11 October 2005 FLU D MATERI AL FI LLI NG APPARATUS AND RELATED FI LLI NG

VETHOD BACKGROUND OF THE I NVENTION 5 This invention relates to a fluid
material filling apparatus and a fluid wmaterial filling nktKRiudobgrn 2005 s

capably of stuffing a fluid material not only into a through hole or a
shal I'ow cl osed-end bore but also into a specific closed- end bore having a
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conventional screen printing nethod for filling the via holes with a
conductive paste, a first step is preparing a screen plate with
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15 holes to be formed. In the next step, the screen plate is placed on the insulating
substrate body. Then, the conductive paste is supplied onto the screen plate.
Then, the conductive paste on the screen plate is moved or wiped from one end
to the other end along a screen surface under the condition that the screen plate
is pushed by a squeegee. Thus, under the pressure given by the squeegee, the
20 conductive paste penetrates the penetration apertures and enters into fhe via
holes.
According to the above-described conventional method, it is possible to
S forcibly push the paste material into a through hole. However, this
conventional method is not preferably applicable to via holes with bottoms. For
25 example, when a wiring pattern pad is placed at the bottom of a substrate, via
holes opened across the substrate body necessarily have bottoms. In such a
case, the residual air in the bottom of each via hole cannot be smoothly
replaced by the paste material. Accordingly, undesirable voids of residual air
will remain in the bottom of respective via holes. This problem will be severe
30 when the mounting density of electronic elements on a printed circuit board is

increased and when the diameter of respective via holes becomes small or when
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11 Cctober 2005 the depth of respective via holes becones deep. SUMVARY OF
THE I NVENTION I n view of the above-described problens, the present

i nvention has an 5 object to provide a fluid nmaterial fi 1% ﬁ)gj’t%tiﬁfag%(f%s
and a fluid material filling nethod which are capable of sufficiently
filling a closed-end hole with a fluid material, and especially capabl e of

suppl yi nthe depthl of tbspataivealiadriipt betohtstdiep. bot tom of respective hol es
formed in a substrate. In order to acconplish the above and ot her rel ated

obj ect s, tﬂeI pr e;sent 10 invention provides a first filling apparatus for
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condition, the fluid material filling section pushes Page 2

the hole of the substrate within the second hermetically closed chamber, and
shifting means for shifting the second hermetically closed chamber of the fluid
material filling section to a position of the hole of the substrate after the hole
of the substrate is depressurized in the first hermetically closed chamber of the
20 scavenging section. The second hermetically closed chamber is provided
adjacent to the first hermetically closed chamber. The fluid material filling
section comprises a supply section for supplying the fluid material onto a
substrate surface within the second hermetically closed chamber and a
squeezing unit for pushing the fluid material into the hole of the substrate

25 within the second hermetically closed chamber.

According to the above-described first fluid material filling apparatus,
the scavenging section depressurizes the first hermetically closed chamber so
that the air or gas in the hole positioned in the first hermetically closed chamber
is scavenged. Then, the second hermetically closed chamber of the fluid

30 material filling seétion shifts on the substrate surface so as to arrive on the hole

thus depressurized. In this condition, the fluid material filling section pushes
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11 October 2005 the fluid material into the depressurized hole. In this
case, as the air or gas in the hole is sufficiently scavenged, befaorehand,
the fluid material surely enters into the hole. The insidd 9ptRer#00ne
hol e can be entirely filled with the fluid material. 5 According to the
first fluid material filling apparatus, it is preferable that the
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Accor di ngndterihhe first fluid material filling apparatus, it is preferable
that the squeezing unit includes a sliding nmenber which slides on the
substrate suffcgoedimhe theifitishflund megeriehfillimg epparatis (it t prefembls tipatl | ed
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havi ng spil't rectangul ar  portions, each fectangular el astic piece can

flexibly res pAndotdithe thetiati fnidmasdvidltfi Nihdapeobtend isphafaabd tHahe
squeezi ng unit and also,can follow. the undul atigon of the substrate surface.
The corfP§ctquseaie wndhineludgs fyshidingmenber ndiishides endbefadstigdn be 25
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According to the first fluid rmaterial filling apparatus, it is preferable

that the suppfgokingitothabrydluidenatarial frlingrapgaratusaitds prefesabiertédt upper
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cl ear angesp&itweeRe substrate surface. Positioning the sliding member in an inclined
relationship with the substrate surface makes it possible to produce a force for
pushing the fluid material into the hole at the given angle. The hole can be
20 sufficiently filled with the fluid material. When the sliding member is made by
an elastic body having spilt rectangular portions, each rectangular elastic piece
can flexibly respond to the rotation or shifting directional change of the
squeezing unit and also can follow the undulation of the substrate surface. The
contact between the sliding member and the substrate surface can be
25 appropriately maintained. Accordingly, the sliding member can effectively
capture the fluid material supplied on the substrate surface at higher
probabilities. Thus, the hole can be surely filled with the fluid material.
According to the first fluid material filling apparatus, it is preferable that
the supply section holds the fluid material at a predetermined upper position
30 above the squeezing unit within the second hermetically closed chamber, and
supplies the fluid material onto the substrate surface via a clearance between
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Page 3 11 October 2005 a side wall of the second hernetically cl osed
chanber and the squeezing unit. This arrangenent requireskn eci
mechani sm for supplying the fluid naterial because the fﬁdigcﬁgF%Fﬁgp
surely flows down onto the substrate surface fromthe upper position above
t he squeezing unit. Furthernore, when the 5 squeezing unit causes a
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preferable that _the secqond hernetically closed chanber is depressurized to

a | ower Rersgimallegloscdghsanber gan profece ptmpdunstiosdorysuselyse@vingnber .
d n gener : hernetically cl osed chanber accommobdati ng
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the fl ui surized to a higher vacuum | evel, a problem

-such that a SAbM@mm%@@rﬂh@'fi@ﬁc‘flm tBeeri Al inPassdratud i Rk fergWpP@aat s -
"W ll arise. The fluidity of the fluid material will be worsened. This will
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of air or gas remains in the second hermetically closed chamber, the residual
air or gas and the fluid material will flow into the hole depressurized in the first
hermetically closed chamber at the moment the depressurized hole relocates
20 into the second hermetically closed chamber. This will result in an undesirable
filling operation of the fluid material.
According to the first fluid material filling apparatus, it is preferable that
the second hermetically closed chamber is depressurized to a lower vacuum
level compared with the first hermetically closed chamber. In general, when the
25 second hermetically closed chamber accommodating the fluid material is
depressurized to a higher vacuum level, a problem such that a solvent
contained in the fluid material promptly evaporates will arise. The fluidity of
the fluid material will be worsened. This will waste the fluid material at an
earlier timing and necessitate an operator or a worker to get a new fluid
30 material. As a result, consumption of the fluid material will increase. On the

other hand, when the second hermetically closed chamber is kept at a moderate
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pther hand, when the second hernetically closed chanber is kept at a
noderate Page 4 11 October 2005 vacuum |l evel, it becones pgssi ble t
prevent the fluid naterial from deteriorating and al so pr'Iévg)ﬁ’Poqueé)%IISr or
gas fromentering in the hole. According to the first fluid materi al
filling apparatus, when the substrate has a plurality of holes, it is
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substrate under a condition that the first hernetically cl osed chanber is
depr ess i xelgs oAdbesnbatrata.ne control means relieves the depressurized
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material refilling operation for stuffing additional fluid material into
t he hol schuengingheestionaad plsoecomirolinga shidtingreanditian ofwbe shiling r st
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function of scavenging the air or gas fromthe hole. However, the first
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this, achhditon that the first hermetically closed chamber is depressurized. And then,
the control means relieves the depressurized condition of the first hermetically
closed chamber and shifts the first and second hermetically closed chambers
20 so as to again move on the hole having been once filled with the fluid material
to perform a fluid material refilling operation for stuffing additional fluid
material into the hole having been once filled with the fluid material.
When the first hermetically closed chamber of the scavenging section
surrounds the second hermetically closed chamber, the first hermetically closed
25 chamber located at the leading side of the second hermetically closed chamber
has a function of scavenging the air or gas from the hole. However, the first
hermetically closed chamber located at the trailing side of the second
hermetically closed chamber has a function of sucking the fluid matenal out of
the hole. The fluid material may peel off a hole surface. To avoud this, a fluid
30 material refilling operation is performed under the condition that the first

hermetically closed chamber is kept at a moderate level substantially equivalent
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30 material refilling operation is performed under the condition that the
first hernetically closed chanber is kept at a noderate | evel
substantially equival ent Page 5 11 October 2005 to the at sgﬁEMQE2005
pressure. Thus, it becomes possible to fill the paste until it surely
reaches the hole surface. According to the first fluid material filling
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operation is effective to prorrpt‘Ty_ separate th luid material in the hole
f rom t heformeddimdhersubstedaethel fwidt mateual aghepey tpdhe gpniecs pastipn.
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“sufficiently supply the fluid material deeply into the bottom of the hole.
TdS5t hi s cardct or merggesvithnthe fluoid ematenial dnitheilmgles faeihivicastethe flgid and

second eI CR! e kehee S UATRG! Fuf el S eSS e et '
al most TadkiR% Md héReis thdl Shs¥M 8Tty dhadtle fluid material in the hole may be
pulled out of the hole. To solve this problem, increasing the shifting speed of
the first and second hermetically closed chambers during the fluid material
20 refilling operation is effective to promptly separate the fluid material in the
hole from the fluid material adhered to the contact portion. This surely prevents
the fluid material from being pulled out of the hole, and stabilizes the amount

of the fluid material in the hole.

During the initial fluid materia filling operation, it is necessary to
25 sufficiently supply the fluid material deeply into the bottom of the hole. To this
end, it is desirable to set the shifting speed of the first and second hermetically
closed chambers at a relatively slow speed. On the other hand, during the fluid
material refilling operation, the hole is almost filled with the fluid material and
therefore stabilizing or adjusting the filling amount of the fluid material is
30 important. To this end, it is preferable to supply a small amount of fluid
material into the hole by increasing the shifting speed of the first and second
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fherefore stabilizing or adjusting the filling anount of the fluid materi al

Is 30 inportant. To this end, it is preferable to supply S | a t of
fluid material into the hole by increasing the shifting 36e§g{%er{%%first

«and second Page 6 11 Cctober 2005 hernetically closed chanbers.
Furthernore, according to the first fluid material filling apparatus, it is

pr ef er abherrhéiéalthelddad ehamberd.al filling apparatus conprises control
means for controlling a depressurized condition of the scavenging, section
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herneti cal I in i | L si de
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hi gher than the first 20 speed. In this manner, it is Erefer,able to
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P e ot ol Sy e 08 SRR R E3RGIIAPDethe! Ak diiferically
closed chamber located at a leading side or a trailing side of the second
hermetically closed chamber and changes the shifting speed of the first and
second hermetically closed chambers to a second speed higher than the first
20 speed.
In this manner, it is preferable to arrange the first hermetically closed
chamber and the second hermetically closed chamber so as to be positioned
next to each other. Maintaining the first hermetically closed chamber of the
scavenging section at a highly depressurized condition and shifting the first and
25 second hermetically closed chambers at a lower speed (i.e., first speed) in the
forward stroke is effective to sufficiently fill the fluid material into the hole.
Furthermore, relieving the depressurized condition of the first hermetically
closed chamber and shifting the first and second hermetically closed chambers
at a higher speed (i.e., second speed) in the backward stroke is effective to
30 prevent the fluid material in the hole from being pulled out of the hole and also

effective to stabilize or adjust the amount of the fluid material in the hole.
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Ll osed chanber and shifting the first and second hernetically closed
chanbers at a higher speed (i.e., second speed) in the bqquﬁ{o%e?‘tj S
effective to 30 prevent the fluid nmaterial in the hole from béerng pulled
sout of the hole and also effective to stabilize or adjust the anount of

the fluid material in the hole. Page 7 11 Cct . 2005 The esent
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hird h j cal | I d ch Y. hifti | i ded
Shi i nePhamBbery & ThaAnaEHRT b, SeiFleh et BrOBReEnESk oG d, B ng
secti On’hégﬁgetfcﬁag?}{‘ﬁllo?gﬂmin‘}@éﬂﬁ (HRiEde ﬁfﬁ%ars&bna%rﬁ@&%mllf@l@gsagi ng

section, hernetically closed 15 chanber of the fl'uid material
. f10l i ng deshbers.whed braughnimolcomezatsvith the subsizdte funfacoand 601 Stnffiag

depressurized condition of the first, and,second ,scavengin sect].o and
al 50 corthediidhmaicrah MiPrheAbHEs OF She SHDEHATE Ry FHI GoEaRL PERRECR Y d
material L1k t) : ' . I { O I | fluid
mat or i aclpiAERAbEE APARIPHCAES FpfobRich fOFhifths B (UPRLMhEACANY
chanber @A8séhehambeeeézhadironidaviearingsacign; the selcond herteticalllyi ciosed he

hol es of the substrate within the third herngtic Hré cl osed ﬁl&a Qgé% The .

. control ghsanler ebe seeond A7 RSP SNTRIM. FHIbIhG HEIQ Aicrmchga t hat
08, s Srobi0E e ARIOEHLCELE PSSR GRIE 3 SN0 RIS fangen e
third hepreigntalllingcs eepdeurthanbenditidihef chatfist andancoteps@sengizes t he
first hermetically closed chanber |ocated at a | eading_side of t third
her met i s&ictipnsl alsoheemisplling a shifting condition of the sr,}uftmg means.hlehe
fluid material filling section comprises a supply section for supplying the fluid
material onto a substrate surface within the third hermetically closed chamber
20 and a squeezing unit for pushing the fluid material into the holes of the
substrate within the third hermetically closed chamber. The control means
controls a shifting direction of the shifting means so that the first to third
hermetically closed chambers shift in both forward and backward directions on
the substrate. In a forward stroke of the first to third hermetically closed
25 chambers, the control means depressurizes the first hermetically closed
chamber located at a leading side of the third hermetically closed chamber to
a first depressurized condition and sets a shifting speed of the first to third
hermetically closed chambers at a first speed. And, in a backward stroke of the
firsi to third hermetically closed chambers, the control means depressurizes the
30 second hermetically closed chamber located at a leading side of the third

hermetically closed chamber to a second depressurized condition which is
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a first depressurized condition and sets a shifting speed of the first to
third hernetically closed chanbers at a first speed. And,, | bac

stroke of the first to third hernetically closed charrberé‘1 EWE’

sreans depressurizes the 30 second hernetically closed chanber | ocated at a
| eadi ng side of the third hernetically closed chanber to a second

depr essuit m@dctbadlthscfmrs\t\,ﬁllepmssslrgg@eccalcmmowmbehalzg%theeashlémg spead t he

to'thi r dohenbet £ BraekdeRYarel Rl B sedRSREgh bidhardhan: e
first spgedifeis EGeé%lh%Ehﬁl HIo¥ Yehoa st §196Be. Arranging the first and second

hermetically cl ers at front and 5 rear sides of the third
her metically Armgingm}amﬁest am‘d denﬁlhﬂrmmm&}y dbséd bhan@ersetfronnanﬁkes it

PoSthe fef aldraratie R Remee lﬁhaﬁ%éfeis%am & ot Bcind! matarial fkpg e,

sectlon ri,ng the
ahi 111 ng SUEETER s Sno s R AR APt P HEBrea PR SO TNEY 10
chamber detdinghaigeof ithe athiin h@rldllel‘.l@:@ﬂ'}foﬁ osébetharhbeit b€ the rmlarcbl nszttmlae to

supply the fluid material deeply into the bottomof each hole, the first
her met i cfblﬂm,g HHEHIeagief the fomyandandhagkward sirghkey, wethosd spayuueg

conditi e di ' ed is
et to dporufriagaiRirOEr BRRIACRICHE s 30 IR0 TSRl Mo5RPTS
aggure %h%ﬂiﬁdr@ltérﬁha@fgé%% Qimhgldllr@gl@ﬂnunt On the other hand, in the
backward stroke, the second hernetically closed chanber is maintained at a

moder at el y déltessdnithe dareerdistross, (a sepply thecowiyl mepeuakdesplgdneos tion)

s DRt %@oﬁweilaﬁ?fréﬁﬁefma HEARY IBSES chitrikriis SRR H bei ny
pul | od quEnRS depgesiaretEond iRl e, RICREsitizae opeandn) hOEld cal |y

cl osed chanb under the condi'tion tHat the shifting speed Is
i ncr eas@h;ftmgmﬂdd I@rﬁﬂﬁﬁo mkow&:tespdaﬂ d.opfiestispecd3. Fhispiniakés topessibld each

e B FEb Gt S i d T o) L1 each hole Trom belng
gfer {“ﬁte' fC?L! é@[? thk As®er AL S ﬁﬂéjbfaﬁﬁw%‘i'esétf(ﬂ%@ ¥ kaednd Hidtnetidaglyamount
closed chamber is maintained at a moderately depressurized condition (i.e.,
second depressurized condition) and the shifting speed is set to a higher speed
(i.e., second speed). This makes it possible to prevent the fluid material in each
20 hole from being pulled out of the hole when the hole relocates in the second
hermetically closed chamber. Then, under the condition that the shifting speed
is increased, a small amount of the fluid material is supplied to refill each hole.
This effectively prevents the fluid material in each hole from being drawn by
the fluid material adhered to the contact portion between each hermetically
25 closed chamber and the substrate surface. Thus, the amount of the fluid
material in each hole can be stabilized.
According to the second fluid material filling apparatus, it is preferable
that in the forward stroke, the control means depressurizes the second
hermetically closed chamber of the second scavenging section located at a
30 trailing side of the third hermetically closed chamber of the fluid material

filling section to a third depressurized condition which is relieved than the first
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jraterial in each hole can be stabilized. According to the second fluid

material filling apparatus, it is preferable that in the fo rd ke,
the control neans depressurizes the second hernetically él%@é@t’&ﬁm r of

t he second scavengi ng section |located at a 30 trailing side of the third
hermetically cl osed chanber of the fluid material filling section to a

third dea%%@symized cofddidbh OThidhinakes & gedsitsieed pgrogent the flbidshalade if 11
Oct ober 2005 depressurized condition. This makes it possible to prevent the

f1ui d netaeh holg fromeheinghouekdad owt pEihegheleckethosecwid seavangingispcting
second scavengin ectian, at,the mongnt each, hole relocates jn the second
or o i ot s bRtk Saichibte Toldqiip SRERTY sl Aipfeficaty kil mBenr vion
I S subst ' ' ] H [ f ; rieli to
he: socch FfRLY, ARANMA Bebrogiutbed o MBRRNSLOSIM B EQuivARIRIBIAY 10
bakwar datstogyieeria peessane.r ol neans depressurizes the first hernetically

I d chanb f t.he first I tion. | ted at a.traili i d
cjosed charbey of e I aoRn Rel o0, LoERL e oL piLling, St de
section %%t 3 QHE! BagEWa?gsgfrbﬁégfﬁB”% L i\ H{Ha‘h@ H%Bfé‘ésh?i‘é%g EH@'Yi{s?e
second epressuri ze condl ti on. I'S mMakes | PoOSsI eto prevent he

fluid melt@meticdlly cleaed chahtbdriafithbéirsgscavekgin@stctidn Ideatbdbea byilihe first
scavengi naﬁsect i on. at nt each hole relaocates in the first

h
e ot L GaAE yolo st daiTeh BRBBE ARy s lopen| ShrTher b nen Twed aatuialySlling

alonp! (SRR R Rt Rar 4] EPhakBh) dfhich T REMBFBUT RS RE SRENE T
further dupvbdatzed Ebfisitidd. [THiPg s 0BokoibIE td piarera thelfRiidim@esiabpd r at e
with a fluid material, conprising a step of fornming a first hernetically

cl osed drsherle fpam bgingesuaksd ait of wihetirsteifiaviengingiseciben aht e
o 1 or g OGO RACRAE Mabifs it e B RL BTG5 SRRt i med
e s Y N R g
slbst r atadmsphatie prcssiLre. thé second hernetically closed chanber, and a
step of shif t’lLon gcéohr%pfliismhe %Bgve and other related objects, the present invention
further provides a first filling method for filling a hole of a substrate with a
fluid material, comprising a step of forming a first hermetically closed chamber
partly defined by a predetermined region of a substrate surface and
20 depressurizing the first hermetically closed chamber, a step of forming a
second hermetically closed chamber defined by a predetermined region of the
substrate surface and positioned adjacent to the first hermetically closed
chamber, a step of supplying the fluid material onto a substrate surface within
the second hermetically closed chamber, and a step of shifting the first and
25 second hermetically closed chambers in a direction from the second
hermetically closed chamber to the first hermetically closed chamber and
pushing the fluid material supplied on the substrate surface by using a
squeezing member into a hole of the substrate depressurized in the first
hermetically closed chamber when the depressurized hole relocates into the
30 second hermetically closed chamber.
According to the first fluid material filling method, it is preferable that
Page 10
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25 second hernetically closed chanbers in a direction fromthe second
hernetically closed chanber to the first hernetically closed chanbe nd
pushing the fluid nmaterial supplied on the substrate surdeECHW%ﬂ§T%g%%
squeezi ng nmenber into a hole of the substrate depressurized in the first
hermetically cl osed chanber when the depressurized hole relocates into the

30 secondhbegietiiad hermbosesugRamiitio\ SR M ' fsh 44
material fil Iql_ng ﬁm;% hod, it is pref erél%l e t hat ggtlgg t%g%ﬁb&i{ogggﬁr%% t he

squeezi ng hetbonal anesiona amoirorak eretdord andom svhimggnuatpor dnsitet secpmd = a
tati I | bi t al td , ] ' [ t

e Oy A AR TG RSB B TR 30 P eimanth e

upper pwgrgoegpac%@%ﬁ éﬁlﬁzémbe@%m@&iﬂg BBt Bithid HRe S@E0RE ﬁ!ﬁ&ﬁ'&ﬁ#ag ly 5

cl osed ch and is supplied onto"the substrate surface via a C rance

betdheen zlesatk chamibesf antelssampilde demntet theasnlystcitesadfadmvien aledrime:
squeezi ng nenber . F.Hrthe nore, it is preferable that the first fluid
mat er i al PEIVEFRGR ndflRot adloRbr ihgeseco éﬁﬁf&ieth@g% O%6% gmber gadote

h ti nber . her: ' | s 10
depr essur PGB e aPRE T R AR A B Ll 1y
cl osed clatbeial M@ﬁth&th@l@swaipﬁims aasmpiref idepredsurdiias, thé dezond

preferabhe that the first an%@second hermetically cl osed Chanbers cause a
shi f t i nghgBnedgally: plasedpehambes he sepnd desmasicadly ¢letadecbrmbesr isan

o0t ¢ B Ee P8 er achl 1y el b RoBbed Mk bR el BebRlicalia

For exanpl®edtdimhbest hernetically cl osed chanber has an annul ar shape
surroundi ng the second hernetically closed chanber. An initial fluid

material fil When dhesubsisate kape pluiakisy ofyhales fit isprefecabilerthet thefisstcond

‘hernetic .chanb stuff the fluid.materj.al into a hole of
the s ubs?{r]ggfe:g&a&e bgg@gt}?ﬁ@gﬁ@%# ﬁ%a?luguﬁ 8 th‘é%%?’?&&ﬂg;ﬂehagéﬁﬂh HEPRET! when
the deprgsshe isubdiraf0lse 5£l0cAFashi dWér hRceRpeondhiber iRiLa Bélpbg%ﬁé
chanber. And, a fluid material refilli n% operation is perfdfned by

r dPi evi nplusatitppé deles, sedhabtht plumlity of holes of the substrate are filled with

the fluid material.

For example, the first hermetically closed chamber has an annular shape
surrounding the second hermetically closed chamber. An initial fluid material
filling operation is performed by shifting the first and second hermetically

20 closed chambers to stuff the fluid material into a hole of the substrate
depressurized in the first hermetically closed chamber when the depressurized
hole relocates into the second hermetically closed chamber. And, a fluid
material refilling operation is performed by relieving a depressurized condition
of the first hermetically closed chamber to a level substantially equal to the

25 atmospheric pressure and shifting the first and second hermetically closed
chambers to stuff additional fluid material into the hole having been once filled
with the fluid material under such a relieved pressure condition.

In this case, the first and second hermetically closed chambers are shifted
at a first speed during the initial fluid material filling operation, and then the

30 first and second hermetically closed chambers are shifted at a second speed

higher than the first speed during the fluid material refilling operation.
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of the first hernetically closed chanber to a | evel substantially equal to
the 25 atnospheric pressure and shifting the first and second hernetjically
cl osed chanbers to stuff additional fluid material into ﬂﬂegﬁﬁﬁg“ﬁﬁvﬁig
been once filled wth the fluid material under such a relieved pressure
condition. In this case, the first and second hernetically closed chanbers

are shifted aj&nhtikely SERed At Herghetit@llynbidseld thiinheeded itBk Jdcdonidng
operation, and then the 30 first and second hernetically closed chanbers

are shi f hernatically etoset] shember hagberal igrad néwt thi each aibeedantliaienshifted f 1 ui d
terial refilli tion. P .11..11 Cctab 005 Al t ively, th

frrat neitnBpreSPTSaet geadbenamir dHAaNoRe FblunauORERILENERR Pect 6o

chanber agé;hdllii‘gl ald ?1.’&%‘ rﬂﬁf&&%zﬂ‘h@@'ﬁe%&?ﬁ%&ﬁ%@?ﬁlé fb'tfft%%g%uﬂs?rat?ﬁ.tfh for war d

and back rections on e substrat'e during e step pushi ng t he

fldd mfawald ditréle bheheépressdisezedd hermeticallyeclonbd tohaneberkntte frdtor war d
stroke of the first and second hernetically closed chz;mberfl,t the first
e

her met i ch¢imeidrddedckasgibahamett dacaleda ateadiledfigigds1d¢ Phethgessrand

the i oyt iCRTEEIR AR 8 O R TR B AR PO,
And, in frstharkyeiohdherketioflly kioded caraberssieeento hdfimgspead | xndl dsead
chanbers, the 10 depressurized condition of the first hernetically closed

chamber baglavedl airoke obalae dissiand secand hgrmichigatlydelasedt ¢largbendhe
h tically cl hamber i | he shifti h
(D0t G rebsShated FRBRTRGH o Yopdfish ReEReTRaNY Aol chalhSteh e ol feq
hi gher tl%ﬁﬂiﬁr%@,idé Egta f&@ﬁﬁd% shéps @@vcﬁé,sehbﬁdpﬁ@sﬁ@ﬁicém}rv]@p@éwcﬁaﬁl\ﬂe@l% a

second filli method for 15 filling a plurality of holes of a substrate
with a fieliesrednard ithe ,shiftimg ispead of the pirsbfinflosedongl hefineticalyralosedal |y

for m ng ChATRBBRUorS e sebry) o5 ClErEh hERETet Sl nea by a -
st 1 TeMO ey b AESEHR o R, ekl meAGE 0rSd
débi ned filirg ppturelity wf hedes @ subsifateiveith alftt idaneteraals tempoisingampeyi ng
cl osed CHamGERIDG. ¢t st BBREHcH g LRSS ENSOET uPark deriaed By & o 7
predetermined region of a substrate, forming a second hermetically closed
chamber partly defined by a predetermined region of the substrate, and a third
hermetically closed chamber between the first and second hermetically closed
20 chambers partly defined by a predetermined region of the substrate, a step of
supplying the fluid material onto a substrate surface within the third
hermetically closed chamber, a step of performing an initial fluid material
filling operation for depressurizing the first hermetically closed chamber to a
first depressurized condition and shifting the first to third hermetically closed
25 chambers at a first speed in a direction from the third hermetically closed
chamber to the first hermetically closed chamber so as to stuff the fluid
material on the substrate surface into holes of the substrate depressurized in the
first hermetically closed chamber when the depressurized holes relocate into
the third hermetically closed chamber, and a step of performing a fluid material
30 refilling operation for depressurizing the second hermetically closed chamber

to a second depressurized condition relieved than the first depressurized

Page 12



filling operation for depressurizing the first hernetically closed chanber

to a first depressurized condition and shifting the first,.t LI
hernmetically closed 25 chanbers at a first speed in a di re1c1t &&&gherrg%RQ%e

third hernetically closed chanber to the first hernetically closed chamber
so as to stuff the fluid material on the substrate surface into hol es of

t he SUbStob@H@t_i@ﬁP&[rﬁﬁ%ﬁiﬁti'ﬁ%j th® fiRke tof iHikd HeniBRidathl blbsedosgsmeadragra when
t he depressurized holes relfocate into the third hérnetically cl osed

chanber , darettinrsirem thie thandilermeaticadl ¥ ¢losdd chamtiealto 8te sexfoind hermatpealht i on
for depressurj zi ng,the, second, her i.cal ly cl gse hanber to a s nd
oo oenuEiotd Euiner 512 SERPL0 SEeFT mis R thah 0 e Rpeedso A Pae 0 14
Cct ober Fidall ORn & ik Lr t | h i osed
chanber s@ﬁéaﬁp‘i&ti@ﬁggt?gnnﬁ o%lrgazsaﬂgmt?h% r a%éeri?rlté if:haﬁI Imydlgf o@fegﬁtgé%g{‘aﬁo t he
sechnd héeprtssuaized iol ohed ssranderhatmeticabpndlayededcivgber tam tiie first

speed so ,as to stuff the luid. material on the substrate surface into the
hol es of EREESSUpZeAAtles ralasate inte; t%éd%i“ﬁi HW%@@%‘ chesatbeh@mPEY: ¢l osed

chanmber when i ot 84 LE ically

cl osed chanbegteco,&g@g g‘??i%'é tségg%gq%@?o@gk?ﬁ%i ﬁllﬁrﬁégp{e&%c#, m ﬁ?Rg%de, It

i s pref etled] dutingtthedoitialfltiderniandtialafillingbgermict,ithe sktbhd herepreicatlyon,
cl osed chanber located at a trailing side of the

gﬂier 3eﬁggﬁa¢-ﬂ£§£§ éli@gﬂ%grhé@at?dl@t ch&rBHEng| %id@egfJ dhe dﬁﬁrsz@ermgcallﬁfhcm_ed |
carb 0 ortARReEFEHreSuf Rt b b B AP Sy AP hoRT e S

pr ef er abitgin ttmaﬁrstdjgrljr@gdﬂ]&d tomditipt erial refilling operation, the first
hernmetically closed "chanber |located at a trailing side of the third

herneti cal |y Aic6éoegdinghtnbee seeond fiagrmatarialitingmethotpit ishprafpraideuri zed
«conditio keh 1.s,reli.gved than t.h second depressuri zed conditjaon, Their
Funct | onahiidnk 3ut iR Bat e i e dE R R e RSk Bt RbL sPd, o
those ofcHAiBbBPRYAIEESE R halidd Sidensf ARPEHIAY WermeicB} F&Q&@@Bhﬁ“ﬁe@k@ THE
DRAW NGS The above and ot her jects, features and advantages of the _
piésent d¢pressudised intola feuohdepoessusingsdraomtditioarwhih fsaleliewedghdetthe | ed
description . .-
second depressurized condition.
Their functions and effects of the fluid material filling method are similar

to those of the above-described filling apparatus.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
which is to be read in conjunction with the accompanying drawings, in
which:

25 Fig.1is aschematic view showing the arrangement of a filling apparatus
in accordance with a first embodiment of the present invention;

Fig. 2 is a view explaining a filling operation performed by the filling
apparatus to fill each via hole with a conductive paste in accordance with the
first embodiment of the present invention;

30 Fig. 3A is a front view showing a squeezing unit of the filling apparatus

in accordance with the first embodiment of the present invention;
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which is to be read in conjunction with the acconpanying drawi ngs, in
which: 25 Fig. | is a schematic view showi ng the arrangenent of a filling
apparatus in accordance with a first enbodi ment of the prEk&iatoheneis on;
Fig. 2 is a viewexplaining a filling operation perfornmed by the filling
apparatus to fill each via hole with a conductive paste in accordance with

the first e i ti r tehinRYenRt hon; ] i front view
showi ng a sqggg |§ulrsnoé Bg‘iﬁ%lﬁe€fﬁﬁnlsihlr?g°l 131 pgg;tsaggefjir?%agg@r hgﬁﬁg {Aﬁ{fh‘; t he
first embpganns infacchedmeswith thevfinstianboagent 3f tHe Geéhrin20RGoki 9. 3B

is a bottom v';Few i@owi ng t he sgﬁeezi ng unit of the fi IK}{E% _apparatus in
accordance wi tH8t R 1f ASI4C ¥iRypanenRg bhe baiacsrBg et of ilovg appagat®C i s a
side vie ' : j P t il apparatus in

accor dan&%\?\?%dﬂcgﬁ@gﬁ%gﬁn%g%%@mg%mt%@%ré‘lseégﬁt ?'ﬁ‘(/%rm‘?lbn; 5 Fig. 4Ais
a \8 ew expl ai Biggda domduisv wexmaitiagfi |ddn!ﬂmcﬂiﬁr@_rgﬁ$t@“fillﬁh WA Wi LD
the first enbodi nent OL the present rnvention;, Fig. 4B is % I ew explaining
a conducffcudaaseeviikithe firsgeapmdiment afithegquesentinensiath t he fir st

S, o ey o BB By e e SRR ™
enbodi neatcartiahbe veltk 3ROtk N¥RIMIRHenftiod-the d:irﬁ%‘,@nt;’ﬂn]‘%/}@n??&?]hai ning a filling
sto fill eac

operation perforned by the filling apparat via hole with a
conduct i ve paki% 1§ afchempiiceiew showing thserwangemeadbfie fillinf apparauesent

i ayenti on; . Fi I chemat,i c_vi ew show the arrangenment of a filling
aggar at u' a@gﬁzgééi‘gﬁaérﬁ%oﬁﬁdﬁ{néoﬁﬁppﬁ?%Pﬁ%‘—’rﬁntdﬂ"?ﬁ@o’é? esent
invention; FiBic. & [$Sa&im Al A fdld ' OF: by the
filling apparatus to fil1] QSRR T1ile dncral8naRETahh Al %gg{eeflﬁﬁ‘qg
accor damppanptus tonéll eashr viadnblediithre cohdtvepasenin hov@atnes with ghe 9A i S
a front view shogi agﬁa ﬁggﬁ&z)l nq%guni.t of .the filling apparatus 20 in
accordar?c? O\I/hdfteﬂn OFBare af Htt_l%'fe@q%‘_é“s'present invention; and Fig. 9B
I's a bottom vFigw730¥thematie ViBHAHoWE ¢ thelarfinddiieli 444 Aing apparatus
15 in accordance with a third embodiment of the present invention;
Fig. 8 is a view explaining a filling operation performed by the filling
apparatus to fill each via hole with a conductive paste in accordance with the
third embodiment of the present invention;
Fig. 9A is a front view showing a squeezing unit of the filling apparatus
20 in accordance with a fourth embodiment of the present invention; and
Fig. 9B is a bottom view showing the squeezing unit of the filling
apparatus in accordance with the fourth embodiment of the present

invention.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be explained
hereinafter with reference to attached drawings. Identical parts are denoted by
the same reference numerals throughout the drawings.
Preferred embodiments of the present invention will be explained
30 hereinafter with reference to the attached drawings.

First Embodiment
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apparatus in accordance with the fourth enbodi mrent of the present
I nvention. 25 DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS Preferred
enmbodi nents of the present invention will be explained her&i f8teeer ¢Ped

reference to attached drawi ngs. ldentical parts are denoted by the sane
ref erence nuneral s throughout the draw ngs. Preferred enbodi nents of the

resent inventg N | Nel-el ' -ef: to the
Dresent | VentERD I hischegRXRlakustho R Bhe o4 it BE SBBR s |
schemat i dovifdlinghawiiadoldef ar reaihgsheot setrﬁzi@%fasld sutsstenpayahUscoh@ictivd | 1 ng
a via hole of .a resi.n sheet serving as a substrate with a conductive paste
(i.e., fIRFSEE GHQQ{%%‘I‘] M3iErigbdgransecdanse with & first crahbdémenhof tie presept esent

i nventionn entigpFig- 1, a resin sheet 20 is nade of a thernoplastic resin.
According to ?PII s enbodi nent, the resin sheet 20 contains a

pol Jet her - et hgnK&ponea resinkhett 263s W@OME%%QQHC%QW. A@éd&%ﬂ;ﬂ%ﬂe
resin of 35 to 65 weight % The resin sheet 20 has a thickness o to
75pm  As tRisygagedimenhi thekesin geatéd) aostaérs a palyeiterpiheikdtent aefiorof a

A

mul til ayet t. by.l am,nahing a plurali f resin eets,
conduct 1 98 Pt VeiGHt G d P PURRIn i dRsg5E of ¥5 o 65 nlahiih Wbmesin - i s
at t achedsheetol(® hay ol MeckRiss! i35 85 78, HACRS o Bhact B i€ kit BRIt Sl uHes f or med
on the resin sheet 20 by patterning this conductive foil. I'n e resi’n .
sheet 201tHapiosgibinéo formucmniel dyered atbstchiedbyolarh vt & ﬁhﬁalilﬁ ofhegigof , a
playyality, of via holes 21 are formed at portions where the interfacial

C nectiglﬁeqté' provi ded. The formation of via holes 21 can be perforned

i to the ; i il fter finishingthe
ot terni ng of -\ ne  MATOKA (ISR IERARLSHENSs 2%0np8t 51 bEap Bl Pl
i_rradi at isftzcheat boromi sixifaiee of dseresin shebad. el widngfpatieentiesbfmsheet 20

‘not provid w t.h the ductive 20 fqQil. The via hole 21 is thus forned as
b O%Egew%{n egt% hEaHepynEhs genfuedveyoilhe conductive foil

a cl osed-
attached to tfigierlsin $HEEL 268 avRIL Y cbifuctive foil attached on the surface
15 thereof, a plurality of via holes 21 are formed at portions where the interfacial
connection is provided. The formation of via holes 21 can be performed prior
to the patterning of the conductive foil or after finishing the patterning of the
conductive foil. Each via hole 21 is formed by irradiating a carbon dioxide
laser on a bare surface of the resin sheet 20 not provided with the conductive
20 foil. The via hole 21 is thus formed as a closed-end via hole having a bottom
defined by the conductive foil attached to the resin sheet 20. During the
formation of each via hole 21, the irradiation of carbon dioxide laser is finely
controlled in both output and time of irradiation so as not to damage the
conductive foil. It is however possible to use any appropriate means other than

25 the carbon dioxide laser to form the closed-end via holes 21.

After finishing the formation of via holes 21, a filling apparatus shown
in Fig. 1 is used to fill each via hole 21 with a conductive paste 13 serving as
an interfacial connecting material. The conductive paste 13 is fabricated by
adding copper, silver, tin or comparable metallic grains into a binder resin or

30 an organic solvent and then kneading them into a paste condition. Before the

via holes 21 are filled with the conductive paste 13, it is preferable to cover the
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formation of each via hole 21, the irradiation of carbon dioxide |laser is
finely controlled in both output and tinme of irradiation_go.as,not

damage the conductive foil. It is however possible to usé%agﬁtsoa‘)ﬁﬁr?g?%i ate
sreans other than 25 the carbon dioxide |laser to formthe cl osed-end via
holes 21. After finishing the formation of via holes 21, a filling

appar at ug) rstQVs¥ thisteSirdshekt 29 Wit polyethyleaaakrapiahblte o¢h svrhpamble
conductive paste 13 serving as an inferfacial connecting nmaterial. The
conduct ipretgeing filani &n fthiby icaat.ethdgarkomidigxidppaser & Ivadiated e a

conparable.netallic gr.ajns into. a d in. 30 1l I t d
hen kndamiingteizier b 3ha hualicdind, Rl s iredebid s A0 PhORE: BetS2ENe "
filled w 3 Th abl 15
11 o7 oot By SRR npasi wlc e ConpygiRiplch g RuRipiiaFice
pobyet hydretles pesteptinigafibmne Tore prateciing dhiine is pemiosedi off thelnesid shedti 20 case,

t he carban di oxi de. l.aser i

N/ di ated ont, | am,nat.ed | th
pr ot ect jaktprraIcAmHS RG theshillingeBeraiton Tith thecRBRESIIYE PasllolRRE  n the
! t FHRe 207 THE .
or ot oct it Rictee B, SPEERR R AERRATUAE SR SRR ARE 205

after aggeaml i shing the filling operation with the conductive paste 13.
Using the protecting filmis effective to_nmintain the surface of resin
sheet 20 cl ddereingfiter,nshe efillingeappiratung hpparasepgdance gddbridgndishi th

t first odi fen f r.esent:idyv ' : ]| expl.ai -1 n
ol ai 1 " b d R (Rt iR iy S ERblatedn nebll W8 B0 i)
mounti ngibhe, aRsTilligfepa?fusA haghader2 $or ivuliidiingrédia shest A0sheet 20,
is provideéd on the base 2. The base 2 has a recessed portion on the

sur f ace retaéneio3, forreolding thetrasimeshezt 29, i proeiledonn the beag & L heabaseosed

AL is f d, bet t b d ' . 15 3. i
S has a NI fieyee BOLLRR OR DL s bR o SOPET e s e el ™ ™"
passage pahuasReda AbosedpsRAch’ id¥ordiet bEvea idiBasi2 hadhe btdigéai ner
3. Wien the resin’'sheet 20" 1s nounted on the retainer 3, the closed space

IS def Bnehbeatotrierert Behamse phuralityt b swatiimdrolssi 3Adepekspivida By a
\Slﬁg? iug1n cﬁgprgglgg%]ﬁ?ng gggs%rge%&%&e%%nebtehcqgsgé g\p/%&'e daVhaqihe iR &
of retainer 3.
When the resin sheet 20 is mounted on the retainer 3, the closed space

‘A’ defined between the base 2 and the retainer 3 is depressurized by a vacuum
20 pump 17. Under a vacuum thus provided via the plurality of suction holes 3A
of the retainer 3, the resin sheet 20 mounted on the retainer 3 is drawn toward
the retainer 3. This prevents the resin sheet 20 from floating off the retainer 3
even when a later-described scavenging chamber 5 or a paste chamber 9 is
subjected to a suction pressure. The method for holing the resin sheet 20 is not
25 limited to the above-described one. For example, it is possible to securely hold
the resin sheet 20 on the base 2 by sandwiching the peripheral edge of the resin
sheet 20 between the base 2 and the retainer 3.
The resin sheet 20 with an upper surface, on which the via holes 21 are
formed, is placed on the retainer 3 mounted on the base 2. A head 4 of the
30 filling apparatus 1 is put on the resin sheet 20 to perform a filling operation for

filling the via holes 21 with the conductive paste 13.

Page 16




ef the retainer 3, the resin sheet 20 nounted on the retainer 3 is drawn
toward the retainer 3. This prevents the resin sheet 20 fromfloating off
the retainer 3 even when a | ater-described scavengi ng chaWbQCt@erz%(?ﬁ)aste

, chanber 9 is subjected to a suction pressure. The nethod for holing the
resin sheet 20 is not 25 limted to the above-descri bed one. For exanple,

It Is possibl 1 i : .
sandwi chi ng tﬁ’elé%elﬁﬁgﬁgﬁgig aglfj&g eg?&?[hdeﬁ?lgg}%taef gé'?e gg%@?&/@@fﬁ?ﬁ%%%e 2
and the rstespleinegt imdetaibsihe hoadd 265 aicyhindnicabskapsUThedeadanhybiih t he
via hol es 2t’L are fopned, is ﬂ]aced on the retainer 3 nounted on the base
2. A head®Ai&fhamber Qggffihﬁldiaﬁg S ppateatherept; 4 ssavesging ehambies Ss heeing20 to
erform anfahdi atd f Wy | I ith the .
Conduct | on w129 sHRBELS By Hpd Rhiss e Wb aBels PhrReRR o THR o%ai Plsigeent
of $he hehdmbenf Stharrbuhds nhe apamae athimbed, | ThdscayBhaine thambiat §i ls The

head 4 has a. cylindrical shape. The head 4 has the paSte chanber 9 forned
at the cEﬁ?@ﬂ%’f@é‘é@tW%ﬁ%ﬂ ichgmebemPeia 8 pagtiviongwaln annul ar shape, is

rovi ded out si h r- 9. The scavengi ng 5 chanber sur rounds
Ito he paste chaégtgtrh e Sp%@ gggi}@ﬁgﬁ’ﬁgt%éh%%ﬁgﬂgéfl%& aB‘?Qﬁfi ﬁ’e@lna?d} #hecaly t he

paste chardmbe® 10 & attpahéd ttb o [WRlel - e otf%eoé)ﬂ'i'ﬁ&iriﬁé‘puﬁ%ﬂgie?fniﬁgqhe
scavengi ng chanber |5, an annular seal nenber 10 is attached to a”l ower end
of the c{fadgiegichasmberdeiSiminerly hat theopenegi end sidendfrhespasse chaardey, at

t d i th 10.9, I .menber 11 i

st achodor 8 analeal aiesolRTl & AlAGRTE 9 BdaieT caBr A MR e s Bhamber
2. The adefihiy SRpast8EREMbE 9. MHRNMEAYE Stal Abmber ol Aheibilu bR LS

sheet 20, provides a hernetically closed space scaveng¥ng chanber
5.. The a¢pnirgr vwydarhersesiarsheet 20herobidesyhthermieticadiyt closedwphaketfoe thesi n

e R ST R TR e ol Speharer ©
Sherber prestsonagtatel 00 g B R e SEALS L B ld
pasSte ciehmmeberd aflee veavenginglchpntharskis. cdmbeted tv & vaondiid pemp 1HeThacuum
punps 1‘1_’pa"’§rt]é]I ch8mYe Sg{s' SSinedte Itgcah% ueurhhpeur?lbrl g ae% ghreos%atlrge;%%\rlsengl "
10 and 11 are placed on the resin sheet 20, the scavenging chamber 5 and the
paste chamber 9 are hermetically closed. Under this condition, the vacuum
pumps 15 and 16 are driven to discharge the air or gas from the scavenging
20 chamber 5 and the paste chamber 9, thereby depressurizing the scavenging
chamber 5 and the paste chamber 9.

A squeezing unit 6, serving as a means for pushing the conductive paste
13 into respective holes 21, is shiftably supported in the paste chamber 9. The
detailed operation of the squeezing unit 6 is explained with reference to Figs.

25 3A to 3C.

As shown in Fig. 3A, the squeezing unit 6 has a plurality of sliding
members 12 at a surface opposed to the resin sheet 20. Each of the plurality of
sliding members 12 is made of an elastic material. As shown in Fig. 3C, the
distal end side of the sliding member 12 is split into a plurality of rectangular

30 portions. Each rectangular elastic piece can flexibly respond to the rotation or

shifting directional change of the squeezing unit and also can follow the
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.20 chanmber 5 and the paste chanber 9, thereby depressurizing the scavengi ng
chanber 5 and the paste chanber 9. A squeezing unit 6, seryi gt ) ans
for pushing the conductive paste 13 into respective hoIe§12@,(ﬁ§”2¥% ably
sSupported in the paste chanber 9. The detailed operation of the squeezing
unit 6 is explained with reference to Figs. 25 3Ato 3C. As shown in Fig.

3A, the ﬁﬂHﬁ%Wg??h& sﬁb@ﬁ'ﬁt@%ﬂfﬂéél’rﬁé’ cBhtadt B R e BRI $inkZmeinter

surface oppose e resin sheet 20. Each of the plurality of sliding
nenbers 12 drsl tiedsurdiceanf etsiatsheet@0eranabe appropuoare]y maingain8G, the di stal

end side of the sliding nmenper 12 s split 1nfo plurality of rectangular
30 portions. E&éﬁﬁ@lﬁrﬁng&ggewa Héhg) et E];Haﬁltiéf?gﬁﬁdmé%%bef%whe
rotation L&t i rect] c : [ ' SO0 can
Fol tow tAY et Pogt L ieERor OBlss” TG Tihg e TS T2 2 Atbiche BB E2° The
corg act pehyegngthdt slindinh fenpeter that aach slidisg nandeofl 2rgelinesverh 20
can be appropriately nmaintai ned. Furthernore, ,as shown i.n Fig. t.he

3B
pl ur al i t fespECEIQ thengprveemef sesip shapb2@r Pesisieniag sechisliding sagmbend? inThe

That eachh orisqrsianBashihdnt RubSfps st EEREs s ol tadt oG B e
sheet 20, fhasd fdr%ﬂdlﬁngfiﬁﬁ Dridickiseprghe 3liath the aia ibikd Rechirtakativepshi p
with the substrat'e surface makes 1t possible to produce a force Tor

pushi ng amglecdheudninndepadtcanis: sulfciendy illedhelidstizicenduditveggpasia 13angl e.
The via holes 21 can be sufficient]y filled wth.the conductive ste 13.
13%The squeez’irﬁa SEEZ818 Hgltsqgro%sheéwﬁi 3 ﬁ%g(?slsc%m%qqggctfc}“f oY ary
shafts Tendidl7dtnd ESTRER A5, 5 BRRAS 7R0mNGD Hiedtpécnnasi dorplocisongect ed
to a rotary drive unit positioned above the head 4. Thése rotary shafts

7a and Throtaoy dtiveiunit Bepositiened above e head HeThase rappepahafiach awrd The
rotary shafts. 7a and 7b.has, an eccentric pin provided at the 15 distal end
thns e fod

t her eof _roﬁa@ & e dé‘iﬁ%loé]fatr aryils AR 7a and 7b are offset in the
sane directi fﬁa@ﬂ offife §8fﬁ?ﬁ%hﬁf§%na_ A SaE BREE ic?]?is?ﬁgﬁfﬁdéﬁta@ttﬁ‘é" y .

coupled in the squeezing en the rotary sha a and 7b rotate
i 15t he sdigeal eticr thetd o THeheceatopincopictaryoshata¥ s anda/ beare offsetanslee a
rotat] Ons%;mg?igriegﬂo%%%!utthe same distance. These eccentric pins are rotatably coupled
in the squeezing unit 6. When the rotary shafts 7a and 7b rotate in the same
direction, the eccentric pins of shafts 7a and 7b cause a rotational motion about
the shafts 7a and 7b, respectively. As the squeezing unit 6 is coupled with the
20 eccentric pins, the squeezing unit 6 itself does not cause a rotational motion
about its own axis. Instead, the squeezing unit 6 causes an orbital motion in
response to the rotational motion of the eccentric pins.
In this manner, the squeezing unit 6 causes an orbital motion in the paste
chamber 9 while each sliding member 12 is held at a predetermined direction.
25 Bach sliding member 12 causes an orbital motion in accordance with the
movement of the squeezing unit 6. Thus, the conductive paste 13 supplied on
the surface of resin sheet 20 is pushed into the via holes 21 from different
directions by the sliding members 12. The via holes 21 can be surely filled with
the conductive paste 13.
30 The conductive paste 13 is held at an upper position above the squeezing

unit 6 in the paste chamber 9. The conductive paste 13 flows down onto the
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the shafts 7a and 7b, respectively. As the squeezing unit 6 is coupled with

the 20 eccentric pins, the squeezing unit 6 itself does nqt, cause
rotational notion about its own axis. Instead, the squeez1i1nécﬁﬁ?%ra?6o%5auses

an orbital notion in response to the rotational notion of the eccentric
pins. In this manner, the squeezing unit 6 causes an orbital notion in the
paste chuarfaee of rekin sheeact) vld alchamrarobbetwen shdefdeating yriefetner thiened
direction., 25 Each slidin nber .12 causes an.Qrhital ,notion in

accor dansieval Qﬁ@%@%ﬁﬁ}aﬂlﬁ?% @@&G@Bi@% Wh‘i%t ttf"6’ Ofm@,mﬂﬂén&fn@@ct i ve
paste 13¢s4aplii t f ' tq: S d_j e via
hol es leﬁr omlggﬁ@?e%tnﬁgig‘é{%ﬁg’ 6@83% gﬁlﬁ)g%dﬁé%r#én%@rﬂzgﬁznb%?%CWa

hol es 21nwwhahésradoebyppliihgdhwicbnduttiee gRREUTE ovetheasiréackof RYiM figeet
corkcjiuctiv paste 1@@}63 gl d.at an upper position above the squeezing unit
6 i thezéa@f@uéﬁa condughige geaidaictd varglastlewis dovawerdoviieosiabstrale Page

squeezi reREs FOM R PRACFRALTED B AR gt Bhl oo ER PO S SRl nce
with thether bjtedzimpt inft 6fcdites #8IugdIaltnbtioh, Ghe! dleqfdiftle Ve WSen tthe this

enbodi ment requires no special nmechanismfor Supplying the conductive
past e 13s@rcazhreg voitftaerd dic sidsiwald héthe paste chandherd incecasesduckeicvenspast e 13

he shuceitiar B TE8 it riAR: bF R aTeAreRES Ssteesn e hEcaliaasut an -
onbi tal A ikpdsiddeyAat %@rtﬁ@cgaé%@tm%ﬂbélhe caﬁﬂgﬁsaue@ authf;@H&iérﬁ%%' de
a cyclically.

wal | of the paste chanber 9 1ncreases or decreases I's cyclic
change ofurchemsvang angaishengelencohdustive pastedl Jonthé siffaaedftrbsinshdet wal |

of the te, chanber 9 can produce a.punp funcgtjon for  .syrely novi or
bushi ng 4 el BErIRINITE @niasticok SOBuEHEC dastads iradibstabls fucatieguatethe
flow n @{gﬁ:g@ QL i | angi ng
t he cl gar an eﬁ%g{-“\?\gen tﬁgégﬁﬁgﬁﬁﬁgéﬁﬁuﬁegﬂﬁﬁhﬁﬁisgp g@%g@@%aﬁi plflé}?@paste
chanber pastd8hamdizirf%i ng device 14 is provided to shift the head 4 and the

nbPes 21 f or mbeTSHIng HEViags] hitabetidss tork s hsae* nd ity egnlicti o 14
has a rqRafy &kihSlve region including all of the plurality of via holes 21 formed on
the resin sheet 20. For example, the shifting device 14 has a robot arm or
includes a traveling section traveling on X-axis and Y-axis rails. When the
head 4 and the drive unit 8 are mounted on the traveling section, it is possible
20 to easily locate the head 4 and the drive unit 8 to an intended position in the
region including all of the via holes 21. Alternatively, the shifting device 14
may be provided as a means for shifting the base 2 and the retainer 3 in the X-
axis and the Y-axis for moving the resin sheet 20 with respect to the head 4 and
the drive unit 8. In short, the shifting device 14 does not restrict the shifting
25 object and therefore can be modified in various ways as far as it has a function
of causing a relative movement between the head 4 and the resin sheet 20.
Furthermore, the filling apparatus 1 includes a control unit 30. The
control unit 30 outputs a control signal to the shifting device 14 to control a
shifting direction and a shifting speed of the head 4 and the drive unit 8.
30 Furthermore, the control unit 30 outputs control signals to respective vacuum

pumps 15 to 17 to control depressurized conditions of the paste chamber 9, the
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includes a traveling section traveling on X-axis and Y-axis rails. Wen the

head 4 and the drive unit 8 are nounted on the traveling secftion, it |
possible 20 to easily locate the head 4 and the drive uni tﬁ8bf3§)%§ﬁ %tOrQ(Saned

position in the region including all of the via holes 21. Alternatively,
the shifting device 14 may be provided as a neans for shifting the base 2
and t he goatvanparg $hiambdreSXandxite space hA Webed foetweeni thg bage 2esnd sheet
20 with respect, to the head 4 and the drive unit 8. In short, the shifting
devi ce 1&tBEE3not restrict the shifting 25 object and therefore can be

Toveent bt whah SRS P T epdr RS L A PO Poll W RERhDGo Ay T 21 Ve

filling apparRirsts tHe isoel naesberscohundl 1 LnithcBed tdblee heat rdohreupirt oBGheut put s
a control signal to the shifting devjce 14 tao control c% . shi I‘;ti ng direction
and a sHESH plgeeipdeaerntatbondhE retaimgrihelUadey dhisne@n@tionydheHaoeMor e,

o 17 1 a0 161 HeHALEEY et sReft BT ke, SERRETRME SREET BT  page
fﬁel é agdﬂgﬁ%&%ﬁh%%ﬁeeﬁgn%@mmgs fo a preldiBamemad RighRr vaehiunelk vegt ween

and - retainer 37 The above-described filling apparatus 1 has the
fol | owi g.g.uAdtiMps. or KssptSimilarlyethc waswemspumpahd digchangssibe 46Ot he

head 4 t th 5 i t .20 t ed th t ai . Und
thi's cortdst T e Pasicy GRERES d o CoRaRYRLE HEE a4 iRLBET shio k™'
Sf’EQVe”ng%g%?ﬂ?ﬁéd %é@era‘i@@{a@ﬁﬁ}ﬂ 1@21g%.,gg.wgaggm@@&a@@&u@an

predete gher vacuum | evel ( less). Simlarly, the
vacuum phewatGudi boredrofehetdvavanging chgebet Som t he paste chanber 9 to

it 1 L T N G
scavengipg rEB@”é}?eret %’20 Mtle tH&?qéiézfih'g%igh%?f' éeifsteéﬁaﬁ Brbfisl deidiead e al ong

t he upper surface of the resin‘sheet~20 e squeezing unit 6 causes
an or bi paktewtiamber 9. The shiftisteereghombé thdheadhd, sthentimffeddyi the shiftite head

¢ L3i on eIl AgSUPIChgs Qs 39 PP Fogion IRCAIdig € AThedaned Bhok K upper
surface Qfi.d 85iBefBAYn A upSGNHERY of redie8héde20. Accordingly, when the
head 4 shifts over an arbitrary via hole 21, this via hole 21 first enters into the
scavenging chamber 5 positioned at a radially outer side of the head 4. The
residual air or gas in the via hole 21 is discharged by the vacuum pump 16.
20 Thereafter, as the head 4 advances in the same direction, the via hole 21 thus
depressurized in the scavenging chamber 5 next enters into the paste chamber
9. The sliding member 12 of squeezing unit 6 wipes the conductive paste 13
- supplied on the resin sheet 20 and conveys the collected paste into the via hole
21. In this case, as the residual air or gas in the via hole 21 is discharged
25 beforehand, the sliding member 12 can smoothly and surely push the
conductive paste 13 into the via hole 21. Hence, the inside space of the viahole
21 is entirely filled with the conductive paste 13.
This embodiment depressurizes not only the scavenging chamber 5 but
also the paste chamber 9 by the following reasons.
30 If only the scavenging chamber 5 is depressurized, each via hole 21 in

a depressurized condition will be subjected to the air or gas remaining in the
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.head 4 shifts over an arbitrary via hole 21, this via hole 21 first enters
into the scavenging chanber 5 positioned at a radially oute i, de of the
head 4. The residual air or gas in the via hole 21 is digéh P%E@fQ& e
vyacuum punp 16. 20 Thereafter, as the head 4 advances in the sane

direction, the via hole 21 thus depressurized in the scavenging chanmber 5

next ent @hstel dHanbbLoRATODCAVIHRSFia Hble HerdbLMieRdnt® MRepadid HardlBiegzi ng

unit 6 w pes the conductive paste 13 - supplied on the rgm n sheet 20 and
conveys fin¢hisaldsectiedcpmduetivapostehks ebatdining azignificartiamcaseof ai arthe

residual air | as |n th g, hole 21 is discharged, 25 b hand, th
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t he§ scavpagterghashibeb®r 5 but al so the paste chamber 9 by the followi ng

reasons. 30 If_only the scavengi ng chanber, 5 is depressuri zed, each via
hole 21 in abdepeesiiciddeanss glilfbfﬁ%ﬁlrgllsg@PEﬁﬁEPé’@@Qd”t%“@ﬁ@”&PFt t gas

remai ni ng. j Page : 5 he vi a
hol e 21 Eﬁ@%%???a?fﬁ%%%?h%&lgﬁ@ggﬁgnﬁ% H%%Q%r?qf i'S c%‘g\é?lsﬁegfe&)c%g?\[ 6‘}& I ve
paste 13tiporifahpisedvensinmgnthdebst Salbnt vatuahrleoe] ofdise pable eigbet Be via
hole 21, resulting in a dissatisfactory conductiv aste fillin

oper at i oi$.set Thiashigher Heveledkore whly berihe md@wlﬁﬁrﬂelagﬂm salyant ,@@9?&in@d_ 5
i¥br ot chaeterivg FiSle. AbREY % PR Rt e 2 BB RES Tt °
| evel re&dlﬂi&&‘iiﬁ%}%ﬁ'gtetl@}s fbrédyegcavengi ng chanber 5. [f the vacuum | evel
of the paste chanber 9 1s set to a higher level, there will be the
possibility thig Ztibestarasie ftlbmgopesation fon fdlingueachwdapede 8 1pvshhe y
R B R YRl ST BRI e
e, CSp0UEL TR B o ol OO ch RMRIOEN st viphgleeS] T
215 15 \Wdren the head! 44isi poptisnedomedach veadiolyiZd, bt eegitlual her oegiasual  ai r
oF 995 1 st discharged out of the via hole 21 and then the conductive paste 13 is

stuffed into the via hole 21. According to this embodiment, the scavenging

chamber 5 has an annular shape so as to surround the paste chamber 9.

Therefore, there is the possibility that, even if the conductive paste filling
20 operation is successfully accomplished in the paste chamber 9, the conductive

paste 13 may be sucked out of the via hole 21 when the stuffed conductive

paste 13 relocates into the scavenging chamber 5 positioned at the trailing side

of the paste chamber 9. In this case, the stuffed conductive paste 13 will be

partly removed from the surficial side of the via hole 21. This will result in a
25 dissatisfactory conductive paste filling operation.

Considering this drawback, this embodiment performs a refilling

operation in addition to the initial filling operation. More specifically, as shown

in Fig. 4A, the head 4 is moved along the entire region including all of the via

holes 21 to fill each via hole 21 with the conductive paste 13 under the
30 condition that the scavenging chamber 5 is depressurized to a predetermined

higher vacuum level. Subsequently, as shown in Fig. 4B, the head 4 is returned
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[ i scharged out of the via hole 21 and then the conductive paste 13 is
Z{L?}eg into ?he via hole 21. According to this enbodlmentZI t he sc?éggglng
chanber 5 has an annul ar shape so as to surround the paste éﬁaﬁﬁéﬁ :
Therefore, there is the possibility that, even if the conductive paste
filling 20 ogifﬁgiqn I's successfully acconplished in the paste chanber 9,
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21 adheres to the seal members 10 and 11, The seal members 10 and 11 with
the conductive paste 13 adhered thereto slide on the surface of resin sheet 20.
This makes a chance that the conductive paste 13 adhered to the seal members
20 10 and 11 contacts or merges with the conductive paste 13 already stuffed in
the via hole 21. The conductive paste 13 in the via hole 21 may be drawn
toward the conductive paste 13 adhered to the seal members 10 and 11. As a
result, the stuffed conductive paste 13 may be pulled out of the via hole 21.
This will result in the shortage of the stuffed conductive paste 13 in the via
25 hole 21.

To solve this problem, the shifting speed of the head 4 during the
refilling operation is set to a predetermined higher level so that the conductive
paste 13 stuffed in the via hole 21 can promptly separate from the conductive
paste 13 adhered to the seal members 10 and 11 before the already stuffed

30 conductive paste 13 is pulled out of the via hole 21 by the conductive paste 13

adhered to the seal members 10 and 11. This surely prevents the shortage of the
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.15 case, it is inevitable that the conductive paste 13 supplied on the
surface of resin sheet 20 or the conductive paste 13 in %he surfigi 5
region of the via hole 21 adheres to the seal nenbers 10 1 fcte gr%h@ seal
.menbers 10 and 11 with the conductive paste 13 adhered thereto slide on
the surface of resin sheet 20. This nmakes a chance that the conductive

te 1 . e
paste On}lﬁﬁ%@gﬁ% St s steakdTRIDeich 20 Holeal THus aNbecsmcoboseivget v

already stuffed in the via hole 21. The conductive
paste 1Zompletelyiil davheviatholey? bwith Hwconduative pastecbdduct i ve paste 13
the stuffed caonductive

dh dtoth | . nmenb 10 d 11.,,As | )
Baate 13 may IBehenitedl GUCUHH BV £lES e tiop s e LR sra Y e
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op§rati Orhiss isé$ preferaplectet ahsi sidftimg gpeed| eviie head Haduting deniutal ve

paste 13 stuffed' in the via hole 21 can progﬁtléﬁse a%ﬁte fromthe
conduct iocpadusiiyeepaste AHaEQPa8t ORI SSEA IO ARt Y FTRAY VAUBef ore t he

al ready stuffed 30 conductive | ed out of the via hole 21 by
t he conductive paste 13 adher‘g%sérgdﬁﬁ%éés‘gg’rédr{‘enbers 10 and 11. This surely

prevents the ﬁt@fﬂﬁﬂ% a%?a&@ﬁsﬁﬁgﬁzc&déﬂcmidbarse%ﬁﬂ embddihenewpHdiee 13
stuffed into each vi |l e 21. Thus, it becones possible to conpl.etel

. y
fill eaekplaiaedovish2efarenbe thBigsoAdust6 hgpeem@ongnts or periqns idegfical

cBfiduct il BiscisslensdinIBEKTS! ERb et b SR AL BN e YRR %
(s pref enaplend Hall fIPndbbeldiaRee ofs bibdia. during the initial

conductive paste Ing operation is set to a relatively small val ue.
Second EnbodiThentabBive-desdritryl dpgsarembediment dor charastanizad anstwintdhe

S8 SV R0 SR 8 % Sty
croes, s SRR e R PR e e TR Sl ) noi
chér act guifierh] imgidmoftdeeh sahehyRigmalyabdeen® veas whenatruvés hobegd
S Oun?cial%%attg]sein%gst e s%ggggg{nggthamber 5 positioned at the trailing side of the
paste chamber 9, as described above.
To solve this problem, the second embodiment of the present invention
provides a filling apparatus having the scavenging chamber 5 which is entirely
20 offset to the leading side of the paste chamber 9. This surely prevents the
conductive paste having been once stuffed in the via hole 21 from being
removed undesirably.
More specifically, as shown in Figs. 5 and 6, the scavenging chamber 5
has a semi-cylindrical wall connected to the cylindrical surface of the paste
25 chamber 9. In this illustration shown in Fig. 6, the head 4 shifts to the right
direction during an initial filling operation. The scavenging chamber 5 is
entirely located at the right side of the paste chamber 9. The seal member 11,
having an annular shape, forms a hermetical space for the paste chamber 9. The
seal member 10, having a semi-circular shape, cooperates with a leading side
30 of seal member 11 to form a hermetical space for the scavenging chamber 5.

Like the above-described first embodiment, it is preferable in the second
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Thi s arrangenment induces the problemthat the conductive paste 13 in the 15
surficial region of each via hole 21 may be renoved when th$é¥ia holg él
rel ocates into the scavenging chamber 5 positioned at the i1 4PFtPRE éPBe of
tthe paste chanber 9, as described above. To solve this problem the second
enbodi nent of the present invention provides a filling apparatus having

the scavepgidWinsdateesefoMhithl do%d%%iivre%aste %@fﬁﬂiﬁgggemiédﬂﬁl b@éﬂid&ﬂtcﬁi de
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menber 11, hayi ng .an ul ar shape, fornms a hernetical  space for the paste
chanber 9. Thdhesdafiahediag qmﬁ,raﬁa@iwf éh%éH?C%ﬁCHSEI 1LHRgRpCIaHEB St es

with al ' | de 130 r 11 to forma hernetical space for the
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scavengi above-described first enbodinent, it is
preferabl e inFifte sfcedhdiate Z3itikl ﬁliﬁ@@e%p&%@ﬁ:rﬁnﬂﬁdivfﬁ&ﬁhni Ppwapf ggm t he
|

conductive paste refi|lling operation in addition to the initial conductive
past e fi flischgragsetha aisror Sesdiom thhscavangong chamberohie depregsedizai thie t he

T et 1 TR e SRS e B Ll ol SR BBPs 5
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158i
initial filli'ng operation and the succeeding Tefilling Operation

per f or mechambeh® tootlepueissyrizathepasi chamberdl tg aipredhterminedanotietdteng
oper 2| ol MEEHAI P ckee 1 A5IREes e Rty e 958 LIRS e
procerer el opataerun Nesl (ot o S Sesdnal pSpaaglg (e
dédpr esswamdtioms, fesskiftingrdwerice 1tﬁkshi?t}srthdéteadn4 abshgrtitenpper surface of
the resin sheet 20 while the squeezing unit 6 causes an orbital motion in the
paste chamber 9. The head 4 continuously moves on the resin sheet 20 in a
predetermined direction to fill each via hole 21 with the conductive paste 13
opened on the resin sheet 20.

20 Next, in the succeeding refilling operation, the shifting direction of the
head 4 is reversed to refill the already stuffed via hole 21 with additional
conductive paste 13. In this case, it is possible to reverse the direction of the
head 4 so that the scavenging chamber 5 is positioned at the leading side of the
paste chamber 9. In other words, the scavenging chamber 5 is always

25 positioned at the leading side of the paste chamber 9 in each of the forward
stroke for the initial filling operation and the backward stroke for the refilling
operation. Alternatively, it is also possible to leave the position of the head 4
unchanged, although the scavenging chamber 5 is positioned at the trailing side
of the paste chamber 9 in the backward stroke.

30 In any case, the depressurized condition of the scavenging chamber 5 in

the refilling operation is changed to a level substantially equal to the
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vacuum | evel (e.g., 0.06Moa) which is relieved than the vacuum |l evel of the
scavengi ng chanber 5. Next, under the above-described depressurized 15
conditions, the shifting device 14 shifts the head 4 al ond 't Retalsse2005
surface of the resin sheet 20 while the squeezing unit 6 causes an orbital
nmotion in the paste chanber 9. The head 4 continuously noves on the resin

sheet 20aifodphdti€ E%d’f‘enﬁd%d'(ﬁ?;mp@ﬁvﬂﬁch' is! f@ﬂ‘?hrédie?vétpltﬁar?lh&“}hght he
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condition_of the scaven%@rlng chanber 5 in the refilli ng operatjon is
t

changed 1 apdildy Sacuria hale 2d19ap Reycempletel v éilkggwithathecanstustisie pases
sphe&/c pressure (e.g., 0.1Ma) which is fairly relieved than the high
vacuum I in the initi aI filling operation. This effectively prevents
the already stuffed conducti vermpgtEmbadimen being pulled out of the via
hole 21. Furthernore, like the first enbodinment, it is preferable that the
shifting 5 Speedilding npparsads 4ncaﬂcon@am¢ﬁemdmdtuﬂnrd/@npla@dmmtf wﬂhbrg

Pt el Pl B BbeatitERct WFEE. gt DT ool RS ARl  cc
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conductive paste 13 adhered to the seal nenbers nd . Each via hole

215can bwmorals andivili nbt bd ewiptl inteldei ncidisl e otbi ok et e 10 13. Third

Enbodi ment The above-described first embodiment is characterized in that the
scavenging chamber 5 has an annular shape surrounding the paste chamber 9.
The filling apparatus in accordance with the third embodiment is characterized
in that the scavenging chamber 5 is separated into two independent chambers

20 and positioned at opposite sides of the paste chamber 9. Hereinafter, the filling
apparatus in accordance with the third embodiment will be explained in more
detail.

As shown in Figs. 7 and 8, the filling apparatus 100 has a sheet retainer

50 on which the resin sheet 20 is mounted. The sheet retainer 50 has two, outer

25 and inner, grooves 51 and 52 which cooperatively serve as a suction port 53 for
securely holding the resin sheet 20. The grooves 51 and 52 extend along the
rectangular periphery of the resin sheet 20 where no via holes 21 are provided.
In other words, the grooves 51 and 52 are similar closed grooves positioned
adjacent to each other and extending in a rectangular shape.

30 After the resin sheet 20 is mounted on the sheet retainer 50, the vacuum

pump 17 discharges via the suction port 53 the residual air in the space
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The filling apparatus in accordance with a third enbodi ment will be
explained with reference to Figs. 7 and 8. The conponents orég%rtlons
identical with those disclosed in the first enbodi nent ar&!d4e¢ebed2895t he
sanme reference 15 nunmerals and will not be explained in this enbodi nent.
The above-described first enbodiment is characterized in that the

scavengi ngeterenbtiie fediasshaset @Muhdr ihehalpetSet4iaepdigngak faerd%%%,?asgﬁéﬁaﬁr 9.

The filling apparatus in accordance with the third enbodi ment
char act erPIZ88UIe GRUSRALD 3t the Wisavengump ¢Raetseon thd comfrpatiageriaves dfithe

chanber  SeSiErarelq ad fifaefifet i MdpE e SR SiRoudEsAdantrs @rady el  ni r
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After the _resi.n shg t 20.is nmounted on _the sheet retainer 50_, t he vacuum
punp 17 éPifgsé’lﬁéli‘\ﬁf% 3{9@6#@ QU{gf BBPOYOPE. 53 the residual air in the space

s 0 ne a resul 1 T 0V G e daPuL ATl OF e Rl nlehesigeS s1 el "o

the conf b@nkieyuas to loaddghef thdiethateditheskactn 2l 2PRamberd 8hangesp SQsat the
regi on surr?un ed bg, the grooves 51 and 52. The vacuum | evel at the
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i fwar d fewen théha deprespuoined Saverging achasthémseth ahdveh canse waforem fogvel of
| nner an;geﬁ'i’rgff)r gé;gé)r\é f?]gStIllearggin sheet 20 off the sheet retainer 50, the resin sheet
20 is securely fixed on the sheet retainer 50 because a more higher suction
pressure acts on the bottom of the resin sheet 20. Thus, the resin sheet 20 does
not float off the sheet retainer 50.

20 The suction port 53, when a suction pressure is available, holds the outer
periphery of the resin sheet 20. The sheet retainer 50 has a flat surface for
supporting the behind surface of resin sheet 20 in the region where the via
holes 21 are formed. Hence, when the resin sheer 20 is mounted on the sheet
retainer 50, the via holes 21 is not deformed. It becomes possible to adequately

25 perform the operation for filling the via holes 21 with the conductive paste 13.

In this manner, the resin sheet 20 with an upper surface, on which the via
holes 21 are opened, is placed on the sheet retainer 50. The head 4 of the filling
apparatus 100 is put on the resin sheet 20 to perform a filling operation for
stuffing the conductive paste 13 into the via holes 21.

30 Hereinafter, the arrangement of the head 4 of the filling apparatus 100

will be explained in detail. As shown in Fig. 8, the head 4 has a rectangular box
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52 is equal to or higher than that of the scavengi ng chanbers Sa and Sb. As
a result, the suction pressure equivalent to the vacuun1H§v8kﬁgj i and
outer grooves 51 and 52 acts on the confronting surfaces 'of &

Sheet 20 and the retainer 50 at the region surrounded by the grooves 51
and 52. Accordingly, 15 even if the depressurized scavengi ng chanbers Sa

and Sb cahapeaTherrad ©hasphaljasg: ohaskradefimeed hetliestmtes ReteA0TH t he
sheet retainer 50, the resin sheet 20 is securely fixed on the sheet
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I ndependent scavengi hg chanbers 53 and, Sb are provi ded at opposite sides of
t he past@%ﬁ&%ﬁ i 9-%&%@@&3.&83}6&%185@%6@6@ Heayesuemyphme hinbbes 5a

and 5b, : : r. 40:.i t e otwt he rectangul ar
box wal l&%&éf??%}l}écggc %rost% Shéeorg{ceta‘:@ée:@g‘?%g&%%ﬁﬁﬁf@%gl%éngf%$%€%%§ ly, at
t he opendthreber Sbde cohntbred rastactharbamP 168, ¥akn ThEReA] AerhBeAt4@ched
a lower end of the rectangul ar box wall defini ng t he paste chanber 9.
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The sealnfembare plicedianthsrsbighthacid, thasnavenging RhembersSaansgranco,
provi desg ARIIEALMBEL ¥ otk AREHet NG 185e £ Hder this condition, the vacuum

pumps 15, 16a and 16b are driven to discharge the air or gas from the
scavenging chambers 5a and 5b as well as from the paste chamber 9, thereby
depressurizing the scavenging chambers 5a and 5b and the paste chamber 9.

20 The squeezing unit 6, having the same arrangement as that explained in
the first embodiment, is shiftably supported in the paste chamber 9.

The above-described filling apparatus 100 performs the initial filling
operation and the succeeding refilling operation for filling each via hole 21
with the conductive past 13 in the following manner,

25 First of all, in the initial filling operation, the vacuum pump 16b
discharges the air or gas from the scavenging chamber 5b positioned at a
leading side of the head 4 to depressurize the scavenging chamber 5b to a
predetermined higher vacuum level (— 0.01Mpa or less, for example —
(.1Mpa). Similarly, the vacuum pump 15 discharges the air or gas from the

30 paste chamber 9 to depressurize the paste chamber 9 to a predetermined

moderate vacuum level (e.g., — 0.06Mpa) which is relieved than the vacuum
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10 of the scavenging chanbers Sa and Sb. The seal nenber 41, when brought
into contact with the resin sheet 20, provides a hermeticﬂlgy cl osed space
for the paste chanber 9. The paste chanber 9 is connected AoRelc¢iR punp
15. The scavenging chanber 5a is connected to a vacuum punp 16a. The
scavengi ng chanber 5b is connected to a vacuum punp 16b. Wen the seal

menber s 4@védlofand sédvenginy aeatbenshi thesthses 'ﬂﬁ@btf?&se’a%{] gﬁ@’ g@%@ﬁ@bn der
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exanpl e LEIgremgsatp. the; ¢gptls Igyouthand detalmusuher 6 vir beles JbsAckherdinglyr gas
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than t heopassdionRBgeedih SHedPAPRefil12A0RIthake!cordichR eSgaueng.ng chamber 5b.
In this case,_the other scavenging chanber 5a positioned at the trailing

side of the h¥dtrm the heachdarenshestthe mrodea endi nbdhelresit sheety 20, GheMpa)
cau vl eigh o LRSS A RS Bt B ARSERHSE R0 0 o ong
the uppahesidinsrdaitroke Nenicly Seellraly Sutfe PURFRORST R SLamchiieq While

t he squeezing unit 6 causes an orbital tion in the paste chanber 9. The
sAOf t i ngvitheda apmdussivecpaste 1during this forward stroke is set to an
appropriate Vﬁh?i%gi the infi: efiﬁ{r?gmo%%rztit?og,o %ﬂs%%%l)w at Qufﬁcient amount of
conductive paste 13 to each via hole 21, the shifting speed of the head 4 was
set to a relatively slower value, In this case, however, there is the possibility
that the conductive paste 13 in the upper layer of the via hole 21 may be pulled

20 out by the conductive paste 13 adhered to the seal members 40 and 41.

Hence, the shifting speed of the head 4 during the refilling operation is
set to a higher value compared with the shifting speed during the initial filling
operation. For example, the shifting speed is set to somewhere in the range
from 90 to 160mm/sec and is adjusted with reference to the amount or
25 composition of the conductive paste 13 to be stuffed. With this settings, even
if the conductive paste 13 adhered to the seal members 40 and 41 contacts or
merges with the already stuffed conductive paste 13 in the via hole 21, it
becomes possible to promptly separate them before the already stuffed
conductive paste 13 is pulled out of the via hole 21 by the conductive paste 13
30 adhered to the seal members 40 and 41. Thus, performing the refilling
operation makes it possible to completely fill each via hole 21 with the
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reference to the depth, layout, and total nunmber of via holes 21.
Accordingly, 10 while the head 4 slides on the resin sheet, 2Q |n one
directiog,yeach via hole 21 opened on the resin sheet 20 Tils iéhﬁﬁkQHQI1
the conductive paste 13. Wien the head 4 reaches the renote end of the
resin sheet 20, the shifting direction of the head 4 is reversed to
perforn1tbgdueﬁbb@ﬁmg:@geration in the backward stroke. Nanely, the

al ready stuffed via holes 21 are again filled 15 with the conductive paste
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(e.g., - 0.06Mpa) which is rel Fpyed; EhtFodhe i gher 5 vacuum | evel during

the initial filling operation. Setting the vacuumlevel of the scavenging
chanber 5a t dNexhwdfrutk ombodimertef thapeesdnt ipveativhewild bedesplaaiak t he

ai 111 org fhGeHABREe 8 ks YAl dify Y2 Mol @ 2L while preventing the

The above-described firstembodiment is characterized in that two rotary
shafts 7a and 7b are used to cause the squeezing unit 6 causes an orbital motion
in the paste chamber 9.

20 The fourth embodiment is characterized in that the squeezing unit 6
causes a rotational motion about its own axis. More specifically, as shown in
Figs. 9A and 9B, the squeezing unit 6 according to the fourth embodiment has
a single rotary shaft 7 with a cross-shaped rotary vane attached at its distal end.
The sliding member 12 having a rectangular elastic body is attached to each

25 vane of the squeezing unit 6. The sliding member 12 is inclined with respect
to the surface of resin sheet 20.

Constituting the squeezing unit 6 equipped with the sliding member 12
$O as to cause a rotational motion about its own axis during the shifting
movement of the head 4 is effective to surely push the conductive paste 13 into

30 each via hole 21 from different directions. Thus, the inside space of each via

hole 21 can be completely filled with the conductive paste 13, without leaving
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conductive paste 13 fromboiling and al so preventing the conductive paste
13 frombeing pulled out of the via hole 21. The squeezin njt 6
supported in the 10 paste chanmber 9 supplies additional c&ﬂdé@f?%%e 13
knto the via hole 21 so as to elimnate the shortage of conductive paste
13. In this case, the scavenging chanber 5b positioned at the trailing

si de of hﬁg Ww8abrdiagkchanged to a level substantially equivalent to the
at nospheri € pressure (e.g., 0.1Moa). Fourth Enbodi nment 15 Next, a fourth
embodi ment of the present inveMadifiediimbbdimepntained with reference to

Figs. 9A and 9B. The above-descrihed first., enbodi nent js chajacterized in
that two rot a%FCOé Hig o-;ge ¥ 8‘?@1@51&55%‘ U egﬁmﬁm%&u&hﬁt 6
causes a i I k: : i ment
o Char alFoF eAhbERY S PopBut A8 18%%4 Cy RNAMERI shapd 100REE Sk SHAPER: on
abdut i t theopastaxhambdrrecspeeirhodifidd intos sfoamgilar ofegs.exPhaiared DBhet he

squeezi na].u(ﬂit 6 Cgccordi ng to the fourth enbodinent has a single rotary
shaft 7 Wiihembodseniipedn bsiaiangeshiataathenhpalygonalshaps: &ispsainlly, The

sliding e Vi egt an r i i tached. to each 25
vane of %gﬁ sghu% Zalg?leg C@%F?Dég gﬁeggbﬁgpﬁ%&ﬁé%e%)?%tapgu%{cﬁﬁﬁegh%’et in

respect e)fj}@la_iﬁ‘ﬁi murieatddroknitasdimaneftis e fdabid td ééhfiguw‘ﬁ]éﬂg@@%iﬁ% uni t
6 equipped with the sliding menber 12 so as to cause a rotati onal tion
about i ténibvntatiayeduresigngnéarshody isagthaiohersspeesing haihbathmcisseefifiect i ve

ir or orfioBtH) dubRGRST e patfe ERAR a0 L B taitoefdan Hrdan ey bt be
conpl et edutefy bhSsly ShHffidient BRMIGIHIOfIRRIR _aé@iatmoyﬁo'tﬁé\oiwao!’&ﬁﬁ 29 11

Cct ober 2005 any void or crack. Mdified Enbodi nent According to the
above- dd¢entasencdrn thet pemphemcohtherdsonlisheat 20. t he paste chanber 9 is

B RN AR T T R RN
embodi MyRtrfim GG MBARIEH st O d1eh iRl Y 89 Babits AR o FSPER @t bYal -
15 motion. In this case, it is also preferable that squeezing unit 6 causes a complex

motion as a combination of these motions, instead of performing only one of
these motions.
Furthermore, the above-described embodiments are the filling apparatus
and method for filling the via holes of a resin sheet with the conductive paste.
20 The resin sheet constitutes a part of a multilayered substrate, However, a metal
or other material can be used as a substrate to which the present invention can
be applied. The use of this invention is not limited to an insulating substrate.
Accordingly, the filling apparatus and method of the present invention can be
widely applied to any substrate with a hole or holes to be filled with a fluid
25 material.
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when the paste chanber 9 is configured into a rectangul ar box shape as
explained in the third enbodinent, it is preferable to confjgure the
squeezing wunit 6 to have a rectangul ar body so that the sﬁb ??ﬁ{%@@@ 6
can cause an 10 orbital notion in the paste chanber 9. In this case, it
becomes possible to surely supply a sufficient anount of conductive paste
13 into the via holes 21 |ocated near the peri phery of the resin sheet 20.
FurthernnrgﬂAAID@SpossibIe to constitute the squeezing unit 6 so as to
performa swing notion instead of performng an orbital notion or a
rotational 15 motion. In this case, it is also preferable that squeezing

unit 6 causes a1cgmlga%§%4rﬁg%sgﬁﬁ§1§gggﬂ@eio% ﬁfbsh%?é@i@% AR mdiBihead

of performng only on urt hernore, the ove-descrrbed
enmbodi ment shaaetertrediby | i ng apparatus and method for filling the via holes

O o e B e SO o FoB A, SO R BRI Amol o bet oo
be used asyhehthdliht niPcthGwithe QIEIERE SWEtRELLAToE HeprBRafPithg St The

use of this invention is not mted to an insulating rate.
Accor di ngl firsttheenfeticallygclepgmhchambernd et hod of the present invention can

be wdely appli .t,0_any. trate,.wt hol e or hol to he filled with
2ot d o5 et et ndtiaT $ g Nefiighdpr Somsinas seopnbhermatieally ckgsed
appar at us bt {3 : - ' ra.al
characteri é}g%mgéll_ ngHggg;k g ngh’ﬁ bﬂgec?trﬁ%tﬁ%%fg?ts?] odr,\@)r;ﬁS Br%?a gé % #I;fé? g%%ranfg ? isg%flqnﬁ

cl osed chasthdr fluMdlemdtenahhintd nthe dureaof sdith sabstwitst vaitkins waidcsecond f or

depressurizi ng sai first hernetically closed chanber; a fluid materi al
filling seﬁ?' IQ%EY?]&Sﬁﬁ $amLeond hermetical |y closed chanber when

N o2 SO Gt AR Sheap i
her met i cal ¢lpsed chatbehaxfisard fluid material filling section; and
shifting means for shifting said second hermetically closed chamber
depressurized by the depressurizing device to a position of said hole of the
substrate after said hole of the substrate is depressurized in said first
hermetically closed chamber of said scavenging section, wherein
sald second hermetically closed chamber is provided adjacent to said
first hermetically closed chamber,
said fluid material filling section comprises a supply section for
supplying said fluid material onto a substrate surface within said second
hermetically closed chamber depressurized by the depressurizing device and a
squeezing unit for pushing said fluid material into the hole of said substrate
within said second hermetically closed chamber depressurized by the
depressurizing device.

2. The fluid material filling apparatus in accordance with claim 1,
wherein said squeezing unit causes a motion selected from the group consisting
of a rotational motion, an orbital motion, and a swing motion in said second
hermetically closed chamber.



a depressurizing device for depressurizing said second hernetically closed
chanber of said fluid material filling section; and shiftimng ’
shifting said second hernetically closed chamnber depressJBi Qggﬁ%?/ 4@?
depressurizing device to a position of said hole of the substrate after
said hole of the substrate is depressuric,}%ed in said first hernetically

cl osed chanber of said scavenging sectiofl, wherein said second hernetjcally
cl osed chanber 3sTheotiudddmatgraddefilling apnagatus; Hs tacReF qec?i‘flﬂ}/ ﬁ?’é@eh
chanmber, sajd fluid.material fill] ¢t LQR; j : | hon for
suppl ying ¥ FEFIR %.?il(éi S.%EFS%% u%#tlgggl@gbés%ﬁg rgi;l%{ g@i%@ﬁﬁﬁdﬁgi é%iglond
her met i cal {yhstispe edrfabanber depressurized by the depressurizing device and
a squeezing unit for pushing said fluid material into the hole of said
substrate wthin said second hernetically closed chanber depressurized by
the depressurizgzi devi.ge - The f:] Ui i J L1 i
accordance wt h&'clplg}errﬁi'l,la W@i‘?‘rééﬁnmgbg ueé{zqsngﬁ ua];g'lictb &%%ig:gggﬂ g{ arrét%?" ﬁ%nﬁl’

sel ected fyptdifessidosRdannghéinbeg isofomstitated bynal rovpanguiar alastidibicaly
notion, and a swng notion in said second _hernetically closed chanmber. 11
Oct ober 2008liBed WithTeepeatipsaidsabstEatesUfachy apparatus in accordance with
claim1, wherein said squeezing unit includes a sliding nmenber which slides
on said substrate surface. 4. The fluid material filling apparatus in

accordance wi t hsciTdienflgid mdterial filliapcapidraiusginmeotendanse certhtdryuoad af a
rectangul ar elastic body inclined wth respec%‘pi)%hsaicﬁlI u str%te urf ace.
5. The fl u¢laimat értoatt, fWwherein seapasuEInRly $eetione éal 'ffLH affif %%15 ai a

claims | tQ rei i ’ i sai.d. -t g o | a
or edet er m REte T RHUPRHOROHERIN B8 sa SLEEIAE it pAHTRAE sorkt 8

her meti cal hyrré9eAly célasdérchanbesupnd i esppslidsd shidiifuidareatenil cmio saidi
substrate surface via a cl earance betwe si de

ﬁn a | 1 ofﬂsa%d sgcond d
her net i cal $ybsirass esuiheerbER #hd-lsaiancs qREBYSFYy dnfide wall of said secon
hermetically closed chamber and said squeezing unit.

6. The fluid material filling apparatus in accordance with claim I,
wherein said second hermetically closed chamber is depressurized to a lower

vacuum level compared with said first hermetically closed chamber.

7. The fluid material filling apparatus in accordance with claim 1,
wherein

said substrate has a plurality of holes, and

said first hermetically closed chamber of said scavenging section and
said second hermetically closed chamber of said fluid material filling section
cause a shifting motion with respect to said substrate so as to stretch over an
entire region including all of said plurality of holes, thereby filling said
plurality of holes of the substrate with said fluid material.

8. The fluid material filling apparatus in accordance with claim 1,
further comprising control means for controlling a depressurized condition of

said scavenging section and also controlling a shifting condition of said




6. The fluid material filling apparatus in accordance with claim1,

wherein said second hernetically closed chanber is depressurized to a | ower
vacuum | evel conpared with said first hernetically closed th&ateber 2005 he
fluid material filling apparatus in accordance with claim1l, wherein said
substrate has a plurality of holes, andgzaid first hernetically closed
chanber of sai.d scavengi ng section and aid second hernetically cl osed
chamber ofﬂggmﬂgﬁﬁﬁﬁﬁsﬁéﬁgﬁﬂhl filling section cause a shifting notion
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control negns shjfts sai i rst an econ ernetica| cl ose o ers to
perform arcloned Fhpmber PH%%@@PFIQFU@IP Mhat S bPEY ticaHyglosed elgar@gﬁals
fluid mat egd L nt | e of said substrate |ocated in said first
ool 20

hernmeti ca anber under a condition that said first hernetically
cl osed chanber samd cmprelssganzertlicoved e depressunredreanditiehi efvesidt fest

depressurized condjtion of said firs hernmetjcally c]osed anber  and
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9. The fluid material filling apparatus in accordance with claim 8,
wherein said control means causes said first and second hermetically closed
chambers to shift at a first speed during the initial fluid material filling
operation, and then causes said first and second hermetically closed chambers
to shift at a second speed higher than said first speed during the fluid material
refilling operation.

10. The fluid material filling apparatus in accordance with claim 1,
further comprising control means for controlling a depressurized condition of
said scavenging section and also controlling a shifting condition of said
shifting means, wherein

said first hermetically closed chamber and said second hermetically
closed chamber are aligned next to each other,

said control means controls said shifting means so that said first
hermetically closed chamber of said scavenging section and said second
hermetically closed chamber of said fluid material filling section shift in both



chanbers to shift at a first speed during the initial fluid materi al
filling operation, and then causes said first and second herneti call

cl osed chambers to shift at a second speed higher than sald @¢tpger gﬁééd
during the fluid material refilling operation. 10. The fluid materi al
filling apparat us in accordance with cl 4N 1, further conprising control

nmeans for ontro de ur.i zed con itjon of said scavenging section
and al so c @%&aléwa?@ﬁ@cgma.qn A @plbg’ga@ shifti ng rreans wher ei n
sai d first her rrgaicp%dm(ﬁ' BRehsD RTAC FoRRARE AOIRC BB HIT sgcg%'iosed

chanber are aligned next to each ot said con
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depressuri @bm@rwaﬁafsst spaadptandal |y  cl osed chanmber | ocated at a | eading

side of said secol tlcally clo nber. and. set fa shifting speed
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hernetical |y clos chanbers | eves ressuri ze
first her hewrneacally elassdchemtrelochterhateal leiding Isedelong tmlﬁagcmde ofrsaid i ng

side of sa ond her, i ca osed chanber  an hanges shifting
speed of sé\qc@n@&@ﬁe%‘%%@@éﬂ@ ﬁ%‘inh’@{ F‘Egtlcp@lg@% %ﬁ%@%ﬁc{@e 1ddushd
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accordance wth claim1, further conprising a second’scave ng SEC?I on
for form nﬁrﬁ speedd herneti cal | y cl osed chanber when brought into contact

with said substrate surface and for depressurizing said third hernetically
cl osed chanber, said third hernetically closed chanber being shifted by

sai d shifting meMbEhe filling apparatus in accordance with claim 1, further comprising
a second scavenging section for forming a third hermetically closed chamber
when brought into contact with said substrate surface and for depressurizing
said third hermetically closed chamber, said third hermetically closed chamber
being shifted by said shifting member;
and
control means for controlling a shifting condition of said shifting means
such that said first to third hermetically closed chambers shift in both forward
and backward directions on said substrate, a shifting speed of said first to third
hermetically closed chambers is set at a first speed in a forward stroke of said
first to third hermetically closed chambers, and the shifting speed of said first
to third hermetically closed chambers is set in a backward stroke of said first to
third hermetically closed chambers at a second speed higher than said first
speed set in a said forward stroke, and controlling a depressurized condition of
said scavenging section and said second scavenging section such that the first
hermetically closed chamber located at a leading side of said second
hermetically closed chamber is depressurized to a first depressurized condition
in the forward stroke and the third hermetically closed chamber located at a




and control neans for controlling a shifting condition of said shifting
means such that said first to third hernetically cl osed Qhéﬁﬁfrs gﬁg#% I n
both forward and backward directions on said substrate, a QQ?T ed
of said first to third hernetically closed chanbers is set at a first

speed in a forward stroke of said firs o third hernetically closed
chanbers, and.the. shifting spe of salad i r.d hernetically

first é ﬁ)ré
cl osed chalfBding sideset sqid secp oged ghamber is dCpEeSsukzeg 10 2
her neti cal I Qﬁ% % ha
speed set %nogl sa‘%‘ﬂ'e or war dé%ﬁlggjg%gggg%g}% %lﬁif%g‘?ge ep%@%‘??é{%‘gﬁ{on
condi ti on of thesSlackwsa@vengkelg secti on and sai d second scavengi ng section
such that the first hernetically closed chanber |ocated at a | eadi ng side
of said second hernetically closed chanber is depressurized to a first
depressurized copadiryj.o r,d r e ically
cl osed chanber Fgcgihedﬂg d ?n#%ﬁ&:t lgﬁfg %@8@@ ﬁpgg%&?ahghdgltgf élsggllhd?geco d
her neti cal Mnecd:msmidcdmﬁbek meande pn esasdiforwdrd strakes elepmksdeueestheruhmﬁ
condition relieve n said fj] rst SIe@g{iessurl zed condition. t he, backwar d

ceroke. 1ohrmeially lomsroshamber of S sppand v Sheae:sction Lodaled 2ia m
11, wher f ol t he
thi rd hefﬁnéklﬁ%?ﬁd%f 524 SRERRE heichitally ALY hAhbOVE SHEPNARE i chal

| ocat ed atfilling lsecﬂmngosa dlexrdfdeqneshm%dncbﬂ[thltm whath ys céloseat] ¢hankerd of
said fluid |II|ng .section to a third depressurized condition
which is rfrst é%(‘]e%%’f?eﬁl difibPst depressuri zed condition. 13. The fluid
material filling apparatus in accordance with claim11l or claim12,
wherein said control means, in said backward stroke, depressurizes the

f | rst hermeticalByThedbed whterier{ibingapparbitusin acca)rda;gcmgvﬁlecﬂainm llloemt ed

trail de, of said her et nber of said
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for filling a bstrate wt maerl conpri sing:
atrailing s1de of said second hermetically closed chamber of said fluid material

filling section to a fourth depressurized condition which is relieved than said

second depressurized condition.

14. A filling method for filling a hole of a substrate with a fluid material,
comprising:

a step of forming a first hermetically closed chamber partly defined by
a predetermined region of a substrate surface and depressurizing said first
hermetically closed chamber;

a step of forming a second hermetically closed chamber defined by a
predetermined region of said substrate surface and positioned adjacent to said
first hermetically closed chamber;

a step of depressurizing satd second hermetically closed chamber;

a step of supplying said fluid material onto a substrate surface within
said second hermetically closed chamber; and

a step of shifting said first and second hermetically closed chambers in
a direction from said second hermetically closed chamber to said first



a step of formng a first hernmetically closed chanber partly defined by a
predeterm ned region of a substrate surface and depressurizing said first
hernmetically closed chanber; a step of form ng a second heﬂﬁéﬁ?@é?l’?()@ﬁosed
chanber defined by a predeterm ned region of said substrate surface and
posi ti oned adj acent to said first her qcal ly cl osed chanber a step of

depressuri zi | con er t|c osed cha .a. step .o supplylng
sa:od fluid ﬁycﬁi Cg E %éa\ﬂ ﬁHF‘ﬂb %tﬁfla sapphierd on said
her neti cal |sMb§ﬂrQl%e§hlfo@éTB rus1ﬁ%0|a g raé@a?n fmeRidet 1At 3 &leféf gé‘lher ﬁsfﬁﬁ% y

hermetically cl osed chanbérs i I rection rom sal secon
cl osed chadgpressurigaidd i rmldllﬁﬁttt dtﬂfmezmaHyS&lobed mehiaadddry wheaedsaid

chanmber an i d, mat r| al l.i.ed on. s e surface
by usi ng aﬁgﬁ éyrﬁﬁaﬁ]éﬂﬁé?l%‘:m% 1 ?181’”151 W E é(tcéos‘?fgﬁé‘ Fized in
said first hernetically closed chanber when sald depressuri zed hol e

rel ocates into said second hernetically closed chanber. 15. The fluid

material fillindonefhodluid amteridbdtdling ntethodiim ddcordanee ewithsalaim 14,
squeezi ng es a m)tlon selected from rou onsi sting of a
rot ati onal %‘?gl&h%g SEPEFEEEe TSRS, C%%?Saaswoh]@“ng‘?lleﬁ éle gERWRd
her et i cal kynéi f@,&yfgﬁ e a I |
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pr edet er mi AeePnpp @Empbsalﬂyo}o@dmlmmb@rd squeezi ng nmenber within said

second hernetically closed chanber, and is supplied onto said substrate
surface via a clearance between a S|de wall of said second hernetically

closed chanber agd Bl dlisiduaedéAsl TRIBE melifod TReadddid ﬁﬁﬁﬁt@{thaélah‘ln: higng

net hod i n accordance with clai m 14, erein sald seco ernetlca
closed chamdwreinssaid fhudd soatervieliisheld at awredetennined uppe p(omtrparabd)vwsaid said
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and supplied onto said substrate surface via a clearance between a side wall of said

second hermetically closed chamber and said squeezing member.

17. The fluid material filling method in accordance with claim 14,
wherein said second hermetically closed chamber is depressurized to a lower
vacuum level compared with said first hermetically closed chamber.

18. The fluid material filling method in accordance with claim 14,
wherein

said substrate has a plurality of holes, and

said first and second hermetically closed chambers cause a shifting
motion with respect to said substrate so as to stretch over an entire region
including all of said plurality of holes, thereby filling said plurality of holes of
the substrate with said fluid material.

19. The fluid material filling method in accordance with claim 14,
wherein

said first hermetically closed chamber has an annular shape surrounding




said first and second hernetically closed chanbers cause a shifting notion
Wth respect to said substrate so as to stretch over an entire region ‘
including all of said plurality of holes, thereby filling 3aiQctebar 20Pby of
hol es of the substrate with said fluid material. 19. The fluid materi al
filling nethod in accordance with claim]l4, wherein said first
herneti cal |y, cl osed chanber has an_annul-dr shape surroundi ng 11 Cctober
2005 37 sé&fid seonsdneranetical ugloped chambethamber, an initial fluid material

her et cal Lyl aaeiRansRd TEftsrd) SHlint ebratbfl is e Bomlind D3GR Ming soid o
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when sai d depressurjzed hole relocates into said second hernetically closed
chanber, agdiddeptspil sebsratedeprgssurizad ippaidfirgharmegisatlyralesedghambesvi ng
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first and chembed hiaimetically closed chanbers to stuff additional fluid
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material into the _hale having been o

under such a reRi dlud %@@E@hréﬁfgﬁmﬂ tQRswation . ishpentprmgd nbve relEVINg 12 ng
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ner ot i cal Popeadiatd Memptfo JF s, SRR, o108 RGBT RDY, feyel
initial flpndstantialyaéqddll id nbe epaicdphenc prsdsufeandasiaffingsdaidnfirsis@ednd
hernetically cl ﬁed cha erf are shifted at % second speed hi gher. than
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fluid matefj L d g ofolg o ] -2 erej i d
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chamber ar predsugmedndeion.t o each other, and are shifted in both forward

and backward directions on said substrate during the step of pushing said
fluid material into the depressurized hole of said substrate,

20. The fluid material filling method in accordance with claim 19,
wherein said first and second hermetically closed chambers are shifted at a first
speed during the initial fluid material filling operation, and then said first and
second hermetically closed chambers are shifted at a second speed higher than

said first speed during the fluid material refilling operation.

21. The fluid material filling method in accordance with claim 14,
wherein

said first hermetically closed chamber and said second hermetically
closed chamber are aligned next to each other, and are shifted in both forward
and backward directions on said substrate during the step of pushing said fluid
material into the depressurized hole of said substrate,

in a forward stroke of said first and second hermetically closed
chambers, said first hermetically closed chamber located at a leading side of
said second hermetically closed chamber is highly depressurized and a shifting
speed of said first and second hermetically closed chambers is set to a first
speed, and




in a forward stroke of said first and second hernetically closed chanbers,
said first hernetically closed chanber |ocated at a Ieadin? side of said
second hernetically closed chamber is highly depressurized hiRctabeh?2@@% ng
speed of said first and second hernetically closed chanbers is set to a
first speed, and 11 Cct ober 2005 38 igga backward stroke of said first
and second hernetically closed chanbers -t he depressurized condition of
said first hernftizda “&IéséHOk@h@frtﬁéldlﬁ)@ét@HP a@ccandcharmegtiealte dosed
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per form ngspéeel.fluid material filling operation, for depressurizing said
third hernetically closed chanber to a depressurized condition relieved
than that of said first hernetically closed chanber and shifting said

second her met i APt § nedt St eRREEY CAREARES wifh fft FE Al {ORpaEife:
chamber at a sppadlhdefieed Bshamprebdeteriminéd eegioppodthesulbdti-atg toapldcé isaikd and

second hernetically closed A chanmbers so as to again stuff the fluid
mat eri al oﬁ%ﬁL%B@&l@aiEé clased ghwmbgrobetrrenneild ot saddhygblagrmagtécally

depressuri ' | hird hernetically closed chanber when said
depressuri é@geﬂgpgﬁj%%rg’cat es into said second hernetically closed chamber.

23. The fluid nptdbimingi bl flngd matdedal refitking dape@itivn, hafteai the22tep Wor ei n

during said initial fluid material filling operation said third . _
her neti cal ngm%%ut 2 maé%,raﬁeﬁ{lmg @ppraatilqm,né?rsqifémeéssu@ang s d othard
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said first hermetically closed chamber and shifting said first to third
hermetically closed chambers in a direction from said second hermetically
closed chamber to said third hermetically closed chamber at a speed higher
than that in the step of shifting said first and second hermetically closed
chambers so as to again stuff the fluid material on said substrate surface into
the hole of said substrate depressurized in said third hermetically closed
chamber when said depressurized hole relocates into said second hermetically
closed chamber.

23. The fluid material filling method in accordance with claim 22,
wherein during said initial fluid material filling operation said third
hermetically closed chamber located at a trailing side of said second
hermetically closed chamber is depressurized into a third depressurized
condition which is relieved than said first depressurized condition.

24. The fluid material filling method in accordance with claim 22,
wherein during said fluid material refilling operation said first hermetically




condition which is relieved than said first depressurized condition. 24.
The fluid material filling method in accordance with claim 22 wher ei n
during said fluid material refilling operation said first hkﬁhﬁ??@%?9951l
Oct ober 2005 39 closed chanber located at a trailing side of said second
hermetically closed chanber is depress§r|zed into a fourth depressurized

condi tion icC relieved t han said ond depressurized condition.
closed chamber ocated at a trailing s1 e of sard second hermetically closed

chamber is depressurized into a fourth depressurized condition which is
relieved than said second depressurized condition.




