;e3et|d 6 Tt TITLE OF THE | NVENTI ON Appar at us and Met hod for Eval uating
Degree of Adhesi on of Adherents to Mdld Surface, Apparat USHMW for
Surface Treatnment of Ml d Surface and Met hod and Appar at us ,m,w Img
Mol d Used for 5 Mlding Resin BACKGROUND OF THE | NVENTI ON Fi el g, of, the
I nvention The present invention relates to an eval uati on apparatus and an

eval uation nethod for evaluating the degree of adhesi on of 10
sticking to the surface of a nold used for nolding resin, m @Hlﬂ%@m’m{)l d
surface. The present invention further relates to a surface't

apparatus and a surface treatnent method applied to the surfac&®®* a nol d
used for nolding resin to prevent adherents from bei ng deposited on the 15

nol d surf acgIMhE @FergBINMENTION| easability of cured resin fromthe nold
surface, the cureq resin faor urin lted resi he .pregent

i nvention still f pﬁﬁt%@nﬁ@tgédgorcﬁgg]ﬁgﬁﬂl%ﬁﬁm J}&eség%g i ng

appar at us f Adheeembgito MeldBSufats Aip arkstngand Mbghodufol Seefade Breabindntsed for
nmol di ng r esy. Cl.l phi f .t r rt. T ee ~of adhesi on
of adher ent%’?"%@lﬁ%éﬂe‘%ﬁﬂ&a A ‘f&‘%ﬁ %‘Shtgswﬂglé%ﬂlpgggogf%e&r&rd used for
mol di n§ r esMoldie Besin eval uated by stopping the resin-nol di ng operation
and then copg GT&)’@NﬂW‘I‘F—iE‘TNWNTTONf the nold surface by an operator.

25 Regar di ngqﬁ e conyentional evaluation of the degree of adhesion,
however) astt of phe JBYeRAOR ar i es dependi ng on the operator, the degree of

adhesi ?ni t hi degﬂé‘_ﬁ@ p?éséiitrihbeﬁﬁsxtlfﬁ@rategtedrah%v_amaftimfappsxéﬁpﬁlauﬁih &l
accurately. cordin en i e dirt, is mnop one a us  has no
damagi ng ef f¥ a&’r?“a‘%ﬁﬁf(ﬁg r&v&&&t&r}g ¢ degyes %ﬁh‘ﬁéﬁ@é"%%ﬂ?@%n&? eaned) 30
resul 10ng i sticleggatdethie surficetdfa mold asedfor mbldihg ressi, manmdlglithg nogldr at i on.
On the cont%‘?{%{: even if the dirt adheres to such a degree that could

e

adversely a ‘a nol ded product, the degree of dirtiness may not be
eval uat ed accur at €hg presenduonentiondorthenaelades to asuafang topatmaeriton coul d be

-1 conti ”Hﬁ? mlhg%wd ggﬁfﬂ&h@%&ﬁ@ﬁ?ﬁé&h@ﬁiﬁ{ﬂw e er?&’x%éﬁ%isa d

decreased yield. In dition) as t ggree o) rti ne'Fsls of, no
surface is Byed forweldips sespstonrevaat adaerents fepm being daposted emthe
ef ficibncy afold rsgrfiacg es?me 6@5@11‘1@ th@@éhzfabglﬁﬂit? oﬁ@tbl_ﬁéd ﬁéﬁ? Q"ﬁbﬁﬁrtﬁetrhﬁld
operation is n e rom bei ayt.omat ed. ect of the present
P tati on i SuitglS b ey d T8 BBt Bt mil e RSE ] oLl it o rt ho
for eval uating t h€hdegesmtanvantiesistill Hfrtheihealatasstost clekning methodrand

f , th . b . i ted
cuant ¢ at | VS CLEHHEE dpatfEteRichvidlalRefbrtl SHULACK 8 ABtaUALE 00
i mprove the“éﬁdi“@ieérf@%/mﬂdmgereﬁgbi n-mol di ng operation) automatically

i nprogg t heDekérdiptiBNeY tREBdcRerAasEArpe yield of nolded products. In recent

equired o have LhRidgEEes of Ao pHATEeRhes irt 18 exgrile THIAUELS W ch i s
manuf act ur eguificerefiasneltl wsedefor maldaig regsimblag Bdenoeighiuatad g stoppiriig skal i ng
o et ronl FRURSARRe bbb T kR BERED N ISHRRR SepbSlph BLeRm® 1S
accuracy andurfhee hyain eperatomppear ance. It accordingly becones
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



20 significantly inportant to ensure the releasability of a nolded product
froma nold. According to a conventional nethod) the releasability of a
nol ded product froma nold is ensured by providing a rel ease | ayer on the
nol d surface before a resin-sealing process by neans of a new nold and
melted 25 resin intended for use as a sealing material. Specifically,
nmelted resin containing a sufficient anount of release agent is used to
conduct nol di ng operation several tines. Accordingly, in a resin-flow ng
region where nelted resin flows within the nold, a release |layer is forned
on the nold surface. After this, the nelted resin intended for use' as a
sealing material 30 is used to conduct preparatory nol ding operation
several ti reatinued withoud chdamdkg treeultbh gl abidefdcyivandoduats dnvd décreased ded
product for .glgfrrpl e. If no particular problemarises) main nolding
operation i4%Srarted to manufacture the package as a product. -2 In the
mol di ng oper at i orln additioadhetbedsgres of dirtiness ofethesmobdi serfatéies nol d
surface. T ; : L S € ] d i : I rface

W Th o ol e bubied IPSibybibs 6 résin ThERERE oBLrills R BRAED (f el
condud? i ng 1esdi-malding eperstiondsidsterioratad iangl trecoparatigniiadindered frems

nel am ne r g5difg 3doMAREYCt I Ng resin-sealing operation. After this, in a
simlar manner to.that. whep .a new nold is.used% nol d(iing oplea;at ion by neans
of melted resin i ARERBIEOHRHBIASENE PYeRtion 19 toPXovde ABEYAM IR ol di ng
conduct Fd tapmagﬁs ahdrai é@uﬁﬁ@h%bﬁ@ﬂ@@vﬁﬁat&hﬁ% thl;'é d@gﬁde][kﬁ&&]%igsgm I
materi al arg cenducted.successi v , ter,t no i ity for anpl e
"2 checked, LA H HUTHRED SEPLY paffate bk dfuelie hrthtit S Re Mt
conveH i onajurfacedméing, eviaduatedrquargitatioelyt abby taacomzdealysiadgy tHeplegred on of
such adhere . di . | ation.
The adheren&ﬁﬁ%@eg%%éep Xénﬁgg% ﬁiéé?%éacg%rﬁc%@tg% ghpgé@vﬁ %rﬁﬁm%di ately
after the ratemnaticadlpimprovedibeietfcigney avidiinereaseibesreldsefrmoldgdas a

rel ease aggflodustd ormed on the nold surface, preparatory nolding operation
and mai n nol di ng .operation are ccessively carried put with lted resin
“ntended for use Harecent yeney malgedaradvcis thagaze predted ROl GRETESHY ¢ he
rel eas® | ayleqivehlamn eequioed né havearhighan quibktypeli f)hﬁiaﬂaz,wfnmiém, nanely a
conponent g i r a [

"r el easabi %ﬂo@ugﬂ%&g@?ﬁ%n%%nﬁlp%ggn? a?’?’: Igeéé?\éfgtrgéﬁ'%:@%%%ﬁlﬁg@ ?/quutr‘?q} fe part
wher e the retosassadf saalingiegetadiccontpnends witls resinenanely the phekags of
surface) 1 NEST Rheastbld, 1Y rdduifiet & havah atil) gt qumitg, 15! aRgplepaiati on

is repeated, matters contained in the 25 nelted resi t ended for use as
resin seal i‘?ﬂ‘@ml%ﬁiaﬁw’é?ﬁéf the ¢ @’r%&ﬂqa}a%&adﬂéfé%(gngg’}?%%t on

the npdd sugifatfecathiBy inpbane ke anabid tHeyralsadiiligoeta MéldedyesducSrom

oxi dation of t 8 deposited adherents is taking place) the firmess of
bondi ng bet t he nol ded product and the rel ease | ayer increases. 30 As
the mai n nol di ng Agmrdingto a sofiverthmralmepdside dhe troleashbitity ef 2 obldede

d ited ' j:nal il f th
ol ded pr odiRue Sond AR 19 SRS Throufdild d Yeleh PR S bl ©f Lhe
adver sel y isunfaesmbefore naregimeenlingpracess heynears efe n@&amog@ apfl meltedr ance
-3 94 thediph denleddds use las sedldEmateghl. L pdcdficAKpMRbRed fehher

obj ect of the present ipgvention is t&fﬁrow de a surface treatnent,apparatus

and a surf aRORtRERE ARHHASHAMAPRE PEEFIedSe AReSiuseE t9rCoRdnpt Ao for
mol di ng r espperation spveysntiines. adiesrdihgly! fromdeeimfodringpegionesdhere t he nol d

surtace b LSHLaha ARkl MaBtalRrOR e LS A e e AL, |
fornmed. Mrauface. raftdedhis; thieintedtedaresimittenddd Hyr aserobd sealintg matersald
30 is used to conduct preparatory molding operation several times in order to
check the moldability and quality of a molded product for example. If no
particular problem arises, main molding operation is started to manufacture
the package as a product.



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 inprove the noldability as well as the
rel easability of the nolded product fromthe nold, it is necessary to
effectively clean the surface of the nold. According to a conventi onal
nmet hod, the nold surface is cleaned by a cl eaning apparatus conbining a
rotating brush or 15 reciprocating brush with a sucking nmechani sm The
conventional cleaning apparatus descri bed above, however, has a problem
that) when a small-sized and precision product is mold, the apparatus
cannot renove residue of the resin that sticks to one depressions and

cornerlsI in the fcalwth)é ﬁlrid‘)ldﬁfﬂgfoﬁ&}[aﬂldnoVsuﬁl@'adb@%f%t%%s@ntﬁ&eﬂ@o@ﬁb? onSthe
general ly us or. sea r,GNi C.conponent s r.esi

seni conductBPdsHia¢e, ’Q}%TT;}" 'Wb@rﬁugﬁa aCT?%‘h%#}PghE ugpng ?’ﬁt Bldgl rcuit
board (her eswrﬁddeamthladleanntg)brwh)h providing acdeminigrshedtibeiveert mdde

above- di Scﬁgf&g{ﬁ?&%re&?ﬁ sEalifie BREHAGE ' AARIRE KAtk Ll AR eliiole Lhe resi T

resi due ca ere and 25
t hi ckrfess dne mmmeéxreanérc@udu@m@g rpaak%ayélrw@&reaguedﬁfwauhmgnraes| n of a

hi gh bondi rs@mﬂa&qagﬁﬁefmm @héﬁﬁlﬂe\bmla st@ %y(ﬁﬁ gl derhfiBn My’ Pose of
ensuring the rell&agllﬁi of the 8 LQon |a g strength of the
seal i ng redPR§H fed léls’r‘b%tep §‘égpﬁﬂ‘r§e %%@??\a tean li’ir?p&rQW@h bondi ng
strengt h t anbliengebadaeietidsemesiisdf méltedSréslh thséntdlédtfoi* QSe 8 SeBin-esi due
sticks 30 to {.he m){d urfacea t he sti.ck L flcult to
remove. |t $39UEdRA F%p%‘seect? WECPEYY {H)q ih{g}’ %r cl eaning
wi t h 10 t r avixanepleriadhatkah thbimmmmanbldmgt@leeatlan hma@rtedre to renove resin
resi due sticking [ t. that

it takes a consi Jéra%lp&/?ﬁg&r?&é egﬁnilﬁnal E\teghfnségl%gvévre nisd'“ %VR

order to nsaqqommnn%bmd@ppwlo@fofrﬁ@ﬂCheaﬁlmr@utzﬁ:as diritp the amidrsalrr aﬂ@J ect of

the presentth&wg@&hemdlalﬁ op¥ratioHe THY £RAA 1P FPASi RATOR thé ?@éﬁoﬁg
apparatus f gg&}gmsuc adherents as resin residue sticking to the

surface of for nolding resin sufficiently in a short period of
tine. 15UMVARY OF I’ﬁHEe&M(ElWM@% the mylégde Ia@ea@bnmiﬁnigﬁ@%p@ﬁﬁc@bhﬁmheﬁt t he

present invention 0 eval uation _appar at us uating the ree of
Pihesi on orSeatHE asf defeges AppnBiLSrmabet) e i Surlioh e SRafting v osi n,
accor di ng tmoldingppesaiion andentiromoldiag dferationimesuecebsswaly carribabutv. The

cval uat | on 9aRanBIHY ralin @ﬁﬁﬂa@é@gugey&f&s&ﬂ%bmﬂédﬂﬁ a.ggtﬁ%k% 9p i ¢ for

detecting surface, an o uni

cal cul at | nglwparmﬁéﬁbmreleﬁae&@teirngnywenu@@qeaéo hensnestedl on the
opticz) dat@mpuifbnd, ARFRAY Ia%mpﬂﬂehtmﬁrdéggaassetﬁmwﬁmnt with a

pr edet er mi ned r.ef erenc e mnmeas nt i ndj cati ng
EORMEANYHER LS TR S U S S LR

war ni ng si g@ajordmglya&nﬂgalbzhatwhm thdhetembmtytd)e@adin@cdﬂ?ongﬁtﬂsat 20
causes a adherents to
the nold g%efn;ég%q(g&ht}é%{ﬁ@g }% F’g%aeoghftslst(g%%?rlepg%&;aenent based on
the detected opt |&athejmaancnoltdmrg nneltatmn fsaxspeatdd, mhattarsaennteinad it theequal
to orad ar geheliBatob i tgﬁﬁé&ﬂﬁe%é@ééﬁf‘é&ﬁ'%@aﬁ'ﬁ Hhrpd $R8ldebsigaer at ed

ml funct | orrathelliciy sdheRenas O GHORRSoN MR ALY sHEdeE PAREPR ned based on
ol fUnot ] on e aPArcE e e e ﬁiP"m“é‘ﬁm{‘%‘;""“e oy, of the
?Eelm ﬁ nol di ?‘@‘QT&B?%’(S!Q@:IF{% PSRIE S épf’ﬂﬁ'}ﬂﬂ t&%‘e gcﬁ%i
aut omat ed, ;a:rmduhhenﬂ&hy&uele:hseﬂaymi nﬂmdeaneeduct sis enhanced
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



In the eval uati on apparatus eval uating the degree of adhesion of adherents
to the nold surface according to the present invention, the detection unit
emts radiation to detect the intensity of reflected radiation of _ 5 the
emtted radiation, the operation unit cal culates a value, as the

measur enent, based on the intensity of the reflected radiation) and the
conparison unit conpares the intensity of the reflected radiation wth the
reference value. 5 As the intensity of the reflected radiation is detected)
t he eval uation apparatus of the present invention evaluates) not only the
degree of adhesion of adherents to the entire nold surface, but also any

| ocation to which adherents are likely to stick or a location from which
adherent s ajfahkidseldedtprobiact, ¢@kaagéloﬂ@$lfsheﬁam9wtl on as a pinpoint. 10
In the eval uation atﬁgr aﬁ)us e}/f}buatl n the ee of adhesi on.of adherents
to the mol d surf £8BOREE OPIRCHG ePﬁeéeﬁFé%\é‘?ﬂ Toin ProNLds ASUWEEACECt i on uni t
t akes a pi creaeneft appamdes andlmmfaceaa'eatmehemhddsmpﬂmdet,o thleesurfereat i on
unit cal cul t he

pi cture exc(j’e}teaggff()l&%sg%??{e@?ﬁfdéé Ieve[fgp%%c}% ? ﬁﬁﬁe{x&%@ﬁgégﬁ%%wm conpar es
the ar®a widepasited roef@werm? satfaee bymestorimgaecanpletelyerrepessiblaghear ea of
the nold Stgtfa?&@f th°e ﬁl%l‘(Pﬁllrfﬂé’éjtd Rebatens RN AR 1ﬁ{m@@ﬂ%§l'y0éft&f adghigrents is

eval uated ba ﬁg ere the density exceeds a predeterm ned | evel.
The degree ¥ebis o§mte us eval uated for the whole of a predeternined

area of the rml d MorévehomblA peyduets ﬁlfantufmure& bgraiﬁfoldwﬁ@hueuged hat

obj ect of #heﬁlri)r sent in\{{antl on tg}r) eval uati 03 eval uati %ﬁ t}e degree
of adhesi orfObfMYdHE BeiR haye Terently bepn seauizpd 1o havg 4 Sevgrebauabiytay

r esi n}0 accoextimple;, dlmhnsmneweuraaymmhthm quahtgc bfidppedraaces € plse asrfdescr i bed

bel ow. 25 T, Sco?pﬂlcgg?t Exoé}d@?g'?ﬁg? (1‘ &?d]htié'a}é%‘e%ﬂ ?Qtﬁé‘?él%ggébﬁitﬂﬁ;telos

of detecting optl sur ace
i ndi cati ng efit&eduglded nyodaghronorheaodd, ib s nreesspry teeffaetveelya:lﬁamthq)an ng

the measur %{ﬁ@&cé’\bﬂ t!heambfei erERGEdING! t40 EhaRRRIA] ?net%antﬁ@ﬁmmaﬁwaeaent
indicating th %Eadhesmnls e@g{%to or ger than the 30
ref erence VAl "ef}n R ARleAIRE APDATAHS W@ngl@eﬁ(’t?ﬂ gbanekiosn is to such a

dgﬂrelﬁthatrecﬁtmeaulﬁgrlﬁhﬂglmth@muckmg hieﬁ:h‘a/ﬁy'siml he delgree of adhesi on of
adherents to the surf.ace i vantitatively cakc S

measur enent basedrﬁg% ?’hve’}}b"[“@é %%g pggf?%ﬁ p&egfa%to ﬁgyvavgruhagce | f
t he measureammobllem thatawhen a)smlaélrgeedtahdmnehrswmpmchmtes moldethe he vvar ni ng

sianal [ 9epnaed chibEA AR Idlnd BEaHPRES ol aSBkod

degree that ‘causes a ma e de ree_o esion 1s taﬁhs accurately
det er m ned #adeornnysinghasavidy ofthe ma WB?@W@H&% ¥fil.neasur es can be taken

for ag@i di ng the TR inIghs @n&%@r@se@fo&@ehﬁﬁg\@édtk&m%bﬁiwnenwemtht he
SAREEACRRU X i RN AT R G
order to acpriaved tirehitdoatd Giereinaftér dtcuibdoprd)sedn thiv/ersel omadditich sur f ace
treat nent :@gr %& n%l&‘&%seﬁ 1@3%@} ?ﬁrei‘g?seaﬂ&fh%r%%goryfo%dtheqacfmafjc' the. resin,

treats a | on th uring
rel easabi | i tesin tesidneisennot be zembued completebs rSmecgﬁu:ai@' porthezepade

mel t eglsr esi fhibk QU (%foi ccﬁHbI%@ed ??Mh&%’i‘%fﬁkﬁg e lar@ ¥t dTBbABH: KBSINOfY bei ng

75 Fol | owi nBiethhending StEankth mh‘é%wmtﬁheréﬁ?ei@él%%é?@maﬁﬁﬁéﬁeﬁuhas the

It Rcl udlez ane:?gdﬁﬂg @hté @&@Waf shie pm:ltégeﬂg ExChigh bwdmgvst@é@gthrofcthet ion to
e nold sur and .a trans sm_novi ng

nmechani sm t%eaj.xr} E%?&O%%WegﬁﬂgsﬁﬁF&eéhPE&@@n tﬂﬁ?‘}}ls}ta?dflﬁq?g ‘ﬁé‘ghanl sm

em ts the extwength td threamiobd saxface.r dbhen,iivns likéby theat thenedimtésidue stidks i on

wi thouh caus] i hdfa sauEke GRATRE BRI r&Bh s SrbAfifidflt BEFmBYL. from the

nol d surfac
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.



In this way, the nold surface is irradiated wth the excinmer ultraviol et
radi ati on under such an irradiation condition which does not cause the

| ayer fornmed on the nold surface to peel off fromthe nold surface. 25
Accordingly, the surface of the layer forned by ozone (0Os) and active
oxygen caused by the excinmer ultraviolet radiation, particularly the active
oxygen, is activated. Then) the state of the nold surface is restored to
its initial state at the tine inmediately after the layer is forned, which
ensures the releasability of the cured resin fromthe nold surface. 30 The
surface treatnent apparatus according to the present invention further
includes a jetting nechanismemtting a jet of gas having a property of
Suppressing at! enigil llplrohl G LAGHEP A EAULOL Ebn BB AL Al B0 RBO! O
near the nold surfa nuat | on mer ul'tyaviol et

radi ati on nedye mpkd Wﬁﬁdj oyunelding resing i ogféq;rﬁoegmamrﬂee augliteobmolded
activation gfrodagtssurface of the layer thus fornmed is not |owered) and thus
the efficiency of i vatin d surface while the surface is
restored to the i i‘?%f?‘ébJP%t ‘goﬁlb&lm’teé?ﬁﬁte’&weE%H lﬁitotp%"‘%ﬁl%d%mf%e is
uneven,5t he met}fcabencbfa dlbaningyayp dratue forofenidven g Bevle A dhatén ssasureisfror M y
activated. The. urfta e tre gment ﬁ arat ugdn %f{?dl ng +o0 the prefaent i

i nvention f U oHe % Hgég ¢ saLfac ' ReBRYRIE Ehesgas ety

t enper at ur e mfashm*trpﬂrnbdsoﬁﬁimee i's suppressed from decreasing, 10 so that
the effect odyReliAtey e Ig O‘F{ the layer is maintained. The
surface treatnent appar at us accor in he present invention further

i ncl udes an eval ud# Qﬂdené@raahleymtbptpamqbyecévéthmpresgnal@vmteomfan he nol d

surfacgpto datga51ioR ppakhels éifalﬂﬁiln@)thbr&%rgré’é Me?d&ié%'l@ﬁ of adhéfénqgltba to be
emtted to thehgoleﬁasu%ace e |rr tati on nechani sm %1 determ ne 15 an

irradi ati on 88 ge gf appgd 0g FeSi Rt AGCOFHIRLI tePneIede ton resul t
of the eval umwennothaedhestmhmree&edchb@ﬂh%vopt| cal eval uat| on of the

state of the nold el i not exci nmer

ul travi ol et radi atﬂ%&%ﬁ?ﬁ%@t@%ﬁ?&?ﬂ% ngép bqn 3}? &? i ation
condi ti on ofdethetienx sinfefor Aetedtingopticel dattacnfa;hemoldsﬁtdéam anmperatihe

exci me{s ul t rayi r

cond! 11 acitdbrEalbatlifls dint SRl Thil Ahoi e db%‘}sé‘??%?%éﬁmﬁfed
initial stat@t e}lfh%l?ltlc Hiataoane ﬁ§°§¥HQ%$CEhE91t(§PW11¥Ea Wﬁﬁllf%e’btp\éﬁ%‘t ion
I's inproved. 3 hReddtdfhindd AsfBtenee vdlab targ@hb@rte OWh@ﬁtth@fméa‘éixr@hfémm

i nvention) 25 ac rd dto a aaqﬁ‘ce treat rd} 3 nold surface of
2 mold used PgRCAIBIahE P S ISR do oh TaHer bR BerPlrenr
treated for vaiaepmmmlmngélgmémndmgtmegimahe hidhysiohristo sheh mulegreathiaice of

a resignfl ow rii e melted resin flows) of cured resin generated
fromthe newtdl%e?%sllhn nggf’ng cured in_the resin-flow ng portion. The

surface treat ment IZothistrayd the degueasok adhesiapef adhenswits io tire mald auafacen
Tt av of et (EARAGRAIALAVELIDE ThE 1BbkGAeMentMAseon tHedlEel sm In
the step of %qaﬁ% ?é %%}nggﬁi“fﬁc@r aif ﬁ}ee%eﬁamemrbtds QoL 49 OF
ul t L avi ol et {tadi éd Mete‘hc@?falﬁ@;ghggzarnm@d@gla’aﬁs ¥érra@lt@d imhc@ﬁ?gllthabthe ]
Wi t houg . causi n er f.orme surface t of fmfromthe
mol d s%?f ace.eag‘ﬁ ﬁ niska s ﬁcﬁl ‘i‘fﬁlﬁgg af %a‘ﬁﬁﬁzfdinﬁi%ﬁm&i (€ exci mer
ul traviol et degheatof adhesidaris $1nm$1aeaunatelacdeaenrmmeddnwedlomrthafmeamdmasemot 5
cause the | am%g \%’r”‘iﬂyh eééﬁ%géf%ﬂ b%ucra?](@ﬁ%f Qv&?ﬂ%@é B‘Id]ﬂm&{b% mol d

e

surface. Accor surrace o ozone (Os and
active 0oXxygeRccon @@dowet\h@rrgnamalm tIhe, @he@fﬁta@m@t o%ﬂye resin malding v t he

active Oxyge@er'aﬁoﬁqfs'e‘ﬁ%fa%@edTﬁh%%esirhﬁloiaﬁfgeoﬁfrahhﬁ i§RkdomdtdREd the
restor to Itf Ea@iﬁ S o%{ye [ m*re ate after the layer is formed) which
ensur edVt he Yieldg ¢d progycts 13 resin fromthe nold surface.
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



The surface treatnent nethod according to the present invention further
includes the step of emtting a jet of gas having a property of suppressing
attenuation of the exciner ultraviolet radiation to a region near the nold
surface. 15 Attenuation of the excimer ultraviolet radiation near the nold
surface is thus suppressing. The degree of activation of the surface of the
| ayer thus fornmed is not |lowered, and thus the efficiency of activating the
nold surface while the nold surface is restored to the initial state is

mai ntai ned. Even if the nold surface is uneven) the surface of |ayer fornmed
20 on the uneven part is uniformy activated. The surface treatnent nethod
according to the present invention further includes the step of heating the
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t he nol d surface]:31 ﬁie (% e 20, rent he nmold surface of the
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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



Regar di ng the cl eani ng apparatus according to the present invention) - 10
the exciner radiation has a center wavel ength of 172 nmor |ess. The
excimer radiation that has a single peak wavel ength of 172 nmor |ess
corresponding to the short wave, a high energy conversion efficiency and a
hi gher photon energy is emtted to the nold surface to renove 5 adherents
to the nold surface of the resin-nolding nold in a shorter period of tine.
The foregoing and ot her 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
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fl owchart s é{[ldl‘kﬁ‘ rﬁol’ﬁ%ﬁfiﬁ%d%tsel‘écajéﬂ-}%xc@& t he degr ee of adhesi on of

adherents accordi econ odl men present, 25 invention.
Fig. 5is a sche Ploé BY Hhac egg,tbpt anather £ keqt,o ¥ %HQS%[}BF’%GQM‘% a

mol d suy f ac guafueertdédtgndrt @}id‘ﬂaltds efobadhoRlndurPacd dfea ﬁ{cﬁa%bdlfeyﬁfmaﬁfg
show ng that the surface trgq Cg gﬁ)g c@tus fn glégorated Ii?
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a forth enbcthﬁrreﬁm ﬂowmepprte@ent Thevurfiace tireashienit g piaitatus has tppar at us i s
i ncor pey at edollgwing EkHcEGRLGAY apparat us.

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,
is 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.



Fig. 8 is a schematic front view of a surface treatnent apparatus for a
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 treatnment Fig. 9 is a schematic front view of a
resin-seal i ng apparatus having a cl eaning 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 shown in Fig. 9, show ng
that the cl eaning apparatus cleans the surface of a nold with exciner
radiation. Fig. 11 illustrates an effect of the cleaning apparatus of the
si xth enbodi nent of the present invention as conpared with a conventi onal
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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



that is secured to an arm 11 and capabl e of noving forward/ backward. 15
Sensor unit 10 is constituted of a holder 12, a | ower sensor 13 attached to
the bottom of holder 12 at a predeterm ned di stance froma surface (nold
surface) of lower nmold 1 and an upper sensor 14 attached to the top of

hol der 12 at a predeterm ned distance fromthe nold surface of upper nold
2. Lower sensor 13 is an optical sensor having a light-emtting unit 20
emtting radiation 15 and a light-receiving unit receiving reflected
radiation 1Gthat is the reflected radiation of radiation 15 fromthe nold
surface of lower cavity 5. Simlarly, upper sensor 14 is an optical sensor
having a light-emtting unit emtting radiation 17 and a |ight-receiving
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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
reflected radiation is regarded as a direct neasurenent. Specifically,
measurenent is taken multiple tinmes for the sane |ocation prone to dirt
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wi t hout the fp&%st!}}%lgd Je¥e QOf variation in evaluation due to subjective

eval uati on by ‘an opera or in charge. The warni n% signal _indicates_an
appropriate tini nd%ftﬂjlﬂs Wayathaexamer radiationethat fiasi aesingleopeakhwavelength,

resi n- ol di %h?%l?éﬁéfﬁ%dn’ixe@ﬁbﬁ@f&éien&ﬁﬁnﬂ%shfﬁopmoﬁ' dHErepes ahlifRditd
i s.1nmproved. ..Nor eover Hﬂ r;easu ment to be
the mold surfa

glcj)hg ari‘gd etrﬁgled{ gqrszge]g%decompose adherents to ce of the resin-
] moldmg 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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val ue) not only nmeasurenments based on the intensity of reflected radiation
detected at a plurality of locations on the nold surface, but also - 1G
nmeasurenents detected at one |ocation may be used. Accordingly) eval uation
may be made, of the degree of adhesion of dirt not only on the entire nold
surface but also at any pinpoint which is particularly prone to dirt
adhering thereto. 5 A nodification of the evaluation apparatus of this
enbodi ment i s described bel ow. According to the discussion above,
respective intensities of reflected radiation 16 and reflected radiation 18
that are cal cul ated by operation unit 20 based on detection signals
respectively generated by | ower sensor 13 and upper sensor 14 are used
directly asthmmemadidﬁ‘dnahais d@entdrewanclenyth uf1%2 nrdosiledsl ar effect to

t hat achi eved by i ove SS nbodi ment
i s obtained 11% thie}qgeg At ﬁlgrﬁ%'tﬁ)%g?lg E%F%E @gﬁ&%ﬁ)w&x?‘r ﬁﬂégﬁgﬁm bed
bel ow. For @mess aexesponding tpéheehpeﬁwraard; ahiginentregy eanveabion| effieignoy
operatr on rm ned
initi 15%\5}&? g}llgléfﬁ:ote{ﬁl &{1%{ lb ?B Me:gf &%eqﬁgﬁf%}eﬁg ch &ﬂ%
conpar d wig %GBF%E@ ke mohd gu F%ré the F%ﬁlndn#ﬂwgmdrlmaﬁmrt@apmods
cal cul at ed ¢Mtimperation unit 20, based on respective det ectr on signals
surface

generated by lo nsor 13 apd.u . sen 14 for the

bef ore resin- m)mf}ﬁ@ OXQEPIE 3 orhﬁq'tq‘i%l?c@afe&éuﬁ‘%d?%@& ‘théﬁg‘?st

each of refﬂlmqnmdenammﬁm\&ﬂlb&om@lm&bla@@hwhﬁ ﬂdnﬂthe)ﬁ‘rb]lb%m@d@ta@éﬂ atr on
roference rapcaton JEdedieRtt s whe Ret sali et iR T
cal cul@t ed wonmraunardrawmgm is the value of ratio between the intensity
of each of BRﬁEME@GWﬁUN@ﬁ@P@%RR&MSd radi ation 18 as neasured

and the intensity_of the reference 25 ref|ected radiation that is
reflection from tEﬂ@ Blig paytial cxess spctiopal mevyof an@vehiatiomapparafus

repr esent edevailupeingeihleatigrvé bham@sa@ﬁtoftaahbf@ltbrahmhg tofa filte reference
refl ected rad

f h | uat t d t
{hen' compar dbpiSeRtetehaetas GiRntin. ShaBEHTsLEn Gonealsqrpor of the | °"
predet®@r mi nmbamltueenf1tsmdlauﬁmamiyd@(éctxmqﬁbcmd)radlatlanheDéofFr g. 1. Here
det i ned | f: t
the intensity of & C?ISfa FUEE Syt 3 R B e ARG A BN O 1

that is meaddiesdompo ndhesqséetacmrdmmt@the fast; mbn@mqum thieepneséntr ence

refl ected riadedtio gn by experinent is at |east - 95 for exanple, there
i's no partrcular lglemrnt rnms of the ualrt ded products
produced t hr ough dsr?t)?%ﬁt’r?g CB?fSSIQﬁR@Pn Vig W ohaR eerggém%aap@ratrlﬁ this

case, 20 he psvedetting thedlegateiof adhésidn of Bllblerent8acBording $b @pseddnd conpar at or

vl ue_or °r MERRSRAR, GrY LG MRt AR Dol Hop (ESRIAUgIS 0,00
mol d 1 and dgypee) capheraof the anpeeatwitaltss 4 pickureeofaa certaftvarea ebamald.
satisfied, the i g%gna'lkxa ﬂ{w&?&’% HowiRE EbBnd afié@élhaﬁnﬂgﬁt&%gﬂeg&séb pct ed

radiation 18_is ent %1 operati on erm nes t hat
the degree ihesiorsfa SFOTP AECATGIRE 40 Ro$ 800ouh e BOam et bie DIOSeHan t he
ref erzmce. l'ﬁlv@ﬁtmgval uatr on of the degree of adhesion by the eval uation
apparatus i s co re d) , resi n.nol dj eration is |nued
In step S4) if a Cﬁ?ﬂ’ﬂﬂ?@é %‘E"ﬁ"ﬁﬁ’ ng“rsé‘dtch @tm%‘&ts?pl?ﬂ?é% Power
mol d 1 and appsdd slmfateQaccorchng ta arthliad Iembo%dnﬂli%h@pﬁéﬁemﬁnﬁd‘)tldﬁ]e
intensity t t G refl ed

radi ation 1 o%n% tthaiﬁﬁ%r g?ﬁﬁg éa}etgr#eglgc ;ﬁ% r%&dﬁng’?@ q%@@%% ggg]%l dirt to
the nol d susefadioeg appattatheast the reference. After the operatr on in step S5

by thggeval uati Owggeg%%mr&m QRENALW T thé sﬁﬁfarc§%9e&chﬁexﬁy rgﬂagaﬁygﬂi ation

appar at us as de ove Accor di escriptio ove, |ower
sensor p‘ﬁ’@r Fﬂl@laﬁpﬁiﬁtt“éﬁ&ﬁfgﬁ scemald surtacearith @xgmetihesi on

of dirt to ﬁngmglét\@dﬂm&l surfaces of Iovver nold | and upper nold 2.

Al ternatively, aI uat i on rat us rra hav sensor unit 10 its

top or bottom pr ’igd dsvﬁﬁ H}?SP(E%PP éﬂe"gg d%%?t‘ﬁ?f?'iaﬁﬁ)a‘ﬁg‘%go
inverted by arm 11) and the degree of 25 adhesr on of dirt to respective
nol d surfaces of |Iower nold 1 and upper nold 2 being detected successively.
Such an eval uation apparatus al so achievids  an effect sinilar to that of the
eval uati on apparatus of the above-di scussed enbodi nent. Further, although
the eval uati on apparatus of this enbodi ment 30 converts the degree of
adhesion of dirt into a nunerical value in step S2) steps S2 and S3 may be

ski pped and the degree of adhesion of dirt nmay be eval uated w t hout
operatr on unrt 20 I n thi s case, conparator unrt 21 directly conpares in

- . o e Y o T N



- 18 fromlower sensor 13 and upper sensor 14 with a reference val ue
(e.g. voltage) stored in advance. Then, if the neasurenent according to one
of reflected radiation 1G and reflected radiation 18 is equal to or snaller
than the equal value, it is determned that the degree of adhesion of dirt
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 mechani 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 is possible. Then) even if dirt unexpectedly adheres to the nold, the
dirt is appr@ﬁfdlé%ﬁ&fﬁc%%@@‘r@ﬁé tb Ao HR0ERBo Bim St 3 tRRSFrek én Pl B0R! ¥

eval uated. A warning si i s _gener.ated dependi ng on 't he degree of
dirtiness schawing tg‘@é&gﬁtapBéF% i1§ dneprgatated 1n athshR1sh Hﬁrﬁ?ﬂ’é‘é?msed 15

Second Enbodi nment Ei»gtamafs%hemldﬂoﬁt gmwaf@ndri%ceafeaqrtﬁémaippmaM&at us
and an eval uath(ig mat?é: a@éﬁ% mgrﬁgﬁﬁf adhe |on of. adherents
to the ol d SHELSHE s&ca?lﬁb £ O Hhe presqnd iy edtion,

i nventi®n arshoyaagrthia¢dhe Iﬁmar&usssana&pbrabdqnwsﬁembahnglap\plaea\tusftot he

eval uati on PR& enbodi nent showi ng that a CCD canera takes
a picture o%%ﬁcertgﬁ%%gﬁg%gt(%&t nold. Fig. 4 is a flowhart show ng the

eval uati on net hod Big. BHs e sehbmtwémnt Vikwse mmneahag@panetM\uaglaon_
appar at uses Eaﬁi?ﬁgh ﬁﬁa%tat&‘ %H@d‘fthéﬁtb:'a&or J?g;{?b égﬁtﬁe&ﬁﬁgmﬁlﬁ@iﬁddf'fﬁgt In

Fig. 3 that ave € sane nct| on are denoted by the sane reference
character. ATeSRBWHIVERUOYY. 3, the eval uation apparatus of this embodi ment

has CCIpcamera 23 Rigt a0hed sbhema_tmrsﬁrdel&:)ew othea@si- s§ﬂi‘1$@bp ardtué@h@tvnt he
first enbodl cam&*gh f%\j! i nverted b{/ arm 1 ﬁé ;E i ct re of
any of ‘o ovi it 90N alThlerton At gtaCaErRg the 5184t B BSPY onec
in 30 the vewithcedcimier @alliatiorso t hat the entire nold surfaces of Iovver
cavity 5 and upper hte ra 23
is focused on the I?‘T‘gagltmug tl%rtgs bﬁ.eﬂe%@g?&%@ﬁ%ﬁ&%t@?gf%@%@ a{rgr m 11
to face upwaembadimentief thectmﬁmfrmvm@pacaa cospgaredrwithi & comeantionadpect i ve
pi ctures of él@&nﬁ@éﬁ;&ﬁ%t&?hﬁl ltPﬁwbﬁdf%di’&dJ?Pﬂroxsﬂ a%%twggaag%f Medchry The

eval uati on apparatus 'of this enmbodi nent operates as descri bel ow. " As
shown in Fi glanw CCD canera 23 is allowed to enter between a 5 lower nold 1
and an upper nol d Rig. 18 istaegehemlatiofrbhgvieds slmﬁnga:!mﬁﬂpainbﬁkeﬁa&eﬂmt ure

Chus taken | LA Eofargs bl §ﬁ§%&$€‘ eBhas i ataitad pbreiaachiniigg °
relatively htogmsdwsthtgn dbetpreserganventionhi ch dirt adheres. In
step S5 ! hepgeurbploR e R FEPRMRIEN BIEOBIMENTS) 18 converted 10

into a nunerical val ue na?ase e I nage o ower cavity 5. Specifically)
an operation unit Bust B n$i nari zes the i mage of |ower cavity 5

gccorfll ngT}] o0 a pr e@lﬁﬁlﬁféﬁeﬁ&gbe:t%fﬁ @nganu@/% appai'atué Bhdsdlﬁie‘ﬂ?@d Iféxhet s
ensi is sho e ned i van ex n ste
operat?/on un?‘fatl gung|t il&dﬁggge Qfﬂgié%wéﬁgﬁﬁg Ct&?\ﬁ?%helr@ﬁil WEALEF ar gas
each havi ng féseribedsi ACcofdeetohhrsa&mbedimerﬁ;ga rhblket usel ﬁ'nruabldnmg oesihiigher
han the r Rahohily "SR ArSE, gl dXoRhER Ty ol A SISPOP4 b £ OTRRLE O

unit 2 res Sur reference va i ch
is stor ed i namamtue omaén@wdecuanmovmmmﬁ avourgedion adeadframe withdirty

areas. Refergne® VEeYE ASah $xdBip?E 6F B8Herents to the mold surface, dirt sticking
to the mold surface is described.
Fig. 1 is 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. 2 is
a flowchart showing a method of evaluating the degree of adhesion of
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20 in advance as described bel ow and stored in conparator unit 21 in Fig.
3. Specifically, as resin-nolding operation is repeated, dirty areas
gradual ly increase, resulting in defective nolded products. Here, the sum
of dirty areas imedi ately before occurrence of any defect in nol ded
products is determned as reference value Vs. 25 In step S4, if a relation:
measurenent VM < reference value Vs (or VM <_ Vs) is satisfied) the dirty
areas are small enough and then the eval uati on apparatus determ nes that

t he degree of adhesion of dirt to the nold surface is smaller than the
reference value, and the evaluation of the degree of adhesion is conpl eted.
The resin-nol ding operation is subsequently 30 continued as required) In
step $4, if adhesdmbiaocordiseg s tleismmbodihrentr ef er ence val ue Vs (or VM > Vs)

oot ! % R . 308 00 U e SERNSR PR AR e )
surface i s efjaddwenmuld draxd en uppenr bkl 2 planedroppositete this losrekanohdah
operation i ) , [ QA; of Athj |, ment
perforns thgog‘%g?%lﬁﬁolnﬁlgﬁQﬁ%%g@%%%@g@ﬂ%%e%l éa%béﬁﬁg%*at us of
the fiPst ehPympanhplungend igipyovisleddnapmdkto bemavahleuprand-dpyar at us of

this enbodi mmhaeraqb%@@aﬁt%ri@imvfdeg%l1owl@§%@ad0mﬁmﬁ%g§ﬂaa§g'rvg§&§eﬁaff

the nmold surface, nanely .i e, Wwhen dirt adheres to suc

requires cl B%?ﬁf%ﬁesé% 1% e%& LAt Ye5RSH ﬁ?&?@iowr ERatY PrrgeelpaHadi nent. | n

this way, thadfeghepladedagheesinon of dirt is quantitatively eval uated.

Accordingly, the ficlienqy, 10 of esi,n- ol di ng,,operat.ion is hanced,

the resin-nol di ng (%’«Siré?@gr‘? ﬁgs ﬁﬁﬁﬂzp@%ﬂemrﬁ)sﬁ%“?%émppgsﬁt%Q 89%§?°Prhe

eval udfi on bpldihg mieljedeesin. adheesimnhafnel 8 wheve meelted resin Hhwedand anhe

| mage obtai gegdebKalidk o erd il ik ftellreliiCisaRiddied AP rsiilibAgE. The dearee
.10t ate 1s

of adhesi on Ir e entire pold surf S evaluated in a 15
short peri ofuegessively cquaenedeateevishaulh?i on appar at uses of the

above-described embQfisHEMhs PR pAhAAdd BERAENHvASGRN PAnlQufhetahide
signal. Alternatively,. the contrfl ﬁtmt ggey eneratf a rni Eg si_gnal
i ndi cating Hrebismscnesd & ar argy L pghicang 9@%@% oamramc Beafipl e. I n
this aalse, _Sﬁng&_rﬁﬁﬁrlﬂil(@rcoh_ﬁtiﬁlt@d@ﬁ afiddfer 1 e Ieddrseii® | bell Bateebedtb @Hetg
start cl eaning, al ygti.on_apparat uses..respectiyve the first an
second enboh?ﬁgmg @é)er ;2 34 P{:é;{é%%lra{?%e @fégq"gc@etitr%da ¥‘éﬁlf38%?l38{ adi ati on
or the i mageuvface) ofddwey maiilngnd be ypnersensonl aticehad ¢o sherters of keolder
i ndi cative i inf T%ﬁ,fg J y include
color 25 co%oﬁzhﬁ?@ﬁﬁﬁ{éﬁa‘g?@a%ﬁ%ﬁf I{rlnca)lld e cg‘% gﬁ%?%ﬁl%%gggbj fically,
the eval uati on appaWarsenssr this an ppticahsmso g9 lidsemytingaunigt ensi ty
of thetor ef | ?ﬁ%ieﬂﬂngadﬂﬁtgioﬁnlfbaﬁé% ]@ﬁhtﬁf&c@fviﬁgfmﬁﬂ?éﬂe‘iwd 'n@ﬁ‘téﬂte&%td%@lhmﬁ o?h
apparatus o e,segon odi ment. may, pr,ocess.the Si not .only. on the
boor s of o8RG TR RedEEa! HAHO N SRASHOR dpdFort e radl St o0
dependi ng olowérecawiyeof Sirilaely, nppen seisorhl £mume sptical senspt hasinglat a may
i ncl ude col qr . . I val 3 of
adnest on.  THENERRA LR iF Snittid frdBaRoA TR Enailihte Llh SRINEREY' |
ul travi ol et refentadiradiadiorp}s thitistthegefierted rastiaton of iradz@tmci% Eeom the Each
done 2orel ot o s HRRFI1. O L dwer RIROE I IR LB R e 0
enter bet V\/eé%sne&&éfﬁ IpEAnsittes, “ﬁf’ﬁ&?c{mﬁ%ﬁiatiﬁnt]&r %glrﬁﬂ?@egl%@d?t'é%bﬂge of
adhesi on. | ghahafe deeeted ditichd daeg ivfo prddetdromined détedtidrosighal@lottagesf ace
i's nonitor eg subst anti al | toa the li ney }Bengp even .if th:?%f adherﬁ%tto t he
mol d sur f acE LHEATBRIE) SETRFCHVAL i SYRPIY ABPRGFGSRECHYe ASERHOIRIERAE Begr ee
of adhesi onansperationtueliy2@va asigmhl lDepthdi IHgs onted ehatethrese lobedsantsoness)
g var gong shgngly gﬁﬁ?zbgex%%?%a&x%doptt&a%&‘{?d}k S S A% Fe PFAHYELR, Tl o™
ei ng manuf actured;” for_ exanple. o
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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Moreover, it may be determ ned by experinent how many tines the

resi n-nol ding operation is done before the degree of adhesion of dirt
reaches or exceeds the reference value. Then) in the stage i mredi ately
before the determ ned nunber is reached) the degree of adhesion nay be

eval uated, for 15 exanple, each tine the resin-nolding operation is carried
out. In this case, the tine required for evaluation of the degree of
adhesion is shortened to increase the efficiency of the entire
resin-sealing operation. Regarding respective eval uati on apparatuses of the
enbodi ments di scussed above, dirt is referred to as an exanple of matters
adhering to the 20 nold surface. Alternatively, to any material conposing a

I alyer f gr l”ﬂdw@ﬁ sthsord dnaufﬁp@@%eﬁ@csr Lb%@péét@@eenﬁfasum}ﬁ@msﬂﬂdimlve of
rel easapl | |

t), th | uat t f
enbodi ment tb¥)qeag§e%p@g@h{esﬁﬁ\%ﬁa?ﬁ%ﬂeﬁwoﬁggéﬁ% ot g{"’gﬁg‘i‘) aﬂegﬁ gree
of iadhefs :c o][nf(afd}ielnmtseﬂoetdfeenakjbmnmeoﬁdnplsemmhi 2t he\ ¢cﬂhp@%oﬂgﬂrﬂzgr adual |y
S O I 0
Pepeat o) 100428 s R ALASALR AR TicaBRE b IRL UBR LRI K, | e
degred of ddwes m@ﬁo} anfeipper gacld Zithat an@wmadﬂ;i fron ppenationranit20of
reflected rgghat| %Hetéﬂﬁupe‘%ﬁfe? duide YRAEE M HAflo Mol chi83aflERed | PO

bel ow, since he |nte35|ty ;, e reflecte ation 1 ncreases as. the
rel ease agéme glermyng fconémcwb o theaefqrenat Volue; thp spmparaignitransmits fpar es

nmeasur errentpr%ét/tz!rhhn@da@l@ﬁrﬂh@s@ﬁblr\&é%rsigﬁgl Mabwe, E/?]:)pérfatli%nrttﬁh@Qﬂon) t
measur enen <refere e eval uation apparatus
det er ni nes WS 3 K qemv@}ﬁmhg g)fee @;lmc‘ﬂﬁgerdeg?ﬁé‘ﬂ a T AASHLETIPIEES angIo
refl el ed rmaduitedons BBnew me&surementi ¢ Centgarasoeihit 2Nheomp artes thegrwe of

dh f d
et or encey TRAEHeRERFiAM el dehbE IR, THIRE N BB HHRER, 1o

is secured mdetmgtmeds:ongltmmﬁlreiﬂme aefenediceyhjue, lof pradeternmined walringon,
measur enentg; %858 gqval ue Vs) 5 any of reflected radiation 16 and
reflected ralatlon 18, has n|ne ty whi ch is, not enough. The
degree of adhesi GHCOTdingeLort@ieE) ait.tan ?Waﬁ%ﬂndOfsfiﬁf%’@éu@féo%qual to or

smslldl mt ]g hagp ;{dﬁﬁtwéeﬂ@%ﬁxg;/ﬁiet@ aa@f hHBesiohdasiRbédibéd wath ié’t@réc’iﬂﬂect?d

roduct fr eri.or ara un accqrdin

gener at es ?’ﬁ/ﬁrﬁ’%{g g%ﬁlsﬁ Y8 % gaf‘?}lastng égbd @@Pwﬁ’éot aed’g% i g d

per f or med diettveendegeeendfl ]aaiﬂndesuippler afclddherlenstep @1 of Fig. 20 the degxtesstpl oyed
f i n: -' t | h t

appl i cabl 'er‘d} BRRIGL0t ARG hadiphPAE o oMol Gy a  erhiisan fon ! S

i nj ecti on- nesifieallirlpwer sensdrel haed empeir easey bhin §9 got emihradigtion ke

eval ugj i on ghyy ﬁ@cﬁ%’tﬁahuﬁ’%eép%@ﬁ%lty' %Wa‘:qufes 8@ AR Qhﬁf&H@sS@MOW@i’Od' ”Ent S.
The characteristic structure 2§ |nvent|og gﬁe be applie

bei ng nodi fG3#YO? 2 ‘éR*R%"oPaéGtan? T F’E@l W@ﬁ@ﬁ?&l & GIePICH! ¢ ﬁe
extent t hatrespéé’tl(%gﬁdbém@Qéﬂétftedrradfdtﬁﬁi 16anidatdfecréd fudiatlbﬁ 18cope of the
i nvention

t,.20 Wit h f to Fi f
troat ment ASHEPRAEORbog ohi el PurbacRt BB Eeav 825 and Pk st “of
t he presentusenmefleciehradiationclt mdi;reﬂectedmad:ammn 18iastopdicabddta;sadl f or
seal igyg el %ﬁl‘b@ﬁﬂ Pes‘b%@ﬂ%‘?x‘ﬂtteﬁ Més*bﬁ%?ﬁ&'t)ioﬁ%%c‘r’%‘édl&'ﬁ%nofs Rb dpedisigd T or

nDIdlng resin I.S a_SC enatlc ronf view o he surface treatnent

appar at us d*et?‘Pﬁl%n sHBvHF mehie dstegtion signalsa niyaapmitiedite oparaIPdr at ed
in a resin-g@glgong ’ngfe%ttéhsthé:dé]greﬁ dfﬂlﬁlﬁ@éﬁﬁffﬁth@nﬁ)‘l@@uﬂa@@é B thée

The mold sdpPEEebeRbFRsErRes refleered FuRSRon fh arf saopeABARAHAT 06K o 5)

ol d unit h@teiveduselbwearsensat 1 8and upperesansoarnd. 30 a wai ting un|t 102 is

coupl to nold Q_serve er descri bed
her ei Tbel ow wai tgfh? ﬁv% 19 ?Qpalr&?ﬁs %glu%%’glg\ﬂbq(g grﬁg%g%gﬂgé B\A(/)eq? nol d 104
are pl aced adhdranés aardrdmgmrt}ﬂslenrlmdnmeabahuﬂdet&dp@dlrtmflanmeatlen fof xed

and has a II r %ﬂ? Y

conmuni cat ?%g ség%elglssflaé\gwhlaﬁfp{oﬁé%lddép ﬂg%g@g dﬁﬁgwﬁ“ ]aQi7v nccg\“ ty
107 corrpos&)éuﬁwﬂuﬁllmtwgl PoR PLBPOING8 of upper mold 103. Lower rml d 104
is novabl e and has a pot 109 placed opposite to cull 105. Lower nold 104
al so has a cavity 110 pl aced opposite to cavity 107. Pot 109 5 and cavity
110 conpose a resin-flowing portion 11% laf-|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 nmechanismemtting 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 exciner ultraviolet radiation, a 10
nitrogen gas, for exanple. An exhaust pipe 113 is connected via a valve to
,a suction punp (both are not shown) to discharge the gas within nold unit
101 to the outside. Alanp unit 114 serves as an irradiation nmechani sm
irradiating respective surfaces of upper nold 103 and | ower nold 104 with
excimer 15 ultraviolet radiation. An exciner lanp 115 is nmounted within
lanp unit 114 to generate excinmer ultraviolet radiation of 172 nmin

wavel ength by dielectric barrier discharge with xenon (Xe) used as a

di scharge gas. A translucent wi ndow 116 provi ded on each of the upper and
| ower sides of |a i ) i r; | xanpl e
and serves as a 2,?6 V# qué{)%vtje#’ (‘;S}ﬁh@?%%% 8?1%‘%%?61{1%fe‘.%#%églgv%?é%i%e%ti ng
decrease of numeenicalnalnancepesificaldy coparationyinit 20iis/Bg.  a¢rfariem on t he

mol d surf acepdivil@u sl Gl akiaeionesfBe N dgiad 5F HERESi oMo Ao 14 18s5ddivRanbld! d
surface is preg?grabti/ as Shﬁﬂl a%&?oss‘l bl A rail 11}7(#5 a.trans%i%t
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generated through t nol di - 24 Referring.fo Fig..5, lamp,unit 114 is
moved from \E&i‘#’\%ﬁﬁj ngﬂ‘”(erl’@?ﬂgl‘l@ﬁé YRR§T ‘I‘J‘?ii‘i gnd I’t‘iergl?dmé?n%l%Pg % er nmi ned
posi ti on whireflectedxediaidtmi icrbgaededns aodirbétemensuresneritac &peoffiandlyer nol d

al'tr avi ol of et is e NN R e S b At b1l WiBitover)
jet of nitrcgdergmsthiesetmithisdocajombeingusddas a nihpomdgforexampleecr o t he
mol d sy f aC%e%r@ﬂ%ﬁ%ﬁé@e&?& ﬁﬁﬁié&%&aﬁ@ﬁgoﬂﬁlﬂe %P&ng&aeg.l yThbhe

regi ons cl ose surfaces are | n an atnpsphere i

| ow oxygen- @YRERER pha Powalityof valugs resaltentitien thigmensarpreerlisiol t age i s
applied to xtdulBtedlby bpétatiobbunAI hshid e cal sl abbPUeradpelil sel .aseXCi Mer

| anp 115 generates ex%l\grsr gltrsz\%l olet radiatjon 118 h w(ig].éa é)rsgeterm ned
center freqdBfRIFIEMERE Mo AP St Y b sFPPes antravirechandr i SteRepdet i ve
mol d sur f acekipied)pghemumédcdlGRhlasdetarneimedihdtd P82 is weed asanpaairewsentol d
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ultra/iol et 15 radiation 118 t hrough translucent w ndow 116. The exci nmer
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t her eon, narmp\}menéepﬁmqlehn aafuxe. when the nmold surface is irradiated for
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energy.is emtted to mol d, surface to allow the state of the l.d
surfac¥ to B ﬁﬁc%l"é&fﬁ? Ve tﬁgefaﬂqr}:ape@wwr@,\%? @Z?%Pﬁeﬂ’éi]%g}gilﬁi tial

state, dependitiv@iedfotr boeitofllowwr ekl andnspp eihtohb dwhithf aeanisshabus
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XCi | | ioket radiatlon,118 for. a rtai rd of
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Here) a det auffidiedélydnight aroch ac®rdingiy comlpawatoragst Gilrdptetraines that the
excinmer ultraviolet radiation | 18. By the energy of exciner ultraviol et
radi ati on 118, ozone (Gs) and active oxygen are generated from oxygen
present within nold unit 101. O the gengsated 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 polymeric materials to be 10 degraded or
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resin sealing apparatus through exhaust pipe 113. By the surface treatnent
apparatus of this enbodi nent) the space near the nold surface) i.e.) the
space between translucent w ndow 116 and the nold surface, is in an

at nosphere of | ow oxygen-concentration as a jet of 15 nitrogen gas is
emtted thereinto that has a property of suppressing attenuation of exciner
ultraviolet radiation. Attenuation of excinmer 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
nmol d surface as the nold surface becones close to 20 the initial state is
mai nt ai ned. Further, excinmer ultraviolet radiation 118 is unlikely to
attenuat e. degree cfurlheisfont dfedirbtatlsaimiodd sutfase depmatiee ohan dhe rofeteiesd

portions angel h neven he rfage of the entire | d.rel e | ayer
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gas by nozzle 1124 - i i il..117 to
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through. cul FeUesSed FatiARAToS 308 TRARCeA adiatom 1848 R Eict miavero dF adluce
cured resi naccbipdingly pleesrnmimed th@s thedekrawsf aﬂiie:kid:ﬁéf&frgt@ﬁl@@ﬁd)ldg t ake out
and the cured, resin.
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the dgscri pia@RidP R alif d6fnidis ikdHeResd29!l Mihe dezrad bRk s 0R of ANitSs

enbodi nent, after | arr%i unit 114 i.s s,tﬁg‘geﬂ}ét a.predeterm ned position,
exci mer | anfrusisvalyated quantitatigelywithaut thepospibility ob variationii: i on 118.

Al t er nat i vebyalusition dxe tamsuibjeetipe éialiationely an)opehgtordh¢haugé.aces may be
irradiated with exgi ner. ul traviaﬁl.et. r?di ation. 118 whi.l e I?r}p uni t llrélldi S
moved. In this casd® WERIBRSETafdndicares an apprantiate aing fordeanine a

radi ati on 1flsubthe effeperndyeofrtbeineginsprddingf ojexationns enhadcedthemresier-abl y be

consi dgr ed ] (W7 (=1 i i he nol d rel ease
Iayer.ggl n ah&l?ﬁ%ﬁéﬁ%ﬁgo&? §§1'u6{3131%g€(|1,ty oﬁpéggf(??érlre%rqﬁvé\%’ghlw may preferably
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performed. Aftestedat @&ly?ﬁétyr%fﬁa?qtbqpso%‘iﬁ%ﬁ“ﬁﬂéuﬁtﬂ?ﬁebub?ﬂgi mes the 5
resin-sealing operation is successively done, the state of the nold
surfaces and the releasability may be eval uated in advance and then the

nmol d surfaces may be irradiated after th¥resin-sealing operation is done a
predet er mi ned nunber of times according to the evaluation. Lanp unit 114

t hus operates a m ni num nunber of tinmes as required, which enhances 10 the
wor ki ng efficiency of resin-sealing. Fourth Enbodi nent Wth reference to
Fig. 7, a fourth enbodi nent of the present invention is described. Fig. 7
is a schematic front view of a surface treatnment apparatus for a nold
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Referring to Fig. 7, a sensor 119 is the eval uation mechani sm which 20
emts radiation 120 in both of the upward and downward directions) detects
reflected radiation 121 which is radiation 120 refl ected from each nold
surface) calculates the ratio of reflected radiation 121 to emtted

radi ation 120, i.e., reflectance, and conpares the cal cul ated refl ectance
wth a predeterm ned reference val ue. Sensor 119 may be an opti cal
non-contact 25 sensor using) for exanple, visible radiation, infrared

radi ati on or |aser. An operation of the surface treatnent apparatus
according to this enbodinent is described wth reference to Fig. 7. As in
the surface treatnent apparatus of the third enbodinment, a lanp unit 114 is
moved) and mdasuremenid deigetedyaisone lemativhaday bensgidonAccobmbinglyy respecti ve
nmold 30 sur f zle 112.
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respective surfaces of, cavjtie nd 110. Further, sensor 119 cal cul ates
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the greatest degree and accordlngly makes an eval uati on based on that

poi nt, or calcul ates the average of the reflectances and nakes an

eval uati on based on the average. Alternaﬂ7vely 15 the refl ectance of a
poi nt of each of cavities 107 and 110 that is close to a runner 106 may be
cal cul ated by using that point as a pinpoint) in order to evaluate the
state of the nold surface. In the surface treatnent apparatus of this
enbodi nent) sensor 119 calcul ates the refl ectance and conpares the
reflectance with the reference 20 value Alternatlvely the state of the



Wth reference to Fig. 8, a fifth enbodi nent of the present invention is
described. Fig. 8 is a schematic front view of a surface treatnent
apparatus for a nold surface according to this enbodi rent showi ng that the
apparatus is included in a resin-sealing apparatus to carry out surface 30
treatnment. This enbodi nent has a characteristic that the surface treatnent
apparatus fox the nold surface has a nmechani sm of heating and supplying
gas. Referring to Fig. 8, nozzles 122 are provided to constitute a jetting
- 30 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
| anmp unit 114 toward respective centers of the top surface and the botton1
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unl oadi ng Ofedpah@m product) the surface treatnment of the nold surface is

readily perf eMfe nold surface is thus returned to the initial state
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and | r nol ds 104 e Al t ively)
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treat ment. 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
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Nozzl e 122, lanp unit 114 (and sensor 119) may be provided for the surface
of only one of the upper and lower nolds to emt a jet of gas to this 20
nold surface, emt excinmer ultraviolet radiation and evaluate the state of
the nmold surface. In this case, nozzle 122, lanmp unit 114 (and sensor 119)
may be inverted as required. The di scharge gas conposed of xenon (Xe) only
is used here to generate excinmer ultraviolet radiation. Alternatively, any
di scharge gas 25 containing at | east one of elenents F, Ar, Kr, Xe for
exanple may be used. In this case) excinmer ultraviolet radiation having a
singl e peak wavel ength except for the wavelength of 172 nm particularly a
singl e peak wavel ength shorter than 172 nm is obtained as well. According

to the descifigthiloRerBOYSr 138nARIpPek SERTEI4 Y a refrORIEFAIRQ @i h the
intention of usin rrel&ed resin c talgckrlgqan anpl e amount _of nol d rel ease
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10 provided in stationary upper nold 207. Mreover, the resin-sealing
apparatus includes a guide rail 21G secured to |oadi ng/unloading unit 201
and cleaning unit 204 to pass each nolding unit 202. The resin-sealing
apparatus includes a cleaner unit 217 for cleaning the nold surface of nold
208 by emtting excinmer radiation to 15 the nold surface of nold 208. The
resin-sealing apparatus includes) in the cleaner unit 217) one or a
plurality of (three in the resin-sealing apparatus of this enbodi nent)

exci mer | anps 218 dependi ng on the size of an object to be cleaned, the
excimer | anp generating excinmer radiation. Wthin the exciner |anmp 218,

di scharge gas containing at |east one of the elements F) 20 Ar, Kr and Xe
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the surface of resin-sealing nold 208 with excinmer radiation, nold 208 is
cl eaned by cleaner unit 217 incorporated in the resin-sealing apparatus.
The process of cleaning nold 208 is thus automated. 10 Further, as excimer

| anps 218 are illum nated for a predeterm ned period of tinme, reduction of
the energy consunption as well as increase of the |ife of exciner |anps 218
are achieved. In addition) as nold 208 is cleaned in non-contact nmanner,
nold 208 is cleaned with its surface receiving no damage. 15 Fig. 11
illustrates an effect of the cleaning apparatus of this enbodi nent as
conpared with a conventional cleaning apparatus using ultraviolet radiation
froma lowvoltage nercury lanp. Dirt on the surface of nold 208 is
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ef f ec?gsupedr%l or to ts ﬁg@t&fé nt %g& éc;h%u\géerﬁ%?gﬁéﬁn@?ggﬁg%t.&%?p{g E’_gl\é('?ﬁ gaﬁliﬁg of
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uses xenon fh¥edefRetel Padiation 1aRsd ohN®lGEd P orén t9ey el Chekhalgaln Of

enerated excinmer ragj,ation i,s 172.nm A final distance betwen the  nmold
Jrf nae andH et PhHIS HondEriodimant Ak Prceqs the dessity not only off 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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wi ndow from which the excinmer radiation is emtted toward the nold surface
is 4 mm For the conventional cleaning, one |owvoltage nercury | anp havi ng
30 a lanmp power of 3.0 kWis used. The wavel ength of generated ultraviol et
radiation is 254 nmand 185 nm A final distance between the nold surface
and the surface of a |anp tube fromwhich the ultraviolet radiation is
emtted toward the nold surface is 55 nm -37 The difference in |anp
power between these two cl eaning nethods is due to different principles of
irradiation. The difference in distance between the place from which
radiation is emtted and the nold surface is due to constraints on the
appar atuses. However, this difference in the 5 di stance woul d have al nost

no i nfl uencdtrvitlet rallRatdmer by ieettiagneeahtiaeuebinaititoleath caditgt i on
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a sev elRgtmanu I neAmp a case. e cleaning nethod o
t he seventh enbody L.S; j ' ' : r.egar di ng
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schemat i ¢ f¥esi-moelding pperadioneisi dcnsémfweg&»@pgwag o€ adhesionfalivtareaches t i on
enbod! ment g et e Iy Ibencn i €50l dAReARAbelr the
e b S

a € Jae&tdrm €eadngm d SR ww|eennlt éhse,
cl eaner unit 217 ugi ng. & eexci 1r | a tg21$ n%é) tt.ached to % uj 1etorai | 216
Lo be. movabihs Wikl tor $alasion B tic dedts of paiesion iyshigyitie
respect i vel incoeaseciheceffictency ofitbe ehtive segin-ssadiang opration. 221. The
resin-seal i ng appﬁéé‘éﬂﬁng%é %ﬁre%ﬁﬁ%@?oxﬁéép&fﬁ@s@?gf e e %gggﬁﬁﬁ&e top

and bottom surfaces” of cFeaning unit ng .respectiv ends
t ouchi ng r ediseessedeahnyes dunins zefexrast toas ap exapplaiof Mmatéers adharnedeththd a

statigmary mpb@Eupfacs. 28TerTativElg! to 4R iR $6alpRth 2R Rayat fesmieddiides a
suction tubg 223 (gr OVfl deg o) ar{}/ Si def of cl eani n(g Llnl ta ZLﬁ%y,and coanecé ed to
2 suction nitRadRTace ThseeRs of Srprpying Mirelgasa ey g FRIEREE near
bot h of theagart, the ebahtationsappactas of edclc bmbodirgentof tlzPprdsenbe sucked
into cleaning Waih 1%%&7 ﬁyaﬁﬂféd et 15 Lk 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 Vi
with predetermined reference value Vs. If a relation, measurement Vu <
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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The cl eani ng apparatus according to this enbodi ment including cleaner unit
217 and cleaning unit 221 operates as detailed below. Wth novabl e | ower
nol d 206 and stationary upper nold 207 bei ng opened) cleaner unit 217 and
cl eaning unit 221 axe noved along guide rail 10 216 toward a nol di ng unit
202. Ceaner unit 217 is then stopped at a position to all ow desired

regi ons on respective nold surfaces of novable | ower nold 206 and
stationary upper nold 207 to be irradiated uniformy with exciner radiation
passed t hrough translucent wi ndows 219. In the cleaning apparatus of this
enbodi nent, as the cleaning 15 apparatus of the sixth enbodi nent) exciner

| anp 218 emts excinmer radiation through respective translucent w ndows 219
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mol d 208 foéhéxbﬁl ﬂﬁt&h@%ﬁa@gt@@ﬁ@wa%s tl?e ﬁx%wgaffab@aaﬂ@%xaﬂ%rexarml e of
nol ds used T gd%em n. Alternatively, the present invention is

applicable ® r@@r? ta‘l e’ for nol di ng resin.
Referring to Fig. 5, a mold 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

-23.



The cl eani ng apparatuses of the sixth and seventh enbodi nents descri bed
above nove cleaner unit 217 having excinmer lanp 218 to emt the exciner
radiation to nold 208 for nolding resin. Alternatively, cleaner 30 unit 217
may i ndependently be provided to emt exciner radiation to di smounted nold
208. In this case, the relative positions of cleaner unit 217 and nold 208
are determned to allow sone parts of nold 208 that are likely to be

subj ected to residue of resin for exanple 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 is

i nproved. CdaﬁraﬂjeIO’Dﬁtbxhnﬁﬂrﬁd c@«ﬁﬁg@han@lww}; azll 1f05y mmafs,drmqlo:sy Ey 5
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20 nold surface of a large area is to be cleaned, an increased nunber of
exci mer | anps may be used. As for the discharge gas, instead of xenon (Xe),
anot her gas nay be used. For exanple, excimer radiation generated by
fluorine (F) gas has a center wavel ength of 153 nm exciner radiation
generated by krypton (Cr) 25 gas has a center wavel ength of 146 nm and
exci mer radi ation generated by argon (Ar) gas has a center wavel ength of
12G nm In addition, excinmer radiation generated by kryptonl chlorine
(Kr/d) has a center wavel ength of 222 nm Any of the exciner radiations
may be used to clean a conponent to be cleaned. 30 Al though the present

I nvention has been described and illustrated in detail) it is clearly
under st ood t hat tRefesaimg tiosFilgy Sylbampfunit I 141 atoved fesd vemmﬁgltenmlloﬂ and is

oventi on L%‘f.%n%a%mff?éaﬂéﬁkwda%%%%&#énﬁ&% osgﬁﬁg@g%ﬁa% i dedt e
WHAT | S CLAregions en the moideamfmwémp@ppm tlul) emmotdhé0deghbee of
adhesi on of ué‘QBfé&@éPB?nfo?nﬁ HRkE tﬁé”é%%%r?ero@t?a&\g?l gré&%f&n }?'%%Qdftﬂ ouh di ng

resin, _conprisi etecton means ng o op ical data
of saifl nol EFaSlS faandgpel 1.1 JMoreayies, q m)ofmitrogan gasas iemytiedrsas ur ement

i ndi cating fiai#le QQGFtQQh@frleﬂiﬁsdléﬁé foahedn 61 Mfﬂc&ﬂifhﬁﬁierqaélﬂ 108'8nd
conpari son ans 812 ié QB rreasure th a term ned
ref erence v dé Ok ‘é‘jor edrer%%%% }lebmio Ceakeay
degree of adheftnmsphsreeoﬂalw -bRygen- d:(a'rcgatrattttﬁn sal d reference val ue) a
war ni ng signal in t | a degr ee t.hat
causes a nal funct?llt%(rélﬁt ‘J’}Bgﬁ‘#;‘ ié‘l‘/‘a%aP?%’hﬁ% ﬁgn{;j él%géeg C?E) ¥4,
wher eilfl sai thraptldét i decoxskingly, 8 shomn eang 6 adcmeldammlélétgenerathe

intensity OEX(flﬁf(alerlheanMl@gi'é’&ﬂa%nof1§Hbﬁn b}&fetéf”rﬂg?etgl &h efﬁ’eﬂu@ﬁ@ﬂ; ation
nmeans (20) aI cul at e a_val ue, r ement
intensity ofe-8nk/78m eci[@EPR HHFtaH‘f)am%WHa‘il it Wﬁﬁ‘ﬂ}’%?}w rsaniaces of

conpar es saugpenid@il0g xid Iowerableto£d.d. aispeitdve widd stafades 6f fisence
N NN S O e RN ¢ R
surfadd, saradiapenalliSothmaghsréséiicent winddved)l6as Theaiakcirmasulteaenlet an area
5 where the, dgngiohy & isSRIR AP BV RRaRNEE $ATr Ri B RREIIE §Shdetdbin &N

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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sai d conparison neans (21) conpares said area with said reference val ue. 4.
An eval uati on nethod of evaluating the degree of adhesion of adherents to a
nold surface of a nold (1, 2) used for nolding resin, -43 conprising the
steps of: detecting optical data of said nold surface (S 1); 5 calculating
a neasurenent indicating said degree of adhesi on based on said optical data
(S2, S3); and conparing said neasurenent with a reference value ($4) to
generate, when said nmeasurenent 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 causes a malfunction (S5). 5. A
surface treatnent apparatus for a nold surface of a nDId (103, 104) used

Iﬁr nol di ng rfeSI nHeQe'@)d@taﬂéH&%élr@mloﬁaﬂngﬁ@ﬂl%egwf 8 dhi rmetarc@ﬁﬁme&ff for
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osi ot ow RCiptA Y rAgled 6 3R - BE R et o F1ates ey [ esin 5
~ gener aE iggfidl?l?o)ﬁalm rmlohecaOe)esndlamv@gxyn?emufeagexhérawd ﬁromesxgngéﬂ ;);M ng
ortion I atl on cnan In

beci oy ui ¢ phsremaritRaRA R s 10T, OF A BohemheRTSAos Ak ehith ot
mechanbsm ( the pctive brggeminlpartiadancavsesthensainifaon ofthe0mald miaaseolayabove
said mol d sy hacevaedd 'T}E@&' tﬁb's?&gfﬂi‘%ﬂ@%é‘m sgi'&é‘ée FéthﬂésrlﬂoModﬂFeXC' mer

ultraviolet radiation under an irradiatlon Qut causl ng said
| ayer for nethisial 53¢ eroredusny taie instipbatate dependingsen wrradiatiaiur f ace. 6.

Thtet sur f acec@ﬁmmnt 'I&ﬁpg"dsﬁdtﬁn@ﬁﬁﬂﬁdiﬂig 109 c@healﬁb%)zoﬁym@l& 1§orrpr ising a

] e |ngrrecan|s em I Vi ng. a 0

suppr essi ng ﬁf?ﬁ‘m}ﬁtqo u'&lan§£"3igce3yéjfa ﬁwlgpa\ﬂ i}’ g’r“éﬂgéﬁrfag %/bea regi on

nlear sl.g df ndegraded aceorrdded hellsern, fthmgasmdmebnar@ggartﬁbw?xtmmfdgeg to .
alm u r r eatl n .

: HI8 AR A8 & HRBLLRG ARG (420) heating sald gas.

The surface Feat paratus ac further conprising an
eval uation mec haniBS’rﬁh(elmfa@ptrE&%IMlyt @M@\amw 06 thisstmabediofentathe space

near the mold surface, i.e., the space between translucent window 116 and
the mold surface, is in an atmosphere of low-oxygen-concentration as a jet of
15 nitrogen gas is emitted thereinto that has a property of suppressing
attenuation of excimer ultraviolet radiation. 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 is 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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said nold surface to determ ne whether or not excinmer ultraviolet radiation
Is to be emtted to said nold surface by said irradiati on mechani sm (114)
or 5 determine an irradiation condition of said excimer ultraviol et
radi ati on) based on result of the evaluation. 9. A surface treatnent nethod
for a nold surface of a nold (103, 104) used for nolding resin, a |ayer
formed on said nold surface being treated for the purpose of ensuring

rel easability, fromsaid nold surface of a resin-flow ng portion (108) 111)
where nelted resin flows, of cured resin 5 generated fromsaid nelted resin
by being cured in said resin-flow ng portion (108, 111), conprising the
steps of: noving an irradiation nechanism (114) to a |ocation adjacent to
sai d nol d Sthdmaesinaswhlaip oft dlectrewiei ovaipdentayd @mepletédli ati on to said nold

surface by said I,ryadiati. mechani 114),..wherein jn said step of
emtting the excihg: [ﬂl{lpé\ﬂlgﬁéf‘ 13 g’cﬂvgﬁir?aﬁgff‘ ‘géﬂitﬁlg&‘%ﬁn@rz {]ﬂ fravi ol et
radi ati on ipredetertmded hetmtican) andrajhitaif indtrogendgiab iosmittedautportivak kipseai d
| ayer for i I 5 @f i |, d r 10.
o sur facdo BB it o chE SBob nER O dnd IR Rofh IPC AIhOSEy (e
step df eniintHigg6dapen uait bkdkemitsi axgimepnbpeviojetofadsatppr d48itngesnactiveat i on
of sai d exGhyRy sillthed\dfUfer A0 PAnE QoRer GHIQT0ACAThE M rARI d surface.
11. The surface treﬁéggnt th% according to,.c alnLéO, further conprising
the step oftreaizreHpidhempldsur aces il KemiR:peaLing Of SLASHIOTIB CHBROREBEY di ng to
claim?9, furkhberdsdtd tepeated. he steps of: optically evaluating a state of
said nold surface, and det.er,m ni whet her or not excinmer uyltraviolet
radiation is to BE SISEHFTLAPAS: Qg‘? %“ﬁte%&faﬂlﬁe agyagag{fu& qlfrti'%ﬁji ation
mechall sm (eldld)dinrent4ferfordes granswiface treatment vfitlhicomobd saifaces) betwsan d
exci mer ul trayi L.akion, uat | 13, A
cl eani ng rrel{egl\é{dQéﬁﬁéﬁgéﬁhgﬁgﬁg?%gﬁsﬂ? 86123)? b&pg%gbg??a?i%ggnﬂe%@?%i\ﬁeg nol d
(208) used mokd suxfacaseofrungior meldnd}3 anddovaemnléd94orithencimeng excimer
radi ation ttdReolet bhdeRioR 1 ffhEvingsa BrdBé YeAR wllldleddB8ind @ 1dgRONPOSE sai d
adherents; gnd 5 renDV|n£Hsal%@dec npos?dha%ﬂgren S fﬁon1sa|d surface. 14.
The cl eani RPH2R KO8T cof BehdheseTagemot she prolf aplpase layeas amite mald at i on
has afent esurfieelagsgictivated, tRe Btateroflthe smold surfaces becomes close to the
initial state or returns to the initial state depending on irradiation
conditions. In resin-sealing of electronic components, the releasability of
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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15. A cl eaning apparatus for renoving adherents to a surface of a

resin-nol ding nold (208) used for nolding resin, conprising: an irradiation
mechani sm (218) emitting exciner radiation to the surface of said
resin-nolding nold (208) to deconpose said adherents; and 5 a renoval
mechani sm (220) renoving said deconposed adherents from said surface. 16.
The cl eani ng apparatus according to claim15, wherein said exciner

radi ati on has a center wavel ength of 172 nmor less. -4G .AU@ Al
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| CO#109%& () -! CV#L &p@;am@)oﬁ RSYS ﬂcwrf@&&%t Paralfcwc nggg this

nel dOO &$10Wéiﬁﬁodﬁrnéﬂﬁ\&s&ﬂeb@ﬁf&eﬁ)mﬂ(l 'réﬂ‘l’@igcd ﬁa@g 370%2& i) the surface
0#" 10% ( )tregfment apﬁ&ratus 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 calculates
" the reflectance to compare the calculated reflectance with a predetermined
reference value. Respective operations of detection of reflected radiation
121, calculation of the reflectance and comparison between the reflectance
5 and the reference value may be shared by the sensor body and a calculating
unit.

If the calculated reflectance is equal to or higher than the reference
value, for example, sensor 119 determines that there is only a slight change
in the state of the mold surface relative to an initial state and thus generates

10 no signal which turns on an excimer lamp 115. Accordingly, lamp unit 114
returns to a waiting unit 102 without emitting radiation, upper mold 103
and lower mold 104 are clamped together and normal resin-sealing
operation is carried out.

On the other hand, if the calculated reflectance is lower than the

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 performed.

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 lamp unit is stationary, the moving
speed when the radiation is emitted while the lamp unit is moving, the

5 distance for irradiation and the illuminance, for example may be determined.
Specifically, if it is determined by the evaluation that the surface of a mold
release layer considerably changes relative to the initial state, the
irradiation time may be extended to allow the surface of the mold release
layer to return to the initial state.

10 Sensor 119 may evaluate the state of the mold surface by calculating
respective reflectances of a plurality of points to find any point where the
state of the mold surface changes to the greatest degree and accordingly
makes an evaluation based on that point, or calculates the average of the
reflectances and makes an evaluation based on the average. Alternatively,

15 the reflectance of a point of each of cavities 107 and 110 that is close to a
runner 106 may be calculated by using that point as a pinpoint, 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. Alternatively, the state of the mold surface may be evaluated based
on image data obtained by taking a picture of a certain region. 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
supplyiﬁg gas.

Referring to Fig. 8, nozzles 122 are provided to constitute a jetting
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toward respective centers of the top surface and the bottom surface of the
lamp unit. From this nozzle 122, a jet of gas having a property of
suppressing attenuation of excimer ultraviolet radiation, nitrogen gas 126
for example, is emitted to the regions near respective mold surfaces of an
upper mold 103 and a lower mold 104. A heater is a heating mechanism
provided on gas pipe 123 between gas source 125 and valve 124 to heat
nitrogen gas 126 to a predetermined temperature (e.g. 180°C equal to
molding temperature). A cooling pipe 128 is a cooling mechanism placed
around a translucent window 116 of lamp unit 114 to cool translucent
window 116 to a predetermined temperature (e.g. 120°C) or less by
circulating such fluid coolant like water.

If it is possible to heat emitted jet of nitrogen gas 126 to a
predetermined temperature, heater 127 may be provided on gas pipe 123
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, such a cooling mechanism as Peltier
device may be provided near translucent window 1186.

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
respective mold surfaces of upper mold 103 and lower mold 104 to allow the
temperature 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
mold surface is kept at the molding temperature, the effect of activating the
surface of the mold release layer is maintained.

Second, the illuminance 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 window 116 made of synthetic quartz
glass has a property that the transmission factor decreases as the
temperature increases. Then, the transmission factor of translucent
window 116 is maintained by cooling translucent window 116 and thus the

5 illuminance of the excimer ultraviolet radiation on the mold surface is
maintained.

Regarding the surface treatment apparatus of each of the above-
discussed embodiments, nozzle 122, lamp unit 114 (and sensor 119) may be
attached to a transport mechanism for loading a substrate and unloading a

10 molded product, i.e., aloader and an unloader. Then, in any of the
situations prior to loading of a substrate and subsequent to unloading of a
molded product, the surface treatment of the mold surface is readily
performed. The mold surface is thus returned to the initial state in a
shorter period of time and at a higher frequency.

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 layer
formed on the mold surface without the purpose of ensuring the
releasability.

The mold described above is used for sealing electronic components

5 with resin. Alternatively, the present invention is applicable to other
molds for molding resin.

Sixth Embodiment

With reference to Figs. 9-11, a sixth embodiment of the present
invention is described regarding cleaning of a mold used for a resin-sealing

10 apparatus. Fig. 9is a schematic front view of a resin-sealing apparatus of
this embodiment having a cleaning apparatus attached thereto.

Referring to Fig. 9, a loading/unloading unit 201 is provided near the
resin-sealing apparatus for loading a circuit board with electronic
components mounted thereon into the 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

.33-



109 ()- 10 U 10 U 10 U; 10% U& ()-y810% U& ()- S7910% U& () -

| QB4: $10% pp& () - yXYYYAZZZ}[<j @' 09$10% ()-! O$10% () -, 10%& ()- !:°
Z#1000T& ()-! z#10%"& ()-,s@O% ()- Z[U[*\m\ A _@!!10% ()- @,

109& ()- " #109& ()-!HFLOY& () -, 4109& ()- C 9$109%& ()-\]]# 'y c_}"?j _@

1/ 109 ()-,F. 109 ()-!dl + #109% ()- @*109%& ()-'![%10% ()-, s$GL0% ()-c_ 'R
WX Y Z  xnbC | f @1L0% & ()-f 10 10 10fS:- 10%& ()-, 8109%& () -

S5109& () - @ $109%& () - 2a{aa) bbb} ?2nbC !, $10% & ()-f9 10% & ()- S10% & () -

| C #10% / & ()-! #109XX& () -f10% & ()- bacyccdTdd}~<mbC

| [ @#1098/ B/ & ()-!10% & () -

which closes or opens mold 208 by moving clamping plate 205A upward or
downward or allowing movable lower mold 206 to ascend or descend.

Further, the resin-sealing apparatus includes a pot 212 which is a
cylindrical space and a plunger 213 movable up and down in pot 212 that

5 are provided to movable lower mold 206. The resin-sealing apparatus
includes cavities 214A and 214B provided respectively to movable lower
mold 206 and stationary upper mold 207 that are each a space into which
melted resin is injected. The resin-sealing apparatus includes a cull 215
which is placed to face pot 212 of movable lower mold 206 and is a space

10 provided in stationary upper mold 207.

Moreover, the resin-sealing apparatus includes a guide rail 216
secured to loading/unloading unit 201 and cleaning unit 204 to pass each
molding unit 202. The resin-sealing apparatus includes a cleaner unit 217
for cleaning the mold surface of mold 208 by emitting excimer radiation to

15 the mold surface of mold 208. The resin-sealing apparatus includes, in 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. 10is a
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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5 through translucent window 219. The distance between translucent
window 219 and each mold surface is preferably as small as possible in order
to prevent the intensity of the excimer radiation from decreasing.
A predetermined high-frequency voltage is applied to each of the
three excimer lamps 218. Accordingly, each excimer lamp 218 which uses

10 xenon (Xe) as discharge gas generates excimer radiation having a center
wavelength (peak) of 172 nm. The excimer radiation is thus emitted
through each translucent window 219 to each of respective mold surfaces of
movable lower mold 206 and stationary upper mold 207. The energy of the
excimer radiation having its wavelength in an extremely small range with

15 the center frequency at the center, i.e., single peak wavelength, breaks the
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 (O3) 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 Fig. 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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the surface of resin-sealing mold 208 with excimer radiation, mold 208 is
cleaned by cleaner unit 217 incorporated in the resin-sealing apparatus.
The process of cleaning mold 208 is thus automated.

10 Further, as excimer lamps 218 are illuminated for a predetermined
period of time, reduction of the energy consumption as well as increase of the
life of excimer lamps 218 are achieved.

In addition, as mold 208 is cleaned in non-contact manner, mold 208
is cleaned with its surface receiving no damage.

15 Fig. 11 illustrates 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 a 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 performed 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 cleaﬁing ratio of 100 % is calculated to use the
resultant relative value as an initial value. This initial value thus
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1> 10%g&tife, 1.e., cleaning time, the dirt on the surface of mold 208 is detected by the
sensor to calculate a relative value of the dirt. In any case, the mold
temperature during irradiation is 180°C and the irradiation is done in an
atmosphere.
As shown in Fig. 11, the cleaning ratio increases as cleaning time
10 passes for both of the cleaning of this embodiment and the conventional
cleaning, and accordingly the dirt is removed step by step. Respective
graphs for cleaning of this embodiment and the conventional cleaning are
both slightly uneven, which could be due to variations of measurement.
From the comparison of the time consumed for completing the
15 cleaning (cleaning completion time), 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 is 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 a lamp 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 is
emitted toward the mold surface is 55 mm.
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between the place from which radiation is emitted and the mold surface is
due to constraints on the apparatuses. However, this difference in the
5 distance would have almost no influence on the cleaning effect since the
ultraviolet radiation generated by the low-voltage mercury lamp is
extremely unlikely to be absorbed by the air.
The radiant emittance at the place from which the excimer radiation
or ultraviolet radiation is emitted is 15 mW/cm? for the excimer radiation
10 and 25 mW/cm? for the ultraviolet radiation (wavelength 254 nm) from the
low-voltage mercury lamp. This fact means that the excimer radiation and
the ultraviolet radiation have the radiant emittance of the same order and
the excimer radiation having a single peak wavelength has a higher energy
conversion efficiency relative to other radiations.
15 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 apparatus 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
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cleaner unit 217 and cleaning unit 221 operates as detailed below.
With movable lower mold 206 and stationary upper mold 207 being
opened, cleaner unit 217 and cleaning unit 221 are moved along guide rail

10 216 toward a molding unit 202. Cleaner unit 217 is then stopped at a
position to allow desired regions on respective mold surfaces of movable
lower mold 206 and stationary upper mold 207 to be irradiated uniformly
with excimer radiation passed through translucent windows 219.

In the cleaning apparatus of this embodiment, as the cleaning

15 apparatus of the sixth embodiment, excimer lamp 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 surface 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 removed adherents in the vicinity of the mold surface through the
metal mesh mounted on each of the upper and lower sides of cleaning unit
221 and discharges them to the outside of the resin-sealing apparatus.

Through the above-discussed operation, after irradiation with the

5 excimer radiation, brush 222 and suction tube 223 are used to sufficiently

remove such adherents as residue of resin sticking to mold surfaces, i.e.,
respective surfaces on pot 212, cavities 214A and 214B, cull 215, and the
resin passage communicating with cavity 214B and cull 215.

Brush 222 described in connection with this embodiment may be a

10 rotating brush, reciprocating brush or brush with the tips of bristles |

vibrating quickly.

Instead of brush 222, a blowing mechanism emitting a jet of high-
pressure gas toward the mold surface may be employed. The jet of high-
pressure gas emitted to the mold surface physically removes adherents with

15 firmness of bonding 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.,
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- DDDDZE_E EaEbEaYﬁ%)m!ﬂyu%ﬁ 217 and cleaning unit 221 may be moved manually by

5 an operator as required, or by manual operation of a motor for example by a
switch. Further, each time one molding process is completed, or after the
molding process is conducted a predetermined number of times, cleaner unit
217 and cleaning unit 221 may be moved for cleaning, which is namely an
. automatic operation. ,

10 Mold 208 for molding resin is usually heated, in the resin-molding
process, to approximately 175°C-180°C by a heater. In this state, excimer
radiation may be emitted. In this case, as mold 208 is heated, the firmness
of bonding of adherents with respect to the mold surface is more likely to be
lessened. The effect of removing adherents from the surface of mold 208 is

15 thus enhanced to shorten the cleaning time. If cleaner unit 217 may
independently 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 be irradiated 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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y applym mterrup 1ng_H1g requency voltage. Then, a high-frequency
voltage may be applied to excimer lamp 218 in pulsing manner to emit
excimer radiation intermittently. In this case, each time the lamp is turned
on, the energy of excimer radiation lessens the firmness of bonding between
the surface of a component to be cleaned and the surface of adherents, and

10 causes ozone (Os) and active oxygen atoms to act on adherents with lessened
bonding firmness.

Cleaner unit 217 used here emits radiation to both sides of a
component to be cleaned. Alternatively, a cleaner unit may emit radiation
to one side. In addition, the cleaner unit emitting radiation to one side may

15 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 surface of a large area is 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 (Kr/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 is 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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1. An evaluation apparatus evaluating the degree of adhesion of
adherents to a mold surface of a mold (1, 2) used for molding resin,
comprising:

detection means (13, 14, 23) for detecting optical data of said mold

5 surface;

operation means (20) for calculating a measurement indicating said
degree of adhesion based on said optical data; and

comparison means (21) 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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comparing said measurement with a reference value (S4) 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 causes a malfunction (S5).

5. A surface treatment apparatus for a mold surface of a mold (103,
104) used for molding resin, a layer formed on said mold surface being
treated for the purpose of ensuring releasability, from said mold surface of a
resin-flowing portion (108, 111) where melted resin flows, of cured resin

5  generated from said melted resin by being cured in said resin-flowing

portion (108, 111), comprising:

an irradiation mechanism (114) emitting excimer ultraviolet
radiation to said mold surface; and

a transport mechanism (117) moving said irradiation mechanism to

10 a location above said mold surface,

said irradiation mechanism (114) emitting said excimer ultraviolet
radiation under an irradiation condition without causing said layer formed
on said mold surface to peel off from said mold surface.

6. The surface treatment apparatus according to claim 5, further
comprising a jetting mechanism (112) emitting a jet of gas having a property
of suppressing attenuation of said excimer ultraviolet radiation to a region
near said mold surface.

7. The surface treatment apparatus according to claim 6, further
comprising a heating mechanism (127) heating said gas.

8. The surface treatment apparatus according to claim 5, further
comprising an evaluation mechanism (119) optically evaluating a state of
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9. A surface treatment method for a mold surface of a mold (103,
104) used for molding resin, a layer formed on said mold surface being
treated for the purpose of ensuring releasability, from said mold surface of a
resin-flowing portion (108, 111) where melted resin flows, of cured resin
5 generated from said melted resin by being cured in said resin-flowing
portion (108, 111), comprising the steps of:
moving an irradiation mechanism (114) to a location adjacent to said
mold surface; and
emitting excimer ultraviolet radiation to said mold surface by said
10 irradiation mechanism (114), wherein

in said step of emitting the excimer ultraviolet radiation, said
excimer ultraviolet radiation is emitted under an irradiation condition
without causing said layer formed on said mold surface to peel off from said
mold surface.

10. The surface treatment method according to claim 9, further
comprising the step of emitting a jet of gas having a property of suppressing
attenuation of said excimer ultraviolet radiation to a region near said mold
surface.

11. The surface treatment method according to claim 10, further
comprising the step of heating said gas.

12. The surface treatment method according to claim 9, further
comprising the steps of:
optically evaluating a state of said mold surface; and
determining whether or not excimer ultraviolet radiation is to be
5 emitted to said mold surface by said irradiation mechanism (114) or
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determining an irradiation condition of said excimer ultraviolet radiation,
based on result of the evaluation.

13. A cleaning method of removing adherents to a surface of a
resin-molding mold (208) used for molding resin, comprising the steps of:

emitting excimer radiation to the surface of said resin-molding mold
(208) to decompose said adherents; and

removing said decomposed adherents from said surface.

14, The cleaning method according to claim 13, wherein
said excimer radiation has a center wavelength of 172 nm or less.

15. A cleaning apparatus for removing adherents to a surface of a
resin-molding mold (208) used for molding resin, comprising:

an irradiation mechanism (218) emitting excimer radiation to the
surface of said resin-molding mold (208) to decompose said adherents; and

a removal mechanism (220) removing said decomposed adherents
from said surface.

16. The cleaning apparatus according to claim 15, wherein
said excimer radiation has a center wavelength of 172 nm or less.
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