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| nvention This invention generally relates to a nethod of mmmﬁmm%rhol e

. Wth fluid material. This invention specifically relates to

charging a hole in a substrate with fluid material such as eI ectrlcally
conductive paste. Description of the Rel atIed Art An insul ati ng substrate
forming a printed wiring board has via hol'e It is knovvnt een
printing to charge via holes with electri cal I y conductive )ﬂ Wﬂ/’k

m xture of nmetal particles, an organic solvent, and binder resi

screen printing has the foll OMITLE SeRUuFRIS INVEI\E@G)N 15 20 25 HM¥®t a
screen sheet is place above an insulating substrate having via holes. The
screen sheet has MEFHO& ORCHARGING d3Ohds WITH ALY dVIATHRIAIL ng to the
via holes. Electrically conductive paste is applled onto the screen sheet.
Subsequently, the el ectriBa( iasf p THONf erred across the
screen sheet by a squeegee while t he squeegee S pressed agai nst the screen
sheet. At tﬁiﬁﬁ_ﬁ&ﬁ,ﬁd@@ﬂmgee is noved linearly only in one direction
or linearly reci %rocat ed along two opposite directions. The squeegee forces
the electrically soRdOveEntionpaeReral Fﬁ éelﬂés\ﬁioaa HeetRod ifoeRRrding ddwicar eas

of the screen s As th hol es are snal I anet er SCreen
printing teﬂﬂsh[}ﬁ—“ldng%ﬁtf: Jrﬁys N oer@%lécw&é’sij%eehtq ﬁe”@qg‘é’firlcally

of charging a hole in a substrate with fluid material such as

electrically conductive paste.

Description of the 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 sheet is place above an insulating substrate having via
holes. The screen sheet has a pattern of open areas positionally
corresponding to 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 squeegee 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



-2 conductive paste. The inventors of this invention have found that the
1-direction novenent or the 2-direction reciprocating novenment of the
squeegee causes the electrically conductive material to be unevenly
distributed in the via holes. The uneven 5 distributions nean
insufficiently charging the via holes wwth the electrically conductive
paste. Japanese patent application publication nunber 06-234204 discloses a
screen printing device for cream sol der Waictch is capable of transferring
the cream solder on a printed wiring board while 1 0 kneadi ng the cream
sol der sufficiently and forcing the sane into the pattern holes of a mask
plate. The sofreRIttBfd Phsf A Gevdrtolry BTsthas SAveRtied Bhidifanenthie mask
pl ate. The squeegee has a cylinder containing the cream sol der. The
squeegee i s theveddizbotignamovetheact dronher 2adiYediibactécprobatiagbei ng rot at ed
in a horizontal plane. 1 5 The squeegee charges the pattern holes with the
cr eam sol demrowementaoiStlee squieegececcansesd dhe anttricdidy mordwective ri ng boar d.
United States Patent Nunber 5,254,362 corresponding to Japanese patent
appl i cat i on mpatsdrialatd be woevenly7dB37ibMtddsiol tae via hodehod Tencirmyear at us f or
uni formy depositing solder paste on a 2 0 printed wirin&sboard whi ch are
desi gnedd so distributionscages msuliiiptontly clppiging thkevisohdlas past éhehr ough a
stencil to a surface of the printed wiring board. As the squeegee assenbly
i s moved i nedeririadlyacondustivieonast@r the stencil in a planar fashion) it
is also vibrated by a vibrator, to glroduce sl ight, ci rculggrrmti Qn in

PDed

addition 2 5 to tiPINessaPatit arpicating pybbicgtion,naebes Y0220 ent
licati | icati nmber. P200 . -3.117937A di,scl .

or it fng. machPRIESEa haRECH MR dsviseoor ' (Rear sPIgRr SVEIRLES depape

i b f ch . I i nj
brto the cubtiranstdrllt ¥ et siel x5 Bfied Wik doathSuie "L el
The h . . . T . . {cal ;
T heagl ! K AR AT IS HSTBECE e bR T
The head is g gtdt Wels B”P‘éeijnel&%k ?)%Qté.eqtﬂeogcf&rr??&'ﬁ{tiﬁg ddiBcfBhBnd ace of

the substrate or the mask whi e paste 1s discharged froman outl et

openi ng of tsﬁ%elagéé-sh%ﬁn (BﬁscWetmé‘sI@ﬁét%.p%feeé?uéégéH hakes Qhiride 1 0
e

substrate through the pattern aperture part of t mask. During the

rel ative novemainiel tHe cheath salddreatheospuedmardis hvovend)origem®sk, and
the substrate is reciprocated. Japanese patent application publication

nunber 11- 7' d9bctibrs dros & dirdation pelsile hpingtrotgtedeined hartzcapphpdans.
designed so 1 5 that a squeegee is circularly noved, and hence part pads
arranged5i n Taey sdiiceges mimrgen the pattaro boldsy withpghicedrasmhsaldiedeanshst e.
The squeegee is placed on a printing 'ig havi_ngq{gas_t_e feed openings. The
squeegee setyams Sstlblﬁeétﬁ%rﬁes@dle@e@nésh he prigtgthgemg beardhe paste feed
openings in the printing jig. _The solder paste ié supplied 2 0 fromthe
paste feed openi HRited PtatesaFateniaNRbSr syl abe aprnesPoREliBguitegee i s
circularly ved. Japanese .enf. appljcatjon publ.icati er  3-93288
i 5ol oces a JepRdisTeRpRITLRPAlRAN et BupPaboD: RumecnZr 87 ACicos e a
desi gned so_t hat sqgueeqgee_devi.ce cap be shLid an a screen sk 2 5 along a
oreser bed dnraiad afid BBBATafTy ot rERfhrany abheR ek SEIEF RARP R eam
clogs oo bl i (VP oifiridBodd Shict bte UediBhta"db BRAES: Lhueesée

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 squeegee blade.

Japanese patent application publication number P2000-



the screen mask, the squeegee device is horizontally rotated to change its
orientation relative to the sliding direction. The orientation change
enhances the degree of charging the pattern holes with the paste or sol der
cream 5 SUMMVARY OF THE INVENTION It is an object of this invention to
provide a reliable nethod of charging a hole with fluid material. A first
aspect of this invention provides a net hg% of charging a hole in a
substrate with fluid material. The nmethod“conprises the 1 0 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 surfdde7387A hdissldseisr atsereoncpungieng headivine vaphabldief fibringnged eri al .
A second aspect of this invention is based on the first aspect 1 5 thereof,
and provi depastegditalwbar @ismbistieatiedry iprgssingpa dorgat baés thsi swpstraty at ng
means pl aced on the surface of the substrate in forcing the fluid materi al
into the holeeforancchasteat nog tohedd e imjginyeemto Ho substratd svereipethdi cul ar
to the surface of the substrate and noving the axis of rotation of the
f orci ng neniseéscavbare ehpattegnsaperuse @anthe smadk r Ibe headdschlledevithui d
material __into the hole along the at |east three different directions. A
third aspectPastes ke %W@nltﬁ BHshedpxatigally against compinspadacemdr®ss | and
provi des a nethod wherein the rotation of the forcing nmeans_cogpri ses one
of rotati onsbﬁ’sgﬁaeteﬂf}?cﬁ‘ ﬁ@ag]érﬁ)%wngbtg’&t PRYETD apEeIEHE Qaréxis'gh% afdelfol ut i on
of the forcing nmenber about an,axi s separ fragmits central axis; and
wher et n the AL, 12paRd . 8 WiioSabialic] oL i mefy SRelia fhtEe Teast
two of the rog i f.ofCli r out,.] C |_axis, e
revol ution 3#%%5%0&%@%%%@#%2%2@{? ?ﬁlg?é; %’Jélé‘gﬁ%’ﬁgﬁf@‘a I?toélti%nt ral
axis, and |i I; i he i th.. this
oPedin On@{a-hga?a. AkY ‘Eéé@ltt %‘EE) ’B%n ghg;i% v;?xaﬁ%@&% ?%%

i nvention i s base I'rst aspect es a ne d

wher ei iy g he j i i j ac
B o o S i i

noving the frelgiviOniBaitehd oftthlecReAd! At 98ash bher&morld Ae@hedlid, &dd ons
along the surface 1 0 of the substrate to force the fluid naterial into the

hol e al ong wheslat ahdatie shibeeratef serempratiatedi i ons. A fifth aspect of this
invention is based on the first aspect thereof, and provides a nethod

wher ei n the hol eJapartesespatintahppliastiancpubéidahiotnt nomhbeb 1A -§F7Q87Y aspect

of this invention is based on the first aspect thereof, and provides a

met hod wher disclpbbes swbder paste prpniingsmathpdsamdtapppratiost dasigneandot he

hol e CO{EH ses a via hole in the insulating substrate. A seventh aspect of
thi s irvent that iassgusegeais chiswWaxlyhmesgdcarz bengereart) padd grangdds a

met hod wherein the insulating substrate has a surCLac_e forned with a
conduct or p&Rtah diEsRIIQIN: canabe SWTiRiENtY senRliac Pat $okger pastendiizg or
pattern. An eighth aspect qf this jnyventjon is base he sixth aspect
Phercof . andopiasraas Horeih ameiiing uid heving Thtedrel P& 0o, ces

el ectricall y,conductive paste.. A nint speGt of this,.inventi IS sed on
the second Jfestteead SRIFES o Sk At o0 Gits® mAsto  SRERRERE et OPE ng
means conpr i rGi e Vs rf j t trate
and wni on ngeStedeed IMniRIRE I BRED ST PAE LLED JRTETS'ApEHET [ R

Fluid nageripgim thd PastE &SP 8penififs TBUHpart 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



5 the fluid material fromthe recesses into the hole. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a perspective diagramof a charging apparatus
according to a first enbodinment of this invention. Figs. 2-8 are sectional
views of a filmor films in conditions 1 0 occurring at different stages in
the fabrication of a printed wiring board which includes a step of charging
via holes with electrically conductive pagt e according to the first

enbodi ment of this invention. Fig. 9 is a longitudinal section view of a
rotary head in Fig. 1. 1 5 Fig. 10 is an enlarged view of a portion "A" in
Fig. 9. Fig. 11 is a plan diagramof the rotary head, a single-sided
conduct or - pabtesaretnl masindtlze sgagegeordeviers ¢s iHmadzdaytallye rotedato axi s of
the rotary head in the first enbodinment of this invention. Fig. 12 is a

per spect i ve cieageaitsodrignpaiionorelative toi Huyt slisiingdlizectionndlitreor - pat t er n
film a via hole therein, and directions along which electrically

conduct i ve pakrdatiors ehesge enbanges\ihe Hegeed of tdharging itthenpetliersnt of
this invention. Fig. 13 is a plan diagramof a rotary head and a

si ngl e-side@%%%&@ghoﬁhepaﬁﬁéﬁ Tt $QIREr £r8afhi rd enmbodi nent of this
inventig$. 25 Fig 14 is a 18gra ead, a single-sided
conductor-pattern film and2s BREIAON he central axi s

f the rotary head.i th, erbodi ment of this. tion Fig, 15 j
ol an di agr am of 4t 10T §oiH! B8 RFBHTIcR RGN Fore i EertrPPrne! and a
traj ect ' t {. L, f th t head i fifth
e:vglpgicrrg:]%/_ gﬁ%&*%%n@éﬁt?’gﬁ?@lr ?‘J.E? eﬁ%i}g a pfagodﬁgéy a(r?1aofI gqﬁe_elgees and
a single-sided conguct gspRAt Le'thid iAo Hlotide STPRMUIRY oPEhnhisfhg a

i nvention.
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 provides a method wherein the forcing step comprises
using a forcing means placed on the surface of the substrate in
forcing the fluid material 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fi rst Enbodiment Fig. 1 shows a
charging apparatus 1 according to a first 1 O enbodi ment 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 filmbeing a substrate. The
structure of the apparatus 1 will be desckibed later. . 1 5 Figs. 2-8 show
conditions of a filmor filns occurring at” different stages in the
fabrication of a printed circuit board (a printed wiring board) which

i ncludes a step of charging via holes with electrically conductive paste
accor di ng t eohferibes simeitadtorsty etedutingiatvieast ewo dhehpriothadncof cui t
board is nade as follows. 2 0 Wth reference to Fig. 2, a single-sided
conduct or - pthedoncirid methbes gvapaitedcer8pat akis attiey reaslvdiar tof i thwel
conductor foil is superposed on and attached to a first surface of a resin
film 23. Théomlingtmicoabdryabondibeoaxisos¢parsds, frény itexeemire] axisoppdr foi |
having a thickness of 18 Vim The electrically conductor foil is etched
into a 2 5 &owarcrsitigaiaidhe forcinganeraper. t he singl e-si ded
conductorpattern film?21 haV|ng t he conductor attern 22 on its first
surface® _g_ Acmlrt@t agpeathef this nventipmis daopH&nB8F$tadsPect esi n

fllmhaV|ng kness of , 25 to 20 m, The t | astic resin film
contains 6518 olwf For RIS BhTeT s BRIBRTtSE! ROPBIH ST
resin by we sh own in

formed on th%%a Fprﬂ%%ana 2 lbeddin (ol Rt SP A8 pthorbele B iﬁ?' )
am nator TR 0Eahta T BSe! AR FREO B sty IR SROpB e o

surface the i M’fé] I;Eq
protective ﬁ?ﬁng?n\g%ﬂeg&gtpo yet%ﬂﬁgétﬁﬁiphghéfgpgér ?ﬁfn% %F%g a
thi cknesg obf e sihrdt£ 28 UBHNMAE MR PANARIME lh@a%hehﬁwensnﬁl%hhekﬁess of
5Vim As shown in Fig. 4) after the attachnent of the protective film81

is conpl et ethast EFOdidepatdditaasfindeamis applied) fromabove 1 5 in the
drawing, to the protective film81 and the resin film23 to form openi ngs

(apertures) 8la anfifth aspetesf 2hid heverition Thebhapehbngthd liast aspbet
protective film®81 align with the via holes 24 in the resin film 23. The
openi ngs 8laherepfapprdprovidelsya ageshod nwHeeaiat tie twle He tha sidistsat24. The
via holes 24 have bottons closed 2 0 by the conductor pattern 22. Thus, the
conduct or phesea wl@sed bottposed at the bottonms of the via holes 24. The
power and application time of the carbon dioxide | aser beam are chosen not
to formol es i n# Bixthoasprstoe! BallStJéW@nZBm Thdagedaondheslivst aspectdi anet er s
of 30 to 200, ~.m_2 5 An exci mer ser beam ma sed instead of the

carbon di oxtaergofs @ncheapyidsst 6rrﬁﬁef edywherdne ?EU%ﬁtf%%S?m%FVS & 11ing

_g_ may be used to for Vi a sho 5,.after the via
RoTes 24 ar SO Bstifts” phdthehlf comRapied it hote s then
conducti ve aStl%ﬂ beign% inter-layer-connection fluid material. The

el ectricall yn% g PYRS a{)%st e 50 results from kneadi ng netal parti cl es,

e el Por anth B0vaARALEeRObY Fhls Bivahiba S8 oot BR! Ble BALH SbFRer | o

i ncl ude, for exanplée

Speci fl I Yhe }‘ng apR E?%H%ie%df ?ﬁgt}%c;]%v}%&re?ﬁsthtehﬁq 1%83@ §ﬁb§t’ra‘%8rl£’é1§“ ve

past e intot roug e openi ngs
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



1 0in-the protective film81. The electrically conductive paste 50 in the
via holes 24 is in contact with the conductor pattern 22. Thus, the

el ectrically conductive paste 50 in the via holes 24 is electrically
connected with the conductor pattern 22. Al so, the openings 8la in the
protective film81 are filled with the electrically conductive 1 5 paste
50. After the via holes 24 are charged m@%h the electrically conductive
paste 50, the protective film81l is exfoliated and renoved fromthe resin
film23 or the single-sided conductorpattern film 21. Consequently) there
occurs the single-sided 2 0 conductor-pattern film 21 having the via hol es
24 whi ch ar é¢heheofyethdipriovides el sotthiodaivherebndhet foreirig mesfsas shown in
Fig. 6. The electrically conductive paste 50 which has filled the openings
8la in the pomnpristse f@xtqinglrnemiutmgamgnaojsenﬁaiconwhmtfaee$ dgbien film 23
whi ch extend fromthe electrically conductive paste 50 in 2 5 the via hol es
24. As undemssthadtate andt whiclhdvas deeessest iagrl wherein dhigofasging siep - 10
charged with the electrically conductive paste 50 while the protective film
81 remai ns GRMRPESEEIGIHNE fluiggpateial in HBeprenessesyand meBR8r event s

the electrically conductive_paste 50 from bheing,appljed to portions of the
resin fi mggeed’dézgfn?@rmilh O\W&%@ FRACESED 4Nt rﬁP ly) the protective
film81l functions as ag X s i i ed) the
protective film81 is r rdral ity of

i ngl e- si ded - 0 il 2 te of Fig. & and
Panl cared oy onMg) dTisPR PeEb Pl hdd A 4 Mo Bh Y Spfarpble P omd
f ated by the | . . = nF
o endy nateBruaO UL s RABEAalht OF dhis 3FeftibBnOCd [ ho # | am e e

each other. In t'lﬁ{g’s.aﬁ"-%a&r%’ sd ot ANHGIObf BAGIA ) ﬁ?mgnirf ESnE&?&?{;?"St film

21 faces upward whr'l e the conductor pattern 22 on the | owerno m 21

faces dppnwaycdurding At Chiffereh@¥eAgedbf ithePladfechtdin &T AIRRGAtE dArRig t he
| am nate. The cover layer 36a is a resist filmextending over portions of

the upper swdaagewbiich ifclip@es aoster bf thatgiMy otn hatésidgtiedgdestradallyie
conductor pattern 22 on the uppernost film21. A cover |layer 36b is placed
at a | ower sotelwnftivehpakteriavabedirigeo dbreefirstagmb@timerst af 2h@sresi st film
extendi ng over portions of the | ower surface of the lowernost film21 which
i ncl ude edgdsventiphe conductor pattern 22 on the |lowernost film 21. The
cover | ayer 36a has openings (apertures) 39a positionally corresponding to
el ect r ode- f or m ndigoPtisondongitudinabsentianview D garetary eadintihig. dpper nost
film21 _Thus) the el ectrode-form ng portions of the conductor pattern 22
on the WPpernost Hig) AP2is apenlarded Viey gdsepovtiant e BhEiEngs 39a in the

Smilarly. the cdUar Nagon Hon SA€TRLAT HOE 1O Parde SBIBAIEdonal | y
The 5§ oer RUBEHipRr 2o (00 REGR akelPolSt ghrrG oy dis- et =% "
390 i the cveen o heRLTA TR ffe SubbdRaRRERAG Mgy P TO°
the t hormoplast & Bat2r . RAvE Set nacerar bha REgidna Bl Jyee o

Speci fiz@l | YorRRfdtoPipdtherit BRI éa&i&rﬁol%%é%@%,@Bd?&ﬁ‘e@ti@%s@f&%/?
pol yether ether keton resin and 35-65% polyether imde resin by weight. The

| ami nate of viehsel@tcallfeshbit@ietice Pagraticeforcéd ifBo 2heaih hioge GAVETe

| ayers 36a and 36b is heated and pressed by a vacuum 1l 5 hot press.
Consequent | firsasrabodment Fofgthi8, inveaitie@si n filnms 23 in the single-sided
conductor-pattern filns 21, and the cover | ayers 36a and 36b are bonded

t oget her. Speci f iRigl 18, istdplapsdiagfainsf 23 chady heedcavéra baydessi@6d and 36b

are thermally fused into an integral body of insulating material. At the
sane tinme, teaductor-pattern film in a third embodiment of this invention.

-
L

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

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



2 0 conductor patterns 22 on the resin filns 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 conduct or
patterns 22 electrically 2 5 connected by the electrically conductive paste
50 and the integral body of insulating matgrial conpose a nmufti-| ayer
printed circuit -12 board (a nulti-layér printed wiring board) 100. The
apparatus 1 in Fig. 1 will be described belowin nore detail. As shown in
Fig. 1, the apparatus 100 includes a base 2 and a table 3. The table 3 is
nmovabl y | ocaixed ofrthehrothggeh@ad Ans fighehs edtsbdineandof this fakdrationf il m 21
having a protective film 81 and via holes 24 as shown in Fig. 4 is placed
and supported on Rige lGpjzea [Hanfdizgram ofia tatalrg Iadina Xiaglessiskervo not or 4
and a Y-axis servo notor 5 are mechanically connected with the table 3. The
X- axi s serveomstwetos-gat@efmrfidimoandt @ rajectotie desieribed]l dlyotlye merXralxi s
direction in a horizontal plane. The Y-axis servo nmotor 5 functions to nove
the tabl e 3adismd theyratary hgaddniahifitn enpeodionenbof dhipliaventidhe X- axi s
direction and the Y-axis direction are perpendicular to each other. The
X-axi s servo not dtig4 1énis ardlan diagrase of squscgees adrhig single-sidedt able 3 to
assume any posr‘ifii_il on in the hgrizontal plane, The table 3 may be a known X-Y

table. A verOrEHGIraHaldRER AR dam SBxils eprbodaeant ieidhds dayenivni on of
e e read whopor ¢ R REH SRR RIA RIRARINEAR Pupbey ar

7. The head support F-ZoTHEad Ty o€t S+ rom2-9-th
occupi es a regi on above the table_ 3. spi ndl e tor 8 is provided on the

| ower surface of a distal end of t arm 7. The spindle notor

orcing means. Ad End ShaPEhFhsPehlk Bobhalie THatarRE 8P 4 15 R0° ST ary

head 9 7@t ateggpa8AHENt Iot 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 stages 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



central axis. The central axis of the rotary head 9 is approxi mtely -13
perpendi cul ar to the upper surface of the single-sided conductorpattern
film21 placed on the table 3. The rotary head 9 has a | ower end surface
provided with a pad nenber 91 which functions as a forcing nmenber. The pad
menber 91 faces the upper surface of the 5 single-sided conductor-pattern
film21 placed on the table 3. The apparq?é_s 1 includes a paste tank 10
containing electrically conductive paste and | ocated 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 fromthe interior of an end of 1 O the feed
pi pe 11 ext éadorhpictedh The hesid Slippd8tusesma7thdrimropladtic oésirhéilspi ndl e
notor 8, and the rotary head 9. A punp 12 is provided in a md point of the
feed pi pe 1havihg puhpckizess of @5 td&00 gonr i Eht Ithecomoplasticergsiat #1rA0 f rom
the paste tank 10 toward the rotary head 9 via the feed pile 11 and the 1 5
f eed passagecddaimebhENNg pelyietherdthas kdtomnreésinFand 85-6666 qaulyatinter 91
extends over the |lower end face of the rotary head 9. A central part of the
pad nenber dmidgsresindpeweighd3 which forns an outlet end of the feed
passage 92. Wen the punp 12 is actjvated, the electrically 2 0 conductive
paste 50°is noved \asBRY™t B E’@e(ﬁ'p%‘l%%@]éeg@WQ% rRdeRArZreds fpemethe
opening 93. W ref erence to Fig. 10, tgiiﬁg menber 91 is nmade pof
¥ et hage 1 o HBe ety 23 Storeetine Sinh ot FantpesRared OThadsl es. The
pad nmenber 91, has round | gqwer_end face.at.,2 gs\/&ich hu es are
exposed. Th@ﬁ%(%b%‘i(ﬁg&BB’F%‘%&%?W?&%S?E Frﬁftséll'lellﬁé% He‘l‘?lé’g?%gcesses 94
in the | OV\erexecl?qulsel,”aI ffinator. The second surface of the resin film 23 is
opposed to the first surface thereof on which the conductor pattern
10 22 extends. The protective film 81 uses a polyethylene
terephthalate resin film having a thickness of 12 pm and coated
with an adhesive layer having a thickness of 5 pm.
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 (apertures) 8la and via holes 24 therein. The
openings 8la in 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



-1 4 of the pad nenber 91 which opposes the upper surface of the

si ngl e-si ded conductor-pattern film21 placed on the table 3. Operation of
the apparatus 1 is as follows. A single-sided conductor-pattern film 21
having a protective film81 and via holes 5 24 as shown in Fig. 4 is placed
and supported on the upper surface of the table 3 in a fashion such that
the surface of the single-sided conductor-pattern film 21 which has the
protective film81 faces upward. The rotéugy' head 9 is set so that the | ower
surface of the pad nenber 91 will contact with or substantially contact
with the 1 0 upper surface of the protective film81 on the single-sided
conductor-p@ﬁayerb@ tikkthtdformhehpuiR Hodes R4cti vated. Thus) the punp 12
drives the electrically conductive paste 50 fromthe paste tank 10 to the
rotary head 9 vi &d bhotveeih [Hige5] hfiardHereid hetbgpadsagef@Znedhehd via

el ectrically conductive paste 50 is discharged fromthe opening 93 in the
rotary headh®lea?d iase stlppidecdwith @l¢dteianilyecondufciive pasteh&Opbetmegti ve
film81 on the single-sided conductor-pattern film21l. Sinultaneously with
t he acti vat interofayeecgungction fihil spatatial. mithe efedtsicadly candmcdivet hat t he
rotary head 9 is rotated. 2 O In addition, the X-axis servo notor 4 and the
Y-axis servpashe HO sesuldsslupmabneaging vactal partieles, tindenpresig apdean
horizontally relative to the rotary head 9. The rel ative novenent of the
table 3 is QE&apiegolvsntdisa pHEcEenthamatalspartielss ingluds. fiad 9 to

describe a trajectory TR with respeci to t protective film81 on the
i

single 25 sFd8R6n pcﬁdr Bfﬁf?@ FHVRC 2R E%le§2(%ntlpnpﬁf clegs, ht hg
i R is. i T 9
Iti; ﬁ‘eg_ffﬁlry _E_ﬁéc?;b&gi%gﬁg%&% afper ?@%Qéﬁfogfeﬁ@%?‘%e%ﬁ%ﬁ% film81 on |
s The spRUTusERRCBEMRL RCkE the bdhbled!2d @“@@%'ttﬂ?o@’%%éé}xé%f%ﬂf 60
- ; o
il o0 TP EEME pHORHyTRRETBE, Thel SRCUIPANY QMucHTe hFESOMD ol
91 on the refarny,eqdsH4and _Iiﬁh@oﬂa‘%tt%thvﬁﬁ cbBaSbtop ddtfers] pol eTsided

conductor-pattern film 21. e clearance allows the electrically conductive

paste 50, whheh1begilasn codnsaldiepakio®mo e tBReviaNHole0293is ERcERLAAY Over

i
t he whol e of the | ower 'end surface of the pad nmenber 91. The cl earance has

a thicknesscoaneatod dvith e coadurxermpaeteraD 200 Also) tlBoRISNgEs0BRA

rel ati on between the pad nenber 91 on the rotary head 9 and the protective
film81l on theahsi pgbeciiviefilth Blcand ditlear with ttdren efdadtnicallynegndactive
periodically alternated between a first condition where a cl earance exists
bet weerl & he ppate méhber 91 and the protective film 81 and a second condition
where the pad nenber 91 and the protective nenber 81 are in contact w thout

any cl earance t héfttfeth@dna holgs\R4 reeeleargask with hgselecirigaly12) since
the rotary head 9 |linear|ly noves through a_region above a via hole 24 in
the singl esFaBUCSVGURRBEE %-tté}%l)r@‘i%%sz fibmy 81 ist exfoligte®Ardits central
The Vi a hol ECTSVEROHETYF GrFrefUm 28 PEdHFOR G HedstoRRRelT 5 |
different difeelioRth o1 BRI, SR BARhG YA on has been
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
81a 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



-16 discharged fromthe opening 93 spreads over the whole of the | ower end
surface of the pad nenber 91. At that tinme, portions of the electrically
conductive paste 50 enter recesses 94 (see Fig. 10) in the | ower end
surface of the pad nenber 91. The portions of the 5 electrically conductive
paste 50 are held in the recesses 94. Accordingly, the whole of the |ower
end surface of the pad nenber 91 can be_e{@gctively used in forcing the

el ectrically conductive paste 50 into via holes 24. The electrically
conductive paste 50 can be noved fromthe recesses 94 into the via hol es
24. 1 0 It should be noted that only one via hole 24 is showmn in Fig. 11,
and the il estargedowitdf the hdectticaliwlcohdfctive paisté €30 tvhilefttem
Preferably) the traj ectory TR described by the central axis of the rotary
head 9 is seratedtivd fidlm Blaréwladns2en theeresinf it 88, aTtwrdforeortheat t ern 22
which is exposed at the 1 5 bottons of via holes 24 may be slightly
processed byretedtive fidm Edd peeveontbhéhore ectricalip aranidigctive zasies50he vi a
holes 24 with the electrically conductive paste 50. This processing

i mproves t hérgsBr beingappdiest t¢ mostiongyef themestn ifdm 2% exegpt Her dper wia on
of the apparatus 1, the rqotary head 9 2 Q functions as a neans for forcing
the el edri &8les 2ondircordinglysthesprotactive Eénwal gdong 35,2 mask.

si ngl e- si de onduct qr-pattern fil 1 t that tine,. .the rotary head 9

i naariy moRdieh BhS AR I PR oot HEE bt & B St at  ng
about its csntra{ axis. ¥hus on the upper surface of the protective film
81 of the si eJE?JSEHE %nbgﬁductor-pattern film21, the rotary head 9

many ai fforent A& eiAYBEPF SACERRE, Contr Rl phifeafi i, 71 GRaR
di ngl [ [ 1o '
{1 om bel ng. reveRIS e P oot B e R PR R FEe b Ples PRI bLefaditr © °0

possi blegt 0 oY EMBRIN 1R i@?.ﬁeh%ssit?lgléggmecp%bﬂad&éw dt@éﬁi‘?ﬂl%§b§&9?@ W th

5 the electrically conductive 'pas Second Enbodi ment A secon

enbodi ment  @frdhped iAYER 1ARihSteS infivigicht thé kendudibr gSEtedine 2D bhefieof
except for design changes nentioned hereafter. In the second enbodi nent of
this inventifitihs 21 VveasdallywalignOwith eddhrathairi om ehetlagnireftar yheead 9 about
its central axis, (2) linear novenent of the rotary head 9, and (3)

revol uti on ebnthetootptyehe &2 dnatloeitupperanost fibmaat fadesoupisas deeittiteal
axis are sinultaneously executed. Thus) the rotary head 9 is rotated about
its central theiemduetorapattesnpa? aire theolowarmnesinfilel 2axfaceshdpwrtwierdxi s
of rotation of the 1 5 rotary head 9 is noved. Third Enbodinment A third
embodi rieht & covexlayeredbada placedrmt an uppenside pEthedsoeinagn: Ther eof
except for design changes nentioned hereafter. In the third enbodi nent of
this invent COMEr dayemh isnaorepigh Hlmgexteningpyuat PAEEANS ¢fsthe MRRET about

Lo central oo g Rl na volued About an axl g scharate (rom 1S L
5,0 {06, CLm il o4 PorRR e oo i R SRR gk '
changes mentd %nged at P 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



hereafter. In the fourth enbodi ment of this invention, as shown in Fig. 14)
the rotary head 9 is noved linearly while being revolved about an axis
separate fromits central axis. It should be noted that the illustration of
the via holes 24 is omtted fromFig. 14. 5 Fifth Enbodinment A fifth

enbodi nent of this invention is simlar to the first enbodi nent thereof
except for design changes nentioned herea{ er. In the fifth enbodi nent of
this invention, as shown in Fig. 15, the rotfary head 9 is noved linearly
while being rotated 1 0 about its central axis and being revol ved about an
axis separate fromits central axis. In this case, the rotary head 9 can

force the elesglosedaVibytieongeeings JBsin the cover kARl dbal MEhyidpdiahes 24
al ong every direction toward the via hole 24. It should be noted that the
iI'lTustrati o3 arbdoviredblyesoR exasnple, tdrelirfg. oBifmitarlsthd dovBirdbper
Enbodi ment Fig. 16 shows a portion of a charging apparatus | A according to
a si xth enbdfibmirats opehings i(aperttires) 3Be pokiignaldy appaesponding ita Fig. 16
is simlar to the charging apparatus 1 in Fig. 1 except for design changes
ment i oned helecifrpde-formingspehidansi of Hhg.corsluctor patteghng2appaitet us | A

i ncl udes_squeegees 109A, 109B, 109C, and 109D i nstead of the rotary head 9
(see Fi @ 1)owemetpséfiitme2 québysesthroglkctnodm fomping perdiom®pifiitct i ons as
a means for forcing the electrically conductive paste 50 into the ~~ia

hol es 24 i ncomélugipg Raticae 2% eautie dpweamestnfiip) 4] are oxpose vdgdkyees

109A and 109C h qther. Th 109B and D h
oiner e SesiBRESAIR iserer S S et ol LR R T ReEET)

I th f f,t i ngl e-si-ded dyct or - pat t M m21 (that
e oo 5P g KSR Lo, BT B R AT 55 B g0 g (1o

duct or - pat 0 fq j j j C

conduct or P EL LA bl BRI inald08 oI MR RNe
The di ti : d X ' S/ : ' ti

11on ango 110050} £ 205 SESEMIANRORY F rhe, CAeE Y880 SO SrBLPeH "
squeegees 1Q3vta H9B5-BE3E, p et HOPRLhEF Gketbher&difc hhiC 8bL 8560 ?ﬁﬂgém@r_
paste 50 into each of the a“holes 24 along 1 O four different directions

correspondi Rghitie tdigndby Sdibhps 110A, 110B, 110C, and 110D. It should be
noted that the illustration of the via holes 24 is omtted fromFig. 16.

Sevent h Enbodi mermthAlsguaatd ofnfiadsimgle-sidetihesndacent-pantdrs filmisl 21 to the
first 1 5 enbodi ment thereof except for design changes nentioned hereafter.
I n the seveniid éhbadivae ddyeafs 86asand\Béh issheatat hndf ptdssedebgssesc@dmn t he
| ower end surface of the pad nenber 91 has the shape of a slit rather than
a heni sbher hotBprsisish Eobsdigmently, 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



2 0 An. eighth enbodiment of this invention is simlar to the first

enbodi nent t hereof except for design changes nentioned hereafter. The

ei ght h enbodi nent of this invention includes a feeding neans provi ded
separately of the rotary head 9 which functions as the forcing neans. The
feedi ng neans supplies the 2 5 electrically conductive paste 50 onto the
upper surface of the single-sided conductﬁé-pattern film21. Preferably,

t he feeding -20 nmeans is located at a pbSition in front of the forcing
means (the rotary head 9) as viewed in the direction of novenent of the
forcing neans. Ninth Enbodiment 5 A ninth enbodinent of this invention is
simlar to tRard (Smerhe 'égephﬁﬁé@lrmﬁngxgg@id)f ppodesi gn changes nenti oned
hereafter. In the ninth enbodinent of thi's invention, two or nore

si ngl e-si ded condisd epppattesn inlFE. A1wall d dekepbsadbelow e weper surface
of the table 3. In this case, the apparatus 1 charges 1 0 via holes 24 in

t he singl e- sledail. candhotat ipdigedn thelappaihtustlO0 hecleldesst 4 ibzadel ¥ and a
conductive paste 50. Tenth Enbodi nent A tenth enbodi nent of this invention
is simlar ttabih8.f Thettaddd@isremvaligrleohtask oapthd basde2i gh siglegsisled
mentioned 1 5 hereafter. According to the tenth enbodi nent of this

i nventi o, tceadigtos-prtterm djm Rd hayingleeproteciive Ghat8d and viaeheles| ayers
by plating, and the apparatus 1 charges inner spaces of the nmetal |ayers
with fluid g asishowidn Big. |4 dsdineed pay] suppestesbon theypdnen surlasey a
hol es 24 functjon tqQ provide electrical connection between the 2 0

conduct or pétﬂbﬁﬁ§ﬁ§9:%n t he single-sided conductor-pattern filns 21.

El t h Enbodi t I t h_enbodi t of this i ' ' iml t
Che T1rSt anbodi AUAC CHER SETVGRRERE 1 GPias) RIS AR EoRaN PHEd 2 5

R N T R S e T
2 1o cppiuehixecd Iemi . Bl YeLfes At wkok shat esiound spolvetner T de

and 36b may Hb?%x@tr%fcl)i 1EhERIEHRT Y Oy Uy §hBesr 8t RfictiehORoWnoRe! st her

imde. 5 Twelfth E dinmnent A twelfth enmbodiment of this invention is

simlar to thgld Brsfo odizReatdifteiPin akeeRbrizohtLepisae. C TRIRSak@Nt | oned
hereafter. In the twelTth enbodi nent of this invention, each of the resin

films 23 andiitdeticn\aid ltageysaxd6adiasotidfbatts perpedditilaertmopheltotharesi n
fil mmade of polyethyl ene naphthal at e,
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 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 horizontally 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



pol yet hyl ene terephthal ate, polyether sulfone, thernoplastic polyimde) or

| i quid-crystal polyner. Alternatively, each of the resin filnms 23 and the
cover layers 36a and 36b nay use a thernosetting resin filmnade of B-stage
1 5 epoxy resin, bismaleic triazine, polyphenylene ether, or polyinde.
Thirteenth Enbodi nent A thirteenth enbodi nent of this invention is simlax
to the first enbodi nent thereof except fﬁ% desi gn changes nenti oned
hereafter. According to the thirteenth e %ainent of this 2 0 invention, a
substrate nade of resin or netal has holes) and the apparatus 1 charges the
holes with fluid material such as liquefied resin. Preferably, the holes

have cl osedpeoptatdicular-t2tWHATpp&G EurfadeDof Bhe lsinglamsided cndilbetogt ng a
hole (24) in a substrate (23) with fluid material (50), conprising the
steps of: 5patigphyfihg 2 heplhkadbmrdhertadle (B0 Thentotaayshiedd@® hefs 4Newer
substrate (23); and forcing the fluid material (50) 1nto the hole (24)

al ong at | eastl surfeeedifdvededtwidhr 2 @ad nsemibvetr &l svinichc funétiohs substrat e
(23) to charge the hole (24) with the fluid nmaterial (50). 10 2. A nethod
as recited foraihginembetherldia pademiambend kifeges dhprupper susfaee af theci ng
means (9) placed on the surface of the substrate (23) in forcing the fluid
mat eri al® ( 58Nglarsidedecoraductoupattsngfim 21 placed on the table 3.

The apparatus 1 includes a paste tank 10 containing
electrically conductive paste 50 and located 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



rotating the forcing nmeans (9) about an axis perpendicular to the surface
of the substrate (23) and noving the axis of rotation of the forcing nenber
(9) along the surface of the substrate (23) to force the fluid materi al
(50) into the hole (24) along the at least 2 0 three different directions.
3. Anethod as recited in claim2, wherein the rotation of the forcing
means (9) conprises one of rotation of thegforcing menber (9) about its
central axis and revolution of the forcing nenber (9) 2 5 about an axis
separate fromits central axis; and wherein the forcing step conprises

si mul t aneousl y executing at | east two of the rotation -23 of the forcing
menber (9) #Bdire pad mwnnbar Sxwdhichheppeses theorppér shefaes of ihenenber (9)
about the axis separate fromits central axis, and |inear notion of the
forci ng mentséRglegsidesl gonduetprmatiern édm & placgdion theableid t he
forcing step co | ses. using a forcing neans 09A-109D) pl aced on the
surfacg of ltohe gplféggaé{g%n(ojg%ei FPParaiusglinas E@fWﬁat@ﬁlﬁgleCS@Fdi nto the

i1 1eront 1 AREEoFRATER b PRETEA Reetsstne Qi bl Faforipasgioso
it ierent arteanahevhnFiE 4l 2 Subbthe S el brbenSilet e
ol G0 e L % (3o N RSHAEL o ot B0k oo o
conductor-pattern film 21 which has the protective film 81 faces
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 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 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



conprises an insulating substrate (23), and the hole (24) conprises 2 0 a
via hole (24) in the insulating substrate (23). 7. A nethod as recited in
claim6, wherein the insulating substrate (23) has a surface formed with a
conductor pattern (22), and the via hole (24) has a bottom cl osed by the
conductor pattern 2 5 (22). -24 8. A nmethod as recited in claimbé,
wherein the fluid material (50) conprlseshﬁlectrically conductive paste
(50). 9. Anethod as recited in claim?2 erein the forcing nmeans (9) 5
conprises a forcing nmenber (91) having a surface which faces the substrate
(23) and which has recesses (94); and wherein the forcing step conprises
hol di ng t he MPYES akemngthgl uppey sucr @m qfeté@sﬁé@te@w flhnoBlrmn thet he fluid
material (50) from¢the recesses to the hole (
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I'M K- &10% & () /@&-S(t)\ong T etween the pad member 91 on the

o ot A I M A o) a0 O
10% & (1)5 Ivblcon uc 8;/6 pat(t%rns%?floo rrgz)iy bew%g;)'lo 1ég.lly 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
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e opening 93 spreads over the whole of the
lower end surface of the pad member 91. At that time, portions of
the electrically conductive paste 50 enter recesses 94 (see Fig. 10)
in the lower end surface of the pad member 91. The portions of the
electrically conductive paste 50 are held in the recesses 94.
Accordingly, the whole of the lower end surface of the pad member
91 can be effectively used in forcing the electrically conductive
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 pattern 22 which is exposed at the
bottoms of via holes 24 may be slightly processed by etching or
reduction before the apparatus 1 charges the via holes 24 with the
electrically conductive paste 50. This processing 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 electrically

conductive paste 50 into the via holes 24 along many different

10ee

m
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possible to prevent the electrically conductive paste 50 from being
unevenly distributed in the via holes 24. Furthermore, it is possible
to prevent the via holes 24 from being insufficiently charged with

5 the electrically conductive paste 50.

Second Embodiment

A second embodiment of this invention is similar to the first
embodiment thereof except for design changes 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
15 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
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about an axis separate from its central axis. It should be noted that
the illustration of the via holes 24 is omitted from Fig. 14.
5 Fifth Embodiment
A fifth embodiment of this invention is similar to the first

embodiment thereof except for design changes 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 apparatus 1A according
to a sixth embodiment of this invention. The 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 109D 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,
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the protective film 81 on the single-sided conductor-pattern film
21) in directions 110A, 110B, 110C, and 110D respectively. The

5 directions 110A and 110C are opposite to each other. The
directions 110B and 110D are opposite to each other. The
directions 110A and 110C are perpendicular to the directions 110B
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 should be noted that the illustration of
the via holes 24 is omitted from Fig. 16.

Seventh Embodiment

A seventh embodiment of this invention is similar to the first

15 embodiment thereof except for design changes mentioned
hereafter. 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 film 21. Preferably, the feeding
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Ninth Embodiment

5 A ninth embodiment of this invention is similar to the first
embodiment thereof except for design changes mentioned
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 with 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
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5 Twelfth Embodiment
A twelfth embodiment of this invention is similar to the first
embodiment thereof except for design changes 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, polyphenylene ether, or polyimide.

Thirteenth Embodiment

A thirteenth embodiment of this invention 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.
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WHAT IS CLAIMED IS:

1. A method of charging a hole (24) in a substrate (23) with fluid
material (50), comprising the steps of:
5 supplying the fluid material (50) onto a surface of the
substrate (23); and
forcing the fluid material (50) into the hole (24) along at least
three different directions on the surface of the substrate (23) to

charge the hole (24) with the fluid material (50).

10
2. A method as recited in claim 1, wherein the forcing step
comprises:
using a forcing means (9) placed on the surface of the
substrate (23) in forcing the fluid material (50) into the hole (24);
15 and

rotating the forcing means (9) about an axis perpendicular to
the surface of the substrate (23) and moving the axis of rotation of
the forcing member (9) along the surface of the substrate (23) to
force the fluid material (50) into the hole (24) along the at least

20 three different directions.

3. A method as recited in claim 2, wherein the rotation of the

forcing means (9) comprises one of rotation of the forcing member

(9) about its central axis and revolution of the forcing member (9)
25 about an axis separate from its central axis; and wherein the forcing

step comprises simultaneously executing at least two of the rotation
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of the forcing member (9) about its central axis, the revolution of
the forcing member (9) about the axis separate from its central axis,

and linear motion of the forcing member (9).

5 4. A method as recited in claim 1, wherein the forcing step
comprises:
using a forcing means (109A-109D) placed on the surface of
the substrate (23) in forcing the fluid material (50) into the hole
(24); and
10 moving the forcing means (109A-109D) in at least three
different linear directions along the surface of the substrate (23) to
force the fluid material (50) into the hole (24) along the at least

three different directions.

15 5. A method as recited in claim 1, wherein the hole (24) in the

substrate (23) has a closed bottom.

6. A method as recited in claim 1, wherein the substrate (23)
comprises an insulating substrate (23), and the hole (24) comprises

20 a via hole (24) in the insulating substrate (23).

7. A method as recited in claim 6, wherein the insulating

substrate (23) has a surface formed with a conductor pattern (22),

and the via hole (24) has a bottom closed by the conductor pattern
25 (22).
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9. A method as recited in claim 2, wherein the forcing means (9)
5 comprises a forcing member (91) having a surface which faces the

substrate (23) and which has recesses (94); and wherein the forcing

step comprises holding the fluid material (50) in the recesses (94),

and moving the fluid material (50) from the recesses (94) into the

hole (24).



