:e3e| |} <@ 6HTg{ C17 Decenber 2004 PRI NTED W Rl NG BOARD AND METHOD FOR
MANUFACTURI NG PRI NTED W RI NG HOARD Description 5 The present invention
relates to a printed wiring board and a manufacturing nethod thereof,

specifically relates to a doubl e-sided printed wiring bbaPgcgrpey 2004

mul tilayer printed wiring board with a plurality of
el ectrically-interconnected EBRIRFRR HERENG tRGARD] ékﬂérs 10 formed thereon and

to a manufacturing nethod thereof. It is proposed that, in a printed wiring
board, an i nsul at orMESRPIFPH MAFHEACTURANG EFT‘ WIRING RN patterns and
the conductor patterns are interconnected by a conductive conpound in a
via-hole fornmed in the insulator board. As a manufacturing nethod for such
a 15 printed wiring board, a nmethod showmn in FIG 12A is proposed. In this
met hod, Pe$6E%REA ally cylindrical via-hole 124 is formed in an insul ator
board_ 123, which is nade of prepreg in B stage status prepared by
irrpre@nati ng a core material such as glass cloth with upset thernosetting
resin. A conductive paste 150, which_is an 20 interlayer connectin

material consi Stiengrefentetaren=on Epbatem ¢opf neictntess Wit g bogid g
thernosetting resin, is packed in the vja-hole 124. Subsequently, the board
and condﬁf@‘PPg?eth"‘SF'Pg meIBiod o FaetRpta EB‘?ﬁi’tféFB?l%a’ﬁ]@rtﬁsaF% 3 dePRLeetidedy

150 becoREetseb T an CoRBATd @ CBIBIAPIEn SHr IR PREISEIRIHHg GREbhe |-
eco | C t¥94g SF-thé -
bi nder r%ii.l?éli%grd cg:fo ngfgcttir\igaiﬂir—li%ttjész:gonnected conductor pattern layers

10 formed thereon and to a manufacturing method thereof.

It is propesed that, in a printed wiring board, an insulator
board includes a plurality of conductor patterns and the conductor
patterns are interconnected by a conductive compound in a via-hole
formed in the insulator board. As a manufacturing method for such a

15 printed wiring board, a method shown in FIG. 12A is proposed. In
this method, a substantially cylindrical via-hole 124 is formed in
an insulator board 123, which is made of prepreg in B stage status
prepared by impregnating a core material such as glass cloth with
unset thermosetting resin. A conductive paste 150, which is an

20 interlayer connecting material consisting of metal particles and
binder resin made of unset thermosetting resin, is packed in the
via-hole 124. Subsequently, the board and conductive foils 122
forming a conductor pattern are laminated.

By hot-pressing this piled body, as shown in FIG. 12B,

25 the conductive paste 150 becomes a unified conductive compound 151
with the setting of the binder resin, and conductive foils 122

forming conductor patterns are interconnected by the substantially



form ng conductor patterns are interconnected by the substantially 1 17
Decenber 2004 cylindrical conductive conpound 151 fornmed in the
substantially cylindrical via-hole 124. In this proposeg_/ rt,

i nt erconnection between the conductive foils 122 formn E’@ﬁ&ﬂlqeé?o[%tter ns
is achieved with the 5 substantially cylindrical, cond (Y 151.
Ther ef or eylindricedssonduetivie FRMRAUBE Wi¥h nfPBES: ¢* ngﬁ‘rgs Sglbg?g}ég%qgge to
def ormati on such as bending, the conductive conpound 151 is likely to incur
stress coptiminigalovidwotfielddicinity of a junction part 151b that is a
junction part with the conductor pattern (the .10 gon ti ] 2). I f
repeated or | adg§etBis eB@R%ﬁ@e%‘iﬂat’i’&ﬁng'(‘%%é'Pat 5%“?%?& ﬁésvft‘gflléﬁ%gyl%%f t he
junction part 151b, reliability of the interconnecti opli%‘%c{ o] J._rt%d. t}@e
present ifakbmti b3 haEPmérd neeRAUSHOGi eRABFET™ e dovEfent! oned aspect's with
an object to provide a printed wring board 15 having reli I nt.er Layer
connett i (§I@lb%11F1'cléﬂtéc511"-35\}1)r‘?3(:1&{“!':‘6hc"i‘]Jet‘H’t‘S’(‘]m[gﬁ11a‘f%0‘?0.““5"?81@cjh‘{ie've%%l hggfacgrg\ietlgbjhect . a
printed wiring board has a unified conductive .co und i [ ol g, The
conpoundchas athsitde thal IP%%d‘]tﬁeen"(“PﬁlganH%?re égﬁggégt irgng s?ﬁgs%oﬁd ict or

pattern. The wall 20 has an ingclination_against_t u rs 1 in
such a neRfeFMaHERN FH‘éhf%ﬁthP?éﬁdlf‘goﬁlﬁ%ecoé%ﬁ g%%%r&gngg) tB g‘?ngggnléf)ﬁielks%irlge

wal |, the closer to the center axis af the vj.a- .o ef VA |
conducti ¥@ dBAPBUREFSSS FERTERVERITIH™ 1t tthﬁe\gérééggége%tfi %n%tiﬁée%rﬁggf E%%tt he

cross-sectional plane that sses the 25.¢cent.er | 5:26rt Nttedn halee:
provi des léhbar‘:c‘:"lf‘}gsi't‘a“pe?‘l ngﬂ?mgpﬁigt r@tﬁn\%h%ti%&eveﬁ :1%the cca)(seet hat a

stress due to defor [ such_as_b jiNg,. i ISh- 8854 Gdrnd@nPrationd iwi ri ng
2 1% DEEE‘PFB%?W?OGFEE%O%,' i?fi e%%gglhbgié ?% %resven? the stress from
concentrating in the _vicini.t f | hopiardaref 1861, GRNGHELIME of
corrpound.ge*i‘ﬁg"i‘ree]%oﬁﬁ, tP'ﬁemrcénl‘nggi ?ftdyﬂ%gh?ﬁgl%t%rrconnecti on avoi d$ beconi ng
worse. Th filrréis ggc%eogf.ghﬂ piastic resin. Therefore, when the 5
conduct i VEECHNEETRA W 15 t hie T nclination of the side wall is formed, the

insul ator film,s r%@ggﬁé’ def0rTBA BhasbibeR! hydéngn t fipewi G hetlee aoveeadi |y
formed in a shape EGRtor i ng to the shape of the conductive conpound.

Mor eover f&&p%s?)ggpgqg&ﬁ Sinf 8bYBEL bio Frdvedeng priraledl@iping ilwlags,
educed.

apparent “volune 1 s Theref ore, the conductive conpound is readily
fornp V“nfakg-ﬁéle ARGkt i RPefaylehe Sbecwbh . ahle cofducicatipat treticds made
of metal . The inter] ayer connecting material includes first and second
metal pankebes. The first netal particles can formfirst alloy with the
metal making up 15 the conductor pattern. The second netal particles have
hi gher nelting pidhikkanthdeabeads i sigjdeenpar atrinted owifingekegide d#8Fng
| ayers and can form second alloy with the netal naking up the first netal
particl e.ynlh@edNidridadt cn ditmbbyad comeowrid-held.or Fbe eymoesndr Bas hPidse
interlayer connecting nmaterial.in the via-hole between

wall adjacent to an area contacting the conductor pattern. The wall

20 has an inclination against the conductor pattern in such a manner
that the farther from the conductor patterns on the side wall, the
closer to the center axis of the via-hole.

preferably, the conductive compound is formed such that the
cross section thereof on the cross-sectional plane that passes the

25  center axis of the via-hole provides an arch shape.

According to the invention, even in the case that a stress

due to deformation such as bending is applied to the printed wiring




20 a plurality of conductor patterns. Therefore, the conductor patterns are
electrically interconnected with the conductive conpound and the

i nterposing solid phase diffusion layer that is forned t he nut solid
phase diffusion between the netal nmaking up the conductﬁ/Dﬁﬁ?mﬁﬁgﬁhﬁ t he
first netal in the conductive 25 conpound. Namely, the electrical

i nt er conpeatd PnitheidngRiastPe CONOsiEdvRNtPRhE CEPfedsS fin REGeRYrataaganhcal
contact so that the interlayer 3 17 Decenber 2004 contact resistance

hardly chaagesicihity, dfhear efiraliibit ypfe t Be itHeer eondestiiven esmgerinbiai nl'y
enabl ed to avoid becom ng worse. The above and ot her objects, features and

advant agepeféfdrae ThRr @eedbiln¥gnbiforhw lihtbessiiReciRbr appadLbedomanyt he
foll owi ng detail ed description made with reference to the acconpanyi ng

dr awi ngswotde ! hehdlrrAdnNgs maBeGSE thhrinopl dstdeerps Dr.esshénedieradfen the
cross-sectional views show ng production processes of a printed wiring

boar & i Ncbhdudtilet cokfpoail 0l vl fhe Oind1Napi&s &H theveidd eall HESFormédand 2B
are partially-enlarged schematic views of printed wiring boards

respect i vk yirghil @t opafikimngs ar€aidyC Be¥erngal pRabtida Miyaahdl ehand aahbes

i nterconnecting layers in the first enbodi nent of the present invention; 15
FIG 3 issareadilyl kyprmed atgech vikapes hovhfgmanhenss | ¢chkl yshhpe sitapeheof a
conductive conmpound in the first enbodi ment of the present invention; FlG-
4 is a geaplucshosiqugpbbed eval uation result on the adhesi on between a copper
foil form ng the conductor pattern and the 20 conductive conpound; FIG 5
"is a graph shoverspvelre changeheatdomponnd hésvifarmedi dy reisitetamgemetal he
printed wiring board after refl ow sol dering process of the grinted wiring
boarlld, PFPES.iches andpaBeate vpaune als yredicedged Theleferte,c thicewsndBcsiren ng
respectively the states after packing the conductive paste in the via-hole
and af t egonipousd cohireatilyy floaped sviith the wddndt rbodi be:mtside wald .pr esent

invention; 4
The conductor pattern is made of metal. The interlayer
connecting material includes first and second metal particles. The
first metal particles can form first alloy with the metal making up
15 the conductor pattern. The second metal particles have higher
melting point than the heating temperature for interconnecting
layers and can form second alloy with the metal making up the first
metal particle. The unified conductive compound is formed by hot-
pressing the interlayer connecting material in the via-hole between
20 a plurality of conductor patterns. Therefore, the conductor
patterns are electrically interconnected with the conductive
compound and the interposing solid phase diffusion layer that is
formed by the mutual solid phase diffusion between the metal making
up the conductor pattern and the first metal in the conductive

25  compound.

Namely, the electrical interconnection between the conductor

patterns is not made by mechanical contact so that the interlayer



17 Decenber 2004 FIG 7 is a cross-sectional view showi ng an elenment piling
configuration for a nultilayer printed wiring board; FIG 8 is a
cross-sectional view show ng another elenment piling conflgurati.on r-a

mul tilayer printed wiring board; 5 FIG 9 is a cr oss-se&%i ml?ﬁ"eéﬁ%éhovm ng
other element piling configuration for a multilayer printed wiring board;

FI G 1D iconaact osssZgahcenahrdleveishaesng ohbes ehenealigbilling of the
configuration for a multilayer printed wiring board; FIG 11 is a

Cr 0Ss- sedintenadnneiceiv:s hieweagt Dinlgr exdidrento 10/qidl bagpndiowrf wgteeat i on for a
multilayer printed wiring board; and FIGS. 12A and 12B are
partially-enlarged schematic views of printed wiring boards respectively
after packing a conductive paste in a via-hole and after interconnecting

| ayers in the rlheaebdvarand iheer ebpaftser feanbodi madt sdeantdyesprods ehe
invention are explained with reference to the drawi ngs. (First Enbodi nent)
In FITG IpAesentsi agrentdpdedviddnchesione patreerapphairknt 2from stimwnfekldwdugng a
plurality of conductor patterns 22 that are defined by 20 neans of etching
a conducdeteilegi | deacxrigigen frade wwtihh 18rgfigrancdi cknesshel natbompagybiodi nent )
adhered onto one side of a resin film23. in this enbodinent, a

t her nopl dsavingsi.| nwkhé RBwings: u mt hi ckness, which is nade of a mi xture
of 65 - 35 % pol yet heret herketone resin and 35 - 65 % pol yet heri mi de resin,
is 25 used as THESyeldntdilin @R pYocess tihe-proneis torossateetipr22 vievsr ned,
a substantially cylindrical via-hole 24 bottonmed with the conductor pattern
22 is 5 Shawinge PERGGLIPDORIIISTEE BY 2 )x@dsitAd vhelndedpardiimtr® ddrehar bon
di oxi de |l aser, as shown in FIG 1B. During the formation of the via-hole
24, the ewrriidesE FfattherpresenEsinyiddigel ng dug by the |aser by adjusting
the power and the exposure period of the carbon dioxide |aser and such. 5
QO her than the%%bogﬁd?@‘?{i dB Raseparkidilyepniarged dichepatic keiens ok
utilized for formation of the via-hole 24: In place of |aser, other

vi a- hol ePFHFafdt MohINE RPSTEBCRESRECHLY Y (RGPS BRPtiNgaBl £°niRicVEr PaRist e
machi ni ng_by | aser. heamis preferabl e because of capability thereof in fine
hol e nncﬂ?ni%gvﬂsﬁlho eheaP‘iaﬁfiﬁﬁnab‘H:elrS‘mne‘:tmg PR 107 &ne® $0rse

embodiment of the present invention;

15 FIG. 3 is a partially-enlarged view showing schematically the
shape of a conductive compound in the first embodiment of the
present invention;

FIG. 4 is a graph showing the evaluation result on the
adhesion between a copper foil forming the conductor pattern and the

20  conductive compound;

FIG. 5 is a graph showing the change ratio in the wvia serial
resistance of the printed wiring board after reflow-soldering
process of the printed wiring hoard;

FIGS. 6A and 6B are partially-enlarged schematic views

25 showing respectively the states after packing the conductive paste
in the via-hole and after interconnecting layers in the second

embodiment of the present invention;




10 the conductor pattern 22. After the via-hole 24 is fornmed as shown in
FIG 1B, conductive paste 50 that is a material for interlayer connection
is packed in the via-hole 24 as shown in FIG 10. The pgf i S @re ed by
the steps nentioned bel ow. 60 g of terpineol, which is Egmqg‘%f 4ent
is added to 300 g of tin particles 61 (first netal particles and shown in
FIG 2A) with Sifn neds garariosFesettienahdvies shawjngpaai felementr f mickdingnd 300
g of silver particles 62 (second netal particles and shown in FIG 2A) with
|, um nearfPALTIEIta0s| far angulitdaypr pripaeilf wiringr baeed; The nixture is
conpounded by a m xer to make 20 it pasty. After the conductive paste 50 is
printed and padiééd it theavicaoRBtee4opdlt Néewi FEPEirg datodmrdugtamenpat t er n
film21 by _a screen printing machine with a nmetal mask, the terpineol is
evapor at #1409 LARLIquE ionf Fpr 30mud Widaysr printedswinksdbaerd; the 25 screen
printing machine is used for packing the conductive paste 50 into the

vi a- ol e 24. HEWSve? , ioeherosetesdsonasl vded shayiagsether elggent wiling
usabl e as | ong as the nmethods enable reliable packing. 6 17 Decenber 2004
Or gani ¢ SERFEARTStePhior: Aamitdlgypediriated apglingabtardis a sol vent to nake a
paste. However, organic solvents with 150 - 300 C boiling point are
preferably usedIGor déni ¥ sél VERES-tREAIRGaL he/15Yi |Shelyipsi fither Bemendr
lower is |ikely to, increase timnme-dependent 5 variation of the viscosity of
the condBe¢tiR% CRRSIBIIBEIoODTLMNE BiHdd AR Pristga e 86! beardinavi ng boil i ng
poi nt hi gher than 33& C i s unfavorabl e because evaporation_ tine_thereof
becomes | onger F1fn thi siS%enBoERERTSSIHENET n VFEYt iSBoWing ©fheF 1 @LeBant

‘partjcle sjze and_0.5 / ecific surface and_the .silver particles with
i TPRLET BRRriRatlel B MR LTAY e FaPrt (IEinE AT st ad for t he

onduct i 0..Th ticl ferably h .5 -.20 |
el 6 s Paskasy 12H ST 3, BRE pSreRa Re e e | Aenatid midiiich e
t al i : ticle. s Ll er than 0.5 i fi
sur face. PhUfeR° palft, TP (e By RS ¥ 0B RIeb A aip i B R R T 1 or
adj usti ngy 160280 b0 SHaDLG ARSI 9L, 423 Holse. Raskng.. Conduct i ve
paste Contalnlng alot o organi ¢ solven re I res Iong i1 ne or

evaporation, and a lot of gas is generated by the heating during
interconnecting tine period if the evaporation is insufficient. Therefore,

voids are |ikehyrdidabeerl0 gamehdh&fds N drhe thba- Bebferdd @REnt &l abidd ty of
t he i nterconnection
explained with reference to the drawings.
(First Embodiment)
In FIG. 1A, a single-sided conductor pattern film 21 is shown
as having a plurality of conductor patterns 22 that are defined by
20 means of etching a conductive foil (a copper foil with 18 Um
thickness in this embodiment) adhered onto one side of a resin film
23. In this embodiment, a thermoplastic film with 25 - 75 u4m
thickness, which is made of a mixture of 65 - 35 %
polyetheretherketone resin and 35 - 65 % polyetherimide resin, is

25 used as the resin £ilm 23.

After the conductor pattern 22 is formed, a substantially

cylindrical via-hole 24 bottomed with the conductor pattern 22 is




is lowered. On the other hand, in the case that the netal particles have
nean particle size larger than 20 ,umor specific surface smaller than 0.1
m/g. it becones difficult to pack the paste into the via 25 hole 24. In
addi tion, the netal particles are likely to be unevenlyl4iRecambgretl04 { nat
It al so becones difficult to provide the conductive conmpound 51 nmade of
honogeneoigsmatl| by skpesingedthengesin filhm Xt erberar2@d4 diefkdde laseercomduct i ve
paste 50 is packed into the via-hole 24, the surface of the conductor
pattern ZhoWaciihg FilRe \Ba- hdheimy they fsamekight ¢ thehudadioleeRicedhe
Thereby, solid phase diffusion described later is preferably done. 5 On the
conpl et i Giwngfctdie peatkim@2oktscanesc bathg tdugebpathe 188er vy adjesving Hdlee 24
and the evaporation thereof, a plurality of single-sided conductor pattern
filnms 21 Rowetrand Lhe, eXposuragieraed)ofatdeptddn dioxidawiaser Rng sigh. One
pair of single-sided conductor pattern filns 21 of the |ower side are piled
such Phat the Sitheridhpnclheli agrhone dioxddet daspat tfHimeE flases dowther d.
The other pair of single-sided conductor pattern filns 21 of the upper side
are pil edlgacfha}t Mgt uthéizgdddor nEPumiitagnt ¢le Wengdatiwlgaid-er in acgces
upward. Nanely, one pair of single-sided conductor pattern filns 21 placed
i nsi de arf@SpFi erhepgetardels Eermakien meansi gech me daihiing is5apphidabler ’
pattern 22 faces each other. The other pair of single sided conductor
pattern FPVEESD] BRle pradnddghyhdi@seRe bsRBe ishcPirfiavgbédndgeaase paftern

22 of one filmfaces the side including . . i
capability thereof in fine hole machining with the least damage to

10 the conductor pattern 22.

After the via-hole 24 is formed as shown in FIG. 1B,
conductive paste 50 that is a material for interlayer connection is
packed in the via-hole 24 as shown in FIG. 1C. The paste is prepared
by the steps mentioned belbw. 60 g of terpineol, which is organic

15 solvent, is added to 300 g of tin particles 61 (first metal
particles and shown in FIG. 2R) with 54m mean particle size and 0.5
m’/g specific surface and 300 g of silver particles 62 (second metal
particles and shown in FIG. 2A) with 1,um mean particle size and 1.2
m’/g specific surface. The mixture is compounded by a mixer to make
20 it pasty.

After the conductive paste 50 is printed and packed in the
via-hole 24 of the single-sided conductor pattern film 21 by a
screen printing machine with a metal mask, the terpineol is
evaporated at 140 - 160 °C for 30 minutes. In this embodiment, the

25 screen printing machine is used for packing the conductive paste 50
into the wvia-hole 24. However, other methods using a dispenser or

the like are usable as long as the methods enable reliable packing.




no conductor pattern 22 of the other film A cover layer 36a that is a
resist filmcovering the 20 conductor pattern 22 on the top layer is piled
on the piled single sided conductor pattern filns 21 havirlqu a plurality of
|l ayers, and so is a cover |ayer 36b that is another resil {858 Qfm ng

t he conductor pattern 22 on the bottom | ayer. The cover |ayer 36a is

machi ned to pravgdeia sslvwentbr etipér 25hahi eargimeell e @neodppd2calsieexgpomsed in a
predet erm ned position of the conductor pattern 22 on the top |ayer, and so

IS the ce¥®ferdtaysr mBad at paProVi Beweanret hergdimkess ivantghwirkth Ascar ad@cCr ode
37 is exposed in 8 17 Decenber 2004 a predeterm ned position of the
conduct obophirgerppi2? airet herdfetboly | ayed. | Orgdnis esdpowntenthavime shee
resin filmas for the resin film23, which is a thernmoplastic filmwth 25

- 75, (. Cebihimekpesss dradeo o€ & Mowedr s Afik6by -tB5nkrpadey atiherddgearikat one
resin and 35 - 65 %5 polyetherimde resin, is used for the cover |ayers
36a @nd 86biatAbheof piHd ngstdmityi nfl ehsicpeductivdupaste pHtt ePm e ethet and
the cover |ayer 36a, 36b as shown in FIG 1D, the piled unit is hot pressed
from t hendgp adrhanott el senitf depsnghepedindypaintaduigehothan e360 nichise. in

this enbodiment, the piled unit is pressed for 10 10 - 20 m nutes under 2 -
10 MP presSavceabd¢ tbecaass reyapenpeicat give dfhereof becomes longer.
In this embodiment, the tin particles with 54m mean particle
size and 0.5 m’/g specific surface and the silver particles with 1u
10 m mean particle size and 1.2 m’/g specific surface are used for the
conductive paste 50. The metal particles preferably have 0.5 - 20 u
m mean particle size and 0.1 - 1.5 m?/qg specific surface.
In the case that the metal particles have mean particle size
smaller than 0.5 #m or specific surface larger than 1.5 m’/g, a lot
15 of organic solvent is required for adjusting the paste to suitable
viscosity for via-hole packing. Conductive paste containing a lot of
organic solvent requires long time for evaporation, and a lot of gas
is generated by the heating during interconnecting time period if
the evaporation is insufficient. Therefore, voids are likely to be
20 generated in the via-hole 24, and reliability of the interconnection
is lowered.

On the other hand, in the case that the metal particles have

mean particle size larger than 20 um or specific surface smaller
than 0.1 m®/g, it becomes difficult to pack the paste into the via-
25 hole 24. In addition, the metal particles are likely to be unevenly
distributed so that it alsoc becomes difficult to provide the

conductive compound 51 made of homogeneous alloy after heating.



24D - 350 C. Thereby, as shown in FIG |E, each single-sided conductor
pattern film 21 and the cover |ayer 36a, 36b are bonded together. Wile the
resin filns 23 and the cover |ayer 36a, 36b thernmally f 15 to r to
be unified, the conductor patterns 22 adjacent to the cgzmm}ﬁ%ﬂﬁe 50
in the via-hole 24 are interconnected and a nultilayer printed wiring board
100 with the eBefireotize 3@nductuive phee &ifd ishpadiastc LRpbEetBy vaa-tdke @tner
side is provided. The resin film23 and the cover |ayer 36a, 36b are nade
of the seaie 20rfins miplthst conduespn Battdrat 2BofacHte ther Yilp-igiief i24d™By bei ng
thermal |y softened and pressed. Hereinafter, the mechanismof the

i nt er conrtect $bighitdy exepbbédchedr winedueed er efbereky F| 85L1D AphaRe 261 LERFAANt he
paste 50 is heated at 240 - 350 C, the tin particles 61 nelt and stick to
the 25 suiesarebest laher sis| peefarably dang.62 because the nelting point of the
tin particles 61 and that of the silver particles 62 are 232 C-and 961 C,
respetively. A tthe hewpliefgonsofokite masking ¢hi she cirliderbhre paste750
Decenber 2004 fused tin begins defusing fromthe surface of the silver
particl esingadthe diadplenddt ieng shenevaperations thearebetdheiimalstunat
silver. In this case, the conductive paste_ is under 2 - 10 MP pressure.

Ther ef or &ingte-stiéed Fenductor 2pattara ddamaicel veleBndodha  51°F si19@REd) 5 in
the via-hole 24 with the tin-silver alloy formation. In addition, while the
conduct i PEeCBIRSIN@S5Show figr FEQ- | 1P+ hENG| Al 5ingleysddst (cIrFRH
conductive conpound 51 is pressed toward the boftom of the via-hol e 24.
Ther eby, PatheEbrfdmsedli 9Lt ABec RHEEL BV coFf obhPdS B9y @Bﬁpépecﬁﬁflﬁi ned
in the copper foil_ 10 fornming the condu%tor attern 22Tdith'Fse mut ual ly,
and 0 solinglyhidge toF fORERSPY BFEFEHY 2251} gwnyarcye T SFRE &t Yken t he

conductive conpqund 51 and t he conduct.or ttern 22. Although not.shown in
FI GS. ZASéﬁﬁlezn%,lgFﬁec%rGIuFﬁoblﬂfé%eﬁpf :hlé‘isoﬁill e ?suﬂpgf-n‘gbé{%ﬁ’ﬁel 8?‘??/ at the

7L RSB RO S R ERING SRR AR Bluln bRl il
pac e 22, 2 ey O el LTIl g A SRR S kiR by
O 1 OBAUE" e, I DT e, LU COBRUCLAY POl kinydio o 20
15 conductor pattern 22 faces each other. The other pair of single-
sided conductor pattern films 21 are piled such that the side
including conductor pattern 22 of one film faces the side including
no conductor pattern 22 of the other film.
A cover layer 36a that is a resist film covering the
20 conductor pattern 22 on the top layer is piled on the piled single-
sided conductor pattern films 21 having a plurality of layers, and
so is a cover layer 36b that is another resist film covering the
conductor pattern 22 on the bottom layer.
The cover layer 36a is machined to provide a hole through
25 which an electrode 32 is exposed in a predetermined position of the

conductor pattern 22 on the top layer, and so is the cover layer 36b

to provide another hole through which an electrode 37 is exposed in




t he conductive conpound 51 continues to be sintered even after the solid
phase diffusion layer 52 is forned, and the conductive conpound 51 shri nks.
In this enbodi ment, the conductive conpound 51 is smaller in volune by 10 -
20 % than the conductive paste 50. 25 Because the insul Af &egesdhei 4404m 23
is hot-pressed by the vacuum hot-press nmachine, the resin film23 is

def or med & rpradevstrenddbpes iiioacbf onhancbridnetsespar tearhm223oadiRe epdttiom t he
vi a- hol e 10 17 Decenber 2004 24 is deformed to protrude out into the

vi a- hol e 12¢er Thénnddisl esbafimehastile sunefrdsie rib msf iftbm 2@ iresigdifged to
about 5 - 40 MPa whil e being hot-pressed by the vacuum hot - press machi ne.

I f the resinwiidimia3avitdimoptamed Mol lwithobsel ar it thidkheBE S Shffe i this
way, 5 substantially honogeneous pressure (hydrostatic pressure) is

gener at e@ imixtheei aSubéat or 35 edi polydthe28thditketpnessiesiy i sndoss i Auesl with
substantially honbgeneous pressure provided in the resin film 23, and the
resi o fi polpSthedjinocdmtresont his vsed hislre tBd dovetel ayarsd 3ph amid dably to
protrude out 10 into the via-hole 24. The protrusion amount of the resin
film23 into t Réter apiidlng beeowbyleasidad aonthet@edatabrpafilaist e eedt r al
~part of the via-hole 24 in the direction of the center) of the viahole 24"
t han at: the eawgrpaayeq ke, eiftb par shoin tiheFG a-Uiol thefpiledt heitdiisetbton of
the center axis) connected to the conductor pattern 22. 15 Nanely, as shown
in FI G Bressfs Sirge ®h¢|tep anse bptjomoserfaceswihehedts hyubsteanaaml hyt-
cylindrical before hot-pressing, is defornmed such that the shape of the

si de wal Preif MaeheRsys sI ddiisopmberbimephs sehe pidedewnidy igxpsesded forvi@d- hol e
24 provides an _arch shape by letting the resin film23 protrude into the

vi a-1ol e=240 sBiREES UBdRK 2D nbb P Areshure tvie heatiagpbemparaverenet of t he
conpound 51 decreases as the sintering proceeds. while shrinking, the
conpound24X 5 85puShed by the resin film23 that protrudes such that the
Cross-section sFa %Wt her eof provi des an arch shape. Therefore, the 25

def ormation of T esidf IO 23N Fithe Wi r &P IFPLeTRIdSA01OREPSHPS nt o

the via-haole 24 oceeds chr onous ith th hri nkage. of the conductive
coﬁp\éhndpﬁfeé‘ﬂcﬁﬁrﬁafl t?ﬂéfg ec\%ﬁg ltl)gye\f@he%\?i'a-%ﬁgl éll'ﬁlbgn%fl BOgER 500|4v
24 is al s iLp_contact.wth.the, conductiyv conp9 nd ) hAsa esult, as
hown in tg? et %ﬁﬁﬁ/\gﬁl and % e%ﬁ%ﬁ&yege %B gén‘d %Iinailéy fB19fed to
[S)I‘O\_/[isdle h g §€a SQ .é.hg CLRSSzSE tion thé% lglasggs tdhg cetnt er agxis of

t he vi a- e % . ﬁgrrerpﬁ/-,lea'mge ﬁ/a(fm%%zra Bf - tHe “cand GEPIE corpouitd 51 is

f or med V\iharlaueggvéf- gﬁieeératdfoonirﬁggw%ié.m%fls%quca{ r igﬁ%%?&g}h%:%g%jnaﬁgcg a

manner that t ! rom t he conductor “patterns osér to the
center atﬂﬁl%i?éyé;hepfﬁ'nﬁégohgrfrﬂ; board 100 with the electrode 32 on one

side and the electrode 37 on the other side is provided. The resin
film 23 and the cover layer 36a, 36b are made of the same

20 thermoplastic resin so that both are firmly unified by being
thermally softened and pressed.

Hereinafter, the mechanism of the interconnection is
explained with reference to FIGS. 2A and 2B. When the paste 50 is
heated at 240 - 350 °C, the tin particles 61 melt and stick to the

25 surface of the silver particles 62 because the melting point of the
tin particles 61 and that of the silver particles 62 are 232 °C-.and

961 °C, respectively. As the heating is continued in this condition,



The nmodul us of elasticity of the resin film 23 during the 10 hot-pressing
process is preferably 1 - 1000 MPa. If the nodulus of elasticity is |arger
than 1000 MPa, it is difficult to provide honbgeneous internal pressure in
the resin film23 and difficult to bond the resin fil ns12Pecegias00
fusing thermally. On the other hand, if the nodulus of elasticity is

smal | er thasy kilNPBegihe de#8khd Srion AnEl susrddieiotalthy &overeadirkycigs hol d a
shape of the printed board 100. The volume reduction ratio of the

conduct i g4 CHRAYHE ﬁx?elk@n&s %ﬁ@.ndy@t"@f) RaShEid bdtwveBh of B ahldy s31%0r nore.

If the reduction ratio is ler than' 5 % it is difficult to formthe
si de wal fn 54 L0 d¥e,t haeCobdaddive @aBpeunsd DAdst th an lionefri patkeurd.ar ge
enough agai nst the conductor pattern 22. According to the configuration and
- fabri cat yesraret8pths Bhéde inl K3t . ea)odhaerdnduet eve i dontpbend afle ishd@brmedst r ess
‘due to a deformation such as bending is applied to the printed wiring board

25 160, i the Posgicbkez4 eyiphement ihhei Sisresbl@oToenstain.on in the junction
part 51b shown in FIG 3, because the side wall 5l1la of the conductive
compound 51 i s1f osdEidivh} hwiaild e rhdastivdreapennd afy 12 formedDemenber
2004 other part of the conductive conpound 51 is likely to incur |ess
stress cemeaiarrbierndheenis pridseusiftel wahtuofiveheompodultsilvescprgsmend 51 is

formed to provide an arch shape on the cross-section that passes the center
axi s of tdwardi ahddloetdd.ofThbeetba-eholehe24. Thereby, tin contained in the
conductive compound 51 and copper contained in the copper foil
10 forming the conductor pattern 22 diffuse mutually, and a solid phase
diffusion layer 52 is formed at the interface between the conductive
compound 51 and the conductor pattern 22.
Although not shown in FIGS. 2A and 2B, the solid phase
diffusion layer is formed similarly at the interface between the
15 conductor pattern 22 at the lower side of the via-hole 24 and the
conductive compound 51. Therefore, both conductor patterns 22 at the
top and bottom of the via-hole 24 are electrically interconnected by
the unified conductive compound 51 and the solid phase diffusion
layer 52. In this way, while the conductor patterns 22 are
20 interconnected by the hot-press with the vacuum hot-press machine,
the conductive compound 51 continues to be sintered even after the
solid phase diffusion layer 52 is formed, and the conductive
compound 51 shrinks. In this embodiment, the conductive compound 51
is smaller in volume by 10 - 20 % than the conductive paste 50.
25 Because the insulator resin film 23 is hot-pressed by the

vacuum hot-press machine, the resin film 23 is deformed in an

extendable direction and the resin film 23 adjacent to the via-hole

10



Sreliability of the interconnection is enabled to avoid becom ng worse. A
plurality of conductor patterns 22 of the printed wiring board 100 are
electrically interconnected with both conductive conpound 51 including the
tin-silver alloy formed by sintering and 10 the solid pHaddecambpeiss | ayer
52 made between tin in the conductive conmpound 51 and copper making up the
conduct op4 piad taeFbrmetl tbheretmide, otiheirtoethe i €id-hodenzét i Ghe afiodulles cofiduct or
patterns 22 is not achieved by nechanical: contact so that the interlayer
contact eRsitscangerihahd! yesihindges. 23THes rediveedr ebi albedt By -o40 tMpe ¥bile

i nterconnection is further prevented from becom ng worse. In addition,

pi | ed unbéimephborpmdssklebsithgl eacivheHot-qnegst macipaiet. erdf thémsesdh Aibn t he
cover |layer 36a, 36b and interconnection of the conductor patterns 22 are
conduct ezl3 sivith t apaacsd ymbiulise dbt plessiciTherisf opmessele imuntiteis otvay,
fabrication processes for the 20 printed wiring board 100 can be reduced
and So csubsthetisliyi caidmpaesesiss ofrdsberboarntydiostaltic emimessurmnt, ishe

nmet al conmponents of the conductive paste 50 are 50 weight %tin and 50

wei ght ~gaidreeed il mheoismitton nesénneilal 26onponents is preferably 20 - 8Q
% 25 FIG 4 shows variation of the adhesion between the copper foil

form ng the comtkicpoespatg eisn 22Dnahchdd e witind sobs vanttiedpyuribnggeneddse rati o
of tinto silver in the conductive paste 50 is varied. 13 17 Decenber
2004 Thepmdisese oprevidadt imnthas rbeem folmiuéBed aad ftdilel ovgsinTHElmargs tin
particles and silver particles as used for the conductive paste SOin this
enbodi meatjageet used:hgs virethdlec @dpda ede formedr plartsical y sl darotsude ouvet al
‘conponents by the anmount equivalent to 10 weight % of 5 the netal
conpBnentrgcardiet Néarhodteurd i sThe epXAFUSHORr PR LipddeeregHe PHM &3 s
printed on the shiny side of a copper foil and evaporated on the conditions
descri bekhtgbdve. viathugudseryes aharaesr agopper cepiral $agt d§hencepaal
evaporated paste such that the mat side thereof contacts the paste. The two
copper fRitts of nteg pigehioly 3¢ 10 EB%QQH{GF%D%&FpHﬁdC?%@rébBFMEE% % bonded
by the hot-press on the conditions described ab Veﬁﬁ The stliﬁn sj de of one
copper filE 3hdthate akatheiedd BRTY HENG BRY RAghpRr G Miarke oﬁaeb‘} YEcause a

i ked with th ductive . d.in the via-hole thereof is, formed
bet whon TRGSELa o, H68 SRERE 1HE 3| ROMEFSPICP GORORIOF Cpa FETLAIT T o ¢

il [ he fabri ' f th [ d. W ri baar d . fil
PacE® the samAoEot PO BYReUbaea, (W LOpRe I d P& B aaretk 2 he
d of .10 mln d. t I t ' ' s : '
her cbetiBEN. o0 S PR BaE T RAEE fot Bafv e fiepkRady LegaBdlesll
f [ h . i [ j : h
neul ot 67CBnd Fhe REpAREPE orF. (Phe TRRLULE MBde h CNE pEaI g 1Re30 - 80

%tin Cg%%?@& {0980k S, 1us: Q?hpﬁg%%r%oFg%d 39:09%&@?% ta'ﬁ@hcﬁpa%ﬂzr pf0i | and

t he con Ive conmpound, e rnterna racture of the conductive

conmpound... fhi a : |1 €; fHof &y r24MQke gt oMsbqt han
t he congl?gtIFf\}i %ﬁ%%ﬁ%‘g%léﬂ f %?r%%tggfaém%r%ot %géc%pgraxfgozil ancd1 t he
conglyict izxg,g0mpound.

At that time, the apparent volume of the compound 51

décreases as the sintering proceeds. While shrinking, the compound

51 is pushed by the resin film 23 that protrudes such that the
cross-section shape thereof provides an arch shape. Therefore, the

25 deformation of the resin film 23 in the direction of the protrusion
into the via-hole 24 proceeds synchronously with the shrinkage of

the conductive compound 51 such that the side wall of the via-hole

11




14 17 Decenber 2d04 FIG 5 shows the change ratio of the serial via
resistance to the via initial serial resistance after refl ow sol dering
process of the printed wiring board 100 when the ratio of tin to silver in
the conductive paste 50 packed in the via-hole 24 are variRepembeng004

eval uati on has been conducted as follows. The sane tin particles and silver
particl e4ass usledys oin tdoetgondiithi Vee gostdecti¥edesmpiunsd Sdbove & nrashils .,
enbodi ment are used as netal conponents. Terpineol is added to the netal
conponentas BjowmelraFdgnt 3 equliev slidat wabl 19f wdieglpndggiiiveheompewrid ddnpsenent s
and the mxture is treated to 10 provide a paste. The paste 50 is packed in
t he vi a- Hokme@£oobrovisiengheaxthdstiape netudther cpeas-¢eation mhatdpasegsotieed on
the conditions descri bed above. A copper foil is piled on the insul ator

si de of trhetel wglie-&f dbd eondwdeotdpattern film The piled unit is

hot - pressed on the conditions described above. A doubl e-sided board having
15 cohduct or paamelns 4osideasall ngla hef seh¢ atordwitsvancemppuncheSli asi s
prepared in this way. Afterward, the via serial resistances of the

doubl e- sifdemecdhoarttd Hre imsdsnatadnaggpirstarbe condugteerpatterhod? din suplssed
through a reflowi ng process with the tenperature of 250 C and tine period
of 20 5 mi menney. thhe thesifsrthere fobane candertdre pabeennse? 2y stigalcdabar ed
fromthe measured values. It turns out that the tin content between 20 - 80
% ensur e$ot Ha center éxiist ehddiechaadwleatto by the reflowing is 20% or
smal l er, which is generally the maxi mum val ue to provide preferable 25
reliability. TRBeemedelus toff £l3ssifbie ¢b Prowerdna fPdmn2édd Writdhgti®ar d
with excellent connecting reliability if the printed wiring board is
nmanukGct BPETPUSFS §BT REOCESS akf inRedrralisr lcon H@E‘P i YRR a8y Fhg mofiglus jof
Decenber 2004 the conductive paste 50 with 20 - 80 %tin_content in_the
netal cofpRHerdty 48 JdESERY pEHARALAORO MRat hilts dfbdthieRPltt hR PSRBIRG i ve

paste 50 contains the tin particles, 61 and the silver, particles 62, and the
Ponduct i VONHRED T 5he} SHeSHES 5y U S§PHy SHR SPnBBri MEAIBRE il al 5.

motal paPtFEIE GPer bR eh? RAStBRaND CUnhe ERTMRLFve PorE S0y be a
o 2! B4R S5O0 ARTEL e AL ELER, 0 OB IBBTPOREL M B 25
Squﬁgtegiﬂy Eﬁkth%LgRinfi{g%rfggdgly to hold a shape of the printed
board 100.
The volume reduction ratio of the conductive compound 51 to
the conductor paste 50 is preferably 5 % or more. If the reduction
ratio is smaller than 5 %, it is difficult to form the side wall 5la
20 of the conductive compound 51 with an inclination 1large enough
against the conductor pattern 22.
According to the configuration and fabrication method in the
first embodiment, even in the case that a stress due to a
deformation such as bending is applied to the printed wiring board
25 100, it is possible to prevent the stress concentration in the

junction part S5lb shown in FIG. 3, because the side wall 5la of the

conductive compound 51 is formed with an inclination. Moreover, any

12



As long as the volune of a conductive conmpound is reduced (preferably
reduced by nore than 5 % due to the shrinkage of a thernpsetting resin in
conmparison with that of a conductive paste, 15 it is possible to f oam a
side wall of the conductive compound with the inclinatidf E@eamRer ¢4
conductor pattern in such a manner that the farther fromthe conductor
patternspothe paosest tthd heondaat re acompoahdt Be isadhbeky to imiux dase as
well, it is possible to prevent a stress fromconcentrating in the vicinity
of a junetress 2@opaettdatt veerbddaaseonthect iside corgidundt anthe hgonduwdugeor
pattern. However, in this case, the interconnection is based on contact
conduct i campountchdtl Lhefameddtoeptowidsc ri bertlalzdapei en ngre Qrresesetliionf rom
the standpoint of reliability. In this enbodinent, silver particles are
used as thetspessas 2henataaiteparikis| ef. tHewsvierhobny24t heThemtfalrepathec| es
may be used as long as the particles do not fuse during the interconnecting
peri dd amdliairimiap a&ifl Mhew idtercantdrdtions isheerabletl et advapar theslomsng 16

17 Decenber 2004 Applicable nmetals are copper (nmp 1083 C ), gold (np 1063 C
), platiwons¢np 1769 C), palladium (np 1552 C), nickel (np 1453 C), zinc
(nmp 419 C) or the like. As the second netal particles, these may be used

ei ther separat @l yploralitycamficeadictonrpatteane- BY- ofisthe badited MWirthys
enbodi ment, netal particles contained in the conductive paste 50 are only
the tin paaltd clle8 Greaneledteisaller ipterdaninested. wWHisheRath fepnduséivRir pose
of inproving shape-hol ding capability of the conductive paste 50, netal
parti cl esompaund Gw i@cmlmgnghﬁotmﬂs(lévgr alh}ﬂlﬁﬂﬁ“ﬁdrwcﬁ&%ﬂéﬂgvﬁlﬁ] about
1~ 100 nmparticle particle size e.g., Silver) nmay be added to the paste
50. Ifher tbg, solids phess b‘ﬂbfﬁuélkéeplat)’l%‘ shapdadsl dbelg'asBpabiti tif ofhe he
conductive paste 50 better until the interlayer connecti ng process.

Mor eover CoRturdAvaetoipopad 111888 eorRerdBakbRT Uy ﬁ‘flﬁnc%ﬂquﬁ)‘} 1 PREERN 34 may

. be added for the sake_of adjusting the thermal ansi on coeffi g#ent of

the condEReTREETEoNISLRLSSET Jtﬂaés‘éc’"t“@"ctﬁﬁi‘ hr‘f'ecF’ WEXOPATEERT ££1 17 23.

O her than rretal rticles, nonconductive in anic filler or the like nma
b addedioHORRAETEa] bY | BShATIORY aBPES A R GG ien LPECEIARy ERRCAcE o o

duct d 20 51. t hi t,, th ] t
consi st 'sV%ﬁfst‘%ﬁ 20T okfhs SRR end P ENEYS %vne S daer sing
b dded to th duct t 0y, l ent t
0001> "Bt eR 1Y i ﬁ?ﬁfp%%f%lﬁg‘%o%ﬁ%ne%% A IR it ve 25
paSt.e 50. Thi's Haﬁcﬁ {lr aélféd tl.l?llg.é)cs ohe oROrRgen ﬁg%l%l LYi A dBRkdktor

particles in t e con paste sperS| ng agent content less than

D. 01 wei Qﬂte%pfﬂﬂsdgi S5RTGHR! Yotk SnaLekoss £l st anc@ri%tEZConnectlon of

the conductor patterns 22 are conducted simultaneously by the hot-

press. Therefore, the number of fabrication processes for the
20 printed wiring board 100 can be reduced and so can the fabrication
costs of the board.
in this embodiment, the metal components of the conductive
paste 50 are 50 weight % tin and 50 weight % silver. Tin content in
the metal components is preferably 20 - 80 %.
25 FIG. 4 shows variation of the adhesion between the copper
foil forming the conductor pattern 22 and the conductive compound

when the ratio of tin to silver in the conductive paste 50 is varied.
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17 Decenber 2004 di spersing agent content nore than 1.5 wei ght ~ hinders
the unification of the conductive conpound 51 by sintering. It is possible
to use phosphoric ester and stearic ester or the like as_the dispersing
agent. 5 In this enbodinent, instead of pasty material flérDe¢RmeenedR4 i ve
paste SO grainy material is applicable as long as it is possible to pack

t he mat erfhal adiedioe gvatdatlien H4hs ©ESen arshdarbedli Aol lbvs | s Thessikd @ iho use
conductive paste including alloy 10 particles that consist of first netal
maki ng upathecles sindnmet berpaiart ttles aisd usedopdr nettel comallicngvel pddte second
nmetal particles. For exanple, as shown in FIG 6A, conductive paste 150,
whi ch corsi shis aimbod fyenitc age| weaxl aantletedll @ypmpeardrital.esTdFAneot | 1 aaged0
weight %tin and 50 weight ~ silver, is packed in the via-hole 24 of 15 the
si ngl e- sitdedhe onehadt epmparidnesnbyi tie 2incantd esdpalehedto A0 ewstiayhd, 3t be

si ngl e-si ded conductor pattern filns 21 are preferably piled and the piled
unit 3 s ltbe-peteds edmporemtbothd sildesikheredfs fraratat Mongrbhibdend foaade.
conductive conmpound 51 by sintering the alloy particles in the via-hole 24.
20 The c@hdugiasve denpouimded] ons threesshiinyzediddi b€ kel ngpgeresseil | and he
via-hole 24 so that the conpound 51 is pressed toward the surface of the
conduct oevapinaged @R, thshicohditmloas desdribebobabhomnm.of Sulbeequently eand4her
Thereby, tin contained in the conductive conpound 51 and copper of the
copper f epppdrorfiviihgis heilednducthe eyapeerted2pagte divchusbatmthalray sidsol i d
phase to formthe solid phase diffusion |ayer 52 at the boundary between

t he condttesapd conpecttd BE Padtehe Tendwot Goppart épily 2integposad ecenber
2004 When the sintering of the alloy 162 proceeds as descri bed above, the
resil? fi rerdustiive deqmponed thenebebiegen i@ref pPaded byr ¢heules-puess ehethe a- hol e
24 as the volune of the conductive conpound 51 decreases. Therefore, the
same ef f €erdigdons deseribed@baWPodi nent is 5 provided. At that tine, as
descri bed above, the secaond netal is not limted to silver. Copper, gold,
platinum pal | 387 UPRiT SHER, o ARe oFoRBRY o4 &P 4Pl MABbFide O HehSecond
metal particles either separatel i n conbination. InC hi s enbodi nent,

or
the netaf™™8F cOEMRFenflbf ffe @éﬂﬁ‘ﬂlctit\‘?&abﬁ%t @ 1562 aMBc88d wight W% in and

~wei ght % si L . ] in., fi di [ f th
oAl COTPNEREES [ <EPBREr Ul oot - i RpER AP Enes (PG BBt ent o
d i bed. t L ngl esi. duct t1 fil 21 . pil.ed,
Shods UG Ve ' SsPATRIAEE RRACTEN R RRet e Che T B IS | ng.
0t d 100y HMENS o' "% SA0L] QAR ORokSa o 1ILCLES hiS PG DU

any ot her confrgurations € use g as the contrgurations are for

provi di nghdWal] BYEL Abgdoufleeraided At Niellow FLG h0ar deboaiidy e

i nterlayer connectTon. r- exanp I gur own 1 n

POSST D! Cspdeld. tdH 516 ORANB AndPNend BLELIAAYEI-RGLA! 84 Wdrifa DT dles Made

with steps of piling together a sin uctor pattern film71

havi ng a, 4RRPSE therkpeQRdyct or pattern covering a whol e side thereof,
si ngl e-si ded conductor pattern filns 21 and a copper foil 81, .then 25

hot opressing the gidad JHtl tthagndial Lehvadtd Bakieahnot Ne gPPPeprépides ON
bot h sides. Another configuration shown in FIG 8 is possible as well. 19
preferable adhesion more than 1.0 N/mm, which is an adhesion between
the insulator and the copper foil. The fracture mode in the peeling
in 20 - 80 % tin content range is not the boundary peeling between
the copper foil and the conductive compound, but the internal
25 fracture of the conductive compound. This means that a solid phase

diffusion layer more robust than the conductive compound is formed

between the copper foil and the conductive compound.
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17 Decenber 2004 In this configuration, a nultilayer printed wiring board
is made with steps of piling together single-sided conductor pattern filns
21 and a double-sided film91, and afterward hot-pressing the piled unit. 5
Mor eover, other configuration shown in FIG 9 is possibﬂgl%%mﬂkb¢(299ﬂthis
configuration, a nmultilayer printed wiring board is made with steps of
piling the resiFAG i3} ahRgsobheathange destiof of hehal@gblial stidedesistar@e, tohen
piling the copper foils 81 to the piled unit, and afterward hot-pressing

t he finakhy pid ddibodl . serCalr hesitenftegafeer orefdhevspliderknd priess pbHssi bl e
as well. In this configuration, a nultilayer printed wiring board is nade
W t h st epke afripitedngining bopperl 00owhen Stheprathe eksiim tpl piR&r tihethe

hot pressing the piled unit, and afterward defining the copper foils on both
si des. 18orQiugsive drfsitgub@tpnaghed howthenvia-Gole124 sangovairigd as well. In this
configuration, a nmultilayer printed wiring board is made wth steps of

pi | i g t oget heFhe hevaliuggien shate Pasondopdertashtaserfieliovam 7 Thaengartettmpper
foil 81, then hot-pressing the piled unit, and afterward defining the
copper fRAYtEcdAS b ssilyes. paxticieshas enpedli Fathttded eondudiddeabasee 20 resin
filmmade of a mxture of 65 - 35 % pol yet heret herketone resin and 35 - 65
pol yet heflgsardbed edbeve sinsklis cprhoddmersi are | pped3aangetdle copOnentser 36a,
36b. Instead of this film it is possible to use a filmnmade by adding
noncondutghpi8er] | +eraddgd pbe idieh ek fhePRBIOBRBLS Y r-hes apaunth ApavAReIt de
resin. It is also possible to use only one of pol yetheretherketone (PEEK)
and pol vt HEr PRI BEPT. theh "848 tTHWORERET ARG 5BE i RINSEFGi H dee8Eed i Ui d
crystal 20 . 17 Decenber 2004 polyner is applicable as well. It is

pr ef8r af@vige uePastesi Fhe PAFRAVP hgld Packsso WpdhRoddPuRist % &ftikity at

A T e MR T
doccr, PeloBbeE, SOPRE! o a8 e B LR 0P s E RIS OL AL o1
conpound LELar1ek bR, 5L BT P AR FR0D s Hor iabetdine.
ont 1T, Lok i gl 38 LLuoc ML YIOK) Pl eyl

t ! q. : ichi f tal
ok os orfEEr S Ret R R D Bin SRS e By 2 elh )

rrst netal)
cont ai Nglefrd g nCORMMGHL,VE conpound 51. Any conductor patterns are 15
applicable as long as the patterns have nmetal that can diffuse nutually

with tin (the dditsiiafBl ale COMNY abbethi NddigtaRASMICHEVeheORAHEL Skeat the

position thereof correspondent to the via-hole 24.
board are measured as prepared and after the board is passed through

a reflowing process with the temperature of 250 °C and time period of
20 5 minutes. The resistance change ratio therebetween is calculated
from the measured values.

It turns out that the tin content between 20 - 80 % ensures
that the resistance change ratio by the reflowing is 20% or smaller,
which 1is generally the maximum value to provide preferable

25 reliability. Therefore, it is possible to provide a printed wiring
board with excellent connecting reliability if the printed wiring

board is manufactured by using, as an interlayer connecting material,
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In the enbodi nents descri bed above, the printed wiring board 100 consists
of four |layers. However, as a matter of course, as 20 long as the board 100
consists of a plurality of conductor pattern | ayers, the nunber thereof is
not limted. 21 dains 17 Decenber 2004 1. A printed WrPegprober 2004
conprising: an insulator board having a via-hole, a first surface and a
second sutfeaceonddgtives masesiSPewihe RPr st 89ur¥ dcier dantent apd sheomdtal
conductor patterns that are respectively located on the first surface and

t he secombmponénio 88 denmibeheabpivg-hol e, and that include a netal; a
uni fi ed conductive conpound provided in the via-hole and including a first
met al and a secbhdhist ahbdbimeny, athe gleeduatlve mgspei AP cdrtaiashebe | bin
tenperature required for interconnecting the first and second conductor

pat t er ns;paatidcliés sttlamhdsetbad sgdved plaaseclis f 68, omrrdayths fopndedtfveom t he
metal in the first and second conductor patterns and the first nmetal in the
uni fi 8d cwmgaerd velcorpodndmed] f byseallioytiogt Fadves antéminghebdtiy smetaids .second
conductor patterns, the first and second solid diffusion |ayers |ocated

bet ween tHeseusr f i de conduritiveepa®litp Adndead dnethanedessar ail beegondtenieduct or
patterns; wherein a sidewall of the unified conductive conpound in the

vi a- hol e Whesgorehak bPartisdpe and apprerathes EPwepnalplgxi $hef copdutiiyehol e
approxi mately hal fway between the first surface and the second surface of
the i nsulp@sée Bddray hen@ materialstthahdcseeing sehalchPartisdes eapd wWiset
electrically interconnected by the unified conductive conmpound and the
first andheEReIRFtdBHi drgfiaseasi FANSPHN YoB8r sand bEREmes | i e§ORRYS g ehoar d
as in claiml, wherein the side wall of the unified conductive conpound has
an ath §H§B%u’bjet‘v%’éﬁ M5&at | P%‘EtleﬂésséEBnauEB‘PF"&dptPé’ses% f%ﬁ“%??qtd*?@rs on

a cross-sectional plane passing through a center axis of the via-hole. 3 .
The print®€3*%i ring board as in claim1 ( wherein the insulator board

t hereof is made of. thernop astl reS| printed W|r ng boa sin
claimi, whereiff tlﬁélguﬁ'isfl § &8 ‘Ef’é?ct? CS?&%‘].H&VFS CHMETH ]gsd lFf@:{“gfagrrade
10m 12! e 9%%%@%‘3%%4 réyf it t. Vadins 12 S sibkar Pe ol ver .
O, B o KR At 1o

15 it is possible to form a side wall of the conductive compound with

the inclination against the conductor pattern in such a manner that

the farther from the conductor patterns, the closer to the center

axis of the via-hole. In this case as well, it is possible to

prevent a stress from concentrating in the wvicinity of a junction

20 part between the conductive compound and the conductor pattern.

However, in this case, the interconnection is based on contact

conduction so that the embodiment described above is more preferable

from the standpoint of reliability.

In this embodiment, silver particles are used as the second

25 metal particles. However, any other metal particles may be used as

long as the particles do not fuse during the interconnecting period

and form an alloy with tin that is the first metal particles.
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first and second conductor patterns that include a netal and that are
respectively located on the first surface and the second surface to cover
the via-hole; a unified conductive conpound that is |ocated in the via-hole
that includes a first netal and a second metal that has 14 DaegmelrerngdQ4 ng
point than a heating tenperature required for interconnecting the first and
second Copfuctalepatdtilns; andeddpest @ipd Beword ol ydl@hasg dickkusCoy

| ayers that are made of the nmetal included in the first and second

conduct orp1pat ik N@npardeb e f,i Faummll (mphessi nCeachiekel henpf 1858 <@g
second solid phase diffusion [ayers is |ocated between the unified

conduct i vaneogppund aDg enenhef 1ike. CerAURE Ofeddaidt REOS] BHIEivhes githddee
first and second conductor patterns are electrically interconnected by the
uni fied ecmydbet used cotfirundepatatdly forr 9h aoflbbeadond sal iad cabaskey-daskusi on
| ayers. 7. The printed wiring board as in claim6, wherein the unified
condugti \basésnpound is an alloy that includes sintered netals. 8. The
printed wiring board as in claim®6, wherein the first nmetal is tin and the
second netal id9nsilhés. Eambodipent} edretiali ngabobrldscorpntsimegt dm | nael at or
board having a via-hole, a first surface and a second surface that is
opposi t e cbodtdtavel pattsubf agee dnlystthend ine particlesd Ukl candatieeraid viehat
include a netal and that are respectively located on the first surface and
t he secompdrsinlfeac@®2t 0 Bowmrert héowi bhdopuespoardoé dmpfowdchgc shdpethaleiognpound
that is located in the via-hole and that includes a first netal and a
second neaphbiliay lods thehigpndnchiste | pastsoi 5, trhetela predtiches t whper dowr e
required 23 17 Decenber 2004 for interconnecting the conductor pattern,
wher¥i n: meheingigoiall denduct inidivonpaovid-lies)anrakiibly abeut i hctude® sintered
metals including the first nmetal, and other netal particles including the
second nPagticlgngarticle pize dn@-gecoridveshdun be pddecdtosthe cpasitechPical |y
i nterconnected by the unified conductive conpound. 10. The printed wring
board asTRArehYai &t ois \pesEdbhe t e HaepstheethaperBoldindasarehtlid¥cofidthetal is
silver. 11. The printed wiring board as in claim9, wherejn the unified
conduct i FESFIBE RAFEr Ph e EERPITEds the ridtteghay ¥e CORBCS b PRPERTS -

di ffusion | ayers between and eIectricangsconnecting the unified conductive

conpound and t HBX§9%er QFHEeREHRL cRAHFUCLEF phRt effisPOhndotherRi ALLOY

i 7O e Nc BB BV Thadtet | FHS; Nl TS 76 AOLBUTEngSpp BEtEs o
nd Che BoRRdob aReacha” ST PR SRR Y oTHE AL N EOTY O EHECPhduct or
Ui hol ot o, RIS bl FHIT Rt o° of OB repah oo “HRERPRE ) o1
R R o o e L R R T B Ao
Lhe secohd S TAaL Gt Bendt °toy MRk Bay Bhfef e Fofactie Repdie o1
apprexi mgf ely hal fway between the first surface and the second surface. 13.

The printed wiring board of claim1, wherein the sidewall of the unified

conductive conpougd %ﬂbB&h{'\é}ﬁq %Ehcémci‘ife_tﬁaétfl@ 4d rc'i:tn_siié’*l@ls SEC M
conductor patterns, wherein stress concentrations are avoi ded at an area of

an el ecthéal paebidEs et WREN63 Nend idighndddsereRd CANGLIRE iRt 4gsrts and
t he unified conductive conmpound. 24
may be added to the conductive paste 50 by an amount equivalent to
0.01 - 1.5 weight % of the total solid components of the conductive
25 paste 50. This makes it easier to disperse homogeneously the metal

particles in the conductive paste 50. Dispersing agent content less

than 0.01 weight % provides scarcely dispersion effect, and
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17 Decenber 2004 14 . A fabrication nethod for a printed wiring board, the
met hod conprising processes of: packing an interlayer connecting nmaterial
inavia-hole formed in an insulator film and interconnecting el %4cally
a plurality of conductor patterns with a unified conductl\}%e‘%f%%‘?f or med
by hot-pressing the interlayer connecting material in the via-hole between
a plural idigpefs GRNAugeR PahtatnSmovderdian t Nes i Rle@gRONMEChiAGeRl 0GBES

i ncl udes hoF pressing the insulator filmto deformthe insulator filmto
protrude @yEitdtidnt E Vits hediuct bes ebympaurid N1 abyi rehtaginqn oft aisi de
wal | of the conductive conpound, which is adjacent to an area contacting

t he condygkeipRatictnize agaépifirithescondid aftdaatiteestdm @uathea ITRENAE t hat
the farther fromthe conductor patterns on the side wall, the closer to the
center axhe @{sgeliglﬂ argegte. 15. The fabrication nethod as in claiml4,
wherein a cross sectlon of the compound is fornmed in an arch shape on a
crosss secti onalrnpl 8Rgs pasbbdignedtsenigiteadi Sobf paseyvimetealieli nfdhe the

i nterlayer connecting process: 16. The fabrication nethod as in claiml4 or
15, wher ebAdidiEivienpastd @0, bgadihy mabBdalofist hpphipdiaet as l@sf as 1E. ishe
fabrication nethod as in claim16, wherein when the unified conductive
conmpound pbss {sllaTed Fyckhehe pidesiay imhehent-dhajer2£onnecting material in
the interlayer connecting process, the volune of the unified conductive
conpound i s redgeesnd Embodim@ntson with that of the interlayer connecting
material. 18. The fabrication nmethod as in claim 17, wherein vol une
reduction rati atofig heosaiidiect twe usenpoemtict dvé hgashe eringudinbnaédey ng
material is nore than 5 ~. 19. The fabrication nethod as in claim17 or 18,
wherkl n phetiqitesr [thper conaimctehgf meternetialc gmkangs upethe gdrstcmetaland 25
17 Decenber 2004 the interlayer connecting process includes sintering the
met al papeitidest anfloserend metiafli aerkiogpspndhahescend tekal |pArdAcdennect i ng
material is hot-pressed. 20. The fabrication nmethod as in claim 19, wherein
the condBeroexpapi®r nag sshewie oh Adfal ;62 he oRsugFiyRr PREFRS 120Nt WP i n
the interlayer connecting material consist of first netal particles_that
forns fi FeRSIAYSoPIniAaRMHe ﬁ%‘c"zﬁntrré‘l@fjngﬂéﬁyt RETEUHESc i dé‘f:?"é‘iiW%n second
metal particles that have a her neltin p0| nt tha heatl erature
for intelFebHedt FHY "‘]ngyé?sw%fﬂ& f%r?ﬂsl“?écogﬂ RASKES 18 ¢ mgf'% g% €p t he

f t I d I t t tt
i In': %con%é%t%ﬁ“ %g%]teqefig‘g?rf‘ﬁ‘ EVE;Qa?rt:’f'l O% ggﬁ%réc : g%raa oni- éeg%%cijdctl ve
d . | 1 b t t Ki

p The t FPE S LA 545, FErEE SR AT e oltp it Ergep%%. gééépiﬁﬁ%% e
t t ual l, h d

Taki ng. OGP HE R SR et Bl Pabtear sl SR i e, SRRACY, EBEPRRIRL Y,

hot f 1.

ol ur al Fféh%fun&%ﬁ CREjBL R aBB5HA " T ShPLrddy RHBCRLLY 2@%@1“-’5‘9‘ of

clainms 17,- l;[m.glg ﬂlthe interlayer connecting process includes heating

the insu ator ?’ at a tenperature at which nodulus of elasticity of the

t herygopl asti c &ﬁé'&n&a&m 4B n%(%\.g'xd &Egégfﬁesfshkm& while 100G iMBRes2t The

fabrication nmethod as i n clai the first particlés are tin and

are incl ygleghd ny{NGo1 8t 84 | 8y CEnAONIRC ldoRBolRd €81 als Dyrageamesndrdeimeen 20
wei ght % and 80 weight % 23. The fabrication nethod as in claim22;

wher ei n &b oif S thE CEMERG LY g&@murztz , 0fen béh Weikghat ulp tB6 Hd¥dm of
IN/NN/NNINNNN/NNNNTNNN N NN

I'N=: 1NN WNatXefe . <} gddkanyyt e ¢oflteahea] oa]€rrd @:ahd@dtﬂar]ecabmﬂ}mi] ca] ca]
caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] caU] ca]ca!’-:wM (;

. SXiuf 51 and copper of the copper foil forming the conductor pattern 22
BGX!a | wr rrhc"Y]pc] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca) @3] cajrEuea) aatesllgalinalked)d apaeC ajcc dflorm! ahe#%plid (FHaseOhiffusSiont, 6- B- -

I I /alll0}xsnid Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] cudyea] 6a] e8] ta] vehnddmalpeaveal calec ebadjcaive]l PaikRinA? 3BFIRB 344 p44465
z55556_6667c777. 8<8v8} xsni d_Z] c]]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca] ca] ca] ca]
ca] ca] calaaheade gdatabem]22a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal v888BI@ :

;¥ <] <@?KACCYCEFHI | 1J
KC](KKKZLLI\/} xsni d_Z] c]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¥&] ca] cal MEMVMVNF N- NWRNINNN2 Ou O00? PEPVPP
QQT: UUUSVWVWWWKYZ{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca]caUl ca] ca]ca]ca]ca]ca]ca! Z[*]dJu]” "X Z | abd

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! Ppqg-qrrt



tunu@MVwW wm2z| z} } 1} ~. &d- S{i | wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca!i ov3>; - 3DV
| wmhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]lcad cal ca]calca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca! ]zy13>; - 3DV 7 December 2004
| wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ] ca]wtednc ajtea] siakepima] e o | 4131 0%P& droceed%E Giscribed
S10%& ()-f1l0%W& ()- 10%& ()-Cl0%W& () -
10% & () -aboie | KeHe' 1e%dd {i1n@ 1004 defdprnédl @Ua £hat the film 23 protrudes
| 10%I& ()-)10%& ()-"10%& ()-"10%& ()-<}eF-F'10%W& i 010% & ?) -1 110%& ()
-0, " 10%) &intp- tH@ 0% & Holel #£410%) &hé) vbIIfR ISt (YheldXMIEect D0 ddwbolind $0J;
WO0%W & ()-L\8"10%& ()-LV6! 10%& ()-14$10%& ()-) f210%& ()-V F
WUBYNC! | )dbip8ases.( ) THEreEhDoR the- 5and EFHME’ 49 -im thE104 9. efnboBineht0Y& () - 5!
kS) $1098BB& () -5F 13456GzodY:! 10%& ()- 10 10
101 : s30Y®reyidad.$10% {& ()-5!)$10% ()-5') $10%mE ()-5CK }[9dY: ! $10%EEL ()
-1>$109& () -i 109& ()-!S9$10%&' () - !S9$10%& ()- L"109%& ()--:wp~?4:! 10cf;
S109%&' ()-83" 10%&' (Yhas61OME, (s | A4QUAURDEN - BBIPIR' (e | SR (methl | Ks! ndOcf
10%9& ()-!$10%m& () - :
limited to silver. Copper, gold, platinum, palladium, nickel, zinc
or the like are applicable as the second metal particles either
separately or in combination. In this embodiment, the metal
10 components of the conductive paste 150 are 50 weight % tin and 50
weight % silver. As well as in the first embodiment, tin content of
the metal components is preferably 20 - 80 %.
Furthermore, in the embodiments described above, the single-
sided conductor pattern films 21 are piled, as shown in FIG. 1D, in
15  the fabrication processes of the printed wiring board 100. However,
piling confiquration is not limited to this one, but any other
configurations may be used as long as the configurations are for
providing multilayer or double-sided printed wiring board requiring
interlayer connection.
20 For example, a configuration shown in FIG. 7 is possible. In
this confiquration, a multilayer printed wiring board is made with
steps of piling together a single-sided conductor pattern film 71
having a copper foil conductor pattern covering a whole side thereof,
single-sided conductor pattern films 21 and a copper foil 81, then
25 hot-pressing the piled unit, and afterward defining the copper foils

on both sides.

Another configuration shown in FIG. 8 is possible as well.
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10%& ()-0"10%& ()- 10%& ()- 10 10"(; z[ 9K:!
10! [ L& "10%gg& ()-i <9%d0%& ()-!xi!s$10%& ()-!i"10%g& ()-$10%& ()-!|"10%g
& ()-0.S ASH=! 10! 10g 10g 10gl ; s10%g&' ()-0810%g& () - !

+$(1%ng&w<}! u+$10%&' () - ‘g+$18tyg&'g()- * Xi ﬁl?zg(%sSH:! !%10%7 Gecempef@ise: () - |
WB10%&' () -1 | WB109%&' ()-!*}WB10%&' ()- 10%&' ()- 7uxVASHE! | $$10%&' () - !

$$109&' (In €55 086 fijuyat Hh)%a( &4l aPd0%8r {nted! WEEOAR bdard is made
BIDIEIFIG X }rg\=!! 10%& ()- 10 10 10F;

S10%&' ()wifiVEtepe®of) pi] fridd oY@t er . S8~ )ded \@hiudda? Patiterh S04 () -

$10%{ & ()- "10%& ()-! $10%m& ()- "10%& ()-3"10%9& ()-$WN & "'i'"'"'"'}"r?4=!
10gc, ; 1021y &nd) a0d6uH@idéd - SR 0%g &aqg -dfiterward hot-pressing the piled
SHS109& () - ! SH$10%9& () - $10%& ()- ' ' (?(((O mk=! 10gc, ! &$1094J& () -

3"10% & nit3" 10%I& ()- O010%& ()- 10%& () -

5 Mbreover, other confiquration shown in FIG. 9 is possible as
well. In this configuration, a multilayer printed wiring board is
made with steps of piling the resin film 23 on both sides of the
double-sided film 91, then piling the copper foils 81 to the piled
unit, and afterward hot-pressing the finally piled bedy.

10 Other configuration shown in FIG. 10 is possible as well. In
this confiquration, a multilayer printed wiring board is made with
steps of piling the copper foils 81 on the resin film 23, then hot-
pressing the piled unit, and afterward defining the copper foils on
both sides. |

15 - Other configuration shown in FIG. 11 is possible as well. In
this confiquration, a multilayer printed wiring board is made with
steps of piling together the single-sided conductor pattern film 71
and the copper foil 81, then hot-pressing the piled unit, and
afterward defining the copper foils on both sides.

20 In the embodiments described above, a resin film made of a
mixture of 65 ~ 35 % polyetheretherketone resin and 35 - 65 %
polyetherimide resin is used for the resin film 23 and the cover
layer 36a, 36b. Instead of this film, it is possible to use a film
made by adding nonconductive filler to polyetheretherketone resin

25 and polyetherimide resin. It is also possible to use only one of
polyetheretherketone (PEEK) and polyetherimide(PEI).

In addition, thermoplastic polyimide or liquid crystal
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10g 10g0))**+S++aBK=! 10gi c" 10%J& () -

y10%& ()-L4"10%& ()-!$10%J& ()-109%I& ()-i 9YA0%& ()- ++, 6- B- - . dEK=!

10g003" 10%1& ()-. 10%1& ()-L-gl0%I& ()-*$10%I& () - L6#4" 10%& ()-L! $10%1& () -
Lo xmbCl 10g 109X& ()- 10J 10J 10J1; 17 December 2004

i 10%& ()-0y8)10%I& ()-0s63"10% & ()-4%10%I& ()-./al//01ldEnmbC )
10g" 10%@0% ner 1s applicable as well. It is preferable to use a resin film

$109X&' () - 109X& () -1 109%& ()-!109%&' () - 109X& () - 1P1112U22dEnbC!

10g0! t $109%9 )1 FI 160&kePa) modqulpgosk: ghasgicity at the heating temperature
109%&' () -! 10%(&'%3&- s$109X& () - 223F3{ 334dEnbCl 10g, ! 109X& () -

*t $109X&PF 1091 0% '%‘3’?%%%@ (Ao hIRG: (Fhemmrabokes 15t aegp 228d87 sHEHC
109 @B! 10%%&(1)&- V6! 109X&' ()- | 4s$109X&' () - 2} 109¢& () - 0109%&' ()-.! 109X& () -
z5| 5} 5~5885E6HE 11 JGLeE RIPIERSET - " 109g& () - 03" 10%g& ()- 10%g& ()- 10X 10X
10X, ; s109%X& () - 6667c777dEbCI 10gi " 100/@;&'6(13) -"10%& ()-"10%& ()- 10%& ()-
0! 10&9&- ()-" 10;@&%‘?-%@%@85&5&?@‘3‘3 ove, copper 15 used as metal

10gL! $10%& () -Lc"10%& ()-iy! 10%& () -10%& () -i 10%& () -t$10%& ()-B9@ : :
. 'gdBﬁC! mgking up the re_yondgl)ctoxy patt%rn(32. nge\ge)er, oth%r 1(:1)1an $E:oppgr,. (1)t @

109 2510008 0500 1S U OSSR IS -G agres O

phase with tin contained in the conductive compound 51. In addition,

the conductor pattern 22 does not have to be entirely made of the

10 metal that diffuses mutually with tin (the first metal) contained in
the conductive compound 51. It 1is possible to use a condﬁctor
pattern having a plated layer thereon, which is made of a metal such

as silver and gold and diffuses mutually with tin (the first metal)
contained in the conductive compound 51. Any conductor patterns are

15 applicable as long as the patterns have metal that can diffuse
mutually with tin (the first metal) contained in the conductive
compound 51 at the position thereof correspondent to the via-hole 24.

In the embodiments described above, the printed wiring board

100 consists of four layers. However, as a matter of coﬁrse, as

20 long as the board 100 consists of a plurality of conductor pattern

layers, the number thereof is not limited.
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10g 10g 10gcl;s10%& ()-y8! 10%g& ()- 6! 10%g& () - L==>22?2AKAMIEb@
p#$10%;&'()-!p#$10%&'()-!L$10%;g&'()- | L$109%& ()- || L$109%& ()- !
L$109% " & () - KAOBCCOCCUCLIDS\ : '0$10W7&'()-|10%&'()- 107q 10g 10g;

10%9&" () - log @;,g,ty&'()-l-$10%&'() 1DDUEEFFHz[ 9{\ : 17 Decamber 2004

| SH$109& (‘)—$T00/&'()-'$100/&'() 0$10°/&'()-'v0$10%!&'()-!

0$10% (& ()-HHIITTT13{\=! 1"10% u& ()-!10% u& ()- 10 10 10f;

1098 ()-!x|,$10% ! & ()-'}|,$10% ! & ()-J KOKKKKzLAB{\ =!

11t $10%IU&' () - 10% ug&’ () - 10%u&'()b 110% u&' ()-!10% u& ()-

$10% u&'()l-ZLLNW L wining board comprising:

%40% u& () -i S#18% uks()atbdt B Rating! 4 0aididl)e,i 1" 4086t &G UDEIEO¥nEE () - M

NVWNNNN2 O E{ \ =! . _
117 0! 10% O &'5(3)‘”“?00?“65‘3‘6? Fh3% 098 (PRGSHS 1% S0 PrrEessis: ()-i 1 10% us
) - ZOJmPBPCPIﬁI?EBdYN@ﬂ ddcot@ got@uatdfnatterns that are respectively

(
10% ug& () @qﬁ;’/ﬁaﬂgtd'g% % ? ot 03 AL dd =3P LAQe i d LaEI % U&s /e VERYQ Ra

?2YNC!I 11 V
$10%1& () VigrHopPs ot@e%@@}ucﬂqoa/or@t@l] RSST: UU$Vz X9YNC!

. 310%I& () -! $1Q"/&q{ﬁzéd<*c%§a@%&tﬁ)fe B pr&I0Fd4 i) th@%@ﬁ&léw

- including a first metal and a second metal having a higher melting
point than a heating temperature requlred for interconnecting the
first and second conductor patterns; and

first and secdnd solid phase diffusion layers formed from
the metal in the first and second conductor patterns and the first
metal in the unified conductive compound diffused into the metal
in the first and second conductor patterns, the first and second
solid diffusion layers located between the unified conductive
compound and the first and second conductor patterns;

wherein a sidewall of the unified conductive compound in
the via-hole is concave in shape and approaches a center axis of
the via-hole approximately halfway between the first surface and
the second surface of the insulator board; and

the first and second conductor patterns are electrically
interconnected by the unified conductive compound and the first

and second solid phase diffusion layers.

2. The printed wiring board as in claim 1, wherein the side
wall of the unified conductive compound has an arch shape between
the first and second solid phase diffusion layers on a
cross-sectional plane passing through a center axis of the
via-hecle.

3. The printed wiring board as inclaimil, wherein thé insulator
board therecf is made of ‘thermoplastic resin.

4. The printed wiring board as in claim 1, wherein the unified

conductive compound is a sintered metal made frommetal particles.

22
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[\A]a]b]c]d]u]ur{\: 'cV$10‘V&'()-l10%&'() 10g 10g 10gcl? ﬂwgmt(e;zom

-$10% () | - S109@ é*l“‘-’ O3B 4r L 10 d?df%fgér&r{ et

& ()- $100& () -!ST0%

V&

10 10F, ; 10%&33) i tl%é (EF%)SECI:OH@/&@)WI& (s silyer.
%610%=& ()-pldddJeeNff} <dY: !

1) $109XX&
109%& () -

P" 109(& $10000 () - 1 $10000 () - Y
Q)%(é‘ P)“Pft%\zj‘h}‘%ﬁ’i?% I‘f‘é“%‘%&%@ 8 i 0" 1090

an insulator board having a via-hole, a first surface and
a second surface that is opposite to the first surface;

first and second conductor patterns that include a metal
and that are respectively located on the first surface and the
second surface to cover the via-hole;

a unified conductive compound that is located in the
via-hole that includes a first metal and a second metal that has
a higher melting point than a heating temperature required for
interconnecting the first and second conductor patterns; and

first and second solid phase diffusion layers that are made
of the metal included in the first and second conductor patterns
and the first metal, wherein each of the first and second solid
phase diffusion layers is located between the unified conductive
compound and one of the conductor patterns, and wherein the first
and second conductor patterns are electrically interconnected by
the unified conductive compound and the first and second solid

phase diffusion layers.

7. The printed wiring board as in claim 6, wherein the unified

conductive compound is an alloy that includes sintered metals.

8, The printed wiring board as in claim 6, wherein the first

metal is tin and the second metal is silver.

9. A printed wiring board comprising:

an insulator board having a via-hole, a first surface and
a second surface that is opposite to the first surface;

first and second conductor patterns that include a metal
and that are respectively located on the first surface and the
second surface to cover the via-hole; and

a unified conductive compound that is located in the
via-hole and that includes a first metal and a second metal that

has a higher melting point than a heating temperature required
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10. The printed wiring board as in claim 9, wherein the first

metal is tin and the second metal is silver.

11. The printed wiring board as in claim 9, wherein the unified
conductive compound further comprises first and second solid
phase diffusion layers between and electrically connecting the
unified conductive compound and the first_and second conductor
patterns; and _

wherein a sidewall of the unified conductive compound in
the via-hole between the first and second solid phase diffusion
layers is concave and approaches a center axis of the via-hole
approximately halfway between the first surface and the second
surface has a shape such that the farther from the conductor
. patterns on the sidewall, the closer the sidewall is to a center

axis of the via hole.

12. The printed wiring board of claim 1, wherein the sidewall
of the unified conductive compound between the first and second
solid phase diffusion layers follows a convex protrusion of the
insulator board that is farthest from the center axis of the
via-hole near the first surface and the second surface and closest
to the center axis of the via-hole approximately halfway between

the first surface and the gecond surface.

13. The printed wiring board of claim 1, wherein the sidewall
of the unified conductive compound is inclined with respect to
the first and second conductor patterns, wherein stress
concentrations are avoided at an area of an electrical contact
between the first and second conductor patterns and the unified

conductive compound.
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the interconnecting process includes hot-pressing the
insulator film to deform the insulator film to protrude out into
the via-hole, thereby forming an inclination of a side wall of
the conductive compound, which is adjacent to an area contacting
the conductor pattern, against the conductor pattern in such a
manner that the farther from the conductor patterns on the side

wall, the closer to the center axis'of_the via-hole.

15. The fabrication method as in claim 14, wherein a cross
gsection of the compound is formed in. an arch shape on a
cross-sectional plane passing a center axis of the via-hole in

the interlayer connecting process.

16. The fabrication method as in claim 14 or 15, wherein the

insulator board is made of thermoplastic resin.

17. The fabrication method as in claim 16, wherein when the
unified conductive compound is formed by hot-pressing the
interlayer connecting material in the interlayer connecting
process, the volume of the unified conductive compound is reduced

in comparison with that of the interlayer connecting material.

18. The fabrication method as in claim 17, wherein volume
reduction ratio of the conductive compound to the interlayer

connecting material is more than 5 %.
19. The fabrication method as in claim 17 or 18, wherein

the interlayer connecting material contains metal
particles; and
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the metal particles contained in the interlayer connecting
material consist of first metal particles that forms first alloy
with the metal making up the conductor pattern and second metal
particles that have a higher melting point than heating
temperature for interconnecting layers and forms second alloy
with metal making up the first metal particle; and

a plurality of conductor patterns are interconnected
electrically by forming the sintered and unified conductive
compound by '- fnaking the second alloy between both metals
respectively making up the first metal particles and.the second
metal particles and by promoting mutual solid phase. diffusion
between the metals resgpectively making up the first metal-
particles and the conductor pattern through the hot-press of the
interlayer connecting material interposing between a plurality

of conductor patterns.

21. The fabrication method as in any of claims 17 - 20, wherein
the interlayer connecting process includes heating the insulator
film at a temperature at which modulus of elasticity of the

thermoplastic resin making up the insulator filmis 1 - 1000 MPa.
22. The fabrication method as in claim 20, wherein the first
particles are tin and are included in the interlayer connecting

material by an amount between 20 weight % and 80 weight %.

23. The fabrication method as in c¢laim 22, wherein the tin is

included by an amount of 50 weight #%.
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