U 0U, 2005 TI TLE OF THE I NVENTI ON Apparatus and Met hod for Eval uating Degree
of Adhesion of Adherents to Mold Surface, Apparatus and Method for Surface
Treatment of Mold Surface and Met hod and Apparatus for C eaning gd U%&%
for 5 Mol ding Resin BACKGROUND OF THE I NVENTION Field of the Inve ti6h
present invention relates to an eval uation- apparatus and an eval uation

nmet hod for evaluating the degree of adhesion of adherents 10 sticking to the
surface of a nold used for nolding resin, nanely the nold surface. The
present invention further relates to a surface treatnent apparatus and a
surface treatnent nmethod applied to the surface of a nold wused for nolding
resin to prevent adherents from being deposited on the 15 nold surface while-
ensuring the releasablhi%% of cured resin fromthe nold surface, the cured

resin for med 18yFe OF REBENVENTEINN. The present invention still further
relates to a cleany tﬁﬁﬁé‘gﬂd choﬂfﬁf ﬁﬁz%ﬂ@?téﬁgﬂ?é H%f‘l&cq'hé{s?d’fplff ng

adherents stlcklng sur ace of resin. 20

Descri ption f‘eﬁhetrﬁétssabM@Nﬁm et zrn@réi@gra@él Mrethod ey Surisce Jaratmantof dirt

for exanpl eMeld Skifide A dMBhoih 80D Alratad RhCIaEH & MOIRTT U dg! €S n_has
been eyal uaggg@gpgi oppi ng the resin-nolding operati on and then conducti ng

a visu €5t he nol d surface by an operator. 25 Regarding the

convent i onalBACRIGROTINDAOFITEEMROVENTIONdhesi on, however, as the
eval uati on \i‘a dﬁ 81 ndi n on the operator, the degree of adhesion, the
i r]{3 althe

degree of d veg)t Mpl e, may not be evaluated accurately.
Accordi ngly, even THe pfe%eﬂtiﬁverﬂndﬂ felate;srt@ zﬁ:ﬂdvé]lﬁaﬁzldiﬁép@@ratd@mm ef fect

on a nDIded dugct ukd be esulting in
degr adat i on %%O%P%%Q@Pgﬁe’@%#i ﬁélgr e%?&’?@&ﬁ‘@?’a&l)ﬁbere t he
cont r ardy, e\ﬂémkmg théehasuntfaoe béaesoltim@dcﬂor aadim g eesinananmly dhe adeldr sel y

af fect a nol roduct, the degree of dirtiness may not be eval uated

accurately. Th such a case, the resin-nolding operation could be 1
The present invention further relates to a surface treatment

apparatus and a surface treatment method applied to the surface of a mold
used for molding resin to prevent adherents from being deposited on the

15 mold surface while ensuring the releasability of curéd resin from the mold
surface, the cured resin formed by curing melted resin.

The present invention still further relates to a cleaning method and
a cleaning apparatus for removing adherents sticking to the surface of a
mold used for molding resin.

20 Description of the Background Art

The degree of adhesion of adherents, dirt for example, sticking to the
surface of a mold used for molding resin has been evaluated by stopping the
resin-molding operation and then conducting a visual inspection of the mold
surface by an operator.

25 Regarding the conventional evaluation of the degree of adhesion,
however, as the evaluation varies depending on the operator, the degree of
adhesion, the degree of dirtiness for example, may not be evaluated
accurately. Accordingly, even if the dirt is minor one and thus has no
damaging effect on a molded product, the mold surface could be cleaned,

30 resulting in degradation of the efficiency of the resin-molding operation.
On the contrary, even if the dirt adheres to such a degree that could
adversely affect a molded product, the degree of dirtiness may not be
evaluated accurately. In such a case, the resin-molding operation could be
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O 7DEIC20O05 continued without cleaning, resulting in defective
products and decreased yield. In addition, as the degree of dirtiness of
the nold surface is evaluated by stopping the resin-nolding operath@@fg%mﬁ
efficiency of the 5 resin-nolding operation is deteriorated and the ~
operation is hindered from being autonmated. One object of the present
invention is to provide an evaluation apparatus and an eval uati on net hod
for evaluating the degree of adhesion of adherents sticking to a nold
surface, the degree of adhesion to the nold 10 surface bei ng eval uated
gquantitatively so as to accurately judge the degree of adhesion thereby

i nprove the efficiency of the resin-nolding operation, automatically

i mprove the efficiency and_increase the yield of nolded products. In recent
years, nol dwtm%@vﬂémufe&le&m@gprw&@éa 1pyleipetey nproduits andglasagasedeen
required tqw@gye a higher quality. In particular, a nolded product which is
manuf act ured by npans .of a resin-sealipg nmold through a process of sealing
el ect roni ¢ conponEhddifiem &%@ier@egﬁ&%f] rimesp ok khgandd sur§cerisr exanple, is

required t O%Mﬁzﬁt@d B !Sltbpﬂ}n@&'é l‘égﬁﬂ-hlto]{dilnfgftfp&éﬁgﬁ', @}ile bgﬁzieﬁé}f@fz‘ﬁieo”
ST gni 15 Lant TS5 7 RO A AR ODERAGE i CoPE: e AR BnP PPGTRRoR B CR EBct from
a nol d. Accbsigigngatom @edonventi onal met-hod, the releasability of a nol ded
product froma mold i§.ens d b r.avi di a release | ayer on.the nold - -
surface before ab ioﬁyg‘gj‘aﬁ{tﬁﬁ ) slgvﬁg}aﬂ'géﬁéotyfmglqﬁ’e PO nel ted 25
resin int endepafausuasl an exabesiommeathod forneval Spanigf (hradégree wélatibdsioasi n
cont ai ni ng el . t e | ed to conduc | di ng
opor at | on s Aherfi T i R Al SuERRS, AREHbel, SR L AOME gl

mel t ell0r esi surfhoabeinig bvauabed qohdtitativay sases tegaurately gudee the degreeenol d
surface. Af i I, N,ef e : I mat eri al
30 1 o used TorBhifn hOFHPh G RO RhRLAETRE hOs MRt Bhhe i ain T B
to check taetomptiaaily impravel the afficigncytand wmereage phodiddd ofaroldgdnpl e. 1f no

particul ar prahies arises, main nolding operation is started to manufacture

t he package as a product. 2 . .
P g tn recent years, molded products that are produced by molding resin

15 have been required to have a higher quality. In particular, a molded
product which is manufactured by means of a resin-sealing mold through a
process of sealing electronic components with resin, namely the package of
151 for example, is required to have a still higher quality, for example, the
dimension accuracy and the quality of appearance. It accordingly becomes

20 significantly important to ensure the releasability of a molded product from
a mold.

According to a conventional method, the releasability of a molded
product from a mold is ensured by providing a release layer on the mold -
surface before a resin-sealing process by means of a new mold and melted

25 resin intended for use as a sealing material. Specifically, melted resin
containing a sufficient amount of release agent is used to conduct molding
operation several times. Accordingly, in a resin-flowing region where
melted resin flows within the mold, a release layer is formed on the mold
surface. After this, the melted resin intended for use ‘as a sealing material

30 is used to conduct preparatory molding operation several times in order to
check the moldability and quality of a molded product for example. Ifno
particular problem arises, main molding operation is started to manufacture
the package as a product.



0 Z DEC 2A05 In the nol ding operation, such adherents as dirt are deposited
on the nold surface. Then, the nold surface is cleaned by brushing the nold
surface with a cleaning brush, providing a cleaning sheet between nojds.ang
conducting resin-sealing operation, or using such cleaning resin as 5
mel am ne resin and conducting resin-sealing operation. After this, in a
simlar manner to that when a new nold is used, nolding operation by neans
of nelted resin intended to ensure releasability and preparatory nolding
conducted by neans of nelted resin intended for use as resin- sealing
material are conducted successively. After the noldability for 10 exanple

I s checked, the main nolding operation is started. The above-descri bed

conventional cleaping, h ver, is inevita acconpani ed, by deposition of
such adherents as?}ai?ﬁ? nf‘ﬁé\f%ol?ﬁ??aoguﬂ%égﬂéﬁ%ﬁéﬁg?%@rﬁg‘e@ioﬁﬁegﬁé‘rt £i on.
T]t\e adhﬁr enhfoldrselr?ai:léos Tieq, the nidlé stefse _ri? chieseditiebrnbdliow thémeéldredi at el y
after the release l.ayer ;contai,ning a specific,conponent, . servin a

rel ease ageﬁ‘tn(?f eﬁ’ﬁ%@%ﬂﬂ%&%ﬂdp% ?Cbﬁaéﬁnﬁﬁa?gsﬂybe%??d} ﬁﬁ’ﬁ%er ation
and mai n nohdidrgndpetiatiresirpsealsuropasition), yrosing sdclodteaninh ¢ hesial 42d resi n

i ntended fo . resin- k.ng: erial . .Here, in the 4 rt of the
rel easg’ I ay&#?@ﬁgaégﬁlﬁ%@&@%& %ﬁﬁiaﬁgghggeogef%ltéoéo %%ﬁ%ﬁﬁ % hanel y a
conponent whinsHadagprackystot thet rveherng aaeiw intotd 1§ heedi maldieg opetativedyt o

"rel easabil i e i Y v d i +nln the part
where the 1ol ISR EHEH SERRERRERted od n ARRSIALALLIAERE BrbFolY,
surface, th&oldingeendudted bysmaaneef welteddreshs intieadedifor nee asmgsisper ation is

repeat ed, ”@ééﬁﬁ%n@é’ﬂé&?&l%@ gbﬂdﬁ&%d c a@a r agidh t&%ﬁﬁﬂﬂf‘a%iﬁ@ffdise as

resin_ sealing material are deposited _gradually as adherents td the part on
t he m%f)d sufKapyw mﬁléecﬁwé, themais apelding operafaep sysartabr eover, as

gxi gat i OB ?f thet %@%h icfjv%gdes@ﬂi’bgﬂ%?hﬁeﬂ(xjﬁoiﬁék&lﬁlgnﬁig?%lﬁweﬁz@& i‘siihrévﬁasl;p; 0 As
ondi ng bet ween the, .odu e release | ayer 1ncreases.

Che mrn roPGIHEPBRIALRY GRPoRtiotof urh cdheTentp &5 Mt thTog A S

deposi t ed adhsowegh tharmaddialg gperativeasEhe ddireakhys atddepsitedSfobithe tyaswi t he
nol ded prodag%(&fg%%gb%{]e nold is deteriorated to such a degree that

adversely in HWe di mensi on accuracy and the quality of -appearance 3
Immediately after the release layer containing a specific component

serving as a release agent is formed on the mold surface, preparatory
molding operation and main molding operation are successively carried out
with melted resin intended for use as resin-molding material. Here, in the
upper part of the release layer, any component other than the specific
20 component, namely a component which degrades the releasability
 (hereinafter referred to "releasability degrading component") is generated.
Accordingly, in the part where the releasability degrading component is
generated on the mold surface, the releasability is deteriorated.
As the main molding operation is repeated, matters contained in the

25 melted resin intended for use as resin sealing material are deposited
gradually as adherents to the part on the mold surface where the
releasability is degraded. Moreover, as oxidation of the deposited
adherents is taking place, the firmness of bonding between the molded
product and the release layer increases.

30 As the main molding operation is further repeated, the thickness of
the deposited adherents gradually increases. Finally, the releasability of
the molded product from the mold is deteriorated to such a degree that
adversely influences the dimension accuracy and the quality of appearance
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0 2 DEC 2005 of the nolded product, i.e., package of LSI for exanple.

Anot her object of the present invention is to provide a surface treatnent
apparatus and a surface treatment nethod applied to the surface of AZrbLd005
used for nolding resin, for preventing adherents frombeing 5 deposited on
the nold surface by restoring as conpletely as possible the state of the
nold surface to a state at the tine imediately after a nold release |ayer
is formed. Moreover, nolded products manufactured by a nold which is used
for nolding resin have recently been required to have a severer quality, for
10 exanpl e,. dinension accuracy and the quality of appearance of the

surface. Accordingly, in order to i rrprove the nol dabi | i ty as well. as the
rel easabilit of t e nol roduclgg| g nol d. i's necessary to
ef fecti vel y itBamqlged np ‘F%ﬁ:beepaﬁ %g‘?rﬁﬁf %’F%ﬂlﬁbﬁ to a conventi onal

net hod, the nold suiata@fsobje@t 6f @rnebsbit tndrRedi fsgcoqm@@i@é Hssu(iﬁd’éé' ning a
rotati ng br h or reC| roca Iaosglsr?rUSh th a sugﬁé@g} rlrleagan &ﬂ
convent i onal ('m %@ﬁ Aqekrg SQE,mqii Pi1e Cem
that, when @f&rmlold as@@ﬂaraﬂdldiﬁg@eenﬁ fmppnfeeheghnigSat%imI@ngé fem h@ﬁﬁg at usd
cannot r eno re inthat sticks to ession an
Carnor & Treeostef il e HAB HETA Y Nubhinay (ol ShasTh R
general |y uﬁaltefmfrth:eaablmxé’hm:tormatatecatrtheﬁmbammed]hxte]lyemﬁmr aahold

sem conduct e nounted on a leadframe or printed circuit
board (here:}%}ff%{%qa %lcsﬁll% gard) In this case, in addition to the

above- di scussed r édsraovet, Haﬁ]eledSdeuctﬁ@mam@iammdbyt&]mdldowhltchas ushe - -
resin resi d;f%r ﬁ?dmﬂ‘} Pa%éﬁ ﬁ%‘&é‘%&&ﬂﬁ%@é ﬁ@&%fh' %'4 Jeveds hﬁ i$y 46y and 25
np Bte g

t hi ckness of a co product or° pac ag are re uce sea resin of a
hi gh Bdhdi ng*émirlagdmensionacenrasyianhbhe auphteahapyearance of fhe surtasse of
ensuring thaqécekdﬁfgw Ilhyor%r wﬁnﬁﬁ&d@aﬂﬁe mbl@aBiligy aBerell B thb rr@%%ﬁbﬂftyt he

strength ¢ o e mpedpaue Fromcihe mold.ais %éq':@”ﬁs%%s?é chectivdypdam e
sticks 30 tcsmer@tﬂesuﬂfdacemaﬁﬂmg&oﬁ t(ﬁi@diﬂldrﬁi imfethodiehe ntlffsuetdce to
v L ERBSE R RRReS L Salsefd AUSHAIL U TREGHRER, o ) eani no
resi duéd st i aiempgotatmglbrush d.u‘s‘tuafsmkmgﬂ,mechamsm
The conventional cleaning apparatus described above, however, has
a problem that, when a small-sized and precision product is mold, the
apparatus cannot remove residue of the resin that sticks to fine depressions
and corners in the cavity of the mold for molding resin.
20 The mold is generally used for sealing electronic components, with
resin, of a semiconductor chip for example mounted on a leadframe or
printed circuit board (hereinafter circuit board). In this case, in addition to
the above-discussed reason, there is another reason for the fact that the -
resin residue cannot be removed completely. Specifically, as the size and
25 thickness of a completed product or package are reduced, sealing resin of a
high bonding strength to the circuit board is employed for the purpose of
ensuring the reliability of the package. The high bonding strength of the
sealing resin, however, allows the sealing resin to exhibit a high bonding
strength to the mold surface. Then, it is likely that the resin residue sticks
30 to the mold surface and the sticking resin is more difficult to remove,
It has been proposed to use a low-voltage mercury lamp for cleaning
with ultraviolet radiation. However, it takes a long time to remove resin
residue sticking to the mold surface.



O 1-1 DEC 2095 It is seen fromthe above that it takes a considerable tine
to dean the nold used for nolding resin, in order to maintain the quality
of nolded products. Still another object of the present invention is &9 R
provide a cleaning 5 nmethod and a cl eani ng apparatus for renoving suc ZIET 2005
adherents as resin residue sticking to the surface of a nold used for

nmol ding resin sufficiently in a short period of tine. SUMWARY OF THE

| NVENTION I n order to achi eve that one object of the present invention, an
10 eval uati on apparatus eval uating the degree of adhesion of adherents to a
nol d surface of a nold used for nolding resin, according to the present

i nvention, has the structure described bel ow. The eval uation apparatus of
the present invention includes a. detection unit for detecting optical data
of the nold sur f ace,Itas semfmﬂt the kbousthat Briaked aubﬁslid@gablen@ﬁmtromm

i ndi cating the,d n_based. o optl cal .data
conpari son uni ErogRpLPers fHE ol EBs dBaTe e ient RiaRe bf oY asferdnde
val ue to generptagucthen the neasurenent indicati ng the degree of adhesion

et L Eohot oo Sl ELELENRSyRh R AR Y ARk del ddidifgt | 9

that the adhesion is to Suc auses a I on this
way, the 8egremethodahds dﬁamnmtbmm’ms fowrarevinglstchuadlayents gs resin

quanti Lt vel veesheuLatehea dRSIRASLIIEMA Hase iR ol e dekap berticioply oa

data of the no he nmeasurenent is ar ger a t he
ref erence val ud! ashervpemohgl Emmal is generated |nd| cating that the 25

degree of adhesmY@pq@qu\d@qum@at causes a mul function. The .
degree of adhesion is thyus acclfllratel deternin trétﬁased on t he measurenent.

Mor eover, any measuresORdeY tgachigientiragong et ASTAMFLINVERSRD, Bcor di ng
to the waeni ngeﬁzﬂg@ﬁﬂon dgipitatihey dubitisigeiinydadret bﬁaﬂhéﬁﬂn@éﬂlﬁ@eu%@tl on

i h d, th l.d i i t ted d, t | d of
ol ded pr oduct BN SEHRER 2L 8 B lrdneleip B At SR ar e dEE vl Pl Prestn e
degree of adhevivemtion, hadhthestiwttioe tlhecrilddibalowt ace accor di ng to the
present invention, thg, @%ﬁd&%ﬁ&@tﬁ%‘f%ﬁe'ia%@e%'xﬂ@eﬁﬁoﬂ‘ih&?fde&%e

intensity of reflecte
detection umt for detecting optical data of the mold surface, an operation

15 unit for calculating a measurement indicating the degree of adhesion based
on the optical data, and a comparison unit comparing the measurement with
a predetermined reference value to generate, when the measurement
indicating the degree of adhesion is equal to or larger than the reference
value, a warning signal indicating that the adhesion is to such a degree that
20 causes a malfunction.

In this way, the degree of adhesion of adherents to the mold surface
is quantitatively calculated as the measurement based on the detected
optical data of the mold surface. If the measurement is equal to or larger
than the reference value, the warning signal is generated indicating that the |

25 degree of adhesion is to such a degree that causes a malfunction. The
degree of adhesion is thus accurately determined based on the measurement.
Moreover, any measures can be taken for avoiding the malfunction
according to the warning signal. Then, the efficiency of the resin molding
operation is enhanced, the resin molding operation is automated, and the

30 yield of molded products is enhanced.

In the evaluation apparatus evaluating the degree of adhesion of
adherents to the mold surface according to the present invention, the
detection unit emits radiation to detect the intensity of reflected radiation of

-5 -



2 1 DEC 2005 the emtted radiation, the operation unit cal cul ates a val ue,

as the neasurenent, based on the intensity of the reflected radiation, and
the conparison uni t conpares the intensity of the reflected radlatubmﬂMJHES
the reference value. 5 As the intensity of the reflected radiation is
detected, the evaluation apparatus of the present invention eval uates, not
only the degree of adhesion of adherents to the entire nold surface, but

al so any location to which adherents are likely to stick or a location from
whi ch adherents are likely to be renoved, using such a |location as a
pinpoint." 10 In the eval uation apparatus eval uating the degree of adhesion
of adherents to the nold surface according to the present invention, the

detection unit ta a picture of a predet. d area of the,nold surface,
t he operatio emﬁ?e@ﬂaéﬁgépgsﬁleagpqrﬁ 0 %@EFM% esa?nvﬁlﬂlé’aaﬁﬁhf’e t he
density of tineapirehisng, bxsekds the piedeitgrofithedeflesteld, radligtibheadwhar i son 15
unit conpares_the.area with the r erence v l.ye. ict of

pr edet er m nqung?aeréso&u?ﬁe@o%adcegﬁﬁ% éfét& ecytoigﬁﬁ,reﬁgﬁt@%trﬁéﬁaﬁﬂg “H@@#@% of
adhesi on of mﬂeh:enemvalues eval uated based on an area where the density

exceedsya predet erg) ed ewghy oFig. daR2e) QlasiSSLofLbaca! B2 EYRlyaked for

t he Wnoeof a prédeterm area na
time. | n ordkaparatexcof theeptesant objeadiornévalnates, estonly bvedegrae ofan

eval uation n&&rgggu Py ddﬁ?éfeﬂ@s &@ﬁh@@ﬂfﬁ@nﬂﬂd%ﬂ@&gb%mﬁm fd&%&oh%a mol d

surface of a no resin, acco he “present

i nvention, Vhidhuekherents éltﬁebkehfstooﬁéyé‘lr @Ib%éio%él%\/fm%whh@h adkerertssaemet hod
of the presejkell &M%tﬂeﬁfbdeﬂchﬁﬁ?gssﬁélﬁa%c%ﬁ)rpﬁs a(iﬁh?Sfritng optical data of

(he g surfett "caleulatlng s dEseelaren Indceline e depree of
ref erence vahdieerentgangieaneld whefiace hecordnagw thepiedend m‘aémﬁgnt fiee degree of
" cati ng. S Cunh Sadl AR P PR ol A et BpfE Ao 8L ik nB1d B Rt Pon.
In this way,theepeatetorairnt cahthnéateenasathaumlsemmenm darheremivhesathace is
quantitatively, §8) fiRLAMnAR dREeIPaTHEEIRIMiINES $v AN ah A’ hE b} itkon

15 unit compares the area with the reference value.

The picture of a predetermined area of the mold surface is taken,
and then the degree of adhesion of adherents is evaluated based on an area
where the density exceeds a predetermined level. The degree of adhesion is
thus evaluated for the whole of a predetermined area of the mold in a short

20 period of time.

In order to achieve that object of the present invention, an
evaluation method evaluating the degree of adhesion of adherents to a mold
surface of a mold used for molding resin, according to the present invention,
includes the steps as described below.

25 The evaluation method of the present invention includes the steps of
detecting optical data of the mold surface, calculating a measurement
indicating the degree of adhesion based on the optical data, and comparing
the measurement with a reference value to generate, when the
measurement indicating the degree of adhesion is equal to or larger than the

30 reference value, a warning signal indicating that the adhesion is to such a
degree that causes a malfunction.

In this way, the degree of adhesion of adherents to the mold surface
is quantitatively calculated as the measurement based on the detected
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6 02 DEC 2005 optical data of the nold surface. If the neasurenent is equal
to or larger than the reference value, the warning signal is generated
indicating that the degree of adhesion is to such a degree that causes_a
mal function. The degree of adhesion is thus accurately determ ned bageld: Lol
t he measurement. 5 Moreover, any neasures can be taken for avoiding the

mal f uncti on according to the warning signal. Then, the efficiency of the
resin nmolding operation is enhanced, the resin nolding operation is
automated, and the yield of nolded products is enhanced. In order to

achi eve that another object of the present invention, a 10 surface
treatnent apparatus, for a nold surface of a nold used for nolding resin,
treats a layer formed gn the nold surface for the purpose of ensuring

rel easabi | i t4ptigal date pEthemold snrtece. off therpepsnmementis qspralite or haeged el t ed

resin flows,thoh HeReercaek Dalf)¢havedn{d PThaRi SB1Sd 16E Rl McAMnBeh AT ed
in the resin-flow ng paortion. Th}tla surface treatnent apparatus ﬁiethe 15

fol | owi ng cHfexee &f pdhpsign indesngh ardrgree thaliceauses & UG at e i ncl udes

an irradi at i dspre8BE AANES Th $HE4 Atbu@A sl bt S8l ot cAhk8futenddie ol d
surfac an transport nechani S?ﬁg'éﬁéﬂ the i l’l’g?.rglé%tl mechanismto a

| ocat | oh aboVeYeqVEE, ABY easHres san oF AYGigH WS s t he
exci mer ul t regscbpdia %th&wdéﬁﬁhg;igﬁ&.er TaRnl thaeffaténdty 6011 tddi nvél t
e

[ t he | g t | d £ to.. | off f t h d
surface. |n QY SURRS CRRENAH RS FEFRL ME Sng DRt RIS AAUAIATES RS e

ul travi ol et yialil af imohdadpsordists s emhanmgeddi ati on condi ti on whi ch does not
cause the | ayer f t.he. ol f e ff f |

surface. 25 Accor |n@f?q? ﬁgﬁ%éﬁftg‘c?i%" a%%e&qqg&e&qlgrgﬁégggl%‘%ﬁ{e&% %3) and
act i vel®xygemrfacayedtiognt App axatiusefor mnoai/mﬁéce ohdimoldnsepfortmoldingl y t he
active oxyg s td .‘?lqﬁjlé f '

rest or ed toe]irétfén'i tﬁ?%‘%a% Yzﬁie? ggléﬁgt&%nhﬁl%ﬁl ?rfe@glﬁfrg%% %#3#1% ter étoﬁgzﬁﬁgﬁglg S

formed, whi cftlessabibty,frem thél%ﬁ‘@a%ﬂ%@%ﬂf@ resip-thyiag pedion where rHiterb| d
Nt Lon f A B e g seibd i i
a property (he THHERSERREORROEnu AR TS A BRER HEPPEIH AN B radi atl on
to a rEgi on follearinglth apmdtdristicé.ace.
Namely, the surface treatment apparatus includes an irradiation

mechanism emitting excimer ultraviolet radiation to the mold surface, and a

transport mechanism moving the irradiation mechanism to a location above

the mold surface. The irradiation mechanism emits the excimer ultraviolet

20 radiation under an irradiation condition without causing the layer formed
on the mold surface to peel off from the mold surface.

In this way, the mold surface is irradiated with the excimer
ultraviolet radiation under such an irradiation condition which does not-
cause the layer formed on the mold surface to peel off from the mold surface.

25 Accordingly, the surface of the layer formed by ozone (Os) and active oxygen
caused by the excimer ultraviolet radiation, particularly the active oxygen,
1s activated. Then, the state of the mold surface is restored to its initial
state at the time immediately after the layer is formed, which ensures the
releasability of the cured resin from the mold surface.

30 The surface treatment apparatus according to the present invention
further includes a jetting mechanism emitting a jet of gas having a property
of suppressing attenuation of the excimer ultraviolet radiation to a region
near the mold surface.



7 Attenuation of the exciner ultraviolet radiation near the nold surface is
t hus suppressed. The degree of activation of the surface of the Iayer t hus
formed is not |owered, and thus the efficiency of activating the n91ZdlEC 7005
surface while the nold surface is restored to the initial state is 5

mai ntai ned. Even if the nold surface is uneven, the surface of the |ayer
formed on the uneven part is uniformy activated. The surface treatnent
apparatus according to the present invention further includes a heating
mechani sm heating the gas. The tenperature of the nold surface is suppressed
fromdecreasing, 10 so that the effect of activating the surface of the

| ayer is maintained. The surface treatnent apparatus according the present
invention further includes an evaluation mechanismoptically evaluating a
state of the nol dAbtenadion of Werexcinpe wiinaviokt mdiaaen sesibe Pk avi ol et
radiation i ssmac@fs G4 behileasdd1e TH dogitel ORI BG th%as‘i'ir%deoéf fiRCchani sm

or determ ne, 15 a I rradi tlon ondition.o ultravi ol et
radi ati on, bHy&st gﬁﬁrf@%rarza 1s gpt f%er@ afbgt LHﬁ thsgﬁiﬁew phactigating the t he

optical eval wald @ﬂrfﬁcetvhmé mé el stipficenl destoréd acthe iditia$ seleggm ned
whet her .or not .the e %]aaw |, et ad| ation is, emtted #ﬁ?%fe nol d

surface® or HARIHRY at iilSB‘F 4CRdS BPEV Ry oS HTRFS a%e4di at i on
is determ neﬂ)rniﬂnbomthenmevuht;rawmhﬂtformw atfiomtelds thus emtted under an

appropriate conditi n as |re face t he rgstored
to the initial sta ﬁ%tr&%ﬁfﬁﬁba{ %}Q’? ES%O%V‘%FO HREFES ﬁnﬁ?ﬂlﬁﬁ
operation is urrbbenvmdudbsn achedaémg meabanisre hehtingdhetgas: obj ect of the

Cirtace of a mod noeRfildhil nh@rfébs“fdfnﬁﬁ‘fa%er SEMIRp o 006 DBt ©

surfacdli s tsethatthoeffetteof &]WN@@M srdagy ofg aﬁasaﬂommngamﬁdom the nol d
surface of a resi bl eﬂ%@é&h%ﬁ‘t WBIFE T8 LloBshdiRe ke bhOYeht i cfiioRd T esin
generated fr res elng cured jn esi n-fl ow ng,

portion. The?\srﬁilfeayéc Aes eRaY wlmmﬂsganww@é@allﬁ@@%@nsra state Afthen
irradiation AREADIrEPelt @etbﬁﬁﬂ{d Qhet}@élodlenéﬁ'l@xdi@ﬂeﬁ dtrahaslet radidtRm fsttong

mochan sm 1 R ERUEtadf UFE wld piaos he e e BGR ReRNBen PRarGETRRe ¢ he
exci med5ul t r aniiotatiatiadi cnidition of €né ex@Ethdé ultraviolet radiation, based on result
of the evaluation.

Based on the result of the optical evaluation of the state of the mold
surface, it is determined whether or not the excimer ultraviolet radiation is
emitted to the mold surface, or an irradiation condition of the excimer

20 ultraviolet radiation is determined. The excimer ultraviolet radiation is
thus emitted under an appropriate condition as required to allow the mold
surface to be restored to the initial state. Then, the working efficiency of
the resin-molding operation is improved. -

In order to achieve that another object of the present invention,

25 according to a surface treatment method for a mold surface of a mold used
for molding resin, a layer formed on the mold surface is treated for the
purpose of ensuring releasability, from the mold surface of a resin-flowing
portion where melted resin flows, of cured resin generated from the melted
resin by being cured in the resin-flowing portion. The surface treatment

30 method includes the steps of moving an irradiation mechanism to a location
above the mold surface, and emitting excimer ultraviolet radiation to the
mold surface by the irradiation mechanism. In the step of emitting the
excimer ultraviolet radiation, the excimer ultraviolet radiation is emitted
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under an irradiation condition wthout causing the |ayer forned on the nold
surface to peel off fromthe nold surface. In this way, the nold surface is
irradiated with the excimer ultraviolet radiation under such an irrddj 88] oy
condition which does not 5 cause the layer fornmed on the nold surface to
peel off fromthe nold surface. Accordingly, the surface of the |ayer
formed by ozone (Os) and active oxygen caused by the excinmer ultraviol et
radi ation, particularly the active oxygen, is activated. Then, the state of
the mold surface is restored to its initial state inmediately after the

| ayer is formed, which ensures the releasability 10 of the cured resin from
the nold surface. The surface treatnent nmethod according to the present

i nvention further includes the step of emtting a jet of gas having a
property of sndpr ansiiﬂmimtlbﬁnﬂﬁﬂitﬁm withiolne causirr?ﬂlelﬁllalyléﬁf@mﬂlai oilﬁaﬁiamdlldn to
a region near no ace tenwati on of the excinmer ultraviolet
radi ati on neaPu{fgge ﬁ%paefg’%f oggéh%n ﬂ§§r§%pre35| ng. The degree of
activation of the shnthizewaf, thtemoldyerfathisirfadimed vdtnohe eavenad, and thus
the efficienc 1! t S S
restored_to tﬁ}aﬂgﬁ%? %/EP&IEL:‘ ﬂgn ‘ﬂf‘der%ﬂ a%uirﬁ%&lw éﬁ}&lflﬁn%ﬂ' g%é;s]?xgoge IS
uneven, Phe sgam%ﬁ:@mﬂraﬂeaf@rme@pmbemo drevrfaceyivavesh ofiirom thamioldewifpce.

activated. Thﬁci%&rdﬁﬁgﬁz ‘tﬁ@% m% o?@ﬁé‘ﬂﬁre&%ﬁh@ﬂ mnfef@ab) ﬁa%m hon
further includes Ee shep o a;ﬁ reastﬁg he tenpérature
of the nold sG#% yé Q@Efﬁ%%rs rawg]@t rafiatiq @ agticeiarip Q&CFWQtOP(HEBI%she
surfage of t L hés b@yﬁtteds MYEH i3, %h@%ﬁhte?ﬁtﬂ_@%@drsclﬁ"fﬁ:etl@%%mea tEratsmtiﬁtlal
accordi ng e _pr.esen nv rther jLnc e ste p |
AR L A U A AL St Bt A L
exci mer 101 t r auf theturabitain drorhthe endld su&fﬁdet ed to the nold surface by the
i rradi ati on nechani et e radi ation nditio

exci nmer ul traviol et ﬁ?%en{regg{g%%t ﬂ?%‘i&F?O @fng %&?%gr%%e Qd&v%ﬁon Based
on the result l@fthtehendp@eeaheevw ohemmrrg‘auétmfg%tleanhgtmprmmV oﬁurface

t det { I

L1 determ aegolighiie i Ablon dRREXSLERE: HlikAa8leli 2a0h ) bOReldh neas

emttedtothe or an Irradiafion condition o C|rrer90
2 DEC 2005  the mold surface.
15 Attenuation of the excimer ultraviolet radiation near the mold

surface is thus suppressing. The degree of activation of the surface of the
layer thus formed is not lowered, and thus the efficiency of activating the
mold surface while the mold surface is restored to the initial state is
maintained. Even if the mold surface is uneven, the surface of layer formed

20 on the uneven part is uniformly activated.

The surface treatment method according to the present invention
further includes the step of heating the gas.

Decreasing of the temperature of the mold surface is suppressed, so
that the effect of activating the surface of the layer is maintained.

25 The surface treatment method according the present invention
further includes the steps of optically evaluating a state of the mold surface;
and determining whether or not excimer ultraviolet radiation is to be
emitted to the mold surface by the irradiation mechanism or determining an
irradiation condition of the excimer ultraviolet radiation, based on result of

30 the evaluation.

Based on the result of the optical evaluation of the state of the mold
surface, it is determined whether or not the excimer ultraviolet radiation is
emitted to the mold surface, or an irradiation condition of the excimer
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ultraviolet radiation is determ ned. The excinmer ultraviolet radiation is
thus emtted under an appropriate condition as required to allow the nold
surface to be restored to the initial state. Then, the working effiq@qﬂ%ymgf
the resin-nolding operation is inproved. 5 In order to achieve that still J
anot her object of the present invention, a cleaning nethod of renoving
adherents to a surface of a resin-nolding nold used for nolding resin

i ncludes the steps of emtting excimer radiation to the surface of the
resin-nolding nold to deconpose the adherents, and renoving the deconposed
adherents fromthe surface. 10 In this way, 'the exciner radiation that has a
si ngl e peak wavel ength, a high energy conversion efficiency and a high
photon energy is emtted to the nold surface to deconpose adherents to the
mol d sur f aceltfavitlet rediationms| ditayminddd i Theaexdiorer yaravodebradiaten iEhe

dh ts, t t L= A1 d l.d- { [

Shor t per od ¢ T 50g0en AibrabFRICRANILERIT MY SO ATHEL, " °

i nvention, tdvefacexsibeerestentiddl the initdalostetnmt cPhemviblesmgelingfeffizienemobr | ess.

The exci nmer ﬂ%@e@f.-ﬂ{blaﬂf}:oﬂﬁﬁtﬁnﬁ%@ﬂf Sob&pk wavel ength of 172 nm or less
e sho

corresponding to t wave, tg‘ hi energy conversion efficiency and a
hi gher bhot on enerlgyorder éeriachiayertyat ghllanahet phissk of theiprespmsdavention,

adherents t 03 ERANIPY theTHHA A€ ebvinteadlesicntsTd dishgfdrl of d fednShEIESE peri od
of tinme. Acle |n€fg Eogpar .us ac_co.rdilgf tg t he géﬁsent. i nvention renpves
adherent s t o2l &HpPFhiR Bplding aesin nsiufiesdhaster Lakemiging S dmey 1dsten - The
cl gani ng app@rt%tetmr'fml ofcthfa x@ﬁiﬂ-ﬁfoa_din@txinlegd me@étmml' eet{jl‘iet&(ﬂlmmm,ihdlﬁ 25
radiation to_ the.surface of the;resin- ing,. mol d.to deconpose the

adherent s, a’F?&‘l%“PSﬁ%@%C%@Hﬁ%?é‘ﬁﬁ?’éﬁ?@gff%“?hsS&E%’&ﬁposed adherents from
the sut@ace. |In tHinsthimyayt, blee excimeerradeaticat thoat Wdmd shede peskngheel pegih,
wavel engt h, - Al ' f.fisCi j ' rgy is
o tted o A5ithSeBRt M FAUYERLARCE ol R pRRP LA BULRRLHP Y
of the resi theongldgurfarelte decomspese agesrents &f the meld snefasgeditbawesing t he

surface of thg]diheShHd® 4sRertPeidoRbLidM!S TIRRIBErdrts 30 THOSUrPREIP¢heT
time. Regarding t cl ean gg apﬁar at us a&cord| n% to the present 1 nvention,
-10 02 DEC 2Xf§En-mo ding mold are thus removed in a short period of time.

15 According to the cleaning method of the present invention, the

excimer radiation has a center wavelength of 172 nm or less.

The excimer radiation that has a single peak wavelength of 172 nm
or less corresponding to the short wave, a high energy conversion efficiency
and a higher photon energy is emitted to the mold surface to decompose

20 adherents to the mold surface of the resin-molding mold in a shorter period
of time.

A cleaning apparatus according to the present invention removes
adherents to a surface of a resin-molding mold used for molding resin. " The
cleaning apparatus includes an irradiation mechanism emitting excimer

25 radiation to the surface of the resin-molding mold to decompose the
adherents, and a removal mechanism removing the decomposed adherents
from the suxface.

In this way, the excimer radiation that has a single peak wavelength,
a high energy conversion efficiency and a high photon energy is emitted to

30 the mold surface to decompose adherents to the mold surface of the resin-
~molding mold in a short period of time. The adherents to the surface of the
resin-molding mold are thus removed in a short period of time.

Regarding the cleaning apparatus according to the present invention,
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the excinmer radiation has a center wavel ength of 172 nmor |ess. The exci ner
radi ati on that has a single peak wavel ength of 172 nm or |ess corr%ﬁpogging
to the short wave, a high energy conversion efficiency and a higher @EU{ J
energy is emtted to the nold surface to renove 5 adherents to the nold
surface of the resin-nmolding nold in a shorter period of tine. The
foregoing and other objects, features, aspects and advantages of the
present invention will becone nore apparent fromthe follow ng detail ed
description of the present invention when taken in conjunction with the 10
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a partial
cross sectional view of an eval uation apparatus evaluating the degree of

adhesi on of ﬁdher.ents a(ﬁCﬁrd' ng to a first egrlﬁo 'nch;t of 1he pr esent

i nvention, SROMHPTHETARORBES G CUER U B RS LBBLP LIS eni ts

radi ati on and det @Hesexcehbresddtivadibatiton 4 hegtobeakiwavdengttaof 1 @wnhar t
showi ng a of _eval uat | he deqgree of,. adhesi on of adherenf.s
accordi ng {T@H[T %S(eg Cfolrir%stp%élﬁgno%?ﬁgﬁ% gé?r%tgﬁiveprae@ enqrwewﬂvgﬁs_lo&iegﬁagn?ys a
partial crosedsebiglmraphotonwnefgnis emattadttd ohe apddratrfisce @0reenateuat i ng t he

degreexof a ' c [ ) o ogd .t he
pr esent5 i nvgt?%%g%?tss Oo%g%&t%hr%ﬁf%&%@if 2%3%‘88?0 égﬁlpﬁo glg)ldgg% %gﬁ%&la 8{1%& of the
appar at us t gkéigne picture of a certain area of a nold. Fig. 4 is a flowhart

showi ng a net hod J t esd
according to, the gglcegﬁr?géée@n%%ggd %egﬁggﬁs’g%%%%%tg’ éé}ﬁé@%%@ﬁ%ﬁ@% Of5 is a
schematic f 'BAPTOS 15Ventien wﬁﬁ@qm@amﬁﬁﬁ@pa@mtéﬁm thefollgwang detailedace

accordi ng t @edctiptibfl ofthe dreRit iahehiEnRIRSE PAkd N UE BbARIhctiohNRIhNGet hat the
surfagl% treatnent a agr@l;us. is incorporated in a resin- sealing apparatus.

30 Fig.' 6 i $COZPRE & PESvi ew of the surface treatnent apparatus in
Fig. 5 showBRIERDESCRIBEPANOWSTHE DRAWEN @GS nol d surface with exci mer

o v ot et a0 aigny ' g SSUBRAL il 8P Yo o LRSS
evaluating the degree of adhesion of adherents according to a first
embodiment of the present invention, showing that an optical sensor of the

15 apparatus emits radiation and detects reflected radiation thereof,

Fig. 2 is a flowchart showing a method of evaluating the degree of
adhesion of adherents according to the first embodiment of the present
invention.

Fig. 3 is a partial cross sectional view of an evaluation apparatus

20 evaluating the degree of adhesion of adherents according to a second
embodiment of the present invention, showing that a CCD (charge coupled
device) camera of the apparatus takes a picture of a certain area of a mold.

Fig. 4 is a flowchart showing a method of evaluating the degree of
adhesion of adherents according to the second embodiment of the present

25 invention.

Fig. 51s a schematic front view of a surface treatment apparatus for
a mold surface according to a third embodiment of the present invention,
showing that the surface treatment apparatus is incorporated in a resin-
sealing apparatus.

30 Fig. 6 is a schematic side view of the surface treatment apparatus in
Fig. 5 showing that the apparatus irradiates a mold surface with excimer
ultraviolet radiation. |

Fig. 7 1s a schematic front view of a surface treatment apparatus for
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a nold surface according to a forth enbodi nent of the present invention,
showi ng that the apparatus is incorporated in a resin-sealing apparatus.

Fig, 8 is a schematic front view of a surface treatnment apparatus fgry @ 2005
nol d surface according to a fifth enbodi nent of the present invention, 5
showi ng that the apparatus is incorporated in a resin-sealing apparatus to
performsurface treatnent Fig. 9 is a schematic front view of a

resi n-seal i ng apparatus having a cleaning apparatus attached thereto
according to a sixth enbodi nent of the present invention. 10 Fig. 10 is a
schematic side view of the resin-sealing apparatus showmn in Fig. 9, show ng
that the cleaning apparatus cleans the surface of a nold wth exciner
radiation. Fig. .11 illustrates an effect of the cleaning apparatus of the
sixth embod? Ml Briagecacsee @ﬁttOiaan%ﬁw Oégn@%ﬁgt PhfseRt ANEFHEht | onal
15 cl eani ng apRAndt dat4he R pah b fiaisehedrpodsied in0f rESamM Ay PhiAgE. Mercury
lanp. Fig. 12 is scrée.matl front,vi ew.shoEvl r;g]tr?m n portions of a r<|%5| n-
seal i ng appar at us T g aS@eRAGoRp et 8 HEHERAtHER ABP ALAES L9f ng

to a sevent ha endladdiuresie &coidiagrbeskfith dmbediti @it of28 e RFSCEN PN tidn, THE
PREFERRED EMBRQDI IVENTS tElrst Enbodi nent W't eference tq. Fi %s. 1 ang 2, an
appar at s an %W%ﬁ’@& GraP AT ARSIt RGO A & TB¥iy DAPBRTAHRL ent s
to the nol d perféanesuafece tdestnédied. According to this enbodinent, a nold

used for nolding resin.s [ : Lfically,. a ld is criped
that is used for aﬁfée?i 1ﬁ;_asé:§1|e?r§ &% ;S)g‘r’laet%ggféfgéﬁgésa%hﬁ’gg gﬁg%qtgﬁ?%%lnég
conponent s néleanitg epp ardtuadittanmedihetetorassordinkdo @ siath amlsdameng obthe
adherents topthe mold surface, dirt sticking to the nold surface is )
descri bﬁd' FPg. 1is a partial cross sectional view of _the eval uation

S

appar atllls 30 eval Bt il9gstanchempticeside vaem o6 tlop refin feakingary aresws shewnt o

this enbodi mm%. @@R‘Nwﬂﬁgtthﬁi ticIeRhIrfAhp SEARAE card h ARDTRE HBa HHIHS
radi ation and.detects reflected radiation of the emtted radiation. Fig. 2

is a flowh¥it ¥amerFadiaiiotod of eval uating the degree of adhesion of -12
0 2 DEC 2005 Fig. 11 illustrates an effect of the cleaning apparatus of the sixth

embodiment of the present invention as compared with a conventional

15 cleaning apparatus using ultraviolet radiation from a low-voltage mercury
lamp. ' _ :

Fig. 12 is a schematic front view showing main portions of a resin-
sealing apparatus having a cleaning apparatus attached thereto, according
to a seventh embodiment of the present invention.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

With reference to Figs. 1 and 2, an apparatus and a method for
evaluating the degree of adhesion of adherents to the mold surface are -
described. According to this embodiment, a mold used for molding resin is

25 described. Specifically, a mold is described that is used for a resin-sealing
apparatus for sealing electronic components mounted on a leadframe with
resin. Here, as an example of adherents to the mold surface, dirt sticking
to the mold surface is described.

Fig. 11is a partial cross sectional view of the evaluation apparatus

30 evaluating the degree of adhesion of adherents according to this
embodiment, showing that an optical sensor of the apparatus emits
radiation and detects reflected radiation of the emitted radiation. Fig. 21s
a flowchart showing a method of evaluating the degree of adhesion of
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adherents according to this enbodinent. Referring to Fig. 1, a nold used for
sealing with resin is constituted of a lower nold 1 and an upper nﬁégrz i}
pl aced opposite to this lower nold 1. Lower nold 1 has a pot 3 for Lo 005
cylindrical space. A substantially 5 columar plunger 4 is provided in pot 3
to be novabl e up-and-down. Further, a |lower cavity 5 is provided to | ower
nold 1 that is a space where nelted resin is injected. A recess 6 around

| ower cavity 5 receives a |eadfranme placed therein. Upper nold 2 has a cul
7 placed substantially opposite to pot 3 for 10 holding nelted resin. A
resin channel 8 where nelted resin flows and an upper cavity 9 where the
nelted resin is injected are provided to successively comuni cate with cul

7. A sensor ' ' | wer nold 1 and upper nold 2 that
I s secured ?gngﬁﬂégﬁp%T aé%#gggggﬁi Q Hﬁ%@?ng forwar/ backward. 15 Sensor
unit 10 is consti Retesangtofigolldemald used/fonsrabraswith resia sqonetite@d he

bot tom of hef deswd2ndla 3 AEARLATE: AL H1RRACITRRA0THIL Rif(BIE L

surface) of_|ower an_upper sensor_ 14 attache e top of .

ld 1 and
hol der 12 &Pwﬁrﬂgge]thﬁﬁgmm Sffoxmed e & ¢34 @m@ﬂnﬂﬂesuﬁﬁﬁﬁtéﬂﬁ ¥er nol d

2. tL?msr sebslamdar Iblgmgﬁgq%:;ﬁam@aﬁaqfotmaw BQ_n?oddlﬂBRrp%‘ih&Ho?\lﬁl.U“i é 20
em I Nng raal akl on an a | -re 1,VI uni r.e ving re ecl e
Tl At on TN aleweR garity PaetBaviied P BRE SRoldoh Fhst Bk HEAGe ShEthe ol d

surface of medtsl rezayid dhjected mMAl Bickys 6 appenddewsdality iSSreabivepta cal sensor
having a | '}E%l?f-em' tii negdﬁ{li t.emtting radiation 17 and a |ight-receiving
unit receiv TYIRP PSS €¥8™tion 18 that is the reflected radiation of
radi ati on 17 fronlUpper 260ld Has ardudl @ pbdcedastilistantiallyvepposaegompot3 famd upper
sensofgld c Ve Al 1] I radi atd 6,.and
reflected rggaﬁg@ 5%%1?%??%%% aArJr(::l:}S e?’ Ié%ftlg% %E‘f,}:iegjglrﬁ%%t% g‘ rfa%goﬁ{ﬁ)‘}rvg%g? earr?ﬁ ned
det ecti on sMEREr saypPrwhere theomelirdmera) isriggendediareiprovised uppl y t hose
respective dgtQekively &diRAIScAR wAR QPBfation unit 20 via a signal line 19.
It is noted that these | ower_ sensor ,30.13 and upper sensor 14 are optical
sensors using inf fate@§oF Ly bﬁpm\ag%ql%%twwh Wewﬁtlr?é}dl VRAF WO o
radi ation. Ovetatdeetretid agArePDsanididzpdbdé of oMby foRyeFd/eacwir@xanmpl e
| ndivigual | koaal oA s 3336520 S RSaLE Y8, 83596 0N RS asPR) Bk Trom

bottom of holder 12 at a predetermined distance from a surface (mold

surface) of lower mold 1 and an upper sensor 14 attached to the top of holder_

12 at a predetermined distance from the mold surface of upper mold 2,

Lower sensor 13 is an optical sensor having a light-emitting unit
20 emitting radiation 15 and a light-receiving unit receiving reflected radiation
16 that is the reflected radiation of radiation 15 from the mold surface of
lower cavity 5. Similarly, upper sensor 14 is an optical sensor having a
light-emitting unit emitting radiation 17 and a light-receiving unit receiving
reflected radiation 18 that is the reflected radiation of radiation 17 from the
25 mold surface of cavify 9. Lower sensor 13 and upper sensor 14 convert
' respective intensities of reflected radiation 16 and reflected radiation 18
that are detected optical data into predetermined detection signals (voltages °
for example) respectively, and supply those respective detection signals to
an operation unit 20 via a signal line 19. Itis noted that these lower sensor
30 13 and upper sensor 14 are optical sensors using infrared radiation, laser or
the like, other than visible radiation.
Operation unit 20 constituted of an A/D converter for example
individually calculates, based on respective detection signals supplied from
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| ower sensor 13 and upper sensor 14, respective neasurenents indicative of
the degree of adhesion of adherents to the nold surface of |lower nold 1 and
of adherents to the nold surface of upper nold 2. A conparator unit]208E0 2965
conpares respective nmeasurenents indicative of the degree of adhesion for 5
| ower nmold 1 and. upper nold 2 that are provided fromoperation unit 20

wth a predeterm ned reference value. If the neasurenents satisfy a
predeterm ned condition for the reference value, the conparator transnmts a
predeterm ned warning signal via a signal line 22. Operation unit 20 treats
a val ue, which has been cal cul ated based on a neasurenent as 10 required, as
a new nmeasurenent. Cbnparator unit 21 conpares the new neasurenent with the
reference val ue. Eg ne neasureneat satlsfles a.ﬂﬁyedeter gﬁg conpdi tion

for the refer e%cseel\?% il YPRCSCHSRF dduTRRERTING PSR YHAM LS AR VEt%d
Accordi ng tthe ﬁegreerdfafﬂhmm oferdtogrentd icotheofn ol heuefaak wéliwer ﬁﬁlchﬂwaxcht us

| uat i d f t I
and 2 no SPERHEFRRES 16 mERER sfPea R of S35t BRAAM,, o' BHAAER YBsdlon | over
mold 1 and cq:pparemt@p@ctumnmtaeprtsments midgeative vhthaldggme dfadhadivasioon of

dh t ] Ly Iy,
?O\Agegerswo 5 gdg pper. g%nsor %g tﬁ%l%%ﬁrqﬁei%ﬁﬁ dﬂjetrﬁgﬁﬁ}@ &g@ né
radi ati on 1Wite eﬂuedetﬁewne@mefemen%mm vé e heagurementosatigier cavity 5

and upper c
Pt e R S06 SRR s

respectivel i;lrﬁﬁfcm ve r[f a

ref | ected f GIEENERYY VATAPIZSIENAT Kol signgl 2¢av Wrgtlaﬁdm}bggr cavity
9, use ref tmtt@d vaadb aivhidh Hés boéh celcbbmeabasadiont & gleddhiramedntiscal dat a,

and 2 convert (ﬁpectl ve intensiti radi ati on 1igaland radl LI on_18 into

el ect Mcal %%‘1168 1%a§1ied‘hﬁlle§3uﬁ%e’a€te PMBATAoE UL 24 OMRARESHPEREN tted to
operation muetsuﬁ.’@meﬂnmghebé ﬂefetdsm:edeﬂnee Off thobi méwnﬂsasmmd‘lﬂ: gmvisfiesar f aces

is, the | d

ot atton 1ETCReURHE B LG L bR LA b PR gk Pt

eval uation a@aﬂaswmtmiu ng the degr ee of adhe5| on of adherents
according to this eabogh B"thfshéfﬁb tsﬁg'rcg}eratﬁnad}%hb%%ﬁﬁ%oﬂf the nol d

surfa%g which is prone_t dlrt stickin to I.s known I.n advance, by
usi ng *Phi s ﬁaeaww exaluaking she fegree of pdhesten spdgscribed with reference’to

Figs. 1 and 2. As shown in Fig. 1, sensor unit 10 is allowed to enter
between lower mold 1 and upper mold 2. In step S1 of Fig. 2, the degree of
adhesion of adherents, namely dirt, to the mold surface is detected.
Specifically, lower sensor 13 and upper sensor 14 in Fig. 1 emit radiation 15

20 and radiation 17 respectively toward respective mold surfaces of lower
cavity 5 and upper cavity 9. Further, lower sensor 13 and upper sensor 14
respectively receive reflected radiation 16 and reflected radiation 18
reflected from respective mold surfaces of lower cavity 5 and upper cavity 9,
use reflected radiation 16 and reflected radiation 18 as optical data, and

25 convert respective intensities of radiation 16 and radiation 18 into electrical
detection signals. The detection signals are then transmitted to operation
unit 20. The greater the degree of dirtiness on the mold surfaces is, the
lower the intensities of reflected radiation 16 and reflected radiation 18
received by lower sensor 13 and upper sensor 14.

30 The evaluation apparatus evaluating the degree of adhesion of
adherents according to this embodiment thus detects dirt, if any location of
the mold surface which is prone to dirt sticking thereto is known in advance,
by using this location as a pinpoint.
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Next, in step S2, the degree of adhesion of dirt is converted into a
.nunerical value. Specifically, operation unit 20 in Fig. 1 perforns

i ndi vi dual cal cul ation of the degree of adhesion of dirt to respecti%qvmolﬁ
surfaces of |lower nold 1 and upper nold 2 based on the detection si@ndﬁé Bl
supplied respectively from|ower sensor 13 and upper sensor 14. Here, the
degree of adhesion is converted into a nunerical val ue through anal og-to-
digital conversion of the detection signal representing voltage, for
exanple. In step S3, based on respective intensities of reflected radiation
16 and reflected radiation 18 as received, neasurenent VMis then

determ ned 10 that indicates the degree of adhesion of dirt to each of
respective nold surfaces of |lower nold 1 and upper nold 2. Here, the
intensity of the Nett,autsted Badtha degrerofadhestadofdirhitonserteintoranent .

Speci fical | - RNt ' {%@ﬁ, | k : Ny | ocati on
plroone to di ?’%“mggﬁé%'f’n t'hég;l%'fo, t fgyk%%bg%fgﬁhg%?%ﬁ?& 'egﬁggﬁgﬁl& npoi nt, for
exanpl e, or pividachcalebation of Hxefegise chadhiesian slodat toresrsctivianglst d
Ponsar arent L TUSEATo For SuqlLY Bhd LRt A PBASAPU AP ot £t Behals er age
i s usedas ﬂﬁaglﬁe*wcwlﬁr%els@emnw i@@ﬁ@é&p&fg §e880F Add  AHRre: £e st ep
S3 is ski Fp@aﬂzo eb ﬁ a:ﬂh@g{ohci@coﬁﬁbltt@d d{i_tceaﬂdmtérig% fé&a@ th2oh Sh Wsedo@so- t
measur enent .. n ste ., ;oper.ation uni en ares measyr enen
i det orm rligtia) Copuerstar B e dOBEHED srndlerntoptiay ol aBa for SRR Le-
intensity of reflBrteg $Rdiaecdon ﬁdspEcﬂi?% stteneitidsofatdfrote] rddnéonolier ﬁt i on
unit 20 sto i anGe..,. as t hres i .e [ e Vi e
Ul e of ¢ hed xple@i 36 18 A5 HFaYBI mensfremb il SAGR Bt ned O e
degr eeldf dithattindicates ilh¢ dbgeernd cddvesirobdire ¢t each phieespeictivegnolder at i on,
nanely, the | ' I L.ak I Al i of
Rahes on 1 maskERE] dtlofler Al CERALARILALIAS, | ICkE ARG SOIRE )
conpar at or uFfiftecpad zedissionsispegardeshene dimeckimpasBematter Spesificallye Vs, |f

~relation: megsuearEAbnlM takeal QLBRSR NAlddFoVshe Samdbtafie®PrbRE th@iR oOf
lower nmold 1 an whi ch neans that respectfjve intensities of

d .upper nDIqFZ [ hb . \
refl ected ratita¢iBR tEGr‘?’}ﬁdt igfpcattonbeing uiqdnas 3 @inpaintsinrexs »{Thi gh and
accor difigl y memparanent inidkedlfod efeltipladscdthais thihe thdld2uiiace 20The

average of a plurality of values resultant from this measurement is
calculated by operation unit 20, and the calculated average is used as
measurement Vm. Step S3 may be skipped as required and, if stejb S3is
skipped, the numerical value determined in step S2 is used as measurement
20 V.
In step S4, operation unit 20 then compares measurement Vu
determined in step S3 with a reference value Vs representing the intensity
of reflected radiation that is stored in advance. Here, operation unit 20
stores in advance, as a threshold, i.e., reference value Vs, the value of the
25 intensity of the reflected radiation indicating the greatest degree of dirt that
still has no adverse effect on the molding operation, namely, the intensity of
reflected radiation indicating the degree of adhesion immediately before
occurrence of molding failure.
In step S4, comparator unit 21 compares measurement Vy with
30 reference value Vs. If relation: measurement Vi > reference value Vs is
satisfied for both of lower mold 1 and upper mold 2, Which means that
resp ective intensities of reflected radiation 16 and reflected radiation 18 are
sufficiently high and accordingly comparator unit 21 determines that the
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degree of adhesion of dirt to the nold surface is smaller than the
reference. After the evaluation of the degree of adhesion is conpleted,
resin-nmol ding operation is continued as required. If relation: nea yﬁgneng
VM <_ reference value Vs is satisfied for at 5 | east one of |ower ibﬂétﬂmﬁ
and upper nold 2, that is, if neasurenent VMis equal to or smaller than
reference value Vs, at |east one of the intensities of reflected radiation
16 and reflected radiation 18 is not great enough. It is accordingly
determ ned that the degree of adhesion of dirt to the nold surface is equal
to or greater than the reference and the process proceeds to 10 step S5. It
is noted that the degree of adhesion of dirt nmay be determ ned based on

relations VNL.> Vs apd VM s, .l n step,SH, . conparator .unit.21 generates and
out put s a wAFFTSRT CIGRN oL AR i the eha SBeaCRIE SHAIRE thip heisfeienbamy

whi ch recei ¥éertthieevibiaombhthesdgnee tadhesioneisreesipletml, desig-opbdiati on and
generates a.si 0 st art | cl: ing, Accordingly, a cleaner (not
shown) star Pgé%%eélnfsn%?tﬁuﬁ%d ééé\jgﬁ I e%{(;n apparatus eval uating the degree of
adhesi on is on st Hmthytiomtmeasutemerite¥misugierencevplet ¥dis satiefied fier i eani ng,
t he evgl uatj t i e Eﬁ)@g@ Lon of
dirt and thués)d%;cg? 8?}22&\}[&? %Zd}oﬁggﬁg#gﬁ)@%?g}%%ﬁsﬁgg lél'l%ilrgpgIfl ) Sl%ii scussed

above, the 8¢afbita onsmalpnthan zefgrencs valsspiuiatdenst casmfdhesntengiticestnt VM

| ndi cating tifededhafiaion {8 aniaRaeted Fddikhah 1s3s A EBhAERARC ORAENT O
optical data of t@ ggal d surfatrche \Mht}‘aqu);ed@eﬁ[ ermned reference vaélnue Vs to
eval uate t hec@agingydstetermnadothasithgidegremel adhesion 6 dirtdg thegareidhg si gnal

i f cl eani ngshffalee£8§@A 0 ol ereded @RAPTh AFITIERIRR #fd He hrdcess phtechy @b uat ed
quanté ati vejg%1 %Et hout the possibility of variation in evaluation due to

subj ecti ve 8 tion by an operator in charge. The warning signal indicates:
an appropriate ti ifizsgndted thhedne dggmedf 4dhesidhef @&ifrt ntdyebe ietdrniined

resi n- nol di i | Sverhgn At resin 30 nol ding operation is
aut omat ed, g%?i&?ﬁfeﬁi/ellée%&&{%sgbdi‘hng? %\f/ig&h‘f%‘{s’éover, as the neasurenment to be
conpared wi th thelnéeter 8hceomparater unat 2bgeneraias andmsitputbasearmongt he

intensity ofighpfiligGiahinat 281 OA coleIRGHRH (Fdt shoW BhidrdkivedGald ons on
ek s B e 10 e o

e resin-molding operation and generates a signal for
starting cleaning. Accordingly, a cleaner (not shown) starts cleaning. The
evaluation apparatus evaluating the degree of adhesion is on standby until
the cleaning is completed. After the cleaning, the evaluation apparatus has
to evaluate again the degree of adhesion of dirt and thus returns to the

20 operation in step S1 of Fig. 2.

As discussed above, the evaluation apparatus of this embodiment
compares measurement Vi indicating the degree of adhesion of dirt that is
calculated according to optical data of the mold surface with predetermined
reference value Vs to evaluate the degree of adhesion of dirt and generates a

25 warning signal if cleaning is necessary. The degree of adhesion of dixt is
thus evaluated quantitatively without the possibility of variation in
evaluation due to subjective evaluation by an operator in charge.

The warning signal indicates an appropriate timing for cleaning and
thus the efficiency of the resin-molding operation is enhanced, the resin-

30 molding operation is automated, and the yield is improved.

Moreover, as the measurement to be compared with the reference
value, not only measurements based on the in'tensity'of reflected radiation

detected at a plurality of locations on the mold surface, but also
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measurenents detected at one | ocation may be used. Accordingly, evaluation
may be made, of the degree of adhesion of dirt not only on the entire nol d
surface but also at any pinpoint which is particularly prone to Ebn C 7005
adhering thereto. 5 A nodification of the eval uation apparatus of t

enbodi ment is described below. According to the discussion above,

respective intensities of reflected radiation 16 and reflected radiation 18
that are calculated by operation unit 20 based on detection signals
respectively generated by | ower sensor 13 and upper sensor 14 are used
directly as neasurenent VM and 10 reference value Vs. A simlar effect to.

t hat achi eved by the evaluation appar atus of the above di scussed enbodi nent

i s obtained 1ﬂ¥a§ SYA l{i%ttéfc(%?dfal% %rlgé JPITPWE‘ flg@%dgl i s descri bed

bel ow. For t ehal't at ed by
operation urﬁwallzﬂt;loa nwey be nmader af the dngnae o adbseentoftd;rbnpt eobt en thaed

corpar ed w thry Sapgrurtate Gl LGP AP0 7 Pl b SHNA| Ko BHiG AR, SiVHleo,

cal cul at ed biirt apberngdheratot 20 based on respective detection signals
gener atgd by | onerg n%&ﬂﬁeéuéé o@@Helépgﬁfatﬁﬁpwa fuf 8f thiteeIBbinzatd RCE
before resin: m)gg Hglﬁl rgﬁ Initjal val'ue indicates the intensity of
each of ref|4ascEde AW oﬁlCQQT »S Andhe dicussien absyraremecigedntansides ati on
is reflect edoffiefRLidierddliatibna6 aﬁ&ebﬂe&édw&amhdm 'EHH?h¥e EfRuldte@nyi ty of
reference refl ected radlatlon écor 3}%@5 e val ue of ratio gM

cal cul at ed b3PEEBEPBEIYA 20 hasedon deteplaon s gesnestivelyn generated by lpWeknsi ty
of deaﬁh of r@eﬁﬂs@ﬁﬂechﬂcﬁdppét Qéhsb@ Toinglre mﬁa‘dl mé(gcuy ﬁg(ﬂl@ésmnﬁﬁlﬁa@M r:mafsrr ed

and t i ntensi t e e r.adi gti o at reflection
fromthe pl a2tk Cfas@ﬁlfeg%’ ng‘?‘Fg %ﬁ? achiey 8 S Bﬁfgﬂ by

per cent age wkprenagspefthd ab@hedlsn:uesmi eybofling et 1srcd:ftalmﬂ:by thelewahwation

radi ation of, Hq@gﬁ ar nodi fication then
conpares in ep atgg {Epé@ca cu{m?&g %Zéﬁoéﬁb&{&:w; RM wi th redet erm ned

val ue of ratio RTXF%VChGBmt@@%E\pﬁﬂf@ﬂe%ﬁdtraélﬁt@ﬂl thag.isralewated by edet er mi ned

\(; ?' g: . of r at gy Bidn! $nid @S HRINEE 0P ¥a B BSS M‘E@lnfesb @c%vé?}?gﬁeﬂeﬁsnﬁﬂéd ifikRasi ty

measur B wi %@giﬁ&w[@%ﬁ{ﬁféﬁ Apfelanahis S asio Rd S/ ErRERasE oot ed
radi ation bypexieestmiBivd vauatoflr@éistRral 7 THe ihiflabvalud 13 ddléulated by
operation unit 20, based on respective detection signals generated by lower
sensor 13 and upper sensor 14 for the mold surface before resin-molding.
Here, the initial value indicates the intensity of each of reflected radiation
20 16 and reflected radiation 18 when radiation is reflected from the plating
itself of the mold, namely the intensity of reference reflected radiation.
Accoxdingly, the value of ratio Ru calculated by operation unit 20 is the
value of ratio between the intensity of each of reflected radiation 16 and -
reflected radiation 18 as measured and the infensity of the reference
25 reflected radiation that is reflection from the plating itself of the mold, and
this ratio is represented by percentage with respect to the intensity of the
reference reflected radiation of 100.
The evaluation apparatus of this modification then compares in step
S4 the calculated value of ratio Rm with predetermined value of ratio Rru by
30 comparator unit 21 of Fig. 1. Here, predetermined value of ratio Rru is
* determined by experiment in advance. If the intensity of each of reflected
radiation 16 and reflected radiation 18 that is measured with respect to 100
of the intensity of the reference reflected radiation by experiment is at least
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95 for exanple, there is no particular problemin terns of the quality of

nol ded products produced through resin-nolding by Iower nold 1 and upper
nold 2. In this case, the predeterm ned value of ratio RTHis 95 % In step
S4, conparator unit 21 conpares the calcul ated value of ratio 5 RM W R tig
predeterm ned value of ratio RTH If a relation RM>_ RTH is satisfied for
both of lower nold 1 and upper nold 2, in other words; if a relation RM>
95%is satisfied, the intensity of each of reflected radiation 16 and
reflected radiation 18 is sufficiently |large. Then, operation unit 20
determ nes that the degree of adhesion of dirt to the nold surface is
smal l er 10 than the reference Then, eval uation of the degree of adhesion by

th | uat t d | di ti
2° cont 1 nued S i SbLE thre B o St ARnr St terbi pE 1Y AP Sast”
one of | ower rrobfied I’hrcahd:tsrprxai*udedlt&trﬁugh resin-raoldéhgbydowBboroldSPand upper

tisfied, th 15 f fol ect | 16 d
el ected raciaign T8 this g U prefRRtmi L et BB R RIS the deor oe. o
dirt to the nold subfstep 54 campanaarsrtum:il’uéllrcmﬁmaasehe Ablcml ateldevalpeohtaton in

t S5 th th

oval uati on apif AELIRE SR RIRAREN Bt U BRF AR OIF & SRIh R Okl ¥ | o
above, |ower selisfaoed i@ hotll afppwer ﬁe(ﬂédran(iﬂpﬁenmqlér?emﬂtbteldwed& if he degree
of adhesi on Oi“elg'tloh Rl\? >r%5/9?§5{1ﬂ§ﬁ@@ lifhe 15%1{5"1’1?9& el ‘ﬂe@f&&jra]dlﬁﬂgnq}@per

mold 2. A ternatlve eval uati on aratus ave sensor unit
with its top 8rdys @@wipwdwa@r@ lﬁnlﬁﬁuﬁﬁr@en piareg. éémropeg@mwmhr?@ 10

bei ng invert edefnangs Hat ﬁ@déé&%edﬁ&ﬂ%sﬁh of AR O 0P sQ:IrfaTce §9smaller

respectiye rmld s faces of Qlﬁﬁe &f . and ﬂ%ptz \Pg d%g etected

successivel y. 15%1‘& k& RelsveGRat | HEThSYAF SR AR REFCEPR RANLRLOX PRERE s i | ar

to that of thevaehaltivat amiapeaistdfpkied. heAaboytred seuitathldaiboskraeidh. is

Further, although th@ eval uati on apparatus of this enbodi ment 30 converts
n

t he degree of of dirt into a nunerical value in step S2, steps S2
and S3 may be ski pphbad stapdS4hd adedrtion v adbesssatisfiedifor abbyadtencafddbwart ed

w t hout OPerag.r 324854 upfor WY § 05 FeloBOTRONAL S50l docBbead RO ity

conpares _in s s ’of respective de I"on si
L 15 of at least one of reflected radlatlon 16 and reflected radlatlon 18 is not

sufficiently large. Accordingly, the degree of dirt to the mold surface is at

least the reference. After the operation in step S5 by the evaluation
apparatus, the operation is carried out by the evaluation apparatus as
described above.

20 According to the description above, lower sensor 13 and upper sensor
14 simultaneously detect the degree of adhesion of dirt to respective mold
surfaces of lower mold 1 and upper mold 2. Alternatively, the evaluation

' apparatus may have sensor unit 10 with its top or bottom provided with one
optical sensor, sensor unit 10 being inverted by arm 11, and the degree of

25 adhesion of dirt to respective mold surfaces of lower mold 1 and upper mold
2 being detected successively. Such an evaluation apparatus also achieves
an effect similar to that of the evaluation apparatus of the above-discussed
embodiment. '

Further, although the evaluation apparatus of this embodiment

30 converts the degree of adhesion of dirt into a numerical value in step S2,
steps S2 and S3 may be skipped and the degree of adhesion of dirt may be
evaluated without operation unit 20. In this case, comparator unit 21 |
directly compares in step S4 measurements of respective detection signals

.18 -



Dr~" 2m fromlower sensor 13 and -upper sensor 14 with a reference val ue
(e.g. voltage) stored in advance. Then, if the nmeasurenent according to one
of reflected radiation 16 and reflected radiation 18 is equal to 0f sSTRR ﬁ&r
than the equal value, it is determ ned that the degree of adheS|on 5 di
to the 5 nold surface is equal to or greater than the reference and the
process proceeds to step S5. Moreover, |ower sensor 13 and upper sensor 14
may be attached to such a transport nechani sm as | oader/unloader. In this
case, the degree of adhesion of dirt is evaluated for each resin-nolding
operation as required, so 10 that in-line nonitoring of the dirt of the nold
i's possible. Then evenifdirt wunexpectedly adheres to the nold, the dirt is
appropriately, f nd and the ee of dlrtkges is ccuratgﬁﬁ Zvaluated A
S ng o ondromsSgen searais GEHuRm R sebRot H Sl At nap ralie B Bso e i o
\% e\éent f def e%]t@eg_fsﬁtﬂ@dtlﬁ ddv@?lncebeThgnnﬁmhé ax@éamﬁdmelcﬁ ai@@glhﬂgli@bﬁﬁl dgfent

th reference o S,. a an, eya arat us, and an uation
net hod for ev@ﬁ?ﬁ‘iqdn’%’qlﬂéoﬁg%r%dﬁﬂ%%ﬂ% é)]ﬁ%@lnag@ﬁ%?%‘h Qt‘Bf ?IH@HB)FT@F |
sur f ace accorttiengytad valise do bslderdrodi et bh atofh o degee ef aidh esivreof dian tatlee
describ Fi a I GhO V, ev on 20
appar at 3% of @R}dgs‘éﬁ g%% ‘g‘i}i"ﬁ tﬁ %ﬁafe%%%'agr%g&ﬁeg%n%?% aﬁ@k@s @r‘%g%ét ure of a

certain area mfoceedmtodsteFiap. 4 is a flowchart showi ng the eval uation method

of this enbodiment .y Emi%%qr%%& o4 4 gﬁ%{@%@éﬁ%b?:ﬂ IQE?%r a%#?ﬁ?e o the

first enmbodi nent in secon ave
the same functin arf@sa@ﬁibxr@@hw&nh@%m@rf@i pdese IZBﬂtlﬁéélﬁéé,t’@re deggeglgbwn

gt o RELSANSH RSSO O st Sipon SRyl
CCD ca g&laé ining POPBLPTHI D lt.'ll TF ak eamﬁi(gﬁj Sg?elean &% eé{PB\}feﬁEr]géw ty
g andt an UDpairrl]@:?wtctydl? atcm@libege?rgh@nﬁ]?dlmenﬁﬁtis @mﬁ%pﬁhtfﬁf fdﬂﬁldlsﬁalthgl
irection so a ntrre no r cavl

cavity 9 areé ?/ %1857%? g@%‘r u'@%ﬂ a‘ﬁ‘fa&% ?@%&ﬁ@@ﬂep%ﬁdt he

mol d surfac esdep‘lémﬂlﬁglancthjmi@xeemﬁ dbéiness ac hedo peewrm défetidvé peedwgisdran and
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being manufactured.

15 Second Embodiment

. With reference to Figs. 3 and 4, an evaluation apparatus and an

evaluation method for evaluating the degree of adhesion of adherents to the
mold surface according to a second embodiment of the present invention are
described. TFig. 3 is a partial cross sectional view of the evaluation

20 apparatus of this embodiment showing that a CCD camera takes a picture of
a certain area of a mold. Fig. 4 is a flowchart showing the evaluation
method of this embodiment. Those components of the evaluation
apparatuses of the first embodiment in Fig. 1 and the second embodiment in
Fig. 3 that have the same function are denoted by the same reference

25 character.

As shown in Fig. 3, the evaluation apparatus of this embodiment has
CCD camera 23 attached to an arm 11, instead of sensor unit 10 of the first
embodiment. CCD camera 23 is inverted by arm 11 to take a picture of any
of a lower cavity 5 and an upper cavity 9. CCD camera 23 is positioned in

30 the vertical direction so that the entire mold surfaces of lower cavity 5 and

upper cavity 9 are in view of CCD camera 23 and CCD camera 23 is focused
on the mold surfaces.

Two CCD cameras may be attached to arm 11 to face upward and
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02 DEC 2005 downward respectively. In this case, respective pictures of the
cavities both can be taken without inverting arm 11. The eval uation
apparatus of this enbodi nent operates as described below. As shown in Fig.
3, CCD canera 23 is allowed to enter between a 5 lower nold 1 and dr fip#es
nmold 2. In step Si in Fig. 4, CCD canera 23 takes a picture of the nold
surface of the entire botton1of | ower cavity 5. The picture thus taken is
optical data, and any portion of the picture that has a relatively high
density corresponds to a part to which dirt adheres. In step S2, the degree
of adhesion of adherents, i.e., dirt, is converted 10 into a nunerical

val ue, based on the image of |ower cavity 5. . Specifically, an operation

unit 20 in 3 binarizes the imge of | ower cavH%lS accor di n% tb
pr edet er ni ne W@W@ﬁérx@@mcéwly .Irethlstcweegﬁ%ﬂ@tmenl 188 /% £ cavakies oth

threshol d Iscﬁﬁb@&gk&@%ﬂ@mﬂdﬂﬁr@§ﬁn )érﬁf(pprl ment. In step S3, operation unit
20 cal cul ates a negsure areas each _havi,ng, the

VM whi ¢ 15 a of
density of the bi naRf£¥ L}E}FﬁgbaPH@Eat% 0@&,@&% wg]&enﬁwa teshashdesaibe

threshol d, neeleky aASHdWh 1ﬂIF1tgy3acea5caﬁ1@r§Bs|@s AowrdoRmaeabetweei b 21 in
rdvanced Rer RGB! abd/an Whekmad, SR ERGH LB o G P o7 "
Ref er ence vatakes\spictutieofthd metd 2arfiace afittanertias bdgsnar bbbdvelifeﬂamtyamd st ored
i n conpar at n_FEi € r.esi openation

IS reggat ed%gg%tl&uéﬁégséﬁg%é? P?/t§ cﬁtgaggh é’sﬁﬂtjro Oﬁﬂpd‘g’fsg‘%{ i rml ded
products. Hehas atﬂﬁ:éatsmiydnghldammyauoempnnd&do atAry tbeﬂm:ch dccadherese of any
defect in nol ded pfﬁ?gﬂa {S2] e cf!&%f\r/?é (?ﬁjers"i‘o':‘n 5?52138&9@8 vl UHJ\;Y%S c%@ geﬁeat ep

S4, if _a relation: urerren ence v

satisfilfd, thdod nﬂw@t@éyaé% tsaﬁﬁdw neiheugragemef komea qawetYeﬁfm PpeqiBaally,
appar atus dehg ro@i'e?@éioﬁ Ifel@ﬁt 20%n %?@&Iﬂiﬂ%*’cﬁ%hﬁfﬁg@fof%{v‘ér bgnttia% e{Hédelﬁlg][ face

is smaller t ref erence,va eval uat t gree 0O
Ldhearon | s B Rte0elrREd et ARROIFhd GG ash o ding BetiTen s 50
continued astleghbldeis ddtersiesd & advinee bji‘leﬁpeﬁmenfeasur ement VM ? ref erence
value Vs (or VM >.Vs

and then the eval H&F%%ﬁﬁgg‘g‘lffiﬂi?@d@@?’rﬁa& %gﬁ?%rﬁggﬁéﬁwl &Hﬁ}ggggg of
dirt tad5the a2@um of areas each having the density of the binarized image that is equal
to or higher than the threshold, namely a sum of dirty areas.

In step S4, a comparator unit 21 in Fig. 3 compares measurement Vu
with a reference value Vs which is stored in advance. Reference value Vs
relates to the magnitude of dirty areas. Reference value Vs is determined

20 in advance as described below and stored in comparator unit 21 in Fig. 3.
Specifically, as resin-molding operation is repeated, dirty areas gradually
increase, resulting in defective molded products. Here, the sum of dirty
areas immediately before occurrence of any defect in molded products is-
determined as reference value Vs.

25 In step S4, if a relation: measurement Vi < reference value Vs (or Vi
< Vs) is satisfied, the dirty areas are small enough and then the evaluation
apparatus determines that the degree of adhesion of dirt to the mold surface
is smaller than the reference value, and the evaluation of the degree of
adhesion is completed. The resin-molding operation is subsequently

30 continued as required.

In step S4, if a relation: measurement Vu > reference value Vs (or Vu
> Vs) is satisfied, the dirty areas are not small enough and then the
evaluation apparatus determines that the degree of adhesion of dirt to the
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0O 2DEC2 005 nold surface is equal to or greater than the reference val ue
to performan operation in step S5. Then, the eval uation apparatus of this
enbodi nent perforns the operation in step S5 simlarly to the evalu ;j@ n
apparatus of the first enbodinment. 5 As di scussed above, the eval’dati‘ofi':
apparatus of this enbodi nent generates a warning signal, based on the
optical data of the nold surface, nanely inmage, when dirt adheres to such a
degree that requires cleaning, as the evaluation apparatus of the first
enbodinent. In this way, the degree of adhesion of dirt is quantitatively
eval uated. Accordingly, the efficiency 10. of the resin-nolding operation is
enhanced, the resin-nolding operation is automated and the yield is

i d. I f. .the d dh f i i f d
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of the reffi DgORFEaRgn s cedantedy ?'H", PREr Hati on
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adhesi on. THerERlH JBRYsHRE & BRNERAHY diltife RIoUS Bullice §X 8HRS BvaliatPBaRS of -21
15 short period of time.

Respective evaluation apparatuses of the above-described
embodiments each start cleaning according to a warning signal.
Alternatively, the control unit may generate a warning signal indicating an
abnormal state by lighting a warning lamp, for example. In this case, an

20 operator in charge stops the resin-molding operation to start cleaning.

The evaluation apparatuses respectively of the first and second
embodiments use, as optical data, the received reflecfed radiation or the
image obtained by taking the picture to calculate a measurement indicative
of the degree of adhesion of dirt. The optical data may include color

25 components and then a measurement may be calculated. Specifically, the
evaluation apparatus of the first embodiment may measure the intensity of
the reflected radiation based on color components, and the evaluation
apparatus of the second embodiment may process the density not only on the’
basis of monochrome but also on the basis of color contrast. Then,

30 depending on the type of melted resin which causes dirt, optical data may
include color components so as to more accurately evaluate the degree of
adhesion. '

The mold may be cleaned with a brush for example, by means of
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0 Z LJEC 2005 ultraviolet radiation or by injecting nelamne resin into each
cavity. Each tine the resin-nolding operation is done or the resin- nDIding
operation is done a relatively small nunber of tines, sensor unit @pyzﬁ
allowed to enter between |ower nmold 1 and upper nold 2 to eval uate the J
degree of adhesion. In this case, the degree of adhesion of dirt to the nol d
surface is nonitored substantially in the line. Then, even if dirt adheres
to the nold surface unexpectedly, the dirt is appropriately found and the
degree of adhesion is accurately eval uated. Depending on the degree of
dirtiness, a warning signal may be generated to prevent defective products
10 from being manufactured, for exanple. Mreover, it may be determ ned by

[ h d bef h
cxper | et ISV o TR e R T BREEE OB iRl e ke
the stage i medi dfadhytibef dreerdsive maédirer op eradiomuishiomel o theandsed-maoldenglegr ee

f adhesi t t] he di
o 2aneS! OngBBYBE €13 3 o HEATIATAE AR LR SOLRPBLI O
t he degree alfovaethbs potveriketwien fewermodd 1i ard epper mmdde ta evalmage gfe t he
ent 1 e 1 esidquseabl oayonshal 108y Faar llN\geALRRICKINEI SVA! 4t ko manRaY at uses

of the enmbodi'nents |scusse as an exanp of

matters ad rﬁélrrf&r@ isanewgoreabsyhstantially apdhe Ancer rBhaneven if dnetrgdhfae%tq al
conposi ng 3eh|e3dri8fd é@ffﬁ'&guﬁ@xﬁé’&eﬂﬂ?' ﬁléﬂhft‘i&% b?&pﬁ?fel?%xﬁ’ﬂ&%n‘?lfthe”pr ovi ng,

the rel easabil i a rel ease eva I on _appar at us, of each
embodi nent ?ﬁ@faﬁh§@ﬁflmlaﬁ9‘é’iﬁt?]§n@ 9&%%1 %?@ng%ﬁm BECEIE degree

of adhesi ondiefinkhe arefla@a sigfl@Dinay e £éh&rated € phiRdteddasevageniugs adual |y
peel s{d)ff f om he ol gqqtmeé{ ce as the resin-nolding operation is
a

repe %WI‘??IHQIPHHP i €¥P8thg. Then, in order to evaluate the
degr ee of adheS| dviopéovieleitrmhe dealetagentedlyy mmnmfutt}hﬁv hmmylslinte,s tife

el o, o1 nCeop i Rind BFeSREER dobe 1RO I RllalR of aBELhotl AREAANRER,
rel ease ageritexseells th¢ tefeBenawvauspedhbenci tye stagepamediately before ghoerpar es
measur ementge{Manh { dnBEBIELS YELAGA, (RE ﬁ%ggfefo ?dl%% Mﬁm%{/ a?e{rﬁixf’atté@rfor

nmeas ment VM rererenc val uye VS IS uat 1 on appar at us
det ertR nes q&?é%phh@adﬂmﬁghwe%n I@%Jéﬁnapp%atp%%wrm et o midiin pese,

reflected rthdiideofeqldrddfordRaluation of the degree of adhesion is shortened to
increase the efficiency of the entire resin-sealing operation.
Regarding respective evaluation apparatuses of the embodiments
discussed above, dirt is referred to as an example of matters adhering to the
20 mold surface. Alternatively, to any material composing a layer formed on
the mold surface for the purpose of improving the releasability, i.e., arelease
agent, the evaluation apparatus of each embodiment of the present
invention may be applied to evaluate the degree of adhesion of the release
agent. In this case, the release agent gradually peels off from the mold
25 surface as the resin-molding operation is repeated, resulting in failure in
molding. Then, in order to evaluate the degree of adhesion of the release
agent by means of the intensity of reflected radiation, the degree is
determined on a basis as described below, since the intensity of the reflected
radiation increases as the release agent peels off.
30 More specifically, comparator unit 21 compares measurement Vu
' with predetermiﬁed reference value Vs. If a relation, measurement Vi <
reference value Vs is satisfied, the evaluation apparatus determines that the
intensity of each of reflected radiation 16 and reflected radiation 18 is
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a21 IDI- C210 0 5 sufficiently small. Then, the degree of adhesion of the
rel ease agent to the nold surface is greater than the reference, which
nmeans a good releasability of a nolded product froma nold is secur@ﬂQQPZMr
d there is no problemaccordingly. If there is a relation, nmeasurenent n1~?
reference value Vs, 5 any of reflected radiation 16 and refl ected radiation
18 has an intensity which is not small enough. The degree of adhesion of
the rel ease agent to the nold surface is equal to or smaller than the
reference value, and the releasability of the nolded product fromthe nold
Is deteriorated. Conparator unit 21 accordingly generates a warning signal
10 The eval uation as described above i's perfornmed of the degree of adhesion
of adherents gr dirt to_a npld eopl oyed for resin-seal jng apparatus.
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pfgsent i n?/aﬂtdxdmgm;/ mﬁﬂ%ﬁ@lﬂ;‘ actebaﬁi@e,imﬁasumdm' éiﬁﬁM@Iﬁ?ﬂ_‘@&bWﬁé Wt rarily
and preperly_as segquir t.0 the.extent t, swch. a i fication .or
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ref erence t ovlichds nbt amchibenmghur fBloe degest oferth esppaohthisrdloasaagendl o
surface acc [ t thir | f r ] nti '

descri bed, ﬁ%g(?g(%gesgﬁrr%cﬁqﬁeﬁﬁﬁﬁg# ?1 %glee t?%?%gggﬁfeﬁ%g?%ﬁ%ﬁ?@i éch%rrponents
wi th resin, raleaaabBiambitbe odolded gsodsetdfrbor theoindldis detorimratidy. 5 is a '
schematic fr, ' : t t hi s enbodi nent
25 show ng t%p¥$a§$%g%é¢%f&g&ﬁgﬂlfé{geg%%g‘t%g& %%Bg{'fgte%%ﬁ%'eal I ng appar at us.
Fig. 680 s a schendihecevaldation @y descrihed shovadererfoimedmnf theptessesist in Fig. 5

showi ng t hatadﬂﬁ_@io%Pﬁadcﬁ{éi‘%ni;é 6ﬁ§ir@‘t@§_ﬂ15ﬁi %b‘l’oysé& fo%%ré@iﬁ@eﬁﬁﬁk”er
ul travi ol et radiation. Referr“lgg}? .unit..10.1 i s used for

Seal | ng i { PGSR SR Vel R PTGAPEL TP DS ARRHEDRE HoPERGI 1 20 1
to serve as moldsdoemiiéirgy osid amgluditig nmibdde forhegedtin-iolBrigowai ts. In nol d
other o resine sdameher HERsarpuehBnE bt bR RhESTAAHTEE oo Vel
as a ridnner app@ratusea reg@ectively of the above-discussed embodiments. The :
characteristic structure of the present invention may be applied by being
modified or selected arbitrarily and properly as required to the extent that
such a modification or selection falls within the scope of the invention.
Third Embodiment
20 -~ With reference to Figs. 5 and 6, a surface treatment apparatus for a
mold surface according to a third embodiment of the present invention is
described, in connection with a mold used for sealing electronic components
with resin, as an example of molds used for molding resin. Fig. 5isa
schematic front view of the surface treatment apparatus of this embodiment
25 showing that the apparatus is incorporated in a resin-sealing apparatus.
Fig. 6 is a schematic side view of the surface treatment apparatus in Fig. 5
showing that the apparatus irradiates the mold surface with excimer
ultraviolet radiation,
Referring to Fig. 5, amold unit 101 is used for sealing with resin and
30 a waiting unit 102 is coupled to mold unit 101 to serve as a place where a
lamp unit described hereinbelow waits. In mold unit 101, an upper mold
103 and a lower mold 104 are placed to face each other for resin-sealing.
Upper mold 103 is fixed and has a cull 105 as well as a runner 106 and a
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D U DEC 21. GC cavity 107 comruni cating successively with cull 105. Cull 105,
runner 106 and cavity 107 conpose a resin-flowi ng portion 108 of upper nold
103. Lower nold 104 is novable and has a pot 109 pl aced opposite qu?%%bma
105. Lower nold 104 also has a cavity 110 placed opposite to cavity R
Pot 109 5 and cavity 110 conpose a resin-flow ng portion 111 of |ower nold
104. A nozzle 112 is connected via a valve to a gas supply source (both are
not shown) to serve as a jet mechanismenmitting a jet of a predeterm ned
gas as required. The emtted jet of gas is any gas, except for oxygen,
having a property of suppressing attenuation of excinmer ultraviolet

radi ation, a 10 nitrogen gas, for exanple. An exhaust pipe 113 is connected
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he
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enbodi ment iassuetiondesapi(beth ard hot sfi@rehtedisochkrgsthdgasndvitlin Bold esjiect i ve
resin-fl ow ﬂ@l&@t@%%ﬁsiﬁ 8 and 111 of upper nold 103 and |ower nold 104

& .

heated to a predeterm ned nol ding tenperature (e.g. 180C) 30 in advance, a
nmol d rel ease | ayeA laoim aindt hi4d sexpsaisfaximedppdnenmezbanismlidradietisgse agent

s Tor med_ 0ReiasRl etk A8 Sl AMIANDS af 160E: 3UAALA Bith HoomEp! d

oner38eu”) MisaniolonEAtiahanng An exgimer 1amp 115 is mounted within lamp wnit

114 to generate excimer ultraviolet radiation of 172 nm in wavelength by
dielectric barrier discharge with xenon (Xe) used as a discharge gas. A
translucent window 116 provided on each of the upper and lower sides of
lamp unit 114 is made of synthetic quartz glass for example and serves as a

20 window for irradiation. For the purpose of preventing decrease of the
illuminance of the excimer ultraviolet radiation on the mold surface, the
distance between translucent window 116 and each mold surface is
preferably as short as possible. A rail 117 is a transport mechanism for
moving lamp unit 114, and lamp unit 114 driven by a motor (not shown) is

25 moved horizontally along rail 117.

An operation of the surface treatment apparatus for the mold surface '

according to this embodiment is now described with reference to Figs. 5 and
6. On respective resin-flowing portions 108 and 111 of upper mold 103 and
lower mold 104 heated to a predetermined molding temperature (e.g. 180°C)

30 in advance, a mold release layer containing a specific component as a mold
release agent is formed on the mold surface in advance. On the surface of
the mold release layer, a component which deteriorates the releasability 1s

generated through the molding.
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Referring to Fig. 5, lanmp unit 114 is noved fromwaiting unit 102 al ong
rail 117 and stopped at a predeterm ned position which allows desired

regions on the nold surfaces of upper nold 103 and | ower nold 104 tig e 7005
irradiated uniformy with the excinmer ultraviolet radiation passed through 5

transl ucent wi ndow 116. Mreover, a jet of nitrogen gas is emtted by
nozzle 112 to the regions close to the nold surfaces of upper nold 103 and
| ower nold 104. Accordingly, the regions close to the nold surfaces are in
an at nosphere of | ow oxygen-concentration. Then, a predeterm ned

hi gh-frequency voltage is applied to excinmer 10 |anp 115. Accordingly, as
shown in Fig. 6, exciner lanp 115 generates excinmer ultraviolet radiation

118 havi ' ; : { . it 114

thus |11 adi at oo rSceapye 116 5l SRUETEYis SEvEa s PRme SR LT 07
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eel
i rradiated ?%tatﬁloégb?%ﬁ Yo% OB CPCTB AR t hi s val ue is deternined in
advance. | n addi tThen, ppeddrabhynédhixlefiengenbpsobkaygalisiapphed 26 ekbien@xt ent

t hat e st fi=th rf et s L i [ after the
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radiation 118 is called VUV (Vacuum Ultraviolet), having a wavelength of
an extremely narrow range with its center at the center frequency, i.e.,
single peak wavelength, and having a characteristic of a high photon
energy. _

- 20 Excimer ultraviolet radiation 118 is emitted under a condition that
the energy of excimer ultraviolet radiation 118 has a value to the extent that
the mold release layer does not peel off from the mold surface when the mold
surface is irradiated for a certain period of time, and this value is
determined in advance. In addition, preferably this energy has a value to

25 the extent that the state of the mold surface returns to a state immediately
after the mold release layer is formed thereon, namely the initial state,
when the mold surface is irradiated for a certain period of time. Excimer
ultraviolet radiation 118 having such an energy is emitted to the mold
surface to allow the state of the mold surface to become close to the initial

30 state, or return to the initial state, depending on irradiation conditions.
The mold surface is thus irradiated with excimer ultraviolet radiation 118
for a certain period of time and then the surface treatment for the mold
surface is completed.
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Here, a detailed description is given below, regarding the action of

excinmer ultraviolet radiation 118. By the energy of exciner uItrav'pIE; )
radi ati on 118, ozone (03) and active oxygen are generated fron1ox¢beﬁ' 2005
present within nold unit 101. O the generated ozone and active oxygen, 5

t he active oxygen in particular causes the surface of the nold rel ease | ayer
to be activated. Then, the state of the nold surface becones close to the
initial state or returns to the initial state depending on irradiation
conditions, The gas within nold unit 101 contains ozone which is hazardous
to humans and causes netal and polyneric materials to be 10 degraded or
corroded. Then, this gas is discharged to the outside of the resin sealing

t th . f
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- 26 OLUCuZOftﬁenuatlon of excimer ultraviolet rad.1at1on. Attenuation of excimer

ultraviolet radiation 118 due to oxygen is thus suppressed. Since there is
no decrease of the efficiency of generating ozone and active oxygen, the
efficiency of activating the mold surface as the mold surface becomes close to

20 the initial state is maintained. Further, excimer ultraviolet radiation 118
is unlikely to attenuate. Then, even if the mold surface has depressed and
protruded portions and is thus uneven, the surface of the entire mold release
layer including the mold release layer on the depressed portion of the mold
surface is uniformly activated.

25 Then, emission of the jet of nitrogen gas by nozzle 112 is stopped,
and lamp unit 114 1s moved along rail 117 to waiting unit 102 shown in Fig.
5. After this, a substrate with electronic components mounted thereon is
placed on lower mold 104, upper mold 103 and lower mold 104 are clamped
together, melted resin (not shown) is injected from pot 109 into cavities 107

30 and 110 by being passed successively through cull 105 and runner 106, and
the melted resin is cured to produce cured resin.

Then, upper mold 103 and lower mold 104 are opened to take out a

molded product (not shown) formed of the substrate and the cured resin.
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Then, resin-sealing of electronic conponents is conpleted. Next, lanp unit
114 is noved fromwaiting unit 102 to a predetermned |ocation, and a jet
of nitrogen gas is emtted to portions close to the nold surf aces of 2tlié jop
upper nold 103 and lower nold 104. As shown 5 in Fig. 6, lanp unit 114 emt
excimer ultraviolet radiation 118 to respective nold surfaces of upper nol
103 and | ower nold 104. The surface treatnent of the nold surfaces and
resin-sealing of electronic conponents are thereafter repeated. As

di scussed above, the surface treatnent apparatus of this 10 enbodi nent
performs the surface treatnment of the nold surfaces, between resin-sealing
operations of electronic conponents, by irradiating respective nold

surfaces of I r ultraviolet

radi ation 118 avri %131 geaélic}% egg!étgﬁﬁfc wave Qﬁs‘é‘éﬂ%&hﬁ@b%‘s phot on ener gy.
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200D ‘initial state or returns to the initial state depending on irradiation

" conditions. In resin-sealing of electronic components, the releasability of

o nER

cured resin from the mold surface is thus ensured to prevent adherents from
being deposited on the mold surface. In addition, cleaning with a brush for

20 example is unnecessary, which allows resin-sealing to be carried out
successively. Moreover, the efficiency of generating ozone and active
oxygen is improved. Even if the mold surface is uneven, the surface of the
mold release layer on the mold surface is uniformly activated.

According to the description above of the surface treatment

25 apparatus of this embodiment, after lamp unit 114 is stopped at a
predetermined position,. excimer lamp 115 is turned on to emit excimer
ultraviolet radiation 118. Alternatively, with excimer lamp 115 turned on,
the mold surfaces may be irradiated with excimer ultraviolet radiation 118
while lamp unit 114 is moved. In this case, not only the energy of excimer

30 ultraviolet radiation 118 but also the moving speed of lamp unit 114 may
preferably be considered to determine the irradiation conditions for the mold
release layer. In addition, one or a plurality of excimer lamps 115 may
preferably be provided that are perpendicular to the side of the apparatus
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seen in Fig. 5. Wien the surface treatnent apparatus of this enbodinent is
used, the nold surfaces are irradiated each tinme the resin-sealing
operation is performed. Alternatively, a relation between the nunﬂngp@zmg
times the 5 resin-sealing operation is successively done, the state of th
nold surfaces and the releasability may be evaluated in advance and then
the nold surfaces may be irradiated after the resin-sealing operation is
done a predeterm ned nunber of tines according to the evaluation. Lanp unit
114 thus operates a mni mum nunber of tines as required, which enhances 10
the working efficiency of resin-sealing. Fourth Enbodi nent Wth reference
to Fig. 7, a fourth enbodi nent of the present invention is described. Fig.
71is a schegﬁﬁi n%% t view of a surface treatment apparatus for a nold
surface of s e I'ment showi ng that the 15 apparatus is incorporated in
a resin-sealing apfemathessurfadestrentodntrapparaias oé thiseermbodiment &s udedt t he

f
surfece e Hoko SRSER 3 LOSHARD 0 UOUNEILOL SR ARINSY
irradi ati onpeléﬂ)ﬁ@@éssél’g@rl@&tlﬁ@tv apelation hetweerrthe numhersfitimes ﬂl@ is the

eval uagi on ward and
downvva§d di gﬁ?’% g%’% £(;:at(.:tt1 OSI?QS %?C%Sﬁ@wrg%%@? P%%@aﬁerbmtef}ﬁqu&l?&g lation 120

refl ected fABftEacAlarsability way dglanadvanse axd thesr themoldt ed

radi ation 13&rﬂa@e§ﬂﬂa§ﬂf@lﬁ@cﬁ'a@éd after 1RO z‘res}.r.aese«ah'h%lf dRGheivass BRd £onpares the
cal cul at ed reféoﬁ ctan @d\g\nt redeter ed r ference valu Sensor 119
maybe an opPTEHItCHIM oMY er) LRHS BYCOLSTey reVAUAHOE, Hamp gt

radi ation, ilb#nthngdpeedeatimniniotuhasemnber ésﬁtlmrﬁ rajuioéd thRichugiilentces

treat grnt appar atﬂlsﬁga or di nﬁ)éto this..embodi nent is described wth

referéfce t& Frg- Cemicy ipf tERIP SEAIDE: [ eat ment appar atus of t he-third
enbodi nent, a | anPounilt Efibsédimenbved, and a jet of nitrogen gas is enitted

to regions close i@ aspeative PRLY. ?a%agq,fg@mdﬂﬁeﬁp e[ege Jhhg 103 and a

| ower nold 104 by a nozz then reach osition facing
cavities l0myemilomp describaflt Fagi bty dacheatig mtrm?v@ supWeed and

downwar d di ¢QGithQAS a ?B@réﬂﬁ%ffor @Qh@ﬁ sdx@ftéeeéﬁtﬁ‘iis ERBbaihent sRdwike shhti the

radi atlgon 1%813%1@51‘11_!“%013 ?gcofrlr) 8{‘?&9% n a resm seaﬁng apparatus. This embodiment
has a characteristic that the surface treatment apparatus includes an
evaluation mechanism which optically detects the state of the mold surface
to determine whether irradiation is necessary or not.

Referring to Fig. 7, a sensor 119 is the evaluation mechanism which

20 emits radiation 120 in both of the upward and downward directions, detects
reflected radiation 121 which is radiation 120 reflected from each mold
surface, calculates the ratio of reflected radiation 121 to emitted radiation
120, i.e., reflectance, and compares the calculated reflectance with a
predetermined reference value, Sensor 119 may be an optical non-contact

25 sensor using, for example, visible radiation, infrared radiation or laser.

An operation of the surface treatment apparatus according to this
embodiment is described with reference to Fig. 7. Asin the surface
treatment apparatus of the third embodiment, a lamp unit 114 is moved,
and a jet of nitrogen gas is emitted to regions close to respective mold

30 surfaces of an upper mold 103 and a lower mold 104 by a nozzle 112.

© Sensor 119 then reaches the position facing cavities 107 and 110 to
emit radiation 120 in both of the upward and downward directions and then
detect reflected radiation 121 which is radiation 120 reflected from
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respective surfaces of cavities 107 and 110. Further, sensor 119 cal cul ates
the reflectance to conpare the calculated reflectance with a predeterm ned
ref erence val ue. Respective operations of detection of reflected raﬂgagLon
121, calculation of the reflectance and conpari son between the refl ¢t BackiB
and the reference value may be shared by the sensor body and a cal cul ating
unit. If the calculated reflectance is equal to or higher than the reference
val ue, for exanple, sensor 119 determnes that there is only a slight change
in the state of the nold surface relative to an initial state and thus
generates 10 no signal which turns on an excinmer |anp 115. Accordingly, |anp
unit 114 returns to a waiting unit 102 without emtting radiation, upper

nold 103 and lower nold 104 are cl anped together and nornmal resin-sealing
operati on i stespeeiiee serfacesnl eaiatios ABY anghbl0 . tFunderasengost B ¢alenlatesance

is lower thafhd ffleclindetfotioafieereVidlot@lcdgiaPreflcbPaded R4 ASeliBaindiRed St ate
of the nold s%rface hangﬁs relative tq the_ initial state an£¥§ﬁnerates a

signal for tifATSRFeoluexchespedyigPPrerstions ebhgtesiionieflecksdrathatipBng unit
114 irradi at 31 td¥culapbd fuhbaeteWanite ad cnParisatbetwe et eherafle®ance
sondi 1 gne ! obabisaLien, ad NSLoat e shirae Lo el tioe unlt d06,
the surface tngatment apparatus of this enbodinent determi nes, based on the
sl O op el SN A s e LR AR MO
an ef fect si wiluay farexamapleasthenetl hyletehmiass shatf towetis ealyrardighpwhenges of
e tted 1ot Eothorate bERRChRE Siutal P el B b S OB PR SRS
returnlfo t heoisignalavhichdmens onecamexwimey lenin ¢lencpccofdingly, lampruasisdlitng is
LAt S 0 2 SRR RS AT
with lanp unPRd lewer paldd O amp&d: gptharand normal resinatqadintgmy be
enmtted to tbpermich isdariiddeothil e | anp uni't 114 is nmoving. It is determ ned
whether or not theniohd sk 3hd, 3¢ i Ot e 8 8% ancs s owver b fad ©°
15 reference value, sensor 119 determines that the state of the mold surface
changes relative to the initial state and generates a signal for turning on
excimer lamp 115. According to this signal, lamp unit 114 irradiates the
mold surface with radiation under predetermined conditions for irradiation
and thereafter returns to waiting unit 102. Then, normal resin-sealing
20 operation is perfoi"med.
As discussed above, the surface treatment apparatus of this
embodiment determines, based on the result of optical evaluation of the
state of the mold surface, whether or not the mold surface is to be irradiated
with the radiation. Accordingly, an effect similar to that achieved by the
25 surface treatment apparatus of the third embodiment is obtained. In
addition, since the radiation is emitted to the mold surface as required so as
to cause the mold surface to return to the initial state, the working efficiency
of the resin-sealing is further improved.
According to the description of the surface treatment apparatus of
30 this embodiment, radiation is emitted to the mold surface with lamp unit
114 being stopped. Alternatively, the radiation may be emitted to the mold
surface while lamp unit 114 is moving. '
It is determined whether or not the mold surface is to be irradiated,
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according to the result of evaluation by sensor 119. Alternatively, based on
the result of evaluation by sensor, such conditions for irradiation as the
period of time for irradiation while the lanp unit is stationary, the noving
speed when the radiation is emitted while the lanp unit is noving, IHEIS)ES
di stance for irradiation and the illum nance, for exanple may be determ ned.
Specifically, if it is determ ned by the evaluation that the surface of a
nold release |layer considerably changes relative to the initial state, the
irradiation tinme may be extended to allow the surface of the nold rel ease

| ayer to return to the initial state. 10 Sensor 119 may evaluate the state
of the nold surface by calculating respective reflectances of a plurality
of points t | 4 Wl t he X ges to
he' ar eat et B UG VY b B L b SaP L1 TR Bl 5B RE

poi nt, or dheaesut of evalaadiosr by eewdor: siech carditionaforiradihtiokes the

eval uation hernnatLvel vy ..l f a
oy nt of _eden oy tauue o REGARAT., PIETRR 1D njid2 ol ol REEIGTR 2y be
cal cul at ed spyedisihep thearadiatipn 19 ematted yplilathe lamprundt is ;oang de e t he

stat e 5f t hgstaRld feUht A58 tioh e SWuASANLE SRE BRAIALRARHE Hefdrmitled.
enbodi nent ,_, senso 1;1%9, 'CﬁgCU| ates.th ref@llxectanc}(?1 ag](lj conpares the
ref | ect anc&RAC aﬁjh'e iz fetraaingg bydihgevakpaden that brg surlage of a0l 1 he
rrplfl SUFf?Q@ldm}étlﬁ)ﬁexedbaﬂs_i@érﬁﬁl @sﬁﬁgesnclelm@@tcdﬁi@mii%%mg, fye t aking a ' ud
icture of .a certain. region Fo ensor e re.may include
B OCD caneEragiRticn trie gAY pe exkanded Diiow BB BRFac o6 A dSsionss | mage
with a predeyertu retdrt bo esbdhidizdArdateconpare the area of a region of a high
densi with ar ren val ue. 25 Fj | rent W ith raferen g, Fig.
o2 1 embod SRR 19 e Bratiis the DR PO R Uk by P ' 3
schemati c frespectiveateflettancesof agduralityt efprintajpplndtany pointavhededtheur f ace
according t | ' | .S dina
resi n-seal isﬁaﬁeg%t;tgr%argt‘]g% %{gﬁ%ﬁ};}?ﬁ% t t?ﬁ?%égg%f@egrggg?éngﬁga%%%%hgﬁﬁodl ment
has a char d82kes aejeyalyadion hesgcﬁﬂméhétp@méa@m%a:@ua&p&tb@ ayerage efidenp| d

surface haseflefREhasbadRbkBeahi val@diton BHHRA vh AHe GRSrafiel eAlteRdativdyli 9. 8,
nozz| % 122th%rr%ﬂg<r:t%\1/1|cgeo atﬁ)oiﬁ r(;f "tagé.hu(t){a ca%i{igg Hb? gan_d3 ? 18 t alplEst%Eg ?o a
runner 106 may be calculated by using that point as a pini)oint, in order to
evaluate the state of the mold surface.
In the surface treatment apparatus of this embodiment, sensor 119

calculates the reflectance and compares the reflectance with the reference
20 value. Alternati\%ely, the state of the mold surface may be evaluated based
on image data obtained by taking a picture of a certain région. For example,
sensor 119 used here may include a CCD camera and an image processing '
unit to binarize the obtained image with a predetermined threshold and
compare the area of a region of a high density with a reference value.
25 Fifth Embodiment
With reference to Fig. 8, a fifth embodiment of the present invention
is described. Fig. 8 is a schematic front view of a surface treatment
apparatus for a mold surface according to this embodiment showing that the
apparatus is included in a resin-sealing apparatus to carry out surface
30 treatment. This embodiment has a characteristic that the surface
treatment apparatus for the mold surface has a mechanism of heating and
supplyin‘g gas.
Referring to Fig. 8, nozzles 122 are provided to constitute a jetting
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mechani sm connected via a gas pipe 123 and a valve 124 to a gas source 125
and placed, for exanple, to extend fromrespective corners of a lanp unit.
114 toward respective centers of the top surface and the bottom garfacesof
the lanp unit. Fromthis nozzle 122, a jet of gas having a property of
suppressing attenuation of excimer ultraviolet radiation, nitrogen gas 126
for exanple, is emtted to the regions near respective nold surfaces of an
upper nold 103 and a lower nold 104. A heater is a heating nmechani sm

provi ded on gas pipe 123 between gas source 125 and valve 124 to heat
nitrogen gas 126 to a predeterm ned tenperature (e.g. 180C equal to 10

nol ding tenperature). A cooling pipe 128 is a cooling nechani sm pl aced

around a tr nt wi_ndo 16 of i 14 C t ransl ucent i ndow
11610 & pr SRRl B s B BB v RCERL S A BBS CHRER 1P ek
fluid cool arnd pleeedafoerexahiplet to extewd Siomh eespechivatcoemeitstafch jaetp oiinl 14 ogen
gas 126 to I ] r r I on gas'’
bpe 123 neararlaRsRtal st SR SEr AR e liBln SRUEEOKT B G
closer-to demyl wnit22 FrehathiseazalenbdR, erjet 2f gas hawveag aqfropentyi ofy pi pe 128,
such arcool i i i : i Lo d s | ucent
W ndow 116, SOTFREIAR ARARE bt ScaCe V116G TRK Fa Bablthl BEURERh CaS 120 M ee
advant ages 48t g¥amlpcs axeitird tothestegionfenedy rapeetive moldairfacesd adur f ace

of a mold nglRashol BYE8 dnl ARewHEAIMBRII1081 NAGhd 4ty L& HRRIAIY fiefhahiten NI d
surface is kept.copstant. .In ggter words, nitrogen ggswé% ﬁatg_ij to a
predet er mi nétd® PRABHE PLIBY lﬁ ebyeqn £a5 SOPETG LeP pBUHRVE dgitdRdieidar 25
respective mi?:cbgﬁwg@elcgzﬁ% ?mdéteﬂﬁﬁﬂﬁd@ém®l@daﬁtmelqé:gmllSd"(l%deQ tal | 0\|/_Ive t he

t enperaf ure .he .mo rface,t e .a_ml ding t erature. re,
the efTtect ﬁ"%@%‘%&&ﬂﬂ? aﬁhrg gu{»&f°§8]§ggfplﬁé‘.§§§6?& Qogﬂlgggrge&%snbyi%c?gne and
active oxygearoyades dcablbgerdxwindow 016 odlampeatnit ddidatoi ol tsansbdeodd i f t he

t t I e f th
crher atur e Pind e 1IBL EYE M EnARRIERRRrc IR, BS13) bR ur e of Lhe

30 nold surface s i I.ng t'enperat ur of activating
the surfacelofulatagrmich fluideppdantlike watermi nt ai ned. Second, the

i | lum nance of excifiBis pbSiBld 19l lat @t &l 120 0P RifrBBeRhS 128UofaCe IS
nai ntaiged.. Sip%mflcal Idy, tran%I ucent WI{I w 1lg i S cqol.ed by -31 ?é_ OEL
2005 predetermined temperature, heater may be provided on gas pipe 12
near each nozzle 122. In this case, valve 124 may be attached closer to
nozzle 122 relative to heater 127, ‘
Instead of cooling pipe 128, sx_lch a cooling mechanism as Peltier

device may be provided near translucent window 116.

20 The surface treatment apparatus of this embodiment provides
advantages as described below. First, the effect of activating the surface of
a mold release layer is maintained, since the temperature of the mold
surface is kept constant. In other words, nitrogen gas 126 heated to a
predetermined temperature by heater 127 is jetted to the regions near

25 respective mold surfaces of uppeér mold 103 and lower mold 104 to allow the
texﬁperature of the mold surface to be kept at a molding temperature. Here,
the effect of activating the surface of the mold release layer by ozone and
active oxygen generated by excimer ultraviolet radiation is reduced if the
temperature of the mold surface decreases. Then, as the temperature of the

30 mold surface is kept at the molding temperature, the effect of activating the
surface of the mold release layer is maintained. |

Second, the lluminance of excimer ultraviolet radiation on the mold

surface is maintained. Specifically, translucent window 116 is cooled by
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cooling pipe 128. As translucent w ndow 116 nmade of synthetic quartz gl ass
has a property that the transm ssion factor decreases as ‘the tenperature
increases. Then, the transmi ssion factor of translucent w ndow 11§7i587 7905
mai nt ai ned by cooling translucent w ndow 116 and thus the 5 illum nance o
the excinmer ultraviolet radiation on the nold surface is maintained.
Regardi ng the surface treatnent apparatus of each of the above- discussed
enbodi ments, nozzle 122, lanp unit 114 (and sensor 119) nay be attached to
a transport nechanismfor |oading a substrate and unl oading a 10 nol ded
product, i.e., a |loader and an unl oader. Then, in any of the situations
prior to | oading of a substrate and subsequent to unloading of a nolded

product, the surface t tnment of . the mold surface js readjly er f or med.
e ol 4 surgaains SioenlZ ! okt bradaticne Ranfinm | 1 madsal achetls alEel per od
of tinme and glasa hhisghptofaregtlertahe tthn8aidsiaf fddier defrehsends koser nol ds 103
and 104 undeﬂgg p&ﬁ surface tr tnen%.tAlteLnatiwglf, tﬁe | d syrface of
any one of t HESRCLIMYGE 1%§as%nd§$§5"-tt B VARS8, t _raﬁgli)fpg 122, | anp
unit 114 (andisémsdrlGlikhaimyind lpy osdldadtrfaashideat wndbacel®bndrnihysahe of
t he upper an ver  nol tQ emt jet.of agas.to this_ 20, nold surface,
ot ond ror IPRUE R el el htamiol et b 0B Bt fRitHeS I
surface. |n ms#Btoasd, nozzle 122, lanp unit 114 (and sensor 119) may be
inverted as requir [ ﬁﬂﬂ&%% i's used
here to generate g%%?ﬁ%??&??%%@%%ﬁ§9ﬁ§§¥uat. n.agéﬁéfﬁgg}égﬁ%fg§%§
di schar ge gagiscpssebambodiments noeest128ntarsp wiibddAt(end sensor ki) eyl
exanpl e may BealEEd to lantrhhbiFort 39€oh 2XGHTRF 104 diha W QlifkrdRdA LATodBUERD 2
si ngl e_peak §§J§I§ngt except, for thg maveleag h fﬁ 172 nm rticurfarly a
singl e 1ﬁeak morded pgeducts her pdpademand 2n waloadsr.oplhendm ary géthe Accor di ng
to the descr kiptiations pevus: totllbgedingl of 4 shigasste MyEsubsediu@ntad unlfadidgoftde
i ntention of uiin neltqg resigfco ta%ning ﬁgkaggh anpunt. of dﬁnld rel ease
agent for enfth Fﬁfg‘l’ﬁﬂ@“‘ﬁ o tREEWHRATS PRpAtenk P § I §,S e yER Y or med on
the mol d surpecfermegd. bdTenmoldymniface td thus tetnrpddato thye ireyied statetinea | i ke for
g@‘” Ing thegkSheaaRidal ddtimb AnROLY & h?éhgﬁﬁ@q@ér?&r‘?m invention may 32 4. E
15 Both of the upper and lower molds 103 and 104 undergo the surface -
treatment. Alternatively, the mold surface of any one of these molds may
undergo the surface treatment. .
Nozzle 122, lamp unit 114 (and sensor 119) may be provided for the
surface of only one of the upper and lower molds to emit a jet of gas to this
20 mold surface, emit excimer ultraviolet radiation and evaluate the state of
the mold surface. In this case, nozzle 122, lamp unit 114 (and sensor 119)
may be inverted as required.
The discharge gas composed of xenon (Xe) only is used here to
generate excimer ultraviolet radiation. Alternatively, any discharge gas
25 containing at least one of elements F, Ar, Kr, Xe for example may be used.
In this case, excimer ultraviolet radiation having a single peak wavelength
except for the wavelength of 172 nm, particularly a single peak wavelength
shorter than 172 nm, is obtained as well.
According to the description above, the mold release layer is formed
30 with the intention of using melted resin containing an ample amount of
mold release agent for ensuring the releasability. Alternatively, the layer
formed on the mold surface may be an organic thin film, plating layer or the
like for ensuring the releasability, In addition, the present invention may
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be applied to ensure the releasability between cured resin and a | ayer
formed on the nold surface w thout the purpose of ensuring the

rel easability. The nold described above is used for sealing electrqn?gg;205
components 5 with resin. Alternatively, the present invention is applicable
to other nolds for nolding resin. Sixth Enbodimnent Wth reference to Figs.
9-11, a sixth enbodi nent of the present invention is described regarding

cl eaning of a nold used for a resin-sealing 10 apparatus. Fig. 9 is a
schematic front view of a resin-sealing apparatus of this enbodi nent having
a cleaning apparatus attached thereto. Referring to Fig. 9, a

| oadi ng/ unl oadi ng unit 201 is provided near the resin-sealing apparatus for

| oading a circuit. board with electronic ,components_noynted thereon into the
resin-seal i W§ SRbdatuenatg the rg %éﬁﬂ%’b&tW@%ﬁ%%%F%ﬂnMa aYeher ef r om

Further, a fohfbdgnuhietmdPsurfed#othiote dhBrirpbiieof &sdurigedheng apparat us
for sealing _the gbr cuit board having el ectronic conponents nounted thereon

with resin. 1588 H’cﬂ’unl oadi ng unit 201 and nolding unit 202 constitute an
el ementary unit Fﬂfbmwaemﬂaedrﬁbw@fim@ﬁdrfaﬂsmlgé gld(t@rd’rﬂsicﬂrr@@&lehﬂag |
appar atus. A.20 cl.eani uni.t 204.is further provi.de ear,the nesin-sealing
abpar atus. ¢ AaEh 1 h Afeteyste thkore v BBt A A ol e

| at er) used ni@dstthemaldsigwesdal i ng apparatus. The resin-sealing apparatus

i ncl udes cl anpi ng Ob d- 205B for securing a novable | ower nold
206 and a stati onﬁ%%ﬁg%&dig%@ 25 207 respectively. The resin-sealing

appar at us i ncl udesNithi xefexsnabite Figawd- 1int dixtbeskedinmnttaf thieenesert cl anpi ng
| ate 205A i hS 3 i :
plate ‘ﬁﬁb&k‘tlglgllgﬁg%é%ﬂ?&i {'éﬁaaa{r%efﬁgﬁﬂi’u%opﬁ’ ng(flﬁ EHRAES i’&!illﬁgg%hn vabl e

statiqnary upper 07 secure ] per anpl ng pl ate
|l oner Yol d 20®azAtnst digofds ¢ sshpmaticispat yEw ebapesia-scakng apparatys ofeal i ng

W th resin. thiieem®dsifinsfehhdihgs cRRARM Al absflshitadid Higeta tie-bar 209
connected to the ﬁéin bgdﬁ ;ﬁl a_cl anpi nag ﬁi%%ﬁs ZOSQ@ﬂd 205B %he ¢
resin-seal i ng appatdPHEnELe g ad BRIAERE 08t £3hs POEARY eRE howest
part of the rbsdyseflingbhgpagatusifor RAAing Bhedrdies boaskatithgleapaiat us i ncl udes
a mol d openlcggﬁ)eonrg%%g %]éusnr?eajti‘leiéo%?’intg tlhle resin-sealing apparatus and
15 unloading a resin-sealed package therefrom. Further, a molding unit 202
' is provided near the resin-sealing apparatus for sealing the circuit board
having electronic components mounted thereon with resin.
Loading/unloading unit 201 and molding unit 202 constitute an elementary
unit 203 which is a minimum component of the resin-sealing apparatus. A
20 cleaning unit 204 is further provided near the resin-sealing apparatus that
has a cleaning apparatus for cleaning a mold (described later) used for the
resin-sealing apparatus.
The resin-sealing apparatus includes clamping plates 205A and -
205B for securing a movable lower mold 206 and a stationary upper mold
25 207 respectively, The resin-sealing apparatus includes this movable lower
mold 206 secured to the lower clamping plate 205A which is provided to
freely move up and down as well as stationary upper mold 207 secured to the
upper clamping plate 205B. Movable lower mold 206 and stationary upper
mold 207 compose a mold 208 for sealing with resin. The resin-sealing
30 apparatus further includes a tie-bar 209 connected to the main body via
clamping plates 205A and 205B. The resin-sealing apparatus includes a
bottom base 210 constituting the lowest part of the body of molding unit 202,
The resin-sealing apparatus includes a mold open/close mechanism 211
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L C,? 205 which closes or opens nold 208 by noving cl anpi ng pl ate 205A
upward or downward or allow ng novable | ower nold 206 to ascend o qes
Further, the resin-sealing apparatus includes a pot 212 which is a ¢ “tv
cylindrical space and a plunger 213 novable up and down in pot 212 that 5
are provided to novable |ower nold 206. The resin-sealing apparatus includes
cavities 214A and 214B provi ded respectively to novable |ower nold 206 and
stationary upper nold 207 that are each a space into which nelted resin. is
injected. The resin-sealing apparatus includes a cull 215 which is placed
to face pot 212 of novable |ower nold 206 and is a space 10 provided in
stationary upper mold 207. Mreover, the resin-sealing apparatus includes a

Yo pass each I FGER,Slm e Botd SN APl B e o A SR, 2
cl eaner uni doRhWwarflar aledngngovdlde dowdr ol fl 206 tof asvehd o20Bsbyndmi tt i ng

exci mer radiationg e in
apparatus incl udesﬁgth]é? %ﬂz é%gﬁﬁgﬁégﬁﬁagﬁﬁégle@e% i“I;gfzrligl%}}pdﬁgla(tﬁree
in the resifyliedticalgracpand: aplungertidsmersblti weanyd @wnmm0k§d§§hal8
Gonor at! b o EnAEE P A ALEOl ik Blq B6.C. PO Seinl VA GRE R scﬂar ge gas
cont ai ni ng HC (ivé&%@a‘aﬁes 81146@%%ﬁ%rﬁrgwdedz@snﬁctwlyéﬁdn%ab & lewer osed, for

“hel Ldes ée?“’“%?é‘n‘fs‘%’ﬂﬁ?%” 1N m““msm“ﬁ%ﬁiﬂﬁr%ﬁﬁ? gléﬁ‘%éﬁﬁlé?"”m{ op and
i u W [

bott om sur f gheigedolfesg} ésdﬁ’é?Ctﬁ f?eélﬁ’ds agparptvgapel eS\Bh‘F"@iugiﬁl ows
exci ner radixdiitlofs placpass famﬁzugbfammabwlow@faﬁmdezoﬁ andddiatdere the

resi Ny eal i n @g@r at us..incl udes an ﬁg}%@yst pi pe 25 220 provided to on the
top suPfacePBIVIEEE i SEUOTAFY AR B9 connected to an exhaust nmechani sm
(not shown). An oplirabvertlé résin-sehbagiappappes ddadesagudidegail @ 16hi s

erbodi Nt Len O R5EARBRIIN AN ShATAN A BIdkdfe it d0aThBast Bl @
schemati c si Vi e ealing appar SHoW 8“Showi ng
30 that themd émwglt%r éffhsreﬂue@ﬁghngi@pmwamﬁelmiudma @kﬂa@ewwmt %k%u ner
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1g0 e mo surface o mglld ZDOD ’ﬂ?e 1esm se ng ap%aratus includes, m the

cleaner unit 217, one or a plurality of (three in the resin-sealing apparatus
of this embodiment) excimer lamps 218 depending on the size of an object to
be cleaned, the excimer lamp generating excimer radiation. Within the
excimer lamp 218, discharge gas containing at least one of the elements F,

20 Ar, Kr and Xe is enclosed, for example, xenon (Xe) is enclosed. The resin-
sealing apparatus further includes a translucent window 219 fit in an
opening of each of the top and bottom surfaces of cleaner unit 217 and made
of a material which allows excimer radiation to pass, quartz glass, for
example. In addition, the resin-sealing apparatus includes an exhaust pipe

25 220 provided to on the top surface of each molding unit 202 and connected to
an exhaust mechanism (not shown).

An operation of the cleaning apparatus according to this
embodiment is now described with reference to Figs. 9-11. Fig. 10isa
schematic side view of the resin-sealing apparatus shown in Fig. 9 showing

30 that the cleaning apparatus cleans the surface of the mold with excimer
radiation. _

When no resin-molding is performed by mold 208, namely movable
lower mold 206 and stationary upper mold 207 are separated from each
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Oi' Diu 2 0 0 other, cleaner unit 217 is noved along guide rail 216 toward
nmol ding unit 202. Ceaner unit 217 is stopped at a position which allows a
desired region of the nold surface of each of novable |ower nold 206 Q3
stationary upper nold 207 to be irradiated uniformy w th excinmer radiation
passed 5 through translucent wi ndow 219. The di stance between transl ucent

wi ndow 219 and each nold surface is preferably as small as possible in order
to prevent the intensity of the excinmer radiation fromdecreasing. A
predet er mi ned hi gh-frequency voltage is applied to each of the three
excimer |anps 218. Accordingly, each exciner |anp 218 which uses 10 xenon
(Xe) as di scharge gas generates exciner radiation having a center wavel ength
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rom t.he no ce i i schar to.the outsi of, t eap ar.at us.
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ozone is al smvilagihr(geak) of 12 nout sThe entﬁlrmereraifipana‘slthubpmm’wds of
exhaust pi e tinued
P p?lé%%h éﬁ&{h frah5hAdhaGHAR PW 1Y f&‘@acl%f’ié%recﬁ%g q%ld%r‘ﬁcg%%@

for a prede ne necessar eani n

turned of f. mBwvable tavger mekd 206 vadistasivasen UW@F@WWOT heThepaew olaldes
i.e., respegtinyd SIMAR6ERaRing Ii‘lﬁ% \T\rﬁ{?ellaﬁgﬁh al aﬁ%xt?é%elf‘@ﬁlaﬂ%‘ﬂﬁe'\ﬂltﬁ' g.
10), Vi ti ﬁ&] 214A and 214B, cul (‘not, s{%ovvn I n ge % qgsgt resin
passaé ReRter ifppauaNCH et%?nﬁ]ﬁA eqriangly peals srayelengthy by heith the
-35 chemical bond of any matter adhering to the irradiated mold surface, such

an organic material as resin residue. The firmness of bonding between the

mold surface and the matter adhering to the mold surface is thus lessened.
Irradiation with the excimer radiation is continued. Then, ozone

20 (Os) and atoms of active oxygen generated by the excimer energy act on the
adhering matter with the lessened firmness of bonding to oxidize, decompose
and accordingly volatilize the adhering matter. The adhering matter is
thus removed from the mold surface. By means of exhaust pipe 220, the-
adhering matter removed from the mold surface is discharged to the outside

25 of the apparatus. As the generated ozone is hazardous to humans, the
atmosphere containing the ozone is also discharged to the outside of the
apparatus by means of exhaust pipe 220. After irradiation with the
excimer radiation is continued for a predetermined time necessary for
cleaning, excimer lamps 218 are turned off.

30 Through the above-discussed operation, the mold surfaces, i.e.,
respective surfaces of the top part of pot 212 (not shown in Flg 10), cavities
214A and 214B, cull 215 (not shown in Fig. 10) and a resin passage
communicating with cavity 214A and cull 215 are irradiated with the
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0O D 1 2005 exciner radiation having a single peak wavel ength, a high energy
conversion efficiency and a. hi gh photon energy, particularly having a center
wavel ength of 172 nm Such a matter adhering to the nold surface agz Mﬁshﬁ¥
of resinis thus renoved fromthe nold surface in a short period of 5 tine.
As cleaner unit 217 having exciner lanps 218 is noved to irradiate the
surface of resin-sealing nold 208 with exciner radiation, nold 208 is

cl eaned by cl eaner unit 217 incorporated in the resin-sealing apparatus.

The process of cleaning nold 208 is thus automated. 10 Further, as exciner

| anps 218 are illumnated for a predeterm ned period of time, reduction of
the energy consunption as well as increase of the |life of exciner |anps 218

are achi eved,.,./ :11.0n, I ' | N_ RO ct manner,

mol d 208 igxg ng%‘ﬁéejagﬁ\%‘\}l@ﬁ %ﬁﬂ%ﬁ%@%%é@%eﬁéﬁﬁléﬁﬁé u%#}éé%fé‘ﬁ% Fig. 11
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det ect ed opttesidvenfppsia isehasremnyeddnvmthednplst sncfape i aishart perpdef Here,

a cleam ng rghko of 100 %refers to the state w thout adhering 20 dirt,
nanely the state in ich the color and gloss,of plating itself, of nold 208

bef ore resi n- seal ifFlarreryanEd Kohagngfspimeelanps 248§ mevedtpiraediale

be: 39288WI)|hQh@;iﬁmeldftreéiﬁawﬁfgﬁn@?ﬂ?gs Wiitlii gabimgsmtaitm, afold lziess?r I ace of
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determ ned e pyocessufitleanbpenioldd08hathuhausambbedk of nold 208 has its

col or d gloss i ical_t lat] ' | £ tticul obl em

cccur S fesin | Sadeh&h aseebtpr Fulhs 218 ds ULk sea B3 PREMSHLARAL D 2

used, and r &sripd efdamienteductiser sfidhewaertecerawmptiohas well aisiperepye oizﬁ@e

mol ds in ordfge drexcPetBYSSs gﬁStaré%cﬁfeiv%H to respective nold surfaces to the
| t

sane degree. A sensor_]s use detect the dirt on the surface of. nold 208
and a rel ative valldeadstition; as mﬁ%flr?%éisﬁ&anqddrt%@@p@&&ﬁtﬁgaﬁa@m@1@#2&?0 %is
cal cul at ed tig clissgheldh@ithrigs thifané ré®ivinigity dalidégeas an initial value. This

'nitl 81|5 val ue t husFi_g.S?l itlustrates an effect of the cleaning apparatus of this
embodiment as compared with a conventional cleaning apparatus using

ultraviolet radiation from a low-voltage mercury lamp. Dirt on the surface
of mold 208 is detected optically by 4 sensor and converted into a numerical
value. Here, a cleaning ratio of 100 % refers to the state without adhering
20 dirt, namely the state in which the color and gloss of plating itself of mold
208 before resin-sealing are detected as they are. Cleaning is regarded as
being completed when it is determined by visual inspection of the surface of
mold 208 that the color and gloss of the mold surface are equivalent to those
of plating itself. It has been confirmed empirically that, if it is determined
25 by visual inspection that the surface of mold 208 has its color and gloss
identical to those of plating itself, no particular problem occurs in resin
sealing.
Specifically, two molds 208 of the same type are used, and resin-
sealing is perfornied the same number of times by these molds in order to
30 cause dirt to stick to respective mold surfaces to the same degree. A sensor
is used to detect the dirt on the surface of mold 208 and a relative value of
dirt with respect to the cleaxiing ratio of 100 % is calculated to use the
resultant relative value as an initial value. This initial value thus
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cal cul ated corresponds to the cleaning ratio of 66 % Then, one of the two
nol ds 208 having dirt adhering thereto to the sane degree is cleaned
according to this enmbodinent and the other mold is cleaned by thel? 3t 7005
conventional nethod. At every two minutes of irradiation 5 tine, i.e.
cleaning tine, the dirt on the surface of nold 208 is detected by the
sensor to calculate a relative value of the dirt. In any case, the nold
tenperature during irradiation is 180C and the irradiation is done in an
at nosphere. As shown in Fig. 11, the cleaning ratio increases as cleaning
time 10 passes for both of the cleaning of this enbodi nent and the
conventional cleaning, and accordingly the dirt is renoved step by step.

Respective r s sfor cl eaning,.of this enbodi t,,and the conventi onal
cl eani ng ar 8&C§g{}l‘?dsqoiugeﬁpp9ﬁﬁﬁ%\t/}é%?le\%m%l%téﬁPgEEeA’due to variations of
measur ement . Fr onlhies, onephithe two afolth@08ileviogrsunadhdong cbapdtettotet he 15
cleaning (c i J I i [y R O . i |l etion
ime of thi S on b SETPUEaheR cbbdfilag 1) (A, GRECLEGL: L ehe BRLTRLEIE
ratio of theleceomddnt ihmednvenswniahgatbod2- 88 evern tiwe abirudas ioé iy diataehes
sat ur aki on gyed ivm{aéeleéié\ﬁfgﬂm@, PR Bt Bﬁ%ﬁe%ﬁ%&%{%-oﬁ*ﬂ&ﬂ\,’\%{ﬁ ?&ﬁg&eﬁfbﬁdﬂes

enbodi nent is conp I'n apfrom mat el % Si X..m nut es %'%/n
convent i onaﬁelﬁ‘gat}‘?icﬁ’éc‘ﬁ[éé%aﬁ@ ?tb‘{et‘éqlﬁeé’_ dhei flactldrgny e, tBoenolhen tventy
m nut es haveerppes@ithre theiet eaaingid ist t8CenhadheBMadiBHEn AL Avheas AN
effect superior tp that of the conventional cleaning. For the cleaning of
this enbodi SPBHE -excimer lanp is used that has a | anp power of 20 W and
uses xengn ( Xe) asksctid}ﬁﬁ#mhgé‘iga‘sl., tKh@lmﬁ?grratﬁcﬁinMeem%tdﬁeixﬁa@iﬁﬁmf .
gener aked excier.radiati is 172 nm, A final. distan et ween.t no
Surt acl andb ere st Rt of PR sleapfrig Al cmap Gligiet GG Bue SR Htion T he
exci mer radck@inang| anémicedrdin glyvihedlittis reoavedsitep dyestiep. 4 Respedove t he
conventi onal,. i I | power
rEbRER oo PR (RRY Bk BASCRE SV CRERLIAKAM clidyfng 350 |

of 3.0 kWi , “}ég ultravio ration is 254
nm and 185 Rfth Alighplx unpvens wduch sowkskbbe dne tavad afigrineleamegadrament ur f ace of

a | anp tube from WoaDthdorkiphFidvh of He tiach 6 Rink8 forefdrhbREid©Wes d the nol d
Sl agqg !'s %?eamng_(clgéanir?gt ;:dm;[))Fe’tioox/f tzl.gr)noe), it is seen that the cleaning completion

time of this embodiment is approximately six minutes while the cleaning
ratio of the conventional cleaning is 92-93 % and substantially reaches
saturation even when twenty minutes have passed. Then, cleaning of this
embodiment is completed in approximately six minutes while the

20 conventional cleaning does not attain a satisfactory level even when twenty
minutes have passed. The cleaning of this embodiment thus provides an
effect superior to that of the conventional cleaning.

For the cleaning of this embodiment, one excimer lamp 1s used that

has a lamp power of 20 W and uses xenon (Xe) as discharge gas. The center

25 wavelength (peak) of generated excimer radiation is 172 nm. A final
distance between the mold surface and the bottom surface of the translucent
window from which the excimer radiation is emitted toward the mold
surface is 4 mm.

For the conventional cleaning, one low-voltage mercury lamp having

30 = alamp power of 3.0 kW is used. The wavelength of generated ultraviolet
radiation is 254 nm and 185 nm. A final distance between the mold surface
and the surface of a lamp tube from which the ultraviolet radiation 1s
emitted toward the mold surface is 55 mm.
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The difference in |anp power between these two cleaning nethods is due to
different principles of irradiation. The difference in distance between the
place fromwhich radiation is.emtted and the nold surface is due ftppry anos
constraints on the apparatuses. However, this difference in the 5 distance
woul d have al nost no influence on the cleaning effect since the wultraviolet
radi ati on generated by the | owvoltage nercury lanp is extrenely unlikely
to be absorbed by the air. The radiant emttance at the place from which the
excinmer radiation or ultraviolet radiation is emtted is 15 nMWcm' for the
excimer radiation 10 and 25 mWcnR for the ultraviolet radiation (wavel ength
254 nm fromthe |owvoltage nercury lanp. This fact nmeans that the exciner

radi ation and thg,ult.raviolet  radiation, have the radi apt em ttance, of the
same order and @eefig%ﬁ%ﬁg}cerlg&pg{qmw%b?%eeg @}eﬁ,&&go SHNRE\IBF H%has a
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now descri balfrawialet radietiongenevateddry e lovgarliagg nedrenrny bampfisa mol d used
for aresi _”Emﬁ%?ﬁél?guﬂm@cg% W2-abb&hedliy tie gixSChematic front view of the
resin-sealing apﬁ‘ratus howi ng a mai.n portion thereof, the sealing
appar at us havi ng %@@%ﬁ?ﬁ@uéﬁﬁ%ﬁ%ﬂukpb$eiﬁﬂé“@M@bdﬁﬁéﬁﬁﬂaﬁlﬁﬁhégon
Lre oL, Meiedande Fldxiid ek ines gt e pPen Sumprclutthys
beIomﬁBgCIeaﬂﬁﬁégHHWﬁxﬁg@rﬁge ig@ﬁHﬂﬁﬁF§§éﬁpﬁfW%Y eﬁﬁéigégnﬂﬁﬁim?f €usi ng
an exci ner ldwnpl2kR mectwaytlasiped Thisdfagumdans ahht 26 exdniie rudvatibe ahdr war d
ur f aces. of ot Sl e FRE 38En Mol TRE KB CRR G bt S ol R o R PR B88L Vs e
222 provi detherxpanér vidiatientlopingd dogleameadunaekngth hasemhigherumieargy 221
g% LE% (/gsgeﬁﬁbyﬁi&?@m@nmaﬁ%w bl BRREGLAYE Ol d surfaces of a -38
1% Seventh Embodiment
Adherents sticking to the mold surface like residue of resin may not
be removed satisfactorily by excimer radiation only, if, for example, sealing
resin is bonded firmly (to the mold surface) or the mold surface has a
complex shape. A cleaning method of a seventh embodiment is applied to
20 such a case.
The cleaning method of the seventh embodiment is now described
with reference to Fig. 12 regarding cleaning of a mold used for a resin-
sealing apparatus. Fig. 12 is a schematic front view of the resin-sealing
apparatus showing a main portion thereof, the sealing épparatus having a
25 cleaning apparatus of this embodiment attached thereto.
Referring to Fig. 12, the resin-sealing apparatus includes a cleaning
unit 221 using a brush and a suction tube that are described below.
Cleaning unit 221 is placed adjacently to a cleaner unit 217 using an
excimer lamp 218 and attached to a guide rail 216 to be movable forward
30 and backward. Metal meshes are mounted respectively on top and bottom
surfaces of cleaning unit 221. The resin-sealing apparatus includes
brushes 222 provided on both of the top and bottom surfaces of cleaning unit
221 having respective leading ends touching respective mold surfaces of a

-38 -



novabl e | ower nold 206 and a stationary upper nold 207. Further, the

resi n-seal i ng apparatus includes a suction tube 223 provi ded on any side of
cleaning unit 221 and connected to a suction mechani sm (not shown) .l TAES 2053
structure allows the atnosphere near both of the top and bottom surfaces of
5 cleaning unit 221 to be sucked into cleaning unit 221 by suction tube 223.
The cl eani ng apparatus according to this enbodi nent including cleaner unit
217 and cleaning unit 221 operates as detailed below. Wth novable | ower
nol d 206 and stationary upper nold 207 being opened, cleaner unit 217 and
cl eaning unit 221 are noved along guide rail 10 216 toward a nol ding unit
202. Ceaner unit 217 is then stopped at a position to allom/desired regi ons

t f ble. | | d d t

o e pect L S0 R A TR SR,
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][rlor rmess of %P%%lﬁ?%%l%?%i%gbggﬁﬁggd toségg g fzgﬂﬁefghgﬁo{x%ﬁgﬁﬁb’
surface. 20 Furt hg‘ihe qlh@nmge@ﬂaxgtwgmmtﬁthlauemm:mnmnphnbngu nues to

emt, as th%walr@wﬂagzw%rdaémnﬁf ﬂ& B ﬁbrﬁﬂ&ogé Hgﬁiﬂe&ﬁélo%?(c' mer

radlatlonto oxi dize, decanp sea ol ati he adherents_w th_| essened
firmess of bondi r§ithimoyahl §(i9\7é[9r mql m%ﬁﬁﬁm@l‘ﬁfﬁwm Rokd2PZ heIng e

removed i n apshed}clbhigy ﬁﬁﬁmIW@@@iéﬁrﬁﬂ@h@ﬁﬁZﬂ%@@méﬁ@ﬂHﬂﬁ @éhaﬂst 25

I pe t dherents ved fr
gt Iroms er e ?ﬁﬁa@w&r l@%%‘&@?@ ne F%n%ﬁ ggﬁgi;@ﬁ ti'bc?nt %‘%PBG?&% of the
appar at us. /p‘osmorctcea}iew desitedXbgidrs omvespectivamhbid swdatdsoof hevablen novabl e

natead to dnger B8l S7 UG IR ARG 261 BEBL AR dbled it I 00
nol d 207. Tiash egeinser matmnmﬁsaeédhrmlglhmn@mdeptn@msaﬂlﬂar ents with
TLmess o bond 18 hsssenedy i ook ehajdibend, ORI,
DE 2 d% 5 apparatus ofu tile mﬁ embodiment, excimer amp 218 emits excimer
radiation through respective translucent windows 219 onto respective mold
surfaces of movable lower mold 206 and stationary upper mold 207.
Accordingly, the energy of the excimer radiation lessens the firmness of
bonding between the mold surface and adherents to the mold surface.
20 Further, the cleaning apparatus of this embodiment continues to
emit, as the cleaning apparatus of the sixth embodiment, the excimer
radiation to oxidize, decompose and volatilize the adherents with lessened
firmness of bonding. In this way, the adherents to the mold surfa_ce are -
removed in a short time from the mold surface. Then, through an exhaust
25 pipe 220, the adherents removed from the mold surface as well as the
atmosphere containing generated ozone are discharged to the outside of the
apparatus.
After cleaner unit 217 is moved from the location between movable
lower mold 206 and stationary upper mold 207, cleaning unit 221 is moved
30 instead to the location between movable lower mold 206 and stationary
upper mold 207. Then, brush 222 is rotated to physically remove adherents
with firmness of bonding lessened that are not volatilized by the excimer

radiation only and thus remain on the mold surface. Suction tube 223
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sucks the renoved adherents in the vicinity of the nold surface through the
netal nmesh nounted on each of the upper and | ower sides of cleaning unit

221 and di scharges themto the outside of the resin-sealing appar afpusy;r 05
Through the above-di scussed operation, after irradiation with the '5 exci%%r
radi ation, brush 222 and suction tube 223 are used to sufficiently renove
such adherents as residue of resin sticking to nold surfaces, i.e.,
respective surfaces on pot 212, cavities 214A and 214B, cull 215, and the
resin passage conmunicating with cavity 214B and cull 215. Brush 222
described in connection with this enbodi nent may be a 10 rotating brush,
reci procating brush or brush with the tips of bristles vibrating quickly.
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firmness of bondlng lessened that are not volatilized by the excimer
radiation only and thus remain on the mold surface.

After cleaning by brush 222 or the blowing mechanism, the mold
surface may be irradiated with excimer radiation.

As discussed above, the cleaning apparatus of this embodiment

20 emits the excimer radiation to sufficiently remove, by using brush 222 and
suction tube 223, the adherents with the lessened firmness of bonding to the
surface of mold 208, from the mold surface.

Regarding each of respective resin-sealing apparatuses of the
above-discussed embodiments, mold 208 for the resin-sealing apparatus is

25 described as one example of molds used for molding resin. Alternatively,
the present invention is applicable to general molds for molding resin.

The cleaning apparatuses of the sixth and seventh embodiments
described above move cleaner unit 217 having excimer lamp 218 to emit the
excimer radiation to mold 208 for molding resin. Alternatively, cleaner

30 unit 217 may independently be provided to emit excimer radiation to
dismounted mold 208. In this case, the relative positions of cleaner unit
217 and mold 208 are determined to allow some parts of mold 208 that are
likely to be subjected to residue of resin for example adhering thereto, i.e.,

- 40 -



fine depressions or corners of cavities 214A and 214B, to be irradiated
sufficiently with excinmer radiation. Accordingly, the effect of renoving
such adherents as residue of resin fromthe surface of nold 208 i s}pmptgygd.
Cl eaner unit 217 and cleaning unit 221 may be noved nmanually by 5 an
operator as required, or by manual operation of a notor for exanple by a
swtch. Further, each tine one nolding process is conpleted, or after the
nol di ng process is conducted a predeterm ned nunber of tines, cleaner unit
217 and cleaning unit 221 may be noved for cleaning, which is nanely an
automatic operation. 10 Mold 208 for nolding resin is usually heated, in the
resin-nmolding process, to approximately 175C 180C by a heater. In this

heat od, 1 neltp;dehAbedbl C BENERs SFYAHRE, anBAERTRRT 0 BEARAERE 1)
surface is ﬁ@ﬁfwwnﬂhehwth exmmerlraﬁs@m@d Ktmordingyt thof effectonfi regnaadhgr ent s
from the S“§ﬁﬁ?§dﬂ5xé§ﬂé%%@§dﬁ% &%egl E%eﬁnmr%ggaée o %gc‘ ?@83@?@%&8\?&1 ng

time. If cleaner unit epe provi 0 emt “excl mer
radi ation to di snblgansd uﬂmta 7213‘810%11@22‘@81 wayHeamsyedansnvatlE®yt he

cleanigg tigR. opwﬁto'i’rﬁsﬁegﬁh%dzggb&%aﬂﬁﬁpﬂmﬂﬁaﬁ%ﬁ'dT 4 hftot foxt & PBpld |paed,
but also a cifr th cih(‘é‘ th or wth Ql#b‘}e ectronic co ents m)u}gted

t her eon maySW¥60pe Purbhes: 8@%1’6'5\%51? ROEXRPRE PERSCES iso?PmR 8 P fter ER&i ng to
the circ w t nmatrﬁg PrReidigcohdienarla pk‘ékiétbtxﬁﬂ@i\lnuiﬂlﬂarsdﬂtﬁﬁ@b hclefnbonaitng

bet ween gcf rg(_j corrponentzélland t,he ci I’(ﬁ!ﬁlt board V@élé roved .and
further, BRIOE, LERlg s mait b SRR AN oni ¢
corrponents auﬂomehe@pemtﬂam of the CI rcuit board, for exanple, wire or bunp

conneqly on, 15 25NN pMNERY Bl L0 ER I HIRRA N e P EERA ©f

bondi ng betmeen t sea
Accor di ngl ypr@g@smoann‘remmatqiy dﬂér@d@Of’G di @ eterng Ia t}ae lshgte, extimer

reliabilityrgdikie mg%aeg&nit%ed enﬂaﬂﬁg%asé hsPAbEd 99&% heg%c}]%%fﬁl%ﬁ@g},ponent
as a circuit _poard ch Is |Tkely ‘recel veﬁ‘h@ma%% t act

on-co
cl eani ng by ofbamding ofeadh %ﬁtsr‘é(éﬁhaiquéﬁ‘?t ‘i?r@@éﬁ?gi BHERth r]f‘ﬂyﬁ% €l eaned
from bei ng tveged. BX6lefREL bﬁf@n@ﬁ&g@@ﬂﬁréﬁﬁsﬁaﬁl thd é@ﬂﬁbé! of el 2@saent  of

Qg(ét z}% ]gés? Etﬂ gn(tzee oesrl%r en tﬁe ciera%?r’.sllg%l ent w&g&%r anit f 1’?{%{) oxi mately
mdependently be provided to emit excimer radiation to dismounted mold
208, mold 208 may be heated to shorten the cleaning time.
Not only mold 208 for molding resin that is to be cleaned, but also a
circuit board with or without electronic components mounted thereon may
20  beirradiated with excimer radiation. Adherents sticking to the circuit
board are thus removed. In this way, the strength of bonding between
electronic components and the circuit board is improved and further, the
reliability of electrical connection between the electronic components and-
electrodes of the circuit board, for example, wire or bump connection, is
25 improved. Moreover, in resin-sealing, the strength of bonding between the
circuit board and sealing resin is improved. Accordingly, as moisture is
prevented from entering a package, the reliability of the package is
enhanced.
In particular, for such a component as a circuit board which is likely
30 to receive damage, the non-contact cleaning by means of excimer radiation
prevents the component to be cleaned from being damaged.
Excimer lamp 218 generates an extremely small amount of heat, and
thus the temperature of translucent window 219 is approximately 40°C
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even when the lanp is illumnated. Ceaning is thus acconplished w thout
thermal |y damaging not only netal plating but also the circuit board made
of a material susceptible to heat. In addition, exciner lanp 218 nay) H& 05
turned on/of f instantaneously 5 by applying/interrupting a high-frequency
vol tage. Then, a high-frequency voltage nay be applied to exciner |anp 218
in pulsing manner to emt exciner radiation intermttently. In this case,
each time the lanp is turned on, the energy of exciner radiation |essens
the firmess of bonding between the surface of a conponent to be cl eaned
and the surface of adherents, and 10 causes ozone (03) and active oxygen
atons to act on adherents with | essened bonding firmess. C eaner unit 217

d h it di_at.i to.bgt h_ si .COIT t to be cl .
A cer nat i ver e AR S BmBiAEY, o5 Sn Y RS et Srafishied 38w on
the cl eaner theétmelydermagingdicitindn netabpbatisg bat mso e decuitboarddnade en t

radi ation togbgth;8if8Ssus Bﬁﬁg}% ofQf excinmer lanps 218 is appropriately
i ncreased/ decrease?;1 Ihg on the size of conmponent to be cleaned. For

en
exampl e, if excire @%Epno@m@%#@w & pay ke & ond/gHringhantemneppaly
ci rcui t Hoar by sppimg/mtewaipting haviphfeeqimcgrploged. Tiena arivlsh-frayiagest he

20 nol d surf i ] n er of
oxcimor | amieragy ey BAprHE P Tyfib A o A LR GRENIUILE
(Xe), anot hefXgiamer yadiagen intaantteatlex dmpthds ceseiepeh tinagthe lampgetaraed by
fluori ?ed( E) OQ%h%l@ﬁe 61€é2b25&ﬁ1e!\@ﬁﬂia€mﬁi hast@énslﬁﬁe ﬂlmnr@téﬁbﬁ%nggﬁg Bétvaden
enerate r n as .has a.center el en nm .an
v e Bt S S A
nmiln a ,
(Kr/d) has aos@Mefirpgikength of 222 nm Any of the exciner radiations

Mventi on has. been EBRET BB Shiopel Ere SFER 1afialar 4PROTh BI9es Gy 1y
under st ood t lsamponens dobei dednedwayAlberndtivay s acleameandit exanpingt vadiptiand i s
ventign bt L e O R e ey T e

be“inverted to emit’radiation to both sides. '

The number of excimer lamps 218 is appropriately

increased/decreased depending on the size of a component to be cleaned.

For example, if excimer radiation is emitted to a slender leadframe of the

circuit board, a single excimer lamp may be employed. If a mold having the

20 mold surxface of a large areais to be cleaned, an increased number of excimer
lamps may be used.

As for the discharge gas, instead of xenon (Xe), another gas may be
used. For example, excimer radiation generated by fluorine (F) gas has a
center wavelength of 153 nm, excimer radiation generated by krypton (Cr)

25 gas has a center wavelength of 146 nm, and excimer radiation generated by
argon (Ar) gas has a center wavelength of 126 nm. In addition, excimer
radiation generated by krypton/chlorine (Kx/Cl) has a center wavelength of
222 nm. Any of the excimer radiations may be used to clean a component to
be cleaned.

30 Although the present invention has been described and illustrated in
detail, it 1s clearly understood that the same is by way of illustration and
example only and is not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms of the appended
claims.
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a 7 UDC 2005 WHAT IS CLAIMED IS: 1. An eval uation apparatus eval uating the
degree of adhesion of adherents to a nold surface of a nold (1, 2) used for
nmol ding resin, conprising: detection neans (13, 14, 23) for detect]RdEr 755
optical data of said mold 5 surface; operation neans (20) for calculating a
measur enent indicating said degree of adhesion based on said optical data,;
and conparison neans (21) conparing said neasurenent with a predeterm ned
ref erence value to generate, when said neasurenent 10 indicating said degree
of adhesion is equal to or larger than said reference value, a warning
signal indicating that said adhesion is to such a degree that causes a

mal function. 2. The eval uation apparatus.according to claiml, wherein said

det ecti on ol jis radiation to detect the intensity of

refl ected mﬁzﬁﬁ%@\&ﬁ@ L§1 tted radiation, said operation neans (20)
cal cul ates a value, as said nmeasurement, 5 based on said intensity of the
refl ected radiatiqn, ,and. sai d conparison an ) gconpares .sai.d intensity
of the reflected (ir aé%?Y%Hagﬁopkﬁr@a?ira]‘s Gk ‘éﬁ@&%ﬁ‘ﬁfﬁ‘?ﬁg? oﬁﬁgﬁgwﬂp tion
‘appar at us aedbetémy tba wiodd sutfacevobaencld(dj ) ded¢dfir moldiegnesi3) takes a

pi cture of @?ﬁ@?%%gfm ned area of said nold surface, said operation neans
(20) calculates, as®said neasurenent, an area 5 where the density of said
pi cture exceeds adptestionemenrnedl3,ehel23) frdletacting oppiaal date nbeais 2l
conpar §s sakfy@ga Wth said reference value. 4. An evaluation nmethod of
eval uating the g[e’gr ee of adhesion of adherents to a nold surface of a nold
(1, 2) used for mePeFaiion mAans (24pim calqutatinga v asurgment mydichngtsepd of :

det ecting Opkkead ofiadiReRén DAk BRIsdidHpfiedaldtalind> cal culating a
neasur enment indicating said degr 2e of ‘adhesi on. based .
COMpArison means ? 1) comparing said measurement with a
predetermined reference value to generate, when said measurement
10 indicating said degree of adhesion is equal to or larger than said reference
' value, a warning signal indicating that said adhesion is to such a degree

that causes a malfunction.

2. The evaluation apparatus.according to claim 1, wherein
said detection means (13, 14) emits radiation to detect the intensity
. of reflected radiation of said emitted radiation,
said operation means (20) calculates a value, as said measurement,
5 based on said intensity of the reflected radiation, and
said comparison means (21) compares said intensity of the reflected
radiation with said reference value. |

3. The evaluation apparatus according to claim 1, wherein
said detection means (23) takes a picture of a predetermined area of
said mold surface, '
said operation means (20) calculates, as said measurement, an area
5 where the density of said picture exceeds a predetermined level, and
said comparison means (21) compares said area with said reference
value.

4. An evaluation method of evaluating the degree of adhesion of
adherents to a mold surface of a mold (1, 2) used for molding resin,
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on said optical data (S2, S3); and.conparing said neasurenent with a
reference value (S4) to generate, when said neasurenent indicating said
degree of adhesion.is equal to or |larger than said reference val ue & 745
war ning signal indicating that said 10 adhesion is to such a degree that
causes a mal function (S5).

comprising the steps of:

detecting optical data of said mold surface (S1); -
5 : -calculating a measurement indicating said degree of adhesion based

on said optical data (52, S3); and _ _
comparing said measurement with a reference value (54) to generate,

when said measurement indicating said degree of adhesion is equal to or

_ larger than said reference value, a warning signal indicating that said
10 adhesion is to such a degree that cavses a malfunction (55).
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