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7 Cctober 2005 -1 TITLE OF THE | NVENTI ON METHOD OF CHARG NG HOLE W TH FLUI D

' he I nvention 5 This
MATERI AL BACKGROUND OF THE | NVENTI ON Fiel d of tl . .
i nvention generally relates to a nethod of charging a h0|cTe0 gbégaglgglnd .
material. This invention specifically relates to a netho 6 g

[ | [ [ | ectrically conductive
le in a substrate with fluid material s Qh_as el _
Bgste Description of the Related Art 10" A insul ating substrate forn1ngta
printéd wiring board has via holes. It is known to use_screen_prlntln? o]
charge via holes with electrically conductive paste being a mxture o

[ [ ' ' The screen.
| particles, an organi cT¥SLECOF BHE INVENTION N _
g\relt ﬁti Ircl)g has the foll owi ng sequence of steps. 15 First, a screen sheet is

pl ace above an | NSETHOROFUGHARGING HOLE WA TH GQSID m—[‘)‘gﬁﬁlﬁﬁP sheet has

a pattern of open areas positionally corresponding to the Vlhgeto es.
El ectrically conductive p2at-dlROUIND (Hd F g¢Nn S :

' I coctve aste is transf erred across the
SubsequgRtGI i& ¢ t s Fatessti yvvhi | e the squgegee i s pressed against the
sg:ggg heet this time, the sgueegee is noved linearly only in one
Zi rect i%n or i Igrinyendian, gepsta Ydleg@@amaopmﬂmt :ctiteoﬂ;cﬁ?rginggﬁtof{gg@
I cally conductive paste into
througn t RO ARW L Padietar | s dntentioneepcoibaly rdates dohotmstinye
smal ler 1nqg Eﬁ%‘}éﬁ{g atf?glesi&:lr 8% srtlrg.{é With fluid material such as

- electrically conductive paste.

Description of Related Art

10 An insulating substrate forming a printed wiring board has via

holes. It is known to use screen printing to charge via holes with
electrically conductive paste being a mixture of metal particles, an
organic solvent, and binder resin.

The screen printing has the following sequence of steps.

15 First, a screen _sﬁeet is place above an insulating substrate having via
holes. The screen sheet has a pattern of open areas positionally
corresponding t6 the via holes. Electrically conductive paste is
applied onto the screen sheet. Subsequently, the electrically
conductive paste is transferred across the screen sheet by a

20 squeegee while the Ssqueegee is pressed against the screen sheet.
At this time, the squeegee is moved linearly only in one direction or
linearly reciprocated along two opposite directions. The squeegee
forces the electrically conductive paste into the via holes through
the open areas of the screen sheet.

25 As the via holes are smaller in diameter, the screen printing

tends to insufficiently charge the via holes with the electrically




ttends to insufficiently charge the via holes with the electrically 7

Cct ober 2005 2 conductive paste. The inventors of this invention have found
that the 1-direction novenent or the 2-direction reciprocating novement

of the squeegee causes the electrically conductive materi@¢tobgr BB0dnevenly
distributed in the via holes. The uneven 5 distributions nean
insufficiently charging the via holes witB-the electrically conductive
paste. Japanese patent application publication nunber 06-234204 di scl oses
a screen printing device for cream solder which is capable of transferring

8 R B AR I B

sol der sufficiently ng the sang in

plate. The e aeainekid BoVBMER bPTUHIZE dle AMIPGARESLAing on i he mask

pl ate. The squeegee has a cy cont al ni ng e’cr . The

squeegee i $nov¥RkAl 8Ngha ”sdﬁeé%egee eh1:88s %@ei@tﬂ*}i&:ﬁﬁé}??ﬂwcltﬁeb ei ng

rotated in a horizontal planhe. The squeegee arg e pattern hol es

with the crratersal tebe andveirasseisuledeirs tRAVig N SIRL, inted
Wi ring board. United States Pg?ent Nurrberl 5, 254, 362&§%r ?gislgofrllﬂ?‘r’lgﬁt o]

Japanes® paiishﬁbaﬁpHSCMdammsnbﬂidiahﬂynclﬂﬂl?iﬁg théEHBhNes hRRSHE et hod
and apparatus for uniformy depositing sol der paste on a 20 printed wring
board whi cklentriaddli goedwsdivehphste squeegee arrangenent applies the sol der
paste through a stencil to a surface of the printed wiring board. As the
squeegee assenbiapanessvpdtent appdicptiom pubilicatioro muondertD6-33£204! in a
pl anar fashion, it is also vibrated by a vibrator to produce slight

circul ar nPiSUASER MEareswprinting device for cream solder which is capable

of transferring the cream solder on a printed wiring board while

10  kneading the cream solder sufficiently and forcing the same into the
pattern holes of a mask plate. The screen printing device includes a
squeegee sliding on the mask plate. The squeegee has a cylinder
containing the cream solder. The squeegee is moved along an X
direction or a Y direction while being rotated in a horizontal plane.

15 The squeegee charges the pattern holes with the cream solder, and
transfers the cfeam solder onto the printed wiring board.

United States Patent Number 5,254,362 corresponding to

Japanese patent application publication number 7-68730 discloses a
method and apparatus for uniformly depositing solder paste on a

20 printed wiring board which are designed so that a squeegee
arrangement applies the solder paste through a stencil to a surface
of the printed wiring board. As the squeegee assembly is moved in
one planar direction over the stencil in a planar fashion, it is also
vibrated by a vibrator to produce slight circular motion in addition

25 to the planar motion of the squéegee blade.

Japanese patent application publication number P2000-



25 to the planar notion of the squeegee bl ade. Japanese patent application
publ i cation nunber P2000 7 COctober 2005 3 117937A discl oses a screen
printing nmachi ne capable of formng a paste pattern on g substr by
pressing a head onto the substrate at a force chosen nof 59}05%3@@ nj ury
onto the substrate even in the case wherg a pattern aperture part is
small. The head is filled with 5 paste. TAé head is pushed vertically
against a main surface of the substrate via a nask having the pattern
aperture part. The head is relatively noved in a direction parallel to the

mai n surf acel pE37hedistlbsds at Sciert pei@al Walchent & Rasiecof ?Hhﬁ%‘grge‘j

froman outlet opening of the head. As aresult, a paste pattern

printed on pduteifatiehs torahesilhstentd biyhsraaine anhafa dntceti@ it rdtieq rask.
During the relative novenent of the head, at |east one anong the head, the

mask, and tehforsebchosdm rick teeaddr andhpary dapartbecspbsBate akiehn Gathen
publication nunber 11-77957 discloses sol der paste printing nethod and

appar at us desegwbere @ phstarmapartmecpaekis snrali.c Tl heatb e dilledngritience
part pads arranged in any directions can be sufficiently supplied with
sol der Pastpastghelhe e pushsidaverdiaallynagainsti agngirg shafacegoptisé e f eed
openi ngs. The squeegee serves to spread the sol der paste discharged from
the past e StRsiraiseianagnpaktineving the patiarg. apertusol prart. pEheddad ssippl i ed
20 fromthe ggra%t@ﬁ f eed qpeni ng_s to the part pads on a substrate while the
squeegee | €@l anoyedoiea. dirgpinaspaiiento Haemain issufacwiof dhei on
nunber 3-93288 dj scl gses a cr%e H;i nt i ng .a%qarat us for a circuit pattern
‘which is Su strate or the mask while the past€ is discharged from an outlet '
opening of the head. As a result, a paste pattern is printed on the
10 substrate through the pattern aperture part of the mask. During the
relative movement of the head, at least one among the head, the
mask, and the substrate is reciprocated.
Japanese patent application publication number 11-77957
discloses solder paste printing method and apparatus designed so
15 that a squeegee is circularly moved, and hence part pads arranged
in any directions can be sufficiently supplied with solder paste. The
squeegee is placed on a printing jig having paste feed openings.
The squeegee serves to spread the solder paste discharged from the
paste feed openings in the printing jig. The solder paste is supplied
20 from the paste feed openings to the part pads on a substrate while
the squeegee is circularly moved.
Japanese patent application publication number 3-93288
discloses a screen printing apparatus for a circuit pattern which is
designed so that a squeegee device can be slid on a screen mask

25 along a prescribed direction (a sliding direction). When paste or

solder cream clogs or blurs due to the directivity of pattern holes in



igned so that a s ueegee device can be slid on a screen mask 25 along a
S?ngribed directionq(a sliding direction). \Wen paste or solder cregg% .
clogs or blurs due to the directivity of pattern holes |££§$§§t%§§%h2 _{
the screen mask, the squeegee device is horizontally rot ORY nge its
orientation relative to the sliding direction. The orientation change .
enhances the degree of charging the pattérn holes with the paste or sol der
cream 5 SUMVARY OF THE INVENTION It is an object of this invention t?_ :
provide a reliable nmethod of charging a hole with fluid material. A first

. . : : hol e i
substrate ot R Tend e Y SR eBelHie S o etnidly rg@e?gq%eisg §f |

[ i | . ._the supstrate; an orcing
Tho fiud erapralts, dRbAta e RSP Yo P R1Blipk FirE et { Aient di recti ons

material. A Socond anenEe o Ancts e APehdtof IiTathl W Partein

material. A second aspec I nven 1S b QT aspect

15 t her eof hoksdwittothdesaste Bt Rdqubhereiy, t he forcing step conprises using
a forcing ]?r%ans pl acede%n t he surface o?ﬂ]t he substrate in forcing the

fluid faterial into the hglIeMMARY GRITAE TREFQTEHRYG Mans about an axis
perpendi cular to the surface of the substrate an ing the axis o

rotation of theltfisranmbjeetiorihas angehtion2f i)‘.{’b{rﬁfeeaoltelie{‘tﬁeslﬁltéﬂlﬁg}[ te(r) ont
force the fluid material into the hole a!ong_the at |east three
di r ect i onsthaxging ral hedp ecithdluichinsatenizdnt i on i s based on the second aspect

A first aspect of this invention provides a method of charging a

hole in a substrate with fluid material. The method comprises the

10  steps of supplying the fluid material onto a surface of the substrate:
and forcing the fluid material into the hole along at least three
different directions on the surface of the substrate to charge the
hole with the fluid material.

A second aspect of this invention is based on the first aspect

15 thereof, and prpﬁdes a method wherein the forcing step comprises
using a forcing means placed on the surface of the substrate in
forcing the ﬂuid.maten'al into the hole; and rotating the forcing
means about an axis perpendicular to the surface of the substrate
and moving the axis of rotation of the forcing member along the

20 surface of the substrate to force the fluid material into the hole
along the at least three different directions.

A third aspect of this invention is based on the second aspect
thereof, and provides a method wherein the rotation of the forcing
means comprises one of rotation of the forcing member about its

25 central axis and revolution of the forcing member about an axis

separate from its central axis; and wherein the forcing step



t.hereof, and provides a nethod wherein the rotation of the forcing neans
conpri ses one of rotation of the forcing nenber about its 25 central axis
and revol ution of the forcing nenber about an axis separate fromits
central axis; and wherein the forcing step 7 Cctober 200% QetobgrgPP3es

si mul t aneously executing at |least two of the rotation of the forcing
menber about its central axis, the revol ubi-on of the forcing menber about
the axis separate fromits central axis, and Ilinear notion of the forcing
menber. 5 A fourth aspect of this invention is based on the first aspect

t her eof artgbrﬁwﬁéieﬁxﬁul’ﬁﬂé?ﬁxéw%c?lt%:ﬂ% afgf}%é%?gw t$ﬁtﬁ$ g:ri)(r’géﬁgrslt s} |”8, 3

forcing neans placed on the surface o

material irfhe fheins Mendher BEBWANLS RRHtPECHRE ﬂ%apﬁdlﬁtﬁobtrg%)fiﬁt three

different linear directions along the surface 10 of e's & to force

the fluid rfereirigimémbertdisolntioe alxe8 Geipaeadd frdRath dée*ci){nt?tslhgﬁél,fgs@&t

directions. Afifth aspect of this invention is base aspect
t hereof , ardithgaowmodenaofrehbddredrgy ehémibee. hol e in the substrate has a
cl osed bottom 15 A sixth aspect of this invention is based on the first

aspect 9t her eof ,Adadrth aspees of tims indemtieneisnbased VIDShE FLR LGP Ses an

I nsul ating substrate, and the hole conprises a via hole in the “insulating
substrate. theseobrandapreddesfa thethodweherain tse foseihgBtdp@cthyidegdspect
20 thereof, and provides a nethod wherein the insulating substrate has a

surface foMfiBEd fereingdngassoplassd: em theasurfake ofi thehslibshageadn

forcing the fluid material into the hole; and moving the forcing
means in at least three different linear directions along the surface

10  of the substrate to force the fluid material into the hole along the at
least three different directions.

A fifth aspect of this invention is based on the first aspect
thereof, and provides a method wherein the hole in the substrate
has a closed bottom.

15 A sixth aspect of this invention is based on the first aspect
thereof, and prévides a method wherein the substrate comprises an
insulating subs&ate, and the hole comprises a via hole in the
insulating substrate.

A seventh aspect of this invention is based on the sixth aspect

20 thereof, and provides a method wherein the insulating substrate has
a surface formed with a conductor pattern, and the via hole has a
bottom closed by the conductor pattern.

An eighth aspect of this invention is based on the sixth aspect
thereof, and provides a method wherein the fluid material

25 comprises electrically conductive paste.

A ninth aspect of this invention is based on the second aspect




bottom cl osed by the conductor pattern. An eighth aspect of this invention
I s based on the sixth aspect thereof, and provides a nethod wherein the
fluid material 25 conprises electrically conductive past_?. A ni n%éh spect

of this invention is based on the second aspect 7 Cctobef O@2er er eof ,
and provides a nethod wherein the forcing means conprises a forcing nenber
having a surface which faces the substrd&e and which has recesses; and
wherein the forcing step conprises holding the fluid material in the
recesses, and noving 5 the fluid material fromthe recesses into the hole.
BRI EF DES vidha, i | S.q LV, Lagram of a
char gi ng %gg%ﬁsﬁ%?ggdi ng !{\%%;E %g#ée%%%d@?eﬁ@%g#‘ét%egﬂsgvent I on.

Figs. 2-8 abmpasés afdrcthgWheiber Bhk’iﬁg_ra Slakee ?’Iﬁeﬁdfatc\eggﬁle oy
occurring at different stages in the fabrication of a printed Wring board
whi ch i ncl sdbsteatet #1dokhedla N esd k005 Wihdrshatd r&;@ihg stgpnducti ve
paste according to the first enbodi nent of this iInvention. 1Ig."91is a

| ongi t udi nebrrEEUse®holding eheafluid masterigath itheN débesbes, Aad hgovi}%mi S an
enl arged view of a portion "A" in Fig. 9. Fig. 11 is a plan diagr of the
r ot ar y Sheathe dluidnplatesialeftonoiHe atevespes tinte thiel Holeand a trajectory
described by the central axis of the rotary head in the first enbodi nent
of this invention. Fi GRIEFiRBESGRIFFHIEN i
singl e-sided 20 conductor-pattern film a via hole therein, and directions
al ong Fig. 1 is a perspective diagram of a charging apparatus

according to a first embodiment of this invention.
Figs. 2-8 are sectional views of a film or films in conditions
10 occurring at different stages in the fabrication of a printed wiring
board which includes a step of charging via holes with electrically
conductive paste according to the first embodiment of this
invention.
Fig. 9is a longitudinal section view of a rotary head in Fig. 1.
15 Fig. 10 is an enlarged view of a portion "A" in Fig. 9.

Fig. 11 is a plan diagram of the rotary head, a single-sided
conductor-pattefn film, and a trajectory described by the central
axis of the rotary head in the first embodiment of this invention.

Fig. 12 is a perspective diagram of a portion of a single-sided

20 conductor-pattern film, a via hole therein, and directions along
which electrically conductive paste is forced into the via hole in the
first embodiment of this invention.

Fig. 13 is a plan diagram of a rotary head and a single-sided
conductor-pattern film in a third embodiment of this invention.

25 Fig. 14 is a plan diagram of a rotary head, a single-sided

conductor-pattern film, and a trajectory described by the central




ich electrically conductive paste is forced into the via hole in the
r?LgP :nbodinent gf this invention. Fig. 13 is a plan diagramof a rota;y
head and a single-sided conductor-pattern filmin a th|§pggggggé%%gt o]
" this invention. 25 Fig. 14 is a plan diagramof a rotar eatt, ]
singl e-si ded conductor-pattern film and a trajectory described by the f
central 7 Cctober 2005 7 axis of the rotarf-head in a fourth enbpdlnentlg 4
this invention. Fig. 15 is a plan diagramof a rotary head, a single-si ?
conductor-pattern film and a trajectory described by the central axis o

Agdsl of ' ﬁé(?)& hi,s _L.nvent i 5 Fig. 16 is a
tplhznr glt Zgrg?/am of og%e%dgégyan a%lsl:’%gé%ﬂ%ﬂ gggmmﬁﬂtpg?bﬁaﬁ%?hhﬂﬂ\l{%ml ('Ci]\l
i xth enbodi ment g, 48 & 4 HISAL AR rantEf & ,PTI ON _OF _
IS:: ?(st Enbodi man]Eu Fig. 1 Shg%lt;\},'s a %r_%é;sl%;g a%g de%@éﬁﬁgd:ﬁ‘téf caa]; |g(r:)sfli ]
di 180 .
ﬁgl 22b\cl)\ﬁ ![ hrreglbggt rﬁtcgﬁa;wﬁlgppduggi Ve past f@ﬁﬁg]eesgﬁq gllb%yﬁz%r?&ﬁ‘éﬁ; ?i Ipﬁ]st e
i s one typearfs bf thd maey ilad e Rfth BAISSI@hEnt B?%Fﬁﬁ%ﬁ%r &SI

being a substrate. The structure of the apparatus 8cri bed

later. $5 Figs. PFig.16hsva plardidiagismobs @qh!e'e?‘e@é alrid Eﬁsﬂ%qg_rsga€§ at

' ' ' I nted
different stages in the fabrication of a printed circuit boar a pr
wi ring boaregndiicter-pattertesilm it epspithcbartshdignemhe ohehes invehfon.

[ ' [ ' nbodi ment  of this
el ectrically conductive paste according to the first e
i nvention. The print 1 RSTHE INVENTION

First Embodiment

Fig. 1 shows a charging apparatus 1 according to a first

10 embodiment of this invention. The apparatus 1 is designed to
charge via holes with electrically conductive paste. The electrically
conductive paste is one type of fluid material. The via holes are
formed in a resin film being a substrate. The structure of the
apparatus 1 will be described later.

15 Figs. 2-8 show conditions of a film or films occurring at
different st'ages. in the fabrication of a printed circuit board (a
printed wiring Board) which includes a step of charging via holes
with electrically conductive paste according to the first embodiment
of this invention. The printed circuit board is made as follows.

20 With reference to Fig. 2, a single-sided conductor-pattern film
21 is prepared. Specifically, an electrical conductor foil is
superposed on and attached to a first surface of a resin film 23. The
electrically conductor foil uses, for example, a copper foil having a
thickness of 18 um. The electrically conductor foil is etched into a

25 conductor pattern 22. Therefore, the single-sided conductor-

pattern film 21 having the conductor pattern 22 on its first surface



20 Wth reference to Fig. 2, a single-sided conductor-pattern film 21 is

prepared. Specifically, an electrical conductor foil is superposed on and
attached to a first surface of a resin film23. The electrically conductor
foil uses, for exanple, a copper foil having a thicknesé Qtoher €385 The
electrically conductor foil is etched into a 25 conductor pattern 22.

Therefore, the single-sided conductor- paétern film 21 having the conductor
pattern 22 on its first surface 7 Cctober 2005 -8 is conpleted. The resin
film23 uses a thernoplastic resin film having a thickness of 25 to 200

gm The nes WOBhBRIIEA. | THicrd4ihTIG0B 88 GO REBRIEAD Tl Nty ot O

resin and 35-65% polyether 1mde resin shown i ig. 3,

after the beRdglOthRAMESIOPRS to U0, OThENL &R Pl ked

protective filmB81 is superposed on a attache second surface of
the resin tbhtais B5-85% gpolyethe ANl ketdr] 2EEARALRI sﬁl%ﬁﬁcgaﬂﬁ%kace
n I'C

of the resin film23 is opposed to the first surface thereo t he

conduct or jpatdemesi B? waexiphtds. The protective film81 uses a pol yet hyl ene
terephthalate resin filmhaving a thickness of 12 gmand coated wth an

adhesi Ve | ayer Asvshgwa tmiRign&s safoér themontuctoevpatterii22 ié foghii t he
attachnent of the protective film 81 is conpleted, .a carbon dioxide |aser
beam i s apphiidie resionfilizo?28, aproteathve filmoBigis supehposedtoactind film 81
and the resin film23 to form openings (apertures) 8la and via holes 24
therei n. TAHachssnthgsserond surfaes p?@hemeism film 23Bbyahsigg, forh the via

holes 24 in th res{ n film23. The openings 8la are approximately equal in
example, a laminator. The second surface of the resin film 23 is

opposed to the first surface thereof on which the conductor pattei‘n
10 22 extends. The protective film 81 uses a poiyethylene
terephthalate resin film having a thickness of 12 um and coated
with an adhesive layer having a thickness of 5 um.
As shown in Fig. 4, after the attachment of the protective film
81 is completed, a carbon dioxide laser beam is applied, from above
15 in the drawing, to the protective film 81 and the resin film 23 to
form openings kapertures) 81la and via holes 24 therein. The
openings 8la iﬁ the protective film 81 align with the via holes 24 in
the resin film 23. The openings 8la are approximately equal in
diameter to the via holes 24. The via holes 24 have bottoms closed
20 by the conductor pattern 22. Thus, the conductor pattern 22 is
exposed at the bottoms of the via holes 24. The power and
application time of the carbon dioxide laser beam are chosen not to
form holes in the conductor pattern 22. The via holes 24 have
diameters of 30 to 200 um.
25 An excimer laser beam may be used instead of the carbon

dioxide laser beam to form the via holes 24. Alternatively, drilling



dianeter to the via holes 24. The via holes 24 have bottons closed 20 by
the conductor pattern 22. Thus, the conductor pattern 22 is exposed at the

bottons of the via holes 24. The power and application %l(gﬂcg of Oé&g%car bon
di oxi de | aser beam are chosen not to formholes in the " ttern
22. The via holes 24 have dianeters of 30 to 200 gm 25 An excinmer |aser
beam may be used instead of the carbon -#oxide |aser beamto formthe via
holes 24. Alternatively, drilling 7 Cctober 2005 9 may be used to formthe
via holes 24. As shown in Fig. 5, after the via holes 24 are forned, the

via hol esngdy Hecu8BABHM Ttﬂe%&%cflleg%ziy conductive paste 50 being
I nter-layer-connection fluid nmaterial. € electrically conductive 5 paste

SO posults [ romAssagninHg! SPRAterciife vid HME! 2°aHe foRRadtnedpgan ©

solvent by a m xer. The nmetal particles inc , for ~exanplé, Copper

particl es, heldw @4 peetdleirged With icdledtMddl5} e8nduSRRR Hhsal iggapparatus
1inFig. 1 forces the ellggtri cally condll}t:ti{/le pastei)SOQ‘% rﬁoob:ealggvi a hol es

24 t hr oughintee-layenicuymédtiond Gl thetaral ecthe @lédtrivaly cohehiigrd rical ly
conductive paste 50 in the via holes 24 is in contact With the conductor

patter @ 22pagtaiS0 reseltelfeatr knehdyng andtalt paeicies! dihfet teblie yhd ARl es 24
Is electrically connected with the conductor pattern 22. Al so, the

openi ngs 82kganig selzept dueat nixer.f iThe SActalepdrtidled incliidé heorel ectrical |y
conductive 15 paste 50. After the via holes 24 are charged with the

el ect ri cal P¥AMNadGePPes padideso silvihe padiclesi ve tinl pafticles. exfol i at ed and

Specifically, the apparatus 1 in Fig. 1 forces the electrically
conductive paste 50 into the via holes 24 through the openings 8la
10 in the protective film 81. The electrically conductive paste 50 in
the via holes 24 is in contact with the conductor pattern 22. Thus,
the electrically conductive paste 50 in the via holes 24 is electrically
connected with the conductor pattern 22. Also, the openings 81la
in the prdtective__film 81 are filled with the electrically conductive
15 paste 50. _ |
After the via holes 24 are charged with the electrically
conductive pasté 50, the protective film 81 is exfoliated and
removed from the resin film 23 or the single-sided conductor-
pattern film 21. Consequently, there occurs the single-sided
20 conductor-pattern film 21 having the via holes 24 which are
charged with the electrically conductive film 50 as shown in Fig. 6.
The electrically conductive paste 50 which has filled the openings
8la in the protective film 81 remains as projections on the resin
film 23 which extend from the electrically conductive paste 50 in
25 the via holes 24.

As understood from the above description, the via holes 24 are



renoved fromthe resin film23 or the single-sided conductor- pattern film
21. Consequently, there occurs the single-sided 20 conductor-pattern film
21 having the via holes 24 which are charged with the electricall
conductive film50 as shown in Fig. 6. The electrically’d3¢anst 29&5 past e
50 which has filled the openings 8la in the protective film81 remains as
projections on the resin film23 whi chi EQrend fromthe el ectrically
conductive paste 50 in 25 the via holes 24. As understood fromthe above
description, the via holes 24 are 7 Cctober 2005 -10 charged with the

el ectrical bMaeg@@uﬁthvm@%aé@t&Qalwidoﬁddt&iv@'p%sﬁetsd%ﬁhle”t@é remains on

the resin film23. Therefore, the™ protective film8l prevents the

el ectri cal pyotswtilctilive 8paséaalls dri Gebrédia ARA 280 tThdrRFdiO Ll the
resin film23 except for the via 5 holes 24. Accordingly, the protective

film 8l fupcoteativeafilm 8dsprevesttsethe helechaeslly corrdeenvé gigske Soe
protective film81 is renoved fromthe resin film23. Aplurality of

si ngl e- si dbdme dreingt appliedtter pottibns @fl tleeakesim filtn YFRexcept fby.tHe ad
fabricated by the steps in Figs. 2-6 are prepared. 10 As shown in Fig. 7,
f our sPngl hozﬂsda&- csdordimglpathe protettive flmafd funchiged asitormdkani nat e
in which the conductor patterns 22 on the filnms 21 vertically align with
each ot herAftes e charging és qampleteddudreoprotaatirenfitm &1 iseemperdost
film21 fg%es u vvard,v\h',ie t he conductor pattern 22 on the |owernost film
21 faces .Tesin lrBogdr | ayer 36a is placed at an upper side of the

| am nate. The covey | ayer 36a i.s a,resist_film extendi over portions of
the upper A pfura 1¥y 0 smgle-sxdeg conductor-pattern t?]%ns 21 ee;lch in

a state of Fig. 6 and fabricated by the steps in Figs. 2-6 are preparéd.

10 As shown in Fig. 7, four single-sided conductor-pattern films 21 are
arranged into a laminate in which the conductor patterns 22 on the
films 21 vertically align with each other. In the laminate, the
conductor pattern 22 on the uppermost film 21 faces upward while
the conductor pattern 22 on the lowermost film 21 faces downward.

15 A cover layer 3.6.a is placed at an upper side of the laminate. The
cover layer 36a is a resist film extending over portions of the upper
surface of the ﬁppermost film 21 which include edges of the
conductor pattern 22 on the uppermost film 21. A cover layer 36b
is placed at a lower side of the laminate. The cover layer 36b is a

20 resist film extending over portions of the lower surface of the
lowermost film 21 which include edges of the conductor pattern 22
on the lowermost film 21.

The cover layer 36a has openings (apertures) 39a positionally

corresponding to electrode-forming portions of the conductor

25 pattern 22 on the uppermost film 21. Thus, the electrode-forming

portions of the conductor pattern 22 on the uppermost film 21 are




surface of the uppernost film 21 which include edges of the conductor
pattern 22 on the uppernost film21l. A cover layer 36b is placed at a

| ower side of the |lam nate. The cover layer 36b is a 20 resist film
extendi ng over portions of the |ower surface of the | owdiQateber200Gh 21

whi ch include edges of the conductor patﬁern 22 on the lowernost film 21.
The cover | ayer 36a has openings (apertu é§) 39a positionally
corresponding to el ectrode-form ng portions of the conductor 25 pattern 22
on the uppernost film21. Thus, the electrode-formng portions of the

condc r eape B4 ot permngerIBe (e Aligyt SRSy

exposed via the openings a in the cover |ayer

forned by, 30 aexdopied By lfbi I&&aniﬁlbm |chilldhg. t IBInGioNAY, kR¥SEovetOlayeas |
openi ngs (apertures) 39b positionally corresponding to electrode~form ng
portions oBGthhasoodenings faperiuresf 38b poeitfohaligrdisespbhaliag tolhus, the
el ectrode-formng portions of the conductor pattern 22 on the | ower nost
film21 ar elentpodedovirdinghportipasi ofgth8 Horidudttoe patternl 8geon3@be The
openings 39b are fornmed by, for exanple, drilling. Each of the cover

| ayer s Boalewiarzest filos 25 rEbhius, fthienelentsodd-fotming grompimas tafctinat er i al
sane as that for the 10 resin film 23. Specifically, each of the cover

| ayers 36acapduster padiem 72 65 Beqlpweymansrfilni2l axet exposed vianthess- 65%
pol yether imde resin by weight. The |lam nate of the single-sided

conduct or - PREDERES %3%“2113 aPeE hyedodBb- | Ter epgeingmdObebre fonmmided and

Eregis?]e]g i Fﬁg%g&f E}uczrﬂnpjlg ?’hliﬁrg?sﬁfacgogts ‘?l%lzj %?)Erlexy laﬁgrssgg\gnaliur:]l 3F6il:§)J 'usse’s the

a resin film made of the thermoplastic material same as that for the

10 resin film 23. Specifically, each of the cover layers 36a and 36b
contains 65-35% polyether ether keton resin and 35-65% polyether
imide resin by weight. '

The laminate of the single-sided conductor-pattern films 21

and the cover layers 36a and 36b is heated and pressed by a vacuum

15 hot press. Consequently, as shown in Fig. 8, the resin films 23 in
the single-sided conductor-pattern films 21, and the cover layers
36a and 36b are bonded together. Specifically, the resin films 23
and the cover layers 36a and 36b are thermally fused into an
integral body of insulating material. At the same time, the

20 conductor patterns 22 on the resin films 23 are electrically
connected by the electrically conductive paste 50 in the via holes
24. The conductor patterns 22 electrically connected by the
electrically conductive paste 50 are supported by the integral body
of insulating material. The conductor patterns 22 electrically

25 connected by the electrically conductive paste 50 and the integral

body of insulating material compose a multi-layer printed circuit



t he single-sided conductor-pattern filnms 21, and the cover |ayers 36a and
36b are bonded together. Specifically, the resin filnms 23 and the cover

| ayers 36a and 36b are thermally fused into an integral body of insulating
material. At the sane tine, the 20 conductor patterns 22 oRcloherZdddn fil ns
23 are electrically connected by the electrically conductive paste 50 in
the via holes 24. The conductor patterﬁé 2 electrically connected by the
el ectrically conductive paste 50 are supported by the integral body of
insulating material. The conductor patterns 22 electrically 25 connected by

t he el ectrils@drtd (8 angdutiz rppﬁhteé(lvﬁﬁ:ﬂgtmridl)tﬁm.al body of insulating
mat eri al conpose a nmulti-layer printed circuit 7 October 2005 -12 board (a

mul ti-1ayer prinThd apparsgusodris) Fig01 wHiEbapdesaibed hélowFig maravi | | be
described belowin nore detail. As shown in Fig. 1, the apparatus 100

i ncl udes a detedl. 2AarshewntiabFig. 31, theapphratids 160mecthtys|Dbaked and e
base 2. A si n?l e-sided 5 conductor-pattern film21 having a protective film
81 and vi a tadless. Theatalleoduisimorably Iodated| e ¢tedmaise @ppar seglesitlbd
upper surface _of the table 3. An X-axis servo notor 4 and a Y-axis servo
not or 5°ar 0Nt patteyn il drvingha tpretective fim Bie axdhxis hedes o
motor 4 10 functjions to_nove the table 3 along an X-axis direction in a
hori zont al 4t &%eShawe n Figsdderplacedtard sunpeitedren thenapper Iserfacd| e 3
along a Y-a(gjti_@g{r@ct'on in the horizontal plane. The X-axis direction and
the Y-axis Wi AYf re perpendicular to each other. The X-axis

servonbtor 4 and,t Y-axi s serv tor .5 enabl e the
An X-axis servo mogornR and a ‘%—axis servo motor 5 are

mechanically connected with the table 3. The X-axis servo motor 4

10 functions to move the table 3 along an X-axis direction in a
horizontal plane. The Y-axis servo motor 5 functions to move the
table 3 along a Y-axis direction in the horizontal plane. The X-axis
direction and the Y-axis direction are perpendicular to each other.
The X-axis servo.motor 4 and the Y-axis servo motor 5 enable the

15 table 3 to assume any position in the horizontal plane. The table 3
may be a knowﬁ X-Y table.

A vertically-extending stand 6 is provided on one edge portion
of the base 2. The stand 6 has an upper end provided with a head
support arm 7. The head support arm 7 horizonta}ly projects from

20 the stand 6, and occupies a region above the table 3. A spindle
motor 8 is provided on the lower surface of a distal end of the head
support arm 7.

The spindle motor 8 has a rotatable shaft coupled with a

rotary head 9 which functions as a forcing means. As the shaft of
25 the spindle motor 8 rotates, the rotary head 9 rotates about its

central axis. The central axis of the rotary head 9 is approximately




15 table 3 to assune any position in the horizontal plane. The table 3 may
be a known X-Y table. A vertically-extending stand 6 is provided on one
edge portion of the base 2. The stand 6 has an upper end provided with a
head support arm 7. The head support arm 7 hori zontal | y7 f#@pe@t24083 om 20
the stand 6, and occupies a region above the table 3. A spindle notor 8 is
provi ded on the | ower surface of a di stal 3end of the head support arm 7.
The spindle notor 8 has a rotatable shaft coupled with a rotary head 9

whi ch functions as a forcing neans. As the shaft of 25 the spindle notor 8

rotates, tperpehdictlBead Shéaiphes sekfite br%heeﬁ%{(%g—sﬁ%a- cJH&ug‘E&U al axis

of the rotary head 9 is approximately 7 Cctober perpendi cul ar to

the upper patferaefibh 2 heplaicsd! en theahbleBluay ro BEadfglﬁﬁgé waged on
the table 3. The rotary head 9 has a |lower end surface provided wth a pad

menber 91 ehdcduffacetpravided withf armidenemibeerd] TRidladunetieels 24 f aces the
upper surface of the 5 single-sided conductor-pattern film 21 placed on the

tabl e 3. foreimgpaertber. 1 The pademeampestd facés thecappar Hiungaceldcitid cal |y |
conductive paste 50 and | ocated near the base 2. The paste tank 10 and the
head s®&pposingleraidedreondnntut-pdtisynafiime?] plavedien thé ¢ablpdssage 92
| eading fromthe interior of an end of 10 the feed pipe 11 extends through
t he head supporThgrapparatms dHaciudes at pasteptank d ropotaBiingnd the rotary
head 9. A é)lunP 12 is provided in a md point of the feed pipe 11. The punp
12 drives tif6Efally qandugtive pasteiR aguklecatods near the base 2. The
paste tank 10 and the head support arm 7 are connected by a feed
pipe 11. A feed passage 92 leading from the interior of an end of .
10 the feed pipe 11 extends through the head support arm 7, the shaft
of the spindle motor 8, and the rotary head 9.
A pump 12 is provided in a mid point of the feed pipe 11.
The pump 12 drives the electrically conductive paste 50 from the
paste tank 10 toward the rotary head 9 via the feed pile 11 and the
15 feed passage 92 when being activated.
As shown in Fig. 9, the pad member 91 extends over the
lower end face of the rotary head 9. A central part of the pad
member 91 has an opening 93 which forms an outlet end of the
feed passage 92. When the pump 12 is activated, the electrically
20 conductive paste 50 is moved along the feed passage 92 and is
discharged from the opening 93.
With reference to Fig. 10, the pad member 91 is made of
urethane foam resin having a lot of independent and separate
bubbles. The pad member 91 has a ground lower end surface at

25 which bubbles are exposed. The exposed bubbles form

approximately hemispherical recesses 94 in the lower end surface



paste tank 10 toward the rotary head 9 via the feed pile 11 and the 15

feed passage 92 when being activated. As shown in Fig. 9, the piad menbe][ 91

extends over the |ower end face of the rotary head 9. A _g¢enira rt o
o Belars 2the

the pad nenber 91 has an opening 93 which forns an outl feed
passage 92. Wien the punp 12 is activatedy g4the electrically 20 conductive
paste 50 is noved al ong the feed passage 9% and is discharged fromthe
opening 93. Wth reference to Fig. 10, the pad nenber 91 is nade of
uret hane foamresin having a | ot of independent and separate bubbles. The
pad nenber ofl thepad gnemben Slewhiel epposasetiae wppensifadrioblithe ar e _
exposed. The exposed bubbles form approxinmately hem spherical recesses 94
in the |ome?lr@yia“%dﬁfia%%nduet%ﬁéﬁtemo@lmlzloplaqe@i eadtherteble B }Nh: ch21
opposes the upper, surface of the single-sided conductor-pattern film
plogced on the tagp§r§?1°@81?§]i1$3 SPRATaHE hpp asafallovs. st\ééngbl'ﬂl@lﬁsi A Ly
si ngl e-si ded onductor-pattern . tilm21 having a protective film@81 and via
hol gs 5 24C%f§8‘slﬁ %Pﬁﬁtel%]ghﬁﬁl ?i Bawng 2 pretechys, ikn %i‘a annd vigdeelesyr f ace
of the tabl i fashi uch_that, the surface pf the single-sided
conduct g’r - p%tlf%sr ﬁhﬁ“ﬁ}jﬁf‘%%mic}? Rigeed,an r%‘tIBE?HPéi PRy 'ﬁ?eall e ﬂﬁﬁagil
The rotary ' the.l urface of .the pad nme r
will cont actflevm ﬁa%lr% g’ﬁ%’s? gﬁ%ﬁgé?f%c%ﬂﬁ%{ Lﬁftsr\nff:}a‘%e 0{65%&@512?%&9‘5%& _(I)_1;1
t he protecty f ] _ t Sk ~ qggs d rapat Nefi 1. e
punp 12 is %dc&’t??l\l/g%aepd.ﬁé us, ﬁﬁﬁeggg&n’gll% r \C/tgg #ﬁ%ﬁ%ctﬂ% hfih"sh' AR

upward. The rotary head 9 is set so that the lower surface of the

pad member 91 will contact with or substantially contact with the

10 upper surface of the protective film 81 on the single-sided

conductor-pattern film 21.

The pump 12 is activated. Thus, the pump 12 drives the
electrically conductive paste 50 from the péste tank 10 to the rotary
head 9 via the feed pipe 11 and the feed passage 92. The

15  electrically conductive paste 50 is discharged from the opening 93
in the rotary head 9, and is supplied onto the upper surface of the
protective film 81 on the single-sided conductor-pattern film 21.
Simultaneously with the activation of the pump 12, the spindle
motor 8 is activated so that the rotary head 9 is rotated.

20 In addition, the X-axis servo motor 4 and the Y-axis servo
motor 5 are suitably activated so that the table 3 moves horizontally
relative to the rotary head 9. The relative movement of the table 3
is designed to cause the central axis of the rotary head 9 to describe
a trajectory TR with respect to the protective film 81 on the single-

25 sided conductor-pattern film 21. As shown in Fig. 11, the trajectory

TR is composed of linear segments. Thus, the rotary head 9 linearly




el ectrically conductive paste 50 fromthe paste tank 10 to the rotary head
9 via the feed pipe 11 and the feed passage 92. The 15 electrically
conductive paste 50 is discharged fromthe opening 93 in the rotary head
9, and i s supplied onto the upper surface of the protecfiQ@obensy on the
si ngl e-si ded conductor-pattern film21._ 4 gi_nultaneously with the activation
of the punp 12, the spindle notor 8 is aCtivated so that the rotary head 9
is rotated. 20 In addition, the X-axis servo notor 4 and the Y-axis servo
notor 5 are suitably activated so that the table 3 noves horizontally

rel ative toneves adengthigcupper stihdace|oftthe protenting fibh 8hechatee 3 i S
designed to cause the central axis of the rotary head 9 to describe a

traj ect or ySinglgrsidedesprducter-padtem fidm 2lewhilenretatingtdisost ftd e 25 si ded
conductor-gattern filmz2l. As shown in Fig, 11, the trajectory TR is
conposed oftNfFdAxigeqkBAtspeerhaf rotaldonmiathe retaryoheadeRrisset @;tfober
2005 -15 noves along the upper surface of the protective film81l on the

si ngl e- si dgﬁa’&iﬂﬂu FPHAt Pﬁ?‘ﬁ shaegh ok lipgaremayenrent ofiibet rotagy keadr al

axi s. 'ghe peed tation he rqgtary head 9 is set to, for exanple,

f
60 rpm° Th ?p%%tgi%;%riwpﬁ%vin@ﬂﬁﬁ?c't he rotary head 5 9 is set to, for
le, 1 nm ,.th ' | bet t d b
o1 "on the rot afbeleaalhg B, i 8t BacinPs DI oHTS the PARaRETREOdi dod
d - | | J | i ly .
conduct | vel B Palryhedg Jtnd (B8 ARGECAvEMfp OF &3R5 wiRIE Sideds, (o
spr ead Oveéoﬁﬁﬁcﬂ%i‘l?%t%nf 21# gﬁfmcwo%% Qflowgetlﬁ)g%legfhn@aeﬁy 91. The

cl earance has a t kness _
conductive paste 50, which has been discharged from the opening

10 98, to spread over the whole of the lower end surface of the pad
member 91. The clearance has a thickness (or a width) of, for
example, 50-100 pm,

The positional relation between the pad member 91 on the
rptary head 9 and the protective film 81 on the single-sided

15  conductor-pattern film 21 may be periodically alternated between a
ﬁrst condition where a clearance exists between the pad member
91 and the protective film 81 and a second condition where the pad
member 91 and the protective member 81 are in contact without
any clearance therebetween.

20 With reference to Figs. 11 and 12, since the rotary head 9
linearly moves through a region above a via hole 24 in the single-
sided conductor-pattern film 21 while rotating about its central
axis, the pad member 91 forces the electrically conductive paste 50
into the via hole 25 along many different directions (at least three

25 different directions).

The electrically conductive paste 50 which has been




exarrbl e, 50-100 gm The positional relation between the pad nenber 91 on

the rotar
conduct or -
condi tion

protective film81 and a second conditi on W
protective nmenber 81 are in contact without any clearance therebetween.
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film 21 whidischargad frprabthe dpeningn®8adpremdss pvehahpadhotetdr t19d f or ces

the el ectr
di fferent
el ectri cal

di schar gedt

sur face of

y head 9 and the protective film81l on the single-sided 15

pattern film 21 nay be periodically alternated between a first

where a clearance exists between the pad membef Odiabend0Qhe

where the pad nenber 91 and the

20

ence to Figs. 11 and 12, since the rotary head 9 linearly noves
t hrough a regi on above a via hole 24 in the single- sided conductor-pattern

i cally conductive paste 50 into the via hole 25 al ong many
ower enshsurtacd efishetpadaneatbeti Hiler Attthditr ime, opsdtiofsenf
Ig conductive paste 50 which has been 7 Cctober 2005 -16

12

t

d nmenber 9
conduct i velrbggllegla%’(’)ereﬁpgr suEgessek they Rackanemper19). Thet pertiomerofetise

sur f ace of

sHeehdcalle manductivp maste B0centdreregesiseso94t(see Figwel Opnd

1, At that time, portions of the electrically

he pad nenber 91. The portiong Qf the 5 electrically conductive
past e aFi?cﬁE‘I%ﬂﬂync?ﬂauF Eskastey20 %i@gﬂilﬁ’gfi@"? FERESERDI%t-of the | over
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paste 50 into via holes 24. The electrically conductive paste 50 can
be moved from the recesses 94 into the via holes 24,

It should be noted that only one via hole 24 is shown in Fig.
11, and the illustration of other via holes 24 is omitted therefrom.

Preferably, the trajectory TR described by the central axis of
the rotary head 9 is separate from via holes 24.

The surface of a conductor pattérn 22 which is exposed at the
bottoms of via holes 24 may be slightly processed by etching or
reduction before the apparatus 1 charges thle via holes 24 with the
electrically conductive paste 50. This procéssing improves the
performances of inter-layer-connection.

During the operation of the apparatus 1, the rotary head 9
functions as a means for forcing the electrically conductive paste 50
into the via holes 24 in the single-sided conductor-pattern film 21.
At that time, the rotary head 9 linearly moves in accordance with
the motion of the table 3 while rotating about its central axis. Thus,
on the upper surface of the protective film 81 of the single-sided
conductor—pattern film 21, the rotary head 9 forces the elgctrically

conductive paste 50 into the via holes 24 along many different



11, and the illustration of other via holes 24 is omtted therefrom
Preferably, the trajectory TR described by the central axis of the rotary
head 9 is separate fromvia holes 24. The surface of a conductor pattern 22
which is exposed at the 15 bottons of via holes 24 may b7eO§IQbﬁItzp0@5
processed by etching or reduction befor_e1 he apparatus 1 charges the via
holes 24 with the electrically conductive paste 50. This processing

i nproves the performances of inter-layer-connection. During the operation
of the apparatus 1, the rotary head 9 20 functions as a neans for forcing
the el ectriditeicyicomndaticast thste dfferémt ditdigions), hﬂlc@%r@ﬁz@?. tipgs

singl e-sided conductor-pattern film21l. At that tinme, the rofary head 9
linear |y nopessible docprerente thi tdlectriealiy tdoomd witivd pastbl 50 Frvhi Ibeingt ati ng
about its central axis. Thus, on the upper surface of the protective film
81 of the sWR§Venky d&ﬂﬁﬂlwmmrﬁgahogim%:i | Fuzthetrhere,oftaisypbesit1©
forces the electrical]y conductive paste 50 into the via holes 24 al ong
many di f f er'&hPrevent %érwzobeleﬂ%d&p@étbaing insufficgitly loteergdidf fttent
directigns),. Accordjn , 1t.is possible to prevent the electrically
conduct Pve %Fgecg@qaggyﬁﬁgfjﬁ’ﬁ“ﬁn%‘@m Y®istributed in the via holes 24.
Furthernore, it is possible to_prevent_ the via holes 24 from being
insufficiently charged with 5t 3 ductive paste 50. Second
Enbodi nent A secR i.nvention i s si m‘J@gr to the first

embodi nent t her eo%&%ﬁ%%ﬁ%&éﬁép r#fiﬂ]&ﬁg@é’e bhedmilas, nthedirsty t he
second emb QiR infin Hilérédfvgfééﬂnfoﬁtdels?gﬁ tcﬁﬁl\gges mentioned
: hereafter. In the second embodiment of this invention, at least two
10 of (1) rotation of the rotary head 9 about its central axis, (2} linear
movement of the rotary head 9, and (3) revolution of the rotary head
9 about an axis separate from its central axis are simultaneously
executed. Thus, the rotary head 9 is rotated about its central axis or
an axis separate from its central axis while the axis of rotation of the

16  rotary head 9 is moved.

Third Embodiment.‘

A third embodiment of this invention is similar to the first
embodiment thereof except for design changes mentioned
hereafter. In the third embodiment of this invention, as shown in

20 Fig. 13, the rotary head 9 is rotated about its central axis while
being revolved about an axis separate from its central axis. It should
be noted that the illustration of the via holes 24 is omitted from Fig.
13.

Fourth Embodiment
25 A fourth embodiment of this invention is similar to the first

embodiment thereof except for design changes mentioned



10 of (1) rotation of the rotary head 9 about its central axis, (2) linear
novenent of the rotary head 9, and (3) revolution of the rotary head 9
about an axis separate fromits central axis are simultanegusly executed.
Thus, the rotary head 9 is rotated about its central axid @ftobgrR260ps
separate fromits central axis while the4gxis of rotation of the 15 rotary
head 9 is noved. Third Enbodi nent A third enbodi nent of this invention is
simlar to the first enbodi nent thereof except for design changes

menti oned hereafter. In the third enbodi ment of this invention, as shown
in 20 Fig. hegeaftes. r bn dbg foerthemdoditmerddofibivist intentten; asl shatva whi | e
bei ng revol ved about an axis separate fromits central axis. It should be
noted that Fifie 1 | ths retarynhead thds vnaved| limearlyiwhilei beisg fewoivedg. 13.
Fourth Enbogi ment 25 A fourth enbodinment of this inventionis simlar to
the first StePasate pits eentrdsagis. cHaslyewldrbet notest thatct ober

2005 -18 hereafter. In thtg fouttgggnb di ment of cigll_s i nvention, as shown in
Fig. 14, tMHecH HenLlthe Vig hales i3t as opifted dreygi Rig-r Mol ved  about an

axis separ at e fromits central a |§] #_t ﬁhglul d Ee noted that the
iIlustration of the via holes 24 O _ \Fig. 14. 5 Fifth
enbodi ment ¢ her EofiraxappORRPeBh iigie LR ie Rl BB 10 he
fifth enmbogiiEodifibnt NierkBY ¥ReBR: fo? S8 chinges mentioned
hereafter. In the fifth embodiment of this invention, as shown in
Fig. 15, the rotary head 9 is moved linearly while being rotated
10 about its central axis and being revolved about an axis separate from
its central axis. In this case, the rotary head 9 can force the
electrically conductive paste 50 into each of the via holes 24 along
every direction toward the via hole 24. It should be noted that the
illustration of the via holes 24 is omitted from Fig. 15.
15 Sixth Embodiment |
Fig. 16 shows a portion of a charging épparatus 1A according
to a sixth embodiment of this invention. Thé charging apparatus 1A
in Fig. 16 is similar to the charging apparatus 1 in Fig. 1 except for
design changes mentioned hereafter.
20 As shown in Fig. 16, the charging apparatus 1A includes
squeegees 109A, 109B, 109C, and 108D instead of the rotary head 9
(see Fig. 1). Each of the squeegees 109A, 109B, 109C, and 109D
functions as a means for forcing the electrically conductive paste 50
into the via holes 24 in the single-sided conductor-pattern film 21. |
25 The squeegees 109A and 109C oppose each other. The squeegees

109B and 109D oppose each other. The squeegees 109A, 109B,




Fig. 15, the rotary head 9 is noved linearly while being rotated 10 about
its central axis and being revol ved about an axis separate from its
central axis. In this case, the rotary head 9 can force the electrically
conductive paste 50 into each of the via holes 24 along ’&9eieher2P@stion
toward the via hole 24. It should be not?%that the illustration of the
via holes 24 is onmitted fromFig. 15. 15 'Si’xth Enbodi nent Fig. 16 shows a
portion of a charging apparatus 1A according to a sixth enbodi nent of this
i nvention. The charging apparatus 1A in Fig. 16 is simlar to the charging

appar atus 109CFapd 108Kkcape rhoveddaseayly chengehamappeenadier ey figd - 20 As -
shown in Fig. 16, the charging apparatus 1A includes squeegees 109A, 109B,

109C, and sbegle-sisteshdonfiucherpatienn Hiad 29 (tteeistithe Wppdragtirice! b2
squeegees 109A, 109B, 109C, and 109D functions as a nmeans for forcing the
el ect ri cal thecpratgstiveefipms8d 60 thersingleesideal kohehitéripatieensiingl e- si ded
conductor-pattern film?21. 2 5 The squeegees 109A and 109C oppose each

ot her. The2dduBegi@stiorsoi 164y lb@ﬁobb@éeamxhﬂmmmespﬁhéivs@ueénhes 109A,
109B, 7. Cctober 2005 -19 109C, and 109D are noved linearly al ong the upper
surfac® of dﬂwtlog?%f}llélﬁsiaa?éh Id&ife freoprpesiterte eachathert hdhei s, the upper

Fim 21) AR MORD Fhoh ! 1Plore1oppos ind ol ot cabgect The y. The & |
and 1100 af ool ot By RE G phepSiiicuter Shethe Ghrantiona A GPe
perpendi cubgly §90D° id §GlielBRed 1¥DA, 1098, 109C, and 109D force the
electrically conductive paste 50 into each of the via holes 24 along
10 four different directions corresponding to the directions 110A,
110B, 110C, and 110D. It should be noted that the illustration of
the via holes 24 is omitted from Fig. 16.
Seventh Embodiment
B A seventh embodiment of this invention is similar to the first
15 embodiment thereof except for design changes mentioned
i}ereafter. In the seventh embodiment of this invention, each of the
recesses 94 in the lower end surface of the pad member 91 has the
shape of a slit rather than a hemisphere.
Eighth Embodiment
20 An eighth embodiment of this invention is similar to the first
embodiment thereof except for design changes mentioned
hereafter. The eighth embodiment of this invention includes a
feeding means provided separately of the rotary head 9 which
functions as the forcing means. The feeding means supplies the
25 electrically conductive paste 50 onto the upper surface of the
single-sided conductor-pattern fitm 21. Preferably, the feeding



.and 110D. The squeegees 109A, 109B, 109C, and 109D force the electrically
conductive paste 50 into each of the via holes 24 along 10 four different
directions corresponding to the directions 110A, 110B, 110C, and 110D. It
shoul d be noted that the illustration of the via holes 24€dtebem?2@d%d from
Fig. 16. Seventh Enbodi nent A seventh en2 di rent of this invention is

simlar to the first 15 enbodi nent ther " except for design changes
menti oned hereafter. In the seventh enbodi nent of this invention, each of
the recesses 94 in the | ower end surface of the pad nenber 91 has the

shape of amstans ratlbeatdchan = posiiisnhier frorfti @htie FoRARIRMA 20 (AR i ght h

enbodi nent of this inventionis simlar to the first enbodi nent thereof
except forraestygheatlafpes viewddmmdhehdirationr of thevehudtit of Thediorenig of
this invention includes a feeding nmeans provided separately of the rotary
head 9 whi B#cartuncti ons as the forcing nmeans. The feedi ng neans supplies
the 25 electrically conductive paste 50 onto the upper surface of the

si ngl e-si ded conduct or - pat t er n Ninth? Embodimesgitl y, the feeding 7 Cctober

2005 -20 neans is |located at a position in front of the forcing nmeans (the
rotary“head 9) ésnméwlb%dxfﬁénﬁiqfééXISGﬁVGﬂﬁmmmlilﬁr théhedixsitng

(o the 111 ERIbRHBUERERETHe FEBFDL{EBHeTIEN aBangRSmaTYeaneant | oned
hereafter. In the ninth embodiment of this invention, two or more
single-sided conductor-pattern films 21 are juxtaposed on the
upper surface of the table 3. In this case, the apparatus 1 charges

10 via holes 24 in the single-sided conductor-pattern films 21 with the
electrically conductive paste 50.
Tenth Embodiment
A tenth embodiment of this invention is similar to the first
embodiment thereof except for design changes mentioned
15 hereafter. According to the tenth embodiment of this invention, the
walls defining the via holes 24 are coated ﬁth metal layers by
plating, and the apparatus 1 charges inner spaces of the metal layers
with fluid material such as liquefied resin. The metal layers in the
via holes 24 function to provide electrical connection between the
20  conductor patterns 22 on the single-sided conductor-pattern films
21.
Eleventh Embodiment
An eleventh embodiment of this invention is similar to the
first embodiment thereof except for design changes mentioned
25 hereafter. In the eleventh embodiment of this invention, each of

the resin films 23 and the cover layers 36a and 36b uses a film



‘hereafter. In the ninth enbodi rent of this invention, two or nore

singl e-si ded conductor-pattern filns 21 are juxtaposed on the upper
surface of the table 3. In this case, the apparatus 1 charges 10 via hol es
24 in the single-sided conductor-pattern films 21 with tﬁégd@bébgg@%ally
conductive paste 50. Tenth Enbodi nent A_bgnih enbodi nent of this invention
is simlar to the first enbodi nent thereof except for design changes
mentioned 15 hereafter. According to the tenth enbodi nent of this
invention, the walls defining the via holes 24 are coated with netal

| ayers by BREEiRY adding renappeondustive dlleryte polyethematiesr ketohe net al
layers wth fluid, material such as liquefied resin. The netal layers in

the via hdF8E 2n4G polyeiier B FrEa. eEtemativelfosastt pbithbereséen the 20
El event h ENGBH RrEAATH SOESH IPERB Gl HeRd SPOIAY PROErA Ao MAdH of | ar (o
her eat tor . 9T AV Era5h A HEL AR B PO eERFS IHOBA Lon, each of the resin
films 23 and the cov?r | ayers gfﬁﬁﬁﬁgrﬁﬁﬁh§§ﬁ%§§ﬁfiI"]7 Cct ober 2005 -21
made by adding a non-conductive er ether keton resin and
Cover Tayers 3o ongusneiuBloRhIOR. B (e iBntf SRyiar ol edher
keton or pemisédighehtitiresf BAREbt YoE" @04l Bhanges mentioned
hereafter. In the twelfth embodiment of this invention, each of the
resin films 23 and the cover layers 36a and 36b uses a
10 thermoplastic resin film made of polyethylene naphthalate,
polyethylene terephthalate, polyether sulfone, thermoplastic
polyimide, or liquid-crystal polymer.
Alternatively, each of the resin films 23 and the cover layers
36a and 36b may use a thermosetting resin film made of B-stage
15 epoxy resin, bismaleic triazine, polyphenyleﬁe ether, or polyimide.
Thirteenth Embodiment
A thirteenth embodiment of this inven‘tion is similar to the
first embodiment thereof except for design changes mentioned
hereafter. According to the thirteenth embodiment of this
20 invention, a substrate made of resin or metal has holes, and the
apparatus 1 charges the holes with fluid material such as liquefied

resin. Preferably, the holes have closed bottoms.



A twel fth enbodi ment of this invention is simlar to the first enbodi nent
t hereof except for design changes nentioned hereafter. In the twelfth
enbodi nent of this invention, each of the resin filnms 23 and the cover

| ayers 36a and 36b uses a 10 thernopl astic resin film maddoeebgbEY@9 hyl ene
napht hal ate, pol yet hyl ene terephthal ate, pol yether sulfone, thernoplastic
polyimde, or liquid-crystal polynmer. Alternatively, each of the resin
films 23 and the cover layers 36a and 36b nay use a thernosetting resin
filmmad -stage 15 epoxy resin, bismaleic triazine, polyphenylene

et her, oﬁwggﬂﬁﬁéhdﬂyﬁﬁﬁﬁiteenth Enbodi ment A thirteenth enbodi ment of this
I nvention is simlar to the first enbodi nent thereof except for design
changes nentioned hereafter. According to the thirteenth enbodi ment of
this 20 inventifmetitdofehbiciicn RAE & 2bubfsidwith HRE Ahitas O(F}B nd the
apparatus 1 char%Fs the holes with fluid material such as ﬁﬁ ed resin.
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2005 1. A nmethod of .chargin |l e a.substrate with fluid nmateri al,
conpri3|ﬁﬁ) ‘5%3?38 ﬁ%@@¥abV¢Hﬁl fuid patesial sraippiied sedbalstes and

an openi %eﬁg g&ﬁﬁ!g G er t hereof through which fluid
material 1s supdﬁge S %@ﬁgt the su??%ce of the forcing menber faces the
subst r at esupplyiiig tHerfirid heatbridlibdtwarhaht lirfhe! ¥RRA fdrife $hB& R a khgadosici ng

menber and a surface of the substrate; and holding the fluid naterlal in
t he recedbesubstratgensyrf ace of the forcing nember, noving

holding the fluid material in the recesses of the surface of the forcing member, moving
the fluid material from the recesses of the surface of the forcing member into the hole by
rotating the forcing member about an axis perpendicular to the surface of the substrate,

and moving the axis of rotation of the forcing member along the surface of the substrate
to force the fluid material into the hole along at least three different directions on the
surface of the substrate.

2. A method as recited in claim 1, wherein the rotation of the forcing member
comprises one of rotation of the forcing member about its central axis and revolution of
the forcing member about an axis separate from its central axis;

and wherein the forcing comprises simultaneously executing at least two of the rotation
of the forcing member about its central axis, the revolution of the forcing member about
the axis separate from its central axis, and linear motion of the forcing member.

3. A method as recited in claim 1, wherein the forcing comprises:

moving the forcing member in at least three different linear directions along the surface
of the substrate to force the fluid material into the hole along at least three different
directions.

4, A method as recited in claim 1, wherein the hole in the substrate has a closed
bottom.




the fluid material fromthe recesses of the surface of the forcing nmenber
into the hole by rotating the forcing nenber about an axis perpendicul ar
to the surface of the substrate, and noving the axis of rotq%%gﬁnﬁg t he
forcing nmenber along the surface of thegysubstrate to f of &St} d
material into the hole along at | east three different directions on the
surface of the substrate. 2. A nmethod as recited in claim1l, wherein the
rotation of the forcing nenber conprises one of rotation of the forcing
menber about its central axis. and revolution of 2 the forcing nmenber about
an was separ at & methied assresiert nelaigils Whern e sdhsirath eornpreS fi BSHainges
simul tan e ti I t of the rotatio f the forcing
menber a%gégk%§s Cé%FF%@"%%%%%£§%gB&%&% ut't 656 ﬁgﬂ$€? ing nenber about
the axis separate fromits central axis, and linear notion of the forcing
menber. 3. A nethod as recited in claim1, wherein the forcing conprises:
nmovi ng t e f or & mgthwelndsereciter Bt cliuea St whhrege thh hfeletng slibsteste has mesurfanns
along the surface of the substrate to force the fluid terial into the
hol e aIo§§n§@ﬂwgé%PWFWF$@WEﬁ¢F%F@HﬂheHPT %Fﬁﬁ%.tﬁgnﬁp tdi€as recited in
clain11,£§@@&§5ﬁ%&% hole in the substrate has a closed bottom 23 7

QOct ober ) method as recited in claiml, wherein the substrate
conprises an insulating substrate, and the hole conprises a via hole in
the insul ating substrate. 6. A nethod as recited in claim5, wherein the
i nsul ati Mg subdtmathedmssregitesiinfdais 5F whensih thietlivtichmageritd compripes eleqtrcallind
the via haol afs a bottom cl osed by the conductor pattern. 7. A nethod as
recited Fﬂm@F V]

FP8Swherein the fluid material conprises electrically

conductive paste.




