ERbineh Y R GA T PRIRER AT 1 Shen taken

i N conj unctocairing bbrweae tRteapanivhAgd tHestirfasslayetanBR) HerdbSEGRIRIEN OF THE

DRAWNGS Fig. | is a cross sectional view showng a resin nolding die in

accorHhnce toighness valuerof theesutfoeti laysicanbe pbigingd e skradditigpentasirmolging die j s a

fl ow chart .show ng.a proce of nanufacturi& a Iom1adhesi% terial in
GrenT i

: -6
accor dance "&VPH ¥ pleasaBHy, WereitistaRee, AR IHRRCtISHIStARRr AR gr?.btaﬂe %3 is an
expl anat or MSM%QHE @Wﬂh@ﬁo@mﬁﬁhﬂttbqwﬁﬂeﬁ@a%ﬁ[bn%ftamié3§iﬂf’a§§ 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
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surface layer 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 nmaterial 5 Fig. 4 is a cross sectional view showing a resin
nmol ding die in accordance with a second enbodi nent of the present

f nvention. DESCRI PTI ON OF THE REFERENCE SIGNS 1: 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 surrounding
menber, 8, 15: body portion, 9, 16: undersurface, 10, 17: surface |ayer,
11: board, 12: chip, 13: wire, 14: upper die (low adhesion material, resin
nol ding die), 18: die surface. BEST MODES FOR CARRYI NG OUT THE | NVENTI ON An
upper die | has a rectangul ar parall el epi ped cavity nmenber 6 constituting an
15 inner batatevial sucéardancs with the e efnpodimentvfahe pesent peedtican of a die
surface, and a _surrounding nmenber 7 constituting a portion other than

cavi ty member 6FIgC3vs dyexplanatosy vigwisgowimgraglatipnsiip beiwvesartetbicknessaf arial in
accordance w.t h.the. present .. enbodi ment, and specj.ficall it includes a
body por &1 SHTase va" i BE R e S Bt hiseffetB Sl he Risk b dime YT  boay
portion 8, pyibdinvedtion Si £ ReQuRitoltds¥ssRaNk B oRhdRestdrdRatélalexposed to a
fluid resin. Body portion-8 is fornmed of a first material of 3YSZ (3 nol %
of Y233, 97 nvol Yago# iZa Qs seetomal sewmhdwirgt eresialmadding did i acdondancowdhat i vi ty

that are m'xeg a% 3 predeéerrri ned ratio, and has a thernmal expansion
coef f i ci enteqopd garogdinent@f the presest ifvaBlon. ayer 10 is forned of Y208 having a

“| ow adhesi i ﬁﬁﬁ%ﬁ t resin, and has a thermnal
expansi on ;ﬂg&gﬁ@%ﬁg@lﬁ%ﬁﬁ'gﬂi X" %FE%@nﬁh is 25 smaller than that of body
portion 8. By bongpieg dRqedsinasidingiidl, andoswr tirce3! ayiaflohkhatnel,a fi gh

‘tenperature and then cooling them down, conpressive residual stress is
caused in ceutyt adeinnaynttondsuiface,t ob: gadtyf memberdbov adhepien matarighl éxpansi on

Ol TSl B, 0y BTG S50 BBt 2 PSSR 255 v
mol di ng di g;@nd @ bewaadhesig) MBt eirkal 14 NiBECAE ABACRNYN S mAtefikll fksin
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 Y,03, 97 mol% of ZrQ,) 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 Y,O; 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. 1 to 3. The |low adhesion material is a |lam nated 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. 1 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 ationship 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 exaggerated for ease of illustration. Further, in the description
bel ow, explanatipnw@ﬁﬁo&magiven on a case where a chip nounted on a board
is sealed with resin by transfer nolding as an exanple of resin 15 nol di ng.
In this seal | ng \Autesmmédmg dfelanélallqw aéhmomematcrmlm icconlesemwitlatied in a

et of resin I|n sinis

cavi t cl. os
intr oéuced X ‘gréf}‘? Pﬂ?sent*F’rYS?t@é’f‘f’ bFﬁ BT é’sﬁ“ﬁe Fosf;‘%t form a

set resin. : set
resinis corrp et egdhe%p eraqlﬁgil B?I%aggﬁgﬁmérﬁ }ldngﬁﬁgﬁg\eﬁa@%ﬁ&?aﬁﬂ%e@g@et her
consti tut e aodesdrtior ndrdbttaeg lajecforilppern onk surface of thedpondsrtion. a resin

nol ding die in accordance with the present enbodinent. Upper die 1 is
provided with a Figsilns # Fios saetionpbriey shapg\gghresiwmaléing His in pefosdanee Wit ( not
shown) flo wth resin flow 3. to be

FITTe) W onte ReRet b ddinrn ORR D Shan Stk Sipibe a dedoeR Yy %w@agﬁ*émgﬁape.

Further, UupRgy afieRioh nhtdsal BCIRHAMR iR Ik QbRRInRRMikAY | t]yl mephgr 6
constltutlng i nner 25 bottom surface 5 of caV|ty 4, which |s a portion of

t he di e surkaplenatemdiesushooungia mj;atlomimbbetwken:amlstkmsﬂ wfr@uafapmltawromtlat her than
6. Cavity d of the | ow adh S|on material in

aggloﬁ e N Riregion nﬂﬂt@%i ek aiatse the gere R AR OdiTESH £ 4 RO e | U des body
port1 1,8, 295 QU S5l Pl el g on undersurface 5 of bocy portion
Accordingly, sur fAicme H@Wﬁﬁgsﬁl&sa&)e@b@l@ﬁv%e 8kagdgbriedd BOE4serY 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. 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 is formed of the low adhesion material in accordance with the

present embodiment, and specifically, it includes body portion 8 and surface layer 10
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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. Achip 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 mechani cal property. Materials form ng body portion 8 and
surface layer 10 of cavity nenber 6 fornmed of the | ow adhesion material in

accor dance ikl diurRERERTKe LHRRAY BBRIonY, bitic oWt BbipRtiof BT st |y, body

portion 8 contains a first material and a second 15 nmaterial having a

t her mal expasposed te teffluidcresint Hwadridmglyt haface teyer 00 istelkposed msimnerdtottomal . | n
the present enpbodi nent, body portion 8 |s fornmed of the first, terial of

3YSZ (3 nolsvEtese Svieavitns, wirhsqr portienyt thgdiecyriace of tk?‘%ies’(“é{“%{ﬁli“g?{keed Zr o2

containing Y, tefl . an S Lal oof ' :

conduct i vi tf.%g egtr a eﬁ{éllcgleﬁs%egd%%gals f?’ﬁ@g bggi gé‘:ﬁg’fl 8aaﬁg%§%%£g§§gg%w%t erial
IS 75 vl % bedosotdedatet0 Herein, 3YSZ has a thermal expansion coefficient of
11.4 x 10-6/C, and ZrN has a thermal expansion coefficient of 7.8 x 10-6/C.

Thus, the mat eri dlowWesdrestisdbrmed\$zn andinaty Mapériab tor atresimanotding die,.descri bed
above (the materjal fqrmng, body portion 8 has a, thermal .exp i 0

coef fici ent eXpmplg, &stge i’@ﬁt%r? ?u%.t??lﬁﬁﬂﬁé{e@F?tﬁa C?Fay‘eb%ﬂgﬁbfe-z it eri al
mai nl y conpolﬁqufaéedz&%i%@ﬂ QY3 We e 1205&@@@1% nRfuntdd®nltiokfa 11AndS the
second material, any material having an appropriate thernmal expansion
coefficient elsmalits(ihot shawvn) bhboasd 11 lard thip 32 aratlestiiedlly Rayndored g @dvird=bd.
exanple, ZrB2 or the like having conductivity, or a ngnconductive nmaterial
can bel@ised Lassayliedmey bp famed of 3 cargbig materal hayingamsescribedigecaniedli bed above
because of tt}g -9 following three reasons. The first reason is that cavity
menber 6 shduPfHave a prescri bed mechani cal property required as a resin

nol di ng die. Her eNfaterihl foririg®ody 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 Y03, 97 mol% of Zr0O,), 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 107°/°C.  The first material may be any
ZrO; material mainly composed of ZrO, and containing Y203, CeO,, orthelike. 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 |ike. The second reason is that the
difference in the thermal 5 expansion coefficients of the materials form ng
bedy 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 Y203, 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 the present enbodi nent, surface

layer 10 i Sfcgﬁw h?{e r%%% 8. SH{ ffﬂ'gt re%s%xefsr t&%pcefvft}{ﬁn%é{ﬁl% Elﬁ)%ut?cghgfqued to the

surface of ion (undersSurface

hi gh- t enper gfddértbeld neBEHcal gﬂﬁierty $equited BY PERMSMPEIMEAWidTe HerbinathBtedh
tenperature. 15 Herein, 3 has a thermal expansion coefficient of 8.4 x

10- 6/ C, whi 6me¢mmcslrmbpmy"tr¢fan tofer emmmlfraebupastmngrh freethifd tobghmesof  body
portion 8 (10.5 x 10-6/C) Furt her hi gh-t enper ure process
per for med afMBAct Eﬁ?‘ﬁ@“&? lﬂréheelﬂi?ugﬂ.ﬁ? 66‘585 E@sop ‘Sé}éarttthaq ‘ﬁ %FﬁB%Fn‘P ﬂEPft?lE‘E}F?zr essi ve

resi dual str ce |ayer
10 des %r [ beg@%@%@g Cgéﬁiezlg@gggg% é;[pah\é\%ﬁ{chgg gy g&rtlt()h% &&%F@é%gdi fference
in the ther grdulébppsdatan aedgibf badygivition hsionhf havHﬁpEeEmﬁl &plandi@védeficienyi ty

menber 6 descri bed above has the followng four characteristics. The first
char act er i stfegtar shanthat aftserfaagrleyee 40 of Theotyrd peasen srth® thisdesigbledbadodyi vi ty
and a prescri chani str.e provided with surface |ayer 10
bonded at aP RR 433%? fg?gmmgﬁﬁg% éf§¥he t hermal expansion coefficient of
surface |ayer 25 F&Qhéﬁmﬂcamlgreﬁfo@ 6 'sﬁrf§d@'=}il§e? rlOTcBﬁ‘t'%hnE heleh@REBE YSOPANSI on
coefficient of body portion 8 C). Wen body portion 8 and

sur f add | ayé&f01 6olar wlmndau Mytmafuogiposlmmedeat lilﬂerebmdsurﬁab@}ayerd@l ladadown,
conpressive residual stress is caused in surf ce | aye

to t
i 1T er once. G BUHES O GF A RIS ot F e P oD PPt
surface | ayggyelf is BAKkd S LOMPSEINNS ef 961 lthe P R FonbEs R BSEMack By SUr T ace

| ayer San be consi
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,03 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 10°%/°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 107%/°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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that the presence of the conpressive residual stress in surface |ayer 10
increases a fracture toughness value of surface |ayer 10. Therefore, a
resin nmolding die formed of 5 a | ow adhesi on material having excell ent wear
resi stance and i npact resistance can be obtained. The second characteristic
is that surface layer 10 is fornmed of Y203, which is a material having a

| ow adhesi on property with respect to a set resin. Thereby, a resin nolding
die fornmed of a | ow adhesion material having excellent releasability can be
10 obtained. The third characteristic is that body portion 8 is fornmed of
3YSZ having a thernmal 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

(1 he second qIRIGEL fldhe HAAhAALEAMatSH o Biichs PESAPRSEEH A5y Bl B1PITer oY,

the thernal “eXpansion coe y por is set

at an appr ophd the@oi ?fddﬁv@fe@ﬂhﬂrstﬁemm pRhéht &l ﬁﬁrﬁcé éérhﬂ).t Heedmtde @Kfdsd on
coefficient of surface |ayer 10 (8.4 x 10-6/C). Such a conbi nation of the

t her mal expéhiléﬂ@rpr@ﬁ@mef¢fdh@m18pr©$51‘t§d§§1dlpbﬁtt¢sérfrl Blr@nellayerrlfoamereasayer 10 can
prevent int rfaC|aI eI| ccurrin n bod } urface
| ayer 10 ar &e8ifdeHs Ssavaﬁ?eg‘ﬁr SPI?W L].Ib ghefﬁteofhérrg%l'ﬂ)g@ ‘1118%@3 &%i on
materi gl hayifng aﬁl%sfogtrﬁitér?a@hé’\h%%gz llé?\g\xfé%%gtagﬁa[ 9&%@1& ﬁbﬁﬁb@ and
surface | ayer , a resin ing die forne | ow adhesi on

mat eri al cawbtatmedbt ai ned. The fourth characterlstlc |s that body portion 8

has conductivity, Thereby, IS, _possible to cause self heatlng of body
portion 8 by supphgpergnd Cb@!?ﬁ’féfﬂﬁtlctl%thbb%*yfa%‘fawrdrﬁ) igforpid of Yg@navghiing an

duced t t d L4
sur face 5 of s by T e ARERIO bibariy Wi sibeet 1A 5B REE: o RERD ERITT by
causi ng  boeholdRY Hie Irniedi dfaqbd aiRestINBItEAS hRAAE exéEnérﬁ rélessabigeaR BEr gy

required to heat resin nolding die 1. Further, the -11 conductivity of body
porti df® 8 cahtabedutilized to perform precision machining by means of

electrical disc h%rhg ?hxrrga g}arclzlten %tlc 1S tﬁ)at% }P 8(r)rtt1|og 58fo?rsnecr1] of 5932 ¥1v1ng a
thermal expansion coefficient of 11.4 x 107°/°C (the first material) and ZrN having a
thermal expansion coefficient of 7.8 x 107°%/°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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An operation of the resin nolding die shown in Fig. 1 will be described.
Firstly, board 11 is positioned and placed on lower die 2, and fixed to.
| ower die 2 by neans of 5 absorption or the like. Thereafter, upper die 1
is lowered to close the upper die and lower die 2. Next, a fluid resin (not
shown) made of thernosetting 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 1 10 and lower die 2, and the
fluid resinis set to forma set resin. Inthis step, a current may be
supplied to body portion 8 having conductivity, or an induced current nay be
generated by el ectromagnetic induction to cause self heating of body portion
8. Then, upprductiigy of hosly paitsmd® tam bepeifizedupeperfdire plecaitoh thanheinghyen@nsand a
nol ded objec% in,mgich board 11, chip 12, and wire 13 are integrally seal ed
with the setfplegtigalidischarge maghining ombedy pofyaR S #CeESsayy t hi s step, the set
resin is easily rgl f ; . f . hayi a |l ow
adhesi on pr opertﬁﬁl vﬁ%t%ﬁa%ragsc%%r%%%ﬁ%gné@ié%ir;%‘ér?ﬁl.ﬁé&snpglelg%er?%ég’%gbogfég@’
accor di ng t ®okddel 105 pSKiinee AROPiad®én lodvet 81 22dhEfikdlto |GREEdié dlby Baeard dfent i n
| ow adhesi on property, wear resistance, and inpact resistance can be
obt ai néd. Fabsdmptiqn or thebker ridieciafigr, dpperfdiy hisdowéred he closevtha dipperi dimandat er i al
and 20 having exgcellent relegsahility can be ohtai ned. .The | ow, adhesi on
Tt er al Ao bs Mot Aaget ok Hhaan srls e R esip Al B
enbodi nent - act:urs ib : liy, as
Shoun 1 Fi o S5 hEBHY By Ry BEhIRE, R AN "SRR AR IS,
materi al s f dftrdadst infrocdvitpd tBrough eeshl fswdetthnagl 3a predet ermi ned ratio. Next,
at step 52, the blended powders 25 are mxed in a ball mll. Then, at step
S3, the materi al SV, tkaiflpid resieisthgated by g heaterdngt shewn) arqyideddo saper tiel eaf t er,

at st 54, t orary, mol.ding.i.s perfaorned to conpl et rect

par al Iele epi 68%%6@_&%2’(&88?1?%@’%%&&&Sqéggcgag/a ]Soeglr‘trglPHOn_Ig t@? Stﬁ?’ga. &]‘TI%H! %%Pft her,
apart from fiaRipgiRl k@Bodf pdrlisn B BetiAnesHdREH RS 8t winam@%rm§rbe -2
descri bed above, as shown in Fig. 2, at step S5, powders of Y203, which is
t he mat eri algendrated by efearemhgnetic irddctiar o qeneepaifddating ofibodyrportion8s e r ed.

h o .
Next, at st eu%peSerieE 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
Y05 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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powders of Y203 are tenporarily nolded to fabricate a thin-plate nenber.
Next, the rectangul ar parall el epi ped menber and the thin-plate nmenber forned
5 of Y203 that are each tenporarily nolded are | am nated by hot pressing to
forma l|amnated structure. In this case, processing is perforned, 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
cool ed dowmn fromthe processing tenperature to roomtenperature. The
cooling my be perforned by 10 | eaving the | am nated structure in an

at nosphere at or bel ow roomtenperature, or may be perforned forcibly by
blowing air or the |like. Through these steps, the |lam nated structure having

the bod ' f hat | | ow. adhgsi terial
i accor dande PR Sl PRE A 3Rk s R Teah 3 SR B Fember 6
havi ng body fgofitfh @ afer 300aré Prdpared ih X 8ot adPeduitelfi INedt) af stetOTRheSt €d. I n

the conpleted | ow adhesion material, the processing perforned at a
t enper at ur e pawdérs gh YaQ; d@r8 5@fparanily esoldal todalplraee ik platinemlet. Y203 cont ai ned

in surface layer 10 into 3YSZ contajned in body portion 8 Thereby, surface
layer 10 i s bond®¥xt @%8@9“%&?&133&‘\16 plp&%me{n%srs%@rfgwthm-ﬁlaﬁ @ﬁmﬁe,r fg%%dt y
menber 6 for 0 ri i I; i tached to
surr our?di ngom%{rhawg 8%‘%‘2‘8*“@?{33@ %%F%gérgﬁﬂﬁlg% g?i%glhgf@fegg té)sf?rnn%rml di ng

die, for exangh@ed snfohge! IfBthRIdagd, peatetsirSs b&drnRUeR)r ex@nsleneat ed car bi de,
or the |like. Thereby, upper die 1, which is the resin nolding die in

accor dance wémperathee ofdB&g"€hfor enbbdimmeith 2 piessicpprsbaredt 44HeNai Nt er, a

rel ati onship between g thickness of surface |ayer .10 fornped of 5 Y203 in
the | ow adh@ENeRNerEt el hegpafier, EMQ%@“W‘?FFW ‘éreﬁ%%‘%?f{d%g%‘ﬁéent and a
fracture to i I bl ribed with
reference t %%?%"Qg t%&b%gmgé/gf ﬂ%tnl e%ﬁggﬁ?g?a?? %ér:gciﬁ?%g %’%aﬁ/r 35" eggﬁnpﬁa@c( n=>5)

havi ngodi f f il thdlapkiaeistictued int dheatdosphaeet bapelowwrenm tkabératiad, @d miag

nmeasure a fracture toughness value of each - 13 sanple by JIS IF nethod
(JI'S R 1607peperagairddpichly boblewinglaikefthelike.8 N). As a result, the sanples

having thic kness%&Jghtt cse Sst%g)g,%ﬁg lalm%}/a(ta’gd s(%tfucf}jrcf,1 h%g &é%o@box%%g agd 5\% mm had
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>0;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
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fracture toughness of 0.9 MPani'Z, 1.7 MPani'2, and 2.3 MPanill2, respectively.
Fig. 3 shows the result obtained. 5 Conpressive residual stress in the
surface layer at an interface of body portion (support |ayer) 8 and surface
| ayer 10 was cal cul ated at about 682 MPa, from an equation for calculation.
The equation for cal culating conpressive residual stress a can be expressed
by a = EAaAT/(1-v), where E represents a |longitudinal elastic nodulus of the
surface layer, v represents a Poisson's ratio, Act represents a difference
in |linear expansion 10 coefficients of the support |ayer (body portion) and
the surface layer, and AT is a difference between a processing tenperature
and a use tenperature. Further, on this occasion, each paraneter has a

val ue as f ; F & : =413 ~ VA% It is
to be not e?a%nﬁgbyaﬁ?' ?Eég%?g@osuﬁﬁﬁ?é@gPﬁ%&?Pag I‘gg} e ?% i(:atA eschgs;mt’

hat chi ng i nhé&bguplds havivg thickaesseeof he ginfirs 3ayeabiit 4 alrh 70.0 @tin )il 0.25 @it B&l N

nmol ding die is 15 formed of Y203 pJone. Fig,, 3 shows a relationship that the
fracture tdirghiesenghagsgel 09 MRarmasdd MBaem “dped addMPaemam, rdspedtiveler f Hige

bet ween bo ortion d. syrface layer 10 to a surface of surface |ayer
10 shown i?ﬁfg’ s the eglﬁfgﬁtﬁ@gg; in other words, as surface |ayer 10 having

conpressi ve resi diapresdivER8idhN&HRENnMRSsREE BYERH ah MhtEHRRSTTboGPPsritidRT | NG
this 20 relationship and the fracture toughneSs val ue obtai ned” when the
resin nol di(sgpmbridayes) 8 hnd soathcolay¥RDBwas caieylatad atabokn6EXsMpbh, Fomfaacqudtiper 10
appropriate _as a | ow adhesion, material ;should be not nmpre than 1.2 mm and
i s pref er abeycaleulatinn. | The eguatigndopcalgylating compesstyereriduah siress oager r ed

e LA, Lo 00 0 0 O ., B
thi ckness fakd lfagvgr?y b @ELentsQ PEYSORE rﬁﬁ‘)t, 'Aafrgﬁ't%%rnﬁ YdiReRnks Biheds e)lcﬁéﬂ%?lgs It

allows a substan orm ng surface layer 1 orma unit atti r

exanpl@, abuffickanesfthe siFpoaTR e (50dy Poftidr) and tiRSeffaceAPOPAREAT is Anong t he
menbers form ng upper die 1, rectangular -14 parallelepiped cavity nmenber 6
const i t ut i rdjfferenes bedwearomprogessingdeBperptugearidiause terpératured Fugther, pa thipw

adhesi on meferial 1, ASSRLAAES Wb B L FE M GIRORTTE s L 53

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 resin molding die is
15 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,Oj3 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 the

25 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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menber constituting an inner bottom surface of resin flow channel 3 may be
formed of the |ow adhesion material in accordance with the present

enbodi ment. 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 formed of the | ow adhesion nmaterial 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. | may
be formed of the | ow adhesion 10 material in accordance with the present
enbodinment. It is essential only that body portion 8 of cavity nmenber 6 is
provided to overlap at |least a portion of the die surface exposed to the

fluid resin - i : . i he
Surt ace: of | BRaTHeAGRal, AeRbEequiliah I8 R Skl ik Al R (el
surface expesed 16w adidsidnimhatérthl neficbrdadde WIGCME Grésaiaibyenient I BStesd, A0! di ng
die and a | ow adhesion material in accordance with a second enbodi nent of

t he present membentdnsiituting &n inaerdwston wis@cebt fesin dpwrchanrel 8 andyibg foumedTie | ow
adhesi on mat,er,i al n.accordance wi fh the present eqpodinent m nat ed

i is a.l
structure iﬂtﬂl%iaﬂbesé‘m%ad?“ 4t #5¢8 aH%‘WHb REETRGLR O;S’HP?ritonF ‘:&‘%&F\H BEY in a
f : ce: . f i 0 i |
surrace (Of‘?esﬁa élen%%l‘Peeg ﬁagfqﬁ%ﬁﬁéaﬁe s@x‘?fcfe'lﬁblﬁafﬁ%ég{ @% éﬁftheasuhtg&t angul ar

par al | el epi pe ase-nmat and a surtace on t surface.
Fig. 4 is aegiomsdtcsthe fludnadin wagbe Stremstd ng tHelew adession mmtedalrig acboedanee
accordance w th the present enbodi ment. An upper die 14 shown in Fig. 4
corresponds%‘bthﬁgeFW@M@P@n material and the resin nolding die in

accordance with the present enbodinent. U di e, 14.i 25 formmed of the
'ow adnest on mt EPY e, ACeERAdAys et Ritopt bBtert s sl paip i e nfe

Speci fi cal | YottorRARBHaddi S résth A6 CHARS Pinl9slyl BEY bd PPmdPof MBI adtiekibace | ayer
17 formed on an entire undersurface 16 of body portion 15 exposed to a

f 1 ui d 10esi nmatgabindicoaytance aith the presére edibedisentf. adeiseksenppemlydihet odyexposed to
the fluid resin is fornmed oéﬂs Jface | ayer rtion. 15 is

7. - 15 Body_.po
formed of tREMOARClFAYIEtmem s PHYadeddp osefihv 3 dsast pporgon Rt ﬁﬁéﬁe urfacg

embodi et , ek Ak e HIR b SheRLeRih 2k, AISiRUafePS030KAAGL SRET T 21 Of

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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havi ng conductivity. Surface layer 17 is forned of the same material as that
of surface layer 10 in the first enbodinent, that is, a material contai ning
at | east one of Y203, 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 layer 17 is present on a
die surface 18 exposed to the fluid resin, the sane effect as that obtained
by the resin nolding die and the | ow adhesion material shown in Fig. 1 can
be obtained. 10 The resin nolding die shown in Fig. 4 is obtained as
described below. Firstly, a rectangular parallelepiped raw material is
machi ned as appropriate by cutting or the like to forma concave portion

correspondi ng t oBédBShdHidA PIUsHOANEEHS tBe Sdibe Mmatetihl ad ¢ho1§B@ﬂboc25wrfi@9$id fger 17
in the shape of a layer (filnm) is forned on undersurface 16 in which the

concave porfiisbembadimentythd isuthedigstamatenigd 06 B SZtand et $econdimategialef]l ArNk nown

met hods. 15 Wl | known.net o escr.ibed hereLn include,.for ex | e,

vari ous coald"itg COHBP%%? : SBE%E%?ga)@{/Ll)%(‘ EHF‘E 8* the spme n}ﬂé‘iﬂ?i At ?hﬁh‘j,%gg?e- gel

nmet hod, th I i ik : jonat | eet

materi al s, q%%% 1tO ﬁg&@ﬁg&%@gﬂg§@ﬁa£§é§% ol rﬁgmgg%g%s({ngg S%gi’g | ayer 17

is forbed av,@ splidschutibecndiaglytttiarpmpasiteraxidend a certain anount of
conpressive residual stress is caused in surface |ayer 17 after it is cooled

down, 20 as in thbokdthigaessBsHnbesimentnsurfiee favest7 SRRt Rin{2031 nACBIAINGT t he
erbod! MeNt Siodfie Gl et GmBRGNRnt RircE SufadlBhfll 19 EHPESa MM B PR LHDSGH P 12

nmount ed on t808.!’ resi'n escri as exanpl e

present i nvignkd MlidiresiRQhe sdre éfBstt hO@RESMained Bl the rédi hiotdiht Gietaddahd RS N
nol di ng die used when nolding a nolded object by filling a cavity with a

fluid resi rdaagion materigbshaviyinttig D@nfhebthinedsi n, as in transfer nolding,
oy BOrti ons & EHFOIS g AEE TRHBRATE dhis SPRS OFATEFY BFIoTor FASo n
car bi de. or oF i e B oy o A R s
t o be pr esewtfoinmasondasie pottmypepaespbdmpdo dedinyovapharmpl 3 andtayitgdt efhemi ng t he
thermal ex ps%rllfsaicé) lrglygrol%f ifni t}(lzei gigi;g 0? Ta 1at§8rd eﬁlm) 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 cooled down,
20 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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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 adhesi on
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

t hereto, 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 nmaterial in accordance with the present

i nvention can be 10 used for coating a portion of a nenber or the |ike
exposed to a fluid resin, or for other simlar purposes. Further, the | ow

dhesi I d t t f
adhest on TG Flghe, SAFFETE Db OEaREoERY PR e T
addi tion tg '%fﬁ%ﬁ%{r@fél@d@&%ﬁlﬂ%métﬁ%ey & Bs16r9c&ﬁ‘?&§dt§otsdbt21 tance ot her

than resin. For such materi al can be Used as a

mat eri al hagwirtignse8 &ndnd andrsurfcedaysns | M andath es imthe efmbsdiientyaidecribed avover gani c
substance. Specifically, the | ow adhesion material of the present invention
woul d be used asF‘H‘h‘PHﬂ%Tﬁl igleaghopf taesmbp@mqgts #gezdhgsion maFﬁf‘ﬁgméﬁCQf ganse wal |

of a buildin r the ani nawa oth simlar
oqurprint - it e st St btaR AR A o PR AR AR AN Rom B S0 o0 be
used as a nMpResredint QEntfoAds hd’tgmﬁteﬁ%ér%ea&fth@ 140 BlRE; oH $@fleridd cAl 8RS Red
applications. 1t is to be noted that | ow adhesion material 3 described above
can al so befousedpEsatian atbeérl thares fesinamoldmgtdey thad rebpaves hgw awettabiityi with pr event i ng
adhesi on of soil made, of an org i subst ance.. AIthoH gh the present

i nventi on H&EPEIR B@WP%@&PC&H alsp repuures Pag fesistaraeang Impact .r%wstazlse clearly
under st OOd %ﬂ%fﬁcﬁ!@? t}?ealg‘v?z a'fdﬁ? %q@t%nﬁfm laH??c?atnE@&/'itﬂgl%eaé}gse%{ ﬂﬁ@ljltﬁ)n%h lﬂe and is

not to resent 1nvention

bei ng10i m t@s@d@sﬂ c;babyga bieioh ®F ABnepibet betmmﬂeeﬁkﬁﬂe@{oaa fi%id rés"(n oM dvier 1. A
| ow adhesion material (6, 14) having a | ow adhesion property with respect
to a basic smatmmpeses.conpri sing:

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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5 a body portion (8, 15); and a surface layer (10, 17) forned on at |east a
portion of a surface of said body portion (8, 15), wherein said surface

| ayer (10, 17) is formed of a material having a | ow adhesion property with
respect to said basic substance and a thernmal expansion 10 coefficient
smal l er than that of said body portion (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 cooled dowmn to cause
conpressive residual stress in said sgyfpge |ayer (10, 17), and the
conpressive residual stress exists in said surface |ayer (10, 17), 15 said
surface | ayer contains Y203, said body portion is forned of a m xed materi al

containing a first materjal and a, second material having a thernal
expansi on coef f ilei éntovsaahesien maegial () bavinglow adhesioppfoperty withyng sai d

first mater] i I; f Zr02. 20 2. A low adhesion materi al
(6, 14) ha\%Sﬁé"té‘?F%‘gg%béga?‘gﬁ%g’r&g’ﬁ%‘rnﬁy wth respect to a basic substance,

conprissing: a qu%dp?bﬁiogr(g,(@);élﬂ); and a surface layer (10, 17) forned on
at |least a portion of a surface of said body 25 portion (8, 15), wherein
sai d surface | apeurfacedayer®}0,ild) famed@nat leastrrenostiomdf hawrfagg obsaidbpdyadhesi on
property w tg. re pfﬁt to said basic substance and a thermal expansion
coef fi ci entPOEHR than that of said body portion (8, 15), said surface

layer (10, 17) iyhetdh 580 s@FaRhydr '{’H?UP@%JH%_ df% matepialHayimghilgnw 30

tenperature, said body portion (8, 15)" and said surface layer (10, 17) are

cool ed dowadhesidh fropartuseh cespiut ¢ siid basiesibdtante atdrathermal egpandioaur f ace | ayer
(10" BR' Toectrclent smaller fan that of Said body portion (5, 1%, S'° |1 Sl d surface fayer
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;0s3,
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,.
20
2. 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),
said surface layer (10, 17) is formed on said body portion (8, 15) at a high

30 temperature, said body portion (8, 15) and said surface layer (10, 17) are cooled down
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said surface layer (10, 17) contains at |east one of a Y203 solid solution
and an yttria conposite oxide, and 5 said body portion is forned of a m xed
material, a steel material, or a cenented carbide containing a first
material and a second material having a thermal expansion coefficient
smaller than that of the first material. 3. The | ow adhesion material (6,

14) according to claim2, wherein said first 10 material is mainly conposed
of Zr@2. 4. The | ow adhesion material (6, 14) according to claim1l or 2,

wher ei N sai@lcaudt ¥&HpdBdi ¢ fediduliBtresOindbatsuMhdlayck 313174 an@thdlcdipredsig die (1,
14) used to set a fPUId resin introduced into a cavity (4) to forma set

resi n maderesiduml feess existsbs said serfzoedayen (1, 47hol ded object including the set
resin, conprisin [ (8,. 15 rovid sin mol ding die
(1 T2y roP over i siitacs iy 10, 195 pontains el re By 8T sphERn ed B o
fluid re5|§ﬁn?ggn§%?é(ﬁﬁk;g&f | ayer (10, 17) forned on a surface of said

body porti ¢onstitute at least a portion of the die surface

exposegd to sai dshidbiody pesgion,is fdrmedofna kel matefialc & stealyraste(idl)or d ddmensed or med
of a material having a | ow adhesion property with respect to said set resin
and a ther ﬁaqblc&@@amla&aé“@%ﬂmqtmaéﬁv a seReng @rdteriph havipg tmbwa%@fy portion

(8, 15), 25 SR c r formed on said body portion (8,
15) at a h|°8% an egrlge anqx%é}fé}}%ﬁraé%%tgif@i‘on (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 exists in said
surface |ayer (30, Til?)‘OWQéhQSlomumtan@ (balg aceoding it elaive 8 3whgeinssaiddfinso dy

porti |sf(% mfd of . mxedﬁff containing a first material and a -19
second mat S VARG PTRRPSP panS| on coefficient smaller than that of
the first material, and said first material is mainly conposed of ZrQ2.

4, The low adhesion material (6, 14) according to claim 1 or 2, wherein said

mixed material has conductivity.

15 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 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

20 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 property with respect to said set resin and a thermal expansion coefficient
smaller than that of said body portion (8, 15),

25 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),

said surface layer contains Y,0s,

30 said body portion is formed of a mixed material containing a first material and a
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56. Aresin nolding die (1, 14) used to set a fluid resin introduced into a
cavity (4) to forma set resin nade of a basic substance and nold a nol ded
object including the set resin, conprising: a body portion (8, 15) provided
in said resin nolding die (1, 14) to overlap at |east a portion of a die
surface exposed to said fluid resin; and 10 a surface |layer (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 | ayer
(10, 17) is fornmed of a material having a | ow adhesion property with
respect t o ssaind nsaerialbaiing antblermal Ergransibn esgfficishtomalloe fhfan ¢hatof thedirstl | er t han
that of said bo ortion (8, 15), 15 said surface layer (10, 17) is formed
on said bo&?ﬁi t n (8, 15) at a high tenperature, said body portion (8,
15) and said surfacgd Ay 1§ﬁmG}9mnﬂ§Emﬁﬁ gg@k .down to cause conpressive
residual stress iIn sal surface layer ?ﬁ and t he conpressive
residual stress exists in said surface | ayer (10 17), said surface | ayer
(10, 17) contalns at |east one of a Y203 solid solution and an 20 yttria

conpodl te oxi de b sd eesuymeldang dig{lorl 4} ueddp set afluid easy ingaducsd iafovrarity ol i d
sol uti on aRg)rtl%gPXBtarsé es@?n%?%'f%%laﬁé's&%tan@@gldg egiab 2y eH% ef L2 lluﬁm{ggr med of
g a

a mxed ma eria a cenen car Contarn

first materh@let dich, 2o@PHEGIAG: Material having a thermal expansion -20
coefficient smaller than that of the first material. 7. The resin nol ding
die (1, 14) acc@rbndmortmndsalfmmowcmbm@md resin andiding die (rai 4rto averlap atai nl y

conposed of, ZrQ2. .5 Ther sin no 1, 14 according to claim5 or
SO ber oi el abpripadta ik wifics Sypeedlordififaresn 3t Acoi | rosi ot an

gﬁt g;ig(gm f: 65 ! ég%aaéggf‘é&é‘ﬁ%%frl ?‘ n1072 g@%@r&va%ﬁ&fawopﬁk@ﬁd@rbo%n &015! made of
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),

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),

said surface layer (10, 17) contains at least one of a Y,0O; solid solution and an
20 yttria composite oxide,
said surface layer contains at least one of a Y05 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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a body portion (8, 15); and a surface layer (10, 17) forned on at |east a
portion of a surface of said body portion (8, 15), wherein said surface

| ayer (10, 17) is formed of a material having a | ow 15 adhesi on property

Wi th respect to a basic substance and a thernal expansion coefficient
smal l er than that of said body portion (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 cooled dowmn to cause
conpressi ve residual stress in said surface layer (10, 17), and the
conpressive 20 residual stress exists in said surface |ayer (10, 17), said

surface | aygéffiereit §hilker YeaIhatAitkk tefmategalt i on is forned of a m xed materi al
containing a first material and a second material having a thermnal

expansi on coefficient smaller than that of the first material, and 25 said

first material i i nly conposed of 2zr02. .10. soi |l resist terial (6,
14) having a furit ﬁg‘ﬁrﬁ){%v’é’ gk lea(gh]eéiaB‘??r‘é)'Pg t%@mm ﬁaﬁéerS'In S&‘?@Fg‘;ni c

subst ance, £QMB SRy cadoRel8eyr@ortion (8, 15); and a surface layer (10,
17) formed on at lfeasty%&lg%rte?on ro@ a surface of said body portion (8, 15),

whereifin said surface layer (10, 17) is forned of a material having a low 5

adhesion property with respegt to a basic substance and a_ therng] _expansion
coefficient snd| dheresihmording de ($al4 apeaging &t tlaism © 08 6, whereinsaidifistr  ace

| ayer (10, n%griglga%g(g@gg%‘?&sai d body portion (8, 15) at a high

t enper at ur &, sail ifon (8, 15) and said surface |ayer (10, 17) are
cool ed down to cause conpressive residual stress in said surface |ayer (10,
17), and the conpressive 10 residual stress exists in said surface |ayer
(10, 17), sai d $ur f2asal feaiptant woierial (9s 1 Pthavimgs fupefiongirerenting adkesiondfsol uti on

and b ytt rsioi?f 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
15 adhesion 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,03,
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. A soil resistant material (6, 14) having a function preventing adhesion of

soil made of an organic substance, comprising:
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conposite oxide, and said body portion is forned of a m xed material, a
steel material, or a cenented carbide containing a first material and a
second material having a thermal expansion 15 coefficient snmaller than that
of the first material. 11. The soil resistant material (6, 14) according to
claim 10, wherein said first material is mainly conposed of Zr02. 20 12.
The soil resistant material (6, 14) according to claim9 or 10, wherein said
m xed material has conductivity. -22

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

5 adhesion 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

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

said surface layer contains at least one of a Y,0j3 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. The soil resistant material (6, 14) according to claim 10, wherein said first

material is mainly composed of ZrO,.

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

mixed material has conductivity.
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