TI TLE OF THE | NVENTI ON APPARATUS AND METHOD FOR SURFACE TREATMENT OF A MOLD
SURFACE 5 BACKGROUND OF THE I NVENTION Field of the Invention The present

i nventi'on rel ates to an eval uation, apparatus and an evaluation nethod for |
eval uating the degree of adhesion of adherents 10 sticking to the surface of

a nold used for nolding resin, nanely the nold surface. The present

I nvention further relates to a surface treatnent apparatus and a surface
treatment nethod applied to the surface of a nold wused for nolding resin to
prevent adherents from being deposited on the 15 nold surface while ensuring
the releasability of cured resin fromthe nold surface, the cured resin

formed by ' ' The present invention still further rel ates
to a cl eanicﬁgtﬁg?ﬁ@ghjﬁwﬁh@%ani ng apparatus for renoving adherents
stlcklngto e s | d used for nolding resin. 20 Description of
he' Backar QubARAT U §RaChyedha OB ol X8k R B TRET dh AMOTD ca .

sti cking t PHRBACE,r f ace of a nold used for nol di ng resin has been eval uated
by stopping the resin-nolding operation and then conducting a visual

i nspection of the nold surface by an operator. 25 Regarding the
converfti onal eval uation of the degree of adhesion, however, as the

eval uatlondBACImR@WN@OETPFE TN&ENEI@Nor, the degree of adhesion, the
degree of reérh, g or exanple, nay not be evaluated accurately.

Accor di ngl yFiedd e th‘? RYRAEPRt is minor one and thus has no damaging effect
on a nol ded produthe pkbsedtindestivhachtes tiv dntﬁwa&h&um@ppma?%%ﬂlglaﬁg in

contrary, cvelupponaetiad FRhvd we i g iR & A 3t E‘Eﬁ?“‘% t h?se| y
af fect0a nobidenprodtetsurfiue degmebd usedifor mobda gnesihatapely
accurately. | r}.asu.ch a case, the resin-nolding operation could be - 1-
| The present invention further relates to a surface treatment
apparatus and a surface treatment method applied to the surface of a mold
used for molding resin to prevent adhexents from being deposited on the

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

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

20 Description of the Background Art

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

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

30 resulting in degradation of the efficiency of the resin-molding operation.
On the contrary, even if the dirt adheres to such a degree that could
adversely affect a molded product, the degree of dirtiness may not be
evaluated accurately. In such a case, the resin-molding operation could be
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continued w thout cleaning, resulting in defective products and decreased

yield. In addition, as the degree of dirtiness of the nold surface is

eval uated by stopping the resin-nolding operation, the efficiency of the 5
resin-nol ding operation is deteriorated and the operation is hindered from |
bei ng automated. One object of the present invention is to provide an ’
eval uation apparatus and an eval uati on nethod for evaluating the degree of
adhesi on of adherents sticking to a nold surface, the degree of adhesion to
the nold to surface being evaluated quantitatively so as to accurately judge

the degree of adhesion thereby inprove the efficiency of the resin-nolding
operation, automatically inprove the efficiency and increase the yjeld of

mol ded  pregiotsed kithededeayme; sesulbngda defectince praduats and ¢acse by

nmol di ng remgi 15 have been required to have a higher quality. In

partlcular ol ded product which is manufactured by neans of a

resi n-seal i ng nolw atlditinghasthepdenres of dirtieessiofgheireeld srtaceciSnponent s with

resin, namely the I a still
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appea anceresif - raohhnglupghcgtlbncmde@rmamlbﬁndltbarﬁmleyatlﬁﬁ@ bgﬁ@erleg ﬂ’é”ure t he
r el easabi I% % Iauf?o # d product from a nold. According to a conventi onal
met hod, & 2ASAD 'y of a nolded product froma nold js ensured by
provi di ng a rel eﬁhre m}ayzeWObhhethﬁm@Ve@lﬁmﬂa}ééoli&U& an ex&YAlYL| i ng

process by Fgﬁé‘{‘zﬁtu i ﬁ"\éd‘éﬁx%@ﬁ'%é{%ﬁ% gPalBginl td deged dfardimtoms a

sealing na res

cont a i ci ent amount
of rel easeoégéhererstsﬁacétmgst@@ﬁag@ts il ﬁb d@ﬁé‘?“a?% 6&%@9’&& t{’f’l

Accorgi ngl Furfa@e%eﬁﬁg Dz 4&%%&1&@&'&1&%% 8s ttﬁ@bé@%tél@sjudg‘élth'e&w\guem n the
mol d, a rel ease

or med rface. Afitter this,.the nelted
resin int enﬁédhﬁ@pnufé@rahyam@éa‘m ﬂbe ?@F\‘%‘?"r%’lo & eI GO & BRichdton

pr epar at or y, iR dkRAlgHekRidveths @fitiahcy amdsntre asedbe yeld cheokdade

nol dability and tg‘gallty of a nolded product for exanple. If no particular
probl em ar P§88YCY%ai n nol di ng operation is started to manufacture the
package as a pr oduatecent years, molded products that are produced by molding resin

15 have been required to have a higher quality. In particular, a molded
product which is manufactured by means of a resin-sealing mold through a
process of sealing electronic components with resin, namely the package of
1SI for example, is required to have a still higher quality, for example, the
dimension accuracy and the quality of appearance. It accordingly becomes

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

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

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

30 is used to conduct preparatory molding operation several times in order to
check the moldability and quality of a molded product for example. If no
particular problem arises, main molding operation is started to manufacture

the package as a product.




-2 In the nolding operation, such adherents as dirt are deposited on the
nol d surface. Then, the nold surface is cleaned by brushing the nold

surface with a cleaning brush, providing a cleaning sheet between nolds and
conducting resin-sealing operation, or using such cleaning resin as 5
mel am ne resin and conducting resin-sealing operation. After this, in a
simlar manner to that when a new nold is used, nolding operation by neans
of nelted resin intended to ensure releasability and preparatory nolding
conducted by neans of nelted resin intended for use as resin- sealing
material are conducted successively. After the noldability for 10 exanple

I s checked, the main nolding operation is started. ,The above-descriped
convent i onal cIébwﬁhﬁ;nohbW€¢@ﬁ¥am%nd$%ﬂﬁthﬁﬁ?nué%%éﬁﬁéﬁ?gﬁpﬁ§gﬁiﬁgéﬁgion of

such_adherggidoasalh! LThen! O AR dlssifabace cleaibaugibiaRimpkKe agoldper at i on.

The adherent's are déposited for fhe reason escri bed bel ow 15 diately
after the sufecswittageteasREITHEAGPEIV] %icﬂeaé%ﬂ%éﬁ%?ﬁ etaeH Wg?@sma

rel ease agend ch5dhQiAE e SR -IMENIdhratbhaee uspiEpadtatienyingrpésinng operati on
and mai n nol ding operation are successively carrie

d out o tg. rrql taed resin
i nt enled foelammarespaAn s HoEE ERSER SERLDEOPErARnaR: hAfeR S8 BA L of the
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conmponen I ch degrades the re ili _¢hergina 0
"1 el easabi THEAHS P& grelde é‘e%‘&r%ﬁé‘?fé‘fﬁaa?sao ?%s‘béﬁéeﬁ?ﬂs mtyA%%%Pé?ﬁ%ﬁ/ﬁ n the part
where the pR)@asalidducted dgrmeingotaeiederdsin integdndifat ede an xelg-nol d
surface, the releasability is,deteriarated., As i I eration is
r epeat ed, ﬁ‘%ﬁh@?%ﬁ’@ii% &opﬂu@tﬁg SusEeSRIY 1Yy I’AEeE%%ntEl%n 812}(#%%]1%?&3% as
resi moseal bgmibs & tledckade tiepodhted digg ageahtion asstadtet.ents to the part on
the nol d surface ere th r.el L) J- ' I ROVRKA
oxi dati on of thengp%quvteé Scﬁlgﬁgfcéﬁtpéﬁéléx?l a%e%g%p%a' gl?g‘,’e‘{\éﬁ’e fir teaggy of
bondi ng betwesmpahiediny degosipondficuchrdharenteredys tp dhemeldcTwades. 30 As
the main ”B&dﬂ)'u:}gg; ARELBIAON (}pserﬁ%hheﬁ"hfeeﬂﬁ?ér%ﬁts hheddfistedefos the rehben

erents gradd

deposited a i y 1ncreases. Finally, the releasability of the
nol ded pr odestribedhelove nold is deteriorated to such a degree that

15 Immediately after the release layer containing a specific component
serving as a release agent is formed on the mold surface, preparatory
molding operation and main molding operation are successively carried out
with melted resin intended for use as resin-molding material. Here, in the
upper part of the release layer, any component other than the specific

20 component, namely a component which degrades the releasability
(hereinafter referred to "releasability degrading component™”) is generated.
Accordingly, in the part where the releasability degrading component is
generated on the mold surface, the releasability is deteriorated.

As the main molding operation is repeated, matters contained in the

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

30 As the main molding operation is further repeated, the thickness of
the deposited adherents gradually increases. Finally, the releasability of
memdmﬂpmmﬁﬁmmﬂwmddmdammmwdmmmhaﬁgmewm

adversely influences the dimension accuracy and the quality of appearance




adversely influences the di nmension accuracy and the quality of appearance -3
of the nol ded product, i.e., package of LSI for exanple. Another object of
the present invention is to provide a surface treatnent apparatus and a
surface treatnment nmethod applied to the surface of a nold used for nolding
resin, for preventing adherents from being 5 deposited on the nold surface
by restoring as conpletely as possible the state of the nold surface to a
state at the tinme immediately after a nold release |layer is forned.

Mor eover, nol ded products nmanufactured by a nold which is used for nolding
resin have recently been required to have a severer quality, for 10

exanpl e, di nension accuracy and the qlrg%é% of appearance of the surface.
Accor di ngl yf tHemot it prasluchproveatkngend] fqriec"';a Ewel |, as the
releasability o : @b bennRlid protidesa packagsary to
effectively cl ea%‘nbﬁfge@dg‘ﬁgoéghggﬂgﬁ%ﬁﬂr%ol d. A?cordilzg tﬁ 3 c%glvenﬁ%a%@al
met hod, t hérembingns apparatus and cantaseyeaimpertete gBE g fe \eEmbT ity a
rotating bough g ded £eIREIAGH! Hdn Dok irevbhiing sliekens froshbeigm The

c a

convent i ond eani ng appar descri bed above, however, ha robl em

t hat , 5whendapesit¢d osithednelddusFacei %ﬁﬁtﬁlé‘&li’@thr%pqﬁ'gﬂﬁ&,astrilloessﬁa%g%gat us

cannot eyl §ShufoRf s B BAibak thbitiks iimédintelgeritass mold and
€ y o e

corners in cavity nold for nolding resin. 20 The nold is
general ly mebase&;a}'@elélfpﬁge@J ectroni c conponents, with resin, of a

semi conduct or chiyg, f 0% e£%ABRIE Jrodatedmanudatteadd baremold vrichtiedsedr cui t
board (hereinafter circuit board)

b Ll A OMEREE Y D T
resi dye caniginhe, ARABYSdnceERiRYeind tiBpqablity af aypemnmh@f§hg§ug$ﬁg:e25
e, Sl S e AR 1y pesbiognamy of
ensuring t hg thelrhahied grodatt from feckade, it"[ﬁ@em@}arb@mgﬁfﬁg@gg}yeﬂ@%@gp t he
seel 0, & Do oAl A48 L9 Sl  ht old iandi g
sticks 30 tig cémmetbby asledring adrates PmBKIRG & EQBAnE IS SRt Collt t o
renoves |t has heen BroRofedih d dskiRe mevavalitage mercury lanp for cl eaning
The conventional cleaning apparétus described above, however, has
a problem that, when a small-sized and precision product is mold, the
apparatus cannot remove residue of the resin that sticks to fine depressions
and corners in the cavity of the mold for molding resin.
20 The mold is generally used for sealing electronic components, with
resin, of a semiconductor chip for example mounted on a leadframe or |
printed circuit board (hereinéfter circuit board). In this case, in addition to
the above-discussed reason, there is another reason for the fact that the -
resin residue cannot be removed completely. Sp ecifically, as the size and
25 thickness of a completed product or package are reduced, sealing resin of a
high bonding strength to the circuit board is employed for the purpose of
ensuring the reliability of the package. The high bonding strength of the
sealing resin, however, allows the sealing resin to exhibit a high bonding
strength to the mold surface. Then, it is likely that the resin residue sticks
30 to the ‘mold surface and the sticking resin is more difficult to remove.
1t 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.




with ultraviolet radiation. However, it takes a long tinme to renove resin
residue sticking to the nold surface. -4- it is seen fromthe above that it
takes a considerable tine to clean the nold used for nolding resin, in
order to maintain the quality of nolded products. Still another object of
the present invention is to provide a cleaning 5 nethod and a cl eaning
apparatus for renoving such adherents as resin residue sticking to the
surface of a nold used for nolding resin sufficiently in a short period of
time. SUMVARY OF THE I NVENTION I n order to achieve that one object of the

present invention, an 10 eval uation apparatus eval uating the degree of
adhesi on of adherents to a nold surface of a nold used for nol dilqr;gg}resi n,

according to the gﬁsegﬁ}{froh{lw&b@m tihasit thleesa coesideraldedenedeF ¢t ow. The
eval uati on appar& us™“of .the present i nventi&)r}niaﬂﬁlaﬁg%ﬁe ualidetofeidldaduni t
for detect ithg mp]tdua&dﬂﬁtmokﬁﬂngﬁﬁs%llﬂ%gﬁrf ace, an operation 15 unit for
cal cul ating a surenent indicating the degree of adhesion based on the

( aNEaS ! ! . .
opti cal dat OO a conpari son un CO RId awlédning
predet er mi ned r ef@nBregwther 9@9960%&%?%%&&%@%& nre]ﬁat%ftlﬁ::ur ement 4 ndicat i ng
t he degr ee %&tﬁﬁ&%ﬁiﬂ%cﬂeﬁn%@bpémm foareeovingavchroh SesieAE &S Val ue, a
sighalin

war ni n I cating that t.he hesi] i U erclegsaéhtipatly 20
causes a matdsicnae Btiﬁklﬂlﬁhtot‘}&iess gce ¢ %melgﬁleseeagépa hesigte)ln of adherents to

the nmold suf Q%%OI{QFHH@WHT@U vely cal cul ated as the neasurenent based on

the detected "optic surface. If the nmeasurenent is equal
to or IargeSthQ%mmmg the warni ng signal itgor?e rated
indicating that tig 28efagaddeot thahere oh)Eck of H&RIGIERL FRYFLEthat causes a

B O et Ihg Sl | O, ith o dBkSe s Alaisidly ofleiberérHadofased on
the madsur erEALLatiqhABBEHUSE gfl%ig@g the ddge

mal f unct | on maacardngof omidd umdrfpnééﬁg?ﬁes?gﬁh%ﬁ%ﬁé}#&%fﬁ%ﬁé%ﬁ?‘?‘f of the
resin nol ding opera ewn nol di ng operation is
automted dﬁaerﬁﬁg’?l‘?? ii%i%or%?i%&jﬁfésé%g }%gsein% iﬁv”é}?ﬁgﬁﬁgncludes a
detection unit for detecting optical data of the mold surface, an opgratlon ;
15 unit for calculating a measurement indicating the degree of adhesion basileth
on the optical data, and a comp arison unit comparing the measurement wi
a predetexmined reference value to generate, when the measurement
indicating the degree of adhesion is equal to or larger. than the referenceh t
value, a warning signal indicating that the adhesion 1s to such a degree tha
? o afl[rrln ;llf: I\:C:;?Ilhe degree of adhesion of adherents to the mold suxface
is quantitatively calculated as the measurement based-on the detectid N
optical data of the mold surface. If the measurement 18 e.quz?\l to. or r;llrgt .
than the reference value, the warning signal is generated 1nd1f:at1ng th at the
25 degree of adhesion is to such a degree that czlmses a malfunction. T ement
degree of adhesionis thus accurately determined based on the measure .

Moreover, any measures can be taken for avoiding the malfunction

according to the warning signal. Then, the efficiency of the resin molding

operation 18 enhanced, the resin molding operation is automated, and the

. ' is enhanced.
30 eld of molded products 1s en | |
s In the evaluation apparatus evaluating the degree of adhesion of

adherents to the mold surface according to the present invention, thfa | ,
detection unit emits radiation to detect the intensity of reflected radiation 0

.5 -



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
enmits 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 al so any
| ocation to which adherents are likely to stick or a _|ocation fromwhich
adherents gheemliitkdradiatite, thenmpeedtionsimy calouhates lagcaliieods 88€a pi npoi nt. 10
In the eval uati on appar at e ' t f aﬂﬂ%ﬁi adherents
to the nD|an%ﬁwfgegﬁﬁﬁyg¥%f%bﬁ@%ﬂﬁﬁéggyéggﬁ %ggggﬁgfgn, t éqaggpg%tion uni t
takes a pi ebiparbnanit edatperss tkedistensityfofthe raBeetedrediaieon vkl theerati on
unit cal cul ates, as the nmeasurenent, an area where the density of the

¢ o

s
pi cture exc&Eds! eternmined level, and the conparison 15 uni{ conpares
the area with t he\ygiecntansity af tke raflectpd cadiadionrisgaseeted: theenalnaioda of

the nold surface is ken ' fofadherents is
eval uated HFRPESABH %é;t%a?r%%sev\ﬂgl}‘;e&’tqﬁe& gg%lg?%fglfgggggﬂgégregr%t%r m ned | evel .
The degree adhesithesf adthérents hm@h@ea‘pnm@ddfswf%%eb%élsé’ HY Cﬁlt‘_é’a‘etf’er ni ned
area of the,aphd, il 8n DO 12l RREEACPE 1bddTRon iBuDdieth bahaehimuet hat

obj ect of tHh Sent” T nventi ¢ n ﬁval yation net hod eval uating the degree
of ~ adhesi onlildly adhermemayeds usimdFech alpeaien 8¢ aPIRBPY ‘used for nol di ng

resi mgaccordi ng fohe ALeseRlagptapid evaluating thdedegroe of aehesmn descri bed
bel ow.” 25 The evaluation msféhod of the dgr eiené i nvent "OGehH%“&?é the steps
of det ect i adheygntetn thmmeldsuriace ASFOrARE #4348 PEEYRANEYPAG ] Heasur enent
i ndi cating ghe 969568t oik@rhesitarne bhagtedaterhineptirealf thae aoldriarfasgnpari ng
t he measurenment wth a reference val to ner. : ngasur enent
| nGi Cat 1 ng HHaRegHes W SHRURGT. A8 thg iar Y E Rt o a5t lfbreTEe
density of the picture exceeds a pre etermined level, and the comparison
15 unit compares the area with the reference value.
The picture of a predetermined area of the mold surface is taken,
and then the degree of adhesion of adherents is evaluated based on an area
where the density exceeds a predetermined level. The degree of adhesion is
thus evaluated for the whole of a predetermined area of the mold in a short
20 period of time. |
In order to achieve that object of the present invention, an
evaluation method evaluating the degree of adhesion of adherents to a mold
surface of a mold used for molding resin, according to the present invention,
includes the steps as described below.
25 The evaluation method of the present invention includes the steps of
detecting optical data of the mold surface, calculating a measurement
indicating the degree of adhesion based on the optical data, and comparing
the measurement with a reference value to generate, when the
measurement indicating the degree of adhesion is equal to or larger than the
30 reference value, a warning signal indicating that the adhesion is tosuch 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




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 nold surface is quantitatively calculated as the
measur enent based on the detected 6 optical data of the nold surface. If the
measurenent is equal to or larger than the reference value, the warning
signal is generated indicating that the degree of adhesion is to such a
degree that causes a nmal function. The degree of adhesion is thus accurately
determ ned based on the neasurenment. 5 Moreover, any neasures can be taken
for avoiding the malfunction according to the warning signal. Then, the
efficiency of the resin nolding operation is enhanced, tgf resin nol di ng
operation isauf Qgﬁf{ stk cARELd berfaye el I the et hedmendda Gosal 40 SRRRFEED. | n

t

order to achieve at anot her qabject of f. j itongahaflbhsurface
treat ment appartheaeferenge % b&‘éﬂ'ﬂ’é]&g %Eﬁgpﬁﬁg{%ggﬁi]%tn&? 'ng resin,
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rty, ,
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in the re%ﬁﬂféd\%\é’i R dsuess cThdesukénder avadimpihe ¥R¢H  has the 15

c

foll oWt ng characteristics. Nanmely, ith r ; th@p@ananhuBlihgel udes
an irradi atatﬁﬂrdlm&qéhﬁmwgtﬁl%%ﬂexzh%g’r E@??F%J\}?ﬁg?ﬂr aditgéi on,to the nold

surface, angh@atlhaseabahca@clirniain moliing et ationadi BosH chifiteh to a
| ocati on above iLhe (%id S rftace. ﬁggcédradi ation nmechanismemts the
exci mer ul tYighd of B1olg%s PLRAUAE &% CBRART &n i rradi ati on condi.ti on .t hout
causing the | ayerif gidmcto ahiéveethat ahosher alect of P &R ARSI PR fol d

T 1 PR Lo R | S distuBrlioasterhil 8 usedorxoildin g
ul tra¥Pol et S‘I’QBF%H%ﬁ“ﬁ?ﬁ‘g&ppgg%ﬁ}%E&% MO surae

nirradiation condition i ]gsqﬁ ot
cause the Igyﬁﬁ,{m@rmdlayenfwmﬁﬂwmﬁmg SP_Bfoaﬁgg rgtf? pm%%ﬁueeno ng
surface. 25 agcor%aiggl%b tﬂge 1018 aGeraek of Beebayfiowhng pedtion wheremedted) and.
active oxyg&n®icy Byt e exci mer ul g avi@‘ll et iagir%tsiﬁ)g G Y the
active oxygessin flewsafficuaedaesmrganeraifs fpm thenetiel I8t B 1 aRe 1 s
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15 following characteristics. . - -
Namely, the surface treatment apparatus includes an irradiation

mechanism emitting excimexr ultraviolet radiation to the mold surfallce, and a
transport mechanism moving the irradiation mechanism to a} Iocation al?ove
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 1s irradiated with the excimer
ultraviolet radiation under such an irradiation condition which does not’
cause the 1ﬁyer formed on the mold surface to peel off from the mo‘ld surface.
25 Accordingly, the surface of the layer formed by ozone (Os) and ac.:twe oxygen
caused by the excimer ultraviolet radiation, particularly the act.lve'o;j:y.gen,
18 acti"qated. 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 pres-ent invention
further includes a jetting mechanism emitting a jet of gas having aprop erty

of suppressing attenuation of the excimer ultraviolet radiation to a region

near the mold suxface.



rel easability of the cured resin fromthe nold surface. 30 The surface
treat nent apparatus according to the present invention further includes
jetting mechanismemtting a jet of gas having a property of suppressing
attenuation of the excinmer ultraviolet radiation to a region near the nold
surface. -7- Attenuation of the excinmer ultraviolet radiation near the nold
surface is thus suppressed, The degree of activation of the surface of the
| ayer thus formed is not |lowered, and thus the efficiency of activating the
nmold surface while the nold surface is restored to the initial state is 5
mai ntai ned. Even if the nold surface is uneven, the surface of the |ayer
formed on the uneven part is uniformy activated. The surface treatnent

appar atus accor difige 4 Qatibg PRBE eRtiniaventiolet tadidiem neet tieBi@dheat i ng
mechani sm heati ng £

e gas. The tenperature of the. .ol i$ tREpPpPr essed

from decr easicfage 15 ThusGUPRALSIEe dfel$BIGH Oﬁ@?ﬁwgﬂﬁr}\é}@? ﬁ%gégﬁ%&% of the
| ayer is ”q%ﬁé a’ﬂﬂ?ﬁfoﬁ?@d Sy & 1Ploovdre @ a4 i th u s e efftcien cieoforadivad iR iBh r esent
I nvention Ft her. I nc };gégsh a]rll_@ﬁal Fn@t Nely gé[%ﬁﬁa&qosmeoit%ﬁgpgdaxqual uating-a
state of tHheoldwuefase miaestit il er or not exciner ultraviol et
radi atd on ilﬁa%gcaiggd_enﬁz%ﬁdf tloe tivéd mokfhcsus haeeerb,ytheh%n‘lfﬁll?eaﬁﬁ &g aehechani sm
or determ ne an irradiation fondi tgl Oﬁggcﬁ\bﬁﬁg@wi mer ul traviol et
radi ati on, Toawed wntheygerenart iUV 8Hat i'on. - Based on the result of the
optical eval uati ophefsubfiRediesienait afwaraths aceurdingto the Preseadiay HRHey
whet her or pot_ the exgi ner, ul.trayi : l.at:l i mtted to the nold
surface, orivahhey F&gPaﬁ‘ B ESHE T8 hg%%gr?%ga{;él? irk#ee?gazsg*ﬂlﬁs% ravi,ol et {{gi ation
i s determned. Th@hexeidparatite ef/thel raold saifaes ErsuynprepsAtsrem fegfashter an
appropri ate cgndj t,i on..as r ' Haol -ssipfafeainhedbe restored
to thelini t?%\?h%tt éi‘%.e %teﬁ%%%‘%%%%%%ﬁ%% Qﬁe%gf?gi t he rte.sivg-lg)?)lndi ng
operation is inpr@hecksuifacotdetment a5AREHASIATEPT BABLAEPIERTEC V5t ?g}m
present invention. 295 r di N9 ati@nansdiiase dpteaileantalnetingc state af Hae d
surface of “%Fd*t‘ffs‘lé%%%?’o%}é%ﬁﬁ%igﬁgc resin, a layer .for t(}ﬁd}{h?oﬁ“?é%
surface is taddisedfior ta Aeterming BET QROGF £5 e&l‘élﬁlé%‘g_l i'ty, fromthe nold
surface of §.re5iiPsd k&hE%old surface by the irradiation mechanism or determine

15 an irradiation condition of the excimer ultraviolet radiation, based on result

of the evaluation.
Based on the result of the optical evaluation of the state of the mold

surface, it is detexrmined whether or not the excimer ultraviolet radiation 18
emitted to the mbld surface, or an irradiation condition of the excimer ‘

20 ultraviolet radiation is determined. The excimer ultraviolet radiation 1s
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. | s

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 t.'or the |
purpose of ensuring releasability, from the mold surface of la 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 treatrnenF

30 method includes the steps of moving an irradiation mechanism to a location
above the mold surface, and emitting excimey gltraviolet radiatio.n to the
mold surface by the irradiation mechanism. In the step of emitting 'the
excirnér ultraviolet radiation, the excimer ultraviolet radiation is emitted




portion where nelted resin flows, of cured resin generated fromthe nelted
resin by being cured in the resin-flowi ng portion. The surface treatnent 30
met hod i ncludes the steps of noving an irradiati on mechanismto a | ocation
above the nold surface, and emtting excinet ultraviolet radiation to the
nmol d surface by the irradiation nmechanism In the step of emtting the
excinmer ultraviolet radiation, the excinmer ultraViolet radiation is emtted
8 under an irradiation condition w thout causing the |ayer fornmed on the
nmold surface to peel off fromthe nold surface. In this way, the nold
surface is irradiated with the excimer wultraviolet radiation under such an
irradiation condition which does not 5 cause the |ayer forrrgd 3?1 thgldom)l d
surface to peel off fromthe : ki f Acctediavek Yormbe ostinede f the
| ayer for nﬁ&gﬁﬁ/aﬁiﬁﬂé{l@%}l C&Hgﬁgﬁﬁ%ﬁgsggﬁﬂ%auseggby the exci mer

ul travi ol et ¢rade @ pesl offdrémdbkantlg susfaigeti ve oxygen, is activated. Then,

the state of the_mo|d surface. | é@éﬂ'rtrgdiattgdivﬁithithle exstmee i medi at el y
after the |ayer 8 ti‘bsrﬁ@éf: %fﬂcozdéﬁgfarees t

the.rel eagabil ] pe cured
resin fr0muqﬁ%v{mwmdﬁraftmleund'm\@l}rﬂ%é@a@%?%%%%g%i%%g%%ﬁ% to the
present inventign .further | Haes oldhsughep topeenoit trang tae jrae “havi ng
a property c8pse g}&%b?%esrsf:agréleg{bﬁl okd b

enuation of the exci I I tos gation
to a regi omdesdinglhethreosurfsce ¢idde 1ayer %Ff%‘ﬁﬁ% i%#ll&(%go%& héeﬂgégﬁhgrr wyBen
ul traviol et radi %%Yi tgﬂe LRgtER dlet sadihtion, partitiarbuppr @8RYHEXYEHE degree
h

of acti vat i GHSER strtace of the, .l ayer,th LS BotLtsliawealed, and
thus the efibiactivated.of Theni tha stade phihe %F%Sgg&ﬁggé |0Ik§dthe mol d..sur f ace

is restored tg? %ﬂfthéd}%{.%lglafﬁxaﬁll@ lager EfonmednsthiclEeBgures herslpre ace is

uneven, theStgu ace of Tayer. forrrr.rgsPi 20 on the uneven part is uniformy
activabed. dfhheseuredoesin he MR F8E A€ cor ding tq the %}Irn sent jipyention
further includes #fg sfr@hceOfre REAtitnpethed gocordmvg FRbRE RE® e gerrperat ure
of the mold surface is suppressed, ' . it ifeeta ptopatty wat i ng t he
surface of fmheawlup@seﬁﬁgﬁf%ﬁ ﬂg%fmtg'glg%i@ s%ftr%%ge tre(ga%.?fe% %@?&gnear
accordi ng tg@p?f@é% atteventtionnof tharexhigper REX a1 Ettrr‘?éh@ilg%s of optically

a

evaluating a state of .the nold surface;
g the moﬁ surface:

15 Attenuation of the excimer ultraviolet radiation near the mold
ssing. The degree of activation of the surface of the

surface is thus suppre rtac
thus the efficiency of activating the

layer thus formed is not lowered, and cy o _
mold surface while the mold surface is restored to the initial state1s
maintained. Even if the mold surface is uneven, the surface of layer formed

20 on the uneven part is uniformly activated. -
The surface treatment method according to

! ing the gas.
further includes the step of heating | |
Decreasing of the temperature of the mold surface 1s suppressed, s0

the present invention

that the effect of activating the surface of the layeris mamta:-med. |
25 The surface treatment method according the present invention

further includes the steps of optically evaluating a state of the mold surface;

and determining whether or not excimer ultraviolet radiation 1s to be

to the mold surface by the irradiation mechanism Or determining an

emitted olet radiation, based on result of

jrradiation condition of the excimer ultravi
30 the evaluation. - |
Based on the result of the optical evaluation of the state of the mold

surface, it is determined whether or not the excimer ultraviolet radiation 1s

emitted to the mold surface, or an irradiation condition of the excimer

-9.




and determ ning whether or not excimer ultraviolet radiation is to be
emtted to the nold surface by the irradiati on nechani smor determ ning an
irradiation condition of the excimer ultraviolet radiation, based on result
of 30 the evaluation. Based on the result of the optical evaluation of the
state of the nold surface, it is determ ned whether or not the exciner
ultraviolet radiationis emtted to the nold surface, or an irradiation
condition of the excinmer 9 ultraviolet radiation is determ ned. The exci nmer
ultraviolet radiation is thus emtted under an appropriate condition as
required to allow the nold surface to be restored to the initial state.
Then, the working efficiency of the resin-nolding operation is inproved. 5

In order to,achieve that. st.l r i eolci b U apidsenadiati Sion a
cl eani ng néltliisr@aitgfet Fa nglsadaeﬁgﬁgim. O L&lcipler A0aIs

nts to a surface of resi n-sml nol d
used for mahdiRenites enidechodgproprats %@BPn@rﬁrteﬂPhrﬁdZ@c?eJ%ﬁFgg |§§gon to
the surface of the.,resin-noldi ool dh $1a+decPRinosd etwierlddgeatntesicy and
r enovi ng tﬁé‘rgaé@otﬁﬁt?sﬁft% et%e_n sl_ﬂ?_drl%ln%th surface. 10 In this way, the
exci ner radhatdesin-ifddirmsperafiongisepEaKeavel ength, a high ener g%/m
conversion effi Ciﬁ”@’dﬁg’{g AU PRLINa B Ybictt efithé pdedant INenRORd

h

surfack to deco rents to the nold surface of eS| gl di ng
mld in a shelchnpes imethofd dfiremoving aghREEAES 2 § %%eof‘s%??%ﬁiﬁlﬁﬁlﬁﬁe_

resi n-nol di ng, ol d, ar e tAKS, ./ QDY skl Bedtladtebs peinathing extimeer 1BLABEBr di ng
to the cledf h%aﬁ%@ﬁordmc??&ﬁt%_pre nt invention, th I dyagi on has
a center watefhensutfacs ofi fiee FeR BN PLIRE mﬂ\ig t%)@@F%P()g%gl?%? ?%Efﬁrﬁgfhhas a

singl e peakré/%gggiln%;@{tehdgéofn%&i?seﬂfﬂd}wrehas&omﬂrmmﬁm-ng to the short wave, a

L diahi t oy eRsmigthed t
Chama0d ourf ace. Lo tiscupohis Sevaghes bpon ha) pA0alHeRIeal viay RIAhed 10

' surface o; tine
resi n- mol di Qq.liﬁméhérgy%oﬁb@fﬁ@;ﬁ effivicncy and athigh photenensrBy 2 6p4
R \ .

according t Jaresent jnyention.r St ReeMiBSsidade sfitiacesinf a
resi n- nol di Hee mele YSEHS @r‘yeﬁt’i’lﬂbﬁogs agieﬂs?%%%s%ﬁg% Iﬁ%?ngéagﬁar al# ok pgd udes
]

an i rradi at i die hanism eshottipeyiaked tme. 28he YEBHS. “Eirface of the

resin-nol di r} sirﬂ?}n%léi%gdr%%?&rpi?@ entf€emoved in a short period of time.

15 According to the cleaning method of the present invention, the
excimer radiation has a center wavelength of 172 nm or less.
The excimer radiation that has a single peak wavelength of 17? nm
t wave, a high energy conversion efficiency

or less corresponding to the shor
and a higher photon energy 1s emitted to the mold surface to decompose

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

of time. | |
A cleaning apparatus according to the present invention removes
adherents to a surface of a resin-molding mold used for molding resin. The

cleaning apparatus includes an irradiation mechanism emitting excimer

25 radiation to the surface of the resin-molding mold to decompose the
adherents, and a removal mechanism removing the decomposed adherents
from the surface. | 1 h
In this way, the excimer radiation that has a single pea}{ wavelength,
a high energy conversion efficiency and a high photon energy 1S emltte(:l to
compose adherents to the mold surface of the resin-
The adherents to the surface of the

short period of time.

30 the mold surface to de
“molding mold in a short period of time.

resin-molding mold are thus removed in a | |
Regarding the cleaning apparatus according to the present mvention,
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adherents, and a renoval nechani smrenoving the deconposed adherents from
the surface. In this way, the exciner radiation that has a single peak

wavel ength, . a high energy conversion efficiency and a high photon energy is
emtted to 30 the nold surface to deconpose adherents to the nold surface
of the resin nolding nmold in a short period of time. The adherents to the
surface of the resin-nolding nold are thus renoved in a short period of

ti me. Regarding the cleaning apparatus according to the present invention,
-10 the exciner radiation has a center wavel ength of 172 nmor |ess. The
excinmer radiation that has a single peak wavel ength of 172 nm or |ess
corresponding to the short wave, a high energy conversion eff|C|ency and a
hi gher phoﬁb@eﬁdﬁi&ﬂ@)’rd(ﬁaﬁnﬁ&mm tmtehevmlehgﬁﬁrcﬁfab’é? no pehsse 5 adherents to

the nol d surface t he resi r me. The
f oregoi ng and ot oHFaET &2 &@éﬁ% HT% gdr{bsl@g%gﬁa‘ggg%lfgggt}ggg#% rh
present | n\oemésmlmsﬂonb]mpmt}mmshoﬂppavem highoemexgy ¢ulvesiongeiae ’teéllCIYed
description ent th the 10
Sccompanyi 5 o SEnESE R e EER AR o Bl o %Wﬁ%%@%‘%"‘w. s a partial
cross bsect iagharenisety e moldesalfact dhhapmsin audingweldan; mgherer #egose of

adhesi on of ﬁdherents according to a first enbodi nent of the present

i nvention, hg that an optical sensor of the 15 apparaqtua enmts

radi ati on and detBr¢ forepbingcaratiotteedi dyjecta, feaburass aspegs an YARIAGHE Ohr ¢
showi ng a th i adhesi folRhiereeddtailed
accordi ng '[Egl tpr%g ?ﬁ?g}%hﬁod@eﬁ%&ﬁg%&% a&@ar |&r¥82%1§|00n g{gm |e S a
parti al croﬁcm@d:mmﬁfaﬂhe\/ﬂl@ﬁﬁ@tflrmném W&teﬂdﬁ amsarcawénc SGEK §he | ng the

br oo 1 et c?n ﬁﬁ%?# “?%5 e ot O coun o devi ce) camara of the
appar at us tBREBFD E&%ﬁﬁﬁ@ﬁ amld. Fig. 4is a flowhart
show ng a net hod Pf q\ﬁ@JaU@éx*tfbg &rbes segieal otew afhesiaiuatioadimrantys
according t O Hgtliegct%eddeegqte)g gf n&ﬂ%m%;l (;[ dﬂ%rgﬁ%netlccordmg to a first
embodiment of the present invention, showing that an optical sensor of the
15 apparatus emits radiation and detects reflected radiation thereof.

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

| Fig. 3 is a partial cross sectional view of an evaluation apparatus
20 evaluating the degree of adhesion of adherents accoxding to a second
embodiment of the present invention, showing that a CCD (charge coupled
device) camera of the apparatus takes a picture of a certain area of a mold.

Fig. 4 is a flowchart showing a method of evaluating the degree of

adhesion of adherents according to the second embodiment of the present
25 invention.

Fig. 5 is a schematic front view of a surface treatment apparatus for
a mold surface according to a third embodiment of the present invention,
showing that the surface treatment apparatus is incorporated in a resin-
sealing apparatus.

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

ultraviolet radiation.
Fig. 71s a schematic front view of a surface treatment apparatus for
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25 invention. Fig. 5is a schematic front view of a surface treatnent
apparatus for a nold surface according to a third enbodi nent of the present
i nvention, showing that the surface treatnent apparatus is incorporated in
a resin- sealing apparatus. 30 Fig. 6 is a schematic side view of the
surface treatnent apparatus in Fig. 5 show ng that the apparatus irradiates
a nold surface with exciner wultraviolet radiation. Fig. 7 is a schematic
front view of a surface treatnent apparatus for -11 a nold surface according
to a forth enbodi nent of the present invention, show ng that the apparatus
Is incorporated in a resin-sealing apparatus. Fig. 8 is a schematic front
view of a surface treatnent apparatus for a nold surface according to a

fifth embod] pEAk s%trféciéeao%ﬁ’ﬁﬁgttoiarf\é?ﬂi babodEmshoul tige plesent heverppeik.at us i s

i ncorporated in-a resin-seall g apparatus to, . perfar m%girr{égﬁ%&raqagnent Fi g.
9 i s a schestavwingf thatttheianpasp %Wé@?Wﬁé’é%ﬁ%ﬁépﬁﬁﬁs&Pﬁ Vihg a cl eaning
appar at us a“aCheF'igEl er.ef 9. 1AsE R dimat kv of wxdurfarbndatreant epparaiusgpesent

i nvention. 10 Fig. ' [

I's a schennt si de vi ew of. .t he LN '
appar at us shaveld surf®iegacedrdigoifi s wg?%@ﬂ%‘gﬁ?ﬂﬁg‘){gg g?éi us ticcpge}cns t he
surfacg of {1t | f@tu§ adinebipytatdd th akdsin-beminpepparaiusitPect of
t he cl gani n%ldég’lﬁ%% uts&gme sixth enligt)ugdi nment of the present invention as
conpar ed wi perfarmonvéate eatmeBt c| eani ng apparat us using ul traviol et

radi ation froma !Eq%l-glfg 1 886 ABHE Bront viewp! afiegin-4@alinsg appehativethavingént
vi ew showi ng mai n” port '

' I ons of resin-, seal iR ARP, hRCerst ¢l t@ani ng
appar at us atlcasheg apparatys at&é@b@‘ﬁ%etq BERt e%nt%gg&ngts)eéﬁ Brreédrl]l?g%f the -
present i nvg?é%]é;ﬁ.ngn%ﬁm PTION OF THE PREFERRED EMBODI MENTS Fi r st
Enbodi nent th reference tao Figs, .: 1L L TUSe aPF adatiBishesd or
eval udi ng the degzlléel@fs éﬁ(ﬁlté%rpgﬁ%?d?g@%grz%fn@s% ftagﬂ?ﬁe o dﬂrgurf?ce ay ¢

in Fig. 9, showing that the cleaning apparatus cleans the surtace of a mo

with excimer radiation.
Fig. 11 illustrates an effect of the cleaning apparatus of the sixth
embodiment of the present invention as compared with a conventional
15 cleaning apparatus using ultraviolet radiation from a low-voltage mercury
lamp. _ |
Fig. 12 is a schematic front view showing main portions of a resgl-
sealing apparatus having a cleaning_app aratus attached thereto, according
to a seventh embodiment of the present invention.
20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment
With ieference to Figs. 1 and 2, an apparatus and a method for
evaluating the degree of adhesion of adherents to the mold surface are .- |
described. According to this embodiment, a mold used for molding resin 1s
25 described. Specifically, a mold is described that is used for a resin-seal.ing
apparatus for sealing electronic components mounted on a le adf'rame. wﬁh
resin. Here, as an example of adherents to the mold surface, dirt sticking
to the mold surface is described.
Fig. 1is a partial cross sectional view of the evaluation apparatus
30 evaluating the degree of adhesion of adherents according to this |
embodiment, showing that an optical sensor of the apparatus emits |
radiation and detects reflected radiation of the emitted radiation. Fig.21s
4 flowchart showing a method of evaluating the degree of adhesion of
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descri bed. According to this enbodiment, a nold used for nolding resin is 25
descri bed. Specifically, a nold is described that is used for a
resin-sealing apparatus for sealing electronic conponents nounted on a

| eadfrane with resin. Here, as an exanple of adherents to the nold surface,
dirt sticking to the nold surface is described. Fig. 1 is a partial cross
sectional view of the evaluation apparatus 30 evaluating the degree of
adhesi on of adherents according to this enbodi nent, show ng that an optical
sensor of the apparatus emits radiation and detects reflected radiation of
the emtted radiation. Fig. 2 is a flowhart show ng a nethod of eval uating
the degree of adhesion of - 12 adherents according to this enbodi nent.
Referring tahergntslaccardmigdouhesiemdodseeri.ng with resin is constituted of a

| ower nold 1 and upper, d 08 Ahisah Wl
Lower mold 1 has Igeqﬁfﬁgé ' gﬁ%’e%rzaoﬁlogggglﬁ?lg%r ?%%%%%%E}gké%}‘ gﬁ\%g?g% i ael ly 5
col umar plgfrglexwet meldot anidden u@pepmdé % wlabed wpvabite tophsdaweswrold Eur t her,

a lower cawity 5 i rovid r : F hat .S, a mel t ed
resinis i \rlg‘cé%‘?reﬁl.‘i%\qr}é%segiggtagp %ﬁﬁg Ofgom@ n?:dgglélb?ys pgﬁ?'ecéf%ggt%m%%df rame
pl aced t her@lumndppdonpet d i@ phasidadculpot 3 ol ke awvabbe paran&APYYopposite to
pot 3 for Q_.hol dj ' : [ I : ¢ tvwHef€Si N
flows and a urtg\p%e? ﬂ%ﬁ%ﬂ%ﬁg” éﬁg?govﬁgaﬁgpﬁgpﬂgﬁﬁ &%ﬁja:%ﬁlg arg provi ded
to successimeltpdoesinisiicgtasedi t A reapss & argurd hawer Aty dFereVes dvi ded
bet ween Iovxﬁadﬁggrg?élaacgﬁ(}}%p%.ml d 2 that is secured to an arm 11 and

g ac

capabl e of movin rwar ward. 15 Sensor, unit 10 is c.(%n tit %e of a
hol der 12, a | oweUppenswid£3has ﬁé@%ﬂpiﬁeah%lbsﬁ%¥lﬁhy&ppﬁaﬂ 83? ng aildora
pr ede@r m el s LGS LR 8 psuist@eRak Bl Slwissehnakdatsihdlers maiddad and an
0t ance 1 umpEneavier 8 wopreatne BEapgers B ettt e eBERR0 TS | o an
optical seng@iceBgEVveNdcdninh@itavithicwl Unit 20 emitting radiation 15 and a
SN eceL I LS it 85 £ SN LRI gyt Ppaatd ot
Sinmilarly, uppers seasal toldnissnan leptd calabdentorovingifogvard/backward.
15 Sensor unit 10 is constituted of a holder 12, a lower sensor 13 attached to the
bottom of holder 12 at a predetermined distance from a surface (mold
surface) of lower mold 1 and an upper sensor 14 attached to the top of holder
12 at a predetermined distance from the mold surface of upper mold 2.
Lower sensor 13 is an optical sensor having a light-emitting unit
20 emitting radiatioh 15 and a light-receiving unit receiving reflected radiation
16 that is the reflected radiation of radiation 15 from the mold surface of
lower cavity 5. Similarly, upper sensor 14 is an optical sensor having a
light-emitting unit emitting radiation 17 and a light-receiving unit receiving
reﬂecfed radiation 18 that is the reflected radiation of radiation 17 from the
25 mold surface of cavify g9 Lower sensor 13 and upper sensor 14 convert
| respective intensities of reflected radiation 16 and reflected radiation 18
that are detected optical data into predetermined detection signals (voltages
for example) respectively, and supply those respective detection signals to
an operation unit 20 via a signal line 19. Itis noted that these lower sensor
30 13 and upper sensor 14 are optical sensors using infrared radiation, laser or
the like, other than visible radiation.
Operation unit 20 constituted of an A/D converter for example
individually calculates, based on respective detection signals supplied from
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light-emtting unit emtting radiation 17 and a |light-receiving unit
receiving reflected radiation 18 that is the reflected radiation of
radiation 17 fromthe 25 nold surface of cavity 9. Lower sensor 13 and upper
sensor 14 convert respective intensities of reflected radiation 16 and
reflected radiation 18 that are detected optical data into predeterm ned
detection signals (voltages for exanple) respectively, and supply those
respective detection signals to an operation unit 20 via a signal line 19.
It is noted that these | ower sensor 30 13 and upper sensor 14 are opti cal
sensors using infrared radiation, |aser or the like, other than visible
radi ati on. Operation unit 20 constituted of an A/D converter for exanple

| ndivi dual hy, 6aLEM AL £9 20 R3304: ABnSASREGLEYEctR Ak ARembanAlrlisatprl bEA from
p

-13 |l ower sensor and up sensor , respectiv ur enent ndi,cati ve
of the dedghedegtemdhadhesionif adheraredothe i %n%!rga%aﬁﬁa@rdﬂoﬁot\éP%l d 1
and of adieranifeh@ (V6RO SUTAALH @hodinR@ld BD! & Sompacampamat oL uni { 21

conpar es respectl Vé neasurenments 1 ndic Lve O dhesi.on for 5
| ower nol d cmmweappavemmnga@wwé %%@Ud@dfftﬁ@ﬁf%ﬁ%‘? af?éﬁeﬁ}ﬂ‘ihf%o with
a pregeter %‘33 @Hef Sﬂ%(?\rﬁéwﬁeldlé th e BRI @8 Mo Skt ation anit 20

con

predeterm t1on the reference ffaﬁllil@ t he co ar attor transm ts a
pr edet er ni nedhvaapredajesnaned rﬁ\fﬁ’"aen&es‘iagﬂﬁl xggasw SSRUHY ¢ treats
a val ue, “ﬂir%ﬁeﬂﬁ%ulﬁ%ﬁrbo%ﬂhﬁéﬂ #ethebagednen v&lxﬁ@&h@r@mmﬁ& ﬂxﬁnantﬂ aed, as
a new neasdr ement arator unit, 21 c %Eﬁ’ié@e ”6 Hr&nﬁpt wth the
ref erence \med@temmmeﬁ‘ewwfnﬁe%g%@e%rﬂs P hed condition
for the refigpence vibldeyhRhH foedeer mlﬂeﬂt&\diblasa@onsa gmaalsulre;mtanaasm tted.
According to this, enbodi ment, an ratd on_of e e at us
eval udl i ng TeRELEASh ASA Bﬁwa‘Hﬁ%‘l”c?ﬁn%gt Clsoc??P%l ULt’“hi\’lél‘lf% 3hl %gg}?%éﬂgaf

and 2. As sfewuidmbhfwith t}s@fmremawtalm |Ht&1elrmmmeaﬁ11éamm Sb’éﬁﬁééﬂ Iovver

naher ent o, Hadarsraad cnlinh M e Seflte flublf A Gemlhedeiath el of

adherents, surface 1s Specifical Fy,
| ower sensosigﬂxal fmt:iram;}spmtteslensor 14 in Fig. 1 enmt rad| ation 15 20 and

adiation 17 respaelivehy i BYRUhESARRGH U8 dRkdusHdraReS eludier  cavity S
and upper cavity Firther ower sensor. 13 and eb ds % f nee to

15 apparatus evaluatlng the degree of adhesion 1s desc e e ere c
Figs. 1 and 2. 'Asshown in Fig. 1, sensor unit 10 1s allowed to enter
between lower mold 1 and upper mold 2. In step S1 of Fig. 2, the degree of
adhesion of adherents, namely dirt, to the mold surface is detected.
Specifically, lower sensor 13 and upper sensor 14 in Fig. 1 emit radiation 15

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

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

30 The evaluation apparatus evaluating the degree of adhesion of
adherents according to this embodiment thus detects dirt, if any location of
the mold surface which is prone to dirt sticking thereto is known in advance,

by using this location as a pinpoint.
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respectively receive reflected radiation 16 and reflected radi ation 18
reflected fromrespective nold surfaces of |lower cavity 5 and upper cavity
9, wuse reflected radiation 16 and reflected radiation 18 as optical data,
and 25 convert respective intensities of radiation 16 and radiation 18 into
el ectrical detection signals. The detection signals are then transmtted to
operation wunit 20. The greater the degree of dirtiness on the nold surfaces
is, the lower the intensities of reflected radiation 16 and refl ected

radi ation 18 received by |ower sensor 13 and upper sensor 14. 30 The

eval uati on apparatus eval uating the degree of adhesion of adherents
according to this enbodi nent thus detects dirt, if any location of the nold

surface which is RLONEtR. AR 115d BEKkidatoft At edlion bSdiehosworiverael amwea by
using this locati'on ds a Inpéi(?ﬁib'_m Next , i.P‘)@te .S2 thfs degree of
adhesi on of nainericas vebisseryrasiieally . SPeRaHeR Yy} éPEFé.g- 5RESFERI |
operati on L’i@lidﬁv%ﬁa{l%aﬁﬂatién REtFOGEEred ithdhelioh of dlxtutbatspertnfe mlmiddegr ee
of adhesion 0o Tt To respective nold s cesdof Quer, J)ﬁl il%?rﬂ? upper
nol d 2 baseshrfacehef Jastesdaplenl §P§ﬁ%ﬂ%er5m§tﬁ)él 43h 1083%‘8\(,:&1 qu?y from T ower
sensory 13 ag‘gpclgﬂ]gp&g %ﬁéﬁﬁﬁ@lylﬁoanv&r sdieor d8gimbuppenshresivard.i sHeomtaet ed
A Val e t

into a nuneri hr ough anal,og-to-_digital_ conv ' & n.
det ecti on silggrde efagsimsion }%@)r\y@ﬁegg]g{to fao?ug%é’rfﬁi ga_ﬂ}enﬁgrt%ggﬂéfkaltgg?gd on
respective pnkensidivessieh ofehkdetediomasizatl oaprkSenting wobfagec fexexampiai on 18
as received, asyrenent, VM is, then determnned,... i.ndi-cat 8Soh he degr ee
of adhesion of di F® Step g§cﬁﬂa’éﬁd ?‘é?ﬁ)@:etcitt\yg %?%lgégfogggﬁ;dg?glr%?\%r mold .1 and
upper ol d 25 dHeTRctddeadiationsig ys séceivied, messwrerem tr¥odiathem deterdPsdded as
a direct measurenent. Specjfical Sy f.d ePefBHd g tines for
the sdfe | otapt Hﬁﬁ?ﬁe&tﬂd{e&r?? of é%%&?ﬁg&t (!gj!rafebtEC)E!CEI;lt(ﬁflls%,3 ?%cat i o bei ng used
as a pi Npoi RiurfAcek ofXawpt moldn dbd nppsumedtdrd. iHexeakbp lpEnsitN of thee
| ocati ons of_ }he | &y.sur v Of e AuPbmcaki t Spodificallyes
resul tant f #Smeﬁ??‘g‘a%é%ﬁﬁggﬁg%%@gd %a ?’31%2% d p!é/l oqgr ation uni t é_‘%% and the
cal cul at ed awezsgementusedkes mukitplatimenion/fie Hinmp lepUp PRPSIS d as
rsgq!“ red Sndadllignﬁ%ﬂ?ex%%?,i ﬁl}%f@kﬁﬁfﬁﬁ%eﬁ@%mﬂﬁé@ﬁipd&ﬁlt,u"erﬁh&hmpﬁened in step
o 1u53e ariegsx?rsenggnnfir; taken for multiple locations of the mold suxface. The
average of a plurality of values resultant from this measurement 18
calculated by operation unit 20, and the calculated average is used as
measurement Vv. Step S3 may be skipped as required and, if step S31s
skipped, the numerical value determined in step S2 is used as measurement
20 V.
In step S4, operation unit 20 then compares me asurement Vum
determined in step S3 with a reference value Vs representing the intensity
of reflected radiation that is stored in advance. Here, operation unit 20
stores in advance, as a threshold, 1.e,, reference value Vs, the value of the
25 intensity of the reflected radiation indicating the greatest degree of dirt that
still has no adverse effect on the molding operation, namely, the intensity of
reflected radiation indicating the degree of adhesion immediately before
occurrence of molding failure. .
In step S4, comparator unit 21 compares me asurement Vm with
30 reference value Vs. If relation: measurement Vm > reference value Vs 1s
satisfied for both of lower mold 1 and upper mold 2, w_hich means phat
resp ective intensities of reflected radiation 16 and reflected radiation 18 are

sufficiently high and accordingly comparator unit 21 determines that the
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In step S4, operation unit 20 then conpares neasurenent VM determned in
step S3 with a reference value Vs representing the intensity of reflected
radiation that is stored in advance. Here, operation unit 20 stores in

advance, as a threshold, i.e., reference value Vs, the value of the 25
intensity of the reflected radiation indicating the greatest degree of dirt
that still has no adverse effect on the nol ding operation, nanely, the

intensity of reflected radiation indicating the degree of adhesion

i mredi ately before occurrence of nolding failure. In step S4, conparator
unit 21 conpares neasurenment VMwith 30 reference value Vs. If relation:
measurenment VM > reference value Vs is satisfied for both of Iower nold 1
and upper ”@égde% ofwiihehigreehdirt bathe neddeatiace is ametler tthes the veéédeacted

radi ati on and, refl ected radi atji on e .suffici h_anr

accor di ngl y ERFRE YA RR Og%%@?% Oﬁeas&teﬁ%@ ]tsrfgmp%%eé%é?%gl rq%lgld}'?em on of
di I’][ to theof Jaﬁlcﬁufsf@@leln%ds%@ﬁfé@nréman the reference. After the .
eval uati on of the ree of adhesion {;s - : ration
i s continued as r@ﬁ‘i?g?téﬂn Fga ?Ie]feé’il?%th M eg%e%ﬁgq'tahéﬁ(\aﬂ%l ggtelgieiggefoggﬁue Vs

l fs satpsfi eréafsobnatof léwbeaaﬂddnmdahpmmoldrﬂ dhat znaf mppemmmenlt 4% JtShalt is,

i f neasurenent V 0 tha r t.fl east
one of the ?%lf%]ngll ?’i@? rtl?%’f‘lr fetr%%@él; uéat\?sdrrlbtiggﬁ g{br o ’#‘%8%@“‘ atfl on 18
i's not greatefbexiudhradidtions 16 amdorecﬂiaug&q/raihaemmlrﬁem ndtareahendeghee bis
adhesion of dir nmol d e dagngt he

ref erence aﬁ%cc}rﬁén%‘é’ ‘32932 %Qlugcfst%t% dég%sg‘af'ﬁhhé%oﬁ f%lgcattr?gt‘]the '?hat t he
degree of ashhmfsa:cernseﬁudl taorr@eabel tleare the nefd rews@ui&pﬁpmwsmgcm@&% and
VM < . ste 585 conparator unit 21 generates and out puts a war ni ng

si gna to 5|g al line 22. A control Uﬂl{) &;lot sh?g{} g é:{ECEI ves.this 15
warni ng signal st épis netedribet thadiearegobpihesional aHy TyanBe A8 Ynal f or
starting cl ganign ALERESE T0 Y Vs an@ vanews (not showm) starts cleaning. The
eval uation apparatus evaluating the de gge of hesi on standby until

the cleaning is ceppiter &, copparator rﬁ%”@ﬁ@“éﬁ%‘r‘@é’ﬁ?@n‘”ﬁﬁﬁg} tus has
to eval uat e spg@iltot dign EERER201 Aehasbbunititndt shownyiwhids retiventhiso t he

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

20 operation in step S1 of Fig. 2.

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

25 warning signal if cleaning is necessary. The degree of adhesion of dirt 1s
thus evaluated quantitatively without the possibility of variation in
evaluation due to subjective evaluation by an operator in charge.

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

30 molding operation is automated, and the yield 1s improved.

Moreover, as the measurement to be compared with the reference
value, not only measurements based on the intensity of reflected radiation
detected at a plurality of locations on the mold surface, but also
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20 operation in step S1 of Fig. 2. As discussed above, the eval uation
apparatus of this enbodi nent conpares neasurenent VM indicating the degree
of adhesion of dirt that is calculated according to optical data of the
nold surface with predeterm ned reference value Vs to evaluate the degree
of adhesion of dirt and generates a 25 warning signal if cleaning is
necessary. The degree of adhesion of dirt is thus evaluated quantitatively
Wi t hout the possibility of variation in evaluation due to subjective

eval uation by an operator in charge. The warning signal indicates an
appropriate timng for cleaning and thus the efficiency of the

resi n-nol ding operation is enhanced, the resin 30 nolding operation is

aut omat ed, medsthemyghtd detiestddmpt avethcabbnevaebe wssdt hdloserdimgtinent to be

conpared w th-the referenc I 0 t t he
intensity O(?vq,lgiaflé)&rg&y re[’%dri%g‘tdlgv?))rgLtg8ed;é g{r:ef’fee‘gﬁ %‘P@ﬁfﬁlﬁfa | tlflOt%?l Slfgggdt?lleons on
the nol d suedticemddtsvafme bhutcalreat angmenpsinderaichdd rartishéanlypeaoneho nay be

used. Accordipgly, e | on may be nade, of the degree of adhesion of
dirt not on%@%ﬁﬁeﬁgg@#ﬁ% nmol d surface but also at any pinpoint which is
partichil arly pronA modifiiationacfidre expluhtipetappasatmsnefdibis emthiofimentine

eval uation t t hi | B g | . QLdidg to

t he di scuss?gsg&ggeo#g?l%&ve‘sp}é(gctol?ggl%ldintens(lilfs ?%Sssgﬁ?)? Blr)\gf’lq:eegﬁ éﬁwrea |§t iglon 16 and

reflected reofifefldcted 18didtam 26 encateflectaderpdigtion g dratareusileulatedbged on
det ection SLonflod BARCSS bYELY ol RELALELSIBN ol MR eI PN Wentda B YIROE:

sensor 14 ar y as neasurenent VM an Or ference&ya ug Vs. A
simlar effeensarol3 andiupnehisenser b¢ arpased shtpstivors measuremast o an
abovegi SPU?éf%QeISE@OEH L i & OREREEkDYo I £MbwAl hpRheaBRIIME Of the

That |5 cal GOPaFEmbt thopover Roared SnhobIEhtis Pz by B 67 11 4 BSpect
to a predet ghphpgehd 6¥ fHeahodiatinugs dddibddsbalewer mi ned and, this val ue of
Val e 18 cal cul ot Eatipe BEabT er et oidighls Ran S LeBulY Gt act | on
si gnal s genepatsobyidioder a vabusof rdto Brdvithpespemisar pletietermines yibal
surf agg bef afud ,elsdd?_igﬁlegérrﬁgined and, this value of ratio Rm is compared with a
predetermined value of ratio Rru. The initial value 1s calculated by
operation unit 20, based on respective detection signals generated by lower
sensor 13 and upper sensor 14 for the mold surface before resin-molding.
Here, the initial value indicates the intensity of each of reflected radiation
20 16 and reflected radiation 18 when radiation is reflected from the plating
itself of the mold, namely the intensity of reference reflected radiation.
Accordingly, the value of ratio Rm calculated by operation unit 20 is the
value of ratio between the intensity of each of reflected radiation 16 and
reflected radiation 18 as measured and the intensity of the reference
25 rveflected radiation that is reflection from the plating itself of the mold, and
this ratio is represented by percentage with respect to the intensity of the
reference reflected radiation of 100.
The evaluation apparatus of this modification then compares in step
S4 the calculated value of ratio Rm with predetermined value of ratio Rru by
30 comparator unit 21 of Fig. 1. Here, predetermined value of ratio Rrx 1is
determined by experiment in advance. If the intensity of each of reflected
radiation 16 and reflected radiation 18 that is measured with respect to 100
of the intensity of the reference reflected radiation by experiment is at least
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Here, the initial value indicates the intensity of each of reflected
radiation 20 16 and reflected radiation 18 when radiation is reflected from
the plating itself of the nold, nanely the intensity of reference reflected
radi ation. Accordingly, the value of ratio RMcal cul ated by operation unit
20 is the value of ratio between the intensity of each of reflected
radiation 16 and reflected radiation 18 as neasured and the intensity of
the reference 25 reflected radiation that is reflection fromthe plating
itself of the nold, and this ratio is represented by percentage with
respect to the intensity of the reference reflected radiation of 100. The
eval uation apparatus of this nodification then conpares in step $S4 the

cal cul at ed y@kd{ee)&fm]fb]@t e Mswid partiedet protilaedin/terues of theaaw@lyTsd by 30
conparat or uni 1 of Fig. 1. e, predetermy | drS
determ ned Wﬁ*}@é@?ﬂ%ﬁ? gr@&%ﬁiﬁé@?gﬁ‘feﬁlﬁﬁ{‘?}r@ggé’&f}wgﬁ‘ggﬁ %fﬁdrlaepﬁ éct ed
radi ation 16,,30¢ r eftBed ehel 8aé prédeteiBindthvalive ofeasiorBoi wi 99 %espect to 100
of the intensity of the,reference reflecte i.at P41 kg at
| east -17 95 for ﬁkéﬁ?ﬁl%‘? qoﬁg?aelal%%rH%ltg‘)g‘r%og%%%rs’%hrkgg}%al n téelrur;swgfa t he
qual ity of RyDkHBRANRIAGUetEnPmeducdde bliratigiresi ameladiongBwy> Rawes nol d 1
and upper nold fw({r@%iHﬂH is 95
val u

2, .In this.case, t r ] I

% In step ﬁvsﬁm%tgrosfdﬂ?ﬂterﬂ()lgg]h%%gce@%% frﬁerHl @gld%’\éﬁa#ggf) ?S " of r%i o 5
RM wi t h t heyginedatRy ¥ 969 ivahtiafiefl, thet inderdiky of each phreflecs UerHLP s
satisfied for ,bot.h of, | ower. | . : I I i weridsy if a
rel ati on Rm3 eFEeds%ﬁq‘gg’Fﬁoggl,gdﬁsh]séﬁlﬂg%%n i targ?)'f dglgg?f Sgairalgﬁnec.t ed radiation
16 and ref ldeesresineadhat the degréesofsadifdsiorent trtgﬁbém(%ﬁeﬁﬁ{ff%fﬁelﬁaft‘? “hini t
20 deternmnes_that the degr f { lebted Of Adigedith dysthef ace is
smal | et 10 ttﬁﬁﬂ tpﬁgefegpg?%nC’gﬁel?h%\féjﬂgégﬁ&g? P%gﬁethe deﬂ{iee g?ﬂf dhesion by
the eval uatevalappanppasatus 16 copipdeted. AS Yeadyirede RSP EPHERE ARG Ohet at i on
is conti nue;,g,m}r& atep S4, if arelation RM<RTH is satisfied for at |east
one of |ower “Hold~1 and upper

: sat or.
ontisfied the | nilermepys. tBaselanon Bust Rainis Srisaft EdraiMosy Safiol Jower
reflected radppt i QR difpper MOLd SUf &), airetdtion RM ged5%Ads setisfigilythe densdyee of
S't relto & Lgetq?e’aﬁ@;%&{? Strefletted L3S L s LERGERBERd AldiSHoh NS RAgAt T on i n
sufficiently large. Accordingly, the degree of dirt to the mold surface is at
least the reference. After the operation in step S5 by the evaluation
apparatus, the operation is carried out by the evaluation apparatus as
described above.
20 According to the description above, lower sensor 13 and upper sensoxr
14 simultaneously detect the degree of adhesion of dirt to respective mold
surfaces of lower mold 1 and upper mold 2. Alternatively, the evaluation
" apparatus may have sensor unit 10 with its top or bottom provided with one
optical sensor, sensor unit 10 being inverted by arm 11, and the degree of
25 adhesioﬁ of dirt to respective mold surfaces of lower mold 1 and upper mold
2 being detected successively. Such an evaluation apparatus also achieves
an effect similar to that of the evaluation apparatus of the above-discussed
embodiment.
Further, although the evaluation apparatus of this embodiment
30 converts the degree of adhesion of dirt into a numerical value in step S2,
steps 82 and S3 may be skipped and the degree of adhesion of dirt may be
evaluated without operation unit 20. In this case, comp arator unit 21
directly compares in step 54 measurements of respective detection signals
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apparatus, the operation is carried out by the eval uati on apparatus as
descri bed above. 20 According to the description above, | ower sensor 13 and
upper sensor 14 sinultaneously detect the degree of adhesion of dirt to
respective nold surfaces of lower nold 1 and upper nold 2. Alternatively,

t he eval uation apparatus may have sensor unit 10 with its top or bottom
provided Wth one optical sensor, sensor unit 10 being inverted by arm 11,
and the degree of 25 adhesion of dirt to respective nold surfaces of | ower
nold 1 and upper nmold 2 being detected successively. Such an eval uation
apparatus al so achieves an effect simlar to that of the eval uation

appar atus of the above-di scussed enbodinent. Further, although the

eval uati on appar atigeflot 1 ?nﬁ@ﬂi@r%ﬂ&or B0 wdtinverefsrenbe vdbag éegof adhesi on
of dirt into nurrerlcaq va i

ue in_step..S2, steps S2.an ki pped
and the degobagej stodhdsnasivancair i %Sﬁ%e %ﬁ‘%ﬁ?’@@tﬁcgﬁrﬁ?ggxgpgtﬁohpgnit
20. 1n thig gﬁ%?t%dx‘\a EALY andibf cked dhdietiony1 8 espaualstol or snefesthan

measur enent’ respective detection sigpnals - 18 fr : 13 and
upper sensdheJeqmailtvlallae,riéi%dé’i?éélmﬁiiGEa‘?@?egaegr\%lqfa{“é%@sg}g&e%ﬁﬁﬁéa Vance.
Then, g'{f ”}.ﬁgj@@ﬁg@é{?é RACRI %k@at& e fe refefdneeted thedpracedh 16 and

c ration TS o

reflected ra equal or smaller than the equal value, it is
det er ni ned mivaeedshid %F@Qr%:’s of adhesion of dirt to the 5 nold surface is

equal to or greatgl bR IdWer &igbensearmhdpphesprorddsmaprigeedashedidt ep S5,
oot e et SbAR Ardr iR BE (R RAChd Begmectt 2
adhesi on of , g s,tioh%f‘ayr_’:tliy@_tr@lhaftedfaaeﬁphrmimmﬂdtﬂmgpwéquwo&grq%@i red.
Sven 193 lnsundipasteniy ahetruk e sho et e TReR G R
:‘ gung n:pgt éﬁﬁe}é%!@géeli%; Qfﬂléﬁlie{sjtjtbrthssnbkl, 3]}:@ d\.trézlimappémggq B douny in Sd si gnal
ot octive. pRBBIELE Er D oDi R e 1 e LAy
ref erence t depegdinglomitite degrae GhdirGRESTI BpPEREEL ffpchye productsts
being manufactured.
15 Second Embodiment
_ With reference to Figs. 3 and 4, an evaluation app aratus and an
evaluation method for evaluating the degree of adhesion of adherents to the
mold surface according to a second embodiment of the present invention are
described. Fig. 3 is a partial cross sectional view of the evaluation
20 apparatus of this embodiment showing that a CCD camera takes a gicture of
4 certain area of a mold. Fig. 4 is a flowchart showing the evaluation
fnethod of this embodiment. Those components of the evaluation
apparatuses of the first embodiment in Fig. 1 and the se.cond embodiment in
Fig. 3 that have the same function are denoted by the same reference
25 character.
As shown in Fig. 3, the evaluation apparatus of this embodiment has
CCD camera 23 attached to an arm 11, instead of sensor unit 10 of the first
embodiment. CCD camera 23 is inverted by arm 11 to take a picture of a.ny
of a lower cavity 5 and an upper cavity 9. CCD camera 23 is positioned in
30 the vertical direction so that the entire mold surfaces of lowex cavity 5 and
upper cavity 9 are in view of CCD camera 23 and CCD camera 23 1s focused
on the mold surfaces.
Two CCD cameras may be attached to arm 11 to face upward and
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eval uation nmethod for evaluating the degree of adhesion of adherents to the
nol d surface according to a second enbodi nent of the present invention are
described. Fig. 3 is a partial cross sectional view of the evaluation 20
apparatus of this enbodi ment showing that a CCD canera takes a picture of a
certain area of a nold. Fig. 4 is a flowhart show ng the evaluation nethod
of this enbodi nent. Those conponents of the evaluation apparatuses of the
first embodinent in Fig. 1 and the second enbodinment in Fig. 3 that have
the sane function are denoted by the sane reference 25 character. As shown
in Fig. 3, the evaluation apparatus of this enbodi nrent has CCD canera 23
attached to an arm 11, instead of sensor unit 10 of the first enbodi nent.

CCD canera 223 is invert ar Rt aripd Latiee ©6f Brycavafieabbtiver
cavity 5 af@%dhVd EQSP@E&\@&Q.IH}% %ar?é?ég%%li sgpositioned in 30 the

vertical dicagché takesowithmuttheedmyg asnnbl.d surfaces of lower cavity 5 and
upper cavity 9 arg in we f { 81123 el AR t et s28 desch ed on
SRth el ey i

the nol d surfaces:. ras _may be attached tq .arm11,¢ upwar d
and -19 dovywlewd rassteoti veFyg. 3. CER tamperaced %%gga‘é'@ V@ ERiteY B‘F@"%L’%ﬁt he
cavitiges bqgth ca ' ionVv &ptdtag Sarim Big. 4T 1HC B vamentai

appar af us 3?%%‘2%%85?%%%?2%33 ag de?gr.i blgd ,ﬂgbel % As %@ﬁy@ in Fig.
3, CCD canefakedd pictatd ofide moldpatiacyg theeentire 01’?‘8%?“1:[ 3 “£Y3 gh%g upper
mold 2. In ol b LB '@j@ﬁr@ﬁa, 23d tanlgesortiqui of treepiotur | d
surface of fﬁg%é%#r%ghgg??%én‘éf. ower cavi té Slyqsqmﬁ %ﬁhudift LAHgrdsaken is
optical dathas amslatayelgduighsiensity RaTesPORdr &0 ARAT R K™ Brafivel v h%gh
density correspongs ¢id, 82 RRktddeeesbf alhebion ofidBbermts| hesdop, SXonKE fegr ee
of adhesion of adherents, i.e., di,rt, .is._convest 4Nk 0 g BMREIGAl

val ue 10basethtora ﬂﬁélqrh%?gé’ag‘ﬂe'lmfi %@T%W%@e_ﬁlggﬁﬁ ‘?:ag?wg ;glrjl 0 eragrilon
unit 20 in Eg%péaﬁbﬁafﬂig%ihfﬁgi Frbgeaxited thesmageoh pweriavtyd ﬁgw" =)
predeterm ned reference level, i.e r eshol.dy, of Hsdity. ThHis

t hr eshol d ‘i §0 @aISERIFTEYDE r&mF&HE%i%Vﬁ'gx%e?gjﬁg}ﬁ?l.d %’fr:ﬁggp 833?/ operation unit
20 cal cul at egraHERASY Ber@niinvlintidstanice by EXparisweRlof areas each having the

density of the bl 'i%rsité;? %Bi, B%gleatﬁﬁ?hnﬁtsz@géi%hlates a measurement Vm which is
15 4 sum of areas each having the density of the binarized image that is equal
to or higher than the threshold, namely a sum of dirty areas.
| In step S4, a comparator unit 21 in Fig. 3 compares measurement Vu
with a reference value Vs which is stored in advance. Reference value Vs
relates to the magnitude of dirty areas. Reference value Vs is determined

20 in advance as described below and stored in comparator unit 21 in Fig. 3.
Specifically, as resin-molding operation is repeated, dirty areas grad\.?a]ly
increase, resulting in defective molded products. Here, the sum of dn-.ty
areas immediately before occurrence of any defect in molded products 1s
determined as reference value Vs.

25 In step S4, if a relation: measurement Vu < reference value Vs (OT' Vum
< Vg) is satisfied, the dirty areas are small enough and then the evaluation
apparatus determines that the degree of adhesion of dirt to the mold surface
is smaller than the reference value, and the evaluation of the degree of
adhesion 1s compieted. The resin-molding operation 1s subsequently

30 continued as required.

In step S4, if a relation: measurement Vu 2 reference value Vs (oxr Vi
> Vs) is satisfied, the dirty areas are not small enough and then tl'le
evaluation apparatus determines that the degree of adhesion of dirt to the
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S ]
to or higher than the threshold, nanely a sumof dirty areas. In step $4, a
conparator unit 21 in Fig. 3 conpares neasurenent VM with a reference val ue
Vs which is stored in advance. Reference value Vs relates to the magnitude
of dirty areas. Reference value Vs is determ ned 20 in advance as descri bed
bel ow and stored in conparator unit 21 in Fig. 3. Specifically, as
resin-nol ding operation is repeated, dirty areas gradually increase,
resulting in defective nolded products. Here, the sumof dirty areas

i mredi ately before occurrence of any defect in nolded products is

determ ned as reference value Vs. 25 In step S4, if a relation: measurenent
VM < reference value Vs (or VM 5 Vs) is satisfied, the dirty areas are

S ][ral Idhenoug{mfarsgufmrastézga@\t@lou@’&eMr th@ﬂ@h@trgﬁelrldﬁt@Wﬁidee&hﬁéﬁmrhfw degree

of adhesion of dirt tot is smaller t t he ref.erence

Val e, and opREASRAIUALOR Sof THRB Mk ealvafoncAR g BF Dt Tl

reS| n- nol dipRefRRES Hd HibrationUbsaay SH divhil 3y ¢othé rugh aaton @p]plafﬁds ofn step
atjon urerrent VM > reference value Vs (or VM > Vs) is

S4, if are
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15 short period of time.

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

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

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

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

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

L.X(

adhesion.
The mold may be cleaned with a brush for example, by means of

.21 -



15 short period of time. Respective evaluation apparatuses of the
above-descri bed enbodi nents each start cl eaning according to a warning
signal. Alternatively, the control unit may generate a warning signal
indicating an abnornmal state by lighting a warning | anp, for exanple. In
this case, an 20 operator in charge stops the resin-nolding operation to
start cleaning. The evaluation apparatuses respectively of the first and
second enbodi nents use, as optical data, the received reflected radiation
or the image obtained by taking the picture to cal cul ate a nmeasurenent

i ndicative of the degree of adhesion of dirt. The optical data may include
col or 25 conponents and then a neasurenent may be cal cul ated- Specifically,
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degr ee of amemaedsdhectlefetrene%tehb@ dorh eeme he stage HBMAHEALRY Hehen, in
the stage i goRdiahehh REHEF & ddA8hed, the degree of adhesion may be evaluated, for

15 example, each time the resin-molding operation is carried out. In this case,
the time required for evaluation of the deéree of adhesion is shortened to
increase the efficiency of the entire resin-sealing operation.

Regarding respective evaluation apparatuses of the embodiments
discussed above, dirt is referred to as an example of matters adhering to the

20 mold surface. Alternatively, to any material composing a layer formed on
the mold surface for the purpose of improving the releasability, 1.e., a release
agent,- the evaluation apparatus of each embodiment of the present
invention may be applied to evaluate the degree of adhesion of the release
agent.. In this case, the release agent gradually peels off from the mold

25 surface as the resin-molding operation is repeated, resulting in failure in
molding. Then, in order to evaluate the degree of adhesion of the release
agent by means of the intensity of reflected radiation, the degree is

determined on a basis as described below, since the intensity of the reflected
radiation increases as the release agent peels off.

30 More specifically, comparator unit 21 compares measurement Vi
with predetermined reference value Vs. Ifa relation, measurement Vm <
reference value Vs is satisfied, the evaluation apparatus determines that the
intensity of each of reflected radiation 16 and reflected radiation 18 1s
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determ ned nunber is reached, the degree of adhesion nmay be eval uated, for
15 exanple, each tinme the resin-nolding operation is carried out. In this
case, the tinme required for evaluation of the degree of adhesion is
shortened to increase the efficiency of the entire resin-sealing operation.
Regardi ng 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 |layer fornmed on the nold
surface for the purpose of inproving the releasability, i.e., a release
agent, the evaluation apparatus of each enbodi nent of the present invention
may be applied to evaluate the degree of adhesion of the release agent. In

this case, sﬁfﬁg:iéﬂlg%%?aﬂge?ﬁeﬂfﬁﬁu&éétﬂéeF@E%Hﬁe@ifoh dfrthenebensetd gbr2o shef ace as
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gener at es amebdsiforgmsldjnglresinointhediagangkds 9% 1BECHEBRNPHEREabove i s
performed of the geopge ofe P?&%ﬁ%ﬁﬁ@e&lﬁoﬁ@@ﬁb@ﬂhﬁt@i t¢lthd etalvatioml d enpl oyed

];lg;)l ?bégfleniixsas gllta!tgn%es ?Esppetarc?ivglsy' oﬁﬁeeég]t%;[é— '%lcgésetdheeml%&%gﬁtsl. nvgption i's
characteristic structure of the present invention may be applied by being
modified or selected arbitrarily and properly as required to the extent that
such a modification or selection falls within the scope of the invention.

Third Embodiment
20 . With reference to Figs. 5 and 6, a surface treatment apparatus for a
mold surface according to a third embodiment of the present Invention 18
described, in connection with a mold used for sealing electronic components
with resin, as an example of molds used for molding resin. Fig. 5isa
schematic front view of the surface treatment apparatus of this embodiment
25 showing that the apparatus is incorporated in a resin-sealing apparatus.
Fig. 6 ‘is a schernatic side view of the surface treatment apparatus in Fig. 5
showing that the apparatus irradiates the mold surface with excimer
ultraviolet radiation.
Referring to Fig. 5, a mold unit 101 1s used for sealing with resin and
30 a waiting unit 102 is coupled to mold unit 101 to serve as a place where a
lamp unit described hereinbelow waits. In mold unit 101, an upper mold
103 and a lower mold 104 are placed to face each other for resin-sealing.
Upper mold 103 is fixed and has a cull 105 as well as a runner 106 and a
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nmol ds for nolding resin including nolds for injection-nolding. Further, the
present invention is not limted to the evaluation 15 apparatuses
respectively of the above-di scussed enbodi nents. The characteristic
structure of the present invention rmay be applied by being nodified or
selected arbitrarily and properly as required to the extent that such a
nodi fication or selection falls within the scope of the invention. Third
Enbodi mrent 20 Wth reference to Figs. 5 and 6, a surface treatnent apparatus
for a nold surface according to a third enbodi nent of the present invention
is described, in connection with a nold used for sealing electronic
conmponents wth resin, as an exanple of nolds used for nolding resin. Fig.
5is a schamtil®7connudiewinf shbwssivelyaeeth cwatoent Cadpabas nenwdr 106 s

nbodi 2 howi h h ' is i d i i n- i
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uni t liigl t_catrﬁiinfafﬂtjasm cphﬁﬂﬁe}agmsiin-&o“hﬁg}pomﬁbn Iddsafrliobed rh lMEIth waicts.
I uni n_ upper . e o face
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wel | as a rdmmar) thQgrandsa jet 2echaaism erdidinganyalni cap favgteusveskiaehy w th
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cul 106, AR, TR RS IS 1
pl aced oppostiopertyoofcanyipressing atbewratimn df eximgrsdtnsazolet sadiation 0 pl aced

0pposj g e L hitbEel 30 fo gpé é@é? SARRILGAYE hipelifs LOTRARR LA VS hRaliow Ng
portion 111 o _O\A%r no 1I8 . A nozzle 112 is copnnected.yia a valve to a
gas suppl y &eueteen pyain (aeth asnotshonm) tedlisdhargeddesgserithar mlidsit¥ni t ti ng

a jet of a pyegets piingdegas as required. The emtted jet of gas is any
ol mor ul tr avi of AU BPRELH G 5o veD AR ATy BHeR S e e B S8 A Ex haust
pi pe 113 i srezpBagct edrfdicas af Wppyemiodd 183int Ioovernuoial (Détvithrexcimoer shown) to
di SCh% ge tgﬁr%%%lé@ rtar(],liigtigr?.l dAJl{neixtcimer lamp 115 is mounted within lamp unit
114 to generate excimer ultraviolet radiation of 172 nm in wavelength by
dielectric barrier discharge with xenon (Xe) used as a discharge gas. A
translucent window 116 provided on each of the upper and lower sides of
lamp unit 114 is made of synthetic quartz glass for example and serves as a
20 window for irradiation. For the purpose of preventing decrease of the
illuminance of the excimer ultraviolet radiation on the mold surface, the
distance between translucent window 116 and each mold suxface is
preferably as short as possible. A rail 117 is a transport mechanism for -
moving lamp unit 114, and lamp unit 114 driven by a motor (not shown) is
25 moved horizontally along rail 117.
An operation of the surface treatment apparatus for the mold surface |
according to this embodiment is now described with reference to Figs. 5 and
6. On respective resin-flowing portions 108 and 111 of upper mold 103 and
Jower mold 104 heated to a predetermined molding temperature (e.g. 1807C)
30 in advance, a mold release layer contamning a sp ecific component as a mold
release agent is formed on the mold surface in advance. On the surface of
the mold release layer, a component which deteriorates the releasability 1s

generated through the molding.
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101 to the outside. Alanp unit 114 serves as an irradiation nmechani sm
irradiating respective surfaces of upper nold 103 and lower nold 104 with
excimer 15 ultraviolet radiation. An excinmer lanp 115 is nounted 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 lanp unit 114 is nade of synthetic quartz glass for exanple
and serves as a 20 wi ndow for irradiation. For the purpose of preventing
decrease of the illum nance of the exciner ultraviolet radiation on the
nol d surface, the distance between translucent w ndow 116 and each nol d
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applied to ﬂ&ﬁnﬁgmorﬁﬁnkanﬁzﬁﬁﬁllP@howdanHg S5asithhowimen ubirgvidbet exci ner
| anp }& 5 9eneiAkes 118 through translucent window 116. The excimer ultraviolet
radlatmn 118 is called VUV (Vacuum Ultraviolet), having a wavelength of
an extremely narrow range with its center at the center frequency, i.e,,
single peak wavelength, and having a characteristic of a high photon
energy.
- 20 Excimer ultraviolet radiation 118 is emitted under a condition that
the energy of excimer ultraviolet radiation 118 has a value to the extent that
the mold release layer does not peel off from the mold surface when the mold
surface is irradiated for a certain period of time, and this value 1s
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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excinmer ultraviolet radiation 118 having a predeterm ned center frequency
(e.g. 172 nm. Lanp unit 114 thus irradi ates respective nold surfaces of
upper nold 103 and lower nold 104, i.e.; respective nold surfaces of resin-
flowi ng portions 108 and 111 shown in Fig. 5 with exciner ultraviolet 15
radi ati on 118 through translucent w ndow 116. The excimer ultraviol et
radiation 118 is called VUV (Vacuum U traviolet), having a wavel ength of an
extrenely narrow range with its center at the center frequency, i.e.,

si ngl e peak wavel ength, and having a characteristic of a high photon
energy. 20 Exciner ultraviolet radiation 118 is emtted under a condition
that the energy of excinmer ultraviolet radiation 118 has a value to the
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15 nifrogen gas is emitted thereinto that has a property of suppressing
attenuation of excimer ultraviolet radiation. Attenu _ation of excimer
altraviolet 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 1138
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 1s
placed on lower mold 104, upper mold 102 and lower mold 104 are clamped
together, melted resin (not shown) 1s 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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10 degraded or corroded- Then, this gas is discharged to the outside of the
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 wi 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 exciner 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
nol d surface as the nold surface becones close to 20 the initial state is
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1 surfaces are activated, the state of the mold surfaces becomes close to the
‘initial state or returns to the initial state depending on irradiation
conditions. In resin-sealing of electronic components, the releasabﬂity 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 carned 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 tuxned 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 Jamps 115 may
preferably be provided that are perpendicular to the side of the apparatus
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As di scussed above, the surface treatnent apparatus of this 10 enbodi nent
perfornms the surface treatnment of the nold surfaces, between resin-sealing
operations of electronic conponents, by irradiating respective nold
surfaces of tipper nold 103 and |l ower nold 104 with exciner ultraviolet
radi ation 118 having a single peak wavel ength and a high photon energy.
Then, the surfaces of the nold release |layers on the nold 15 surfaces are
activated, the state of the nmold surfaces becones close to the initial
state or returns to the initial state depending on irradiation conditions.
In resin-sealing of electronic conponents, the releasability of cured resin
fromthe nold surface is thus ensured to prevent adherents from being
deposi ted qgehhg pBl § surface. In addition, cleaning with a brush for 20
exanpl e i s unnece al | ows resin- seall b% arried out

h
successi vel y. Mor (é*érthetsf"h‘éf ALATed Ement %?pﬁé‘ﬁ‘é“' nbermlédisie@e
oxygen is itRRHRYA0suEN&R drk 1§cﬂﬁilﬁ@éc§e§élf flﬁﬁ@thesr%&?-%@é!hnkh@eﬁbl{lbﬁ@@ of the

nol d rel ease yer surface is unif tiv ccording to
t he descri ri’teirhﬁﬂbﬁﬁ%vemé?rr%%" Yr # 18U R ISR trt‘??%/‘é‘ﬁ%éfé%&x@%?%’r

enbodlsmnt ,reéfri—%a]ﬁﬁ%"’@ Mﬁorﬂ%uc&eﬁma@aﬂmt tle stutedfthe mlﬂlﬂcbm&efsl on,

exci mer gqp le ur on t gl[ % ﬁl mer, ult ra\éntg): r adi g{i}l on 118.
AIternatlv ’V{’l eéi‘%,l? ef’i yafefan adyance gadibed s s my be
irr a(cjil ated s#rféte@&ﬁbﬁ%lé 1kliatd’1aw@da.ﬁér t}a@lr@dl?.w&a!hih@ op\dggtle?haldmnulm t 113 is
nove I n thi ase, not o e ene 0 ultr ol et.radiation
118 but al %@ﬁ rme Béﬁ %EW%C%#P 1tf} 'ﬂ)?t&?lér a&afp%ekc%nm der ed
to det er m nel4 ttead bmadutat a@mmnnﬁntﬂmbef of titrtes aaﬁecdlmr&ﬂ erlsehl eneamcebn

addi t e or .a pl ural it C l,d anps 115 may preferably be
provided thtzlt %@ﬁlﬁ%ﬁlogfe?%‘ ‘lfe%gl "de of the apparatus -27 seen in
Fig. 5. Wen the Ewn‘thcﬁmﬁ)néiamanht apparatus of this embodiment is used,

the mol d sur facesyanie, il Aflalamcach (i LAg, IS SEAld Peangral i on i's

per f or med. Al ternatively, a relatioh between s the 5
resi n- seal i imyenpeonasi describeducEessi Xﬁe&?%@ﬁétmﬁfm@ﬂa‘ﬂeﬂfﬁ S‘t1 Cfol d surfaces

and the relgg %ﬁﬁbht%ﬁpmu@ﬁbﬁx%bﬁtﬁ&fﬁ& &Qh?@@zﬁb@&ﬂnbﬁ@@hbwhﬁ@ﬁldi the

surfaces m e irradi ated rr the resin:sealin on i one .a -
15 gpp aratus 1s 1ncorp orateg gat af‘h goéllment

has a characteristic that the surface treatment apparatus includes an

in a resin-sealing appa 15 em
evaluation mechanism which optically detects the state of the mold surface
to determine whether irradiation is necessary or not.

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

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

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

An operation of the surface treatment apparatus according to this
embodiment is described with reference to Fig. 7. As in the suxface
treatment apparatus of thethird 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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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 Enbodiment Wth reference to
Flog. 7, a fourth enbodi nent of the present invention is described. Fig. 7
is a schematic front view of a surface treatnent apparatus for a nold
surface of this enbodi nent showi ng that the 15 apparatus is incorporated in
a resin-sealing apparatus. This enbodi nent has a characteristic that the
surface treatnent apparatus includes an eval uation nmechani sm which
optically detects the state of the nold surface to determ ne whether
irradiation is necessary or not. Referring to Fig. 7, a sensor 119 is the

eval uati on FEGRARLSTBINIEY of Sviels! 0T ad aLDonFtathdm sbasr bi9 thleulgbear d and
downward directions, detects reflected ra&i'attli‘ﬁn 121 .x)\gi Cﬁ]reiﬁtéﬁ'?{r%td on 120
reflected ftonrelberianst i camprEzEhe cAlCUIAIEH SELeHAFEMH GrP IS8l é

rafJi afi Ondlgéffe En&IW Alhed '}%b@édi@élgpér%@iods.cg’.d,etfc;&idxeof mfb?z,teémddmCBmmr es the
cal cul ated reflectance w a redet erm ned _refer . 119 may
be an opti cémn@ﬂ%gﬁﬂ%f’%g@%@fﬁgﬁ‘nﬁﬁ% FOWB?HQQE%%&@%&t@?bﬁeg%? Adiation,
infrared ragiatiQvePbrdrdsSialue Amobeshhiahbpthe bensurfakeand eatatentating
apparatus according to this enbodinent is described with reference to Fig.

7. As in th&Mbrface treatnent apparatus of the third enbodinent, a |anp
unit 114 is noved]f iRedalkul &edabfvttanegen egasl fosorhigherdhin thegladerenétose to

respective nold 30 surfaces of a pper I y a
nozzle 112. VoS Feﬂglpc(iﬁe?lenrsgﬁgt]rgsd)et%ﬁrén”%oegitgl gg_ﬁﬁg%cﬁn%]ﬂ avfggiégc%%@ggnd
110 to em tinrta@isahicost thaGnbhl Lntfhceofelstiee tpaaicitaidtdtaandtbiugigeaerdtéhs and
t hen tect reflected yadiation 121 .whi .Sy =adi ati.on; eGhedifrom
- 28 respect i%sgﬂrai g’gi%gh ’f"r%%l%%neégcfg@k g%gl?ll_l ; Ifﬁédtogglr&gqg’err\aggir)kdliﬁ

cal cul ates rehernetd actanne wmtddIpartbonhemitieg radedh e riRRATIRCE Weh a

predet ermned . ef |48 -1 BasRaGhiMS ORI 6908] Afsidakalihigon of
refl ected raal:ﬁdah%%g‘%g,mga#gm%f’gg o% tﬁe refl ectance and conpari son

bet ween t he orefrhtiondscersedmitt he reference val ue may be shared by the
sensor body and a ©gligy @hkPBandNifithe 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 perfofmed.

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 app a;atus of

30 this embodiment, radiation is emitted to the mold surface with lamp unit

114 being stopped. Alternatively, the radi_ation 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,

-29 .



If the calculated reflectance is equal to or higher than the reference

val ue, for exanple, sensor 119 determnes that there is only a slight change
in the state of the nold surface relative to an initial state and thus
generates 10 no signal which turns on an excinmer |anp 115. Accordingly, |anp
unit 114 returns to a waiting unit 102 without emtting radiation, upper
nold 103 and | ower nold 104 are cl anped together and nornmal resin-sealing
operation is carried out. On the other hand, if the calcul ated refl ectance
is lower than the 15 reference value, sensor 119 determnes that the state
of the nold surface changes relative to the initial state and generates a
signal for turning on exciner |anp 115. According to this signal, |anmp unit

114dl rradi agc%%df to {Hd fbself BM%tlbnﬁ@CBe@tsbt)m19lnd.eitemnatieteh/r iased on
condi tions

I rTadl atjon nd t hereafter return i 102.
Then, nor nbite Fassil hﬂg@‘aﬂ“ﬁ’ﬁl HHRASH DHCh EorﬁﬁhPBF‘ %“ ergﬁggf% above,
the furffcﬁehba ffﬁﬁte f@igﬁ&ééidtﬁorpﬁhﬁlfélt&le lenﬁndnmatstflemear% ks, mbl‘aagﬂ on the
result of Optica uatj.on of the, sta e_no u et her or
not the nobBesd, @e esr%déaﬁén ' F%F@ﬁe‘ﬁﬁﬁﬁﬁ%iqlﬂg W 1%1{'5 \ﬁﬁgAtc%g(;r di ngly,
an ef fsect %ﬂs!fhhé‘é féﬁr%itﬁfat@ﬁm:ﬁi/ﬁoh ﬂmmhﬂrﬁﬁ fourekanple meay bem’tetaqmm us of
the third o] nt . 1s |ned addi i 0
emtted to B‘%ﬁgﬁd éitﬂrtflé(b@@ %fw&lhyr %voalggﬂb{lihggg}sléegﬁﬁ{a%g 0? sur ace to
return to theakeiliyed co’ﬂs&a\d&,abllj‘lehmgé@ rejasté tctleanytiabftatee thesi n-sealing is
further inmproved. According,to he f ment
appar at us aFradagti ?‘Hlt{smél?ﬁ%gp qeégfa?l:l(g tﬁ% S%f C?%é%tl% r?ﬁl? Itrf%? surface
with lanp uaydr tolﬂeltubﬁltaghehﬂnpﬂchtam ternativel y, t he radi ati on nmaybe

itted to th d
whet M or not  NEwOrd upr e GupBHR stiteof ihe mAuRiMGR% by %%IFE‘}%S‘E?L”I e

result of ema;betaiueoreﬂnctsmm‘f alpiirahty @fnamtsvéq) ﬁndbaa%léﬁoiﬂf wheEe Byl t of
eval uation by, s %%Irmoﬁgﬁfﬁ%ghﬁ%lg&stcf tHe a@gétéﬂég‘i@e asdt MOrdﬁ(ﬂgﬂpd of tine

for irradiatro IS sta novi n when
t he radi at iroakes aamvmludh@ﬂlhaéedlﬁ’é‘ﬂ i pr |°$C¥‘B%§eﬁ&het%v§rggﬁlOgﬁé%ce f or
irradi ati on.aRgtdNQsidd HHARLEE E\félhaﬁéﬁfhfﬂs@dmyt}ﬁemﬁkﬂagem Adtbrnatively,

15 the reflectance of a point of each of cavities 107 and 110 th_at 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. Alternatwely, 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

supplying gas. o
Referring to Fig. 8, nozzles 122 are provided to constitute a jetting
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Specifically, if it is determned by the evaluation that the surface of a
nold release | ayer considerably changes relative to the initial state, the
irradiation time nmay be extended to allow the surface of the nold rel ease

| ayer to return to the initial state. 10 Sensor 119 may evaluate the state
of the nold surface by calculating respective reflectances of a plurality
of points to find any point where the state of the nold surface changes to
the greatest degree and accordingly nakes an eval uation based on that
point, or calculates the average of the reflectances and nakes an

eval uati on based on the average- Alternatively, 15 the reflectance of a
poi nt of each of cavities 107 and 110 that is close to a runner 106 nay be
calculated b S|n t [ I

ctate of et dn R T ede PEE BT e d AuENATIA B o BAS AL L0

enbodi nent , mmmedmr emahmlbato@cteméfm resgtestive candersoyffakearp tupat T14

fl th | h
el oot ance ala D OSIG RaEs: Gy tlicointh ?2?*83%9%‘@%%&?935 2

pi cture of damgruaitn rPétgnonhlsﬁmZZb(h?ﬁalaelet gﬁgclsraml@a@@@e o may include
a CCD caner { | e
5 020 S 450y THO5 IOGFIEL b B ity bl pdogmoe

density witHonexaplenisemdtebio is Fagﬂmﬁ Eﬁ%tﬁﬁmﬁtwmﬂd@# @%@%Ib Fig.
8, afifth 5%%?9 | B 1?5 atnr?iea?&@éxeﬂltold 'Tﬁ@”t LAOHeat'e§ 1Q§%altﬁ?§imé:ch9m§n' s a

schematic f Vi ew a surface treatnment garat for nol.d surface
accor di ng t @ronvideceonEaisrine 1ZRAVALWGER 1BAS SOHECE 49D AN, Y&lv{aslz‘lrf@llﬂ%d in a

LeSI n-seal i ng¢ARRAr %&é‘ﬁz@ Qo %%feﬁe%%hlﬁﬁﬂftéﬁﬁae%ﬁtdﬂee@t@ﬂ@o °C Tédpsalegsbodi ment
as acharacterlstl at th a t.re n ratus, for th | d
sur f ack) has moHEBEdRMNATEE ?&n"@ ‘QH& PIRg rg‘s}ﬁ %ﬁglgﬁs-ﬂg P? r% |
nozzl es 122 ﬁ&n@r@%tﬁeﬂub@@mow Q16 of 1pmipt wing }Mtdmhamxm’mcmﬁmct ed w a
e P S 0 a5 R 122 PR B o e
centers of tdiecdlapingtsiccBuahdodlhnt bk twabesur f ace of the lanp unit. From
this nozzle 122, adet, Bf)sﬁglse QA% it P PR P hiBlogen gas 126 to a
15 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 Peltiex
device may be provided near translucent window 116.
20 The surface treatment apparatus of this embodiment provides
advantages as described below. First, the effect of activating the surface of
a mold release layer is maintained, since the temperature of the mold
surface is kept constant. In other words, nitrogen gas 126 heated toa
predetermined temperature by heater 127 is jetted to the regions near
25 respective mold surfaces of upper mold 103 and lower mold 104 to allow the
terﬁperature of the mold surface to be kept at a molding temperature. Here,
the effect of activating the surface of the mold release layer by ozone and
active oxygen generated by excimer ultraviolet radiation is reduced if the
temperature of the mold surface decreases. Then, as the temperature of the
30 mold surface is kept at the molding temperature, the effect of activating the
surface of the mold release layer is maintained.
Second, the illuminance of excimer ultraviolet radiation on the mold
surface is maintained. Specifically, translucent window 116 is cooled by
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5 suppressing attenuation of excinmer ultraviolet radiation, nitrogen gas 126
for exanple, is emtted to the regions near respective nold surfaces of an
upper nold 103 and a lower nold 104. A heater is a heating mechani sm

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

nol ding tenperature). A cooling pipe 128 is a cooling nechani sm pl aced
around a translucent wi ndow 116 of lanp unit 114 to cool translucent w ndow
116 to a predeterm ned tenperature (e.g. 120C) or less by circulating such
fluid coolant like water. If it is possible to heat emtted jet of nitrogen
gas 126 to a 15 predeterm ned tenperature, heater 127 may be provided on gas
pi pe 123 nea each n | e [ ched
closer to T a‘%% %Sw%etélgtvanﬁ?g’euq/ﬁl %2%’ cggeﬁﬁgtr%?pe 128,
such a cool wlragsmrmprmmﬁﬂmtl theetrangmissien fiagtopd eptre@\seaéa thear transl ucent
w ndow 116., 20 The surface f(re ©rag provi des
advant ages WH@@?HB@?&I 5EPHw. i rs’tthgIOCFEQI[‘Q'HE%U)SII f#@%lcs:(t)l vat ?lrgg% Y ur f ace
of a nold wehéewel 1Gicemaistamedbyicoekng $tansiucens windssy 216 %o‘f ol d

surfac t .const L¢P Q@@E@gﬂsto a
predetgrm' n ?ea’?ﬂf}}e %’(& %g??%?r%éﬁ %ﬁéﬁltegﬁ%pets%le r(Sagl ons near 25
respective mﬂldt&mrefdaces of upper nold 103 and | ower nold 104 to allow the

tenperature of thﬁ%@kwge S&th &»ﬁ%afxﬁ@:ht éf)péra[fﬁls%vf@acﬁ%mm@bw@ Her e,

the effect of act ace 0 rel e Sg_{éozgne and
active oxygdrsogleaeulandmdayle@i&,lm le,12%.demy Téflltr]a]tﬁ @an ﬁar}sg rlr-.lt? Y PP the

termerature %ﬁ%?&l a a@ﬁbéﬁiﬁté efpendbadmepb the
30 nmold sur ace |s %DA %Bﬁtcﬁegﬁ | ; b}ﬁfg ﬁ&)&t he effecil of activating

the dorf acemdﬁedha‘odﬁrca 16| @é@seéielréy\grg an y
I 11 um nance ?cfua%iﬂffdsfﬁlﬁof”té 1@&\&1@# of arsuthisedaite randrsuﬁseqmmo anlo‘aahng iof a

B po. 128, - AsmeldedorSaY. heraBtPoEiae RN o Ryrnlt reR B S ohas
property th %ﬁerfd&@néd anghk $goldrsurfadeds thas retseedds thlaemtu@nﬁé\lt%tml Be
| hereases. %ortert;péanéé 0?§1mésgh8%t aaﬁltg% r%erﬂe"ﬂ&?! ucent
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. Altexrnatively, 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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wi ndow 116 is maintai ned by cooling translucent wi ndow 116 and thus the 5
i1l um nance of the exciner ultraviolet radiation on the nold surface is

mai nt ai ned. Regardi ng the surface treatnment apparatus of each of the above-
di scussed enbodi nents, nozzle 122, lanp unit 114 (and sensor 119) maybe
attached to a transport nechanismfor |oading a substrate and unl oading a 10
nol ded product, i.e., a |oader and an unl oader. Then, in any of the
situations prior to | oading of a substrate and subsequent to unl oading of a
nol ded product; the surface treatnent of the nold surface is readily
performed. The nold surface is thus returned to the initial state in a
shorter period of tine and at a hi gher frequency. 15 Both of the upper and

| ower nol ds 103 and 104 under t he syrf : naedd vely, the
nol d surfab%aEPhéayﬁOoﬁﬂzsuéP%ﬁﬁgéga%?%Q%;&e%%%gbo tLu_e1 s CIr?ail(i:%ljtreat nent .
Nozzl e 122f5 bl tht mddl Safigceseithont Thepwmgsehe grovragd ¢ or the surface
of only one of the upper and lower nolds to emt a jet of gas to this 20
mol d surfaé@?a%ﬁ’&tgxci mer ultraviolet radiation and eval uate the sggt e of
the mol d surfaceThlNmbhd desaitad sora is Ued for aepingelectaome SARPIBRELT 119)

may be inverted as regquired. The.dis . E'%‘iﬁﬁﬂ: x&htHer( Xe) only
i s us& heMath 588151@neﬁé@@%ﬁﬁh&b%ﬁ%?%?%}‘%?ﬁ}og% at on.a%%\?ter natively, any
di scharge gasds26r ealfigtegnat | east one of elenents F, Ar, Kr, Xe for
exanpl e may be ussgd. #1 éh'.s case, excinmer ultraviolet radiation having a
si ngl e peak wavel ﬁE}E m Ebe[nfor t he wavel engfh_of 172.nm artiﬁcul arly a
singl e peak wavelWidi tefesdmetteFighadr1172 sipth ¢I§b6@ﬂ%¢%%ﬁffgge9£qsle;ﬁccordi ng
to the descriptj.on.abgve.. EasRe! olduéad forda r&inviebhingghe

i ntention df‘v%étrlﬂﬁ lﬁg)eﬁ‘é)ab%g?%@%%g} ni ngg,ggﬁ%rrpl e. amount of Lel el ease
agent1f or epsparatgs.t hEig & isassthiemaic fﬂﬁté’#?\‘ﬁtq?\?eqeﬁ}n'ﬁﬁéﬁpﬁfgp a'rl[? ormed on
the nol d sustage.my t‘i{kv‘?ﬁiﬁﬁ | Carkibighafp dratupbetached thyetoor the 1ike for
ensuring th T &l easabi iI'ty. Th a '

appl i ed to ensur eRefearing @alSgbP 2 f@%ﬁg@ﬁgﬁé‘i‘%@g :1§g§%hh§%|d%r thf% (Z)r WES
on the mol d. st Lach W ddipithtddRrAvadogea efrcaitsurardgvithelectronic
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
2058 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 s§cured to the
upper clamping plate 205B. Movable lower mold 208 and statlonarsir upper
mold 207 compose a mold 208 for sealing with resin. The resin-seahr%g
30 apparatus further includes a tie-bar 209 connected to the main %)ody via
clamping plates 205A and 205B. The resin-sealing apparatus mclud(.es a
bottom base 210 constituting the lowest part of the body of molding unit 202.
The résin-sealing apparatus includes a mold open/close mechanism 211
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rel easability. The nold descri bed above is used for sealing electronic
conponents 5 with resin. Alternatively, the present invention is applicable
to other nolds for nolding resin. Sixth Enbodiment Wth reference to Figs.
9-11, a sixth enbodinment of the present invention is described regarding

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

| oadi ng/ unl oading unit 201 is provided near the resin-sealing apparatus for
| oading a circuit board with electronic conponents nounted thereon into the
resi n-seal i ng apparatus and 15 unl oading a resin-seal ed package therefrom

Further . a ik flciolnirto20R mite RIPY] dechingalahBeng prite-20w2l ipwaagpar a us
for sealing e circurt (_)arngi avi ng el ech{onl c conpopent s nounted 't hereon
with resin.dowouaichgy aHbwaag mypviable lovoer metd RBE dp ageend or doscedhstitute an
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apparatus. A 20 cleanirig unit 2

20 « 4 15 turther prow&ed near the re i{1-sealing
appar at us toyhindritad spacd é@ﬁiar@u@ﬁﬁaﬂéﬁﬁo‘f%le&%% SR HyPAt §Hé§€? bed
| ater)s used,f, rowlfsid{061?1'00'51%51'0%9M@@.U@hgﬂ@qiﬁ%%laﬁn%@dpﬂﬁtﬁ@par atus
I ncl udes cl anping plates Z%SA ndb%}gOSB for, securing a novable.l ower nold
206 and a Snanidshaeyiappel Saand 2 b Paovided JESR RIS SAFROVARE MWEE | ng

appar at us i 6] 1sles ahldl stafieMab) Sppemaiol A0d tAOE ase@dck §padenatod axgeh cl anpi ng
pl ate 205A whjch 1s provided to.,freely ve up and do s wel |
st ati onary mghed rﬁﬁurwszet?e%@urgae%swrﬁ{% P2AHP M ﬁtaec%ggg' Movabl e
| ower nol d RRGhaRGIsEEE téFielp ot of ok dbl2Qéweonmpade2G6 mids 20 aker seal i ng
with resin. The resin-sealing 30 a 41s further includes a tie-bar 209
conne (fed tWOt"Féeq?r’é% ﬁtwwﬂw%‘ﬁﬁﬁ% pl ates 205A and 205B. The
resin-seal i ng appdioabsiser] tigd rebgs-sealihgtapymratisei@lodevagriderand Ibhe | owest
Dol & operieenotd Bkdainea e &h“‘."lihhf%ﬁ'i2293213%?@@@%23@@?%@%%%6%0'm‘isieﬁg
cl anpi ng pl miobdi2@5énit (B d Tire xesin-sealing apparatus mcludes a cleaner umit 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, Kx and Xe is enclosed, for example, xenon (Xe) is enclosed. The resin-
sealing apparatus further includes a translucent window 219 fitin an
opening of each of the top and bottom surfaces of cleaner unit 217 and made
of a material which allows excimer radiation to pass, quartz glass, for
example. In addition, the resin-sealing apparatus includes an exhaust pipe
25 220 provided to on the top surface of each molding unit 202 and connected to
an exhaust mechanism (not shown).
An operation of the cleaning apparatus according to this
embodiment is now described with reference to Figs. 9-11. Fig. 10isa
schematic side view of the resin-sealing apparatus shown in Fig. 9 showing
30 that the cleaning apparatus cleans the surface of the mold with excimer
radiation. ‘
When no resin-molding is performed by mold 208, namely movable
lower mold 206 and stationary upper mold 207 are separated from each
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downward or all ow ng novable | ower nold 206 to ascend or descend. Further,
the resin-sealing apparatus includes a pot 212 which is a cylindrical space
and a plunger 213 novable up and down in pot 212 that 5 are provided to
novabl e | ower nold 206. The resin-sealing apparatus includes cavities 214A
and 214B provided respectively to novable Iower nold 206 and stationary
upper nold 207 that are each a space into which nelted resin is injected-
The resin-sealing apparatus includes a cull 215 which is placed to face pot
212 of novable |Iower nold 206 and is a space 10 provided in stationary
upper nold 207. Mreover, the resin-sealing apparatus includes a guide rai
216 secured to | oading/unloading unit 201 and cleaning unit 204 to pass

each nol dlo@He%uéaI?@@unﬁmvrl%%hav@@ald gl 256 LRehHTIBD] Aing eater unit
217 for cI eam n surface of 208 by. i ng exciner radiation
to 15 the B@éué‘#t #bT & sSopretd %B%%lﬂpgé’&hﬁcm%‘ﬁﬁﬁ ¥4 ncl udes, in

the Clt ean%gﬁﬂhéf ﬁ'ﬂe7 mo‘PdD §uﬂrac@ oPeHERLE hyov%fble(z Idgﬁ%&nbt%vbs aﬁ'xelssttﬁtl%ﬁaky ngf
appar at us XCi S e on e sjze of an
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}:heZO@,&CI m&hxb@@}ﬁ) tﬁéﬁsludéﬁﬁﬁ@xﬁmmg C@Heatﬂl@tmeaﬁetm&ttrﬁﬁslmﬁ?t he el _(Ia_hrrent S
r, Kr. ose enon Qse e
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of a material whigch allows.exghne adi ati aon S t I for
exanpl e. I n addi tjlg(?ﬁ d??‘r’é%sﬁklﬁéﬁ?%e%p o}%a{gfgglafg&h%ggﬂ; gaarﬁ‘@le@ust pi pe
25 220 provhhdeelebcmmen: tdmps G@Bsuﬁcaumhnglyeaabhmtmtuetglampﬂléw hiwhdugasnnect ed
an, exh a 0 ppar at us
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Fig. 10 is wavs]ehgrlrht(pea]s)mfehﬁam ofThmexmas&rrras!eammgs shws eaxitied shown in
Fig. 9 ShOV\ﬂH}ngg éa[&ittrtaﬁ%fcleﬁﬁ%ﬁaom ﬁ&é’&}?b%ﬁeaﬁﬁe sl fakefflestore ol d

w th excine resin-no error
namel y novaorablelosremmpll 206 %@F&Pﬁé&ﬁé@?eﬁﬂﬁl Zi-d eﬁ?’égys‘gfpéﬂ%t ed

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

25 of the apparatus. As the generated ozone is hazardous to humans, the

| atmosphere containing the ozone is also discharged to the outside of the
apparatus by means of exhaust pipe 220. After ixradiation 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, 1.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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ot her, cleaner unit 217 is noved along guide rail 216 toward nol ding unit
202. Ceaner unit 217 is stopped at a position. which allows a desired
region of the nold surface of each of novable | ower nold 206 and stationary
upper nold 207 to be irradiated uniformy with exciner radi ati on passed 5

t hrough translucent w ndow 219. The di stance between translucent w ndow 219
and each nold surface is preferably as snall as possible in order to
prevent the intensity of the excimer radiation fromdecreasing. A
predet er mi ned hi gh-frequency voltage is applied to each of the three
excimer |anps 218. Accordingly, each exciner |anp 218 which uses 10 xenon
(Xe) as discharge gas generates exciner radiation having a center wavel ength

(peak) of 142 Ry rIBRENCH PN AGirRlé Bak Svdlen €N, td ik éﬂmgvgh each
transl ucent w ndow 219 to eact&rp(;{l_ resgectl ve nold surfa(ﬁgrsho ] rmvabtl e | ower
mol d 206 arfPoyessiperaRgienppardbMEbpROORRNIRY  BITBFlARY havpgprenter

radi ation .hﬂrﬁi/élgnig’éﬁ ofaYeIHRat Bukh o attek lRIchSt@the raldeundack 85 t he
center frequengy a the_cgpltler, i i a vel engt h,, brea sfthe

. |
chenical bo¥fdigRe ghiesyais %H@%PY%@%%%%Q%&' b PROSIHERERO! such

an orggnic fpeeri al as resin residue. The firmess of bondi ng between the

nmol d surface and the, matter . Ling to t.he ld s ace is ,t.hus ened.
Irradiation with éﬁélwwggggihﬁﬁ% e?‘%“%%fﬁt%i"?ﬁfeg.igﬁé‘h‘?"egz%ﬁérg“gga’( 03)
agﬁ at ons Oih%ﬁﬂﬁ@eh@ﬁ%@@?-sgahﬁgahfldmmmf l;' rragierigy, motd 208uhe
adheri ng matter th,the | es . firmess,; 0 ondi-na. 1. econpose
and accgrdi figeye Yﬁ???%u?ﬁgﬁddﬁgp%ﬁaﬁ%q i fhie ’f‘%semgsaenaﬁe)lrn %‘J@I%nat ng' isrrpt hus
removed froThthaosmsbfsledmag medd Mithistiofs extvaatedpi pe 220, the adhering
mat t e, nr enoved frgm the nol d _surf i i r ' j : f the
appar Zpus. As theﬁ b‘éﬂ%ﬁra?aﬁxﬁl%%el%%g%gaira g%tﬁ;%l ?’ggﬁtér?afnog% ?tl:}e(ﬁltgﬁpm%ﬁ?ere

cont ai ni ng pbﬁodmtﬁmbné,sredhlstiodi@(chaeg@m@Dtsnmllﬁm%iaééVQﬁ ap lCregpd s by

means of exnfggfe%glgetrég%prﬁdmegré ragadiygdion with the excimer radiation is

SR G R RO
surfaces, ij€cleanb@%ReRiy/AuFied Akefiak dd@rhapepart of pot 212 (not shown
in Fi q 10), cavi #}i}_}gs ﬁiAA gmd 21%&, C ltg i:ig@ﬁnot sha(}vm é n g{g 10) and a
resinlPassage cofrgnt EE{ItERISER %‘ftt‘g § BB ARRx318s gf IS, | 44i at ed
with the embodiment as compared with a conventional cleaning apparatus using
ultraviolet radiation from a low-voltage mercury lamp. Dirt on the surface
of mold 208 is detected optically by 4 sensor and converted into a numerical
value. Here, a cleaning ratio of 100 % refers to the state without adhering
20 dirt, namely the state in which the color and gloss of plating itself of mold
208 before resin-sealing are detected as they are. Cleaning is regarded as
being completed when it is determined by visual inspection of the surface of
mold 208 that the color and gloss of the mold surface are equivalent to those
of plating itself. It has been confirmed empirically that, if it is determined
25 by visual inspection that the surface of mold 208 has its color and gloss
identical to those of plating itself, no particular problem occurs in resin
sealing.
Specifically, two molds 208 of the same type are used, and resin-
sealing is perfornied the same number of times by these molds in order to
30 cause dirt to stick to respective mold surfaces to the same degree. A sensor
is used to detect the dirt on the surface of mold 208 and a relative value of
dirt with respect to the cleaﬂing ratio of 100 % is calculated to use the
resultant relative value as an initial value. This initial value thus
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-35 exciner radiation having a single peak wavel ength, a high energy
conversion efficiency and a high photon energy, particularly having a center
wavel ength of 172 nm Such a matter adhering to the nold surface as residue
of resinis thus renoved fromthe nold surface in a short period of 5 tine.
As cleaner unit 217 having exciner lanps 218 is noved to irradiate the
surface of resin-sealing nold 208 with exciner radiation, nold 208 is

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

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

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

are achi ovedic APl afbn oW 2 o6loedns n_non- contact manner

nold 208 is cleaned wt ts surface réceiving. no Fi
illustrates an efftan. asfe effledmeamoktp hbaprmngdet atcégﬁ%m 8?%&%@1%5

conpar ed Ws"aﬂm@d%ﬁfb‘é‘ﬁ@tcﬂ@ﬂﬁ%d &&&%mo%@@émmhmndtﬂh@ameImﬂdrlgdI ation
froma | owyol tage nercu Dirt on the surface no) d 8.is

det ect ed opt¢anad hy i eéogé%féﬁn@n‘é}eé}éﬁd/erﬁ*’%@l"@lﬁtfd’v%m%ﬁ%eﬁ ‘?:tjallna 3H9B. Here,
a cl eani ng l,mrel Peofclejagﬁn%%ﬁﬁé &fhe diet @ﬁl%@gﬁfﬁc%mm 288hedetat@Dbgithé ,
nanely the state in wh col or _and sof Iatln |tself f nmold 208
bef ore resiffISERF} ﬁ@lC& dedereativg valug H%g“eaa’é Cpg ?s }Fe’&é?} ed as

bei ng conpliehsbrabere Bhring ideidanongd 189°Visudthé mpdmttmﬂmdomm anrface of

nol d 208 thatt the color and gloss of the nold surface are equivalent to
those of PH'E9WGSEself. It has been confirmed enpirically that, if it is

delt erm ned 25 by%yshuarh mnElrgeﬁul e t:lléalturtgﬁﬁaﬁolliﬂafeaseﬁ asrolecdin20@ tias | t; |
col or 0SS I.ae C to,those at | ItS [ probl em
OCCUI’]S@I n ?%%%Sﬁ fglé ‘i%@%t}@p‘&é?ﬂ%ﬁ(’)ﬁf@ %Mﬁ%@%éfteggﬁé ype are

used, and rdsamnegseald mg:or&npgéyﬂ:he ded 15 tnems»aaé smmbgrstq:f t Respediyvet hese
mol ds in Or&’%Rhts or %Pea%ﬁﬁg%f gh 5 eth*;&ﬁ:?%ﬁr?%'iﬁ? Qﬁﬁ{v&%xxﬂ’om cgeéh'lr Hefsgs to the

sane degree sens e surface of nold 208
and a rel athatd slgghidy smeven whigh poulddieedue to varatiomspAimeaTHEMENSf 100 % i s

cal cul ated to user}dif 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 satisfactoxry level even when twenty
minutes have passed. The cleaning of this embodiment thus provides an
effect supenior 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 1s
emitted toward the mold surface is 55 mm.
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resultant relative value as an initial value. This initial value thus -36
cal cul ated corresponds to the cleaning ratio of 66 % Then, one of the two
nol ds 208 having dirt adhering thereto to the sanme degree is cleaned
according to this enbodinment and the other nold is cleaned by the
conventional nethod. At every two minutes of irradiation 5 tine, i.e.
cleaning tine, the dirt on the surface of nold 208 is detected by the
sensor to calculate a relative value of the dirt. In any case, the nold
tenperature during irradiation is 180C and the irradiation is done in an
at nosphere. As shown in Fig. 11, the cleaning ratio increases as cleaning
time 10 passes for both of the cleaning of this enbodi nent and the
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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 épp aratus 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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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
bet ween these two cleaning 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 at uses. However, this difference in the 5 -di stance woul d have al nost no
i nfluence on the cleaning effect since the wultraviolet radiation generated
by the |owvoltage nmercury lanp is extrenely unlikely to be absorbed by the
air. The radiant emttance at the place fromwhich the excinmer radiation or
ultraviolet radiation is emtted is 15 mWcnR2 for the exciner radiation 10

o oo ¢ oo HRARE 1508 W8 I o RELBLLSN NI g7, ZFtaBily khom L he

| ow-vol t ag T80 Teans € exci mer radiation and
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th di at
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e r égar

W th referenc eani used for ?]brem n-
seal i ng appar at uéﬁlﬂh govablg V‘éﬁl‘smhb}r%@ﬁi énﬂrséﬁFODﬁWBPmE rolpdThedag) i ng
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1§ tawarndngy %@ﬁé‘i‘%i@l&ét 20 ugleaner ynab Al d s thep s1epPed RV Ag a brush
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mount ed r espadtddcenyr @adiftporapdsded thoough 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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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
havi ng respective | eadi ng ends touching respective nold surfaces of a -38
novabl e | ower nold 206 and a stationary upper nold 207. Further, the
resin-seal i ng apparatus includes a suction tube 223 provided on any side of
cleaning unit 221 and connected to a suction nechanism (not shown). This
structure allows the atnosphere near both of the top and bottom surfaces of
5 cleaning unit 221 to be sucked into cleaning unit 221 by suction tube 223.
The cl eani ng apparatus according to this enbodi ment including cleaner unit
217 and cleaning unit 221 operates as detailed below. Wth novabl e | ower

nol d 206 and st at,i onar ld; i BAE]l dcdedner thuiugh2thie and
cl eani ng un?Pgﬁgh%anﬁ%%g%?@égé%? eegfdz}l?%y Oigpy%? toward a mol ding unit
t
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nol d 207 to\égér 0 Qbﬁcbﬁg%fzsu%ﬁ%?p_y b%stlﬂgggg%éngs%ﬁgi at |rg((j)bn;$ii assgd e{wough
transl ucent wi ndovEhidigh the abose cliscussed oRppAicR AitaIrala %ﬁh&l Q , as
the cleaning_ 15 apparatus gt §L @TEROEILEEIR3 agxake@to kaffpcigddyenits
exci me ra%xﬁqi%%‘%ag%éhb%ss%gg%%ﬁ%ansl ucent vmandovi@tg%_? ant o,
respective nmehmbvesurdhoadserentsey seiidue SheesASs O PGSR A Y S upper
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firmess of ween nol d _surf.ac d aghernent.s to the nold
surface. 20 1esin pessageromnusiatinappth 4 Ygﬁﬁtﬁr%f%‘ﬁ%?c}éﬁent continues to
enit, as the cl eangpgiAppARatUThad i benwdction withadisenthodimendxopybe 2

o ket e ey kbR G e e | eooened
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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 apparatus1s

25 described as one example of molds used for molding resin. Alternatively,
the present invention 1s 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
917 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, 1.e.,
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30 instead to the | ocation between novable | ower nold 206 and stationary
upper nold 207. Then, brush 222 is rotated to physically renove adherents
with firmess of bonding | essened that are not volatilized by the exciner
radi ati on only and thus remain on the nold surface. Suction tube 223 -39
sucks the renoved adherents in the vicinity of the nold surface through the
netal nesh nounted on each of the upper and | ower sides of cleaning unit

221 and di scharges themto the outside of the resin-sealing apparatus.
Through the above-di scussed operation, after irradiation with the 5 exciner
radi ation, brush 222 and suction tube 223 are used to sufficiently renove
such adherents as residue of resin sticking to nold surfaces, i.e.

rospect | ve SHEBRER 0 POl othere 6 th%gzawa@dwngzla;b@ufﬂamﬁad and the

resin pass cavity 2 an Y';jlr @15 rush .222
descri bed |suﬁﬁnmr3¢ymthamlm€trma§h@fh%dlﬁé¢ﬁl ypiheetieq ¢ige é’ﬂ‘?‘ﬁ&gbrush

L t 208 &Kl
|r ﬁg![ gggcgf | SE %H.ﬁgﬁeq{ts leiﬁgﬂﬁe dF fegﬁl FrloRs 1 sufh&d b@old a lmgarque y.

I"0W ng nec anlsmemttln et of sure
gas toward the m%mﬁaué%ﬁyﬁrﬁbd@ﬁﬁ%éal gaé(abé)}mor‘(l g‘nm gﬁué’%lé(ul?e gas
em“eg to fhe, gg?%;ﬁor%xfeﬁ‘ﬁ?rédﬂb@b@%laﬁuraf ¥esioaddtes ardter Yo exdmplé bymess  of

bondi ng | essén at are not vol atili z](deﬂB % t he exci me;l| radl #?"t gnl y and
t hus remai nswehtchhe Fusthes gachdine Aoedpo IBEATAGSHYS 6Y 08 etsdy e Bl owi ng
gec hani s 31 E,{quﬁp% ﬁm@lgg {acmaRYeda pﬂeﬂ@ﬂalfrﬁ‘hﬁddmhﬂnbbmmﬁ tigvesy a]@.aaner mrllt As

| scussed above e cleanin S 0 enbo e
exci mer radPa¥ian eleasing %?Mfg‘ %Ovegxfhﬁgeﬁal%guﬁ%’%on&?dsu%t i on
tube 223, tggtgglg%fcqjﬁeiawoﬁh t he Iessened firmess of bonding to the

surface of nold 2 |d surf g [ 8SPEGE Ve
resi n1feal i ng appgﬁ%@%n‘?@ngﬁa\%ﬁ Suaﬁ? aﬂeﬁblolg??rré\;ﬁgém 1?r%l d 208 for

the resin-seabidis, eppppRIximately D5 ﬂek&WCbb&l sdseatpe. ekatpisestote.iUStised

for nolding resin. Ate natl lyy, eﬁaﬁin@so
general nol ﬁ@gw‘%tr" OGN BY elgtleé%y #ﬁ(ﬁl& E308L Yy ﬁrhéa%ea G Y

e c ean| nérﬁgg par at uses o i‘?ﬁﬁl h and
sevent h enbofboadise oﬂedheretma vabbvespesidodhe qeer$AMALY e CI
llanp 218 to,gmf 1€ T, effect of removing adherents from the surface of mold 208 1s

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 fime.
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, 1s
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 40C
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excinmer radiation to nold 208 for nolding resin. Alternatively, cleaner 30
unit 217 may i ndependently be provided to emt exciner radiation to

di snounted 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 subjected 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 exciner radiation. Accordingly, the effect of
removi ng such adherents as residue of resin fromthe surface of nold 208 is
i nproved. Cl eaner unit 217 and cleaning unit 221 maybe noved manually by 5
an operator as required, or by manual operation of a notor for exanple by a

switch. Further, ;each ti - d] pr, i ; af-{thout he
nol di ng pr o&¥&8 W}ée%g}ﬁﬁhﬁggggl%&g@%@f m(%%%ﬁ%lﬁ%ﬁ@%%@f) ﬁrr‘frgbsh,S(h(r?ld aneauuni t
217 and cl eahengallyidaraagingayotvenlyunetr] mortiagatisg t F]f,rﬁ“}tsb‘?ﬁﬁerf’? &in
automatic p%?%%ia@&iaﬂgl%bgb?@% hest. ol ding resin is usually heated, in the
resi n-nol di ng ~ process,. 10 approxi,mate 175C -180C : S
state, exciner a8 %fdlélﬁnnﬁwgleér}?m%b.& I%afh?iuﬁﬁ%‘£¥n§’§| ﬁg%tgﬁﬁﬁ%éhés%

heat ed, 5 t he by ﬁﬂ;ﬁmﬁ@@n@fm@mﬂgm@@-ﬁdmem wolbige rdspeca httghffgrﬁlwcﬁ
surface is no i ke to be e . 8 i erents
fromthe sur@i@@e&“aﬁéeda _ ecllgo. %EC eegéae %ﬁ%gﬁgﬁéﬁéﬁgﬁ?ﬁ%b?ﬁgal eani ng
time. |f cl cowenennadiaion wigrmitheripendEnthis gse mash; Heg t&’@lé‘ﬁ’?? R

r ?di ati ont t oorgitﬁog:é%tr ogrglggir%%g&diﬁﬁbﬂ ll%@s%n@&he_lfﬁrm@gst e(_ffhomﬁhgrl:teléweehg
cleaning tineg. on no 0 ing resin [ ed,
but al 50 a  WierBUFeCteRs AOWPORCDE LOPE ALRRRCG LS FonPitashSEatieL i, 2A2

t her eongmay cz3Qeb@zbne #0bpdmd aviivé orxgémetomatid act omadhgrrienvEnders8laty to

the circuit Ff@&ﬂgaﬁ&lhgﬁ renoved. In this way, the strength of bonding
between el ec o

ron conponients and the circuit ,bgard, is Lnpr and
further, the reli&gkanarymt 247sedikere eohse ?Prba_é\%@nnpltd%g%glaeqt r.oni c
conponent s aétﬁng@xh&@ﬁ fopesleahetlhe Adtaraativelnar dpaher upKamayee M yasighlopy np
connection, |s 25 inprqved; ;. e j S Al Sedle AGiatibg tslonengis nod
bondi ng bet e?f“fﬁ “Ci Pc%}qugga?ydeege h’r%?g ?dnégnftg?iglnﬁi%éai npr oved. ¢
Accor dithgl y, basnwarited tip emis ragiatiamice $hfenteri ng a package, the

reliability of theTpacka@aBet 8f 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 (Cx)
25 gas has a center wavelength of 146 nm, and excimer radiation gener_ated by
argon (Ar) gas has a center wavelength of 126 nm. In addition, excimer
radiation generated by krypton/chlorine (Kx/Cl) has a center wavelength of
222 nm. Any of the excimer radiations may be used to clean a component to
be cleaned. |
30 Although the present invention has been described and illustrated in
detail, it 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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enhanced. In particular, for such a conponent as a circuit board which is
likely 30 to receive danage, the non-contact cleaning by neans of exciner
radi ation prevents the conponent to be cleaned from bei ng danaged. Exci ner
| anp 218 generates an extrenely small anmount of heat, and thus the
tenperature of translucent w ndow 219 is approxi mtely 40C -41 even when the
lanmp is illumnated. Cleaning is thus acconplished without thermally
damagi ng not only metal plating but also the circuit board made of a

mat eri al s%ggfptible to heat. In addition, excinmer |lanp 218 may be turned
on/ of f aneously 5 by applying/interrupting a high-frequency voltage.
Then, a high-frequency voltage nay be applied to excinmer lanp 218 in

pul sing manner to emt exciner radiation intermttently. In this case, each
time the lanp is turned on, the energy of excimer radiation | essens the
firmess of bondi ng between the surface of a conponent to be cleaned and
the surface of adherents, and 10 causes ozone ((3) and active oxg en at ons
to act pn adhergptseVirkAtheasePOdrabontimg nddldrevedsce of eameld uApe 1217 used
here em'ts radiation to both sides of a conmponent to be cleaned.

Al t er nagioY@ing red i) @anger forintedray swxidltmedswafpenbeing birateAder ' additi on,

the cleaner unit emtting radiation to one side 15 .be inye o emt
r adi at i pargesebut ¢n Birdes relpss ahilibefron W i'?r%&l §|gr§%ge 5{& fesméggé"ggr}% ately

i ncreased/ decreased dependi n n the siz . a Os bl mleggipd. For
exanpl ePOIthOIék‘G}"rF@rmPEF&ﬁa’teiSH% Fﬁ’s“’%rﬁ%tctuéﬁgtrgggl %:[gér@ce{rgalméggﬁ%rre of the

circuit board,, a single L | AN, WERYP 80 8P Oyfflprising nol d having the 20
mol d suf$HedIoPe s ‘é?redg%r(ggﬁfgeétlo be cl°egned, an increased nunber of
excinmer | anmpg, TRy, 8 tbeeMecR8niaf el tingi schargelgesyiolatstashation xenon
(Xe), another gas maybe used. For exanple, exciner radiation generated by
f1uori nga¢fg gasrelasibad ceant ew avalel ghgtonsoft msll anfiagRcARer radiation
generated by krypton (Cr) 25 gas has a cepfer vel engt 146.n t@ﬁg
exci mer radi atitoangesrdraedRby ™ BOYORS A ”éég},\aﬁré%“g]%eh%tng%mv\gbvzllgeran&bt

126 nm |n addi iorl, excGi mer
above said mold surface,

of

said irradiation mechanism emitting said excimer ultraviolet radiation

ander an irradiation condition without causing said layer formed on said mold

surface to peel off from said mold surface.

2. The surface treatment anparatus according to claim 1, wherein

said center wavelength is 172 nm or less.

3. The surface treatment apparatus according to claims 1 or 2, further
comprising a jetting mechanism emitting a jet of gas having a property of

. . . : L. vinn near
'suppressing attenuation of said excimer ultraviolet radiation to a region ne

said mold surface.

4. The surface treatment apparatus according to claim 3, further
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radi ati on generated by krypton/chlorine (Kr/C) has a center wavel ength of
222 nm Any of the exciner radiations maybe used to clean a conponent to be
cl eaned. 30 Although the present invention has been described and
illustrated in detail, it is clearly understood that the sane is by way of
illustration and exanple only and is not to be taken by way of limtation,
the spirit and scope of the present invention being [imted only by the
terms of the appended <clains. -42 CLAIMS | . A surface treatnent apparatus
for a nold surface of a nold used for nolding resin, a layer fornmed on said
mol d surch AR Naiend hb b 8akedeERinidne heRUMRPOSA] @fs.ensuring rel easability,
fromsaid nold surface of a resin-flowng portion where nelted resin fl ows,
of cured resin generated fromsaid nelted resin by being cured in said
resin flow ng portion, conprising: an irradiation mechanismemtting exciner
ultraviolet radiation having a prescribed center wavelength to said nold
surface; _and a transport mechani sm noving said irradiatio .meﬁcz nismto a

| ocat i o’ abovdessriasm b adurFHcRL P AR TYS | F%rdlilagit(?na%{?hﬁ%lg}ﬁ f’i ng said
excimer ultraviol et. radi ation nder an_ irradiatiqn AL L t £ ho

causi ng [YRFRET CAFRPTIF HIE2] ed’ﬁl‘éﬁﬁaanB? UG g%éE?oyp?ee 19%#1{1%?3} \ce)ntn%'!sbaal)]{fj nol d
surface...24 1019 fwfgfeﬁ?? EE%? b %Pﬁﬂ@@ﬁ&h@érnglttrﬁvﬁﬂ@t Phdiatihenei n

sai d center wavel eng nm or less. The surface treatnent apparatus
accor di ng 10 Gl @leMBols 498 ol d $6ifR6S bycRnPrii&idigtian) eethagisredratdtemmenkt ti ng
a jet of gas having a property of suppressing attenuation of said exciner
ul travi cretrradthitash eontlitien céghahenaarer shirayivdd tdr sdief ioe . bape dre resitltace
treat ment apparatus according to claim3, further - 43 conprising a heating
mechani shtheavialgatiand gas. 5. The surface treatment apparatus according to
any of clainms 1 to 4,

6. A surface treatment method for a mold surface of a mold 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 where melted resin flows, of cured resin generated from said melted
resin by being cured in said resin-flowing portion, comprising the steps of:

moving an irradiation mechanism to a location adjacent to said mold
surface: and

emitting excimer ultraviolet radiation having a prescribed_center
wavelength to said mold surface by said irradiation mechanism, wherein

in said step of emitting the excimer ultraviolet radiation, sald 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.

7. The surface treatment method according to claim 6 wherein

said center wavelength is 172 nm or less,
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further conprising an eval uation nmechanismoptically evaluating a state of
said nold surface to deternine whether or not exciner ultraviolet radiation
is to be emtted to said nold surface by said irradi ati on mechani sm or
determine an irradiation condition of said excinmer ultraviolet radiation,
based on result of the evaluation. 6. A surface treatnment nethod for a nold
surface of a nold used for nolding resin, a layer fornmed on said nold
surface being treated for the purpose of ensuring releasability, fromsaid
nold surface of a resin-flowing portion where nelted resin flows, of cured
resin generated fromsaid nelted resin by being cured in said resin-flow ng
portion, conprising the steps of: noving an irradiation nmechanismto a
locatiop ad aﬂ%‘%umcéadrgagmbét ndthbaGRco Al g dlhimag ebcaither cotrtprasing et
radi ati on having a prescribed center wavelength to said nold surface by
sai d i rfiadiRbi I iRERANA 368 oS Rivingna pabpesy e sofp perssinignatte he asiai pkr
ultraviolet radiation, said excinmer wultraviolet radiation |s emtted under
an i rraghidtdxeimesndttavonlenidalloatios dosd regiosaiehr widrmpbt Avsiash- sai d nol d
surface to peel off fromsaid nold surface. 7. The surface treatnment nethod
according to claim6 wherein said center wavelength is 172 nmor |less, -44
8. The surface treatnent nethod according to claim9, further conprising
the step of emtting a jet of gas having a property of suppressing

attenuati on sai XCIL e ‘ i0l diatd an; ifQRtiear said
nol d suéface?fggS?ﬁ%”?d??%@éeB#é%ﬁhgﬁﬁﬁ%%%ﬁgl 5%@%#%?&go$§gclains 6 or 7
further REL S| - f8dtdag said gas. to. The surface treatnent
met hod gggg?%?% t?%s&ﬂioi?ﬁgrg%hgﬁG to 9, further conprising the steps of:
optically evaluating a state of said nold surface; and determ ni ng whet her
or not excinmer ultraviolet radiation is to be emtted to said nold surface
by said irradi ati on nechanismor determning an irradiation condition of

sai d exgimer gl tr vt ol oo hAdhat kollnodaRed: 8y &S oPhiaies 6, YRk bRE:
comprising the steps of-
optically evaluating a state of said mold surface; and
determining whether or not excimer ultraviolet radiation is to be
emitted to said mold surface by said irradiation mechanism or determining an

irradiation condition of said excimer ultraviolet radiation, based on result of

the evaluation,
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