DESCRI PTI ON Met hod of Eval uating Adhesi on Property, Low Adhesion Materi al
and Ml d for Molding Resin 5 Technical Field The present invention rel ates
to a method of eval-uating an adhesion property between an organi ¢ substance
and a surface of a nenber, a | ow adhesion material having a | ow adhesion
property with respect to an organic substance, and a nold for 10 nolding a
resin having a nold surface nade of the |ow adhesion material. Background
Art Conventionally, transfer nolding or injection nolding has been used for
nolding a resin. These techniques use a nold for nolding a resin. The nold
is provided with a resin flow channel and a cavity. Afluid resinis
injected into the cavity through tpestRiperdN fl ow channel. Wen the fluid
resin in the cavity is cured, a cured resinis formed. As a result, a

nol ded body having the cured resin is conpleted. A thernosetting resin is

used as the fluid resin described above, and _tool steel .is ‘used as a
material for tﬁ@ thed of Eyaluating Adhesion Rronartin JivstrAsthepienNats El"ie?é‘r‘i‘ the cured

resin and the surface of the nvllk,ﬂ) W ovﬁﬁ%i‘&@n shoul d be reduced for easy

renoval of 20 the nol ded body rel easability between the
curedsresin and the nold surface should be inproved. As a surface reformng
material facilitating release of a nold froma cured resin, an organic

mat eri al sWethraealFadlgt et r af | uor oet hyl ene or silicone rubber having a good
non-wetting(de ttin %charact rlstlc a | ow

tti
oo et el g, ¢ oM bieneh s RRACS LR Y snethelf potpafios S alShidndiorstihe

prom si ng. pénJaed I I ials is
di scl osed |n Japgﬁgg&Pﬂﬁﬁﬁgﬁ %gﬁﬂbglﬁ?ﬁo%‘%ﬂ%?%%@%&%lﬁﬁfﬁ%ﬁqs to page

4) . I n thi bavirg hloay adhiesist pyopetthevithr gepectionai eighet solssance,kad aabaddor s sprayed
g:]d i 5|SI gd O?qtkéa lat’:s{rgohla\dnnz%rrf'u?l(c:lesurf;.rcréenrlaedaefotfetlrle lotwrlgdh%gl%g rrlllza%erg?t erial is dri ed’
Background Art | _
Convenuonally, transfer molding or inj ecti-on molding has been used for molding
aresin. These techniques use a mold for molding aresin. The mold is provided with
aresin flow channel and a cavity. A fluid resin is injected into the cavity through the
15 resin flow channel. When the fluid resin in the cavity is cured, a cured resin is formed.
As a result, a molded body having the cured resin is completed.
A thermosetting resin is used as the fluid resin described above, and tool steel is
used as a material for the mold. In this case, an adhesion property between the cured
resin and the surface of the mold (mold surface) should be reduced for easy removal of
20 the molded body. In other words, releasability between the cured resin and the mold
surface should be improved.
As a surface reforming material facilitating release of a mold from a cured resin,
an organic material such as polytetrafluoroethylene or silicone rubber having a good
non-wetting (dewetting) characteristic, that is, a low wetting characteristic, with respect
25 t0 a fluid resin is considered to be promising. A method of molding a resin using these
organic materials is disclosed in Japanese Patent Laying-Open No. 07-329099 (on page

3 to page 4). In this method, firstly, the organic material described above is sprayed or

applied onto a mold surface. Thereafier, the organic material is dried, and thus coating
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| of the organic material on the nold surface is conpleted. Further, there
may be a case where a chip-type el ectronic conponent such as an LSI chip
mounted on a lead frane, a printed board, or the like (hereinafter will be
referred to as a . "chip") is sealed with a resin. In this case, a

t hernosetting resin 5 containing a ceramc filler, for exanple, an epoxy
resin is used as a fluid .resin. Since the filler wears the nold surface, a
met hod of formng on the nold surface an inorganic material wth high

har dness havi ng wear resistance is enployed. |In the nmethod, the nold
surface is coated with an inorganic material wth high hardness excellent in
wear resighG8a St e 1 68 thelthSid sAFfaddiNeoMes@ans of plating, PVD (Physica
Vapor 10 6£E05|Ff§n ,t%%&f%é%é%lcgﬁﬁ$ggg$@g%pg§ition), or the like. Also,
Japanese Pat entFulthyi, tigerOpeg bhla. ca@O0ier2 aGhip-ypeo plestesnia compdredt aich aemnt ti ng a
gas conponent contained in a fluid resin out of a moJd for nmolding a resin
made of a lpBrBipdmeRited pap lesa\Tang. a rrineddoardyen thedirg(hereinaiistiveiteng hol e,

t hrough t | €Ak i Le ip Figs. 1 and 2).
15" Posever el AN bt T RR6E o1k ARHC B b BRY5 RerpBRHbE S0 2 Anese
Pat erd  Layhfgnf@eteriiic ARP4or Sffbid, QR cpa8LrefintiPuRaAE aBluiRGini NSkicgs. | and

2) has problens as described below. Firstly, when the nold is nmade of a
convent i orth filetvesarsathe nzold surdaer @ wiethod of forkehgyon the meld sirfacs aa ingxiganisur f ace.

For thi . I f houl .d be cl d, 20 iodically t |1
[he cur od TEER o lieh BABGHE tRAGE I ERGHBGe f FORKDIG. sl e Mot ooy o,
the cured B g il | .

oquired (o anaga s codod BAM ahforee AR M vl R BBl SRt IRF AR T 2"

| ar ger andeki@snce sachmy CE ati€dorsCiNGytieuns off platisl, VDRt sichievapard surface is
coated with an organic naterial such as 25 polytetrafluoroethyl ene or
silitdne ridnesition} ko5 (SheaintlcVaner Blepegidorar er thelkikey to be worn by a filler

g?g;ﬁ: ned Tn thed ! iabehesE BidBhe LA Ho2OBETNo. J00s%2587) bl Ssbists & Rettdd Jrhese

emitting a gas component contained in a fluid resin out of a mold for molding a resin
made of a porous material having a three-dimensional communicating hole, through the
communicating hole (on page 5 to page 6, and in Figs. 1 and 2).

15 However, the conventional technique described in the foregoing Japanese Patent
Laying-Open No. 2004-25677 (on page 5 to page 6, and in Figs. 1 and 2) has problems
as described below.

Firstly, when the mold is made of a conventional material, a cured resin is likely
to stick to a mold surface. | For this reason, the mold surface should be cleaned

20 periodically to allow the cured resin to be always easily removed from the mold.
Therefore, frequent maintenance is required.

Secondly, numerous eject mechanisms are required to remove a molded body
from the mold. Thus, the mold becomes larger and has a complicated structure.
Thirdly, when the mold surface is coated with an organic material such as

25 polytetrafluoroethylene or silicone rubber, these organic materials are likely to be worn
by a filler contained in the fluid resin.  Therefore, it is difficult to use these organic
materials singly as a material for reforming the mold surface.

Fourthly, when the mold surface is coated with an inorganic material with high
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materials singly as a material for reformng the nold surface. Fourthly,
when the nold surface is coated with an inorganic material with high 2
characteristic between the nold surface and the fluid resin. A second
process is a process in which an am ne-based curing agent contained in a
fluid resin made of a thernosetting resin plays a role in the sticking of a
cured resin to a nold surface. In this process, the am ne-based curing
agent reacts with a hydroxyl 5 group in the surface of an oxide |ayer to
forman am ne conplex. Thereafter, curing of the thernosetting resin on the
surface of the oxide progresses due to the presence of the am ne conplex.

As a resul hardhBg Qxdidey 1h%¥eﬂ¥ rs%@ém h?uéb*h%rdfoﬁﬁ ok NI ?e?%a&htbr Yoveh 1R
toget her via the am ne conple I'n the two’ processes$ descri ed ab ove a

change occunsdiresin addeths aiuild sur;?acbat inaeficiedtbetduse these thorgsinmanedals ke nool d

surface, re gengral ly speaking, an, adhesi on property betmeen t he cured
resin andn%ﬁ%e & Sptheient ngp-veetHRg B actoristia WithFesRest toralyig resyt  (gthepHgige i n

the adnes 96 REARSE e eSS hRONP BoRASRLAI], L 1B oPUILARE Quanness

is involv m cal e ab ove

change theriia@erlafﬁexdénéﬁﬁm&lda@aﬁlit?hdﬂxatrisbvi‘r hat hydrogen bond is involved in the
change. However, a nethod 15 of strictly evaluating an adhesi on property

bet ween a cured Fmébermoaﬁdh@rh@s @mmre@ﬁluag frommibe fach shat aovethebofl ' est abl i shed
ye Ther el BB L onal pR hod o evaluatl no an acheconee
Ve St 5 s g, OB PGl TEBUbRERICD L1
(page 3 to prgidge, 4o fratessds a@nmmmtpr&esshapﬁn&gbwﬁmhmrttw@smgnﬂmam aNo.
2004- 1205677 ngoqc?gtfrfa%etwcl)ll nowgb% d6escr1|l:)|egs' | and 2) Disclosure of the Invention
A first process is a process in which a silane coupling agent contained in a fluid
resin made of a thermosetting resin plays a role in the sticking of a cured resin to a mold
surface. The silane coupling agent is added to the thermosetting resin. The silane
coupling agent contains an alkoxy group (alkoxyl group). The alkoxy group reacts
15 with a hydroxyl group existing in the surface of a filler. Thereby, an alcohol is
produced, and the alkoxy group is chemically absorbed into the surface of the filler.
Therefore, an absorption layer is formed in the surface of the filler. Asaresult, a
wetting characteristic between the filler and the fluid resin is enhanced due to the
absorption layer. | |
20 The chemical absorption described above occurs not only in the surface of the
filler but also in the surface of an oxide layer of the mold surface. In this case, firstly,
moisture in the air is absorbed into the surface of the oxide layer existing in the mold
surface, and thus a hydroxyl group is formed in the surface of the oxide layer. Next,
the hydroxyl group reacts with an alkoxy group, and thus an absorption layer is formed
25 in the surface of the oxide layer. As a result, a wetting characteristic between the mold
surface and the fluid resin is enhanced. Next, the thermosetting resin constituting the

fluid resin is heated to form a cured resin.  In this occasion, the sticking strength

between the mold surface and the cured resin is increased due to the enhanced wetting
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- 25 Problens to be Solved by the Invention The present invention has been
made in view of the aforenentioned problens, and one object of the present
invention is to provide a nmethod of eval uating an adhesi on property between
an. organi c substance and a surface of a nenber, Another object of 4 the
present invention is to provide a | ow adhesion material. having a | ow
adhesion property with respect to an organic substance. Still another

obj ect of the present invention is to provide a nold for nolding a resin
havi ng excellent releasability, Means for Solving the Problens 5 A nethod
of eval uating an adhesi on property of the present invention is a method of

eval uat i ngclamnacasHeis betveps granbdly soghyeed thalodgads.c substance and a surface
of a nmenber having an oxide therein. In the nethod of eval uating an adhesion

property of theApeeEirosasy i Proaessan whichan emife-kased gyringrapent ¢antaierdeinni ned

based on a_,val ence of tal cation ositiyv tal i9n) cqontaiped in
Che oxi de ARRE it of a eBostia ARa R S Folked Pha om0 R ke SR ek EY,)
contai ned h o \Quraeb.degn tﬁi@%r&&@s,%ﬁ@‘&‘rﬁiﬂ@%awd%ﬁhgngdt%ea%’t’s&bﬁ'@ﬁ% didagled on the
value of the field strength. According to this hethod, the adhesion
propebty betonpémtheserfaregamnoxsledsyenne foranah dniive somplage Theredfeernamngrofcan be
eval uated gppropriately.. Further, a | ow adhesion material of the sent

ther géﬁ?"ﬁed by

i nvention f g fesinRn thy surfaceepfjhg oradeprogresses due to Hgetfare

t he met hod ti Si %ﬁﬁ i:1hin a

pr edet er m %@gjer%éﬁl gﬁ Tﬁggﬁg%j?%%%e@?%%ﬁ%%e? Ia h%@gg%&gﬁ%%gglégd val ue
of adhesi omgetheenigtihe M)juhbcbmp}@gpt to a predeterm ned substance can be
obtained. In the | owadhesion materi al descri bed above, it is desirable that

the val ence of [phetwe preaeaies dascribad ovigot change oetvaminTelegybilishhetwgen ubst ance
JERE AN T T TR RERT R
an excel | epévRENERI ARedteQR 8hd theCRFaB oM PInBhBdN e A sfa0fhyRichl 3Ror of the
change in the adhesion property, there is known a possibility that surface roughness is
involved in the change. Further, as a chemical factor of the above change, there is
known a possibility that hydrogen bond is involved in the change. However, a method
15 of strictly evaluating an adhesion property between a cured resin and the surface of a
member has not been established yet. Therefore, in a conventional method of
evaluating an adhesion property, samples of a plurality of oxides should be prepared and
tested individually, and thus there is a problem that the method requires much time and
effort.
20 Patent Document 1: Japanese Patent Laying-Open No. 07-329099 (page 3 to
page 4) |
Patent Document 2: Japanese Patent Laying-Open No. 2004-25677 (page 5 to
page 6, Figs. 1 and 2)
Disclosure of the Invention
25 Problems to be Solved by the Invention
The present invention has been made in view of the aforementioned problems,
and one object of the present invention is to provide a method of evaluating an adhesion

property between an organic substance and a surface of a member.  Another object of
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period of tinme. In the | ow adhesion material described above, it is
desirable that the ion includes 25 an oxygen ion, and the predeterm ned
range is not less than 0. 5 0 and not nore than 0. 6 5. This can suppress
firmsticking of the oxide and a thernosetting resin. Further, in the

| ow- adhesi on material described above, it is desirable that the oxide is a
_porous material. Thereby, weight reduction in the | ow adhesion material can
5 be achieved, In the | owadhesion material described above, it is desirable
that the oxide includes Y203. Thereby, the | ow adhesion material can
readily be avail able, and cost reduction in the | ow adhesion material can

be achi eveghe phesbniaidhtibRis tareNilg 2 fovr-R8hd¥iod mitbeal Paeing AtlowRMBGidON has a
mol d surface made of the | ow adhesion material descri bed above. The nol d

surface of propertyrpiit réspectrtoladionganicasubstgnee. hasillexothet ebjectradltheprebénti ty with

respect to.a resi.n, In the lLd for. molding,a.resin.described above, it is
ool T abl o EReitoRE i aPuiES i Tor Bolaieia Tebl nhuRE FeetER ElegB it 5 Ther coy,

t he excell g/fga gﬂnegjma Qﬁﬁ?%ﬁl)émgesc” bed 10 above can be nmintained for a
01!1 Ert er,

| ong perio time. I'n the nold for nolding a resin described
aboved it is desimethbdof Katuatihg an adhesionproystery cfnhopregan inventiomisd t he
predeterm ned range is not |l ess than 0. 50 and not . nore than 0, 65, Thereby,
firm stickigtodol eruatingge adhesiampropersy betwaen HoiEans seksage and A guEates

rel easabi | | en.the np surface..and th red.resin n further be 15
rorovad | P EREPERRRiRRR R R IR REeh0F E AR RbE Rh AL Ve T Pe
desirabl e pRkrty BRthePrésaRt ihPerfioROL PihFe HRAGA btidnpth R YeRiPMined bARR GrfrPONent
contained inthe fluid resinis emtted from nunerous holes, and thus

f or mat i on wdlermwevdiadndtal catior{adeditivedyetaaon)wentaged pr deseide dadranhieninwadiys t he
nol dgg body_can ?,e ej.ect ed fr?mthe nmold for nolding a 20 resin by the

eni s3fon off #1 igA Uprludiag the mael cation) santaigedhindhe pride.And the adhesioBATRYi n t he

is evaluated based on the value of the field strength. According to this method, the
adhesion property between the organic substance and the surface of the member can be
evaluated appropriately.
Further, a low-adhesion material of the present invention is a material having a
15 value of field strength determined by the method of evaluating an adhesion property
described above within a predetermined range. Thus, a low-adhesion material having a
desired value of adhesion strength with respect to a predetermined substance can be
obtained.
In the low-adhesion material described above, it is desirable that the valence of
20 the metal cation is not less than 3. Thereby, a substance hard to absorb water, carbon
dioxide, or the like in the air, that is, a chemically stabie substance, is used as the oxide
described above, and thus an excellent adhesion property can be maintained for a long
period of time.
In the low-adhesion material described above, it is desirable that the ion includes
25 an oxygen ion, and the predetermined range is not less than 0.50 and not more than 0.65.
This can suppress firm sticking of the oxide and a thermosetting resin.
Further, in the iow-adhesion material described above, it is desirable that the

oxide is a porous maierial. Thereby, weight reduction in the low-adhesion material can
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nmol d surface. In addition, weight reduction in the nold for nolding a resin
can be achieved. In the nold for nolding a resin described above, it is
desirabl e that the oxide includes Y203. Thereby, cost reduction in the nold
for nolding a resin can be 25 achieved. The foregoi ng and ot her objects,
features, aspects and advantages of the present invention will becone
apparent fromthe followi ng detailed description of the present invention
when taken in conjunction with the acconpanying drawi ngs. 6 Bri ef
Description of the Drawings Fig. 1 illustrates a nethod of evaluating an
adhesion property of a nold for nolding a resinin a first enbodi nent,
show ng rebaidhivedi p between field strength and adhesion strength (adhesion
property). 5 Fig, 2 is a cross sectional view showing a nold for nolding a
resin in a secohdthe énedhasiontmatpiig) degeribsd abasiepis ds drsirablo that thﬂ exidshowi ng a

nol d for re n nodi.ficatiaon an.e a ed cross
sect i onal ]gﬁfsgﬁg% S‘th”f?i? ptﬁg;(q%aflges&n rﬁatﬁ%arld’ag‘i‘@ﬁgﬂﬁ? ayadal Y for
mol di ng a fe%ﬁét(bn'ﬁtl%lbw aﬁeﬁgp%&ﬁn&m@&m&eds an enl arged cross sectional
vi ew showi ng the proximt 15 surtace of a nold for nolding a

resi ndin a nodi Ajmdﬁlfmnold%smrremptdf thre m‘bsmhmva&foarlfmaencﬁd gmsfadb ma&d® afpper
nold (nold ding a resjn), 2l ower nold, terial  wth

r el easabi | F}’Fﬁo‘(’l‘aé sigfesier# deadribied abgve. 4r]3’§|1?91 Erps e lda‘le’ém%ng 6 ol d
surface (SEFJSQFI@S ’exc?e?lgm‘refe%agiht)gwﬁﬁ'IQSpgct%raq‘eém.l ml d main body,

In the mold for molding a resin described above, it is desirable that the valence of

the metal cation is not less than 3. Thereby, the excellent adhesion property described -
10 above can be maintained for a long period of time.

Further, in the mold for molding a resin described above, it is desirable that the
ion includes an oxygen ion, and the predetermined range is not less than 0.50 and not
more than 0.65. Thereby, firm sticking of the oxide and the resin can bé suppressed,
and thus releasability between the mold surface and the cured resin can further be

15 improved.

Further, in the mold for molding a resin described above, it is desirable that the
oxide is a porous material. Thereby, a gas component contained in the fluid resin is
emitted from numerous holes, and thus formation of a void in a molded body can be
suppressed. Furthermore, the molded body can be ejected from the mold for molding a

20 resin by the emission of high-pressure gas such as compression air from openjngé in the
mold surface. In addition, weight reduction in the mold for molding a resin can be
achieved.

In the mold for molding a resin described above, it is desirable that the oxide
includes Y>0s. Thereby, cost reduction in the mold for molding a resin can be

25 achieved.

The foregoing and other objects, features, aspects and advantages of the present

invention will become apparent from the following detailed description of the present

invention when taken in conjunction with the accompanying drawings.
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12 nol d-rel easing |ayer, 13, 17 | ow adhesion material, 14base material, 15
communi cati ng hol e, 16opening, 18 conductive | ayer. Best Mdes for Carrying
Qut the Invention 20 First Enbodinment First' referring to Fig. 1,

expl anation will be given on a nethod of evaluating 1Yl an adhesion
property between an organi c substance and a surface of a nmenber as well as

a |l owadhesion material in a first enbodinment. Fig. | shows an adhesi on
property of a cured resin nade of an organic substance. In Fig. 1, a

hori zontal axis represents 25 magnitude of field strength. It is to be noted
"that an oxide is contained in the surface of a portion of the nmenber to be
eval uat ed BvidfiDavBHBHeR of it Drdmbs conmes into contact. The oxide contains a
metal cation and an ion. The field strength shown in Fig, | is a value

cal cul at ed basédug.dnillustres¢semmethofl of kealFatimgtaaladhesianoproperty ef # maidior of t he ion.
In Fig. 1, vertical axi ogarithmuc. scal e) ..represents nagnjtude of
adhesi on é?&@ﬁ%taﬁ?smfﬁ’ea ﬁ@ﬁ%&’%‘ﬂ“@% SPRRS Féﬁtﬁnﬁ%‘ﬁi’ﬁ?wn%f%re%# hesi on
strength neen : J d the surface of the nenber. The val ue of
the fiel db‘gPrengtt{]eBgtgc(gg clt?lrn tg@e sed on an expression z+/(r++r_)2 as 5
showb in Fig. TFiglhistahirsssaxgiomabview shawingemmeld €ot molkding a@kianc e sefonddhe net al
cation, r+ represents an ionic radius (unit: A) of the netal cation, and r_
repr esent smbedingdt.c radi us (unit: A) of an anion (specifically, an oxygen

ion). It is tohe paoted that, other than the  ,expression described above,
t he expression Pfq%'rﬂéglcéﬁﬁséf?t}%la{stwfsf‘%mgftrp%;ﬂg? hmﬂgilngoaeregﬁﬁn &xpr essi on
based on anvafiemes z of the netal cation and an ionic radius r, such as z/r.

10 The adhesion strength is nmeasured by an experinent which will be
descri bed Fig. 4 is an enlarged cross sectional view showing the proximity of a mold

10 surface of a mold for molding a resin in a third embodiment.
Fig. 5 is an enlarged cross sectional view showing the proximity of a mold
surface of a mold for molding a resin in a modification.
Description of the Reference Signs
1, 10 upper mold (mold for molding a resin), 2 lowermold, 3 material
15 with high releasability (low-adhesion material), 4 resin flow channel, 5 cavity, 6
mold surface (surface), 7 substrate, 8 chip, 9 wire, 11 mold main body,
12 mold-releasing layer, 13, 17 low-adhesion material, 14 base material, 15
communicating hole, 16 opening, 18 conductive layer.
Best Modes for Carrying Out the Invention
20 First Embodiment
Firstly, referring to Fig. 1, explanation will be given on a method of evaluaiing
an adhesion property between an organic substance and a surface of a member as well as
a low-adhesion material in a first embodiment. Fig. 1 shows an adhesion property of a
cured resin made of an organic substance. InFig. 1, a horizontal axis represents
25 magnitude of field strength. It is to be noted that an oxide is contained in the surface
of a portion of the member to be evaluated with which a fluid resin comes into contact.
The oxide contains a metal cation and an ion.

The field strength shown in Fig. 1 is a value calculated based on a valence of the
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below. Firstly, a cylinder-shaped oxi de having an outer dianmeter of ~ 13 ,
585 mmis prepared. Next, an end surface of the oxide is mrror polished.
Thereafter, the oxide is fit into a pot (13.6 mm of a nold for nolding a
resin. Next, an epoxy-based solid 15 resin material is fit into the pot, and
then the nold for nolding a resin is closed. Next, the solid resin material
is heated at a predeterm ned tenperature under a predeterm ned pressure (10
MPa). As a result, the solid resin material is-nelted. Thereafter, the
melted solid resin material is cured. The cured resin is thus obtained

t hrough the process as described above. 20 Next, a tensile test is

performed msabcaiioh dedla bailys dfthavine h I By ¢ U eeitasikin (Rgarithttiesqld)de stick
together. Further, a tensile |oad when an interface between the cured resin
and t he oxicHeEs¢ismpemnds opadhesion strengihyi Theladhesignsirergh seempamzgd wlesa of t he
interface t al.cul at e adhesi on strength between the cured resin and the

oxi de. Fi gc.’foaf{ﬁfﬁl%ﬁ Sérfflgﬁ %ﬁt%ﬁ?ﬁgﬁ C'ﬁrgﬁ\xgsélhaqcﬁ%eﬁ“g?c& Ogtﬂi“eglﬁaqlhercal cul ated using
the above 25 expheshiosr B Hell RecRHh aStnlaéd B304 Bn AR eRpraftbd r(eHaly 4she above
experinment for each of four kinds of oxides, that is, 4YSZ _

(Yttrda- St gioiiniia Egg. Zi r Cothisdxprekdinn, 3. rypesntsahd vae2@f thémetat catppay i.son, Fi g.

| also plots relationship between field strength and adhesi on strength of
mirror pol feBIREENt BRIonG(Tadps ?@@D‘f\iff thegmotal cafigRcand g regretents P IOHG BAMNd a
val ue of . ORI I - A5y B i opl ey, t a
val ence o?{?l gl trr& gﬁni%ft“?% Sg%ﬁlﬁ gg\zlaéll u %Iffogﬁ ﬁéﬁ%@a@?ﬁ?hg%gt%gg%aﬁe

respect i vetipreskioh dbgribedattdlecthe @xplesdo o ahlcglatin®@hedielll Areviglhugaybe an i oni ¢
radius for Fe2C3 are used as a valence of a netal cation and a value of an

i oni ¢ radi erprgssion sped onla valance aof st inetel satiopaodrar imiq wdivs r, schanerabove
i ISR 2 st e e e e R o
It is to bggmeted that the adhesion strength shown in Fig. 1 represents
Firstly, a cylinder-shaped oxide having an outer diameter of $13.585 mm is _
prepared. Next, an end surface of the oxide is mirror polished. Thereafter, the oxide
is fit into a pot (¢13.6 mm) of a mold for molding a resin. Next, an epoxy-based solid
15 resin material is fit into the pot, and then the mold for molding a resin is closed. Next,
the solid resin material is heated at a predetermined temperature under a predetermined
pressure (10 MPa).  As a result, the solid resin material is melted. Thereafter, the
melted solid resin material is cured. The cured resin is thus obtained through the
process as described above.
20 Next, a tensile test is performed on a molded body in which the cured resin and
the oxide stick together. Further, a tensile load when an interface between the cured
resin and the oxide has been separated is divided by a cross sectional area of the
interface to calculate adhesion strength between the cured resin and the oxide.
Fig. 1 plots relationship between the field strength calculated using the above
25 expression and the adhesion strength obtained through the above experiment for each of
four kinds of oxides, that is, 4YSZ (Yttria-Stabilized Zirconia), Al,03, Y20, and Sc,0s.
For comparison, Fig. 1 also plots relationship between field strength and

adhesion strength of mirror polished tool steel (SKD-11).
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adhesi on strength (adhesion property) between the cured resin (thernosetting
resin) and 10 the surface of a nenber in a case where the oxide descri bed
above exists in the surface of the nenber. Further, it is found fromFig. |
that, when an oxide existing in the surface of a nenber has a value of the
field strength within a predeterm ned range, the adhesion strength between
the cured resin and the surface of the nenber is |low The reason is 15
attributable to the fact that will be described bel ow. Wen the value of the
field strength is within a predeterm ned range, noisture absorption to the
surface of the oxide, that is, to the surface of the nenber, is suppressed,

and thus for mat Aaleabe 6 Dyefab¥stionGnE Wpraivd oS Gy fadhs f@?@%rﬁesm ke is
suppressed. Thereby, reaction of the hydroxyl group and an al koxy goup is
20 suppr es$dstangecatp ubatpsa vebanee nfja otetal seticrdngta aluseafiadenie rdigufor 4¢8Zof t he

nmb d the. f Fur t t f b
agent and FRRECHYAY o bt obipiFee of g et E86en S AV R P RRGB e

t her noset t 50, LESisAd g@awtﬂ%n Wt A6& a0LatibRGnd B YREE of £n icRlRRNES BGISKHS 12

result, the oxide and the thernpsetting resin are suppressed from firmy
sti cang t mggdctieely. 25 Therefore, it is considered that, when it is necessary
to suppress the thernosetting resin fromstjcking to the surface of the

oxi de, that is, Frogpthg gesuiicad the akaye experimrat. 1t isdoyng téatﬂhgnea%www suppr ess

e or mat |40, 8 NERKIE KA 0 WAk BEPHE R B log tEndl! dsgofar (Nt

pur pose, | I'S necessar ecrease ren Site of

the metal @atigan doRb TbElﬁbteﬂghithﬁe @d@ie@@ntsﬁe@gﬂpﬂic&ﬁﬁmtmg 1aﬁpms@ﬁmon of
noi sture (the - formation of the hydroxyl group) with respect to the surface

of the oxi @Iiilesmm sttrﬁ@th (ddhesien pmc@:s)slmnyeetndhe eanad eesith@hermoséttipg ofsin) ad

hydr t he surf X urt her nor

consﬁgeratf é’trﬂ%rpnb%rm A GRset 81‘3 Cﬁé&l“ﬂ‘l ed aF?We?’ﬁstigltg?iS‘é'ﬁacfo 5 the
surface of Ofﬂﬁgn%bgﬁ, that is, the surface of the nenber, leads to

eval uati on of an adhesion property between the cured resin and the oxide.
Therefore, it iBuntlomsi defoeot from Fig. 1 that, when an oxide existing in the surface of a

member has a value of the field strength within a predetermined range, the adhesion
strength between the cured resin and the surface of the member is low. The reason is
15 attributable to the fact that will be described below.

When the value of the field strength is within a predetermined range, moisture
absor'ptioﬁ to the surface of the oxide, that is, to the surface of the member, is
suppressed, and thus formation of a hydroxyl group in the surface of the member is
suppressed. Thereby, reaction of the hydroxyl group and an alkoxy group is

20 suppressed, reducing a wetting characteristic between the surface of the member and the
fluid resin.  Further, reaction of an amine-based curing agent and the hydroxyl group is
suppressed, and thus curing of the thermosetting resin on the surface of the member is
suppressed.  As a result, the oxide and the thermosetting resin are suppressed from
firmly sticking together.

25 Therefore, it is considered that, when it is necessary to suppress the
thermosetting resin from sticking to the surface of the oxide, that is, the surface of the
member, it is satisfactory to suppress the formation of the hydroxyl group in the surface

of the oxide. For that purpose, it is necessary to decrease the strength of Lewis acid
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that the adhesion property between the cured resin and the oxide fornmed in
the surface of the nenber can be eval uated based on the rel ati onshi p shown
in Fig. 1, by neans of a nethod which will be described bel ow. Note that,
in the description below, the 10 adhesion property, that is, releasability
between the cured resin and the nold surface of the nold for nolding a
resin is evaluated. Firstly, a value of adhesion strength (adhesion
property) for achieving required releasability, that is, an upper limt

val ue of the adhesion strength, is predeterm ned. Next, based on a curve
representing the relationship obtained fromthe result of the 15 experi nent

shown in Fiig ofthe Refabfi@®nQbndtitedif tht bRRIGL seHrERSROMALAGIch @ histuRNEe | i m t
val ue of the adhesion strength is deternmned as a range of a reference value
for conpafirmaion ofehe hydrheyligrein véthrrespachtaothe shdacexif dee exidbe Bythendtisd i s

cal cul ated, and the  calcul ated | ye,is conmpared with the ra of. the
"ot or ence. VRHRUENH Grreskimst 105 ofde WiioaulifoRs forDerin fisdires Be aKEE of ¢ he
freld strength EaidBidl LRRict A% Antie of REheBhRd 7l R B'gigepar i son.
the oxi de can be evaluated to have the required releasability. nthis

eval uét i ontheisorfavece thd oxidd)tthwit s, tiesuiface bf the nieedteadeddslto tyaludtiom offaper i mit
val ue of the adhesion strength is set at 2 MPa. Further, it can be seen from
Fig. 1 thatdhepipe properiz between the qusediresinrand ghenode. r eElissefarand it ecnsferetinesi on

h I NPa, i imately in a f |
han 0,50 DRBERSEAGr PRt heen BraBRo3E Rt pitsTsROER o8¢ e’ °°
conpar i songPthe irttgnblt @lnthesdvhRBgtbaiedl ctethe rahiRdhib@nd&n Mokl €Sy MbaRk of@. 50 and

not nore than 0.65. Therefore, as for an oxide other than the oxi des shown
in Fig. 1,nethod vduthowllidreattsaribled delofv. i tNoteithstdn he dasgtiptiandbelaw atheange of not

| ess .than 0,50 and not nore fhan.0.65 the oxide i.s eyaluated to have the
oquitPed r BitESeR BroReRy. thitis.raleaebiRy Refiiees Teveschieri oY Fis ol Shtctnas. h gh
rel easabi | ie¥molll Wm&lﬂmg"é(‘}gﬁﬂ?srevﬁfua&‘a? the oxide is a |ow adhesion
material, can be determned only by cal cul ati on without performng an

experi nment, basEuisthna valuentadlesionntengihi{alhesioh poperty)ofor achiestiad regatredn and

ionic radius r ., of _an oxygen jon. Further, whether or_ not an oxide has high
rel easabi | fq?gﬁs%bélﬁydpggs,@@yu%per limit value of the adhesion strength, is predeterrr?med. g

Next, based on a curve representing the relationship obtained from the result of the
15 experiment shown in Fig, Il, a range of field strength corresponding to the upper limit
value of the adhesion strength is determined as a range of a reference value for
comparison. 'Next, the field strénéth of the oxide to be evaluated is calculated, and the
calculated value is compared with the range of the reference value for comparison. As
a result, if the calculated value of the field strength is within the range of the reference
20 value for comparison, the oxide can be evéluated to have the required releasability.
In this evaluation, in order to obtain the required releasability, the upper limit
value of the adhesion strength is set at 2 MPa. Further, it can be seen from Fig. 1 that
the value of the field strength corresponding to the adhesion strength of not more than 2
MPa is approximately in a range of not less than 0.50 and not more than 0.65. Thus,
25 the reference value for comparison of the field strength is determined to be not less than
0.50 and not more than 0.65. Therefore, as for an oxide other than the oxides shown
in Fig, 1, if a calculated value of its field strength is in a range of not less than 0.50 and

not more than 0.65, the oxide is evaluated to have the required releasability. In this
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5 determ ned only by cal cul ati on based on valence z and ionic radius r of a
nmetal cation. As a result of the above evaluation nethod, it is preferable
to use an oxide having field strength within the range of the reference .
val ue for conparison described above and having a valence of a netal cation
contained therein of not less than 3, because, if the valence of the netal
cation is not less than 3, the oxide is a substance 10 hard to absorb water
or carbon dioxide in the air, that is, a chemcally stable substance.
Therefore, it becones easier to select an oxide having durability as a

| ow- adhesion material formng at |east the nold surface or the entire nold

for mol di nghafindreFhétherdiones oxile BF hiBR rélesbilityOfhat Rl GHbtAEA d¥ohok Mg yalises of
the field strength in a plurality of oxides, it has been found that there
exi st oxi des lnwvidhgsiohmaftariel, darsbe detginhined Snlywioy lkaloulatien withge peffonpinglasss t han

0.50 and not nore har& 0. 65, such as Y20 (0.(38), %2031%56. , gnQOS
(0.55), EU%’S@“(QS’%%’?SF NFSIER Zo)d 109G IpEUY Ty O gymetay fatip: Onzcd.a ‘5 I Not e
that the n i b LS .r ; : of the
el d ot oSPREElh ) EORNEAGERBIAES| fof SROERANS hich ERIGUIR) Bih HRIME OF 05,
Er 2035 or Ya2@dnedory b Qalomkisn bdsed on valegcd handniohid rading acfa meial tdtem, t aki ng

availability, cost, and the like into consideration in addition to a | ow
adhesi on pr oper 2 regaizofithe ahnye eyplertionipeBodsit i§ prefgrabledn aise amordeerial . On

the oth ad, i th | f the field.st t h ,of i de i t inth
range of bhas feld storteel SR pint of i tHcE Vg o1 olPalha S B ing not
nore than Qb(ﬁ@anﬁ*hﬁvilngﬁ v@%h%ﬁaﬁm@ﬁﬂ?itféﬁrc%ﬁtaﬁﬁd mééreiaréph@ﬂ%ésach@n gs a

| ow adhesion material formng the nold surface, due to the reasons which

will be debewrikpd thevdwcerifitist ingtal odtion it het lessehah % theojdhisaf substancd de i s
wat ooy c B abpXGR RETIOR cHTBN SHSA SR BBER G SEne LA AR SHEBBduced by
R R L L b
its material forming at least the mold surface or the entire mold for molding a resin,
Further, from the result of calculating the values of the field strength in a
plurality of oxides, it has been found that there exist oxides having the field strength
15 within the range of not less than 0.50 and not more than 0.65, such as Y>05 (0.58),
Gdy0; (0.56), Smy0s (0.55), Eua0s (0.55), EryO5 (0.58), Yb,0; (0.59), and LuyOs
(0.60). Note that the number within the parenthesis represents a calculated value of
the field strength.
Of the oxides described above, it is preferable to use Y>0s, Er205, or Yb;0;5 25 2
20 material forming the mold surface. Further, taking availability, cost, and the like into
consideration in addition to a low adhesion property, Y20s is most preferable as a low-
adhesion material.
On the other hand, if the value of the field strength of an oxide is not in the range
of the reference value for comparison of not less than 0.50 and not more than 0.65, the
25 oxide is considered as not appropriate as a low-adhesion material forming the mold
surface, due to the reasons which will be described below.
Firstly, when the field strength of an oxide is less than 0.50, the oxide existing in

the mold surface is likely to absorb water or carbon dioxide in the air. A hydrate or a
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structure. Further, since a reaction due to a silane coupling agent or an

am ne-based curing agent occurs in the surface of the hydrate, the sticking
of the thernosetting resin 5 to the nold surface is significantly enhanced. -
Secondly, when the field strength of an oxide is nore than 0.65, bond
between a cation contained in the oxide existing in the nold surface and a
hydr oxyl group beconmes firner, and the bond site has a higher density.
Therefore, the sticking of the thernosetting resin to the nold surface due
to a silane coupling agent or an am ne-based 10 curing agent is further
enhanced. Next, explanation will be given on a nethod of manufacturing a

| ow adhesi @fhonfRiBEMRed b) alrBR B S Rl FRE or datdcaldidddPRWEe OF a
predet ermi ned oxi de, for exanple powder of Y203 is prepared as a naterial.
Next, the Trevafere, dfie ti28 absverebdmd, ibdames diffiedefceitin oade talfmaptas g8r e, usi ng
a nold. If a nold _in_an appropriate shape. is ungd inthis stegq,zga |.ow

Pe€. !
adhesi on ridREMrS| FRIthepginge @SFAckoR dpBFQ # silAng SPURIES G8eRL Y 2 3ming-Based £ ow

channel ang . i i - j Dby Fig. 2)
s manut acti Bkt BB IR & oo AEFEME S T nF kALY I D,
usi ng5 Cl P tc@hd sholdsdustaad Isaightfieastlyngthancedlhen, the Y203 nol ded by pressure is
sintered at a predeterm ned tenperature for a 20 predeterm ned period of

ti me. Thereby, Secendiy.cwbsn thefipdctrengthofian exidgds mop3han0 6dhadheivedid t her, a

b d t er.i al ) int d. ) Sj P H P
(ot 1 soot GpEeofBbef e CrRe Rt BRE Rk nattPL PR e 08l 800 Beols br nea
material . fdnichQindihd Bshd R8s @highbeddnSier eNepefbRY tHeQMBRE 0theof the field
strength i's 25 determined to be not |ess than 0.50 and not nore than 0.65 in

t he above tesmseting oesin tathe maldimgéceilue hea silshe cengingwgenter fapangoerpaseidson may
be cmnged depending.on such as the application of the | ow adhesion
matetPal oMrPRASEHAT MEther $0enedot the cured resin. Further, the nethod of

eval uating an adRastQiaifioR&iil ¥e billed S a MeARRIVE RARRLHIRE' 18RYadhtsion

material in the present embodiment.
.Firstly, powder of a predetermined oxide, for example powder of Y,Oj; is
prepared as a material. Next, the powder of Y05 is molded under a predetermined
15  pressure, using a mold. If a mold in an appropriate shape is used in this step, a low-
adhesion material having a concave portion corresponding to a resin flow channel and a
cavity (see a resin flow channel 4 and a cavity 5 in Fig. 2) is manufactured. Next, the
molded Y>0; (a mixture) is molded by pressure, using CIP (Cold Isostatic Pressing).
Then, the Y,0; molded by pressure is sintered at a predetermined temperature for a
20 predetermined period of time. Thereby, a sintered compact of the oxide Y205 is
obtained. Further, a burned material may be sintered by pressure, using HP (Hot
Press) or HIP (Hot Isostatic Pressing), in order to enhance relative density of the burned
material.
Although the range of the reference for comparison of the field strength is
25 determined to be not less than 0.50 and not more than 0.65 in the above description, this
range of the reference value for comparison may be changed depending on such as the
application of the low-adhesion material or the characteristic of the cured resin.

Further, the method of evaluating an adhesion property in the present embodiment may
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be used to eval uate an adhesi on property between an organi ¢ substance ot her
than a cured resin and a surface of a nenber. Second Enbodi ment Next,
referring to Figs. 2 and 3, a nold for nolding a resin in an enbodi nent of

5 the present invention will be described. Figs. 2 and 3 are cross sectional
views showng a nold for nolding a resin in the present enbodinent and its
nodi fication, respectively, both of which are exaggerated for ease of
illustration. In the present embodi ment, as an exanple of resin nolding,
explanation will be given on transfer nnlding for sealing a chip nounted on
a substrate with a resin. 10 In this sealing with a resin, firstly, a wred

chipis a &H?Fcﬁa ik daadiRY EE}S ftHZ)btﬁ ér?ie ?I g‘cﬁué@h‘b&aﬁée%ﬁg thhilg cavity is

filled W|t resin. resin is cured to forma

cured reS|amred%smahé&tshtfaceaoﬂmheiﬁbierbody (package) having a substrate and
the cured resin_is conpleted. As shown in. Fig. 2, the nold for nolding a
resin in the pr@éh@Emb@dm%nt 15 incl udes an upper nold 1 and a | ower nold

2. Upper nold cqorres s to a.resin resent
Civention Uppe i ang & Figf ot RanoldfSf malise 4 Hstif h ePuodmeibet | ¢ 3
made 5>f t hge bféééxﬁ%\%ﬁh@ﬁ‘uf@&@&és@hbe@x'ﬁ’g?s) 2@hd BNge %@@@eﬁoﬁawi%wslsﬁmngpper
nol d is provided with a resin flow channel 4 through which the fluid
resin (notamhbivfny rrfoldmga ranﬂnahecmsetny embodiniet 4nd itsedodificdionheespdctivelyr esi n.
“Cavity 5 nd % SI n flow c nnel @lﬁ”s“ t ut concave tion

surface of Ghe W%’W&E?féﬁe ongfge of diystration. ofn r?sﬁn%e‘@g’rérflﬁtu?% a nol d

f 6 t N
o1 al ik PRt ey ekt SR P ATES AU AR RLI R R |
ot her handchqbﬁm&ﬁtemhd substeaté odthadedh. such as tooI steel, A substrate 7 25

including a lead franme, a printed _board, or the like is pI aced gn | ower nold
2. AlBhip 8 is indhistsealingwidhmissinafiestly, a wirgd chipds aqcemmodatgr iy a 6a¥itect s an

gl ectrode 1(1938} WSLH (t)hvgll)noft):lfcloseal,bﬁg E%Fltey 18 ﬁﬁ‘g&j with aeﬁu?cf: }erél(rjl.deT Qr%gﬁesrp &Wﬁuﬁ) f chip

resin is cured to form a cured resin.  As a result, a molded body (package) having a
substrate and the cured resin is completed.
As shown in Fig. 2, the mold for molding a resin in the present embodiment
15 includes an upper mold 1 and a lower mold 2. Upper mold 1 corresponds to the mold
for molding a resin in the present invention. Upper mold 1 is formed of a material with
high releasability 3 made of the low-adhesion material (oxide) of the present invention,
Upper mold 1 is provided with a resin flow channel 4 through which the fluid
resin (not shown) flows, and a cavity 35 to be filled with the fluid resin. Cavity 5 and
20 resin flow channel 4 constitute a concave portion. A surface of resin flow channel 4
and a surface of cavity 5 constitute a mold surface 6 with which the fluid resin comes
into contact. Specifically, material with high releasability 3 is exposed at mold surface
6.
On the other hand, lower mold 2 is formed of such as tool steel. A substrate 7
25 including a lead frame, a printed board, or the like is placed on lower mold 2. A chip 8
1s mounted on substrate 7. A wire 9 electrically connects an electrode (not shown) of
substrate 7 and an electrode (not shown) of chip 8.

Next, explanation will be given on operation of the mold for molding a resin

=13 -



Next, explanation will be given on operation of the nold for nolding a resin
=13 shown in Fig. 1 Firstly, substrate 7 is placed on |lower nold 2. Next,
substrate 7 is fixed to lower nold 2 by neans of absorption or the like.
Thereafter, upper nold 1 is |lowered, and thus closing of upper nold 1 and

|l ower nold 2 is conpleted. Next, the fluid resin 5 made of a thernosetting
resin and having a predeterm ned viscosity is pushed by a plunger (not
shown). Thereby, the fluid resin is injected into cavity 5 through resin

fl ow channel 4. Next, the fluid resin is heated by a heater (not shown)

provi ded for each of upper nold 1 and lower nold 2. As a result, the fluid
resin is cghoed.in Figeacured resin is thus 10 forned through the steps as
descri bed above. Next, upper nold | is raised, and thus openi ng of upper

mol d 1 and | oweFirsily] shbstrats 7domsbest elowEhewokh? t eNextasyhsirgled iphiseitr i s taken

out of the nold mol di n resin. ILnthe | d product uhstrate 7,
chip's, | angetplLboRRstich BaRonon 1 iy oHRe-etten frRehi | PRvkBiner 11
the mol d foi i dbdih 8 dift Mold" BRPINE AR 2 SRNHISRAT . NHRPEE R fhsih Whi Ch
15 cones into contac vvlpﬁjh% tr?e f?uid reesi nis formed of material vviSth hi gh
rel eaSabi | made & a tembeosefting resin mwik lzchingsd pradetertnsineédatisabaiy isipnshked oy 4 he fi r st
enbodi nent. Specifically, nold surface 6. 0f. u r nmold with whjch the
F10id 1 osi HUBSREROLSRRWTY o FRNEELY: B ABKigEn ioieREdaRoARViRY 2 HITpRgtesin

rel easabi | 44y . anngl ther, since material with high releasability 3 has
excellent releasability with respect to the cured resin, the nold for

nol ding a resinNNig, @ flulErepinas RédtedEiPORd AR Thottheosmh ptovided bl @chf eppat
mechani sm Furthernore, since material with high releasability 3 1s a
chemi cal | ymgldaling lewbsmaktd, As 2 eesult.nth Avidirasin és@std. enkhercarasareaibils thuy f or

Lon e el B 8 gk 8 b PN e e DSBS
5oL o S aSR o ARl SRS, IMARLSRLSec
Fur t her nor is takeheutrof e fnwold for molding a resin.  In the molded product, substrate 7, chip 8,
and wire 9 are sealed with the cured resin in a unified manner.
In the mold for molding a resin in the present embodiment, upper mold 1 which
15 comes into contact with the fluid resin is formed of material with high releasability 3
made of the low-adhesion material described in the first embodiment, Specifically,
mold surface 6 of upper mold 1 with which the fluid resin comes into contact is formed
of material with high releasability 3. Further, since material with high releasability 3
has excellent releasability with respect to the cured resin, the mold for molding a resin in
20 the present embodiment does not require an eject mechanism. Furthermore, since
material with high releasability 3 is a chemically stable substance, it can maintain
excellent reIeasabiIity'for long period of time.  As a result, frequency of cleaning can be
reduced. Further, since ceramics made of an oxide such as Y,01 has excellent wear
resistance, the problem regarding the wear of an organic material caused when the mold
25 surface is coated with the organic material is solved. Furthermore, the mold for
molding a resin in the present embodiment is excellent in releasability, when compared

to a mold for molding a resin in which the mold surface is coated with an inorganic

material such as Cr, Tic, or CrN.

- 14 -



molding a resin in the present enbodinent is excellent in releasability,
when conpared to a nold for nolding a resin in which the nold surface is
coated with an inorganic material such as C, Tic, or N -14 The nold for
nmolding a resin in the present enbodi nent is manufactured by perform ng
processi ng such as providing a nounting hole in the | ow adhesion materi al

of the first enbodinent. Note that, in order to manufacture a nold in a
preci se shape, precision processing by cutting may be provided on the

| ow- adhesion nmaterial of the 5 first enbodi ment, Next, referring to Fig. 3,
explanation will be given on a nold for nolding a resin in a nodification,
The nol d for nolTde ngpldforesdldinga rasimokhé peRtti@mbetiidde ipnasdntuedibodi ment

i ncludes an upper nold 10 instead of upper nold 1. Upper nold 10 includes a
nol d 10 nREROTHBEY PIOLessgSueh anpreuiding amopgnsholoinibatavoadhesiopepted@ nol di ng

i t ogl .steel . nol.d-rel easi ng | .12 made of th
ow adhes: ohhsaraodEped o R et Sior BpFSticie s hiEh 1SR PIRER Pdpst "o
nol d nain % Yiohlproddabitly be el MehylRYREvided biStHeQbWRRIhe¥oremYRHh dmawn et hod

such as PVD, CVD, sputtering, or ion plating, for exanple. 15 According to
the ol d f dirstepibdilimgnt resin in the nodification, since nold surface 6 is

formed of nol d-rel easing | ayer .12, an effe simlar t hat qbtai ned by the
101 0 for ol di nd\CRurESTTESAuR 3 AXRFRIoD Yl he BH°R 6 & MUA o PORMEHIBE not ed
that nmold ;R Yorll may be fornmed of ceramics instead of a netal

mat eri al . 'i'%rﬁr%dgﬁngtoo iI'ment 20 Next, referring to Figs. 4 and 5, explanation
w Il be given ofTha muid tborfmslditgladiesigin amodticatiomsefithie ardsentreattbésnecnn nat eri al

of a third enmbodinent and its nodification. Fi%gj. 4 and 5 are enl arged
cross sect ifsHdes o uneer spRichil A gnsiasd obepRerimely lof Uppgbmygldsiitingludesd mgld ol d for

ol difp 3 163 Body™ 1t BSOS RN erifHOS bR SIM rloRP e nfB1iHE b YeoB (sAciBY @

surface
tool steel), and a mold-releasing layer 12 made of the low-adhesion material of the

present invention provided on a surface of mold main body 11. Mold-releasing layer
12 is formed by a well-known method such as PVD, CVD, sputtering, or ion plating, for
" example.

15 According to the mold for molding a resin in the modification, since mold
surface 6 is formed of mold-releasing layer 12, an effect similar to that obtained by the
mold for molding a resin shown in Fig. 2 can be obtained. It is to be noted that mold
main body 11 may be formed of ceramics instead of a metal material.

Third Embodiment _

20 Next, referring to Figs. 4 and 5, explanation will be given on a mold for molding
aresin using a low-adhesion material of a third embodiment and its modification.  Figs.
4 and 5 are enlarged cross sectional views showing the proximity of a mold surface of a
mold for molding a resin in the present embodiment and the proximity of a mold surface
of a mold for molding a resin in the modification, respectively. Figs. 4 and 5

25 correspond to enlarged cross sectional views of parts designated by a reference letter A
in Figs. 2 and 3, respectively.

In the mold for molding a resin in the present embodiment, material with high

releasability 3 of upper mold 1 shown in Fig. 2 and of upper mold 10 shown in Fig. 3 is
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of a mold for nolding a resin in the nodification, respectively. Figs. 4 and
5 25 correspond to enlarged cross sectional views of parts designated by a
reference letter A in Figs. 2 and 3, respectively. In the nold for nolding
aresinin the present enbodinment, material with high releasability 3 of
upper mold 1 shown in Fig. 2 and of upper nold 10 shown in Fig. 3 is -15 a
porous material (a | owadhesion material 13 i n Fig. 4). Further, as shown
in Fig. 4, |lowadhesion material 13 in the present enbodi nent has a base
material 14 made of the |ow adhesion material (oxide) described in the
first enbodi ment, and a three di nensional comrunicating hole 15 having an
aver age di apsroas maferid0(anowtAhddO0marrial B BIFE et)CoFaMmdrCad dhagmhinlFes X5 reaches
mol d surface 6, a plurality of openings 16 each having an average di ameter
of 10 nm tlewiBthesianmatesial by inelie ipreses| ethbodinient basa baph enateriab d 4 geaddiohhst er  of

the pluraljt f .openin 16. 1S determ ned to al l.ow passage of a gas
component EraPEPh IR ERDoR i SrserbE Fafn e BROoRERRIRe SR (et ui o
resin but felendiGhalbdOWuRRESRIION 5 ﬁaﬁﬁ@?x@ﬁ'@e@i%e%ﬁ}ﬁétef bt 8ase 160CHAmas a
particle of the fluid resin.” 10 In the present enbodi nent, | ow adhesion
mat erdal 1Sinsheamminmcaing.hole 15reashed nasdd sunfitce 6 alplunslitih ofbpdnings| Iéamabi ity 3

showmn in Fjgs. 2 and 3. Further, nold main body 11 . shown in Fig.. .3 is mde
of a mat er MYMSPAAVREEE HaEreledi dhd Ay ival 0490 areferaed @;s%@iiﬁwé%ﬂeﬁy, The net al

‘mat eri al , € i ke i ne \ - di i
cormun; cat PR e pt iy DR YR UBnbilaaB LIRS B8R a gas 1o
present engehionent (inchiligf Weiet vapoepedrtdingt ithatdvitg afd el hedtesirehrasatn [ ity
bet ween the nol ded body and nold surface 6 can be obtained, as in the nold

for ol di ngfloav pasgige afia composesetaer shasoghisnmch as p partigheopfitheAuidéedioct s as wil |
be descri bed be} ow can al s e obt.ained, .Firstl. i,nce .t as _cofmponent
cont Eﬁned inth %I?Bfe&er%eegf%i‘?g%e AP Praegen m&#en)f/lmefs}’f@’%l%e '%&Puﬁﬁﬁjl ing a

resin thr omg@ﬁgqmwmgﬁ%ﬂammw Pshbwn iﬁ%%sr. pange. ofuAh&Oidid MaihRdy 10! ded
body is suppressed. This effect can further be enhanced by reducing pressure

shown in Fig. 3 is made of a material having three-dimensional porousness, specifically,

a metal material, ceramics, or the like having numerous three-dimensional
communicating holes.

15 According to the mold for molding a resin in the present embodiment, an effect
resulting from the excellent releasability between the molded body and mold surface 6
can be obtained, as in the mold for molding a resin in the second embodiment. In
addition, effects as will be described below can also be obtained,

Firstly, since the gas component contained in the fluid resin is emitted out of the

20 mold for molding a resin through communicating hole 15, occurrence of a void in the
molded body is suppressed. This effect can firther be enhanced by reducing pressure
in resin flow channel 4 and cavity 5 while closing upper mold 1 shown in Fig. 2 or upper
mold 10 shown in Fig. 3 and lower mold 2, or after upper mold 1 or 10 and lower mold
2 are closed. Secondly, since compressed aif and the like can be emitted from openings

25 16 in mold surface 6 into each of resin flow channel 4 and cavity 5 shown in Fig. 2, the
molded body can surely be ejected from mold surface 6.  Thirdly, weight reduction in
the low-adhesion material and the mold for molding a resin can be achieved.

Next, explanation will be given on a mold for molding a resin in a modification
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in resin flow channel 4 and cavity 5 while closing upper nold 1 shown in
Fig. 2 or upper nold 10 shown in Fig. 3 and |lower nold 2, or after upper
nold 1 or 10 and lower nold 2 are closed. Secondly, since conpressed air
and the like can be emtted fromopenings 25 16 in nold surface 6 into each
of resin flow channel 4 and cavity 5 shown in Fig. 2, the nolded body can
surely be ejected fromnold surface 6. Thirdly, weight reduction in the

| ow- adhesi on naterial and the nold for nolding a resin can be achi eved.
Next, explanation will be given on a nold for nolding a resin in a

nodi fication -16 of the present enbodi nent having a |'ow adhesion materi al

shown in Fighe Bresddd eﬁ:bb@%’ienﬁﬁ'zhﬁ? PR BEIRE A matdidl Shdhein eI 4.1 Gatd 18%-- shown
in Fig. 5 a conductive | ayer 18 which can generate heat when current flows
t her et hr ougthesisn fratemiaill Dim themodifeatiovasHowafin Fgmiyaicomductige hagtrel 81&hicBi nce t he

nmold for nolding a resipn is forped of such | ow 5 adhesion materjal 17, the
mol d for nEANGECA? als heakwhen ¢useant HS% thegsthrongl 1sagmed @b%}mﬁrc\aﬁlm by

Joure oot eaflte ettt LY o o e RRTER DR, SR Rinil e BRI C0 T

of CcoFMUNI £dktio® mabRiaP1 A 3he tbld Br aloddind @ $&sirbkR1fldan Yehdrhietehihe Spepidualy, vi ty
of | ow adhesion material 17 to allow conductive |ayer 18 to generate heat

by means oby sugplyingduerehbdirdadntd kyy-adtiegiontmsterial § 7 using @tpsaiver heurce,iJaukehe nol d
for nol din resin in the nodificatio | ow= adhesi on qﬁéferial 17 shown in
Fig. 5 i TREBGATRE GRIPEISLIN CRPSUFLHE Ber L DaBEhPR Hiey ner i ! fomimusicaing s

Further, igythe ”R!iﬁarlécﬁgoﬁmedéor{ﬁﬂi%e gﬁsdoﬂdédm&? of b héhesdn niRé4hl MBIy body 11

is made of a materia ving three-di-mensi onal porousness, specifically, a
met al mat ealloat condoetiartayes,! 8ao geieateihks dyauéang ofi éindustidnideatind). mensi onal

co icating holes. 15 Next, .explanation will be given op, a nmethod of
mamiﬁct uring | v tedieatehthatin theimgld for melding 4 rseip éih@ﬁé%‘%‘ﬂ%qﬁéloeaolﬁﬁfuct ivity.

POt Y, OpioRHL PN B3 GRS e B g TR T
subj ect ed Land3brBiubr, ihlthd fbedr Holdifga rebiheshodhtieFig, BhRolrhsd batxture is
processed to have a uniformparticle
1s made of a material having three-dimensional porousness, specifically, a metal material,
ceramics, or the like having numerous three-dimensional communicating holes.
15 Next, explanation will be given on a method of manufacturing low-adhesion
material 17 having porousness and conductivity.
Firstly, oxide particles and carbon particles are mixed at a predetermined ratio by
ball milling. Next, a mixture made of the mixed materials is subjected to vibrated-
fluidized drying. Thereafier, the dried mixture is processed to have a uniform particle
20 size using a screen with an appropriate mesh. . Next, the mixture having uniform-sized
particles is molded using a mold. = Thereafter, the molded mixture is molded by
pressure by means of CIP. Then, the mixture molded by pressure is sintered at a
predetermined temperature for a predetermined period of time.
In the mold for molding a resin in the present modification, the mixture is burned
25 in a condition in which an atmosphere within a burning furnace has a reduced pressure,
that is, in a so-called vacuum condition. Next, sintered low-adhesion material 17 is

taken out from the burning furnace. Thereby, low-adhesion material 17 having a

desired shape as well as porousness and conductivity is completed. If a2 more precise
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20 size using a screen with an appropriate nmesh. Next, the m xture having
uni formsized particles is nolded using a nold. Thereafter, the nol ded

m xture is nolded by pressure by neans of CIP. Then, the m xture nol ded by
pressure is sintered at a predeterm ned tenperature for a predeterm ned
period of tinme. In the nold for nolding a resin in the present nodification,
the mxture is burned 25 in a condition in which an atnosphere within a
burni ng furnace has a reduced pressure, that is, in a so-called vacuum
condition. Next, sintered | ow adhesion material 17 is taken out fromthe
burni ng furnace. Thereby, | ow adhesion material 17 having a desired shape
as wel |l asgHaps RUENRRR, ﬁr_’é@isféﬂ%%‘e"siif{g Byrde&s%@&i%seéjectﬂiéal disBRirge Preci se - 17
shape is required, precision processi’ng by neans of such as electri cal

di schar ge masding imay bepyribengderf lownethesion havermt hg sitiiningwoeducéive fayer 1811 zi ng
conductive |ayer 18 of |ow adhesion material 17. Further, cyiting may be
per for med SroVadhaaergrissial bt diurther, cuttingrpay Renperfremed o dave-aghesiits cr i bed
above, for I ol i.0. i ccording to
t he net hodmo';éﬂﬁrrglnﬁf g@’? ﬁ#ghﬁé 85%625‘0%%%%6%5%%’ gc% eﬁméfé%rsﬁgk ?‘fo@gw I:bove, in
the sep ofhobwriniMg 2tibeompliedr e i n a vacuum condi tion, CO gas generated by
carbon reduction reaction is. emtted fromthe m xture during the_ burning.
Thereby, a patAcesrdingéo de methodnf mnﬁnctn@mlma@k@smmwéég idegerivedle 15

having a upni formand 10.m nute dianeter in the sinter conpact . after the
bar ni gt PRSI 8 19 S50 QGBI Pedn 2 VAR EETHRAe ) #5 MOFBLAAY havi ng a
uni form di g¥BderedEtidhQkadiongs EMARI PO HMidhfe dhMIBE bitding. Dermges) gper sed
uniformy in | owadhesion material 17, Further, onm the inner wall of each
conmuni cat path ofiteeCQ §as emsivhrahesinadsi comnmmicatiog hdlectsi haeingubsifanveandi s
generated as a |layer or a series of particles, and the carhide constitutes
condéﬁti veMiniediamster g theginfesed eyppact aﬁerttﬁ%bmt isclpw-adhesiogmaderél of

the materi af, q i ot . . e i i hntered to be
a sinter ed?J{:'o rr%%@%{lhlg&fh é&glée‘%g’?“ n'1S mn%)gﬂ%s‘frﬂeet#g&r}%&%oggg}ah? 8?% c%rfgrpact
serves as foriedmethieingi dishetrsad bainadhesloweadmtieh indkeril 17,  Further, on the

inner wall of each communicating hole 15, a carbide, which is a conductive substance, is
generated as a layer or a series of particles, and the carbide constitutes conductive layer

15 18. Furthermore, of the oxide which is a component of the material, a portion which
has not reacted with carbon is sintered to be a sintered compact having a predetermined
strength. The sintered compact serves as a frame porﬁon in low-adhesive material 17,
that is, base material 14, Therefore, according to the mold for molding a resin in the
modification, base material 14 having a predetermined strength, communicating holes 15

20~ having a uniform diameter and uniformly dispersed, and conductive layer 18 produced
on the inner wall of communicating hole 15 are formed in the same process.

In the process of manufacturing low-adhesion material 17, the mixing ratio of
oxide particles and carbon particles, the particle size of each material, the burning
condition, and the like may be changed. Thereby, the average diameter of

25 communicating hole 15 and resistivity, permiability, porosity, and compression strength
of low-adhesion material 17 can be changed, and thus it becomes possible to
manufacture low-adhesion material 17 having a different specification.

According to the mold for molding a resin in the modification, an effect similar
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that is, base material 14. Therefore, according to the nold for nolding a
resin in the nodification, base material 14 having a predeterm ned
strength, conmunicating holes 15 20 having a uniformdi aneter and uniformy
di spersed, and conductive |layer 18 produced on the inner wall of

comuni cating hole 15 are formed, in the sanme process. In the process of
manuf acturing | ow adhesion material 17, the mxing ratio of oxide particles
and carbon particles, the particle size of each material, ‘the burning
condition, and the |like may be changed. Thereby, the average dianmeter of 25
conmuni cati ng hol e 15 and resistivity, permability, porosity, and
conpressi o 4 nd thus
it beconesaggégﬁﬁ 3g£naq%$aCPﬁégQﬁbﬁﬁggﬁég%éﬁﬁﬁgﬁg??g ﬁﬁefhg a

di fferent Bigetidn lﬁEa(bbtﬁJ.ﬂed Acinariditiog, éffectshae withbe désmbad)balowgsm alseden in the
nodi fication, an effect simlar -18 to That obtained by nold for nolding a
resin usin@’WB%iadheS|on material 13 shown in Fig. 4 can be obtained. In

addi i on, - ef feckpuatld e REIHRISIARE kO £aNLBlSOuhtm RINA Bq 3FT 151V,

since the ol d resin

itself genﬁsre&tg@ﬁeraﬁ@heaﬂ it b@@ﬁﬁmsm&% BlcReatothe RehSRsRId Hthé &adEfat ur e of
the nold for "nolding a resin to reach a predetermned. tenperature in a
short peri wdldofg & Irema tamchchnatﬂneddt@fmedrtenggratufmmraeslmrtaqerled of gperrwdavitn t he

nol d for | di n i s reduce qI?econq&ihg/ rﬂ@ﬁ fect.as,wll be

descri bed 158 Brefe o oERY, USRS {rethe ﬁaﬁgeﬁlglsasﬁiwﬁned NUITEr ous
times, a conpongpl,,hRd g e agh of mold
surface 6 and tﬁe |§§e§n%c ngﬂcomsg%ﬁég?%%g&%nl&oobgﬁﬂggomﬁl Cgtl ng hole 15
may cl og duelding ib Ipe;fmtkedrnumgaramtttmefs, a bompdriest madeof arhergasid behstange nat t er

shoul . d be rermved According to the nold for ding a resin in the present
embodPrent adhergs t‘éé#@rqfﬁ@()lﬁﬁt“ff@e (bfmﬁi theingeswall 95@%6%9@%\}7@6@ b¥ allowing the

ol d f or Bl g Bt LRIR 15188l dod 8 ABTRL Al RERL D! i dibe,epper ature of

nol d surface © e in cati'ng ho 5 Teaches an
evapor at i ngdHesip tagktihouRf bd Rfoved.  According to the mold for molding a resin in the

present embodiment, the adhering matter can be dissolved and removed by allowing the
mold for molding a resin itself to generate heat until the temperature of mold surface 6
15 and the inner wall of communicating hole 15 reaches an evaporating temperature of the
-adhering matter. Therefore, clogging of communicating hole 15 can be prevented.
Further, in the mold for molding a resin in the modification, a protective film
made of an inorganic material such as a glass-based material or a ceramics-based
material, or an organic material such as a silicone-based resin or a fluorine-based resin
20 may be formed as appropriate on the surface of low-adhesion material 17, that is, on
mold surface 6, such that opening 16 of communicating hole 15 is not closed. The
protective film not only has a function as an insulating film, but also has a function of
protecting mold surface 6, a function of suppressing thermal conduction from low-
adhesion material 17 to another member to enhance efficiency of heat effect, and a
25 functidn of further improving releasability between the mold surface and the cured resin.
Although explanation has been given on the mold for molding a resin used when
chip 8 mounted on substrate 7 is sealed with a resin in the second and the third

embodiments, the mold for molding a resin of the present invention is not limited to the
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adhering matter. Therefore, clogging of communicating hole 15 can be
prevented. Further, in the nold for nolding a resin in the nodification, a
protective fil mnade of an inorganic material such as a gl ass-based nateri al
or a ceram cs-based nmaterial, or an organic material such as a
silicone-based resin or a fluorine-based resin 20 may be forned as
appropriate on the surface of |ow adhesion material 17, that is, on nold
surface 6, such that opening 16 of comrunicating hole 15 is not closed. The
protective filmnot only has a function as an insulating film but al so has
a function of protecting nold surface 6, a function of suppressing thermnal
conduct i onafbrapmantioned moldefsi moldies £rdsm| aﬂc?ma}z) uaﬂretdmemaacbwbar a floidem$iance
ef ficiency, off%eat effect, and a_ 25 funct on of furt i provi.n
r el easabi | iMsptaddnipeanity his sppditasiorm aceoldedibadyeas dn fraps %@P Ing, N]‘?C%%gh
expl anatio mol ding a resin used when chip 8
P onll}'@«}r ?&egh}ﬁ% 96&7&1@& &%ﬂué 9 P

nounted on S 'S se fesin in the second and the third

embodi nent s, t hpuridrthifhelghretplimation hichden ghfentdharapsRs adtdinginant sednis not
limted to the -19 aforerrentloned mol d for nolding a resin, and may be the

one uSed whshtha tifitdérbadimens, resin exlding perfarmedvising the moldcfor awlding  s¢sin a

nol ded bod smtransfer in n tio or oth si.m | ar
cormon t_ecﬁfntl REsSentafyentan is r%ﬂt(tﬂ tg% Bjﬂfﬁ %{ﬁﬁ&fi@ﬁ ﬂédsm%ég G dB]ﬁ Bransfer
mol di ng 'nwm asfﬁﬁ?d)fb@m i9i ngéa?edtl% ey g ﬁmbiﬁggﬁk?erfﬁﬁéd‘ afPithRgupes f or med
using the nold for noldi aresin the present invenfion is not linmted
t o transf eresimib thirmgd. and may be resin nolding in which a fluid resin is
injected into cavity mold closing is perforned, and then a cured resin
is formed. For ESE%WFT@G ftgis plgo ap%seblﬁatss@ieﬁh%mbl 95 0ldiag AFgsip @fdhe REPEing a
resi ggof tﬂi%exﬁ cﬁlsiﬁ désm &81&@‘3%1@@&5\:&, r5§§hped@ftﬁld[ﬁlg éf 1%31%#4% WH: Vblt yesf‘:ﬁ ! S

fill

resin mat emolingiapictes sélRl esiu intaterkal k@ppmedi teehvit® Sfik hielt@di‘bﬂ ﬁlycﬁawst\kntha f | ui d
resin. Furthernore, although entire nold surface 6 is nmade of a materi al
wi th hi gh afluid resin,

Furthermore, although entire mold surface 6 is made of a material with high
releasability in the second and the third embodiments, the structure of the mold for
15 molding a resin of the present invention is not limited to such a structure, and a portion
of mold surface 6, for example only the top surface of cavity 5 (the upper surface in the
drawing), may be made of a material with high releasability.
Further, although the low-adhesion material of the present invention is used for
the mold surface of the mold for molding a resin, the application of the low-adhesion
20 material is not limited to the one described above. The low-adhesion material may be
used as a material for any part which requires a low adhesion property with respect to 2
fluid resin.  Specifically, it is conceivable to use the low-adhesion material of the
present invention for coating or other processing of a portion of such as a duct with
‘which a fluid resin comes into contact.
25 Furthermore, it is conceivable that the low-adhesion material of the present
invention is used in a portion which requires a low adhesion property with respect to an
organic substance other than a fluid resin and a cured resin.  For example, the low-

adhesion material of the present invention can be used as a material having a function of
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rel easability in the second and the third enbodi nents, the structure of the
nold for 15 nolding a resin of the present invention is not limted to such
a structure, and a portion of nold surface 6, for exanple only the top
surface of cavity 5 (the upper surface in the drawi ng), nmay be nmade of a
material with high releasability. Further, although the |ow adhesion
material of the present invention is used for the nold surface of the nold
for nolding a resin, the application of the | ow adhesion 20 material is not
limted to the one described above. The | ow adhesion material may be used as
a material for any part which requires a | ow adhesion property with respect
toa 1hul Sheltid ad MR drlaClinlaboindsh nlaite 6P BE BHAAR!Ebdihdds e shlrc.aY pahest on
material o present invention for coating or other processihg of a
portion of caueihatds tiat chedbwvddhbsiomtmathiaboffthelptbsém snventiomBsisedhva aadrabt . 25
Furthernore, it_is conceivable that the | ow adhesion material of the present

i nventi on fog alpydlding materisbpseddpr suen@p an eyigr mall of a byildiagrebatrb psesii@yt y wit h

respect to Q i.c _substance qther.than fluid resi n ured resin.
For " oxanpl Sy rBE A8 R fer SRt NS Rl 2t S elads el tl e Bt can be used
-as a pat er ingkntia\thAytalsd Bl 29 R ntlteria? forRoNENHE BErfARNTSI Bite®d] uBeLRAt am nant

made. of an organi c substance. Specifically, it is - conceivable that the
| ow- adhesi thesaunpéeititins.of the present invention is used as a material for a

bui |l ding materi used.for such as ap aquter, wall, of bui | di ng, .a. bat ht ub,
sanitary chi na%LfP%‘,‘g%&Pe BIasE mayeRipy 353&8{1 Hﬁ\?ﬁ‘k’?d %ﬁpﬁr\r/ﬁtﬁfﬂﬁé@%}n‘tﬁ%t eri al
of the pre N {4 i I t he
surface ofagﬂﬁﬁgg?ﬁﬁﬁﬂﬁﬁggh?g¥“@Fﬁ@?@ﬁaﬁgﬁgﬁgﬁ?ﬁ%@f&%ﬁ¥ﬁéﬂgﬁ5? gﬂ%ﬁggent
invention bamkbebpwdestlimhethrartt dpiritinl sedmbfithe pibdit invehtion eingliaed y
understood that the sanme is by way of illustration and exanple only and is

not H8 beotlnREthetprmgngf the appendedielais, the spirit and scope of the present
invention being limted 10 only by the ternms of the appended clains. 21
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CLAMS 1. A method of eval uating an adhesion property between an organic
substance and a surface of a nenber having an oxide (3, 14) therein,
wherein a value of field strength is determ ned based on a val ence of a
metal cation contained in said oxide (3, 14) and an ionic radius of an ion
contained in said oxide (3, 14), and said adhesion property is eval uated
based on the value of said field strength. 10 2. A | ow adhesion materi al
having a value of field strength determ ned by the nethod of evaluating an
adhesi on property according to claim1 within a predeterm ned range. 3. The
| ow- adhesi on material according to claim2, wherein the val ence of said
nmetal cation is not |less than 3. 154 A% | ow adhesi on material according
to claim?2, wherein said ion includes an oxygen ion, and said predeterm ned
range i s not Iess than 0.50 and not nore than 0.65. 205. The | ow adhesi on

terial I 2 ' d
mator ol (13, ~ oSt etahn ARG Sn iRt PPRYEE o BreaniebBefo o

wher ei n sagugfaggbp@mgﬁbep{@m %q{ﬁs(gﬂg herdm, /» A nold for nol d| ng a resin
having a nold surface rrade dhesi bn nmaterial according to claim

2. -.22 8, The widreinfaoraluwnifdi et@stmngﬂss Hetannioedibasgd bo aclakinoe 7f amwﬂel n the
valence of said netal cation is not |ess than 3. The nold, f mol di ng a
resin accoqa@pﬁéorgt@mgqi iy s d7oxid 3, dthand an ionic radius of an ion containe in Said

oxide (3, 14), and said adhesion property is evaluated based on the value of said field
strength. '

10 2. A low-adhesion material having a value of field strength determined by the method

of evaluating an adhesion property according to claim 1 within a predetermined range.

3. The low-adhesion material according to claim 2, wherein the valence of said metal

cation is not less than 3.

15
4. The low-adhesion material according to claim 2, wherein
said ion includes an oxygen ion, and
said predetermined range is not less than 0.50 and not more than 0.65.
20 5. The low-adhesion material according to claim 2, wherein said oxide (3, 14) isa
porous materiai (13, 17).
6. The low-adhesion material according to claim 2, wherein said oxide (3, 14) includes
Y203.
25

7. A mold for molding a resin having a mold surface made of the low-adhesion

material according to claim 2.
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5 said ion includes an oxygen ion, and said predeterm ned range is not |ess
than 0.50 and not nore than 0.55. 10, The nold for nolding a resin according
to claim7, wherein said oxide (3, 14) is a porous material (13, 17). 10
11. The nmold for nolding a resin according to claim?7, wherein said oxide
(3, 14) includes Y203.

8. The mold for molding a resin according to claim 7, wherein the valence of said

metal cation is not less than 3.

9. The mold for molding a resin according to claim 7, wherein
5 said 1on includes an oxygen ion, and

said predetermined range is not less than 0.50 and not more than 0.65.

10.  The mold for molding a resin according to claim 7, wherein said oxide (3, 14) is a
porous material (13, 17).

10
11.  The mold for molding a resin according to claim 7, wherein said oxide (3, 14)
includes Y;0s.
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