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“METHOD OF CIRCU T BOARD, 5 MANUFACTURI NG APPARATUS FOR I T, AND P EET
USED | N J[mm Field The present invention relates to a 10

manuf act I Hm ,m ﬂof circuit board and a porous sheet, nore specifically
‘a manuf act ur Qg od of circuit board conprising a pré%ég%em,a'PQ%. ng a
conductive naterlal in pierced holes of the, plate for circuit board, a
manuf act uri ng apparatus and a 15 poroui sheet used for it. Background Art A
manuf acturing nmethod of circuit board has a process of form ng pierced

hol es (through holes) 20 in said plate serving as base material of circuit
board and a printing process for HEBSERBEBTEONductive material on that

plate. This printing process conprises a process of fornmng a conductive
| ayer of prescribed pattern on the 25 surface of said plate, and a process

of filling a conductive material in said pierced holes 27 Novenber 2002
(metallizing process) to ensure electric continuity betweeen the both
surfaces of said plate. Conventionally, for filling the conductive nmateri al

sufficiently in t hMANUFACRURINGs MRTHAD 50Fat CERCGUEETRI BOARRY process, the
plate for circuit board was placed on the printing stage and, while the
pi erced hél es in the PANUEAGRSURING WAPPARAREE EOR EBndiNDve material was

filled in the pierced holes. Fig. 4 indicates that conventional nethod.
POROUS SHEET USED IN IT

Technical Field
The present invention relates to a
10 manufacturing method of circuit board and a porous
sheet, more specifically a manufacturing method of
circuit board comprising a process of filling a
conductive material in pierced holes of the plate
for circuit board, a manufacturing apparatus and a

15 porous sheet used for it.
[

Background Art

A manufacturing method of circuit board has a
process of forming pierced holes (through holes)

20 in said plate serving as base material of circuit
board and a printing ©process fdr printiné
conductive material on that plate. This printing
process comprises a process of forming a
conductive layer of prescribed pattern on the

25 surface of said plate, and a process of filling a

conductive material in said pierced holes

AN
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10 As shown in Fig. 4, air intake ports 37 are fornmed on a printing stage
“32, and the air intake ports 37 have holes slightly |larger than the pierced
hol es 36. At the position where the air intake ports 37 correspond to the

Jpierced holes 36, a 15 plate 31 for circuit board is plgﬁﬁ% t?ﬁ rinting
stage 32. In this state, vacuum suction is performed fr ?

printing stage 32. Wth this vacuum suction, the air in the pierced hol es
36 is sucked through these air intake ports 20 37. In this state, the
conductive material 35 put on a screen nmesh 33 placed on the plate 31 for
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Sai d 10 convbRtERHITRER aé@e | PEPORAS Cotl PEA bR SPFAICHRORER od i n'

2 R Tiob2Es Vel Biad) L ob S kT R g LB
ertal, t.ﬂ@@d“a'% A S Lo e £ et SR Sideedrn e
ratier 2l 35 Bhe° B335 HeRsa 58! £0F R ShocP SELELEY @
holes. Fig. 4 indicates that conventional method.
10 As shown in Fig. 4, air intake ports 37 are formed
on a printing stage 32, and the air intake ports
37 have holes slightly 1larger than the pierced
holes 36. At the position where the air intake
ports 37 correspond to the pierced holes 36, a
15 plate 31 for circuit board is placed on the
printing stage 32. In this state, vaéuum suction
is performed from under the printing stage 32.
With this wvacuum suction, the air in the pierced
holes 36 is sucked through these air intake ports
20 37. In this state, the conductive material 35 put
on a screen mesh 33 placed on the plate 31 for
circuit board is screen printed. In the screen
process printing, the conductive material 35 is
printed inside the pierced holes 36 through a
25 screen mesh 33 by means of a squeegee 34. As a

result of this screen process printing, the



20 transferred to the surrounding area on the bottom face side of the

“pi erced holes 36 and, as a result, said nethod caused occurrence of
short-circuit in the circuit board. The present invention provides a
nanufacturlng 25 method of circuit board, not requiring any change of
‘specifications of the printing stage at each 27 hbvenﬁépy?ﬂﬁﬁr‘x@hange of
specifications of the plate for circuit board nor producing any dirt on the
back side of the plate for circuit boagd, and a porous sheet used it.
SUMVARY OF THE | NVENTI ON 5 According to one aspect of the present

comort song + RERRS PR S eRa s 198 Cformid Fb 109 Bhe | TstdAcRan ¢
nmenber perne bl.e i éhe direction of thickness, 10 (b) placing a plate for
circuit boar qﬁ a pierced hole above said porous nenber, and (c) a

process of fllllﬂ% a conduatlv% material _in salﬂ &¥erced hole fromthe

upper side of sa VR% f gl P ‘?%8&?1&1@“% IHgnE%ﬁlg FOrQEESRenber at
Wher ei n sai d%&a%wﬁb%énbaep ogs sBOPoUEPrar EhFB: nEhf p”%:‘ﬂipfguend”‘?f»‘sct on of
appr oxi ol ol PIGFRY PO LA 3% At GRF GRLAFS: A ROF rEABAUT Y PREZH) rect on
of thi ngeSS> NS 4 & 8l Pl aged ke 1op 8585108 ofy sakg porous
in the printing stage 32 must also be changed.
For that reason, the manufacturing cost of the
printing stage 32 becomes high. Moreover, in said
10 conventional method, part of the conductive
material 35 filled in the pierced holes 36 moves
into the air intake ports 37. For that reason, as
the number of times of printing process increases,
the conductive material 35 gradually accumulates
15 in the air intake ports 37. When the number of
glmes of printing process further increased, the
conductive material 35 also passed to the back
side of the plate 31, producing a deposit of dirt
there, and the conductive material 35 was
20 transferred to the surrounding area on the bottom
face side of the pierced holes 36 and, as a result,
said method caused occurrence of short-circuit in
the circuit board.
The present invention provides a manufacturing

25 method of circuit board, not requiring any change

of specifications of the printing stage at each



Accordi ng to anot her aspect -of the present invention, there is provided
apparatus for manufacturing a circuit board conprising: a printing stage
havi.ng -a porous nmenber perneable in the direction of thickness, capable of

. placing a plate for circuit board above said porous 25 nenber and, a
suction mechani smfor sucking said porous nmenber at pres&f Newember200am
pressure fromthe back face side of said porous nenber, and a coating

" nmechani smfor coating a conductive mafferial on said plate for circuit board
pl aced on said printing stage, fromthe top face side of said 30 printing
st age, capahbrgedf smedficativrisadfcthe @late édri cireuitrbbandi radr pooducing any distcom the sai d

s bei ng s aRE A IR ResdPae ReiBe: anda Eisra et w898acuum suct fon from.
the back face side of said printing stage, 27 Novenber 2002 5 wherein
Chi ckness and a porous sheet SUBMARLRRMETVERTN and per meable in the
directign of thickness placed on said porous plate, and said plate is
DD o L B ord b VoL BSOS e S A B 055
90 wt %t o aifpiarxifaviripigya GuiMbdard, Bsrapesidihg stapsadft her aspect, said porous
e scbab! s ane ehibabled bituRh Sl Sprind o G, e B BB ©°
provi ded. 15 It dikctisredfthizlnesst hat said cel | ul ose
) 10 (b) placing a plate for circuit board having a p_ierced hole above said porous
member, and
(c) a process of filling a conductive material in said pierced hole from the
upper side of said plate for circuit board by sucking said porous member at
prescribed vacuum pressure from the back side of said porous member;

15 wherein said porous member has a porous plate permeable in the
direction of thickness and a porous sheet containing cellulose in the range of
approximately 90 wt% to approximately 98 wt% and permeable in the
direction of thickness, and

said plate is placed on the top face side of said porous sheet.

20

According to another aspect of the present invention, there is provided
apparatus for manufacturing a circuit board comprising:

a printing stage having a porous member permeable in the direction of

thickness, capable of placing a plate for circuit board above said porous

25 member and,

a suction mechanism for sucking said porous member at prescribed
vacuum pressure from the back face side of said porous member, and

a coating mechanism for coating a conductive material on said plate for
circuit board placed on said printing stage, from the top face side of said

30 printing stage, capable of coating said conductive material on the surface of
said plate for circuit board from the upper side of said plate while said plate
is being sucked as said porous member is subjected to vacuum suction from
the back face side of said printing stage,



, 27 Novenber 2002 6 contains softwood kraft pulp in the range of
approximately 20 wt% to approxi mately 40 wt % and hardwood kraft pulp in the
range of approximtely 60 w% to approximtely 80 wt% 5 Wth the
construction described above, there circuit board are changed, and it
becomes possible 10 to fill a conductive material easil y27iNovpnear@8@R hol es
of the base material for circuit board with different specifications.

Furt hernore, adhesion of conductive magterial and dirt to the back face of
the plate for circuit board is prevented. is no nore need of changing the

speci fications of r and hee it g each
ti me when the spec%ege;r?is%ﬁloztpgfo h@%m’b%r 318$0I8 é%rg% rléltgfd%ggﬁl?pﬁ g‘ﬁ of
Drawi ngs Fig. 1 diectiopaft thidknsssctandnal poro@syshbewcomposes whraellaloselramnag
apparatus of circuit ard of. an enhpdj nent of .the nt Jipvention. 20
Fig. 2 indicat esgeimggglgi'%ﬂﬁ é'(ﬁ‘:@a&' éﬂg\ﬁk'ﬁegsgt%%ceﬁ‘é)ﬁ‘uﬁaﬁﬁﬁgyéBlaBer' geéss in an
enbodi ment of t heaidrplatd iaplaceablg amehdn b fate side ofisaid poeoud sheetor di ng to t he
present dnvention. Fig. 3 indicates a sectional view showing the 25 state

in which a conductive material is filled in
In the latter case the porous sheet may also contains cellulose in the range

of approximately 90 wt% to approximately 98 wt% .

Preferably in either aspect, said porous plate plays the role of said printing
) 10 stage.

Said porous sheet may be replaceable and, moreover, a process of
replacing said porous sheet is provided.

15 It is preferable that said cellulose



the pierced holes of a plate for circuit board. 27 Novenber 2002 7 Fig.
"4 indicates a partial side sectional view show ng the conventional printing
nmet hod. Best Mode for Carrying Qut the Invention 5 Various studies were
Jjmade and a variety of experinments were conducted and, as a result, the
‘oresent invention was conpleted. Namely, an idea was coridéjoyembesR002
constituting the g printing stage wwth a porous plate havi ng nechani cal
strength and 10 a porous sheet having accurate surface, and it was al so
confirmed that use of specific cellulosfc sheet as porous sheet is
preferable. An enbodi nent of the manufacturing nethod of circuit board
accordi ng t ocohtaimessendofbwenid orkd&f tonpuilpes im prilvessrahge acfhg a
plate for circuit A board form ng pierced holes on a printing stage and a
process of fapboximaoaliyct2yewtd etoalapprofitlagiedrcedohokes farmdn t he
surface side of the plate for circuit board through the printing stage 20
fromthe backagiddood kiefiy iptlpg iy aglte Hargenofadpprogimpasiayus of
circuit board according to the present invention conprises a printing stage
havi ng a por 60s wTbied appm@ﬂimatglyheodmﬁﬁptlon of thickness, a suction
mechani sm 25 for sucking said porous nenber at prescribed vacuum pressure
fromthe pack siWetdf ¢hed codsthuethen 209cgipednt aboved A0a&hard a

, coating nmechanismfor coating a conductive material on sai d pl ate for

circuit boardsplmsefioge Ieddpofteitgngiage tiie¢ ospkld flipetisnde of said
printing stage . The plate

porous plate and porous sheet as printing stage

t
i

each time when the specifications of the plate for
circuit board are changed, and it becomes possible
10 to £fill a conductive material easily in pierced
holes of the base material for circuit board with
different specifications. Furthermore, adhesion
of conductive material and dirt to the back face

of the plate for circuit board is prevenfed.

15
[ S
Brief Description of Drawings
Fig. 1 is a partial sectional view showing the
manufacturing apparatus of circuit board of an
embodiment of the present invention.
20 Fig. 2 indicates a sectional view showing the

manufacturing process in an embodiment of the

manufacturing method of circuit board according to
the present invention.

Fig. 3 indicates a sectional wview showing the

25 state in which a conductive material is £filled in

the pierced holes of a plate for circuit board.



5 for circuit board can be placed above said porous nenber, and said
‘conductive material can be coated on the surface of said plate for circuit
board fromthe upper side of said plate for circuit board. 10 Particularly
. preferably, said porous menber plays the. role of a printing stage.
Particularly preferably, the printing stage has a por ou’MoNgBber 24§t
porous nenber has a porous plate and a porous sheet, and is 15 constructed
as the porous sheet is placed on the parous plate. Mreover, particularly
preferably, said porous sheet contains MZellul osic sheet. That cellul osic
sheet contains 20 to 40 w % of softwood kraf t pulp, and 6 0 to 8 0 wt % of
har dwood kraft pHlig. 20ifkdichkdemre, palrdtiadelsiiessacpiosant srddwto 98
wt %- of the entire cellulosic sheet. In the printing nmethod of this
enbodi ment, showingtthg somyerienaleprdnimmy smathoe having a strong
mechani cal strength sufficient for 25 holding the plate for circuit board
and a porous sheet having accurate surface placed on it. 27 Novenber 2002
The porous plate, obtained by working powdery material, has such property
that a plurality oBesti Moderfier Garmyinige Qutwthe Mitvwendioanabl e
ventilation in the direction of thickness. For 5 exanple, the porous plate
is constifuted, Marnimss, studiassi wereedmadeal apldt @ ovaxripetpusofer am c
plate, etc. and has a thickness of approxinmately 1 nmto approxinately 10
mm That por expexriamentss wexser uxindwceedblamd), passage mésgag,i nthée 10
direction of thickness, at portions where the plate for circuit board is
supported. Foresenpl dnudntionr sas ptampleied.ont Namedsy pi eanceildéal es
pas‘si ng through fromsurface to back face. The sintered netal plate or
porous ceramwas| eondeivdd odnt constdtittingi heopesintvngovwetagehat
porous plate has nmechanical strength for protection against cracking or
br eaki ng duewicthuat porous ezlatevhamimg ueechaniical hetrseatgpth nanfi ch t he
plate for circuit board is supported. 20 The porous sheet has a thickness
of appr odf matelnyorousmsheeatppravingt @ccweaten surfacepl andrhidt wasous
sheet is porous, at |east, on the entire area of the portion at which it is
in contact walksehecopnfiismed thedui ussoacf speebfies eedtlukosic
enabl i ng passage of gas in the direction of thickness at all positions
facing the sheepvashPoruy sheet is preferable.

An embodiment of the manufacturing method of

circu:it board according to the present invention
15 c‘omprises a process of placing a plate for circuit

board forming pierced holes on a printing stage

and a process of filling a conductive material in

said pierced holes from the surface side of the

plate for circuit board through the printing stage
20 from the back side of the printing stage.

The manufacturing apparatus of circuit board
according to the present invention comprises a
printing stage having a porous member permeable in
the direction of thickness, a suction mechanism

25 for sucking said porous member at prescribed

vacuum pressure from the back side of said



plate for circuit board. Nanely, the porous sheet has air perneability.
“That porous sheet has an accurate surface and, for that reason, is finished
snooth at the portion of pierced holes which gets 5 in contact with the
. surface of the circuit board. In that case, as degree of accurac¥ a
density of approximately 0.3 g/cnB to approxi mately 0.8 2G/NOMENRE20R%; r abl e.
Furthernore, in the case where the specific gravity of the pulp is supposed
to be 10 approximately 1, the porous sheet shall preferably have a porosity
in the range from approximately 0.3 to Fpproximately 0.8, considering the
density. In the case where the density is no higher than 0.3 g/cnB, the
surface rougpmdsetioigt hetageus ahdheat . goathhghermebhandgnbadfiomf | uences
on the circuit board. In the case of a density no | ess than approxi nately
0.8 g/cnB, tbeatiinge@areabndugtivet maperdad sbact sgeds paaterh€omor ous
sheet used in this enbodinment will 20 be described concretely hereafter.
Thi s porous shemiuibnbaarsl 9placedd on ¥safid eplilndsing Thdage) | firoge
contains approxinmately 20 to approxinmately 40 w % of softwood kraft pulp
and appr oxi mkhad yuppetro sippe ovifned@i§¢ PErinmeing ZBtdgedwod@herplliateul p. In
t he case where the cellulose content in the porous sheet is no higher 27

Novenber 200Zdd ¢haoud® Wwéartdhedrenbel pldcedgidbofet Baishepbrbesones
weak. On the other hand, in the case where the cellul ose content is no

| ower than 9themBéri hantl edid | copddictiive hmateatad Gatonss r gohted
containing at | east one of water content and additive as conponent other
than cel | ul osm i thichespaoface shoefet sesidl plapbssihdbe. Abredditt | beard
pohyethylene oxi de, etc. nay be gsed, for exanpl e.
from the upper side of said plate for circuit
board.
10 Particularly preferably, said porous member
plays the role of a printing stage.
Particularly preferably, the printing stage
has a porous member. That porous member has a
porous plate and a ' porous sheet, and is
15 anstructed as the porous sheet is placed on the
porous plate. Moreover, particularly preferably,
said porous sheet contains cellulosic sheet. That
cellulosic sheet contains 20 to 40 wt% of softwood
kraft pulp'and 60 to 80 wt¥% of hardwood kraft pulp.
20 Furthermore, that cellulose represents 90 to 98
wt? of the entire cellulosic sheet.
In the printing method of this embodiment, the
printing stage comprises a porous plate having a
strong mechanical strength sufficient for

25 holding the plate for <circuit board and a

porous sheet having accurate surface placed on it.



10 The raw material of the cellulose in this enbodinment will be described
“hereafter. This cellul ose has an advantage of providing a porous sheet with
sufficient strength and little production of fiber refuse as the proportion
of 15 softwood pul p content increases. However, in the case where the

" “proportion of softwood pulp is higher than the range mertiNG¥EBPeABNRAe
(approximately 40 wt%, the snoothness of the surface gets poorer and, for
that reason, the 20 degree of contact between the pierced hole portion _ of
the plate for circuit board and the pordus sheet becones variable. As a
result, variations of suction force are produced, causing defective filling
of the conducti vehgeiytdhst pletédi! lostdindd e RicHeBghedRfdeSp the

ot her hand, as the proportion of hardwood pul p content increases, the 27
Novenber 20QgatdraRaor bakid i BacH piopneyciivat med ergialrauskgd 6% the
porous sheet inproves, providing porous sheet with excellent surface

snhoot hness. Fgy@yer gormdde &sgWhehe t BRwdPer thatedfidiar dyasiaulp is 5
hi gher than the range nentioned above (approxinately 80 wt%, the air

perneabi | it yy&£8843 410160 ORn AxHe I @EltdctibA SUE! | BRitKsHeconesrweaker ,
to eventually produce a | arge anount of fiber refuse. In this way,

defective fibkhfg1¥, Cﬂ@ESFbQ:difs ppratecd ssasohytiftitddat ateasdst jn the
case where an ordinary toilet paper is used, for exanple, a |arge anount of
dust and fi bgithefasenorFépedouhettlt hptakapesrcl @gpdtsusi aieeamiel es,
eventually leading to frequent production 15 of defective filling. On the
ot her hand, phaths cese.otndGchas b dhiplhéesy peippirbxicwaiteyi Le
matieri al cannot be absorbed well because of a drop of air perneability. In
the case whemm a&@rapproxitiageliaVitigmiQ pd@las pareuanglzte@ulasheet s
sucked fromits . back face side, the plate for circuit board is subject to
a suction foace gtwuoghriehosenabldury pl paessage poodus gaset .idbr eheer, even
in the case where the position and di mensi ons of pierced 25 holes in the
pl ate foil ci ddmeicthbamd ofiangdd aknéssone atharperbiomsodwheseecthecati ons,
it becones i 27 Novenber 2002 (3 possible for the plate for circuit board
t o besubm tt pdate afenccimeuid ceoardr digysuppeor test oushdat examplsor ous
sheet, w thout being influencedby such change of product specifications.
Nanel y, 5t he phiatt i ppmewge piste nhas s conbinuets d@iewcedeqbplesany
suction hol e of prescribed shape. The printing stage used in this enbodi nent
whi cht doesPa@sing e thiouabt | HHOMo| FUBFageesEP beackhapacerevehhe
accunul ation of conductive material inlOsuch holes and on the back face. In
a printingpr daderedcaetimbePlRitd STt POSPUSCEERARES| PlalRr Ba& e cases
where part of the conductivenaterial filled in the pierced holes adheres
t ot he potdbusComdeknpous UltFrafingsPORfPy t HOERRYSHs Ihat PSIPMS aced,
at a proper pbdint intime when_the nupmber of 'tinmgs of printingprogressed.
Wth this poPd@teneB@smnl pechaiseRds RiePIEn o £P verﬁr?ggﬁé'- of
suchdeposit to the plate for circuil board. 20The manuf acturi ng _net hod of
circuit boar @FESE SHAHREL %nﬁFPé‘géL% pHYCe sk o FUTFLAPRGERRCR e f or

circuit board form ng pierced holes onthe printipng stage and a process of
filling acon@fctVHEUREY SUGELPR sdi Hher 8 &qﬁﬂkg Wh&éirﬁEGSdi%E% si de
of the plate for circuit hoard mhilesucking %gid plate for circuit board

fromthe baclEOr circuit board is supported.

20 The porous sheet has a thickness of"
approximately 20 um to approximately 80 um, for
example. That porous sheet is porous, at least,
on the entire area of the portion at which it is
in contact with the plate for circuit board, and

25 has a structure enabling passage of gas in the

direction of thickness at all positions facing the



27 Novenber 2002 side of that printing stage. In this nmethod, ceramc
‘green sheet, organic resin base material or netal substrate, etc. are used,
for exanple, as plate for circuit board. 5 As conductive material, an

ordi nary conductive material is used. For exanple, a conductive material is
“conposed of a main conponent of netal powder such as Cu27Ngvember 2992 b,
etc., a binder such as ethyle cellulose, etc. and a solvent such 10 as
terpineol, etc. The proportion of blending of those conponent elenents is
approximately 70 to approximately 95 wt % of netal powder and approxi mately
30 to approximately 5 wt % of bi nder and“sol vent conponents, for exanple. 15

’:Sngte deAts“C i‘el%%%p??%{j %'gi'frf‘g%’ﬁgﬁg‘é‘?f%? TR, F%ref %ﬁ%rﬁﬁﬁfﬂé&?‘éif ot tel“
100 to appr o%a%;t gﬁgsSgégmn%%g%ilgftpféf e?g%#g), ’qﬁg‘gﬁaiﬁp‘ﬁgeftl %ﬁgpégse V\/ner)é
conducti ve nECBATtRas AR ntr el BNt CERRRRT e AN e s ot s,
there is o r EOOoH 257 (e BRER 108y O b Lt nd PRETR T L, B R D on ot
embodi mont 7 (RREERRT AT TR BRI RBRESF Q1 oiPE R A aE FHRA Y the

present | nven] o2 ERUIAC! UENSPPEE LS ddinthodnd 4 BBRRY phaR used

in that manufacturing nmethod w ned con eredafter wwth 10
reference to R'ai% i gndi ks gn trfﬂﬂét i 3
conductive rraa&; I a?ﬂlgﬁt?lg’l a(t;'e?f r@ércp‘?t aggg‘;ya-ﬁ. |gé2¥ SﬁZﬁS CQ?e‘Z“a
process of f'i'é'ges&%m.dm?h&%n%ﬁdf@, i PERECRULLW! fhede t BREP! at e
for circuit board. Fig. 15 3 indicates the state in which the conductive

material is fdddefleiB t§paRitycedenotBe. pALp Jisl f@gpbksed 2td hBeprinting
stage 10 has a porous plate 8 and a porous sheet 9. e porous plate 8 has

a nechanijgal a%%ﬁ@ﬂiﬂa%@_l%’fiici:ﬁét gor¥ols! gheaet henal at pieretablyi t
board, is made by sintering netal particles of particle Ssize 40 umand is a

sintered net Yapbale pofdsit{i aineshedf rangeMErbie AppIGRTHELE1Y IS a
paper contai ning 95 % of cellulose and water 25 content. Said cell ul ose
has 30 wt % ofp s®f two@gproximately 0.8, considering the density.
In the case where the density is no higher than
0.3 g/cr}la, the surface roughness of the porous
15 sPeet gets higher, having bad influences on the
circuit board. In the case of a density no less
than approximately 0.8 g/cma, the air permeability
of the porous sheet gets low.
The porous sheet used in this embodiment will
200 be described concretely hereafter. This porous
sheet contains 90 to 98 wt% of cellulose. That
cellulose contains approximately 20 to
approximately 40 wt% of softwood kraft pulp and
approximately 60 to approximately 80 wt% of
25 hardwood kraft pulp. In the case where the

cellulose content in the porous sheet is no higher



kraf t pulp and 7 0 wt % of hardwood kraft pulp . The 27 Novenber 2002 ~6
surface roughness of the porous sheet 9 is 30 sec/surface (val ue obtained
by the test nmethod of JIS-P 8119 ) . The thickness of the porous sheet 9 is
50 Eun. 50n this porous sheet 9 was placed a plate forcircuit board 1

" “fornming pierced holes 6 with adianeter of 0.15 nm Thi s 25NQV&M#8520Q4 1 cui t
boardl consists of a green sheet of a thickness of 200dun. G een sheet
means sinterable sheet conposedlOof ceram ¢ powder and a binder.On the back
side of the porous plate 8 isprovided g|suction nechanism 12. The
sucti onmechani sm 12 has a vacuum punp 12a and a w ndtunnel 12b installed on

the back facehadrdeoof whelSptheti tenstidge Atrdregthndoft i yRenagheedl 5
wasprinted and filled in the pierced holes 6 throughthe screen nmesh 3 by

sliding the pymnges (w&ax) 4, on | eheer bahEmg heedym sHCttRE atagepr essure
of 300 mMHg fromthe back side of the plate for20circuit board 1. Nanely,

the conducti yhdwmé et Scead dlidded dontdetpiss Ced hobees, thard hes
screenprocess printing nethod in the state of vacuunsuction. The conductive

material 5 ceigi sts dhatAy FAadLeibayviky 80 WithidiifHeand 20and0 of
bi nder 25and sol vent. At that tinme, a suction force which passed through the

porous pl @te&ﬁé@rﬁbﬁibﬁro%ntiinﬂﬁ.?em 200dst7 et O wWoikgeen the
(0]

pi erced holes 6 and, by that suction rce, the conductive nmaterial 5a is

filled adequidiitrenft Oanle na@dLedvieol ess6. cOrpottdntt hotiidtedthamductive
material 5 no longer 5 turned to the back side of the plate for circuit

board 1, anddgwLieLekan iHt Heié Porxbus, sheetadherefisd tpesbaphef.ace of
Lhﬁ plate for circuit board 1. The filled conductive naterial 5a does not
cont

ST on e J FRELR Yo poerachan e gk S sy e avea) ol os ¢
for example.

10 The raw material of the cellulose in this
embodiment will be described hereafter. This
cellulose has an advantage of providing a porous
sheet with sufficient strength and little
production of fiber refuse as the proportién of

15 sttwood pulp content increases. However, in the
case where the proportion of softwood pulp is
higher than the range mentioned above
(approximately 40 wt%), the smoothness of the
surface gets poorer and, for that reason, the

20 degree of contact between the pierced hole portion
of the plate for circuit board and the porous
sheet becomes wvariable. As a result, variations
of suction force are produced, causing defective
£illing of  the conductive material to be filled in

25 the pierced holes. On the other hand, as the

proportion of hardwood pulp content increases, the



5a, was coated a Ag paste containing silver powder, and prescribed
‘layer circuit was fornmed. Green sheets having various inner |ayer ci

| b were prepared with repetition of such processes,

. green sheets. 6 green sheets 1 having this inner layer circuit are
“upon another, and hot pressed at a tenperaure of 100C arid Nevpres <P
kg/cn2. A |l ayered 20 product obtained this way was submtted to a binder
renoving treatnment for 2 hours at 400C , and then sintered for an hour at

900 C.

prescri bed outernost |ayer pattern with 25 Ag/Pd paste containing si
powder and | ednsquoinalbilidiyd afiehhei ciordichive matesrial esock&Ed oy 27

Novenber 2002 !~ A circuit board was conpleted in this manner.

nner
rcuits

and by using different

ut one
of 100

Lastly, on the outernost |ayer{2f this sintered body was forned a

| ver

| ndustri al

Appl i cabi | it vha t porbascosBeetictinproveshe presidingnyeorous, sheétre is no
nore need of changing the specifications of porous plate and porous sheet

as printing stidge exdellentwhenrnfiacspssidithneésss of Hawepenie ior

circuit board are changed, and it becones possible to fill conductive

mat eri al
different specifications easily,
porous pl at e kdrgheor ousthaset .

i n 1he heagieerwreraolthe gprpparsdomrofi haxidwaodr puigyi hg
by neans of a set of specifications of
Miveeovernangesi onentiomeflict i v@abowueeri al

and dirt to the back face of the plate 15 for circuit board is prevented.
27 Novent{@ppoozimately 80 wtd), the air permeability tends

10

15

20

25

to drop. As a result, the suction force becomes
weaker, to eventually produce a large amount of
fiber refuse. In this way, defective £filling
comes to be produced easily. For that reasin, in
the case where an ordinary toilet paper is used,
for example, a large amount of dust and fiber
refuse coming out of this paper clogs the bierced
holes, eventually leading to frequent production
of defective filling. On the other hand, in the
éése of use of high-quality paper, the conductivé
material cannot be absorbed well because of a drop
of air permeability.

In the case where a printing stage having
porous plate and porous sheet is sucked from its
back face side, the plate for circuit board is
subject to a suction force through those porous
plate and porous sheet. Moreover, even in the
case where the position and dimensions of pierced

holes in the plate for circuit board changed with

some change of product specifications, it becomes



1. A nethod of manufacturing a circuit board, conprising the steps of: (a)
‘feeding a printing stage having a porous nenber perneable in 5 the
direction of thickness, (b) placing a plate for circuit board having a

i erced hol e above sai d porous nenber, and (c) a process of filling a
conductive material in said pierced hole fromthe upperigﬂﬁﬁe@Pméﬁgﬁ pl ate
for circuit board by sucking said porous nenber at 10 prescribed vacuum
pressure fromthe back side of said po[ us nenber; wherein said porous
menber has a porous plate perneable intthe direction of thickness and a
porous sheet containing cellulose _in the range of approximately 90 w%to
appr oxi mat el POsBiRIe arkPHerthabBlate t FORli Cdatgwhtofbeardknts,band 15
said plate is placed on the top face side of said porous sheet. 2. The
manuf act ur i n§URRkbEedr to & nsuctipar foreai dthepyeh sthese Pargnsceabl e,
further conprising the step of replacing said porous sheet w th another
porous sheet P1AL®. amkk RarQudect §heed nevhEhogrt dpreimal, infduancedi d
porous sheet is conposed of cellulosic sheet containing softwood kraft pulp
and hardmoodh&e#@gguﬂ&aqﬁﬁ49fT@§QQﬂﬁﬁa%PGFMﬁ}Qﬁ%h@ESGf Named¥, wherein
sai d porous sheet is a cellulosic sheet containing softwood kraft pulp in
t he rangedof WBipr PGiRENG BLage, useHpleki Fhisa yempodiment HiPefood

kraft pulp in the range of approximately 60 wt%to approxi mately 80 wt % 30
5. The manuf &%r FREURRHANTT SR, ﬁﬂﬂ@re‘?ﬁ Prepgelbed phaeeis
obt ai ned by working powdery material, and a plurality_ of voids formed anong
the powdery rgt@rPaANEINGT estage 1usedning tinbs gemhadbnest .t Whiebss. 27
Nowenber 2002, 20 6. The manufacturing method of Claim 1, wherein said
por'ous pl at e daes RptahayiataREdISBEFEOGH e ke dofy PHeaerihgdnsha@reowder .

7. The nanufacturing met hod of Claim1, wherein said porous sheet
prevents accumulation of conductive material in

10 such holes and on the back face. In a printing
process placed under such state of vacuum suction,
there are cases where part of the conductive
material filled in the pierced holes adheres to
the porous sheet but, in that case, only the

15 porous sheet is replaced, at a proper point in

‘ t;me when the number of times of printing

\ progressed. With this porous sheet only, it
becomes possible to prevent transfer of such
deposit to the plate for circuit board.

20 The manufacturing method of circuit board of
this embodiment comprises a process of placing a
plate for circuit board forming pierced holes on
the printing stage and a process of £filling a
conductive material in said pierced holes from the

25 surface side of the plate for circuit board while

sucking said plate for circuit board from the back



5 has a thickness of approximately 20 umto approxinmately 80 um and said
"porous plate has a thickness of approximately 1 nmto approximtely 10 nm
8. The manufacturing nethod of Claim1, wherein the pressure for sucking
~ said porous nenber with vacuum pressure is in the range from 10

“approxi mately 100 nmHg to approxi mately 500 mHg. 9. ThemiavembrRLA3 ng

nmet hod of Caim1l1, wherein said porous sheet has a density of approximtely
0.3 g/cnB to approximately 0.8 g/cnB. } 10. The manufacturing net hod of
Claim1, wherein, in said process (c), !Said conductive material is filled
in said pierced hole, at |east one nmethod of screen printing method and
met al mask pseidie f nehatdprintimgas&age f or manufacturing a circuit board
conprising: 20 a printing stage having a porous nenber perneable in the
direction of thi&anetRiscapabhodof gkaxamica greer fsheetrcudbrgbodiad above
sai d porous nenber and, a suction nechani smfor sucking said porous nenber
at prescri bedesdquubagecssaterfiadm ohre hathlf asebsitdmtd , s&ttt poames

menber, and 25 a coating nmechanismfor coating a conductive material on
said plate fused ) cior bzample acad plate dfpm wtiimouistabearddom the top
face side of said printing stage, capable of coating said conductive

materi al on the & feorduttisied paterifad, cancwWrdbnary fecamdub&iwgper side
of said plate while said plate is being sucked as said porous nenber is
subj ect ed t omatrrhaiuctison Usedn t he Bark #xdmpiesi da ofcerduchiivie i ng
stage, wherein said porous nenber has a porous plate perneable in the
direction of matiexiass isnccemposeds efie@ makposzemponent! WHsmelgd
peqneable in the direction of thickness placed on said porous plate, and

27 'Novenber Xoowden smah pR&t £Ys PPacedBle Won MPe t©FCtace sPARGHT sai d
porous sheet. 12. The apparatus of C aim 11, wherein said porous plate

pl ays the rolSuh 38 eBvhei felskpbeses stcThandpar #Aakvertosaich 11,
wherein said porous plate has a nmechanical strength sufficient for hol ding
sai d p|aﬂg-hﬁSCF¢€EPPQQ*MdFt&mj The proportion of blending of

those component elements is approximately 70 to
approximately 95 wt% of metal powder and
approximately 30 to approximately 5 wt% of binder
and solvent components, for example.

15 As for the method of £illing conductive
m‘aterial in the pierced holes, 'such method as
screen printing method or metal mask printing
method, etc. are used.

As suction pressure (degree of wvacuum), a

20 range from approximately 100 to approximétely 500
mmHg is preferable, for example. In the case
where the sucion pressure is no higher than
approximately 100 mmHg, the conductive material
may not be filled sufficiently in the pierced

25 holes. In the case of a sucion pressure no lower

than approximately 500 mmHg, there is a xrisk of



sai d porous sheet has an accurate surface for finishing the surface of said
‘plate for circuit board snooth. . ) 10 14. The apparatus of Caim 11,
wherein said porous sheet is provided in a way to be repl aceable. 15. The
apparatus of Claim1l1l, wherein said porous plate has a pierced 15 hole, so
" “that said conductive material may be filled easily in s&’dNoypwebeE@80%hol e by
suction force. 16. The apparatus of Claim 11, wherein said porous sheet is
conposed of cellul osic sheet containingléfftmood kraft pul p and har dwood
kraft pulp. 20 17. The apparatus of ddi?n f1, wherein said porous sheet is
a cellulosic sheet containing softwood kraft pulp in the range of

appr oxi mat el ProgugLBsg o BapFPEE nffel §eRYSHSAHRQMJ Star §heodcknEer pAEp in the
range of approximately 60 wt % to approximately 80 wt% 25 18. The apparatus
of daimill, theemiereafddhedamis plate is a worked body of powdery materi al
and has such property that a plurality of holes fornmed anong said powdery
material enable ventilation in the direction of thickness. 30 19. The
apparatus of _Claim 11, wherein said porous plate is a netal sintered body
obt ai ned by EBxemRlagymeemboddmant: 27 Novenber 2002 22 21. The apparatus
of Caim1l1l, wherein said porous sheet has a density of approximtely 0.3
g/ cnB to &pproxi Ak el $XOMPIAIEHB eMhQFimenRo. o Arhes( mmud:‘?;qst@ring

AL A@N?. AL, L A@ie. A@ ASU. Au. ASa. A@ A@ AS% A. AQJ. Af 4 Grgs

G zupkf a\ W CH‘P%]%] of| calesrdd] cRpeakape inRgcdlcatbe] @Feapnd] cal cal

ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] cRa!

31 Vi wy. Or &} isentienea] marafastyming capPPRRa tas cafes] calka] 8afca) caj ca
ygﬁ%ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ca! Dv; f hj

| wr mhc] WORKEARRE o] Shee S| chpes cdjtajtha a]‘&@!‘lég]a@fﬂ}‘-blé-'}%ﬁ] dagEhpPéa] ca] ca]
v oeRiaE e 0| DA% CASRh] CSPBRFERRLY cAlReTeRFERFca] WAEDe] ca] cal
e e B e L MR et f L
| cal cal cal ca\f cal cal cal gl cal cal cal cal cal cal £al epl cal cal cal gl og 01)1b1cly1

plate for circuit board. Fig. 2 indicates a

process of £illing the conductive material in

pierced holes of the plate for circuit board. Fig.

15 3 indicates the state in which the conductive

ﬁgterial is filled in the pierced holes.

! In Fig. 1 and Fig. 2, the printing stage 10

has a porous plate 8 and a porous sheet 9. The

porous plate 8 has a mechanical strength

20 sufficient for holding the plate for circuit board,

is made by sintering metal particles of particle

size 40 um, and is a sintered metal plate with a

thickness of 2.0 mm. The porous sheet 9 is a

paper containing 95 wt¥% of cellulose and water

25 content. Said cellulose has 30 wt% of softwood

kraft pulp and 70 wt% of hardwood kraft pulp. The
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1 consists of a green sheet of a thickness of 200
um. Green sheet means sinterable sheet composed
10 of ceramic powder and a binder.

On the back side of the porous plate 8 is
provided a suction mechanism 12. The suction
mechanism 12 has a vacuum pump l2a and a wind
tunnel 12b installed on the back face side of the -

15 printing stage 2. The conductive material 5 was
p‘rinted and filled in the pierced holes 6 through
the screen mesh 3 by sliding the squeegee (skid) 4,
while performing wvacuum suction at a pressure of
300 mmHg £from the back side of the plate for

20 circuit board 1. Namely, the conductive material
5 was filled in the pierced holes 6, by the screen
process printing method in the state of wvacuum
suction. The conductive material 5 consists of a
Ag paste having 80 wt% of Ag and 20 wt% of binder

25 and solvent. At that time, a suction force which

passed through the porous plate 8 and the porous
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109 () -, 109 () - &10%& () - [7
sheet 9 works on the pierced holes 6 and, by that
suction force, the conductive material 5a is
filled adequately into the pierced holes 6. And
yvet, the filled conductive material 5 no longer
5 turned to the back side of the plate for circuit
board 1, and no foreign matters or dirt, etc.
adhered to the back face of the plate for circuit
board 1. The filled conductive material 5a does
not contain any air bubbles.
10 Next, on the green sheet 1, the pierced holes
6 of which are filled with the conductive material
5a, was coated a Ag paste containing silver powder,
and prescribed inner layer circuit was formed.
Green sheets having various inner layer circuits
15 were prepared with repetition of such processes,
and by using different green sheets. 6 green
sheets 1 having this inner layer circuit are put
one upon another, and hot pressed at a temperaure
of 100C and a pressure of 100 kg/cm’. A layered
20 product obtained this way was submitted to a
binder removing treatment for 2 hours at 400 C ,
and then sintered for an hour at 900°C. Lastly,
on the outermost layer of this sintered body was
formed a prescribed outermost layer pattern with

25 Ag/Pd paste containing silver powder and lead

powder, and then sintered at a temperaure of 850C.
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Industrial Applicability

With the construction of the present invention,

5 there is no more need of qhanging the
specifications of porous plate and porous sheet as
printing stage each time when the specifications

of the plate for circuit board are changed, and it
becomes possible to fill conductive material in

10 the pierced holes of plates for circuit board
having different specifications easily, by means

of a set of specifications of porous plate and
porous sheet. Moreover, adhesion of conductive
material and dirt to the back facé of the plate

15 for circuit board is prevented.

4
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a) feeding a printing stage having a porous member permeable in
5 the direction of thickness,
(b) placing a plate for circuit board having a pierced hole above said
porous member, and
(c) a process of filling a conductive material in said pierced hole from
the upper side of said plate for circuit board by sucking said porous member at
) 10 prescribed vacuum pressure from the back side of said porous member;
wherein said porous member has a porous plate permeable in the
direction of thickness and a porous sheet containing cellulose in the range of
approximately 90 wt% to approximately 98 wt% and permeable in the direction
of thickness, and

15 said plate is placed on the top face side of said porous sheet.

2. The manufacturing method of Claim 1, wherein said porous sheet is
replaceable, further comprising the step of replacing said porous sheet with another
porous sheet.

20
3. The manufacturing method of Claim 1, wherein said porous sheet is
| composed of cellulosic sheet containing softwood kraft pulp and hardwood kraft
pulp.

25 4, The manufacturing method of Claim 1, wherein said porous sheet is
a cellulosic sheet containing softwood kraft pulp in the range of approximately 20
wt% to approximately 40 wt% and hardwood kraft pulp in the range of approximately
60 wt% to approximately 80 wt%.

30 5. The manufacturing method of Claim 1, wherein said porous plate is
obtained by working powdery material, and a plurality of voids formed among the
powdery material enable ventilation in the direction of thickness.
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@ 8. The manufacturing method of Claim 1, wherein the pressure for

sucking said porous member with vacuum pressure is in the range from
j 10  approximately 100 mmHg to approximately 500 mmHg.

9. The manufacturing method of Claim 1, wherein said porous sheet
has a density of approximately 0.3 g/cm® to approximately 0.8 g/cm?®.

15 10. The manufacturing method of Claim 1, wherein, in said process (c),
said conductive material is filled in said pierced hole, at least one method of screen
printing method and metal mask printing method.

11.  Apparatus for manufacturing a circuit board comprising:
20 a printing stage having a porous member permeable in the direction
of thickness, capable of placing a plate for circuit board above said porous
| member and,
a suction mechanism for sucking said porous member at prescribed
vacuum pressure from the back face side of said porous member, and
25 a coating mechanism for coating a conductive material on said plate
for circuit board placed on said printing stage, from the top face side of said
printing stage, capable of coating said conductive material on the surface of said
plate for circuit board from the upper side of said plate while said plate is being
sucked as said porous member is subjected to vacuum suction from the back
30 face side of said printing stage,
wherein said porous member has a porous plate permeable in the
direction of thickness and a porous sheet composed of cellulose and permeable
in the direction of thickness placed on said porous plate, and
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New'h Root Ent ryWg dDogidrepb&ratus of Claim 11, wherein said porous plate is a worked
body of powdery material and has such property that a plurality of holes formed

among said powdery material enable ventilation in the direction of thickness.

30 19. The apparatus of Claim 11, wherein said porous plate is a metal
sintered body obtained by sintering metal powder.
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21.  The apparatus of Claim 11, wherein said porous sheet has a density
of approximately 0.3 g/cm? to approximately 0.8 g/cm®.



