DESCRI PTI ON  Met hod of Eval uati ng Adhesion Property, Low Adhesion Materi al
and Mold 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 made 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 tPESCRIPEKIN 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 fl 'eﬂar?:)dle:g‘:&aﬂ@%ﬁékﬁﬂeﬁ?ﬂ‘ﬁo%@ﬁg 1A dHeSigh &}E%en[% GhgdS 2

material for the case, a Si on propert et een the cured
resin and the surface of the noveid fod MoRd#ig ®esih shoul d be reduced for easy
renoval of 20 the nolded body. In other words, releasability between the
cureddresin and the nold surface should be inproved. As a surface reforning
material f Ci|i.t? r? rel ease of a nold froma cured resin, an organic
material shEfhnica Flﬂ @t etrafl uoroet hyl ene or silicone rubber having a good

non-wetting (deygd ;%r’e&ﬁh} ik BAY ECeBitdsSh ia}fn.wth%@%f Ldduafing Wa&%sfdnggopt)egtybe

characteristic, wwth respect 25 to a urd resin 1s consider

prom si ng. befweet droctgardic subisthinae and & ewifave wf a menbeeseloweadiesivn mattrat i al s i s
di scl osed jn, Japanesg Patent Laying- Open No. 07-329099 éon pg_g@ 3 to page
4). In thiRViRg oW adhesian pLpPeftk I TESRSCLIOAR: BIUEE SYRSEANCr 38 24890 s sprayed

3:1 q ?ﬁg!sl glglgg £ I%_Sig‘?ilaging YTARE SurfdRGh &R e 10WIEIHREBR YR €7 al 15 dried,
| Background Art |

Conventidnally, transfer molding or injection molding has been used for molding
aresin. These techniques use a mold for molding a resin.  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 to 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 electronic conponent such as an LSI chip
nounted on a |lead frame, 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
nmet.hod of formng on the nold surface an inorganic material with 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 resioftlemrgarsaniateaml Gn theTngld sorfad@ribicoropletedans of pl ati ng, PVD (Physi cal
Vapor 10 Deposi bg&?, CVvD &%henical Vapo .Depos%tion), or the like. Al so,
Japanese Pat entrUfia§t Her RiG. Ca80TyRers BePnip-YPE BS QNG CABPRRFAL SHCh 83Nt t i ng a

gas CO”po'ISS‘itclaigCIHcSnﬁIt&an Irl’ﬂ?]aﬂ flantdl 4 ptIiﬁi%id'Bo%}&%ﬂhe%ik@}(h&ei%%er%‘ll‘ﬁe”9 aresin

made of a porous naterla aving a ree- nsi onal” comruni cati ng hol e,

t hrough t heferredtorasy tohip"hés dseled wWithra R&ige In thiv asg e therniekting résirgs. 1 and 2) .
15 However, the conventiognal technique described in the foregoing Japanese

Pat e  L#pnigpingreserapic flpofopeerply, 6n epergeresintipussdge adluidiegini n Spicgs. 1 and

2) h I i b bel Fi I wh | d i d f
chnvont | ot SN mPsE 0 Bt Bithod ot irintng STES AN ST AnRARe L ¢ ace.
For this raseilwiliiegRidndyhbAnRe veRoktitRE ishRAGd” 20 Mekicaiccald ¥ 10

allow the cured resin to be always easily renoved fromthe nold. Therefore,
frequent medldsenf@edeciated withian énbrgec mattrigl with high hasinegseaxceltent lnaméaans ar e

ired to, I b f th | d. , th ld b
| arger - andeTEncs SEEn b drecoae T Y TS Ofplaes VISV surf ace i s
coat W t : &S L&l : et rafl uoroet hyl ene or
si | iggne ru b(EaIIl,Bﬁghese(%@%Ilyar@?éﬁrépgﬁ%&gfgpIhIétlIlgI'y to be worn by a filler

contai ned in thdsd,|JapaheseBatent Iayige®pereNo | 2004523877 fprepists 4 mettrd dfhese
organic materials singly as a material for reforrrig]g the nol d surface.
Fourthly, SRHERES@IEAs GEMRORYN cariained inchviddesin o ofif Mol fgampldingsa @sina] with

hi gh 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 S 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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-2 hardness excellent in wear resistance such as C, TiC, or CrN,

rel easability between the cured resin and the nold surface is insufficient
because these inorganic materials do not have a sufficient non-wetting
characteristic with respect to a fluid resin. Further, when the nold for
nolding a resin is made of a porous material, the range of selection for a 5
material excellent in releasability is narrow. Furthernore, there is a
problemresulting fromthe fact that a method of evaluating releasability,
in other words, a nethod of evaluating an adhesi on property of a nold
surface with respect to a cured resin has not been established. To explain
this proliasiness exoelfpnomegee sesigsoesdciass Qr, TiE,seeGrN, releasgbiliyhbativeen thar ed
resin sticks to .a Q0 nold surface will now be described. A first process is
a process GUFeddssiaan t@im%laéulelﬁwﬁ insghisisahbecapset 63¢4ROTRATIG TRfSTial q B n made
of a ther I g ' : YT Lcki - | Into a
ol d  sur (aegs SRRy BB St abliic il RpGi G Al Rin?! UG, bEG 0

resin. Thehsmoidhfor mdding b Rehirdig Sidde @FAtpATAS nddterdd] kih¥ Yarfle @ Belé@tidacisy k. gr oup) .
The al koxy group reacts 15 with a hydroxyl group existing in the surface of
a fil?der. rmatendsycellant inreleasabilitysis npirodiuced, and the al koxy group is

chem cally absagtrbgd into,the surface of . the filler. ., Therefore, an
absorption | ay?ﬁ“ﬁ%&’%?n‘&&r% lﬁatpﬁ%bq?ﬂ!r?séi‘gg'ggfm?ﬁbe{Fftltpgtrat mgén.og OFesul t, a
wet ting chanmefi®y lefhibilR@liNeaRr WRRdS alrh@hoPoitevaligtiid b BdHe8dh rg,re_)p%r@rtifanced
due to the absorption layer. 20 The chem cal absorption described above

occur s nota moldysuiface wWith saspéace aahirddresin had hatibebuestablisbed. n Tdhexpdun flace of an
oxi de layer of the nold surface, In this case, firstly, nopisture in the air
s absor beRioPAR MBSt FRASSIBI EHRTOgSSSERIBTOZh VIS 3 EHTSE TEIM S Fof d

surf gge, arﬂ&'ldtsﬂﬁéceawig%g desSfuyp is formed in the surface of the oxide

| ayer. Next, the hydroxyl group reacts with an al koxy group, and thus an

absorption | ayeA firg ptavesseid adboddds inehishi b kitahe coliplidpeagexnt ctatdivedein.a fdd a
result, a wetting characteristic between the nold surface and the fluid

resin i s eftamaddof agermosating resinpdays atpledn thesitickios eSeicntadi ragn tha maid ui d
gffleﬂg![ ﬁ hs%?ftaged tﬁ]efsﬁg.r{@ C%U%Hﬁgeaqgern?lss' ara'de& f tthg 'tl?err%%geqahé) Pusint hepglligle N9
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. As aresult, 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 1s 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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bet ween the nold surface and the cured resin is increased due to the
enhanced wetting -3 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
oxi de layer to forman am ne conpl ex. Thereafter, curing of - the
thernosetting resin on the surface of the oxide progresses due to the
presence of the. am ne conplex. As a result, the oxide |ayer and the

t her noset t EhAgaqterdsti befweeh yhesmpldisurfaegyendhtbe flvidaresine ami ne conplex. In the two

Curoa rosi n and A REORURECA R S BRCERRdb Ao i b SR ARt ek CORBEd B

property  BehyeRhn e o8k BbrmBsitin@Rdin f18/s 24bleah thedticRingRIRRuredARsia t9hysi cal
factor of the change in the adhesion property, there i S known a possibility

t hat surf aeenaldsgfaves sin this process, \thel ammettasedoduning agedfureadtewith aiydraxgeni cal

factor, of the abgve change, there is _known a possipili t hat hydrogen bond
i s i nPol ve8rUR IR Fie ¥ aﬁ'g%. layer tq forst poaming ComPIKr | %Fryaﬁvapwgta g an

adhesi on p r esd f has not
been est abP%g Eéergyofgtﬁhg\%%[ehr@ @#éﬁg?%e %tg%%g%P&?ﬁ%?&n@fe ﬁtggﬂ%fres{eﬁggpgg}ei ng an
adhesi on pasperdoynplexamplsasresilt, ahgpdxid@lalyérandftheothetRssetlipuiesn emirstipar ed and

tested individual |y, and thus there is a problemthat the nmethod requires
much tine #ggthestviaghe amipg cpaplest Docunent 1: Japanese Patent Layi ng- Open No.

075 29059 (pa0G 3,15 BRAE) EACOL OCUTEIL 2 JERICL N B
the lpvent inouédd REiAkh& iR holdRErR, Wiste Bindrdlg shBd&RY, laQRdARRNYEp&H)
i nvention has been nade in view of 'the af orefrenti oned probl ens,
between the cured resin and the surface of a member.  As a physical factor 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 S 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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and one object of the present invention is to provide a nethod of eval uating
an adhesion property between an organi c substance and a surface of a
menber. Anot her object of -4 the present invention is to provide a

| ow- adhesi on material having a | ow adhesion property with respect to an
organi ¢ substance. Still another object of the present inventionis to
provide a nold for nolding a resin having excellent releasability. Mans
for Solving the Problems 5 A nethod of eval uating an adhesi on property of
the present invention is a nethod of evaluating an adhesion property

bet ween an organi c substance and a surface of a nmenber having an oxide

t her ei n. | thetpvesenkiniertiosfis tovprovideialgwaadhasipremiatenial kavinges loy aghesina pr esent
invention, a value.of field strength is detgrmn base n a_valence of a
ot ol cat | BIPROEY SO TEIRAST echre e s ! PP OO s RGeS | on ¢
radius 10 vedtibd i8%0 btd¥deinBld foP ol h r&siiHahk &eflledt Rdhsibiityhe oxide, and
t he adhesion property is evaluated based on the value of the field

strengt h. AdeorsdonSolving theProblemsd, t he adhesion property between the

organi_c substance and ,the surface of the nenber_ can be .evaluated
approptiately. Puethed of gvaleating snadhesipmpropsitnpf e PFGFENtIPYRIEIRP i vention i s

a material rﬂ'éﬁ\’d.d(r}%'e@alu%é\r/ﬂ eﬂﬁleﬁgn hto?%ﬁy%éﬁ@e@gwo ng\t‘igcéja)ﬁ L &urfBEL hod of

eval uati ng an adhesi on operty above I'n a predeterm ned

range. Thusfaenbéer bSO dRIRFdIR| Thale AGthdd ddesiligthgal 4dbesbn adhesi on
strength with respect to a predeterm ned substance can be obtained. In the
| ow adhesi ®fepeay fithe prasest mvbipnabyelae of field strargsh isddtermingd baspd on al ence of
20 the netal, cati ess.than 3.. Ther ubsit ancci hard tq. absorb

wat er, car B’_Bjﬁnceo‘?%)r}f’lf@, cnagtlon lt("_hBO“flﬁ“fFemPtﬂl_ i) %PlXéq ﬁaﬂ?‘e pRide andpo,ipnic radins oo o) e
SubSIRce, ek e il eyt sl iy s cpbi
| ow adhesi drevahiatedi tabeddastheivaineg of im/ficld strerigth. descooadihg ta thigt methedj tha i ncl udes
r2n§r gmt ﬁg%gg. ]@jgﬁ)%’prggedrt}} l?e%wgénet gto?gra.rrﬂcns% st;.glcrégaenditﬁe' Qu%aclee§?het£eaanbe2'c§ar? be nd not
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 stable 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 low-adhesion material described above, it is desirable that the

oxide is a porous material. Thereby, weight reduction in the low-adhesion material can
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This can suppress firmsticking of the oxide and a thernosetting resin.
Further, in the | ow adhesion material described above, it is desirable that
the oxide is a porous nmaterial. Thereby, weight reduction in the

| ow- adhesi on material can -5 be achieved. In the | ow adhesion materi al
descri bed above, it is desirable that the oxide includes Y2G3. Thereby, the
| ow- adhesi on material can readily be available, and cost reduction in the

| ow- adhesi on naterial can be achieved. 5 A nold for nolding a resin of the
present invention has a nold surface made of the | ow adhesion materi al
descri bed above. The nold surface of the nold for nolding a resin has
excel | ent PepeueysBi lity with respect to a resin. In the nold for molding a

resin described ahoye, it is desirable.that the .valen f. . the metal cation
[ hot “Tess ¢ nat 38 iiatheion PRIt bl ok RIEG B D ABGET | bed” 10
above can bl 01 nefhety, thelloRGAREGDMaRfial dfFeadityHefiGhilablel ahdigosto! d f or
mol ding a resin déescribed above, it Is desirable that the 1on includes an
oxygen i onredantior inghplosdedtesion medeniz ogebé schimied! ess t han 0.50 and not nore

than Q. 65. Thereby, firm sticking of the oxide and the resin_ can ge

suppr @ssed,  and PAWLOr BRkkiRgBrasi of the Pieeat inveationhas ampklweaehmagnel cur ed
resin can 15@%11?&0&& {e?iBf&"éf?H'b dE&tSUiz%‘.erThé &o@%ﬁﬁ?& 8¢ th@ mdiPFSl A afg" €T N
descri bed above, 1T Ts 3e5| raeb eei at tThe "oXIrde 1S a porous materlaﬁ.

Ther eby, aag@eésin BaanarogliRAt relsabdbilitp edlth iespeletdf d tésih. resin is emtted from
nunmerous holes, and thus formation of a void in a nolded body can be
suppr essed. Fur ththeraeld for melding airedinisisarribed above, &jiedesirable thanthdrealerce @1t or

nol di ng a i N.:RY.t em,ssipn @f _hi gh-pre re S essi on
air Arom o%@enéﬁéjs%tlgxf%g& lﬁg]lt%ns:ﬁrf eé&y?ﬂ-leaeéaél% ﬁto%d,h%\%éfl §ﬁ‘%cPQng‘ Sgcﬁ@ in the
mol d 10or  mMabéletin de mEStAinédforAGon E&Hcﬂ/@ﬁim&.n.the mol d for nolding a resin
descri bed above, it is desirable at the oxide includes Y203. Thereby,

cost reduction Furthéreimbbe choldformblding@ rasin describechabdye, 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 be 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 openings 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.03. 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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25 achi eved. The foregoing and other objects, features, aspects and

advant ages of the present invention will becone apparent fromthe foll ow ng
detail ed description of the present invention when taken in conjunction

wi th the acconpanying drawi ngs. -6 Brief Description of the Drawings Fig. 1
illustrates a nethod of evaluating an adhesion property of a nold for
nolding a resin in a first enbodi nent, show ng relationship 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 second enbodi nent.
Fig. 3 is a cross sectional view showing a nold for nolding a resinin a
modi f i cat iBrief IFésgription of éie Prdwinged cross sectional view show ng the
proximty of a nold 10 surface of a nold for nmplding a resin_jn a third
enbodi nent . Fi i8-8 illysteatesenmeihgd of sydluaiinganadbesian RICROITS AHWMRY ©Fe proximity

of a nold ce.of a Ld, for molding a,resin in (fd 1,0,
Descri pti 6?1&%&% ét%ﬁgmﬁénf aeﬁlgﬁgrgbgﬁ%gt, i,o gﬁ%%:éoﬁmsﬁglban%%%ﬁ %?e%%%\ |dng a
resin), 2 adraedn diRdngth BdW@Biod Prapertydd Wi th high rel easability (| ow adhesion
material), 4 resin flow channel, cavity, 6 nold surface (surface), 7

subst¥ate, 8 cHiip,2 9 awress sedtibnabyiewshowingadyold farmalding 7 wsivas asecandyer, 13,
17 | ow adhe%i an {Eteri al, 14 base material, 15 communicating hole, 16
openi ng, f&°%€ tive |ayer. Best Mddes for Carrying Qut the Invention 10

koo g s g1 B0 Bk SRR AL Do 3 ven o
and a sur frsdfiatioa. menber as well as a | ow adhesion material in a first
enbodi ment. i g17'ig.14 i%ggvgﬂa?gned%ggsissga?onglrgg\s rsitlg/wi%fg tl?e 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 lower mold, 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 evaluating
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. In Fig. 1, a horizontal axis represents
25 magnitude of field strength. 1t 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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cured resin nmade of an organic substance. In Fig. 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 nenber to be evaluated with
which a fluid resin comes into contact. The oxide contains a nmetal cation
and an ion. The field strength shown in Fig. 1 is a value cal cul ated based
on a valence of the -7 netal cation and a radius of the ion, In Fig. 1, a
vertical axis (logarithm c scale) represents magnitude of adhesion
strength. The adhesion strength is a neasured value of adhesion strength
between the cured resin and the surface of the nmenber. The val ue of the

field stremgtahcdtionaal avhdibedf thaserl dn Fagn lexperial axis @ogatithitic s¢ddeas 5 shown
in Fig. 1. In this expression, z+ represents the valence of the netal
cati on, +repfeémté§@gm§1d&rpfuaéh¢seowmng@ ( dhetadheggjongirength i measurgd valHe and r

omy o rt o PR et Vet Beicurddnedh BT Lo L SERERRERL Vel above.

the expression Tﬁé vaaé 6£4ha eldstieAgthiis ealehlstbd ®RG DnERYexBRsEBN zHHPFOSas ON
based on a valence z of the nmetal cation and an ionic radius r, such as z/r.

10 Thé adhshovarindig. elngtlh this expressionez. xt@yreacnter&maimemof tha imstal\gation, lse

descri bed bel ow. First ed. oxi havi n an .out er..di anet er
of - $13. S35 oS an a0t he ERRL Eions Fr RGTIS RIS or
pol i shed. rﬁ%m{m&hgspeeaﬁéﬁl mo,gl nacs}go f’tl?%béﬂ@te@tmotﬁ’értﬁamled for
nol di ng a resin. Next epoxy- base sol1d 15 resin material is fit into
the pot, aetpréssin deboribetlabove)thensxpessign forreakiulating tied fd@ strerdgeixmay belae sol i d

resin material is heated at a predeterm ned tenperature_ under a
pr edet er ni BEessigndasadren 1 Ydenge)of the merab satian andw@ iQwF rafivsels PP i al i s

mel t Ther eaf th solid resin e cured
resin qe| s thus ogﬁ é?‘%heeal%fl ﬁ‘[}g{lﬁﬁqﬁ ReSYS S’eaélsexgg}lﬁsscr | gﬁf"%ogeesc;{lgegl Next, a
tensil e tepélows performed on a nol ded body in which the cured resin and the
oxide stick together. Further, a tensile |oad when an interface between the
cured resin anBHirsthe a@xhrdbr-la@ed@mdesmpmganemtershadmaterdé"@15358é emaes s
sectional area 8 &h
prepare ext, 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,Os, Y>0s, and Sc;0;.
For comparison, Fig. 1 also plots relationship between field strength and

adhesion strength of mirror polished tool steel (SKD-11).

-8-



interface to cal cul ate adhesi on strength between the cured resin and the
oxide. Fig. | plots relationship between the field strength cal cul ated usi ng
t he above 25 expression and the adhesi on strength obtai ned through the above
experinment for each of four kinds of oxides, that is, 4YSZ
(Yttria-Stabilized Zirconia), A1203, Y203, and Sc20C3. For conparison, Fig.
1 also plots relationship between field strength and adhesi on strength of
mrror polished tool steel (SKD-11). -8 A valence of a nmetal cation and a
value of an ionic radius for ZrQ2 as a sinple substance are used as a

val ence of a netal cation and a value of an ionic radius for 4YSZ,
respectivel y. Férvaleaee ofa matabnationoinda vabteadf ap aonioradiusdonZd ase sifaplen i oni ¢

radius for_ .Fe20B are used as a valence of a nmetal cati.on and a.v of an
oni o r ad BN Resehes & wisnsd kg mepR cpton ST Yo S iPRe S ior Ry
experi ment resl%écti{/ély.f ORfhdr NAYaI LRI 7 a'n?i t8 Aok A v Ufad iﬁnﬁquih?k@l’t' onshi p
between the fileld strength and the aehesmn strength, as shown n Fig. 1.

It is to bEedptamcusethat atvhlenceddfesmeral cdtiorngd A valne\ofiah fonkd @diut forePKBsENt s
adhesion strength (adhesion property) between the cured resin (thernosetting
resinp andre$eciiMelysurface of a menmber in a case where the oxide described

above ext ts | el uRLLACS Lot ASBIRGH it FbIAPhat ke o LM O FT 0, 3

i
t hat, when an oxi EXI'St ace ggs a val ue of the

field strepgtdinwhé Rildtioastip Beeteh MhdRdld sRetpeh atd e adh@fnArength! 891gioRmbet ween
the cured resin and the surface of the nenmber is low The reason is 15

att ri but abindig.ol.t Heisftade notesl thej the adkesipastrengtb gheyen svFigvihespreseatsval ue of t he
i redeterm ned r

field st th i i t.h . I, ti to th
Cur face. of ABOBIHISHR (3P BR Bropsty e G Sose TEvE CHERBSPI R PR ) cssea
and 4hus f geBHhQbA mémbirdh R64ie WEQEBhd Skidd\GesSildiaBBvObxidth & 1R TN Cel S

suppressed. Thereby, reaction of the hydroxyl group and an al koxy group is
20 suppr essktlie meatheci ng a wetting characteristic between the surface of the

TeTber and the plluld LeaLn, EUrLNel AL SOl Afkial e K5S S 1O
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
absorption. 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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suppressed, and thus curing of the thernosetting resin on the surface of the
menber is suppressed. As a result, the oxide and the thernosetting resin
are suppressed from firmy sticking together. 25 Therefore, it is
considered that, when it is necessary to suppress the thernosetting resin
fromsticking to the surface of the oxide, that is, the surface of the
menber, 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 -9 site of the netal cation constituting the

oxi de to suppress the absorption of noisture (the formation of the hydroxyl
group) wit kits efSthe otetdl oatidneconstithting thef oxidectoauppless theiabsoeption 6f meistunethssary

to reduce the density of the hydroxyl group formed ip the surface of .the
oxi de. Fur f9{812HBR 8 the dydioseh goipiw regRedt e theghurtaga 0% e OFidecd FREBS IS

likely to ' f xide, te i of the
menber, | e%%dse gét%(?; %Vrgﬁﬁc%aeﬂlﬁ 8;&%&9%@&&%&;@8# °§§<§%’[é%%>}“ 6%% %H—%ge t8 ﬁ{eﬁego&r?dgd resin
and the oxi de. FORh&hREE cohdiddraticiPOBWHER&Dbr nbhtHe iRl REAESIRNY &Y QRRNMS Y
between the cured resin and the oxide forned in the surface of the nenber
can bé evalhesuefdchroftbel oxidesthat is,chesurfarehif pheshember] leads ig.evaluabgn pfams of a
met hod whi C@P\M Il be described bel 8W. .Not e t hat, ig t he descri pt.i,on, bel ow,
the 10 adh@ eawnww%ﬁ,twmé e pred regin andihe opids. pAhstetasethis copsideref esi n and
the nold s : ' s region, | ' ly, a
vl ue of adis iCadibsion BSoRRY berhiabn Y irlfrcinaif il S8 oRANEAN e oD,

r el easabi | iof the rhdémlier ican baavaluapet bdsedroh tivedeladondhig dhevwarihd$g. dnbg meangdfa i s

pr edet er mi ned. Xt , .based on a curve representing the relationship
obt ai ned fr“&?%fqdh‘gﬁ%&’dl e dgscriprd betpvey pNptefhaf insthe descriptipn Below, the r ange of

ob ai ned f Y _ o |
ctrongin | ARGEHLEIRCIM IOy $ORFLn thliched Bl b hofy AUAESLET

Next, the fheaholdSor @oRfidy Hfesinieemtiaied.t o be evaluated is calcul ated, and the
cal cul ated value_is conpared with the ranglgi> of the reference val ue for
conpari son. As Fistipayatue of pdhesioncsieagtbdedresipnlpgepesty) foreachiexing requigdgt h i s
W thin the of .the reference 20 v e_f.or. conparison, the ,de can be
eval uat ed tr%lg%g@lel%t hhépPea‘h?Rpga ﬂfngtl V@guseaggjitﬁ?? esion st%’ngth 19ptede€%rmﬁféh.

Next, based on a curve representing the relationship obtained from the result of the

15 experiment shown in Fig. 1, 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 strenéth of the oxide to be evaluated is calculated, and the
calculated value is compared with the range of the reference value for comparison. As
aresult, if the calculated value of the field strength is within the range of the reference

20 value for comparison, the oxide can be evaluated 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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In this evaluation, in order to obtain the required releasability, the upper
limt value of the adhesion strength is set at 2 MPa. Further, it can be
seen fromFig. 1 that the value of the field strength corresponding to the
adhesion strength of not nore than 2 MPa is approximately in a range of not
| ess than 0.50 and not nore than 0.65. Thus, 25 the reference value for
conparison of the field strength is determ ned to be not less than 0.50 and
not nore than 0.65. Therefore, as for an oxide other than the oxi des shown
in Fig. 1, if a calculated value of its field strength is in a range of not

| ess than 0.50 and not nore than 0.65, the oxide is evaluated to have the

required rmhm,a\bhéthérwr nof aii bkidle haslRighueelegsabiliyh eHahiz] whethexodr o thxoxdde has
hi gh rel easabilit that is, whether or not the oxide is a |ow adhesion
material, Baroweadhesion matesial, san bhe dctemined;paly by ﬁawlﬂ%@UWﬂb@#fn@ RSAR

experi ment al en dIUS n and

i oni c radi usplgflm%gt gasa? BxY élﬁefo?’{{aqﬁﬁlﬁrﬁcgﬁ’s vﬂf@t é?l cg{xo n%{galgn corx&l e?has hi gh
rel easabi | bt ah G8ReRlcn0 Partherd oottt BESotR okidWhas alghteRbda0Mitpasesdsobe val ence
z and ionic radius r of -a netal cation. As a result of the above eval uation

met ho8l, i t deternpnest enlnby ealewaticrebased onivalencerastidnignitiradias rsefraemgtahcwctnhu n the
range of the referenc fo ari s n descri above havi ng a
val ence of a mefdlPTE thL%&ﬂvﬁleﬁ 2 cPPeﬁnSTl ﬂddf 1srp6?fe{a§EestotUﬁ%ﬁn§ ebecause i f
the val encga‘;ﬂ{ 8 g&%@g f%ﬁ*? %?Pg&&? $ubst ance
10 hard to abgo ﬁ nat or carEon i OXi %&c?%gluglf?g&t at a c em cally
stabl e Subslicﬁretaﬁd havihg b @hlene, ofl 4 mbaLcitide ceatirned the@exﬁelfﬁotlemh@misde havi ng

durablllty as a | ow adhesion nmaterial formng at_ | east the nmold surface or
the enti r ebsfapse. fidhe valensend the metgl eatiopis notdess tharghntheexidesia subsienes| cul at i ng

the Iues | [ een

f oun t hat ha?‘ﬁé‘]}’ EES&HS §Jta9e6X| 3%@%@\%’?\6 P ﬁﬁ’e #il 34" %tarcfelﬁl%{%ﬁﬂf%gble 'S?Eﬁfm he range
of not | esThérbfdie, Gt oSl eitdr toREECttadnXidd KaSin Sdm@ibﬂag ay2 Bv-aBhéfon Gd203
(0.56), SnkG3 (0. 55) Eu203 (0.55), Er203 (O. 0.59), and Lu2C3

(0. 60). Nometerighfo rmme aminab@hemqlqhsurfach@rpm@mm@g dsfor gml sgamr@na caI cul at ed
Vel o N TG hOl P RIS RS RS R
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>0; (0.58),
Gd,05 (0.56), Smy03 (0.55), Euz0; (0.55), Er,03 (0.58), Yb,05 (0.59), and Luy03
(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, Er203, or Yb,O; as a
20 material forming the mold surface. Further, taking availability, cost, and the like into
consideration in addition to a low adhesion property, Y.0Os 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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20 material formng the nold surface. Further, taking availability, cost,
and the like into consideration in addition to a | ow adhesi on property,
Y203 is nost preferable as a | ow adhesion nmaterial. On the other hand, if
the value of the field strength of an oxide is not in the range of the
reference value for conparison of not |ess than 0.50 and not nore than 0. 65,
the 25 oxide is considered as not appropriate as a | ow adhesi on nateri al
formng the nold surface, due to the reasons which will be described bel ow.
Firstly, when the field strength of an oxide is |less than 0.50, the oxide
existing in the nold surface is likely to absorb water or carbon dioxide in

the air. Actrporaat producal by ddeactisbofithé exide agddioackr by carbordikideris sfablehe oxi de
and water or carbon dioxide is stable. Therefore, due to the above
reaction, ihersfsefiss teltleraboue reaction, titteecomesdifiultrfar teadfeitonainieiniss ur e,

curing ageftogudyr EENT ARt Rid Gie Brouabi el FREThr lafhs i "
t her moset t 'bmgrae%%hqucﬁrst i thrfit 8f e hiydate, kife ficking fof eRNthétmRBRMBGESn
Secondly, when the field strength of an oxide is nore than 0.65, bond

bet webn a toteimold senfiacgiinggnificantlyeniwoced exi sting in thenold surface and a
hydr oxyl - gr oup- hecones- .firner, and the.bond,site has i gher . density.
Therefore, the F?‘H’Eﬁ'ﬂ&’h(??ﬂferéelq ﬁéﬂ%@%ﬁ%ﬁ%der'émﬁeﬁ&“ﬁ@%mbweﬁa@e due
to a si |,a'3@aﬁ&%ﬂa{ﬁ%d(?iﬂ%oﬂdef??st%\g'iﬂﬁiet}ﬂ&ﬁgurfé&raﬁﬂ@Mr@@?@bub%eﬁéﬁléﬁerr

enhanced. Next, explanation w given on a nethod of manufacturing a

| ow adhesi @irmerrandethiedond site¢ has ohiglser densityb o dherefidre, the st¢king ofpbevder of a
predet ermi ned oxi de, for exanple powder of Y203 is_, prepared as,a naterial.
Next, the gﬁmeww resif 30 £ Mol fufage e o2 Prraeuplng agsdt on an gnineshiased  using

a mohg. 1f éﬁgéﬁ%ntﬂﬁ%h&%%ﬁ’%&ate shape is used in this step, a | ow

adhesion ma aving a concave portion corresponding to a resin flow

channel and a ¥t texplasftdnavill®gigivehlonvd @bhod of minafactuting aVowadhesion Fi g. 2)
is manufactured. Next, the nolded Y2G3 (a mi xture) is nolded by pressure,

usi ng Cl P madsrigl indbe pegsent embedisnany) |

Firstly, powder of a predetermined oxide, for example powder of Y-O; is
prepared as a material. Next, the powder of Y,0; 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 S in Fig. 2) is manufactured. Next, the
molded Y,0j3 (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 Y>03 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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Then, the Y2Q3 nol ded by pressure is sintered at a predeterm ned tenperature
for a 20 predeterm ned period of tine. Thereby, a sintered conpact of the
oxi de Y203 is obtained. Further, a burned nmaterial naybe sintered by
pressure, using HP (Hot Press) or H P (Hot Isostatic Pressing), in order to
enhance rel ative density of the burned material. Al though the range of the
reference for conparison of the field strength is 25 determ ned to be not

| ess than 0.50 and not nore than 0.65 in the above description, this range
of the reference value for conparison may be changed dependi ng on such as
the application of the | ow adhesion material or the characteristic of the
cured resibeuskditd biluaté readiREibo @rafferts\batwigthi andragni@siibeanedotheogpean ky i n t he
present enbodinment may -12 be used to eval uate an adhesi on property between
an or gani ccusesbresiared asurfage afifamembercur ed resin and a surface of a nenber
Second Enbodigggt HEE%% refe{ring to Figs. 2 and 3, a nold for nolding a
resin in an enbddP GfIMESt ¢ he” i esent invention will be described. Figs.

2 and 3 are cr Sgedrti : | A : inTRheeRBodindegBb i N the
present enbodi ﬁﬁ’? ?ﬁ%ﬁlﬁggd%5%@?%&@%%5%@?%@%%? ll?gth 8f v?hi ch are

exagger at etile prasereasventibn iill bestiesatibean. Rigs. 2laad Brazs emvss sachionk! miemts, shawingan
exanpl e of resin nolding, explanation will be given on_transfer nolding for
sealing a a’@ﬁ\%ﬁ{]’ﬁmﬁ’!ﬁ%aéﬁ?l%}nébﬁ)@t@?% gmppdimegt arcitsymodificatipny FisRect¥li ng wit h
a resin, fiy . i I.A 4 m}gt? d i (9 LW th the
nol d cl ose@ﬁ%télmgg\% éﬁgégﬂeplfgﬁea\?\ngtg ﬁ la %Loﬁld rlggl?enpf} g##e%(né%?c{}lgféﬁt’ta e fluid
resin is canedmple dfaesih enoldifg @xplRfdtibn visl ba divslod tradfemilolidtnl fodyalingackage)
having a substrate and the cured resin is conpleted. As shown in Fig. 2,
the nol d f@¥p menelied gna subsirate withtaHesipr esent enbodi nent 15 i ncl udes an upper
nmol d and a | . 2...U |.d L Jml d .. for nol di ng
a re%;&n in thgaofgﬁélssgg{h W&hnf?egﬁ? Hﬁﬁlge%wﬁgfgﬁigggc%ﬁgﬁ?g nglﬂg c%l\g erial with
hi gh rel eag@li tith YhedmbBRidosel, thBRavifVis AHEEHItAR Rd Rkind| Thereafler) tiRf lide
present | nventi on.

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 5 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
is 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
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Upper mold | is provided with a resin flow channel 4 through which the fluid
resin (not shown) flows, and a cavity 5 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 nold
surface 6 with which the fluid resin cones into contact. Specifically,
material with high releasability 3 is exposed at nold surface 6. On the

ot her hand, lower nold 2 is formed of such as tool steel. A substrate 7 25
including a lead frane, a printed board, or the like is placed on | ower nold
2. Achip 8 is nounted on substrate 7. Awire 9 electrically connects an

el ectrode SMDM1mﬂﬁgﬁ9 of substrate 7 and an el ectrode (not shomn) of chip

8. Next, I t t f th | di

Cesin L 13 anBih dsrgee Bis Haced onjowE Badar Alerti SOBTEE A G5 Buer ol d
2. Next, sm?etrr | d or the
like. XTherea él?&l&ap?)o ﬁeaﬁxb??gofblfbsno g)ﬁ}?eeg& g%ﬁuéﬁgﬁggﬁﬁgqégqﬁéﬁ? nold 1

and | ower &md thug closing @ffpppérafiold Next loxbdilﬁncf)lhlﬂ i complered> Mt thé flaid resin
t hermpsetting resin and having a Eﬁredet erm ned_viscosity is pushed by a

pl ungér ( n&ade Rbathermasesiingesintand having a presstesmingdiviscesitydeippshed brdvity 5
(ot Snown P LBeeipaLiEPR Théfent Bl P HiSerkf it stdy Wi G e 2°° '

resul t, th@ohddhaghdl@sin is cured. The cured resin is thus 10 forned through
the steps as descri bed above. Next, upper nold 1 is raised, and thus opening
of upper nold 1Nemt] theofheid resi i h2ated by @rhehtet Gubt sHdvem)qabvided foa eact dfeubper oduct

5 Laken out o LBE IR or LG 5 £shn R e mded produely
i 19 TN AT ke heten NG Bl 08 5 BiBOL b ent
mat eri al wopénig ghuppet emédbiahd toyved molhdés afmpléted! oTherdifess) omoldeti grodict
descri bed I1sntalt<ehnem.lctIorf%ﬁe r%gltgiofglr rrrrl%?ci[mg aS lpeemcnI i IIr(f ?lllel r¥1olded 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 releasability for long period of time.  As a result, frequency of cleaning can be
reduced. Further, since ceramics made of an oxide such as Y0 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-



nmol d surface 6 of upper nold 1 with which the fluid resin cones into contact
is formed of material with high releasability 3. Further, since materi al
with high releasability 3 has excellent releasability with respect to the
cured resin, the nold for nolding a resin in 20 the present enbodi nent does
not require an eject mechanism Furthernore, since material with high
releasability 3 is a chemcally stable substance, it can naintain excellent
rel easability for long period of tine. As a result, frequency of cleaning
can be reduced. Further, since ceram cs nade of an oxide such as Y203 has
excel l ent wear resistance, the problemregarding the wear of an organic

mat eri al caused Thherld for malting 25esiu if me@réwnmmoelﬂnmttihmamﬁa@u@dr’dyc mat eri al
is solved. Fyrthernore, the nold for nolding a res in e. present

th
enbodi nent PF °@9&E%P’f°éﬁ%su}8r§%F%a@é(kﬁlﬂg 3 waWW% Pé%w aé%esaonn%%terlﬁlor
| di h
et or o1 s Efeirbibatibliifler N NER, ot W S Bof0RAGR bl 168 pHONARIE |

present enpestisiondrocessiip by caging meay Beypropided on tHerlgwradhesiors m@n&hoﬂ’thes
providing a mounting hole in the | owadhesion material of the first
embodidrent frsygmbodiment. i n order to manufacture a nold in a preci se shape,

preci si on proce tt na ded on the W ad on terial
D “the 61 1ret SbarLHE ORiED, TRpaFioR g b8 Bef Bng Raly 3 RS S o
gi ven on aiaphfdimetisw! ding a resin in a rmdl fication. The nold for rml d| ng

a resin in a nodification of the present enbodi ment includes an upper nold
10 i nstead of uphemaldfat moldidg@enesimin dnm@1ﬁcnn¢mdfatbearmmtcbmbpdlmmtn body 11

T S BiR  GAR L7
the qy esentyid B cgﬂfl'rﬂ 6&V O”mg*ar é‘céh&?e%ﬁ?&&%o\}\ﬂﬁgg?ﬂﬂfggsucﬂﬂ gshl-h as

Mol d-rel easi ng | by a we s PVD, CVD,
sputteringtod rsteet)namll zamlohigr;eldasmg layeaidirade dEthédowradhesjort matetiel ofthel f or
mol ding a rp?essler?t 1In\I/1en1"tlgr? ppgjv%gdl ocnag éuo ace Solf pn%?d malnc{)ody 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
a resin 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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surface 6 is formed of nold-releasing |layer 12, an effect simlar to that
obtained by the nold for nolding a resin shown in Fig. 2 can be obtai ned.
It is to be noted that nmold rmain body 11 may be forned of ceram cs instead
of a nmetal material. Third Enbodi nent 20 Next, referring to Figs. 4 and 5,
expl anation wll be given on a nold for nolding a resin using a

| ow- adhesi on material of a third enbodinent and its nodification. Figs. 4
and 5 are enlarged cross sectional views showing the proximty of a nold
surface of a nold for nolding a resin in the present enbodi nent and the
proximty of a nold surface of a nold for nolding a resin in the

modi fi cati aporoussfaestial EEloyv-adiegion rthtatat 15 i?Bigcdy. r #uphed ab shownl mrKjgdt, cr oss
sectional views of parts designated by a reference letter A in Figs. 2 and
3, respect I%a@heﬂpn materiakdB dn § rprmnwm@odame@shaﬁaibnsetrn@teﬁale@émdeec#%b@i nent ,

pper ol clorgedStn maferB E6e) deortbod n MREFY el AR YL, 2neslon

mat eri al 13urieﬂ515hél coﬁ}nuandflﬁé‘%le 1@%&&1@% abérafid Gia.méter of ‘P%ﬁﬂbeﬁ)@g@mﬂat erial
13 in _the present enbodi nent” has a basé materral 14 nmade of the

| ow- aéhesi Smcmmmumlcat(@(hale)S dmhes held surfacef af plurslityerflopeningmi6 eavhd a t hree
di mensi onal conmuni cat i hol e havi an av of 10 nmto
1000 nm gavg?gﬁneav(’e ﬁ?ﬁ?lfg ig&r g’rﬁﬁ‘g&i’ @aﬁ? Etréc g %b furality
‘'of opening &fsh geg.gn | re
formed in %I%esurf%tgﬂ@%ﬂhg%ﬁ&tgégﬁ ge ggllgglt’dgm%ne%ﬁ) pl u?aa%%gg)fgf gpenl ngs
16 is det ecompmnt (nchhdingvwates vaper) obntaingdin the eayinyramdtthé ﬂmdlretdm bgt natter

vapor) contained in the cavity and the fluid resin_but not to .allow passage
of a conpoAkQYY PaspEs oftacompanent athenthar 8as, mqs@@r@ﬁepﬁ@eﬂmr&smesu n. 10 In

the gpesent enbﬂﬂgl%g%sené qaﬂfgsa'% ga}egmh%g o getggr}gaglﬁg% ishisb§ ayiSed as

material with hig easa ownln her nol d

mai n body kteriah@ith high rElelsabanysshadxenmlg@ 2@idey. i @mﬂh@ir/lnﬂgdhmfﬁlﬁbdid ensi onal
porousness, specifically, a metal materral, ceramcs, or the |ike having

numer ous t Bioven iaiFig rsis arrde of ermatenial aving thied-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 further 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 air 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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15 According to the nold for nolding a resin in the present enbodi nent, an
effect resulting fromthe excellent releasability between the nol ded body
and nold surface 6 can be obtained, as in the nold for nolding a resin in

t he second enbodinent. In addition, effects as will be described bel ow can
al so be obtained. Firstly, since the gas conponent contained in the fluid
resinis emtted out of the 20 nold for nolding a resin through

comuni cating hole 15, occurrence of a void in the nolded body is-:
suppressed. This effect can further be enhanced by reducing pressure in
resin flow channel 4 and cavity 5 while closing upper nmold 1 shown in Fig. 2

or upper  @pihd ptédest@Nddirent hoving a d6\W-adBYsRIn MatedalZhowh i@Figes. uppglowrol d 1 or
10 and lower nold 2 are closed. Secondly, since conpressed air and the |ike

can be eni adhegion materinbénimips neglifictionsynlindig f 5 @cosdudiive layge h8 sthichesi n f1 ow
channel 4 and cavit hown inFig., 2 ,the, .nplded body can surely be

G} ect od fr B SRORHIURAR SBES Etrerh APHEErEibf e 5 AR PBATRHEr P O ow adhesi on
materi al ae&nﬁlhﬁcm#gad‘l@ﬁs.rmiiﬁ?me%l@%rr}naaﬁ%taereﬁﬁm fo¥Re of\Rh lowxpl anati on
will be given on a rmold for nolding a resin ih a nodification - 16 of the

presebt enbdiesionmatéra il Aghe mMotdfordinsldinga resin &ésélBdansdeneratd neaki gSpesifichly,a | ow

adhesi on terial 17 in the dification-shown in Fig. 5 a conductive |ayer
18 whi ch "E&ﬁl@ gtraenﬁéa%ct&ﬁeﬁowﬁﬁ%ﬁlﬂn THEUA 7HEHE: PG HSOHECes d on an

‘i nner wal | %E. i i ?ﬁﬁj 91‘1 Rni inis
formed of gg%ﬁa’fg gagg%gﬁn%ﬁg‘?n‘g gr%’aefﬁ ) eﬁgﬁr'%g?gﬂ?%g&}mgﬂl nggrél@aft{engsn

i tsel f canhglendr afids Bis@lpossHe iitilzalthe/condastivityridllomwadhesion eaderiai Ie@t |y to

| ow- adhesi on material 17 using a power source, Joule heat can be generated

i n conduct Plew reductivglayes ¥ea gsneretecherhbemesnsiaf IHf(lndysHiombeatinglg hol e 15.

It i gnal so possibl o utilize the c uctivity of .|l ow adhesi.on terial 17
to ;1IOI ow condu t.t‘F \(fjoegff %‘é}gﬁ’ h?g ’P%)heg'@ﬂ@.rr}gf %’°k’é%% ’}/f)eﬁmrfg nesmg?l%?ﬁlo(nr E‘%ﬁct! on
Heating) . 3d&hesioninSatértal B¢ sROW R £iBas is uUsBd b RateRihichwvitlo highRbidhsaBiliey 7 BSFigs.i n t he
nodi fication, |ow- adhesion material 17 shown in Fig. 5 is used as materi al
wi th hi gh Rehédsalbuitheryindhe mofd fpg moldingadesdn shewn indig. 3, maléaaimdiadlyfldr

d main body 11 | de of

navi ng-t hr SEERAST ORI BoYe dEhe e ensiFRe her G ES: SneoTiGRD SR P,
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. Thereafter, 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 a more precise
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ceram cs, or the like having nunmerous three-di nensi onal communicating hol es.
15 Next, explanation will be given on a nethod of manufacturing | ow adhesion
mat erial 17 having porousness and conductivity. Firstly, oxide particles and
carbon particles are m xed at a predetermned ratio by ball mlling. Next,
a mxture nmade of the m xed materials is subjected to vibrated- fluidized
drying. Thereafter, the dried m xture is processed to have a uniform
particle 20 size using a screen with an appropriate nmesh. Next, the m xture
havi ng 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 fHapskUERuited, ?ﬂe@fs%%o&fssiﬁg bP HREE! Ssitinefelt @ADL dathdrge f Or a
predeterm ned period of tinme. In the nold for nolding a resinin the present

nmodi f i cat i machinihgmay ke pedoinsedor loedadh2Sion materiab hdi utilisimgicandustivh layar 18

at nosphere within a burnin urpnace has.a reduced,_pressure, hat is, in a
So-cal | ed VHRWHIRESRMEISHL lﬁexﬁqﬂi@r,mmgdn%w e ot e echeion 7

t aken out t i | i ial 17 having
2 Gosi r ed SRAUTE A knt WHORGSe: SRELRR DG ARIERLBIIPEEI B o’ 1T
mor e Preci sownlid Fhapecompletqui r ed, precision processing by means of such as

el ectrical discharge machining may be perforned on | ow adhesi on pateri al
17, utilizing cOpenidingje theapethod of mgnufpeiuring lavsrdhesiontraaterigl 17 desqribefner |
cutting ma .ner f or n. | adhesi.on terial.17~~Thro rocess
as descri b%bé)ga’blg\%? R?g'rgp%lg%ur%ﬁgg %"E‘gﬁﬁ ‘ﬁﬁﬁ&%‘%"% cl)t\}\%n’ |Cr(1) E%Sgg%ggfalg%eo onpl et ed.

Accor di ng t@béhedigidnadadfonTRemitraiitin e thitradbasg e bipdigs | elhekebydescri bed
above, in the step of burning the m xture in a vacuum condition, gas

gener at ed path of thel{e greemission nemaincas communieatingthott ¥ avingtreuniformuand duri ng
L TR 4 YN T REIERSRE R T T
St o o0 PSR bt Skt otiass B0 gl
are fornefbrmed withdeing dispepred sieformly frolom-gdhiesioh avatercdh @3 oFumbetreon tie 17.
Further, Olr;mgrh\Sall 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 portion 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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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 | ayer 15 18. Furthernore, of the oxide which
is a conponent of the material, a portion which has not reacted with carbon
is sintered to be a sintered conpact having a predeterm ned strength. The
sintered conpact serves as a frane portion in | ow adhesive material 17,

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, comunicating holes 15 20 having a uniformdi ameter and uniformy
di sper sed, toathgh stosidetby mold fay &oldiSz #rathigstd lo@RadhBsion Matdrialed kha¥in in

communi cating hole 15 are fornmed in the same process. In the process of
manuf act ur Figg4 kambeebtaioedn Ireadditionl efferts astwill foexdesnyibedbelowotan abspibge particl es
and carbon @gxt'cles, the particle size of each material, the burning

condi tion, ° ﬁ@eéhe | i ke may be changed. Thereby, the average dianeter of 25
comuni cating hpir@lyl §inédithe mes18 &l olliMg a%ﬁﬂh?ﬁie} hloYd 1 BRYWASIntBigs. 2NHAd 3)
conpression strength of |ow adhesion nmaterial 17 can be changed, and thus
it bebonesitpifeentrlatestheat, itdecdmest possible dovireddass thertemperaturabf the nhald forg a

di fferent specification. According.to the nold, for nnldigg a resin in the

modi fi cat i BiR'IINg Esinde reaghi pradetermired tsmperature fit 2sH0ELPEBIPAAS tine 1d Wkl di ng a
resin usin hesi i al i g A car tained. In
addi tion, g?%éeh\g%éﬂ a?%lve\n ?gggeﬁq- A %&g&wg\l{v&gggldgﬂg&regg@s %E?%ahed. Firstly,
since the nol d SedondB| a Bffect as @4l be despiitesd beldwl cdn Bdomined FAfiér.rednand 3) 5
itself generates heat, it becones possible to increase the tenperature of
the nol d f &eldingis pergrmed mynesoestimess 8 KOMPpReNd Stade of Ao argapisyubHtisee in a

shor typper i AN it | ess, eneraqy.. [Therefore, [ sed in the
ol Por - natgfigb BB Rolshitace, €% FRERY el OB Roa B BT e

descri bed lggh@intatindRolenbahiiedog Aid RIthé 88tieling MHt@E NJIni thisRedd eigred nuner ous
times, a conponent nade of an organic substance 10 adheres to each of nold

surface 6 aghtringmattansghouldibd repfoved maedacding tyytheoheld for madingaiesiatin thg hol e 15

may cl og dlﬁxeesén? eh%%di%%ﬁ?, "the gdhrgan}lé (;?{attell cr:]a,ntbheI dissofved ’ancti peemoved 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 functioh 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 should be renmoved. According to the nold for nolding a resin
in the present enbodi nent, the adhering matter can be dissolved and renoved
by allowing the nold for nolding a resin itself to generate heat until the
tenperature of nold surface 6 15 and the inner wall of conmunicating hole 15
reaches an evaporating tenperature of the adhering matter. Therefore,

cl oggi ng of communi cating hole 15 can be prevented. Further, in the nold
for nolding a resin in the nodification, a protective filmmde of an
inorganic material such as a gl ass-based material or a ceram cs-based
material, or an organic material such as a silicone-based resin or a

f 1 uor i ne- ba$esmentiened mold fapgnolding aresind and map pe dhsr oner usedwhena flyid reslde of

| ow adhesi gn terial. 17, that is, on | d, surface_ 6,.such.t hat ening 16
of communi EREHRG0SE lt)iélﬁ %“rﬁ%)fo fqnalsaeragﬁ?&go %?WE@PF%E“‘PH”}% H8?°?§HI y has a
function asoffind 3% Wit siffilaf EédinoRY&chRqpes has a function of protecting nold
surface 6, a function of suppressing thermal conduction froml|ow adhesion
material 17 to Bumohdrealthoeghexplamtionhanbeengdifancoretmansferfmdidiag iretht eedandand a 25

function of rther inproving releasability between th | d surface and the
cur ed o esi ﬁf}J th ﬂ@‘FFL‘EI@‘PPdé%E’Pt&rf&ﬁlPé?P@BS ppdeimes uang 199 rrtOiderD inga g8l di ng a

: ; tgh eXpr andat " ; o ding a
Cecond and °f g pryER BRI SRR Sl aR BB Wl 11 11
present i nwidhiadfuid fesihdt idjécid iaeb tavitySe moldclaking BIPRtorREE dndtiad 4 @iredrol di ng

a resin, and may be the one used when a fluid resin injected into cavity 5
is cured té&sindpmrmedol ded body as in transfer nolding, injection nolding,

or other simlar_comon techniques.. Further hough. expl anat j,on_has. been
G ven on tr anst EP ORI 1 Ao RSl b ie B ol Ik i 4 e BLATRRRELT ¢ eci
ol ding peidvestititn Yesim@oldig IMBLKlcK SdvitB idiined #ith @Suld redfn By HOHIME DL Mesin
invention is not limted to transfer holding, and may be resin nolding in

whi ch a f| gioldingii whithsa soljdresiodnaterial sepplied yo Bavityo] i@ nedlted ite §ll icavifye¥ withned,
and then a (Ihu}r?@d. resin is formed. For exanple, it is also possible to use
the mol d f8F"Hdf#'ng a resin of the present 10 invention in resin nolding

In which cavityFarthémokd, lafHoWH thtfe fol shrfa8S s PYAPEE 4 MAkrialKith Bigh"

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 a
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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nolding in which a solid resin material supplied to cavity 5is nelted to
fill cavity 5 with a fluid resin. Furthernore, although entire nold surface
6 is nade of a material with high releasability 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 made of a material with high releasability. Further,

al t hough the | ow adhesion nmaterial of the present invention is used for the
nol d surface of the nold for nolding a resin, the application of the

| ow- adhesi gRverdfig %h&idxﬁéf a c%n%hn&dt%atd%%ftaﬁ oPghﬂxc%SstQﬁc%Cr iSpeslfiedQVveis The

| ow adhesi on materla may be used as a material for any part whi ch requires
a | ow adhesirgrivable pret the loivtdihesepeateriabofthe brasent imeepiinn isSped a$  cwkdrial it is

concei vabl g t e the | ow esion material of the pre i nvention for
coat i ng orF%Pﬁ’éqglﬁgé@é‘%@f Hgﬁégral G GH1S5 vl R BRICIAE L BAMNDL FRNCAR o
fluid resi ur. t hat the

| owe adhest S s LR Shpipfitnd  MHAEHA Besidd mbEoEPORLIARLE, i ch
requi Ses ainvenioadh®silaybeusenas bynaterid) fsrapating theGuefice off grantedalaisbdfaance ot her

than a fluid resin and a cured resin. For exanple, the | ow adhesion
mat eri al othef@PPHERIBAL i nvention can be used as a material having a

function of -20 hesi a _con n ni c
subst ance. Spechﬁi@éﬁ% Serﬂ JIVE gﬂeﬁ g\/%et?flg %‘ng’d ?ﬂ%ﬂllngtqaetgﬂe%%ln tﬁgt erial

of the preggiy mdﬁéﬁd?édd)ﬂhaﬂ t%e@ﬁﬁglsaﬁl Way'Btt iRhdtAkion hAd edanlé bl REd Edgtib al used
for such as an outer wall of a building, a bathtub, sanitary chinaware, or

ot her sim betakelqby prag of limiEhtgor, olve spaktiteend snopeadfahé pfeserft inveatipn beingtimged
mve:ibl on naéb 0 be u d asng erlal for coating the surface of a

mat e uSRY OF Ghe ekt SﬁBP‘? s8r Al t hough the present invention has
been described and illustrated in detai |, it is clearly understood that the
sanme is by way of illustration and exanple only and is not to be taken by
way of limtation, the spirit and scope of the present invention being
limted
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10 only by the terns of the appended clains. 21 CLAIMS 1. A nethod of

eval uati ng an adhesi on property between an organi ¢ substance and a surface
of a menber having an oxide (3, 14) therein, wherein a value of field
strength is determ ned based on a valence of a netal cation contained in
said oxide (3, 14) and an ionic radius of each of said netal cation and an
oxygen anion contained in said OXid%%ﬁ%hgf4)’ and sai d adhesion property is
eval uated based on the val ue of sa d strength. 2. A nold for nolding
a resin, conprising a nold surface including at |east one substance
selected fromthe group consisting of Y203, Gd203, Snk03, Eu203, Er 203,
Yb203, and Lu203. -22

1. A method of evaluating an adhesion property between an organic substance and a

surface of a member having an oxide (3, 14) therein,

wherein a value of field strength is determined based on a valence of a metal
cation contained in said oxide (3, 14) and an ionic radius of each of said metal cation and
an oxygen anion contained in said oxide (3, 14), and said adhesion property is evaluated

based on the value of said field strength.

2. A mold for molding a resin, comprising a mold surface including at least one
substance selected from the group conmsisting of Y,03;, Gd;03;, Smy0O3, Euy0;, EryOs,
Yb203, and Lu203.
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