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CIRCU T BOARD, 5 MANUFACTURI NG APPARATUS FOR I T, AND POROUS SHEET USED I N

| T Tehnical Field The present invention relates to a 10 manufacturing

met hod of circuit board and a porous sheet, nore specifiZzmaldvgmber 2002

manuf acturing nmethod of circuit board conprising a process of -ibodot i Ng a
conductive material in pierced holes of the, plate for circuit board, a
manuf act uri ng apparatus and a 15 porousl sheet used for it " mmmmLArt A
manuf acturing nmethod of circuit board has a process of foMWﬁmm mm

hol es (through holes) 20 in said phpseryPMicN as base material-of circuit
board and a printing process for printing conductive mate

plate. This printing process conprises a process of fornimwmmmﬂmmymmmlve

| ayer of prescribed pattern on the 25 surface of said plate, @ process
of filling a conductive material in said pierced holes 27 Novenber 2002
(netallizing process) to ensure electric continuity between the both

surfaces of 'said i 0 f fid-d h uctive
material sufficiently' 1 nAﬁgﬁglﬁgr_cg% oDes(alan t%eﬁcg@th ?er neftal lizing
process, t:he plate fof&pﬁ(-f i Q?ﬁ?d mﬂ.ﬁggd t PaigAt i Ng stage and,
whi | e the5pierced hoIeS||$%¢$pp a eAMere vacuuﬁ§§Uc eﬂ,ﬁyﬁé conducti ve
material. Was filled in theppj rafBhg. i Rei cates that
conventional nethod. 10 As gﬁgéggfﬁﬂﬁﬁgfsﬂ§ﬁgirIﬁntggg ports 37 are forned
on a printing stage 32, and the air intake ports 37 have holes slightly

| arger than the pierced holes 36. At the position where the air intake
ports 37 correspond to the piercadopplienBori814> Pl ate 31 for circuit,
board is placed on the printing stage 32. In this state, vacuum suction is

performed from unggp thepppigRitd ShgemLioN! th FBhgrasuumgyctioq, the
air in the pierced holes 36 is sucked through these air I ntake ports 20 37.

In this sie@t epahELOAMEAGY MeTHG iGE SDridi tobdasd &ftd MBS potpwsaced on

the plate 31 for circuit board is screen printed. In the screen process

printing, thegpeducCthmyte BpdiFicPlly Af hdrRdfassudd ddemeittlo® ol es 36
through a 25 screen nesh 33 by neans of a squeegee 34. As a result of this

screen procesgipiduiit NGoddt® 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.
[ 3

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 fér printin§
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 plerced holes



27 Novenber 2002 J conductive material 35 is filled in the pierced hol es
36. However, in the conventional printing process described above, each
time'when the position of 5 pierced holes 36 in the plate 31 for circuit
board changes, the position of the air intake ports 37 iy Kdempedaod2ng
stage 32 nmust al so be changed. For that reason, the manufacturing host of
the) printing stage 32 becones high. Myreover, in said 10 conventi onal

nmet hod, part of the .conductive materi @ 35 filled in the pi erced hol es 36
noves into the air intake ports 37. For that reason, as the nunber of tines

of printing gmemaiﬁﬁga_seSprba@srsmductwe megfiite 35 WREYRELE
accunul ates 15 in the air intake ports 37.. When the nunber of tinmes of

printing preeassudtper bbityeraned thie poAtICtéNeraRicd | abr35sakgo passed
to the back side of the plate 31, producing a deposit of dirt there, and

the conduct| ¥ o f i@dnyentabrblLy AnELR red1ig deLhl UHdhegigeea on

the bottom face side of the pierce oles 36 and, as a result, said nethod

Paused(Kwurha%aifﬁlSﬁﬁ@ff&iéﬂfiyi&ﬂhﬁh@rﬁ&éfd@&ﬂﬂol@@3£ﬁe%ﬁ3 _
i nvention provides a manufacturing 25 nmethod of circuit board, not requiring

any change ' 9RtREE| hbedl1ASiRg %ﬁé@ﬁi Ehé! pAhtd €N cigéuliavenber

2002 4 change of specifications o he plate for circuit board nor

nggﬂgi Qﬁe‘g‘[‘“&?‘eradi??st R el Srderwé Dradtehg 'WEager @d, banide and a
the pierced holes in the plate were wvacuum sucked,
the conductive material was filled in the pierced
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
ﬁ;inting stage 32. In this state, vaéuum suction
is performed from under the printing stage 32.
With this vacuum 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

5 screen mesh 33 by means of a squeegee 34. As a

result of this screen process printing, the



SUMVARY OF THE | NVENTI ON 5 According to one aspect of the present
invention, there is‘provided a nethod of manufacturing a circuit board,
conprising the steps of: (a) feeding a printing stage having a porous
menber perneable in the direction of thickness, 10 (b) pbaRévweberwoate for
circuit board having a pierced hole above said porous nenber, and (c) a
process of filling a conductive material in said pierced hole fromthe
upper side of said plate for circuit bdard by sucking said porous menber at
prescri bed vacuum pressure fromthe back side of said porous nenber, 15
wher ei n sai d gondustimematesriabord3dis i afd ldszdreahl e the t pdedicedti on of
t hi ckness and a porous sheet containing cellulose in the range of

appr oxi mat el }h&Dewt Fst.0 approxi mately 98 wt % and perneable in the direction
of thickness, and said plate is placed on the top face side of said porous
sheet. 20 Accordingwé9eanot I #His@edomfen bEobaas eprintialyi @Hoddse is
provi ded apparatus for manufacturing a circuit board conprising: a printing
stage having gegferabedealiRivae! Eidh € tiind e etHON pRis{ PLeknessE.
capable of placing a plate for circuit board above sai d porous 25 nenber

and, a sugti ohj EPeRAIHENE8" 3¥CKh NEhaaid 4 09$ %@%iﬁ%&@%ﬂéﬁgd

vacuum pressure fromthe back face side of said porous ne r,

coating mechaghgfgled, CAk! 31 ¢qRFCHEV & H@t aFiyal § { d or
circuit boarga%§aced onesaigggrinting sfage, f?gh1t%§QF§%£fgggQ%fd% of said

30 printing siagegheansPifting Odiidye SFA aRIAAICHIS & iafedhe

surface of said plate Tor circuit board fromthe upper side of said plate

while said plpbe | 6hBe NFeldded anEaiMbRAEAETUPRING’ t6stUbpeCt €Het O
vacuum suction fromthe back face side of said printing stage) 27

Re et o SR oS8l o2 e ntgn § peisiovely. sl ¢
per meabl ej0i N &HAVENtEInAD Of mékheldless pairaced o Sahé POCOHdwteige and
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 ;he air intake- ports 37. When the number of
élmes 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 Qas
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



said plate is placeable on the top face side of said porous sheet. 5 In the
| atter case the porous sheet may al so contains cellulose in the range of
apprioxi mately 90 wt % to approximately 98 wt % . Preferably in either aspect,
said porous plate plays the role of said printing 10 stagg.Nov8hEerRBHDOUS
sheet may be repl aceabl e and) noreover, a process of replacing said porous
sheet is provided. 15 It is preferabl e4that sai d cel |l ul ose 27 Novenber
2002 6 contains softwood kraft puI pin the range of approxi mately 20 wt%to

appr oxi mat el %a.dha Kk n.the range of approxjmately
50 w36 o cHirenidaPRR AR epible o chtifhaadd nat plegica gy B an dbbve.
there is nObéekrsedéleﬁﬁegfat@fw@mtmg:dda@ drerpdroaashert tised itpor ous pl ate and
porous sheet as printing stage each tine when the specifications of the

plate for circuit board are changed, and it becomes possible 10 to fill a

conductive material easily i symRaesdobgHESINVENTION)ase material for
circuit board with different specifications. Furthernore, adhesion of

conducftiﬁle material and dirt to the back face of the plate for circuit
board is prevent adcordiag to one aspect of the present invention, there is provided a method

of manufacturing a circuit board, comprising the steps of:
(a) feeding a printing stage having a porous member permeable in the
direction of thickness,

10 (b) placing a plate for circuit board having a pierced hole above said porous
member, and i
(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,



Brief Description of Drawings Fig. 1 is a partial sectional view show ng
t he manufacturing apparatus of circuit board of an enbodi nent of the
present invention. 20 Fig. 2 indicates a sectional view show ng the
manuf acturing process in an enbodi nent of the manufact ur bpgoyEaitarshodf
circuit board according to the present invention. Fig. 3 indicates a
sectional view show ng the 25 state in which a conductive material is
filled in the pierced holes of a plate’for circuit board. 27 Novenber
2002 7 Fig. 4 indicates a partial side sectional view show ng the
conventi onal printiwlgeraat $aid. pdiess nddteerf bas @aporousgpl@tet peimeedbley dmtthen 5

Various studies re. made..and a varjety of experinments were conducted and,
as a result, the\éﬁ?‘g*ggn Fi‘m%???oﬁ{‘ 338@%@%88.%?&9,%&6")”&%& {a

con(r:]ei vedI of Conséuinhwb;ljeﬁig thd dirgution iof ﬂﬁpméﬁgﬁﬁiaw&dm gaif pomLs mdltfelanchavi gg
mechani cal strengt,. .10 a rou eet hayi curate surface, and it
was al so confi rrrg?fgtﬂ??g? 'ﬁfgﬁcﬁ%s%@ﬁﬁ?%%@&sfqﬁcﬁ%ﬁ@ﬁ%‘ﬁ@éﬁgr};%elﬂpor ous sheet is
preferabge. An enbodi ment of the manufacturing nethod of circuit board
according to the esent invention 15 conprises a _proce of acing a
plate for cirecui {rpﬁgg?@erfqggﬁﬁrh%pgqog§@Qaetﬁﬁ?)égggﬁogpamsl ﬁ@meélﬁ)h&e@é’aﬁ a
process of bféﬂﬁragmtgmgmimiwapmmmdt@wg'am%a,i d pierced holes fromthe

surface side of the plate for circuit board through the printing stage 20
fromthe back side of the printing stage. The manufacturing apparatus of

circuit board aceesfeiably ihGeithBe apies asdlid poreas plaid pyethe $618 of sbld prritihg St age
havi ng g porous nenber perneable in the direction of thickness, a suction
mechani &% 25%98r sucking said porous nenber at prescribed

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

16 It is preferable that said cellulose



vacuum pressure fromthe back side of said 27 Novenber 2002 g printing
stage, and a (coating nmechanismfor coating a conductive material on said
plate for circuit board placed on said printing stage, fromthe upper side
of said printing stage. The plate 5 for circuit board capy Reveaibeczm@2above
sai d porous nenber, and said conductive nmaterial can be coated on the
surface of said plate for circuit board fromthe upper side of said plate
for circuit board. 10 Particularly prefgrably, sai d porous nenber plays
the. role of a printing stage. Particul rIy preferably, the printing stage

h Th | at

heet, "and 1 SOT-SHE( - Borred, nEERBE.. "Rl e deneokor ous
| at Mo l.ar | I d h t

Cel | ul osi ¢ SRERECRHERTRIY |, F08 -v%éih%ayégﬁ%'mﬁm“fﬁﬁmés“ 3% 1 wood
kraft | p I and % of .hargd kraf t I 20 Furth t hat
cel | ul bse. r BEARAPE 3@%% OB kb, bR ¢ Lﬁmé"@ﬁﬁlapaa%éusrﬁég‘éim the
printing nethod Qé gls enbodi pent, he(ﬁrig%ing stage conprises a porous

S %n ;.

LJ

pl ate having Or@HREPE LM ficiernt for 25 holding the
plate for CIrCUI n ous sheet haV|n curate surface placed
onit. 57 hbve 8@&3 $%£BH§ qﬁ%ﬁ BPWRKI n§ ﬁ &fder y

mat eri al, has, such ert at _a rallty voi ds f rmed anon

powdery mat eri 8n éﬁ‘fa‘?foﬁ’ gtlffénggQthQﬁlcbfgﬂﬁm%%ézor 5
exanpl e, the porous is cqQnstituted, at |east, wih i si ntered net al
plate or a pdtEcY §er%ﬁ?§eplﬁ? RPEOUS, FReet, 35 pakating aﬁ%@&ﬁ mat el y

bassage of GRS t%flﬁtslfﬂl%ggﬁt SegE i Ratins “of %bé’%ﬁegah%rogr"tﬂg
ﬁtﬁifnﬂgﬂscb.#%@a oiiaara SBRR THinaeR A9 i raegomet BaRRlRdE | The
Sores. Mo %?p'% %&%@%ﬁ*"}%‘aﬁ“%@ﬁﬁ?iz‘?&g% 13hotR T BT et fine
Satei ncﬁf?k‘p?% atﬁﬁ?f;?’ag%’ SR PR S B RS " e
sheet has at&ifﬁ@%ﬁiﬁﬁ:speciflcations. Furthermore, adhesion

of conductive material and dirt to the back face

of the plate for circuit board is prevenfed.

15 .
[
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 view showing the

25 state in which a conductive material is f£illed in

the pierced holes of a plate for circuit board.



approximately 20 umto approximtely 80 Vim for exanple. That porous sheet
I's porous, at least, on the entire area of the portion at which it is in
‘contact with the plate for circuit board, and has a structure enabling
passage of gas in the direction of thickness at all posiz27Kembecooy the

27 Novenber 2002 | ~7 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 portigm of pierced holes which gets 5 in
contact with the surface of the circuit®board. In that case, as degree of

accuracy, a degz':ftj%/%of‘lagphﬁ# glg a tqgfﬁﬁiaea%?féél%?'vgégff g/ cnB

I s desirable. r nor €, e cas €re the spec t he

pul p i s suppQse b 0 ' y 1. o] eet shal
preferably , %M%R%oﬁgé t%%%@bgggﬁﬁ%ﬁggpbmﬁlél y 0.3 to
approximately 0.8, considering the density. In the case where the density
is no higher than 0.3 g/cnB, the surface roughness of the porous 15 sheet"

densi ¢ iygﬁﬁr osat Elﬁﬁ%‘éaﬁ}% P8 Geabtytifa bt %@%?fﬁ%gpﬁ@fh@“ﬁ Ly of :Iohg

w,. T ' | i W
Goscr 1 bod conr oV Ao RBPcoP EARLSH, 18Tk HEAd,0 AT & ANAL SB LY, "6 wi oo of
of sof tapod PRREE pOEERENPERET SRARBFER . 2 A7 o o (BB 0 Wi of 25
har dwood K ad, ULR: ik GeE8R° A" Boklpd SEAhY! ONRREIY S ad "1l POT OUS

sheet is no
was conceived of constituting the printing stage

with a porous plate having mechanical strength and

10 a porous sheet having accurate surface, and it was
also confirmed thgt use of specific cellulosic
sheet as porous éheet is preferable.

An embodiment of the manufacturing method of
circuit board according to the present invention

15 qgmprises a process of placing a plate for c;rcuit
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



27 Novenber 2002 i) than 90 wt% the tensile strength of the sheet becones
weak. On the other hand, in the case where the cellul ose content is no
lower than 98 wt% the flexibility dinmnishes, and a 5 construction
containing at | east one of water content and additive asysuepBetoopt her
than cellulose in the porous sheet is also possible. As additive,

pol yet hyl ene oxide, etc. nmay be used, for exanple. 10 The raw material of
the cellulose in this enbodi ment w-l| %descri bed hereafter. This

cel | ul ose has an advantage of providing®a porous sheet with sufficient

2; ¢ 3523 ngggeémagr °%%%%§23°fﬁ%$255 r eﬁﬁa%@s%%?@:%%%ﬁi{%' °”p¢’%5orlt o
40
wo. the smiteiie @ erndlPrive JERESATHYL, ARG W S tes ”atetﬁe
i?rﬂﬁ?[ " Boar FLFRIE R BRARCpIRGd ﬁéﬁﬁ?ﬁé‘léa = °”a§fsﬁ$‘§eﬁlt Fom"
Conduct | vo i | SPBEF GELRP (AR FALH: %nﬁﬁ%ia?g s ST

hand, as fhe proportion of har p nt e i hcreases, _the 27
Novenber b00F0% GhEGtbi PREF bR beb BLEPRNL HROUR asaéqcmrwsthe

por ous sheet roves, Q{ow di.ng po ous sheet Wi th excellent surface

smoot hness. F‘lﬁr/@?/%-lT ids ctive makRerirdn Qﬁnhﬁpdmt%ﬁl pis 5
hi gher than the .range nenti oned above_(approximately 80 wt%, the air

per neabi | i tyqrbn(ﬂlq o SFACes Qf r 8314, é)ﬁ%t?ucfpéh edrciisec RBTdeaker
to eventuallyqproduce a |large ampunt of_fi ber refuse . In this way

defective fi %M 1@1%0&3935 b&iodOfed Skd | p1ase ¢ FOr ré-‘dlsmultn t he
case where an ordinary toilet paper is used, for exanple, a |arge anount of
dust and fi b&¥©3%ERuse coni ng out of this paper clogs the pierced holes,

eventual Iy | eadi to fr nt prod cti 15 of defective fillin n the
other hadfl, in t @E’é%@uggrﬁ% agﬁanty r , PRREYSon 9€
material cann t be absor bed weII beca,us of a dro of air permeability. In
the case V\he r%g‘ﬁ r'Est?aag RaH I bnﬁoﬁﬁgggl ate and porous sheet is
suckedfromlts ce side e for CII‘CUIt Qard i s, subject to
a suction force tEfﬁ‘ ﬁ “‘?" opﬁﬁgeﬁpath and S0 o RFL Q‘ d0g \BFageer

even in the ﬁ_lse V\/nere t he position and Yl_gagﬁgm ons of ced ?15 hoI es in
the plate fom&Pr@i PHFHT HEMYEH - thr' RAEQYE

specificatiorbs |‘tlsbecoqe§ce and a porous sheet, and is
15 c‘or_xstructed as the porous sheet is placed on the
porous }_;)late.' Moreovér, 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

5 holding the plate for circuit board and a

porous sheet having accurate surface placed on it.



27 Novenber 2002 ~3 possible for the plate for circuit board to be
submtted to a suction force, through those porous plate and porous sheet,
wi t hout being influenced by such change of product specifications. Namely,
5 the printing stage used in this enbodi mrent does not r expuNdvembér20682I1Ct i on
hol e of prescribed shape. The printing stage used in this enbodi nent, which
does not have any suction hole of prescribed shape, prevents accunul ation
of conductive material in 10 such hol essjand on the back face. In a printing
process placed under such state of vacuéimsuction, there are cases where

part of the con ctlve mat er i ille n.th erced hol es adheres to the

porous sheet butt ?npcqmuﬁaéa%ﬁl'y qq%t ajge ﬁo s WQRkIngs 9%‘5&95& at’ a
proper point in ] en the unber of tinmes, of print ressed Wth
this porous RRAEBTIG:y, D@s p {:X t"ohﬁ%evéntpiﬁlgﬁiﬂgr oPEsuch

deposit to the plate for circuit bo . v§¥e manuf act uri ng nethod of
circuit boarBodelst hﬁ§@iﬁ%d|%ﬂpgco% ceg@tﬁrz‘pﬁ%{m @Bak1s ate for

circuit board form 9 ierced holes_ on t |nt e and a process of

filling a co\ﬁﬂBEt’-l Rerin thesAirese P-E’ eg:hf @f€-25 § ace

side of the plate_for cjrcuit board_\Wil e, suckln said plate for circuit
boar d fror’mtg§aﬁ‘§’é+§ the RORAHR P é@@? i§ feOBF t Bi'nla'it'ng.l-%"il 8Ge. In
this nmet hod, c een s eet , organ c.resin base material or netal

substrat e, e'f’?: RETA t& aP& 1 Br RPFEHF ‘Bﬁﬁﬁ&‘l% As

= Conduct | veP e“@?‘,!aqa éﬁ%&%a“’”%ﬂn#ﬁe%%t o cRPESOR raF S uder Such
ol vent Suchiio F@p%tq%@avateh”de SHBlopoFarty ecefﬁ{l's‘n"a‘)i@taf%a“d,a
SSM”BZPEQLdeLEEEQ%fwé&ﬁ%%SX%B”E&WOrré%ai%"éé’ﬁ359% BRder 8nd &85 vent
mater i al G SRESHEG /7 EhidinbHBinod s, Sorssif P FRAEE iR o
Vecuum & 2B %Esﬁggf@t ido e vBRsah 85258—{#%2. et BFy eétf&‘?ﬁ%e o
Phan appr oxi SaESTy R s oo LEkS Cafe (R TR PpBcesel Eéw?#r”e“' anet
over i han SRS P aigR] £RLRD, sbibedu cRer, Badk SHBGY. Pr R N0

sintered metal plate or porous ceramic plate has

15 continuous ultrafine pores. Moreover, that porous
p‘late has mechanical strca:ngth for pfqtection
against cracking or breaking due to suction force
of vacuum suction, in the state in which the plate
for circuit board is supported.

20 The  porous sheet has a thickness of"
approximately 20 pum to approximately 80 um, for
example. That porous sheet is porous, at 1e;=.tst,
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 =J producing a void or depression at the center of the
pierced holes. Exenplary enbodinent: 5 An exenpl ary enbodi nent ~of the
manuf acturi ng method of circuit bodard according to the present invention,
manuf acturing apparatus for it and porous sheet used in $hRéverRBLIGASE Uri NG
method will be explained concretely hereafter with 10 reference to
drawings. Fig. 1. indicates an apparatus for coating a conductive materi al
on a plate for circuit board. Fig. 2 indicates a process of filling the
conductive material in pierced holes of /€he plate for circuit board. Fig.
15 3 indicates 'the state in which the conductive material is filled in the
pi erced hol elaterfgr cirauitgboardpe Namadyng Hhegporpumisshegdt ous
plate 8 and a porous sheet 9. Tie porous plate 8 has a_nechanical strength
20 suffici enthda®dr aior dipeymerbility .f or Thiatc upoTodts d shieetrad@®y afinteri ng
nmetal particles of particle size 40 un, and is a sintered netal plate with
a thickness dicQuoame surfaceoandshetorothata neasoncodtsi fiingsheduw % of
cellul ose and water 25 content. .Said cellul ose has 30 wm % of softwood kraft
pul p and 70 wameothhatiwbbhe paxftionl pf Pherced MowkebewlpDelk getsrface
roughness of the porous sheet 9 is 30 sec/surface (val ue obtained by the
test met héd dinJeentastiowith Tthet sugifasss of tihe polaauistheboaxd.s 5 0
um. 5 On this porous sheet 9 was placed a plate for circuit board 1
form ng piercha kblads Gaveth as dlegreer of accenagy Thias densbtioroLircuit
board 1 consists of a green sheet of a thickness of 200 un. G een sheet
means si nt er AAPPToKdmatekyofed 19/ 6N cEpaRRTrovhmatedyl .8 rgéem. On the
back side of side porous plate 8 is provided a suction nechanism 12. The
suction mechak$sfesirable.vadurtherporea ok &hs neasenmdrexeb thetal | ed
on the back face side of the

specific gravity of the pulp is supposed to be

10 approximately 1, the porous sheet shall preferably
‘have a borosity in the range from approximately
0.3 to approximately 0.8, conéidering the density.
in the case where the density is no higher than
0.3 g/cm’, the surface roughness of the porous

15 s}aeei;‘ gets higher, having bad influences on the
circuit board. In the case of a density no less
than approximately 0.8 g/cm’, the air permeability
of the porous sheet gets low.

The porous sheet used in this embodiment will

20 Dbe describe'd 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



t5 printing stage 2. The conductive material 5 was printed and filled in
the pierced holes 6 through the screen nesh 3 by sliding the squeegee
(skid) 4, while perform ng vacuum suction at a pressure of 300 mrHg from
the back side of the plate for 20 circuit board 1. Nanel y7 NbJagbeezv@duct i ve
material 5 was filled in the pierced holes 6, by the screen process
printing nmethod in the state of vacuum 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 Wwhich passed t hrough the porous

plate 8 and t%ﬁ or ous 7 Naqvermber 2002 | 7, sheet, .9 wor ks .on the pjerced
hol es 6 and, ! aghaé) st%% on ?ce'l?e@ﬂég%nﬁﬁaaﬂ%ﬂha[@i ;h%a qqée&:l | ed
adequatel y iggo the pierced holes 6., And ¥et, the filled conductive
material 5 ncPPeRPES 5w d t9Rt Heh®acRtBede BANGwe Fmut &B9r Q38U t
board 1, and no foreign matters or dirt, etc. adhered to the back face of
the plate forwRkereuiEheogellulege feond@nondsct e haver atheas ¢38s not
contain any air bubbles. 10 Next, on the green sheet 1, the pierced holes 6
of which are WtRlred VERR t hefdekdRil ey mat edimindsheds coa®R€ a A8 paste
containing silver powder, and prescribed inner |ayer circuit was forned.
Green sheéts fausfFuaions capdaiming catculeasier opeep@fed wakter
repetition of such processes, and by using different green sheets. 6 green
sheets .1 havi ggntens | med | agsditiveui @sar component other than

cellulose in the porous sheet is also possible.

As additive, polyethylene oxide, etc. may be used,

for example.

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

15 softwood pulp content increases. However, in the
case where the proportion of softwood pulp is
highér 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 variable. 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 increaées, the



one upon anot her, and hot pressed at a tenperaure of 100g and a pressure of
100 kg/cn2. A layered 20 product obtained this way was submtted to a

bi nder renoving treatnment for 2 hours at 400i , and then sintered for an
hour at 900C. Lastly, on the outernost |ayer of this Si”g?NG&Ln%QFié’oo‘é’as
formed a prescribed outernost |ayer pattern with 25 Ag/ Pd paste cont ai ni ng
silver powder and | ead powder, and then sintered at a tenperaure of 850C
27 Novenber 2002 1~ A circuit board Was_conpleted in this nmanner

I ndustrial Applicability Wth the cons Puction of the present invention, 5

there is no re need .qf, chanaqi t he specif.i cations of .poro | at e and
por ousI sheet %Fgﬁgﬁlﬁd'gaagl 333’&] ??ﬂ@uﬁllrré'#fet H@a‘gﬁﬁaﬁﬁpﬁéﬁﬁﬁ g’fyt he
late for circquit board are changed, and it becqmes possible tofil

Eondwﬂive melt iBOHQP§OSSﬁ§§NgWBEEW&ﬁESPBPVI&i&é POTX 4§ c§Peatoar d

havi ng di ffereng, specifications easily, b ns of a set of specifications
ofVIpo?ouls pl é?zb%]&nge’ﬁlﬁﬁéﬁ@rlkthe&uﬁ?éoﬁﬁ?ggﬁﬁ?ﬁ% ofﬁeﬂﬁa 'ivlé'-rl?'ratelri al
and dirt to the back face of the plate 15 %@é cg{ﬁﬁ$t boar _is revent ed.
27 Novenber 689 £&%8 AVRBTE WG PROPWTHANUPL RAFAYOLLiPRLP: dRar d

compri ol g Lt ShES® ! il SoEhR0 ® BRRLI 19 slade fadhng aboraus
circuit board Doyt 0% hPLEI R d e FOO RS Uik PR RN T PRy ¥ohas
to drop. As a result, the suction force becomes
weaker, to eventually produce a large‘amount of
fiber refuse. In this way., defective filling
10 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 produc¢tion
15 of defective £illing. On the othexr 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
20 porous plate and ﬁorous sheet is sucked from 1its
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

25 holes in the plate for circuit board changed with

some change of product specifications, it becomes



(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
menber at 10 prescribed vacuum pressure fromthe back side of said porous
menber; wherein said porous nmenber has a porous pl ate pesynralehet 200phe
direction of thickness and a porous sheet containing cellulose in the range
of approximately 90 wt % to approxi mately 98 wt % and perneable in the
direction of thickness, and 15 said plaBe is placed on the top face side of
sai d porous sheet. 2. The manufacturing nmethod of Cdaim1l, wherein said

porous sheet pb%s;]fﬁiécef&e’tﬁé”tﬂfétéorﬁHfSié‘.ﬂréﬁitSt§8a&fd r ¢ apeng said

porous sheet "wi th anot her porous 'sheet. 20 3. The manufacturing nethod of
cont ai i ng SIS Reare mh BUSRoRS Frnbes | FLFoR Hhope, BRRBus

Cheot - cont al BT SoRimoRCRORY " SRV MAsHORE My TudaPea ) Lo
appr ox mat ol 3 60 S L OE it gD RS Gat R Dy

ot er i al, Sand & pEor AT £y dor aPRs Tasher Amiin € netiaent S0 ol
ranut act ur| ndOt RORar < AR PUCHEPAT IR OF IREEREILEY sRApk. [

sintered bodymgpbt ﬁk‘\?ﬁﬂ:l %sgrﬁta?é' ngs &gt 2‘|nneet g&r .eﬂboéﬁ_ﬁ:e{gﬁg;'uf@ﬁ'lgﬂ ng

nmet hod of Caim 1] erer sal @ porous has a SS 0

appr oxi mat el y3 40g Uffh 0 ?éhngf%ﬁ'&ti% 01870 Hrearibhg Shaplls @

t hi ckness of approximately 0 approxi mate

manuf act ur | ”%ﬁ%ﬁ‘ﬂs"f alinitat YOA' €68 tﬁSnﬁh%%.“s?é er%éE&‘%ilng.ﬁf“ d

por ous nenbe vacuum pressure I's Irn the range trom approxinately

100 mHg ARPERX BEHIhE- I;ﬂ?:n%g t urdg f im1,
wherein slgiod porlg)tjg{iﬁ%ée%/ as a denlélgt;?o appr oé%crrg[re 3%%@%?{5%99&6“ "

i mat el : 1 ﬁ‘%ﬂf ' fiRf [ :
%gigﬂ,@i ﬁ ?aﬁo%‘g%rg%g?sisa%%?, Qgglg%econ uctgﬁéelﬁénark?fép?g I's f?ﬁ’ggmlr%' sai d
pierced hol e ¢idrbeagleN&dBeR00uRbrRC! ¢! | BE NEHEP! Nodpate gl mask

printing nethod. 11. Apparatus for manufacturing a circuit boar

conprising: Zhafepilili £9130CiHAVERE pPELEEY "RBNYs PAGHRAGS Ifothe

direction ' of thickness, capable of placing a plate for circuit board
above said pofpes pBEFRYs aheet but, in that case, only the

15 porous sheet is replaced, at' a proper point in
[ § M

time when the number of timés of printing
progreséed. 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



a suction nechani smfor sucking said porous nmenber at prescribed vacuum
pressure fromthe back face side of said'porous nenber, and 25 a coating
mechani sm for coating a conductive naterial on said plate for circuit board
pl aced on said printing stage, fromthe top face side of 2sR&@nBE! FT0ORNY
stage, capable of coating said conductive material on the surtace of said
plate for circuit board fromthe upper side of said plate while said plate
i s being sucked as sai d porous nmenber i{z}-subj ected to vacuum suction from
the back 30 face side of said printing stage, wherein said porous nenber

cheet comossa b FHRE #LATE L8 PO 1" Re diroction of thi ckness
placed on sald papoueealalfeckid, RLNMEIL 200 Sot ) BLgis
Clalm 1) wherslih sud LoRass Aat o ol actlte Rl elogal d Lt ggasta0e,
por ous. sheet YRS nrEafc sra IF, - Asc AL, K8m GAERRE ISR or caid
DL oo shoene SAaRERaYY Abckdadle, BRI ABBHAET LY,
;Lnfﬂﬁl g‘gélﬁféiﬁﬁgiﬁepﬁi?ﬁd%géﬁﬁ; Selefigte: iaid“%bf@?&%‘i on dd
of coi | ul osi SEERFAE, i PeoMsBd uasa fr e ror BB oR8oimaFaty pui p
20 it cone o MARASH sl BTy WIFT oA S S Sualient ol Bapaall vl osl
Loprbl 0% il (5 RO UERokER! (o dfa! B 46T98rY sucn

10 as terpineol, etc. The proportion of blending of
those component elements is approximately 70 to
approximately 95 wtg of metal powder and
approximately 30 to approximately 5 wt¥% of binder
and solvent components, for example.

15 As for the method of £filling _condu’ctive
rr:aterial in the piercéd 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 risk of



18. The apparatus of Claim 11, wherein said porous plate is a worked body
of powdery material and has such property that a plurality of holes forned
anong said powdery material enable ventilation in the direction of

t hi ckness. 30 19. The apparatus of Caim 11, wherein saish peRds Pbate is a
nmetal sintered body obtained by sintering netal powder. 29 April 2003 22
20. The apparatus of Caim 1ll, wherein said porous sheet has a thickness of
approximately 20 umto approxi mately 80ygm and said porous plate has a

t hi ckness of approximately 1 mmto approximately 10 nm 21. The apparatus
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15 3 indicates ‘the state in which the conductive
m;terial 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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JIS-P 8119). The thickness of the porous sheet 9

is 50 pm.

5 On this porous sheet 9 was placed a plate for
circuit board 1 forming pierced holes 6 with a
diameter of 0.15 mm. This plate for circuit board
1 consists of a green sheet of a thickness of 200
pum. Green sheet meaﬁs 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 wvacuum pump l2a and a wind
tunnel 12b installed on the back face side of the '

15 printing stage 2. 'The conductive material 5 w_as.‘
p‘rin{:ed 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 vacuum
suction. The conductive material 5 consists of a
Ag paste having 80 wt% of Ag and 20 wt% of bindeﬁ:

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

passed through the porous plate 8 and the porous
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1098 ()-'1E ! 109%& 1 10%
I'sS> 100648 (F0 e§§>(9zidﬂm{‘§ ! %éw@:@rm#wmm@m by that
" 109RR& () g210%g & (n) 9l 10%g& ().- 10 10 .10;310%&k Q 8s! 109%& (5)
x$CWR Q' wUB%‘@ 106@@33,92 he  conductive aterial 5a is
filled adequately into the pierced holes 6. And
yet, 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 850TC.
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Industrial Applicability

With the construction of the present invention,

9 there is no more need of ghanging the

specifications of porous plate and porous sheet as

printing stage each time when the specifications

of thé plate for circuit board are changed, and it

becomes possible to fill conductive material in

10 the pilerced holes of .plates for circuit board
having different specifications easily, by nmahs‘

of a set of specifications of porous plate and

porous sheet. Moreover, adhesion of conductive

material and dirt to the back face of the plate

15 for circuit board is prevented.

'y ’
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10(1 ?!/fg‘lé?y( (& l(: ) 1 /zz%ﬁe %E/%%l;a O(éircm%%ard comprising the steps of:

10! p 1 109%& () -y, ! f ‘fe(eh infird) $t8g é)ha)hnb a porous member permeable in
‘!100/&'()5-y 1611 fy *J+J< Jm]JJ>KuV4/"$ 10% u
the dll'eCth 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 séid 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 sald 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 sald porous sheet is
composed of cellulosic sheet containing softwood kraft pulp and hardwood kraft
puip.

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 wi% 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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7. The manufacturing method of Claim 1, wherein said porous sheet
5 has a thickness of approximately 20 um to approximately 80 um, and said porous
plate has a thickness of approximately 1 mm to approximately 10 mm.

8. The manufacturing method of Claim 1, wherein the pressure for
sucking said porous member with vacuum pressure is in the range from
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 c'ircuit 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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14. The appératus of Claim 11, wherein said porous sheet is provided in
a way to be replaceable.

16.  The apparatus of Claim 11, wherein said porous plate has a pierced
15  hole, so that said conductive material may be filled easily in said pierced hole by
suction force.

16.  The apparatus of Claim 11, wherein said porous sheet is composed
of cellulosic sheet containing softwood kraft pulp and hardwood kraft pulp.
20
17.  The apparatus of Claim 11, 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%.
25
18.  The apparatus 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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20. The apparatus of Claim 11, wherein said porous sheet has a
thickness of ap-proximately 20 um to approximately 80 um, and said porous plate
has a thickness of approximately 1 mm to approximately 10 mm.

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®.




