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1 TITLE OF THE | NVENTI ON METHOD OF CHARG NG HOLE W TH
FLU D MATERI AL BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention 5 This invention generally relates to a
nmet hod of charging a hole wth fluid material. This
i nvention specifically relates to a nethod of
charging a hole in a substrate with fluid materi al
such as electrically conductive paste. Description of
the Related Art 10 An insul ating substrate formng a
printed wring board has via holes. It is known to
use screen printi n@ITLE QFJEHE ANWEBTIEN h
el ectrically conductive paste being a m xture of netal
parti cIMETHﬁD OFy SHARCGING HOLEN WITH LU MATHREAL
screen, printing has the foll ow ng sequence of steps.
BE &) UND (f] b (N FEINT

15 First, 3 . 1GNul ati ng
substrate haV| ng via hol es. The screen sheet has a
Il s positionally corresponding to

the vi hoI es. Electrically conductive paste is
appl i e b‘%]i%vﬁfhféogcg@ﬁfaélyeé‘ﬂat%@e%a‘@ﬂth@d afheharging a hole

e 1y ductlve paste is transferred across
‘Hﬁ%s@ilééﬁnéﬁ%@? byl tismventiany spegically relafgadegaemethod

d h At th
(e ERE88 L TRIE B AP RERF By Ld APateaial Tedh Fon

I ted al t t
Mpelt PR OREBTEERAE forcas the of ectrically
c[gggéﬁ %% BAYHE Rgfa& Hh i a holes through the open

25 As the via holes are

| 5 ) S0 T B PR T o s i
H1esr | Rakl ¥nown 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.
First, a screen sheet is place above an insulating substrate having via
holes. The screen sheet has a pattern of open areas positionally
corresponding té the via holes. Electrically conductive paste is
applied onto the screen sheet. Subsequently, the electricall.y
conductive paste is transferred across the screen sheet by a
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.

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

tends to insufficiently charge the via holes with the electrically
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2 conductive paste. The inventors of this invention
have found that the 1-direction novenent or the
2-direction reciprocating novenent of the squeegee
causes the electrically conductive material to be
unevenly distributed in the via holes. The uneven 5
di stributions nean insufficiently charging the via
holes with the electrically cohductive paste.
Japanese patent application publication nunber

06- 234204 discloses a screen printing device for

wraaustiveqrastdi cTheSneanddrseof ehid ranaitesn iHwvd fvund that
cream sol der on a printed wiring board while 10

Kilea di- diy ecctiiore mave amrie orstid i derddtjorangdcipradatgng he
same into the pattern holes of a mask plate. The
Jopgemait nf ithg sgweeged calsdssthe ekmtergdly sbndisegiven
the mask plate. The squeegee has a cylinder

dvatenial by ehenevenly disttdrutethin sheedgeeoles. nbhedineven
along an X direction or a Y direction while being
[Hetieytionsamean inaufficipnilyechasgingetlse vir dades vaithethe

Eetiqu_att rn hcgdfs.thh t he cream sol der, and

SHIIGAHY eadydtive fasder onto the printed wiring

board.. United St %te Pat ent Nunber 5, 254, 362

cor r es|RRARSGRS Paten ication aubligation Awgber 06-234204

T N N -
| WL d ich des,i d. h . '
20 BB RO S B B bR Sy
sl f ' N s
SRR OB LOER: SEIIAEBY BHASILIITRIORA: into e

fhaess, Ao o BBl UGk e LT Akl ttudes o
Souesse ST AR T SeuelErn L Shincer
pohtaicdhgothe undem B2, The squeegee is moved along an X
direction or a Y direction while being rotated in a horizontal plane.
The squeegee charges the pattern holes with the cream solder, and
transfers the cream solder onto the printed wiring board.

United Stetes 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
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

to the planar motion of the Squeegee blade.

Japanese patent application publication number P2000-
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3 117937A di scl oses a screen printing machine capabl e
of formng a paste pattern on a substrate by pressing
a head onto the substrate at a force chosen not to
add an injury onto the substrate even in the case
where a pattern aperture part is small. The head is
filled wwth 5 paste. The head jé_pushed vertically
agai nst a main surface of the ubstrate via a nask
havi ng the pattern aperture part. The head is
relatively noved in a direction parallel to the main

sl 7887 Aotlisdleses ubstradre printihg meshinkidgpdle PAfKENIing a
is discharged froman outlet opening of the head. As

apasisupaitean pas tesphstrate bysppedsihgch heatlhenttOthe substrate at
substrate through the pattern aperture part of the
riaderceDghpagnimet to adgh andnjome oexto tife shbstredd evet in the
| east one anong the head, the nask, and the substrate
i caseeBiisre camadten passsreppachis spprllc sfherhead is filled with
publ i catjon nupber 11-77957 discloses sol der paste
Raste: nghaditrsd ia P siinshyerticallie sggirst 8 gnairs sunfaceaof the
squeegee is circularly noved, and hence part pads _
a’Sﬂ}%ﬁSé&e VIR aipagis Bavinghthe patiarsaperiaitenpast. The head is
suppl.ied wth sol der,, paste. The_sqgueegee is placed o
TR iigveg M i CHLorePRERREbIR AN qualm ruriace of the
ryes to,spread. the sql der,paste discharged

PR RE SFAbEemasit Mp (e aste dRaBERaTesd ol darqutlet

P [ uppl.i fr ste. feed '
SAhgtoT T, h2attPRs Sesill. o BA5LY PRI BFfigd on the

r .

SURRGRG. U AP haT LA RN SherdGRARERE e asle, During the
FELAGR PhoVirnBat VP AhEsdl O Bakt lpid 5:&?}{%2&2'111%5%2*[11(3

is designed so that a squeegee device can
nask candEsK s2h st MedisArdtipseedfegd direction (a

sliding direction). Wen paste or solder cream cl ogs
or bl Japahese patdiet dppichtivrnt publica@idre mblees] 1477957
discloses solder paste printing method and apparatus designed so
that a squeegee -is circularly moved, and hence part pads arranged
in any directions can be sufficiently supplied with solder paste. The
squeegee is placéd 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
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

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

solder cream clogs or blurs due to the directivity of pattern holes in
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-4 5 the screen nmask, 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 solder cream SUWMARY OF THE
INVENTION It is an object of th%§ i nvention to provide
a reliable nmethod of charging hole with fluid
material. A first aspect of this invention provides a
nmet hod of charging a hole in a substrate with fluid
rthees¢mlen Theskethe dqornageiesdsvicheislRosizepsally rotated to
supplying the fluid material onto a surface of the
shisqigaits, orizndationcrelgtivieetd thedslidirgs datedtivm tTee

hol e along at |east three different directions on the
suignigdiat drengrissheaeest the ldeggee tdfechangingnihé patéern
fluid material. A second aspect of this invention is
bdesl vitht Hee piaste orspelster a®amner eof, and provi des a
met hod wherein the forC|ng step _conprises using a
forci ng means pl SERMVERRY QO Fs JHECENY] &ONybstrate

|nfor rgﬁflw nmat eri al |ntothe Eole; fgnd
r ot at i! el A %Hﬁ@r&b%ttoaﬂf%‘% g a reliable method of
ﬁ@\#g totlhrea f t he substrate and

BN - the forcing nmenber

| f h b f
i 4o ﬁ? %f%gﬁ%cg%g i lﬁS‘Fe% 88 BBt St Ed O hareng 2
f
4 551490, PRl QY e
I%sogf ‘Qt‘ﬁf bﬁe rfﬁhﬁtlln%.rf?ﬁglyo?!? of LLirffhe @Hé Substrate;
rises rotation o orcing member
aha ﬁﬂcﬁ@@tthel ﬂﬁiﬂ nafdHAeNRbUHHOMOW dibfRgiar rea@g three

menber about an axis
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
thereof, and prpﬁdes a method wherein thé 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
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 cornprises 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 step
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separate fromits central axis; and wherein the
forcing step -5 conprises sinultaneously executing at
| east two of the rotation of the forcing nenber about
its central axis, the revolution of the forcing '
menber about the axis separate fromits central axis,
and |inear notion of the forcig% menber. 5 A fourth
aspect of this invention is based-on the first aspect
t hereof, and provides a nethod wherein the forcing
step conprises wusing a forcing neans placed on the
Sebh@eAs i h i .
hasases éﬁﬁlﬁéﬁ@éé?@egﬁ%buntgﬁg%@%ﬁts@ecﬁd dF 3hen1éo§ﬁ£10n of

material into the ho e forcrn

| thatfokeiad mdinber UHdier #8lcdiaR il ! 854 OSHAUME the

the surface 10 of the substrate to force t

nédrednglmentivert ABotieltbech BiR0sdptrab rbRAMs LMBS] axis, and
different directions. A fifth aspect of this iInvention

| Bnbasemotiort loé thier Sdroasgasiembéer eof, and provides a
met hod wherein the hole 1n the substrate has a cl osed

bot t omA fBihsispdrtashitus jofvenhion i berkdosn ithebBfdaspect
on the first aspect thereof, and provi des a nethod

viegtsioh, el pupsidest @ nethodseheasin itheufoating step comprises
substrate, and the hole conprises a via hole in the

i RN R Iegcibmeans placabvontte supfaxte of théisubstrate in

ia[nventigﬂ Ieti jgiased on the sixth aspect 20 thereof,
RECPoHads il matsaiphindpeitic hiedei andl maviggsities fomting

has _a surface med with a conductor pattern, and .
oRgapR.fhat et thres sitrermd Yoear giireeidons ralovgothe surface
B8 L QA BB Bl Bt B 80, 2255 o
%ﬁéﬁ@?‘régedpi%#'sﬂt%trgét'ighs?S conprises electrically

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.

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

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

comprises electrically conductive paste.

A ninth aspect of this invention is based on the second aspect
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A ninth aspect of this invention is based on the
second aspect 6 thereof, and provides a nethod wherein
the forcing nmeans conprises a forcing nenber having a
surface which faces the substrate and which has
recesses; and wherein the forcing step conprises

hol di ng the fluid material in the recesses, and noving
5 the fluid material fromthe T8cesses into the hole.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
perspective diagram of a charging apparatus according

tiherebir ahdephodidesni rﬁfetﬁéw SWhEi’&ﬁt tRE-fofkigss él re

sectional views of a film or [ms 1 n condltlons

cenupiisg atfostifenaihbst mngnatéiﬁrﬁ@@wm PAcedf tide

printed wring board which includes a step of

chabgfirage viral batied Wabheekssés: ﬁﬁﬂ'%he?&@ﬂﬂﬁé'fﬁ?cﬁ%ﬁéﬁep
according to the first enbodi ment of this inventio
Fignpeises holding thidithat sedeiion ini Gy ekcéssdNt@id moving
head in Fig. 1. 15 Fig. 10 is an enlarged view of a
gbet fludd ‘matémaFfimmothdregceskes mta thehaleagr am of

the rotary head, a si ngI e- si ded conductor-pattern

film -s-_c"-~ [ EE EFONeD IOV HE ANVINGS axi s
of the rotary head in the first enmpodi rrent of this

i nventlign 1 isl §.perspestiye pipgpuex ol e changinghagparatus
porti n of a gle sided 20 conductor-pattern film
Besosdlg 4o tndiral wmandimeneQl (Gl amengloruncr

el ect .cal L,y,conduct ive paste i ced into the via
hol e i‘rt g?htlg -8 AICsSC iR YASTHES 8? 2 g‘i‘? Ph{dES Bp comdjtions

Sshiud 8@&113485%&5@%%%593&6 B GR G pL i printed wirtng
'5*2[98' W :%h qachpdec's ’ gr&gaﬁé?réé: ¥?% &fﬁe's Si;vﬁ‘.hpel%ctrically

| agramo
conductive paste accordmg to the first embodiment of this

invention.

Fig. 9 is a longitudinal section view of a rotary head in Fig. 1.

Fig. 10 is an enlarged view of a portioﬁ "A" in Fig. 9.

Fig. 11 is a plan diagram of the rotary head, a single-sided
conductor-pattéfn 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
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.

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

cdnductor-pattem film, and a trajectory described by the central
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conductor-pattern film and a trajectory descri bed by
the central -7 axis of the rotary head in a fourth
enbodi ment of this invention. Fig. 15 is a plan

di agram of a rotary head, a single-sided
conductor-pattern film and a trajectory descri bed by
the central axis of the rotary head in a fifth
enbodi ment of this invention. 5%ig. 16 is a plan

di agram of squeegees and a singl e-si ded
conductor-pattern filmin a sixth enbodi ment of this

| A%ENbF @Re rdﬁé#‘ﬂe%la Qgﬁcﬁg It %%d%ﬂtj\yﬁm} Py wention.

Fi rst Enbodi Fig 1 arging appara
di f t
accor difig. 18 18 4 ipish dlagrmefiw&gﬂ% él(%la:aés%lsm@@ éﬂ%d

The apparatus 1 is designed to -

etentuictat-pateaid fitid, VenQas itfa Je-EIF.@l[f RSEFibed Fﬁ? q;he central

conductive paste is one type of d materia

vasgishof ¢ke atotary dregiellin @ fAftheeiibddibieRebNehis invention.
substrate. The structure of the apparatus 1 will be
descri Bégl 1@tiera planFkiiggrar 8f s?h@%/g@wdhﬁ ansingle-8ided
filmor films occurring at different stages in the
fegrivgtonpattera filintred sixthuembuatinterfiaop thig edvention.
Wi ring board vvh| ch incl udes a step of charging via
hol es wi t REIALED-DESCRIRAION OF FHSEcINVENTION t o
the first enbodinment of this invention. The printed

circuit board is nade dsrshEmkeodin®endith reference to
Fi g. aS| Ie sided conductor-pattern film 21 is

pr epar 1@ ]Sﬁ “fs1 g AN37r2ing aNRATAtNsa) agenrlisbto Aofirst

S nand ttac d to a first surface of a
reéEPR %\%z%‘d t b‘%l?. ¢ PRRH@bRE of 15 slesigned to

fcq{ar%ﬁa“% oIy %&Pﬁeélssﬁa'%ﬁav'w%wcméé"a%éﬁéésrﬁpoelgcmcany
cowé %r‘asreélt‘g ik ?S?Pe E?q{lf"fdomaten . sfhg lwa%&es are

formed in a resin film being a substrate. The structure of the
apparatus 1 will be described later.

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.

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 pm. The electrically conductor foil is etched into a
conductor pattern 22. Therefore, the single-sided conductor-

pattern film 21 having the conductor pattern 22 on its first surface
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pattern film 21 having the conductor pattern 22 on its
first surface -8 is conpleted. The resin film 23 uses
a thernmoplastic resin film having a thickness of 25
to 200 m The thernoplastic resin film contains

65- 35% pol yet her ether keton resin and 35-65%

pol yether imde resin by meighb. 5 As shown in Fig.

3, after the conductor pattern2Z is forned on the
resin filmz23, a protective film81 is superposed on
and attached to a second surface of the resin film 23

bl venfjdetddr Tiexa@Bire filtn I2BARL04 - thEREh SRR resin film

surface of the resin film23 is opposed to the first

shatane at tiackaksspfds oy 206 CANJTHO thBAoY1AsEe R&in film
extends. The protective film8l uses a pol yét hyl ene

teomgainsab Bt 85%e poly¢iHan betyémketon edinesado85185% polyether
and coated w th an adhesive |ayer having a thickness

ginBlenresin bigoweight.Fi g. 4, after the attachment of
the protective film 81 is conpleted, ,a carbon
di oxi dés|siyswnbisalig.s3 apfierddhe tonduaboy patidri 82 ke formed
drawi ng, to the protective film81 and the resin film
29 tthef msindpeni 43s 2(preectivesilng 181 dacswperpasiess opdand
tl]:l?rei n. The openings . 8la in the protective film 81
Altyehedtn 2 wecongd srfasexsf the resia filmi A3hy msing, Toe
openi ngs 8la are apprQxi mately equal in dianmeter to ]
R, 3 laminatoknd b zerendssuniana el U resin Slonad is

Q. by t ndpct or ttern 22.. Thus, ,the, condugt or :
Shutte 5o e HESD Sulfice REH AR Graieh Thecmdurtpe pattern

n appl i cat i tinme of the gcatbon
2, g R eTf B BPBv 6 Bl B oid 8 pEBRAASISE o
e Vi |.e hav
SPEIRPOaL? e ST psemg & A ERCOr 1. URY Bk cnaged
AtHSAY ddhtsPRd 18fer! RAVAHY BOhickness 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
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 81a are approximately equal in
diameter to the via holes 24. The via holes 24 have bottoms closed
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.

An excimer laser beam may be used instead of the carbon

dioxide laser beam to form the via holes 24. Alternatively, drilling
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di oxi de | aser beamto formthe via holes 24.
Alternatively, drilling 9 nmay be used to formthe via
holes 24. As shown in Fig. 5, after the via holes 24

are formed, the via holes 24 are charged with

el ectrically conductive paste 50 being
inter-layer-connection fluid material. The

electrically conductive 5 pasté“50 results from

kneadi ng netal particles, binder resin, and an

organi c solvent by a m xer. The netal particles

i mAyube, used todvanpliee viotsies Parti cles, silver

particles, or tin particles. Specifically, the

appar atisssllown fi §ig.15f afteestheheiacheldy Raaddeyformed, the via
conductive paste 50 into the via holes 24 through the
opelisng4 81e chaurigadt witlpebecteically EohdultiveTpaste 50 being
el ectrically conductive paste 50 in the via holes 24

i tpR-lagar@enngation Hhuico miateroal. pattee elecpicalljusonductive
the electrically conductive paste 50 in the via hol es
Paste alcasulisiirgm kpeadingdneialpatiiclesnbinder resin, and an
pattenntéﬁ. Al so, the openings 8la in the

JHECEUEI RREVERT Ry B1miker.f (Themeiad pamicles dochideal foy
conductive 15 paste 50. After the via holes 24 are

)
CHUP BRI WPPRPERPHLIIES i HVEY Pasicdent Py dippartides.
R R R T
S . Ll th h -
SR LRI ST o E S, BESNERE remioss 12

hagol i e r W th the .electricall .
. ‘éignféﬁéc’ T2 égéll:#\% fﬁ% ?;I.St'}glg\ez e? C c&lf}];&conngé:%ve paste 50 in

ehecikl H@iég.y %@Oi@dﬁfhhiﬁ?a&aﬁﬁﬁ% %ﬂe%rﬁ%%@ié&#&%ﬁg éa ® Thus,

openi ngs ailn the protective

Phe Croctrreaiy Rarant bastt i id Y Flh FREYRA If Biectrically
koherc?dd with the conductor pattern 22. Also, the openings 81la
in the pi'd_tective_rfilm 81 are filled with the electrically conductive
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
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
81la in the protective film 81 remains as projections on the resin
film 23 which extend from the electrically conductive paste 50 in

the via holes 24,

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

hol es 24 are -10 charged with the electrically
conductive paste 50 while the protective film 81
remains on the resin film23. Therefore, the
protective film81 prevents the electrically
conducti ve paste 50 fron1beiqﬂé?pplied to portions of
the resin film23 except for t via 5 holes 24.
Accordingly, the protective film@81 functions as a
mask. After the charging is conpleted, the protective

fehargsd iveith ety etbctiicadivt bentestivel phBt2 30 dvhile the
plurality of single-sided conductor-pattern filnms 21

gaitechiveafisthaB e efmilrgs o the deah i filah €23 bWhE?eféﬁ‘@P%he
in Figs. 2-6 are prepared. 10 As shown in Fig. 7, four

sprigeetivieditinc® h dpotvemtpatittee ete dtirloaily? toad@ictared gﬂg@@l 50
|nto a lamnate in which the conductor patterns
tfhem bieing appled ttocpdttjoms icfrthe résisafibmopBeexcdpt fdhethe via
Iam nate, the conductor pattern 22 on the uppernost
olgs 24+ Aecordinghn Whia protechiecBhougl dunsitares as22 mask.
on th rmost film 21 faces  downward. 15 A cover

After %@Gag\ﬁ?%‘%lﬁj camplsteghpshesprrtestiven@lmafil nist semoved

’Ef?fﬂc € sl b e ° cur f Z'cit of the: upper oSt 111 m
?ﬁe“’sggav A e G S B o
S oF %e B ”gviy tﬁ&f%ﬁ%%ﬁi%?ai 21gs prépared
%lg gﬁé%ggi Lff:i patt er n%%gz Sh&&#é@q%&gh‘%étt efﬂ%% 21 are
E%ﬁg&&rlnkéﬁlaﬁ%a{@ﬁ QPR ¥ e (AR MY o?ééaﬁ%?ns 22 on the

posittonally corresponding to electrode

pords @NSvéftiddIR GRBAUKIGY eaéhp@éﬂeerr n é&@opﬁrﬂﬁaate the

uppernost film'21. "Thus, the electro
conductor pattern 22 on the uppermost film 21 faces upward while

the conductor pattern 22 on the lowermost film 21 faces downward.
A cover layer 36a 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
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
pattern 22 on the uppermost film 21. Thus, the electrode-forming

portions of the conductor pattern 22 on the uppermost film 21 are
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portions of the conductor pattern 22 on the uppernost
film21 are -11 exposed via the openings 39a in the
cover layer 36a. The openings 39a are formed by, for
exanple, drilling. Simlarly, the cover |ayer 36b has
openi ngs (apertures) 39b positionally corresponding to
el ectrode-form ng portions of the conductor pattern 22
on the 5 lowernost film 21. Tﬁd%,'the

el ectrode-form ng portions of the conductor pattern

22 on the lowernost film21 are exposed via the

opepd s v Rhieno h&Qi | T | N -
a?gﬂfornEd by, forlg§§ﬁgféﬁy§?Fﬁ$ﬁﬁ5}a gﬁﬁﬁ%%.?ﬁ%@%ﬂx&ungs

c89arateafomaedtsy afvt SeDMLESdralingS| BihilMyede ehver 1
t he t her nopl as??sfk materi al sane asgt hat for }{Tﬁgfelo ver layer

ré8brh&s |l opiAngSpegidriaadd)y39bashsiefort es¥Yfispaty®ing to
36a and 36b contains 65-35% p?yet heramz her keﬁt on g

redsctraated {@Inasgipmitiaithef thencdadirtbn gattew @ .onfhie
| am nate of the single-sided conductor-pattern filns
dowegmdosthéiluo2dr Tdyes.stB6xlacdodébforsimenpettiand of the
pressed by a vacuum 15 hot press. Consequently, as
¢iorrpattegn 2Reom ddienlawerrsoaB film 2tlhare exposed via the

si ngl e-si ded conductor-pattern filns 21, and the cover
IOBEHEESeA R tBe coverpangeBalogéte opegingsf3dhaldne, formed

he resin filns Zﬁ_ and_the cover |ayers 36a and 36b

Yo IRATPIE f dEHINg nikbach of jtheegpwdr lsogys si6a and 36b uses
i nsul at i. mat eri al the sane tine, the 20 -
Fofrilt Bl Hiads AL ths thermeplpsticmatepe] 2amae @s that for the

I j I connect.ed by ;th lectrically conductive
BSRLAUEF 7D | SIRMEEHTY ceon 37 BiSutiralionche Bt vard oo

rd € alelo d the, el eciricall

SEuTRRE A0 SORRTREE &y BEerd s EEHL PRl Q-G oppgiyether
AfniBSHIRE | ial. The conductor patterns 22 ~
eIéctriéﬁ%”@ﬁigﬁggﬁhected by the electrically
condugttie/ aAfhee A A sifBlel HIRY Bbnductor-pattern films 21
and the cover layers 36a and 36b is heated and pressed by a vacuum
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
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
connected by the electrically conductive paste 50 and the integral

body of insulating material compose a multi-layer printed circuit
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body of insulating material conpose a nulti-Iayer
printed circuit -12 board (a nulti-layer printed

Wi ring board) 100. The apparatus 1 in Fig. 1 will be
descri bed below in nore detail. As shown in Fig. 1,
the apparatus 100 includes a base 2 and a table 3.
The table 3 is novably | ocated on the base 2. A

singl e-sided 5 conductor-patté?hzfiIn121 havi ng a
protective film81 and via holes 24 as shown in Fig.
4 is placed and supported on the upper surface of the

t bbhed Ja AUDY-BXY& PEIMEAWIQhgdbSarH)) fpaxi s servo
notor 5 are nechanically conngcte with the table 3.

The X- Tkiesappay@tu®loin #igl® UDdd ABScLBeANEW SN more
table 3 along an X-axis direction in a horizontal

piletes]. PsesNowxi i1 Heg.vD, thd apparhtins LoD idlRdeRVAe Hali® 2 and a
table 3 along a Y-axis direction in the horizontal
plaie. 3. THhXtakles3 idi mevtibin lacutedhen Yaxbas€iz.e et katle-sided
are perpendicular to each other. The X-axis servo. _
nefAugtempativenyiiln 21skavingrat protactivatfilent®® aksd via holes
table 3 to assume any position in the horizontal

ptdfs shpem ipIkiga4 fseplanedaakdoswmpeitethibhetheAupper surface
ve ic? Iggxtendi ng stand 6 is provided on one edge

p‘bflrr t he base 2. The stand 6 has an upper end

provi dﬁ%}\en th a head support arm 7. The head supgort
ar m 7 PBrtA8HE 9Y0 gRetet thsapd AnY2axishseBtampter ade

SRR G R IAE s AR R St
ol [ 8

PSP e T SR bl B

IS0 R 16 PR SR L B LA

- 3hBW 3 APng 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
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 horizontally projects from
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
the spindle motor 8 rotates, the rotary head 9 rotates about its

central axis. The central axis of the rotary head 9 is approximately
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central axis. The central axis of the rotary head 9 is
approxi mately -13 perpendi cul ar to the upper surface
of the single-sided conductor- pattern film 21 pl aced
on the table 3. The rotary head 9 has a | ower end
surface provided with a pad nenber 91 which functions
as a forcing nenber. The pad nenber 91 faces the
upper surface of the 5 singleféh%ed conductor-pattern
film21 placed on the table 3. The apparatus 1

i ncludes a paste tank 10 containing electrically

CoBEa dNR1RRTHEIRD Pkl SGAfRE B he!dlR PASEI4d cggf%%ctor-

paste tank 10 and t he "head support arm 7~ are conn

byattefaefilm 2 Ppldded A €BE tBBIS BT TR fﬁ%ﬁlgqgeé% ggﬂhta%ea lower

interior of an"end of 10 the feed pipe xten

tand uahrfade pregiiclipachta @ merhber SRk hich§ fdA€tions as a
spindle notor 8, and the rotary head 9. A punp 12 is

doovirge dnémbeerti Theopat wieniber fgdeﬁaﬁdwhéh%%éihguﬁm of the
12 drives the electrically conductive paste from

tdinglepasded taniduttarepattdrh hitlm i hrplabeddod theatdble 3.

feed pile 11 and the 15 feed passage 92 when bei ng

act i vafled apparatuenl iincRides 9, paste feadk héhbentfihing
extends over the |ower end face of the rotary head 9.
Klegiically sandusttivhpagtel S0hengelocaterasean tbpdrasm 293 The
ASHC A dhpamd She heer/aNBaDT: ABTCF oas Foanegab by a feed
IHCI £ K BRY Gprpades o euperiTa She ipberior o carm of
e, o, 11 R PRSP 25 P, S BECHIRT the sha
Op e A PR e B B 0 oI,

bubbl @8 iHhH 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 tqward the rotary head 9 via the feed pile 11 and the
feed passage 92 when being activated.

As showﬂ in Fig. 9, the pad member 91 extends over the
lower end face ﬁf 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
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

which bubbles are exposed. The exposed bubbles form

approximately hemispherical recesses 94 in the lower end surface



approxi mately hem spherical recesses 94 in the | ower
end surface -14 of the pad nenber 91 which opposes the
upper surface of the single-sided conductor-pattern
film21 placed on the table 3. Operation of the
apparatus 1 is as follows. A single-sided
conductor-pattern film 21 havingga protective film 81
and via holes 5 24 as shown in élg. 4 is placed and
supported on the upper surface of the table 3 in a
ahlon such that the surface of the single-sided
dbetprd premeber Bl whichwppoesdsathe hppensurfaceof the
il ma381l faces upward. The rotaréahead 9 is set so

tﬁ%ﬂglﬁh%l ﬁémfé@néuﬂ%@a&ermélmp platissr on1the table 3.

contact. with or supstantially contact wth the 10

upper é&’é’rbf’ g %Rﬂf@éﬂﬁvb 1$ jaspiodlovgh ﬁq@lngle 51ded

si.n |ded con attern film21. The

AOFu e et B B1 Bakd S mrteedveram 81 Ind Yia holes

5 TREES Pﬁ@“?%élaq%rﬁg” IR Bl SRS ar i, e e, R e surface
FFHhO3BR08 52 f%?@#‘? B bt e RACE B the SRR sidea
h@&?dgc &nﬁf’;ﬂtférﬁéﬁ 5? it &s Utﬂ% eérél% ftl%%eflpl{l BY%faces

protective he™ si'ing

C@?waorm@t Itcﬁﬁi‘ygiéda %115 sffegy'tha %%S grfa!a% of the

ivation of the spln

asad wakath &0 91 Mkl tdagthet %thtﬁagugs'ta?nfiﬁh?t @&ata%‘il with the

addition, the X-axis servo notor e”"Y-axl s

10 sepper smfface ofathe prblctlwe A%h 8at6A R bhdflel Sigled
_ table 3 noves horizontally relative to the Totary

heatd @ctothpattelrat fill @venent of the table 3 is

designed to cause the central axis of the rotary head

9 to dBsemiuwmp A2t isapetivated. THhd, hthieeppanp 12 diiees the
protectlve film81l on the single 25 sided

copeiically serdarativa. pastd SOAfrashothre paske gankl 10t teethe rotary
trajectory

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 mpves 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
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TR i s conposed of linear segnents. Thus, the rotary

head 9 linearly -15 noves along the upper surface of

the protective filma81 on the single-sided _

conductor-pattern film21 while rotating about its

central axis. The speed of rotation of the rotary head

9 is set to, for exanple, 60-HQ?L The speed of |inear

nmoverment of the rotary head 5 9 T's set to, for

exanple, 1 nmmsec. Preferably, there is a clearance

bet ween the pad nenber 91 on the rotary head 9 and

t Awvssotlsatg Vhe fuppes susfadeaof shegpeotectieod film 81 on the

conductor-pattern film21. The clearance allows the

etisleisddedycondnaian pattepasfibns?] whilehrdtasirpeebout its

di scharged fromthe opening 10 93, to spread over the

v@ﬁﬁféai)fa@%e Thewspesdioknetedion of thieerqtady hmmf ?f iDset to, for
e cl earance has_a thickness (or a width) of, for

i PZ‘?» %@m mihghepgediaf Béaar mBpucinemtbet tleerotaesy head

7RSS 0 (97 8rhglee- L BGY 565: conduct or - pat Lern 111 m.
cond: TPaTebinye el db & AR ES befurapcha pachaeember 91
TETOSE, A A, Bl B R Bl B B Mgt
TRARRC Bifiebd GORLAE ., thb QtbrafR A1GH Wilereptricany
PO PR AR JAS IR RATM RAEE e opening
O PPIERRINRE e WAL AN |G PLR ot b the pac
ehecibercal | yThendeatange Pas § '59‘315%‘@%9 (bPe Wiathplgg, for

al ong many different directions ( east three
dxhirglent5QH I urans) .

The positional relation between the pad member 91 on the
rotary head 9 and the protective film 81 on the single-sided
_c.onductor-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.

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
different directions).

The electrically conductive paste 50 which has been
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The el ectrically conductive paste 50 which has been

-16 di scharged fromthe opening 93 spreads over the

whol e of the |ower end surface of the pad nenber 91

At that tine, portions of the electrically conductive
paste 50 enter recesses 94 (see Fig. 10) in the |ower

end surface of the pad nmenber 9lg_The portions of the

5 electrically conductive paste 50 are held in the

recesses 94. Accordingly, the whole of the | ower end

%irf ce of the pad nenber 91 can be effectively used

i 15103@ E8d frpen dhecopening Y3 spiieads averptse evlaole of dhe

via holes 24. The electrically conductive paste 50 can
pevrIveRds serac ofr dre pask member & 1 heAt thahdime, portions of
%%H%% shoul ¢ be noted that onkﬁ%one via hole 24 is
HsnRleGirieadly cemdugtiye paste 196 erder arcesses %4 (s¢ea Fig. 10)
hol es 34 is omtted therefrom . Preferably, the .

thaﬁé% 81”;‘?1‘16@'% ¢ @i dpe radcmermier §4.s The pogsions of the

SRR Cond TR St E 2 Ao Elh de e FegqrsssdOt:
ileortTnlfl, A willoll' 8 M a8, Gt iifgfee {fettle pad member
SPRERH 3, (ERLATub08 L Ford g i el il eopauctive
e 50 hR i IR R PP b AP BN plRe 50 cam
ach &veD FFOMCtHOREcASsed TR of Ge L HlEs I

el ectrically conductive paste 50 into the via holes

24 i n It shosilddbe ritd@AIRANSRISt Ofie R34 HUIR 4 i§'sHownAh Fig.
that time, the rotary head 9| inearly noves in

ddcamidride ifludtratiosn obiither afia thisles a4 @s oliitkd therefrom.
rotating about its central axis. Thus, on the upper

sur f adwetdratile, phetteajdctery MR dEbcofbdchdystinglcerstaedxis of
25 conductor-pattern film21, the rotary head 9 forces

tihe retavt hieagl Pyis 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 4by etching or
reduction before the apparatus 1 charges thé via holes 24 with the
electrically conductive paste 50. This proceésing 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 mahy different
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conductive paste 50 into the via holes 24 al ong many
different -17 directions (at |least three different
directions). Accordingly, it is possible to prevent

the electrically conductive paste 50 from bei ng

unevenly distributed in the via holes 24. Furthernore,

it is possible to prevent thQ,ﬁ%g hol es 24 from being
insufficiently charged with 5 the electrically

conductive paste 50. Second Enbodi nent A second

enbodi nent of this invention is simlar to the first
efbeetions (athieastf tievare difféxen tldtiegticengascoeatriglyed: is
hereafter. In the second enbodi ment of this invention,
aposgide towpraendf the electrindlin cohdudive pasye BRIrdm being
about its central axis, (2) linear novenent of the
renarsnhedistgibuiegd 8)theevial holesn24f Fhethetaoye,hitdd possible
9 about an axis separate fromits central axis are
sionBrevsRbtiae wiadhales 24. fropy deingdnsofficiertbac¢hariged with

r,ot at ed ,abo its central axis or an axis separate
f echst“&é’#yr gPnguctivgppste 0.axi s of rotation of

the 15 rotary head 9%%%@0& ment A
third embodi ment of t 9 (LA tmlar to the
Lt S B ARl SR el er e LI E e e
AR RS Bl Eulel SR
nRdkrel chgUhentec SRBRLR R BTUASAIA Gt e
17 et an st e ol §97HERR o\ NG B AP
trhevéiesit 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
rotary head 9 is moved.

Third Embodimeni;_

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
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 holesr 24 is omitted from Fig.
13.

Fourth Embodiment

A fourth embodiment of this invention is similar to the first

embodiment thereof except for design changes mentioned
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enbodi nent thereof except for design changes nenti oned

-18 hereafter. In the fourth enbodi nent of this

i nvention, as showmn 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 qu? holes 24 is omtted

fromFig. 14. 5 Fifth Enbodi nent” A fifth enbodi nent of

this invention is simlar to the first enbodinment

t hereof except for. design changes nentioned

Heergafftan: . Imrthehfourtht emdrdstidierenof ohig hireentioantisoshown in

as shown in Fig. 15 the rotary head 9 is noved

|Higedd,ythth Iptamhngdrﬂtlatm@vgd liboarlyi whileeheirgd rexolved

and being revol ved about an axis separate from its

AR laanaxis, sepanaie Jrerss eendrabaxisy Healdogld &e noted that
el ectrjcally conductive paste 50 into_each

E}g Cﬁ]eﬁ%%% tigg) ek the vAadaglesdd iy arnitded ifspm Bigr 44t he

via hole 24. It should bﬁ ngte t.hat the illustration

of the via holes 24 i sk = g 15. 15 Sixth

5222?2%"3%“%99%’1? g of i3l twﬂ ShISGRBIAT 6F the Grst

eﬁ’l‘fﬁﬁ LRl G %%2?%% hapdes, Hanlinst
'c_afi%?' gfh ‘Eﬁ@ SR f ‘Eﬁ‘{é ﬁJiVelftq%ﬁs 22" in

C arg| ng a“oara

w quse%elﬁ% 0 zkg v%ﬁ;gh&ézﬁﬂ LASHE AR g}c&%ted

rotary head 9 he squeeg

109t 119 ¥BntEMO%xistdd ]129399 SdPABoRE £h M%egﬁti%%e from

forcing the electrlcallyc uctive paste 50 1nt

tisac&iotied addsi Nirl BRisSEASE etisd @6thr§ORENE P caPAfdReNthe
film21. 25 The squeegees 109A and 109C oppose each

eldutricallyecendeegieespaste 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.
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.

As shown in Fig. 16, the charging apparatus 1A includes
squeegees 1094, 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.
The squeegees 109A and 109C oppose each other. The squeegees
109B and 109D oppose each other. The squeegees 1094, 109B,




109B and 109D oppose each other. The squeegees 109A,
10913, -19 109C, and 109D are noved linearly along the
upper surface of the single-sided conductor-pattern
film21 (that is, the upper surface of the protective
film81l on the single-sided conductor-pattern film

21) in directions 110A, 1103, %%gc, and 110D
respectively. The 5 directions 1" OA and 110C are
opposite to each other. The directions 110B and 110D
are opposite to each other. The directions 11 OA and

1109C, aire] @9 rdectiovedt Bnéhdytiloeet i00ns: upfide of the
110D. The squeegees 109A, 1093, 109C, and 109D force

tdinglelséded icaldyctoonpateindilpas2 B (B0ai i otleactppér bheface of
via holes 24 along 10 four different directions

ddver prptaadivey film Bie odi thetsingte-51¥d corid3ctdr-p&Gern film
and 11 OD. It should be noted that the illustration of

thb in sirettéenge4 iGAodilORd1 1 06m dnd. 1 16D Seamsadtively. The
Enbodi nent_ A seventh enbodi ment of this invention is
disgetiensol 104 and st 10Gsaxmbpgiosihst ta kachodthem effihd or

bRt | D75 ARd | HoBnereepresl i cash othons e 04
e5oh SR AT LBESt e hRonEIoE e dasclis 110m
ALY, TheTufdheed TOURodh Topkl canc o8 fise the
SR AT CARTRH ROSts PO Rr SR T dDe uBinRies 2 glong
P et E R it AR il 1108
?%ngg PUs'lur acl:ll(g?.t :ﬁgéﬁél}lldCBQ%'dvﬁlﬂaﬁ{@ s 8%tn of
the via holes 24 is omitted from Fig. 16.
Seventh Embodiment
_ A seventh embodiment of this invention is similar to the first
embodiment thereof except for design changes mentioned
llr.lereafter. 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
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

electrically conductive paste 50 onto the upper surface of the

single-sided conductor-pattern film 21. Preferably, the feeding
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singl e-si ded conductor-pattern film21. Preferably,
the feeding -20 neans is located at a position in
front of the forcing neans (the rotary head 9) as
viewed in the direction of novenent of the forcing
means. Ninth Enbodiment 5 A ninth enbodi ment of this
invention is simlar to the fir g_ enbodi ment t her eof
except for design changes nentiohed hereafter. In the
ninth enbodi ment of this invention, two or nore |
singl e-sided conductor-pattern filns 21 are juxtaposed
omeams s ppeateguat acposttiarhéntfabhe of. thenfdrkinsg aaesns (the
the apparatus 1 charges 10 via holes 24 in the

- siaigre-Rea Plcandiewed- putherdirection @l mévdmehe of the forcing

el ectrically conductive paste 50. Tenth Enbodi nent A
t1B&ERSenbodi ment of this invention is simlar to the
first enbodi ment theregof except for design changes
nentioned 15 her eaf t er Niltle Embedimmenbe tenth

T AT ) i B S A
b ORI, i e iefen Miages reaniona
Moy LEYHe abu uett BroBt e, Henstantive: oF more
PEPER S BB o R o Erd s, 2 e i BRBSER v the
Appet SutfAeenés Mk kSR g ll?{]tﬁﬁ LG nt{H;eg %éggpg@% T arges

t her eof except tfor design anges e

bes aaflesra4 lif e seheneside e eBAdITRBE- Rttt th Silms 21 with the
i nvention, each of
electrically conductive paste 50.
Tenth Embodiment
A tenth embodiment of this invention is similar to the first
embodiment thereof except for desigﬁ changes mentioned
hereafter. According to the tenth embodiment of this invention, the
walls defining the via holes 24 are coatéd w1th 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
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

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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the resin filns 23 and the cover |ayers 36a and 36b

uses a film-21 made by addi ng a non-conductive filler
to polyether ether keton resin and polyether imde
resin. Alternatively, each of the resin filnms 23 and
the cover layers 36a and 36b may uses a fil m nade of

only polyether ether keton or _pplyether imde. 5

Twel fth Enbodi ment A twel fth enbodi ment of this
invention is simlar to the first enbodinment thereof
except for design changes nentioned hereafter. In the
tmsidGa byeaddingennool-conductiveefitleortp pabyietbér téther keton
resin films 23 and the cover |ayers 36a and 36b uses a
WEsiRend pelyether églide fiasim ephativelet¢adlernd the resin
ngfhthalate pol yet hyl ene t erepht hal ate, pol yether

siirpg 73 apsbile woxst ilayersoBGrmaed 36 maynistscayfinamade of

pol ymer, Alterngtively, each of the resin films 23 and
t‘Nél})/’c beeme?éjer3§§¥%@%G’QIWQESBH@Q-her nmoset ting
resin filmmade of B-sta 155_::e oxy. resin, bismaleic
triazine, polyphenyle = 0 1 de.

Fﬂbgafwﬂgﬂ*ﬁ%%ﬁ&%ménﬁ ??kféﬁsﬁtg?feﬁﬂégﬂ%%fﬁ%efozkﬁe frst
BARBPR R OBk 80y, ERAR R AL AT e TEh B Blinea
IR, 19, GHPHLEHE IRBDRnIRr 8l QRS pach of the

ol _ s 1) i i
oaiet S PR B oy PR 4P BOT SRS Vv

gi(;leﬁr‘iifb;[iﬂﬁﬁ_ﬁicaré@hefihﬁ Pt ififehfiBnt! HAPhPRARIEA! |
poq;;ethyle?l.e 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
epoxy resin, bismaleic triazine, polyphenyle;ﬁe ether, or polyimide.

Thirteenth Embodiment

A thirteenth embodiment of this invenﬁon is similar to the
first embodiment thereof except for design changes mentioned
hereafter. According to the thirteenth embodiment of this
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.



pl acing a forcing nenber having an opening | ocated
approximately in a center thereof through which fluid
material is supplied so that a surface of the forcing
menber faces the substrate; supplying the fluid
materi al between the surface of the forcing nenber
and a surface of the substrate; and linearly noving
the forcing nenber along the,surface of the substrate
with a rotating notion to ce the fluid materi al
into the hole. 2. The nethod as recited in claim1,
ClgiBBein the rotating notion is perfornmed by rotating
the forcing nmenber about an axis. 3. The nethod as
recited in claiml, wherein the rotating notion is

1.per fdmattiod of chargingya hale iner subsyratewite fuid Batprigh comprising:
orbi ting p 4 . [ . .
o GBS AATEL MEEf Zoprosimatey in
cgntenthidregl thrabghr alhidhy floill matefiat i supEliedesa thatl asurface of the
| am nating the condyctor-pattern filnms; and connecting
fogaﬂgmqrglpgr éP?%ﬁT?sSlﬂ??ttr@Eﬁ’h si des of one of the
Cpndélgipﬂying ARé A natbAB NétiveRnCRBOsIHAcECoMBieefdreing member
filled'i'n a via-hole on the conductor-pattern film

ansha serface o ther synstiatrj aWnpri ses of forning one of the
cond ARy P > 2 : <Bato with
ol at sy yihg e fdroiil BBt aBhlthe GG fieultshato wi

a fatating orotientte force thé fitidemateriabindo thfe hale. f or ci ng menber
faces the surface of the film 23 supplying the
conductive material froman opening | ocated

2.aPPrPié FRItBOY as irécieddf Maim Diwhdrainf the cotagingemdtion it performed
bet ween the surface of the forcing nenber and the
by (atatirg:ther forgiag mamberghput an axis.

3. The method as recited in claim 1, wherein the rotating motion is performed

by moving the forcing member along an orbiting path.

4. A method of manufacturing a multi-layer printed circuit board comprising:
preparing a plurality of conductor-pattern films;
laminating the conductor-pattern films; and
connecting conductor patterns on both sides of one of the conductor-
pattern films via a conductive material filled in a via-hole on the conductor-pattern

film,

wherein the preparing comprises of forming one of the conductor-pattern films
comprising:

forming the via hole in a film;

placing a film on a table;

placing a forcing member so that a surface of the forcing member faces

the surface of the film;



novi ng the forcing nenber along the surface of the
filmwith a rotating notion and a linear notion to

force the conductive material into the via hole. 5.

The nmethod as recited in claim4, wherein the

suppl ying conprises: supplying the conductive

mat eri al between the surface of the forcing nenber

and the surface of the fil m,.and holding the fluid
material in recesses provid on the surface of the

forcing, menber. 6. The npthod as recited in claimb5,,

t he SRAIEY T chagustig a5 rolbah CBen NEHPBaEH Sproximately
inCR8Bh{2Y df W& F&eingmanbRite beffedthel Arice L tREWSICing member
wherein the rotating notion is perforned by rotating
andhther suréaaegofithedibm; akbut an axis on the center of the
forcing: Ef i [ Led i L35 :

t e BSNTSCER orsite RpBEERE B8 Aifads S e SbfWih®a rotating
motioniang 4 lirosHr ecbotiom ta fometthe cohdudtivef materiabiniethiearia hole.
wherein the rotating notion is perforned by noving

the forcing nenber along an orbiting path. 8. The

nmet hod as recited in claim4, further conprising

forming a conductor pattern on the filmprior to the

5¢ or ni g msithed as vecitaddn €laimb whsreindbe SUBRYING GPMRIISRS:
for fi I finkh ' I i
5" S el SRS AR ARaR ) Syt 8! e frong
mearh@Erissidriibe sudaee of thg filmgapdrf ace of the filmwth a

protective fidmduring.formn e. of .

Conduopineipa i i RegsEek gFidBY o Biesuygon g the foroing
maedberi N a substrate with fluid material, conpri sing:

pl acing a forcing nenber having a surface that has

recesses and an opening | ocated approximately in a

center thereof through which fluid material is

supplied so that a surface the surface of the forcing
6nmenbEhe nartbod tasaresiied in slaim 5, 40e sopduefiven@atarial eing supplied

ri_al wee r f ot oy e .
thﬁ%&gﬁh a&ﬁ?g’&'ﬁﬁ ol?c%t%@ éﬁ bgst%rggkeg;ofaﬁg FO?(EIﬁb r}ﬂe%'SP, vherein the
rotating motion is performed by rotating the forcing member about an axis on the

center of the forcing member.

7. The method as recited in claim 5, the conductive material being supplied
through an opening located on a center of the forcing member, wherein the
rotating motion is performed by moving the forcing member along an orbiting

path.

8. The method as recited in claim 4, further comprising forming a conductor
pattern on the film prior to the forming of the via hole, the conductor pattern being

formed on the film to close one end of the via hole.



forcing the fluid material into the hole along at

| east three different directions on the surface of
the substrate by noving the forcing nmenber to charge
the hole with the fluid material holding the fluid
material in the recesses of the surface of the
forcing nenber, noving the fluid material fromthe
recesses of the surface of he forcing nenber into
the hole by rotating the fo |ng menber about an axis
perpendi cul ar to the surface of the substrate, and
moving the axis of rotation of the forcing nenber

g.al onphé Rfotied Baseciteld ih ReaimUp FhrRdcdipsing BrdtB&ting thidi silirface

material into the hole along at |least three different
ofdhe &imiviHisa eroteativesiilis diring fermingcona efthe gordudirepattem films.
the forcing nenber conprises a urethane foamresin pad
menber. 11. The nethod as recited in claim1, wherein

the forcing nmenber conprises a uret hane foam resin

16 e Aot of Srarbitp ABRECR 45T ele &fin Ui wdtéRel: comprising:
resiplabing SEoRMhg mMember hévmgtb%hrfa‘cecmlt g1&f$9re&:eh§é§ and an

in a substrate Wlthf|UId materi al , corrprlslngf
opaning lesrted pRETONiMatehbinGg AANIeE MRFeOE traugh, which fuid material is

l.ﬁ:gb%& '%"i‘.:ttf%afS shiftate fh %&Hafc%‘-‘cﬁ tRé fdrBiR frﬁérﬁb@ﬂfa@%m substrate

ces a sur ace O e subs trate, ereln surface
of t$uppiyingithg fluidriseatetialsbetweessthe smﬁawnowmforgmg member

t hraou Leh ujd material is supplied, and the
ary alﬁuﬁéc?&mec%"ﬁ%%&% oximately in a center of the
Surfféﬁtﬁn@fthbhﬁuﬂohﬁté@alrrm%e holepkicngg at Heastl thrde different
mat eri al et ween the surface

f the
d'fQﬁt'@Pﬁg‘"héh%e‘%u & GHPRERISCPY (RRVGaBe fordng member to
cﬁel“rge iy hbiéewmﬁ)ﬁﬂal ﬂ\ﬂd nhé?tle%l%l&.hg thé ALkl BfepiI fh' theltetdses of

esses In the surface of the “forcing nenbe and
the surface of the forcmg 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,

wherein the forcing member comprises a urethane foam resin pad

member.

11.  The method as recited in claim 1, wherein the forcing member comprises
a urethane foam resin pad member.

12. The method as recited in claim 4, wherein the forcing member comprises

a urethane foam resin pad member.



noving the fluid material fromthe recesses into the
hole while rotating the forcing nenber about an axis
per pendi cul ar to the surface of the substrate and
noving the axis of rotation of the forcing nmenber

al ong the surface of the substrate to force the fluid
material into the hole alon@9t |east three different
directions on the surface of the substrate.

13. A method of charging a hole in a substrate with fluid material,
comprising the steps of:

placing a forcing member relative to the substrate so that a
surface of the forcing member faces a surface of the subsirate, wherein
the surface of the forcing member has recesses and an opening through
which the fluid material is supplied, and the opening is located
approximately in a center of the surface of the forcing member;

supplying the fluid material to a region between the surface of the
forcing member and the surface of the substrate through the opening;

holding the fluid material in the recesses in the surface of the
forcing member; and

moving the fluid material from the recesses into the hole while
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.



