; FGHI e3eL<6TL20 Decenber 2004 PRI NTED W RI NG BOARD AND METHOD OF
MANUFACTURI NG A PRI NTED W RI NG BOARD CROSS REFERENCES TO RELATED

APPLI CATIONS This application relates to and i ncorporate erein by
reference 5 Japanese Patent Application 2001-338119 (filég?ﬁweﬂgvgﬁ%EW'Z,
2001) . BACKGROUND @ERTME BOMNENENDNMETRODICESHANUFAVEVRING A PRANTED tWIHINGt ed
W ring boards and nethods of manufacturing printing boards, and nore
particularly to 10 a printed wiring bo@&WRthat is a doubl e-sided printed
wiring board or a nultilayer printed wiring board with a plurality of

el ectrically-interconnected conductor pattern layers, and to the
manuf act uri ng met hod thereof. In Japanese Patent Application No.7-176846,
conductor patterns 15 CRDSS REFERENCHE r TOOREIPEIED aNPeIiTTAGTIC@BNECt ed

el ectrically by packing conductive paste, which contains netal particles
and bi nder resitis appRivaBidinteldwsgred and 1o i fitess WetbNg bhoarfé rand by
pressing the paste in the presence of heat. However, in that publication,

i nt er copnegkbanebet waeenthepgonducion pableInsiis 20iaehi evediobympent aGt
conduction between netal particles in the via hole and by contact
conductionzbetween the netal particles and the conductor patterns.
Therefore, if the printed wiring board is used in thermally harsh
conditions, such as in a vehicle, the interlayer connection resistance is
likely to vary. 25 For exandaxcrouachoghTienpersdtrey environnent, the
reliability 1 20 Decenber 2004 of the interconnection is |owered by an
increase in imrherpageeneonneeht @onr £8l st@fceobgeansedt herendt Behrds and
resi stances between netal particles and between the nmetal particles and the
conduct or pathedND £ MeReLSEr IGd Pr i Ml m@iboaxABN S meir et perbi Aiderr 1esbn.
The 5 probl em beconmes nore critical as the density of the printed wiring
boar d 1ioncr £3565t @i PL £ HHa YRSt 1 iGN ahdsutieers IRAE pae Aokl Mg BoRF@Vi de
a nore reliable printed wiring board. BRI EF SUMVARY 8F THE | NVENTI ON 10
Basi cal |y, of he | Ru@Btiilefets p ipitiedt ediwi.ﬁ? NGAe duwfiehned yidratgrgonsect ed
| ayers. Each | ayer includes an insulator film in which a via hole is
formed. A ensshicican 1Ratiheerchagat€sl Qibridih@:tbﬂsgla@&éf:nfiéf@rsa,minﬁhﬁo the
conductor pattern includes a conductor netal. solid conductive materi al

i s | ocat ednddufidteudiaghakenodhendesol i d conductive material includes a
first type of conductive material and a second type of conducting material.
The first typenQfape@rgdechi fentBppl ikt ide Nedes 126863 comnttiiepseconts t ype
of conductive nmaterial includes an alloy fornmed by the netal and the
condugkor getal pr28tdhe wiitvagt iHRArdS e 0j gt SRtk dfedrbki &0 B H1IIRE el

W ring board. Tﬁe met hod i ncl'udes packing via holes fornmed in an insulator

material Wddkiag ¢oiard kel p&oREUGhHiBE IR me dhE gla&ttfiﬁhéy%rndqs)ﬂm@ ing
material includes a first netal material and a second netal nmaterial, and

the second<®hgl imRkeriidl iRkt $odhed LE8NMPREALHIRLEE RigDRYE LAY dand by
predeterm ned tenperature. The nethod further includes stacking |ayers of

the insul gressingMetet hagerduet @he? pret@nbeC 23004 Patdwims 0 fHdtn a
stack such that the via holes are | ocated between the conductor patterns in

the stackpublifitheion} hentBkboshddcldilasetidl Nthad SOtk €N QUG sty shateer i al
in each of the via holes to
20 achieved by contact conduction between metal particles in the via
hole and by contact conduction between the metal particles and the
conductor patterns. Therefore, 1f the printed wiring board is used
in thermally harsh conditions, such as in a vehicle, the interlayer

connection resistance is likely to vary.

For example, in a high temperature environment, the reliability




el ectrically connect the connector patterns by heating the stack 5 to the
predeterm ned tenperature and pressing the stack. The solid conductive
material of each via hole includes a unified conductive |ayer and a solid
phase di ffusion layer. The solid phase diffusion |ayer i40 GECY

e
first netal bl 3he@PdoAnEONALLY 1Rieted tthe reepddet 9h MBtak1h§ed
net al of thgggtstgoc?at eg c():onductor J'1D pattern?ﬁglglnEF DESCRI PTI ON OF TI—Ee

SEVERAL VIEggngggqtghtﬁggigggﬁégE&%é?%z%ﬁ%héscéngﬁégr%gQEBEQnEéQSQetween

sectional view showmng a step 1nt acture of printed wiring boards

accordi ng tgew? ﬁ{f@wesi gxlgnrg%%enléh | QNS O?)tiic_s._eé YAEWH KBnELgHEE

1(a) show ng a r'ste manufr act ur e the printed wiring

L(a) show } p Inthem of 1l .
oards: T oyLe. gl FrBrBa¥k el té%ﬂé&:ﬂgg}@%@@&gﬁ Q%Eeag{d’déﬁ‘?és%ﬁ?pm‘&%

t he manuf acturée o W ring IS a view ll

Fi gure a) _showing a further step. i r f_t. ri
W ring %ar%g&#%%reé: OTF S)m? - r\#é\%vg}ia[}ettgfg“g%%gﬂl%;&sﬁ%%pr%ﬁgtepu%?%grgg
step in the manufacture of the printed wiring boards; Figure 2(a) is an

enl arged di B3PS ss sectional view showing a step in the
manuf act ure of printed wri baar d. 25 accor di ng. i. fl ] i of
t he present inggﬁtﬁrﬁﬁ;engi T B?hé}ssbge{}img\%veﬁcf(ce&lﬂtlgﬁ? g éfé E%"ggg‘%%n’ggﬁé
further step 3. 0 Dec er .2004 in the manufacture of the printed wiring
boar d; Figuféi%?qi?zfrﬁpggﬁ ?ﬁﬁﬁfﬁg??qﬁghresults of an eval uation of adhesion
bet ween a copper foil and a conductive conpound, where adhesion is
represented by the vertical

i ,Iﬁﬂﬁ he_.q [ f tin and silver in
t he conpound are representé@£§%§5he g%i?%n?%? Hrvfer 0P

10 Basically, the invention is a printed wiring board formed by
interconnected layers. Each layer includes an insulator film, in
which a via hole is formed. A conductor pattern located on the

" insulator film, and the conductor pattern includes a conductor
metal. A solid conductive material is located in the via hole. The

15 solid conductive material ‘includes a first type of conductive
material and a second type of conducting material. The first type
of conducting material includes a metal, and the second type of
conductive material includgs an alloy formed by the metal and the
conductor metal.

20 The invention is also a method of making a printed wiring board.
The method includes packing via holes formed in an insulator
material with an interlayer conducting material. The interlayer
conducting material includes a first metal material and a second
metal material, and the secona metal material melts at a temperature

25 higher than a predetermined temperature. The method further

includes stacking layers of the insulator film with conductor



axis; Figure 4 is a graph showing the change ratio in the via serial
resi stance of the printed wring board of this invention, where resistance

change ratio is represented by the vertical axis, and 10 e quantities of
tin and silver in the conpound is represented on the hor?égﬁF§Fﬂ§¥@§04

Figure 5 is o @i3pk HPWrRG 508k &t sh0f +AR €VAhMALEArOf 02FDES IR ween
bet ween a copper foil and the conductive conpound, where adhesion is

represented dpe EBRaYEEL S %%Itt@ﬁ@ Aapdnkhecigat i ﬁgré-ﬁef,eragx%;ﬂéyﬁ@d qfn_ctllﬁﬁles

conmpound i s represented the horizontal axis; Figure 6(a) 1s a view |Ike

Figure 2(2) hath0s2s51 28 Labdie RNULEELULE Of & Y ahoryingohog do

according to a second enbodi nent; Figure gure

showi ng a f%&%ﬁ@&ié&?%%ﬁ&&“%h@%@&%ﬁ ngtf%sgﬁgnﬁ&&m s Q%gggeof

Figure 6(a); Figure ) 1s aviewll wng astep in
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Frgur o 71y “Pstle BrelEElpilaed BRRGHILBEO NN Bl 2 HRE R EIOT B Eb 4o

f act o Wit P s 3 .
Vow i ke FeanteofHls Gl 4F SaBB Y G Bl SR SR U BhB i g

board accor Pl L o JPRETNE(o 2008 SRRUTE Lo L OHEE, 200) 1S

a view like gure b st'ep in é man
printed wiri of Figure 8(a);, Figure 9(a). i view like Figure 1(a)
showi ng a s?‘ggeib(r)f‘g ggrgecrira%qugt ut eStof“ega%rIf‘% ee]i)jlg\‘/%srai%rcllga bcooar}ddlcgzggo ardl to
a further egggd£ggnéénductor metal is a metal of the associated conductor

10 pattern.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1(a) is a diagrammatic cross sectional view showing a step
in the manufacture of printed wiring boards according to the present
invention;
15 Figure 1(b) is a view like Figure 1l(a) showiﬁg a further step
in the manufacture of the printed wiring boards;
Figure 1(c) is a view like Figure 1(a) showing a further step
in the manufacture of the printed wiring boards;
Figure 1(d) is a view like Fiqure 1(a) showing a further step
20 in the manufacture of the printed wiring boards;
Figure l{e) 1s a view like Figure 1l(a) showing a further step
in the manufacture of the printed wiring boards;
Figure 2(a) is an enlarged diagrammatic croés sectional view
showing a step in the manufacture of a printed wiring board
25 according to a first embodiment of the present invention;

Figure 2(b) is a view like Figure l(a) showing a further step



Figure 9(b) is a view like Figure 2(b) showing a further step in the
manuf acture of the printed wiring board of Figure 9(a); Figure 10 is a

di agrammatic cross sectional view showing a 10 stacking in th

manuf acture of printed wiring boards according to a furtﬁéﬁ)eé’ﬁﬁ&ﬁr of
t he present ipnveathamidttgurecoflths primesd [Wikeng $eredi0 showi ng a
stacking step in the manufacture of printed wiring boards according to a
further enbodi Fégtiref3t he fresspit showeinig dive IesEilgar e£f12ni svalvabiwh i &
Figure 10 showing a stacking step in the manufacture of printed wring
boar ds accoesdhagicn etiweenher cepbedi fient arid thecqrdesdnivel geapbind; Fhgue e
13 is aview like Figure 10 showi ng a stacking step in the manufacture of
printed w radigedoar ds aepoesenged doya ther veer 1281 exbiodi reert thk tthenpi esent
invention; and Figure 14 is a view like Figure 10 showi ng a stacking step

in the ranubfictinr endfs iiviedt 2o thier ¢ digpdnrT d8eanagnrsdieng etioon thha hdeizontal
enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 255 ( Fi rst enbodinent) In Fig. 1(a), a single-sided conductor
pattern film 21 having 5 20 Decenber 2004 a conductor pattern 22 is
defined by etchigq@grea casdacitatd Eablrifg €oPRSange Fawvisd hinl& heUris hekingss
in this enbodi nent) adhered to one side of aresin film23. In this

enbodi ment , res istam@epbésthe pilmtedhiihing bdardSod Rhibi ekvantismdastfrea
m xture of 65-35~ 5 pol yet her et herketone resin and 35-65~ pol yet heri m de

resin, is usedsaxsntBechgsyd fd4i8 23. réptesehted fiof rld oerefichbeatindugidor
pattern 22 is conpleted as shown in Fig. 1(a), a substantially cylindrical

via hohe 24hd quanbiehed RF €RtIA ehlpatt Bi Rhé2cERpYESd dS 2ehobioft&dichace,
is formed 10 by exposure to a carbon dioxide |aser fromthe side of the
resin the horizontal axis;

Figure 5 is a graph showing the results of an evaluation of
adhesion bgtween a copper foil and the conductive compound, where
adhesion is represented by the vertical axis and the heating

15 temperature of the compound is represented on the horizontal axis;

Figure 6(a) is a view like Figure 2(a) showing a step in the
manufacture of a printed wiring board according to a second
embodiment;

Figure 6(b) is a view like Figure 2(b) showing a further step

20 in the manufacture of the printed wiring board of Figure 6(a};

Figure 7(a) is a view like Figure l(a) showing a step in the
manufacture of a printed wiring board according to a third
embodiment;

Figure 7(b) is a view like Figure 2(b) showing a further step

25 in the manufacture of the printed wiring board of Figure 7(a);

Figure B{a) is a view like Figure 1(a) showing a step in the

manufacture of a printed wiring board according to a fourth

4




film23, as shown in Fig. 1(b). During the formation of the via hole, the
conductor pattern is not perforated if the power and the exposure period of
the: carbon dioxide |laser are set properly. other than t 6 carb i de
| aser, an excinmer |aser or the |like 15 may be used for f e via
hol e 24. I neaddithen:t0 a laser, other ways of formng the V|a hoIe such as
drilling may al so be used. Fbmever machi ni ng by | aser beamis preferred

because of its pghilit tf%gf 1RGhiRe, 2 [i e e tzﬂethoytodﬁ@% £:2the step

conductor pattern 22. er the formation ™ via h 24 1's conp

as shown 20; hntﬁé%aﬁf@ctu%%ngfcthge%ﬁe eptl%qgrl Zggaka (fmnﬁ}.c?rff:%l aojl( o).
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particles, and tin I's sone Sre erre Foras rst
particle si ol J.n]iéhet tin particles is 5, um and 6 20 Decerrber 2004 t he
specific surtface ared of the tin particles is 0.5 m/g Further 3009 of
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15 the 4 of the ngl e- si ded conduct attern fil
sor eon 1Br [AttA ﬁgu% i 15 e §%f%r%%ﬁ9 S Lk ERF RS atiring e
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Cel si us) fJ ﬁ FLs S Y & n@h? PhetLEF e hlbrlntlng nachlne i's
used for packlﬂt%ct he onductlve ﬁ-i N ﬁj eWV| a hol % k vge
ot her met hods afrfsl'i‘/ gt e EaEt‘% E\?t & H"Spenser -af trl’t%sl'el?el&e
may be use S Ion the tho rel i.abl acks the pa nste
Loy pi neol - SEnErRErahr S cof Ve tay el BRRF B [ ARelRily 'Y Rirfer
embodiment of the present invention; '
15 Figure 12 is a view like Figure 10 showing a stacking step in
the manufacture of printed wiring boards according to a further
embodiment of the present invention;
Figure 13 is a view like Figure 10 showing a stacking step in
the manufacture of printed wiring boards according to a further
20 embodiment of the present invention; and
Figure 14 is a view like Figure 10 showing a stacking step in

the manufacture of printed wiring boards according to a further

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 (First embodiment)

In Fig. 1(a), a single-sided conductor pattern film 21 having
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to machine a fine hole without damage to the conductor pattern 22.

After the formation of the via hole 24 is completed, as shown
in Fig. 1{b), conductive paste 50, which is a material for
interlayer connection, is packed in the via hole 24 as shown in Fig.
l{c}.

The paste is prepared by the steps described below. Terpineol,
an organic solvent, the quantity of which is 60g, is added to 300g
of tin particles. The tin particles are sometime referred to herein
as first metal particles, and tin is sometimes referred to as a first

metal. The mean particle size of the tin particles is 54m, and

6

An organic solvent with a boiling point of 150-300 degrees is
preferred. if organic solvents having boiling point of 150 degrees or | ower
conducti ve paste



A top cover |layer 36a, which is a resist filmthat covers the 10 conductor
pattern 22 of the top layer, is placed on the top of the stack of filnms 21
as shown. A bottom cover |ayer 36b, which is another resist filmthat
covers the conductor pattern 22 of the bottomlayer, is R8d&gcembgr 2004

bottom of thenstpekific bukFBcdkl R $HOWR + (NBalPP-LOYEE b AV RF/ 2936af‘d15ther,
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20 150 degrees or lower are used, time-dependent variation of the
viscosity of the conductive paste 50 increases. On the other hand,
organic solvents having boiling points higher than 300 degrees have
long evaporation times, and this slows production.

In this embodiment, the conductive paste 50 includes metal

25 particles, namely the tin particles and the silver particles. The

metal particles preferably have a mean particle size of 0.1-20u

m and a specific surface area of 0.1-2.5m’/g.

7



In addition, while the conductive conmpound 51 is formed in the 5 via hole
24, the pressurized conductive conpound 51 is pressed toward the surface
formng the bottomof the via hole 24. Thus, the tin in the conductive
conpound 51 and copper in the copper foil forming the cof@racemiesiid0din 22

di ffuse nutual In¢, taBdnéc$DIdad thkase Aidd USinRAnl pretisZei SidOsmmRd 18k then
interface between the conductlve 10 conpound 51 and the conductor pattern

22, Simlarby: ph houdh pgt shoWufLdd GheeR( BhcBrSBhhf Phapo ol Lf sl o

| ayer is also forne he tiniIn e conducti ve conpoun

copper in tBEg&:‘?RP%rolfv%hE o ﬂé&%l?@ﬂdwtc‘}realegtéeé'ﬂt%%llée{r%f?t{}? f?n?\?\ﬁfgt or

pattern 22 and the conductive conpound 51 in the via hol es

the conducthyfe patkghgs 28nhabfe DALLAMIR L Md BONOLE At ESL B Oke:

conductor patterns 22 at the top a bottom via hol e

electri Gal | YodAICANNRALRG AL N LAG UL | 4 GRAGIGLINBRCOORGUPG: 24, 0t t he

solid phase diffusion |ayer cordi ng to tthe con |gurat|on an

w1 ng- boar (P T00 G 6 ol BTt A Py Eia P ebnasi B W nsareSrpeCEafl ¥
and the Solid pRaSeeHrFFie bt AyeriestEk 2"f?%héﬁ%e%eﬁﬁ%d‘shgrg'fﬁ’le "
ol ot 11 cal ThESr SORET b ThED he %°9§§82%%§&%3%‘?999&9?%#%5355?—ég“n%%ty of

Tt et ooy o Rt et ek St ance. Therof ore. the reliabilit 308? the

|t er cggnect i ofh i b ghler i AR R sakASkE VDI LEAI A OfelliGaricre

si ngl e-si ded conduct or pat er € cover ayer

|nterconnect|on 5 of the c ductor patterps 22 are perfor Itaneously

by the ot *47Este 4t @rﬂ&i@ ShahBerELFTy S5 tetel SheR e 1Por Lk tng ¢ he

board. 1 n P BBkdndotnd thed”ce‘%f con%a%“ehaeg‘? rdenEhaidtibethade 10°

ot Sf’”ibi;oﬁéﬁ?%?'&%ﬁ T b r%sf‘fﬁ?ll%? S ePRge T on

fﬁQdﬁéquﬂc?%r‘E“%%%Yﬁs’lttS ff%w%%t%ﬁﬁeéé Qva*é%io*n’ee%atﬁgﬁg s Uae
at |

0
he 1 d wh f I h
conduct] 32‘3%%%?12@25@52%2?%&111%{‘; AFRRE 40Pt Bt i ilimebep Bee,

the same tip P Al S'h%grcggnéé€1%§ that were used for the
conducti ve pas descrl 6Ve"ief & Used as netal conponent s.
Ter pi neol

Before the conductive paste 50 is packed into the via hole 24,
the surface of the conductor pattern 22 facing the via hole 24 may
be slightly etched or chemically reduced to improve solid phase
20 diffusion, which is described later.

When the conductive paste 50 has been packed into the via hole

24 and the evaporation of the terpineol is completed, a plurality

of single-sided conductor pattern films 21 (four films in this
embodiment) are stacked as shown in Fig. 1(d). The two single-

25 sided conductor pattern films 21 of the lower side are stacked such
that the side including the conductor pattern 22 faces downward.

The two single-sided conductor pattern films 21 of the upper side

8



20 was added to the netal conponents in an anount equivalent to | Onei ght %
of the netal conponents, and the m xture is treated to create a paste. The
paste is printed on the shiny side of a copper foil and the terpineol is
evaporated under the conditions described above. SubsequéftPgceraber 2G4
copper foil dx staeked Onct heaRashe %ﬁjé%ééwﬁﬁgté}% WG ctbded 81600 5
contacts the paste. The two copper foils and the conductive conpoun

bet ween t herpaai=g hpnded. by the hot-press under the conditions described
above. 12 20 Decenber 2004 The reason that the shiny side of one copper
foil and the maide side;af; dhe N -Garper [ c agste Ls.that a
via hole packed with thJé clonduclt id\}% gg%%guﬁgggghfté?ngatcggf{/?\eg%%%c tlsf—'&' S
when the si @gla@kghd@g%é@{gp r b . S ked in_ the
fabrication 5 of the print eﬁh\?\nﬁr?ﬁggé gg%r%m?%aﬁ‘ﬁsngt ggcﬁg?‘?‘fcﬁﬁ‘?ra@@%tfaﬁ@s
same directhengin tf'hd% [ d wiri b The .-bonded .two copper foils are
peel ed at the spee ofrp%_ﬂﬁ% mwr%’{éaggot(ﬁéﬂ%eesllinﬁégsﬁ'gﬁat%Or?‘gucgpégﬁ RBHTEENt he
adhesi on be i, S, s..out .that .a tin_content between 20-80%
provi des a 5%% El1%Pﬁae1{/é;ISt%Fkgghgélg%lgntrtalrJrcoF %t ﬁéﬁei.bnﬁﬁﬂqgﬁ% Cnguator

hi gher | eve @rg# j than.t hat between the insulator and the copper
foil is proé?g%e. ???}ggtﬁ%&ﬁ% e c?1‘“'(=P'pee| ing in of the material in

the 20-80~ tingC e IS t boundary peelin ween .t he copper

foil and the c%ngﬁ}%t%"é&gg% gﬁné?gbu"f _lpcgiellisna ﬁﬁ%l?g ?ﬁ“ér%t fgvﬁfgc'f%ﬁ’i ng
of the cond | n Thus, sol i hase, di ffusion | ayer that is

st ronger th%%%%oggﬁggg ?1\’}92438%35&%&?93ngFﬁédl%é{J\ﬁé:&ﬁi PRe* 20058 °f of e and
t he conductji . u the reliahility of an iinterc ectj on that
enpl oyg%t heées/a(;eﬁklcg;%%;sﬂglsdlﬁf %%I %ﬂo‘f%yerp‘ iq)so%%h.cofﬁrﬁl@éf?é 32{;5 uhie 4g of
an eval uati by.the_inventors qf the reliability of the

i nt er connec |3:§11%g%%}5§g5 é%%’ﬂht%%%vﬁ%vgeﬁshgﬂ\?alpf’ FSﬁOFnP?ﬁge’r’%s?%t%c‘@e
change rati f t iLa serial, resistance |n the inted wiring_board to

t he igni ti alb%vtl%gmsgrg}{éf' FEsitSFAREE 3 f EO#QQTFIOOQN%‘&I ﬁ‘é‘??]ﬁg’%prfg&@gszhﬁén
the ratio qfti,n 25 to silver in the conductive paste packed in the via
hole is varied. To explain the evaluation procedures, first, the sane tin

bocenber 2004 e EPsOHRECH g Hore. EY b ARt & TER et ol Lo dEtRuIAS i n
caut val 2t PTG ERE SR B o LROCEHo R b R T SAE RGN RS AOFSHEn R e
Si gl o-si ASA"SARERE LS Ao iR SN TAVE R or BRRGETE ol CEy POkl S der
Side of tnoarnararel Ae BT AR boh S ha e P RoRB AR e 37
navi hg conbCU Ao BT BHREeP 87 M HER TS OPao % FoPLFEP R S T Ras
Teacur od, ShdCua BErCl) TpgeFer anth. P hgHR R AOHSHE eatBF | EPSERCABRFdFS

th -fl t t f 25Q degr¢ f
port o i Lo e bR ERh P 5ol 68 Mk ML etk 18 d ot et 6

This ratio.Js referred to the.resi stance change ratio. It turned out
that a ti nt%:eon ngrﬁ% B‘@?\%énggﬁ-%ﬁ%iﬁéures that the resistance change ratio

is 20% or |es which is generally . the, i mum figure to provjide good
reliability. 20°F% Su%é‘%&é‘gi @F% %%G&Fax?ilggé&%rgqﬁt@cr REEFRENDOEIMS it #nd
excel | ent t%onnecti qTr% rel iggi lity if the (}e)ri nted w rlir{%[g) board is ]

manuf act ured By’ usi g C4s %ﬁ"ﬁ{%?li’ AFefNYENASCY + 8y er Fag stagkegomiitet i ve
paste 50 with 20-80%tin_content, as described above. In this enbodi nent,

the tenperdt 0PEPREER8A AR | B2t sk (g Pos teRosBE Sares Jhy- B50A¢Y: ces.

The heating tenperature is preferably at | east 220 degrees or nore.
99 h%t—pggss machine. pIn this emybodiment, the stac%ed unit is pressed

for 10-20 minutes under 2-10 MP pressure at a temperature of 240-350

degrees.




Figure 5 is the result of an evaluation conducted by the 14 20 Decenber
2004 inventors on the dependency of adhesion between the copper foil

form ng the conductor pattern and the conductive conmpoun heat |
temperature. Figure 5 shows the variation of the adhesi oﬁog&c\ﬁgg??r%@“

copper foil andrihe, GaNgsH Y8 £QIP whenst he; beat ratyre is
varied. To explain the eval uation p?gggaures?wﬁ%t,ﬂ%%g nghgggggrp%&setr@ 50

is printed gn'1fessiqY +Sledeodis q_agggeg%sg9@'@59&@&4% Qiogggbﬁggs Bt

evapor at ed under conditions descri ove. sequently

foil is staghked @ihhe;PAStSs SHED tg‘nrel.atcot.rg% gg&%?s sige 10cd }%eé?{%@%n%ﬁ%%f

the paste. The two copper foils and the con I've™ cofhrpolun
are bonded i n t.he Nndi.ti descri bed ve, at heatin
t enper at ur elgx\?g??% g%tg %ggrppjlé;' 63‘%%?%?@%%&%?{ 5 e o"’Hchar?&t"%t ke gﬁf“‘ny
si de of ©ne o]l te 15 side the other copper foil face
t he past% igggﬁg‘?{é‘f]giéiaﬂg;ﬁdestdp:g@kngg‘ewvf‘ﬁ Sﬂgec%%]d?ﬁ?i%t%ﬁﬁ%'df‘fﬁﬁeflsaf‘ﬁrﬁed
bet ween suc j ; si ngl e- si de duct.or_.pattern filns are
stacked in ‘?ﬁgtgg%%g}i%’%%gf w%%%n%%oﬁtr dSE Mg B IOr §; ngﬁ?d?%,”eéBH fTIm
faces the s i Lon i.n the i nt W_ring baar The bonded two copper
foils 20 ar%ggté% égg%a'!tig?%elss ]é%‘&f%qc{llgﬂ}ﬁﬁ%ﬁ aﬁg‘m} gé aﬁ%l‘tpﬁgc%"terreﬁﬁi’ﬁrgg
defined as esi.gn between the foils. The results show that a heating
t enper at ur e:; %le’g%gs:% ?ﬁ%nmai%)\g%egP%eS?“ﬁ’r éLJb?H‘B‘éP JetS FTSUhEC ddifdsitRY et Seen
t he insul at i.dtge clg)‘%)%erf il’ﬁf nore than 1. mm which is i
preferred. ThHe f Pact UrE hodBerhe SE&FPRGY 0f 2 he PKESER Al | ANt hERiS
20- 80%,t,i n %@}{i%tt.ran e iI.s_not_boundar pggl i ng. bet ween t he copper foil
nauc

and the co Ve *ESnB58RESS buthp EECCHGSdBROYD T hiiidrall ¥Padfuri PRFIHINILS

20 Decenber 04 _t he conductive conmpound. This_neans that a solid' phase
di f f usi on Isé%r faﬂgt ﬁ%estﬁ'ré’r?&éfefhaﬁh?% dondbiefrve botbodd i §(for ek

interconnecting steps.

Hereinafter, the interconnection is explained by referring to

Fig. 2(a) and Fig. 2(b). Figure 2(a) and Figure 2{(b) are partiél,
15 enlarged views diagrammatically showing a representative one of the

via holes 24. Before being heated by the vacuum hot-press machine,

the paste 50 packed in the via hole 24 and subjected to evaporation

is in the state shown in Fig. 2(a). In this state, both the first

metal particles 61 (tin) and the second metal particles 62 (silver)
20 are mixed.

When the paste 50 is heated to 240-350 degrees, the tin particles
melt and adhere to the surface of the silver particles, because the
melting point of the tin particles 61 and that of the silver
particles are 232 degrees and 961 degrees, respectively. As the

25 heating continues, fused tin begins diffusing from the surface of
the silver particles, and an alloy (melting point, 480 degrees) is

formed with tin and silver. With the tin-silver alloy formation,

i0




bet ween the copper foil and the conductive conpound. As descri bed above, a
heating tenperature higher than 22D 5 degrees in the interlayer connecting
process provides a good interlayer connection between the conductive
conmpound and the solid phase diffusion layer. In this enB8dieramberR204

pressure of dhenbph-ipres§i N9u9f 4 BendnteltA¥SnpeaRASCt | DEi ARG b &linkRBkql S
2-1 OWPa. The pressing 10 pressure is preferably O SMPa or nore. If the

pressing pressuie hs FOMREd tihARLE. §%’%oié‘%4”}%§e@%u9ér€ﬁé|@&n&\fcﬁ:i’?ﬁétagaste

sufficiently unified by sintering, and the solid phase diffusion er 1s

not sufficiently (aaERd, JeiddIWeNH0 §yPave confirmed that a satisfactory
i nterlayer connection' is ensured by setting the 15 pressing pressure to

O SMPa or nore. ] Rakhe; &Y alHatiop, Fan] qyabg%m@&%qp% %9%%%#@1;8&“5

a matte side on which rust preventive filmis i's used. Oi

provi dessa gQ@dni,ALeshayer e CRPDES!E Ybg _(c%%%@qi%g}oe%ggubm}xt g@r gg;gkeééégg,

second embodi nent of "the present invention is explain ence

e hedur o> colPa SERONLSUNACHERL nd Sl WRLBAL £ ML WE WL SO0 IR

in the conposition o e con past e rocess cond

after the PRAE!IG BhOGRS S ohBuLFPYOYDrbIB I P EneL S O 1 28n 0l diBr £o1g

conducti ve paste ore, r erence nuner S use

crbodiien gt 85 00USE L Ll Corr s PORODO RS 1, Ul oSO DL,

and a det ai ["anati on théereof TS

asin the (TSt s rens? o RhLEHE o TR0 IR URCR A LhadfTVE =

as in the firs as shown in . (
past S8 LU HienoDEc i Al A roR1e Vi hole 24 of the
I's prepared bysmﬁ?{ﬁ}’ﬁ mgu%%ednoq_el %wnTe{rPi P%".’ 2(b), a solid phase
diffusion layer is also formed by the tin in the conductive compound
51 and the copper in the copper foil of the conductor pattern 22
between the'cohductor pattern 22 and the conductive compound 51 in
15 the via holes 24 in which the conductive patterns 22 form a bottom
wall in the holes 24. Therefore, conductor patterns 22 at the top
and bottom of the via hole 24 are electrically interconnected with
the unified conductive compound 51 and the solid phase diffusion
layer 52.
20 According to the configuration and the fabrication method
described above, conductor patterns 22 of the printed wiring board
100 are electrically interconnected with both the unified
conductive compound 51 made of tin-silver alloy sintered in the via
hole 24 and the sclid phase diffusion layer 52 made from tin and
25 copper between the conductor pattern 22 and the conductive compound

51. Therefore, electrical interconnection between the conductor

patterns 22 is not achieved by mere mechanical contact and there

11




the quantity of which is 60g, is added to 300g of tin particles. The nmean
particle size of the tin particles is S ,um and the specific surface area
of the tin particles is 0.5 m/g. Further, 300g of 10 silyer particles are
added. The silver particles have a nean particle size of 2P Rareaer2004

speci fic surfaceesy epiofid. 2ddaver adHthcen rdsidicdpipart iﬂ{e%%f(o?}g)d%fhe _
particles), the quantity of which’is 6g, the nean particle size of which is

3,ctm and tﬁ@_isigqqiii:gcogU{]{@_clqlt%rr%ngfecg@gﬁhié Shﬂth.B m-/ g, are added. The
m xture is: treated 15 by a m xer to nmake paste. Arter packing the

conductive pastg, 58q4ithent erRicreq uﬁﬁffe/&q%rnaaf%ﬁ@fsiﬁgl@.QF&.@& 5%%@41%%03
| eted, the

160 degrees. After the evaporation of the terpineol i1s”conp

singl e-si ded,,¢@RAHCE O{mP 3Nt §HA tf,l'}é '@o%%ri §a€§§t3f'6‘é,g1§6é89na ' rn%%t%ﬁogo

Bef ore the heating, there are only indium®part 3 mxed with e’tin

pe {125 CheailiSensliar LGk o A et ks BORE) PhodR YL

Fig. 6(a). The indiumparti hav 160° ;
thus the i nﬁb'ﬂ:ﬂ:g@% ! Clﬂ")%r@%o?&,e Jhlésggmgér;%g ﬁ%%@iba%ggnagté nsdlC Og]s (%) %-’I‘%g

63a i nterconne e tin partrcles e silver parfti

shown in Fi - L at i hg, A t.he indium.portion 63a
di ffusles ilntgget %ﬁrﬁe?%%???%{bggqgligﬂgst %gdg?%earloﬁl :V%%He%rp%fjabﬁﬁﬁagé%‘ﬁ
particle is.d cenpher, 2004 firmy interconnected after cooling.

drs &P
Consequent |y, t%e shape-reténtion of the conductor paste 50 is dramatically

TProved. TIErghSnis LSS e BESLS il p R AR b
S DB HBLAT G, By HSRLhg, 30 OO AegiSesc Ll
e aUr s Sl P gL B 10 R0 33p0g8 o08) of 1D and the
oLt O 1 180 YRR 0 Ll ke MR LU LN iRl T
R T e I N, ——
cramml . | S RARE Sk dp LY SLSIES ARG, PRLKLELE, ol 2
part ch kit BLCsaa oh iy 0 ARSLeSe DELYPER DR ol s

20 However, . 1Bt riicles y be used as the binder as |long as the
particles ﬁg\%ﬂg&Ilggwesgsrrg?tjisndmﬁ&ieg than those of tin and silver, and

O e s, e A O L2 P B IS LR B L, 520y gt
cuaner o | B RETLEE 0 S5 BB B g U S0 fof o L
the first ﬁgpggig’ea'&te'sc\f@ggdta%%v]ézgwere used as metal components. Terpineol
20 was added to the metal components in an amount equivalent to
l10weight% of the metal components, and the mixture is treated to
Create a paste. The paste is printed on the shiny side of a copper
foil and the terpinecol is evaporated under the conditions described
above. Subsequently, another copper foil is stacked on the paste
25 such that the matte side thereof contacts the paste. The two copper
foils and the conductive compound between them are bonded by the

hot-press under the conditions described above.
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20 Decenber 2004 conductive conpound 51 is formed in the via hole 24, the
indiumis absorbed into the conductive conpound 51 by diffusion. According

to the configuration and fabrication nethod descri bed abgve, the sane
effects and advantages that result fromthe first 5 embod?Hasember 2004

produced. |n addid beBsoh NhJNLRL! AYLy £9RRCSE ING UBHELL Ao PA0an8 iRl 12100

packing into the via I Shape-retentron and resi

fal l'ing from;khe,¥ife %th\%:&zcﬁ% erTPc?{fffgﬁgiteﬁe{“éa%g%ii%ibtihljl 14 ¥ Pfs 8 e pagked

i nterconnection I's | npr o I'S poOssi er resin

conductor DRSEe B0 LBnMck TUL WS IEneshelepLL 00en HuBVEL 5 XGE0SLKE

additi on of binder resin t'0 T hcrease éin

cand t1 one RoPOLEsH HELEBHTLe FPEBERE BT RSB ohaCkRe b e Hao BrEEnE

condi ti ons not “expl ai
first di . 15. (Third. enbodi t) . Herei.naft third enbodi t of
e presont OEnyBht PR TS A Gty ot &FBr: g £4Pnd girEes The TA7S g

t he present _
embodi nent differs fromthe fi and second.e i.nents. in the conposition

Fophdfeb a0 PRt E CERBiT
of the condibtTTe Padfe B0 BATCEA Thc o Boesd: cONGIRITBIR FRAICIEREE FPate 20
after the packing process . to i ove the shape-retention of the conductive
paste 50. Tie: JATE Tef rzhse%%%ir%ﬁeé%g@ it "E“Pu‘g e AESIBGIFFERPIER el Tised
for corresgﬁggquhegrt of hhis enbodi nent, and.a detailed explanation
thereof is UM T1EH.2SAM0Er 2ERES P R TG b e Oddfiduct or pattern 22 and the
via hole 25 24 %stco Ie%ed as in the firs% enbodi nent, as shown in F%gs.
1(a) and (b), T g i R A CNseen R o P StYersr 2P nf & IRRAVLAESNAIAq DN,
is pacﬁﬁd i.n tqg %ia Hole 24 of the single-?ided conductor pattern 19
level of adhesion (more than 170 N/mm). That is, a higher level
of adhesion than that between the insulator and the copper foil is
provided. The fracture mode in the peeling in of the material in
the 20-80% tin content range is not boundary peeling between the
copper foil and the conductive compound, but peeling due to internal
15 fracturing of the conductive compound. Thus, a solid phase
diffusion layer that is stronger than the conductive compound is
formed between the copper feoil and the conductive compound. Thus,
the reliability of an interconnection that employs the solid phase
diffusion layer is high.
20 Figure 4 is a result of an evaluation conducted by the inventors
of the reliability of the interconnection and is a graph showing
the variation in the resistance change ratio of the via serial
resistance in the printed wiring board to the initial via serial
resistance after a re-flow soldering process when the ratio of tin
25 to silver in the conductive paste packed in the via hole is varied.

To explain the evaluation procedures, first, the same tin

particles and silver particles that were used for the conductive

13




film21 as showmn in Fig. 1(c). 20 Decenber 2004 Terpineol, the quantity of
which is 60g, is added to 300g of tin 5 10 particles. The nean particle
size of the tin particles is S,u m and the specific surface area of the
tin particles is 0.5 m/g. Further, 300g of relatively | ZPdeecmber2004
particles are added. The relatively large silver particles have a nean
particle sizZR2%%e PO dessriiph abpeeifene sgeflare treemeddl IcanrinegtsAlshi& 69
of relatively small silver particles, which serve as binder particles and
have a nmean P& 1afiensi z&egpiBeghnvasraddettieth The metdlireommomantad ino an
paste by a mxer. On conpletion of the packing of the conductive paste 50,
the 15 ter pid¥Int eqevdpdernt et f biweSFhtitnotifeshat mé401 160mplegswes, aAfd enhet he
evaporation of the terpineol is conpleted, the single-sided conductor
pattern fil miXture has -YreessddtacrbdfeldPpadegr. carhdphveendrephi-Redr ol kaes
or the like. Before the heating, the small silver particles 64, which have
20 25 a Aeawvipartdld eo$i zaeofs inglens ide@ moxadcwbth dadradrinn Pamt | sh@Stf2
and the relatively large silver particles 62, which have a nean particle
size of 1/t merpintbe wds dvaberdded amdaiovhel dofd Bt icHAHesthebeaBidowd .| VET
particles 64 have such a |arge surface energy that parts of the small

silver part cobpsr6goii Wassedheied thie theni Pailddes 6 apdeida ihatgessibyer
particles 62 as a result of the heating, which interconnects thé tin.

particl es 6toaddctde davtgensEbvel MR btabREd G itAS sSHOVDp & d 1€ yHEludr i D) -
When the conductive conpound 51 is formed in the via hole 24, the silver of

the smal|l sconéttpatd dekesibdd iapoalsormbagubné os {dw %aéacawiengceapay@é%él
by diffusion 20 20 Decenber 2004 Therefore, the shape-retention of the

conductur ppsteents ifo>rdmeEelireal! vid reuovad reand thRBeC9B8dEEE O AGRLR 00 1S
prevented from dropping away in |later processes. ‘The interconnection

between the metrhénpavibclsesifl, 82s3Bdahbe BrSHd SRS~ LA HLFHOB4dsS
produced by hot-pressing at 140-160 degrees in this enbodi nent. However,

ot her tenpenedduresi,Maydo@idsedr 881 | Q6 A%ddRe REALRNA hEREFAL Ui dS dwer
than the nelting point (232 degrees) of tin. The rretal particles are

| nt er conneaicedkdMikhpaés asini@ugheat FoL Padil bebeesBlaand v eh-akdee Sl WAy,
particles 10 62. In addition, Ey j ust heat :Png, \?vit%o_ut hot -epress?n%% \é?k?e

met al part iddreesByobe: pBEeHE WINECH Bl ddR tHCes e ShLYSToPRREEEWES G4 I
this enbodinent, the small silver particles 64 are used as bi nder

partiches. wdewexbfuldidel TRiflaRablisLhesePBYqRS HEChAT5990aASe MBnge
particles have a particle size of 1-100nm and diffuse 15 into the tin

particles Ghtdnad the large silver particles - 62. |If the particle size is
| arger than 100nm it is difficult to interconnect the particles at a | ower

tenperature timantapRed®ulti M9 P@l in @bnklRtRECAIS bHCgHY IR N Y the
beconmes lower. In addition, particles smaller than 1 nmare un avorabFe due
to the diffresibtyn?d eRghdd FaitstiL Al CaldNg I PA lJetle?i11y the
maximum figure to provide good reliability. |
20 It is possible to provide a printed wiring board with excellent
connection reliability if the printed wiring board is manufactured
by using, as an interlayer connecting material, the conductive
paste 50 with 20-80% tin content, as described above.
In this embodiment, the temperature in the interlayer connecting
25 process is 240-350 degrees. The heating temperature is preferably

at least 220 degrees or more.

Figure 5 is the result of an evaluation conducted by the
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Upon conpl etion of the packing of the conductor paste 50 in the via holes
24 and the inprovenent in the shape-retention through evaporation and

heati ng, as shown in Figs. 1(d) and 1(e), the nultilayerzrrinted mﬁring
board 100 i s provided through the same 25 processes used 40nDegrmper 200
enbodi ment. According to the configuration and fabrication nethod descri bed
above, the S&ATENEPFECPY EBRe RRANNEAG¥sofhadheesen tbetwrrn Hadf iaoppezl f0i20
Decenber 2004 enbodi nent are provided. In addition, the interlayer

connecti ng RREBERE tHE FdCtEs MRtF&ERi M@d nthe t fendiar ok ecompolrad an

i nproved shape-retention and is prevented from dropping away fromthe via
hol e ( 24 ) heatpigfMREL athig e ntFdgesanecthows the rmard atgloinabf eches abhes son
possi ble to add binder resin to the conductor paste 50 to inprove its
shape- r et enbptHeeMEW@eIpPaxfetlbiand Hddtonducofve hempontiéwheestiire hedting
increase the interlayer connecting resistance in the interlayer connecting
process.5 | ntenperanyentisovarbiedder resin is not needed and it is thus it is
not necessary to increase the 10 interlayer connecting resistance. (Fourth
ermbodi ment) Th&ofeoupliahi nenibodirabumdt ofn phecepdesent £inveptiendrsduwrgarabdete as
follows by referring to the figures. The fourth enbodi nent is different
fromthe fiS6tiseplbddtedntn ithet Skimpnryidei b £ an cofppelerd b1 contlueli ver &
Therefore, the sane nunerals used in the first enbodi ment are used for the
cor respondiwap pardmraft ethivadepboshdenionanksa rdekdi kedvexpl 88ps é@redthss eof
is omtted. After the formation of the conductor pattern 22 and the via

hol e 20 25 @btirercooppet €diactoedhoged @nt tite HABE eS$ @5 tHACH: & mb hee fdilast
enbodi ment, as shown in Figs. 1(a) and (b), the conductive paste 50 is
packed lion ttteendod dohtesctthé gaseesi mMpkeswsi 80gp6pTIIAE0s nd dhkeeddhdidtval,
as shown in Fig. 1(c). Figure 1(c) shows the stat'e where the conductor
pattern 50 domppackebetdiosve\tdvem hfe tHHcITH dh FESY in ueRGUEHOTcdIREE 0230,
whi ch serves as an interlayer connecting material, 1s packed as shown in
Fig. B(a). dEserpaestieaBblei atphopaind bympdrerfuddsowWiadid est @RS .a Tﬂnfzﬁlrée@;gh the
quantity of which is 60g, is added to 300g of relatively large 2 2
Decenber 2@@fple basis.

Tr;e reason that the shiny side of one copper foil and the matte

15 side of the other copper foil face the paste is that a via hole packed

with the conductive compound is formed befween such sides when the

single-sided conductor pattern films are stacked in the fabrication

of the printed wiring board; that is, each film faces the same

direction in the printed wiring board. The bonded two copper-foils

20 are peeled at the speed of 10 mm/min and the peeling strength is
defined as the adhesion between the foils.

The results show that a heating temperature higher than 220
degrees provides édhesion (the adhesion between the insulator and
the copper foil) of more than 1.0N/mm, which is preferred. The

25 fracture mode in the peeling of the material in the 20-80% tin
content range is not boundary peeling between the copper foil and

the conductive compound, but peeling due to internal fracturing of
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zinc particles. The nean particle size of the large zinc particles is
1/.:m and the specific surface area of the large zinc particles is
1.2m-/g. Further, 300g of relatively small zinc particles are added. The
smal | zinc particles have a nean particle size of 5-1 Onm20Deagamben2Qie is
made into a _paste a mxer. On _conpletion of the packiﬁy_g of the.
conductive p §t‘é°'?gi;3,t’t"i‘?ec{°5?‘6‘i‘%ol The sefednyt d'@F foF OB MhARsed1afudien 160
degrees. After the conductor paste 2S0 is packed in the via hole 24 and
after the tefBFheblaFs 8vEpEPRTRY, tARD shBANCPRIRTEAVE 1¢apPRA 118) formed 10
mul til ayer Eri nted wiring board 100 is forned through the sane steps
enpl oyed i nPEREEEH (it SPBRGENERLL YUk FeBAUSKENE EABPPYAMt ed wiri ng
board 100. The printed_mﬁring board 200 of this enbodi ment, the |ayers of
whi ch are intef8oRfEEEéBedi 3bgKBNN2ai MeEtgnIg(teMPETREULAt dYigderectiiaon 240 |
now expl ained by referring to Figs. 15 8(a) and 8(b). Figures 8(a) and 8(b)
are parti al deEHE gt FhewsnSREWRNGT GlaprakhRy i PAPE§SSt peoviideRolae @hd
Bef ore being heated by the vacuum hot-press nachi ne, the paste 2SO0 packed
in the via Hoterlayeragerneqtiondveiporen tba conduich 1vRe aatpatue dsdmavt hiens i igl
8(a). That is, both the large zinc particles 71 and the small zinc 20
particl es mhage diiffediophdayehe paste 2S0 is heated at 240-3S0 degrees,
the small zinc particles 72 fuse and interconnect the large zinc particles
71 . The snul | Ixiwtipanticlisent? fhsepdeestwe tdki thei i fposasting lodfr gtie
surface energy, and the large zinc particles 71) the melting point 25 of
whi ch is 41gtgsderes, cdonpotifgispat@fial {(He) i iseRedAMPat i orrhef pressliagge
zinc particles 71, as shown in Fig. 8(b), a conductive conpound 251 rmade of
uni fi ed®zi mee2gure20s Nerefdabl20045MBa far meda.n Tlietheaphed =il prleacaneae
t he conductive paste 2SO0 is under a pressure of 2-10MP. In addition, while
t he conductisvéowenpsbad 253MP3, foneegetal thertvicd dsolaase 2t thef fircdieatli;zed
conductive conmpound 251 is pressed S toward the surfaces formng the"
bott ons of unh&iedabhod es-e@4ngTherédf the,sdlhe phasei dif hes tamdiotdv dscagpound -
251 and the copper in the copper foil form ng the conductor pattern 22
di ffuse nusuéfigieninky a foghied. phashedi fhushioors ayave?2S2ohsifmedrecat t he
interface between the conductive conmpound 2S1 and the conductor pattern 22.
10 Al t houghahos faftowy | hnfeglaysr acenmedaiorsols d ephaseddidyf usebnit@yehei s
formed between the zinc in the conductive conpound 2S1 and the copper in
t he coldper pfessidprovasyurise toondbMbaropatdrar.ns 22 in the via holes that are
oppositely oriented) that is, those that are closed by a conductor pattern
22 at the bot fonthke derallwriehoment iSnddtdbdviee aocadppédrfqal t eigh2Rafta t he
top and the bottomof the via holes 24 are electrically interconnected with
t he unifi etatihdude ve woimhonndt 2¥ewntt itvke £ $hi 16 Fhaneddi £§ usdean | syst
252. According to the configuration and fabrication nmethod descri bed above,
el ectri cal a ifnidr poovecieson bevdeint dtleyeandovanectpaht erns 20 22 i s not
achi eved by nechanical contact, thus the interlayer contact resistance
har dl y changetSeddret efmirogtimehé)rel iability of the interconnection is
inmproved. In addition, as in the first enbodi nent, unification of the
si ngl €0si ded Eorsletiirerpatsesondf§ idmdiheand otthe: lzoViefed e i Bbeat 26D @and
i nterconnection of the 2S conductor patterns 22 are perforned
si mul t anecuglly ippdt kéthotepemss-e Heerefeofégutbe. nunber of fabrication steps
for the printed wiring board 200 is reduced, which reduces the fabrication
costs of the Bk seboaddsnbdimeaceideri fZ8@4nt nfxdi $henbbek trefbodifens mal |
zinc particles 72 serve as fine netal particles. The preferred particle
ZI fZ]? t hfar el | corpEMimn Aoparthiec| €orsd v iver gpsistdans 0509ndmemekesrddess
ifficult to
conditions after the packing process to improve the shape-retention

25 of the conductive paste 50. Therefore, the reference numerals used
in the first embodiment are also used for the corresponding parts

of this embodiment, and a detailed explanation thereof is omitted.
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5 interconnect the zinc particles 71 at | ower tenperature than the nelting
poi nt of zinc because surface energy is lower. In addition, particles
having particle size smaller than 1 nmare difficult and expensive to
produce. The particle size of the small zinc particles i 20riecempber200b y
1-100nm 10 In this enbodi ment, the heating tenperature in the interlayer
connecting prodddEr §ho49r380ige fifeble QHRBGERPT RHE e ? M d ERperia beéei s
preferably at |east 220 degrees or nore. The inventors have confirmed that
t he conduct Pel 5PFB8LRACI6 PSR e [46FF PIIsK @t f 3 isdwwnajerF 252 it a)
properly fornmed and good 15 interlayer connection is ensured at heating
t enper at ur e3nfi el CRAAUZDOVERASESs 50| FoX Hing egdbyer nepRned hioprisspanged
pressure in the interlayer connecting process is 2-1OvWa. The pressing
pressure i sipreterdd obeSha odr thereingfe-stidedr essdngt or assiregn $ilovel
than O SWMPa, the 20 zinc particles are not properly unified, and the solid
phase di% f ug$ onhdwyain iFdgnotl (pdeperly formed. The inventors have confirmed
that a satisfactory interlayer connection is ensured by setting the
pressi ng press@he paFpt@ SHRxepanedrey th@ htepemeodiloeetishe v | nTehgidédist ,
second, and third enbodi nents descri bed above, tin particles are used as
the first netalquyentiityl e$. whibmevier 60agt,hés addead partliog e may bertiserkas
|l ong as the netal particles diffuse 25 20 Decenber 2004 nutually and form
al l oy with Themeehgarftdeppasiddlocatik exapRkeioEes iieNSH mbaNe )t nEadp & fil: t he
conductor pattern. Applicable netals are indiumand the |ike. The first
metal partisiEsompriee ofdehoftin danglielest 48 Or5 an’figxt uFerohed) fIEEnis
netals. 5 In the first, second, and third enbodi nents descri bed above,
si |l ver 1par tdidlves graetisddsaarthaddedond et alilpetrt ipalred clHewhé@e, a0t
nmetal particles may be used as long as the particles do not fuse during the
i nt er connegdartgcper s ogde anel f @hnad aldgeeiwithstbeadé retedreisl .partd cl a5,
Applicable nmetals are copper (nelting point, 10 1083 degrees), gold
(el ting peidditit063idddgueepaytptbds nuirderl tpans ipdiedt), RO qlegnaey) of
pal'l adium (el ti ng point, 1552 degrees), nickel (nelting point, 1453
degrees)) whieh(ieby} rhePbdl paddboticgieer PhidMes!d ke, dhechecywiretal
particles may be nmade of a single nmetal or a conbination of different .
metal s. 15shmfahe dreastf wideants oaBdn’/li, rakecaiad veshs nlieatirdes talkaved t he
conductive paste 50, which includes the first and the second netal
parti cl®s, bysaappkeedto Hmevgastel. | S possible to use conductive paste that
includes alloy particles, each of which is forned by an alloy of the first
metal and theaAfeeanchantialy €he exadpkeivas pfraen 20, | b gtePfieol is
conductive paste 150, which includes organic solvent and alloy particles
162, each efapbizted nébndes Smitght %ati nsand Shei ge¥eskl verarisr pagked
in the via holes 24 of the single-sided conductor pattern film 21 and
subj ect ed tvapuspoiat i ofi. tAd etvppihedheisi ngnplsitdel] CORdUGtiQyIRakiged
films 21 are preferably stacked

conductor pattern film 21 is heated at 180 - 200 degrees.

20 Before the heating, there are only indium particles 63 mixed with .
the tin particles 61 and the silver particles 62 in the via hole
24, as shown in Fig. 6(a). The indium particles 63 have a melting
point of 160 degrees, thus the indium particles 63 are fused by the
heat, and an indium portion 63a interconnects the tin particles 61

25 and the silver particles 62, as shown in Fig. 6(b). During the
heating, part of the indium portion 63a diffuses into the tin

particles 61 and the silver particles 62, and each particle is
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25 and the stacked unit is hot-pressed fromboth sides to formthe unified
conductive conpound 51 by sintering the alloy particles in the via hole 24,
as shown in Fig. 9(b). 26 20 Decenber 2004 The conductiye conpound 51 is
pressurized %{le bei ng $ressed inthe via hole 24 so théP Q%'Wﬁ 51
is pressed t d tRESECPIRRE S AhETcERELERSr patterns 22 that formthe
bottons of the via holes_24. Thus, the tin jn the conductive conpound 51
and the 5 copperPBrraRRBLEppkte FERPCTr BEHF ML A& I bReIRABUGHAT: BRALO PO is
di ffuse rrutg&llg iin _solid phase to formthe solid phase diffusion [ayer 52
at the boundAfehetikth ke o¥sAdudthareiosrpoting PR orhragbadik tesists
pattern 22. In this way the effects and advantages of the first enbodi nent
result. 10 FREPPLRGtaWR oln 185t PEPAPEEBSto tin. As described above,
indiumor the |like may be used either separately or in conbination.

Mor eover® the 8o IRstoANecs iaptbetwAanetine mediallyer Lt iglerewdithbidie abdien
copper, gold, platinum palladium nickel, zinc or the |ike are applicable
ei t her sepaPSFE!-?ln P8 @S coMlananited. by Shertdngees| 18bnmpdAéndsynes He this
conductive paste 150 are 50wei ght% tin and SOmeight% silver. As in the
first, secof@Po@HeERt rdowsRrl REhes terreLAiad caBay &re tused: A ord est tié
the metal conponents is preferably 20-80% In the fourth enbodi nent, the
conduct i ve poBRer IBI ARt aPWST bthan et helkangepoime (B2 idslgese?] afdtime
small zinc particles 72. However, other netal particles are nmay be used as
| ong as t heapdrtihiechest ¥rd medatni? Ghldegresd ) fof midveal K Bhabiish tthwemetizdn
(copper in above-nentioned exanple) making up the conductor pattern.

Appl i cd¥ e ¥ig AEdtine pallom nlminnisckele tireineheingkeinthef ¢ imialthe2bowmy be
used separatel)?l or in conbination as the large nmetal particle and the

smal |, or fehé&hens(al- fore mekal Hartdddesi ore inhercondected eriphons 250 muy
be the one that 27 20 Decenber 2004 contains only fine, or small, netal
particl es tiHm tdnflarsecded ¢brandahhaldidwen partheleettal. nakiadgiupohhehe
conductor pattern. That is, the paste 250 does not contain |arge netal
particl es. Mg eontigleatnandeadatef ftesnevedsriladgddam byi Bopassiddiag o
formthe 5 conductive conmpound in the via hole by fusing the fine netal
particl es d@tiheg ttHen merdlayekeatoinmct. i Agrpreowesd eandit 0if opwsaiblieudlo
solid phase diffusion |ayer between the fornmed conductive conpound and the
conductdr pgatescanne@betie ndialnpeat iobks iy Upttied anpamttaf tpee tinclies
need not 10 diffuse nutually and forman alloy with the nmetal making up the
conduct or paffera Rt9 gy dsint bertaryes nel aindpahei slidvetoparaicixd &2 Wyt h
the fine netal particles and the large netal particles diffuse nutually
with and f 8efraresging tdt tiHd rel 6P dedkiors betwieencbedudihgrrphldmy mr the
Simlarly, if the nmetal making up the fine netal particles 15 diffuses

mut ual |y wlikeand farnms an alloy with the nmetal nmaking up the conductor
pattern, the metal making up the large netal particles need not formall oy
with the netalnnmakisngerpdimendondodion pattisrlesas3l eng ased hes labjedeet al
particles diffuse nmutually with and forman alloy with the nmetal making up
the fi#fe nBewdvemar tdtdieas me281| paot helresvorags pei fiseleas woherdt ialdemmlsi agngp
the large netal particles and the small netal particles nutually form an
al | oy, anyasethsd pegticheti bavewer Rewkrneebisinongias ahahetbtsone dfint Aedt wo
nmetals making up either the large netal particles or the fine netal

particl es gi¥farsesndiffiuse wmtd tarnd fropast anlalélloyndittle $ heverpakt26le
maki ng up the conductor pattern. Therefore, for exanple, the follow ng
metal confégurations are applicable. At |east one netal of zinc, alum num
and nickel is used for the large netal particles 28

On completion of the packing of the conductor paste 50 in the

25 via hole 24 and the evaporation and heating, as shown in Figs. 1{d)
and 1(e), a multilayer printed wiring board 100 is made by the same

steps that are performed in the first embodiment. When the
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20 Decenber 2004 and at |east one netal of silver, copper, gold, platinum
and palladiumis used for the fine netal particles. In addition, the
opposite conmbinations are may be used. In the first enbodinent, there are
only first metal particles 5 and second netal particles £00aemR000. | n
the second and third enbodi nents, first nmetal particles, second netal
particl es andndiet bicmdemppantli €1 és &vemedidnuded via tHrd eag! echdloMRMek, is
other nmetal particles that do not forman alloy with tin may be added to

t he paste S5@bsdovedxamyl ehef opnddiusts nprideandhénnal dxpansion. 10
coefficient of the conductive conpound 51 to approximate that of the

i nsul at or resi Actotdi @B tootihetonel @b rpardd ehefamrdraaiducidterd 8esgalhéd
filler or the like nay be added. However, excessive amounts of such other
mat eri al s neyovs ndee thee unifdaat kel advdlageenduati veseonmawrdefd. £ilsd n
the fourth enbodi nent, only the large netal particles and the fine netal
particl s ambddiclendedrenptdeudast e 13504a Hovey eronedtiftle By al Saftést %y
that do not forman alloy with the netal particles may be included. For
exanpl e, fafatadjiagt 609 & heet hRUimGl peXIPENE i0R oC@RES i Ci &1 0% 4t hgag anAUGE Ve
conpound 251 to approxi mate that o? 20 the insulator resin film 23, other
metal partistage-reeagonguctinge taprgani gafilder rebmt hahd | k€a Mpy ke added.
However, excessive anounts of such other materials may hinder unificat’ion

of the conduelrie¥erepmPRENE: REdn iRkt Ber BREC nt Br&dsheerhndi Nt deseki bed
above, the single25 sided conductor pattern filns 21 are stackeg, as shown

in Fig. 1(d), 1t ikhgod ABILRLI 9 iQERSSESs Of ddhenBr &ty bagdrhosy 4y
However, the stacking configuration is not limted to this one, but other

29 20y Degapbete 204k OPE L AN A 10RS AbEYaRDI S R%5i0R0a 451 L1 of binder
configurations are for a nultilayer or double-sided printed wring board

requiring pekenl ayericOnNeel iQhrek , ng} | hReFi 0.
10 is possible. In g'Fig? 10} arﬁuffﬂﬁgiggkgfﬁﬁ %g &??#%ﬁégggfgﬂﬁgQﬁggg by

stacking ajgi pgker s &eth LanduGer(RaLt §Fdddd M 71 having a copper foil
conductor pattern coveri'ng a whol e side thereof, single-sided conductor

fil , i 8d. .. - i ; :
pattern filmsrdl, ndaRdraagQPRRE H2bkeSd CIHQEB%%Q%OEBECIéxtﬁ'%\gg%%grﬁﬁsiﬁgs

Afterward, the copper foils are“defined on si des. [

confi gurat éfiflod A dre $HAMI kB EsOrndde df @S FiRATSIMLBaihanEl gure 11,
another multilayer printed wiring board i s made by stacking single-sided
conducitr pat {@rrd i diBodimetd a doubl e-sided film9l. Afterward the
stacked unit is hot-pressed. MNoreover, other configurations, such as that

shown in Fig.gd2e 86 £rddr POSSiPl @ drbddigne 12 t%@o%z'%%rseml tj.hl;@}{gf.?ﬁ{%%t ed

wiring board is made by stacking the resin film 23 both sides o

doubl e- si dagh fd driadily rlrete i LORRY: ghobks healil AfURHod hdditastacked

unit as shown. Afterward, the stac ody is hot-pressed.

conf i gur at#,Qf itheS QWA+l Rnfi QHESNd Sembdh L 1130 &;&@fo@%igg' bE! pygr

printed wiring board is made by stacking the copper foi on t resin film
23, hot - pressiug it/ae ki it eLLikng; gﬁgg)r (o] n
bot h si des. I# aﬁbthgﬁgggﬁ??éﬁ?%%?oﬁﬁgiﬁﬁg%sgséEﬁgagl%ﬁg 1 g. %ﬂk%n%% %§

mul ti bgyers gy o[- b ' j e .S = Si

conduct or apfgt t e?tﬁgzga?‘ ?(F?ng7€?6€ﬁ%h&ﬁgl§n%%(§c)g§§ % oﬁltij}écg%gg%g?&pg??terﬁ

covering owaole ;gk #é@rs%?f "I‘hf\@;)%%ﬁgé *}%f%ggpﬁ[e ﬁlﬂﬁérqﬁ%s uEQﬁ”'e r}; tﬁﬁggfﬁfé;toi S

hot - pressed. Afterwa copper are I'ned on th si

December %ﬂ%d&meﬁem@@egig\sgngg;g%%ﬁ@y&é bILERASE 618 dHiingnQ! Ly 35%

pol yet her et herketone resin a erimde resin s used for the

resin il g g3andelNexSONRLe 1Y Vo362 2000AGR NSt €ad

After the formation of the conductor pattern 22 and the via hole
25 24 is completed, as in the first embodiment, as shown in Figs. 1(a)
and (b), the conductive paste 50, which is for interlayer connection,

is packed in the via hcle 24 of the single-sided conductor pattern
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of this film it is possible to use a fil mnade by addi ng 5 nonconductive
filler to polyetheretherketone resin and polyetherimde resin. It is also
possi bl e to use separately pol yet heret her ket one (PEEK) or

pol yet heri mi PEL) .. | di.tian, appljcable materials f@p Dénemleayi2004 | m
and the covggﬁﬁ'aggrasar%l%gq ylé’t %ﬁpéngp‘ﬁgpht hal ate (PEN), polyethylene 10

terephthatl ate (P ol,yet her _sul phane (PES), t her.nopl astic polyi m de or,

what is called 1I(eir§-lgl}‘gogfyt “aFupb Jyfh"gf’?a‘ﬁbmtthé%l?%. lﬁtgﬁige‘%l@og)?)%é’lfﬁ%nt 0

use a structure.in which polyetherimde filmis |amnated by at |east one

of PEEK, PEP3TPER:®PET ITSEGSAPhRE Folft s t5ii@ep oty FRRdBLRNRR T flief dsy Suan,
enpl oyed as, long as the filns are

pol ymer. O her, £esi n 15 f.ilns g be ) !
bonded t ogefhdr *By RS s?iuﬁgg Rd2R&Y et he'% netrhepd T tle G Lasaride Or &g f2d i n
a later solgerjing pracess, If a . polyetherimde filmlam nated by a

t her rropléastg‘ér#’}é% n 3ﬁ§9e‘?f i’?%ﬁb??%%,laﬁﬁﬁb?é%&e%m%lﬁéeﬂfﬁ@%’ﬁé-wéﬁ’l‘pi ng
are 20 preventabl e because the 15-20 ppm thernal expansion coefficient of
the pol yi m B3 v@lysdarget fntvqn par2dcppa) hate comman palitdhlesside df i cal
material used for wring. In the case of a doubl e-sided printed wiring
board, for &Fa?i é SRefekiisseeriage rEspwisucndy. .epdep ,r @s6q o fhi el niatiyde
triazine (BT), 25 polyphenylene ether (PPE), and polyimde (Pl) in B stage
are usabl e.® Silﬁ"?ﬁep"l‘:’é@éﬂcﬁsfawﬁﬂFPi*F% af iie@rwParagcbodirahd have
thernosetting resin such as epoxy resin, BT, PPE, and PI in B stage are
usabl e 31 @ gﬁabe%mlez@eaef%ﬁ Ssafal 28R as\diedd- uphe aHstiuast Lamirechaed. | n
each enphodi nent descri bed above, copper is used as the netal naking up the
conduct8r FatBSER DY aHBikS%r, in the first, the second, the third

enbodi ments, ot her than copper, it is possible 5 to use netals that diffuse
nutual Iy in t & S6MPdepharechithe ickingsefnthal conduct ive aus tex afpl she
nment i oned aboveg in the conductive conpound 51. In addition, the conductor
pattern 22'G5BiR%t Ir¥aperpEedniqn dPymipreenfatnddat 16Radegiddusedfter
mutual ly with the first nmetal in the conductive conpound 51. It is possible
to use a 18DEoREMRITALIND 1o thsakerginepl atedconpdatarhdd hsf singdeabidedh as
silver and gold that diffuses nutually with tin (the first nmetal) contained
in the conﬂgﬁ?‘il‘?/fe"chﬁﬁBﬁﬁﬂ Him Ahy schfteritess edat t drifs l@ledegradschbtecan
long as the patterns have netal that can diffuse nutually with the first
metal ‘cont E?EEH’EF FHHEEoRFuEhevELkDrpound 15 51 at the position

correspondent _to the via hole 24. :
Before the heating, the small silver particles 64, which have

a mean particle size of 5-7nm, are mixed with the tin particles 61
and the relatively large silver particles 62, which have a mean
particle size of 1um, in the via hole 24, as shown in Fig. 7(a}.
20 The small silver particles 64 have such a large surface energy that
parts of the small silver particles 64 diffuse into the tin
particles 61 and the large silver particles 62 as a result of the
heating, which interconnects the tin particles 61 and the large
silver particles 62, as shown in the Fig. 7(b). When the conductive
25 compound 51 is formed in the via hole 24, the silver of the small
silver particles 64 is absorbed into the conductive compound 51 by

diffusion

20




In the fourth enbodi nent, other than copper, it is possible to use netals
that diffuse nmutually in the solid phase with the netal conponent (zinc in

t he exanpl e nenti oned above) in the conductive conpound . In addjtion,
t he conductor pattern 22 does not have 20 to be entirel yg(ihf&emb‘??&p&“ t hat

di ffuses nmutually with the netal conmponent contained in the conductive

conpound 251. |ﬂ1ei:§fc99§§iM@lé%&éﬁ-ﬁ‘:&eﬁﬁ??%%?r5982%%5%9@&%?&&&"%efjs

| ayer thereon made of a neta as silver an at uses

mut ual |y Wi §hahhe Smty iﬁpfm%%?&%teaé&%gw Bsseg@%ggipvr%v%gﬂege%n@ﬂ-

Any conductor 25 pattérns are applicable as long as the pattern ave met al

that can diizfdrﬁg?ir{ﬂﬂa%%?' Xnmﬁ%ge%g%gpets@esconponent contained in the

conductive compound 251 at t tion corresponding to the via 32 hol e

_ b i i h dugct i
consists of tub ey s iEr oL p R Y ne B ARG R 1 BB L Frde 1

consists of two es of neta e
the secand g[gtﬂ di C uct.ive paste 50 .consists of .two_types 5 of
nmet al pgrti C eg éﬁgéﬁégﬁ?%}%aﬁé 6?955? G R nth.Otl'HrteﬁglPﬁi?% 140-160

enbodi nent , . t h on tive te 50 gonsists t hree types of nefal
particles ,gr%f,% %ﬁggéi eé‘}??ﬁ?“a& fcﬁg‘é?‘fleeﬂ‘t .O%ﬁrt pfe&%/f'i'r R e8MfgaPResed t he
conductive paste 250 consists of two types .of netal particles 71 and 72 and
organi ¢ sol\e P.Hgfsditg’ﬁe §?$ﬁl%§§ﬁ?eﬁﬁ§u’iﬁ lﬁelaﬁﬁ’édtrf%“ € BBhHRE PPd past e
50, 250 b anpunt equi valent to 0.01-1.5 ei ght% of the solid conponents
(e.g., he (P03 tdfﬁ&ec?g R&t dt"par 178 LB N5 (HE f+rifsﬁtf°é’r%’gigfﬁﬁént)
of the condu hi vg ﬁ%s.te Sg, 250. Thi s nmakes it easier to disperse .
hom)geneouglll;% P H9 H8Pt1 0 BRTEACLRR CoABHCtER & 3748 8LEET PEgLifdREver
a 15 dj spersing _agent content .l ess than O Q wei ght % scarcely provides a

di spergonSfo %d"t gﬁﬁat%fﬁi gﬁeﬂg?ﬁ}eﬁ(}é‘ﬁﬁ'c‘ﬁh‘i ﬁﬁ?tgpﬁ'ﬁéﬁl{lgs\ﬁé}egﬁﬁ%l

hi nders the_conductive conpound from being unified by sintering. It is
possi bl e t B2B5EC bFDERHOPE CSEEPRARATER dH EnBstRAL bof LENEY| FAE ldeg 64 -

di spersing agent, 20 In each enbodi nent, the interlayer connecting material
is the first 3%&%? SRR e ARt GrilvRE BAELAALEpY: GrecsRaacEFve
paste 250'1:H0 ver, rather than a paste, granular nmaterial ma\F/) be used as

| ong as it°18PofABIELES -pallRvETRF mattdisraleralt FRr VGl ddIwy PR BE8R as
enbodi nent theﬁgr}gnt ed wi rjng boards 100, 200 consist 25 of four |ayers.
However, ab°%d it t8F BRIEHLRIASS NaNE R ORAF WC & 166aPE EoHdink éngfdiffuse
plurality of cor]_‘duct,orﬁgatt_ern | ayers, the_nunber thereof is not |limted.
33 70 DetBDSGdR MRFFECHFRIGCT P8 ERBolrFERtSLbIeR MaGtiFdREi 64~ halk

been illustrated and descri bed, these enbodi nents are capabl e of
the particle size 1s larger than 100nm, it is difficult to

interconnect the particles at a lower temperature than the melting

point of tin because the surface energy becomes lower. In addition,

particles smaller than 1 nm are unfavorable due to the difficulty
20 and high cost of fabricating such particles.

Upon completion of the packing of the conductor paste 50 in the
via holes 24 and the improvement in the shape-retention through
evaporation and heating, as shown in Figs. 1(d) and 1l(e), the
multilayer printed wiring board 100 is provided through the same

25 processes used in the first embodiment.
According to the configuration and fabrication method described

above, the same effects and advantages that result from the first
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variation and nodification and are not |limted to the precise details set
forth, and the invention includes variations and 5 nodifications that fal

wi thin the scope of the appended clains. 34 20 Decenber 2004 What_is
claimed is: 1. A printed wiring board formed by intercond@dasgmiereddd4 each
| ayer conprising: an insulator film wherein at |east one via hole is
fornmed in tkabprAsnEat orrd idomyvidedondlr taeid igdbher hhé oLt exdll et ke nnesuliagor
film wherein the conductor pattern includes a conductor netal; and a solid
conducti ve materiial, 50Ohi shténcheies petkalngarpunmetits, viocatbel 24, thes via
hol e, "wherein the solid conductive material includes a first type of
conductive fmpeeved sirgpearseeonion el af wonductiddgromt eropbingvaene Aréhe
first type of conducting material includes a netal, and the second type of
conducti ve nb¢eriaaholac¢ludesTraregolrey oy tRte byothe- thipirali samst 4 kel comolct or
metal, wherein the netal is at |east one of tin and indium 2. The wring
board accordi ngttis gloasible vhekd hiider retah t6 thed cbitiufeblpasardshhg,
first type of conducting material is an alloy of the first netal and a

second net almproick tite saepadrepémlids aol@ast, e &s iSid Wk tEORPSE 10! d,
pl ati num palladium nickel and zinc. 3. The wring board according to

claiml, whermidr rheifiviill iyPeee ARG NGB 85h Rkt SnaR el keYnoE fhe
nmetal and at | east one of silver, copper, gold, platinum "Ppalladium nickel

and zinc. 4heThecwiIldygr b@ﬂhéc@ﬁ&?b@b@gsgp ehaiiMsli nWORE 8b M, bhgalRtAalss
accounts for 20-80wt % of the metal conponents of the solid conductive

material . 3% no20pnbPegeabesd 2004 S5¢ndhe; i {d nﬁatb%;:@s@segﬂg&ngnépe éait{ﬁ‘el’
Ing to

wherein the conductor netal is copper. 6. The wiring board accor

claim ip whereirnaibe éossbad Olg fidsiskanaede of thernoplastic resin or
thernosetting resin. 7. The witing board according to claim 1, wherein the

first type of @ordust eM8oABheRtpl 1S a unified conductive conpound and the
second type of conductive material is a solid phase diffusion |ayer,

wherein the saredsphase dHfdusi-an &a%S F%&Qﬁ@tﬁﬁz&&ti‘%e,@st&gpmhiédegs
conductive conpound and the conductor pattern. 8 The w ring boar
accordi ng £e1Cbak by, r¥ASFLidy the dwR! t4 NG RQi Nt The fourth embodiment is
different from the first embodiment in the compositicn of the
15 conductive paste, Therefore, the same numerals used in the first
embodiment are used for the corresponding parts of this embodiment,
and a detailed explanation thereof is omitted.
After the formation of the conductor pattern 22 and the via hole
24 1s completed according to the same steps used in the first
20 embodiment, as shown in Figs. l{a) and (b), the conductive paste
50 is packed in the via holes 24 of the single-sided conductor
pattern film 21, as shown in Fig. 1(c). Figure 1(c) shows the state
where the conductor pattern 50 is packed. However, 1in this
embodiment, a conductor paste 250, which serves as an interlayer
25 connecting material, is packed as shown in Fig. B(a).

The paste 250 is prepared by the following steps. Terpineol,

the quantity of which is 60g, is added to 300g of relatively large
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of the metal is lower than a predeterm ned tenperature to which the wring
board is heated to join the layers. 9. The wiring board according to claim
8, wherein the netal is a first netal, and the first type of conducting

material is an alloy of the first metal and a second net 2P Degamibers2QRd t i ng
point of the second netal is higher than the predeterm ned tenperature. 10.

A net hod of i . print 1L rd_c i sl pg. packing via hales
formed in aﬁ@%sﬁ%ﬁ%@éﬁ}t Zﬂ}%ééﬁ%&éﬁcﬁﬁt %ﬁaf?rgg%nl Ut A n?nﬁaértilgﬁ?s
wherein the.i.nterl| ayer, conduct .. material _includes a_first petal material
and a seconélsmiagéd’ )rérg e?}’?%ls,pegﬁggﬂﬁeu ondT et A tﬁPﬁéF‘irﬁfa hEPG Pagtigles

t enper at ur e ; hi gher: t.han edet.erm ned_tenperature; .stacking | ayers of the
i nsul at or fI;FmQWﬂ[E ﬁtgéonlaﬁgﬁﬁld’ptgtspgr%g 195 olrvr%alg EF‘Q%E §U8H qqarféztl“ﬁﬁé 9ra
hol es are | d the 36. . 20 Decenber_ 2004 condyctar paiterns in
t he stack; ?g%nghgﬂgé\séﬁglﬂé zcl&r?d%acﬁjvcgeﬁaﬁ%‘f? &IMSH BAER Ot SHE R hondP BB t o
el ectri cgl I¥ gcnrmxetc&rth.e cogjnector $attern by heating the stack to the

pr edet erhi nadt t Sperat e TBRE PPEQsT RFT He Wt AP IXGRerein the solid
conductive mat §ri al o]F each via hole includes a unified conductive |ayer
and a solid pha38e“UrRtUsiVh Afaybf PAHH-1HE s GPPICPRALEE HiG RFSitEn 2P Ay ebhe s
formed by the first nmetal material and a conductor netal, wherein the
conduct or neTER IS0 1 HieERPPHTA %45k 9550 i BB SSoAduLE BT | patdesteesi-ncd iR hg
the step of _ .enploying at | east gne of tin and indiumas the first netal
material . 141€ fﬁé‘%ﬁ?ﬂﬁ&%&%#éi‘)n@s tReches AP 18 ¢ diuBPRg thenst apter the
enpl oying at | east one of silver, copper, gold, platinum palladium nickel
and zinc asTWFRECdonF MMAROIALELr i 85, STOWITHE r?g-tgﬁod H&oradichd! ¢ -cltdiem
10, includi nq t.he step of enploying at | east one of silver, copper, gold,
platinafh Faltddeumr B okad wieing Reasd 100e1s EosRad fdiraughat ke same stBpsThe
nmet hod according to . claim 10, including the step of enploying the first
metal nat erTRIO¥§alBotim® Firs 26rBORBERE - t Ho gtBteall (Bl £hews ntke |Rnjiated
conductive material. 19 . The nethod according to claim 10 including the

step of enPrOYPAPIThEr Oas ThgeP Rt Mok LRgthaard 300 e thés kb aiewndi ng
to claim 10 including the step of enpl oying
the layers of which are interconnected, is shown in Fig. B8{a).
The interconnection will now explained by referring to Figs.

i5 8(a) and B(b).r Figures 8(a) and B(b)‘afe partial, enlarged views
showing,-diagrammatically, the via hole 24. Before being héated
by the vacuum hot-press machine, the paste 250 packed in the via
hole 24, after the evaporation, is in the state shown in Fig. 8(a).
That is, both the large zinc particles 71 and the small zinc
particles 72 are mixed.

When the paste 250 is heated at 240-350 degrees, the small zinc
particles 72 fuse and interconnect the large zinc particles 71. The
small zinc particles 72 fuse due to their significantly large
surface energy, and the large zinc particles 71, the melting point
of which is 419 degrees, do not fuse.

After the interconnection of the large zinc particles 71, as

shown in Fig. 8(b), a conductive compound 251 made of unified zinc
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"thernoplastic resin or thernobsetting resin as the material of the
insulation film 37 20 Decenber 2004 16. The nethod according to claim 10
i ncl udi ng enpl oying particles made of the first metal material and
particles nade of the second netal material in the interR8yecernperdii4 e
material. 17. The nmethod according to claim 10 including enploying alloy

parti ol es. thatearadrage. L yhe Lirsh, melaloJrat erbalognd- L second gptal

material inthe in ayer conductive’ matert al

claim 10, t eatln e the stack to a tenperature of at |east
220 degrees. ?ﬁ%%nar uﬁgd gcléI féd&ng to claim 10, wherein the pressing

applies a pres: ur ¢ f a SMPa. The net ho cord to.claimi10
i ncl udi ng fornih C{qﬁl ﬁoﬁ’t’e‘ﬁ@fe%@oﬁ%d&qtrﬁenﬁ?r&??%“g 2}; p%%]‘%‘be‘jpﬁpotrh

t he packin ereln the formn e paste jncludes adding a sol vent to
par t ol 66 Meif oA a et i Hirairdren Shiouel o oteorings L S 20
i ncl udi rgg addi ng, a di ﬁgerm neg agent,  to the paste, wherein the weight of the
di sper si°ng %fﬁ@rh% hige 19 %tfcﬂmst hef wef§htV i6f h§|l|ess@4l -ds
in the paste. 22. The rrethod according to claim20 further COfTEI‘ISI ng

addi ng bi n@erﬁéﬂrﬁclEget%mtché“p‘é%‘?econéih’d:tﬁf"éh‘é%ﬁ’?\‘@“i e seagk lb?mppte@ t he
heating and pressing step_and after the packing step to cause the binder
particl es '8 B1¢ COBBEF fiod Lt FF Hedat DHrECBARGE QT PRSLeTR hEt hbdSaswsral k. to
claim?22 further conprising the step of including a binder netal in the

bi nder par t3"¢l 8sSPhat BRARS ddf f3g8ionpbayee diferts2604mgdt akpehatintentage i s
| ower than that at which the first netal material nelts, wherein the
preheat i ng DREHEENT e SIORMCLHVE TR 3F& 2Mrhtt hfe CPadNRECK| PRItEerTe R4
and the binder nmetal interconnects the first netal material and the second
metal ARt eri alrlddod9pesat tshawn Ha Pieheht ihgimidarThel gt Morsacididisagnt o

claim22 further conprising the step
layer is formed between the zinc in the conductive compound 251 and

the copper in the copper foil forming the conductor patterns 22 in

the via holes that are oppositely oriented, that is, those that are
closed by a conductor pattern 22 at the bottom si&e. Therefore,

: 1'5 both the conductor patterns 22 at the top and the bottom of the via
holes 24 are. electrically interconnected with the unified
conductive compound 251 and the solid phase diffusion layer 252.
According to the configuration and fabrication method described

above, electrical interconnection between the conductor patterns

20 22 is not achieved by mechanical contact, thus the interlayer
contact resistance hardly changes. Therefore, the reliability of

the interconnection is improved. 1In addition, as in the first
embodiment, unification of the single-sided conductor pattern
films 21 and the cover layer 36a, 36b and interconnection of the

25 conductor patterns 22 are performed simultaneously by the hot-press.
Therefore, the number of fabrication steps for the printed wiring

board 200 is reduced, which reduces the fabrication costs of the
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of enploying binder particles that have a particle size of 1-100nm wherein
the first nmetal material and the second netal material are interconnected
by a binder netal, which is included in the binder particles, as a result
of the preheating. 25. The nethod according to claim10 20Mgeembsr@iltdsi ng
the step of PPA&ASdi ng the first metal material and the second netal
material in particles that formpart of the paste, wherein the particles
have a mean parkl &bdssppodiment),- 206 fnahdl ziwhecirticledr f dceerteasof ine
0.1-2.5 nR/g. 26. A nethod of making a printed wiring board conprising:
packi ng vi aMR6RésP3BY ks -n Bie iprafleared pareidke siizehthareof ord dyePOnm.
conducting material, wherein the interlayer conducting material includes
particl es tAatparicidide adtal leatgeri athamhé08i nnhhaengdmst i ¢kesdifefiieud tnean
particle size of 1-5DOnm stacking layers of the insulator filmwth
conduct oF panterpentect dihe aistapkrisimles Wat athéoven tehmsraned abatethe
bet ween the conductor patterns in the stack; formng a solid conductive

mat eri al i nmehtingpotihe ofi aiholbesaneedd miadecahéyg dsnbotert helrcaddbtion,
patterns by heating the stack 39 20 Decenber 2004 to the predeterm ned

t enper at ur eparntdipres Siargny hea stiadle, s wherseiallieret Bah i Id nmoade ctiififdcolt esndl

of each via hole includes a unified conductive |ayer and a solid phase

di ffusion |ewmensiaradtdheosialcied Thases rdiifcfless bre sdyeie issall dratedt pyrt hel gt al
material and a conductor netal, wherein the conductor netal is a netal of

t he associ aiednemnguetferapayt e+ngonmcl udi ng the step of enploying at | east
one of zinc, alumnum and nickel as the netal material. 27. The nethod
accordildg to clmithiltembbdirent] hehepaehitihgstenperatate \ial yhei Detealdyied es,
and the nethod includes adding relatively large particles, which are

rel ativel y dengetdogparredese tie 24od-aidivedygfeae. paHowees, tthe Neeating
interlayer connecting material, and the relatively large particles are made
of the sanEempiegmaitaeadst heafelrabilyelay flewstpa?1d cl€grees or more. The

inventors have confirmed that the conductive compound 251 and the
solid phase diffusion layer 252 are properly formed.and good

15 interlayer connection is ensured at heating temperatures higher
than 220 degrees.

In this embodiment, the pressing pressure in the interlayer
connecting process is 2-10MPa. The pressing pressure is preferably
0.5MPa or more. If the pressing pressuré is lower than 0.5MPa, the

20 zinc particles are not properly unified, and the solid phase
diffusion layer is not properly formed. The inventors have
confirmed that a satisfactory interlayer connection is ensured by
setting the pressing pressure to 0.5MPa or more.

{Other embodiments)

25 In the first, second, and third.embodiménts described above, tin
particles are used as the first metal particles. However, other

metal particles may be used as long as the metal particles diffuse
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28. The nmethod according to claim 26, wherein the particles are relatively
fine particles, and the nethod includes adding relatively large particles,
which are relatively large conpared to the relatively fine particles, to
the interlayer connecting material, and the relatively |39g£§eqmber

i nclude netal that forns an all oy W|th the netal material of the rel atlvely

fine parti CJnSEuaz?%f dhdrethag é’fld;}a‘ﬂﬂ%% 4l it gd ‘{“cBFEQrb%r ga‘réf?g%%ﬂafgz

packi ng via holes Tormed in an Insulator materi al aninte

conducti ng BhEI4Ala RS Mndlitd LT LAY CLoCRNAUG! | DAL LBILT T ahpLiFL LIPS

relatively large partlcles t I'nclude rreta enber

The retati veT v 1 ke par o1 e ey A%Re s ndod PTEPEufEAT pdiGaad ol B ©
wh [ h | I f |1
sherern el w gl i S*ﬁxvc% Ep 2 BFEPRFRAE B g [ayers

of the |nsul at th condu tor ter S orm.a stack,such that the
via hol 8s are ?oca*é ?Jbet v(/eencfjﬂg gﬁo&lﬁngzntﬁ ﬁﬁcgf%‘é -28%5&yi ng

a solid condeLctlve in ea h of the wadshole to el ectrlcall

connect t hé ‘connelfd lf);ﬁ & s BT KeatPRg TIPS PEER t%alftrfé:lﬁsedéfcé‘ferﬁeﬁed
te erature nd r the stack, wherejn the solid conductive materi al
of rrgach vi & % ﬁﬂ?u%‘%rs ellﬁ? FREPT F?vgop‘éyae? iR PATEOFL8S fladet
di ffusion | andt solid phase diffusion |ayer is fornped by one of

e | P4 e'alél&ﬁcﬁﬁgf‘ﬁ‘?c?@‘f%lpeﬁffm@hén KU Ao LB dHictibEne

t he net al
pattern, r%cl u t.he stectp of e g at | east one of zinc, alum num
and ni ckel “&&® Hté B £ it 5 aIAppllrc':FBB 8 Mol ReA 1 FAPPEE| (el iige point,

parti ci(ﬁs 38 e met hod accor di nﬁ to claim?29 including the step of
enpl oy ¢ Ber S e ‘mef Rt ofl "EhETA8 s 8O ATed tUMIUEFOrepal t e at3BUMThe

W ring boa ?CCOI’dI ng to claim 29 includi n(g t he step of _enpl oyi ng
t her mopl astELFEEF nPBA At hertiBdeBEPREEF bsi RALH2E b t‘ﬁ@th%I RPLAY: fllﬁ?n? 32.

The met hod ,according.to claim29, wherein the heating heats the stack to a
t enper at ur 8¢8F 8§ 4 gégf‘eéi@e&édflgé@l“&l 1453 degrees), zinc (melting point,

419 degrees) or the like. The second metal particles may be made

of a single metal or a combination of different metals. |
15 In the first, second, and tﬁird embodiments described above, the
| conductive paste 50, which includes the first and the second metal
particles, is applied. However, it is possible to use conductive
paste that includes alloy particles, each of which is formed by an
alloy of the first metal and the second metal. For example, as shown
20 in Fig. 9(a), conductive paste 150, which includes organic solvent
and alloy particles 162, each of which includes 50weight% tin and
50weight% silver, is packed in the via holes 24 of the single-sided
conductor pattern film 21 and subjected to evaporation. Afterward,
the single-sided conductor pattern films 21 are preferably stacked
25 and the stacked unit is hot-pressed from both sides to form the
unified conductive compound 51 by sintering the alloy particles in

the via hole 24, as shown in Fig. 9(b).
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20 Decenber 2004 33. The nethod according to claim?29, wherein the pressing
applies a pressure of at |east O SMPa. 34. The nethod according to claim29

including formng the interlayer connecting material as aste &6 to
t he packing, wherein the formng of the paste includes & %r?éf 2\%@& to

particles made of the netal materials. 35. The method according to claim 34

i ncl udi ng addi TgeacehGperisiengonpentd t5a tibeppass er i yhereiile beingi ghés<dd t he
di spersing agent added to the paste is 0.0l to 1.5% of the weight of all

solids in the flastwea 43le 24 so that the compound 51 is pressed toward the
/NN, gW NJW N NW NgW N-t/ Ngt / NJW N-W NIt/ N-t/NJ: /N-/ N G N Ng/ Ng/ Ng/ Ng

; mg{ N)g{+ N%/ N (Ne AW N/END e NEDHRIUINTEON PRV &Nk /2L g A RNOE INFRE Nhel NokhbRls/ N Q/HM
m

& /1'r7z| w nheflheakead £2a] ealisald eahcal aalcabaaleal sa]calgAlLath calgaleal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! <z[ BBN&h( dp- h} xsni d_Z] ] ca] ca] ca] ca]

ca] ca] ca] calglgabealicakepbeal falicabsal sakerl cahaad €& %ﬁa]t%]raalaﬁadl% Gal ca]

calcalca]ca! htlmr | LChL6[}xsnid_Z]]ca]ca]ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca

T PRSP %2%%%1 o R Earen M) ca

] ca] cal Ca]%%]@ﬁé%@hﬁéla ﬂﬁh@@h%’lé@&&@]&&l ﬂ%&@%«?? frl SRheALeakeal ca

FE(((((u*r***W F00333>4L444p55566 ca]ca caj cal ca]

caj cal cal calig a%le_sal fgl Caﬂ ahaal ca) cal & Alal %%hcahegl\ﬁé%g@l&fﬂt%l takgel cal

C#Di DvE@F Z] ] 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]calca]ca]ca]cal I]lnlolllJIMJIII$KeKKK

calcal 4 ca ol Cal Gl & 4] CAJ AT o S0 0o Calcal ol E1 ool FOA UK 1)
R ke bk
] ca] ca] ca] ca cal c ca ca] ca ca] caJcalca 21 1 nm
_ E%SBL&SSM}?&%V@%H cg]l cé]aééféié]’ca] ca ca c§ 85]%5]%% calfca] ca
atxi (107 f‘?‘lr}ﬁﬂfﬂ%c%%ak%mﬂ%?%gfg Reatear e S A ) G ca cal ca
cacalta) cal oo Sa CaT o] BA7L ?%%?"ché?’é%f%&ﬁafé ]ca? ESHE SN
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&$10% | &$109& I F & $10%&

{y: 16 | P! 145408 )S(%Pa'f)ﬁe 1 a@)cq“?a@féo}a(ﬁ(ﬁs THS HRFIDPOTBI@AT LS X0,
10; STO%& ()11, . < $10%F& (f) lr, <. $10%F& () i $10%&' ()-!y

i $10%VE %‘ ?ﬁ@}@‘g& ) L&A mfetal particle.

$109B& () - Sy3 1098& () -Ss3"1098& ()-S"1098& ()-p"1098& ()-i!1098& Qh- 10
addition, the conductive paste 250 may be the one at
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10/ r 7dEnN/ i $109%Bv
p#109B8& ()-109B& ()-|3"1098& ()-"1098& ()-6"1098& ()-63"10%B& () - 7z<zdEmN

I $1098@f 109B& ()-9%$109B& ()-P'$1098& ()-1 1109B& ()-""109B& ()-<Yg

109B& ()-z[dEMN i $1098V, 2 1098& ()-&0109B&' ()-s<.f 20 December 2004
1098& ()-16,=109B& ()-s0* 10%B& ()-F(109B& ()-Bxnb@i $10! ABM 10% U W& ()- @
108 108 108lgdntA%B&' ¢l EBndPUBSs1a1 DHALtVER (1)ivd4R" 1YB & i(F)fuBdEMO¥iorm

$10! 6J 10% U& ()-010% U& ()-0) $10% U& ()-#"10% U& ()-3"10% U& ()-f 10%

U&' () - N&hdEndn@: 1 181 043" 1% i 1) mbik 10§0uRt O }- cdRFadHo f Jrar$20%0 USHa) &3" 10%
the paste 250 deoes not contain large metal particles. Many
confiqurations are effective as long as it is possible to form the

5 «conductive compound in the wvia hole by fusing the fine metal
particles during the interlayer connecting process and to form a
mutual solid phase diffusion layer between the formed conductive
compound and the conductor pattern. |
Namely, the metal making up the fine metal particles need not

10 diffuse mutually and form an alloy with the metal making up the
conductor pattern as long as the large metal particles form an alloy
with the fine metal particles and the large metal particles diffuse
mutually with and form alloy with the metal making up the conductor
pattern. Similarly, if the metal making up the fine metal particles

15 diffuses mutually with and forms an alloy with the metal making up
the conductor pattern, the metal making ﬁp the large metal particles
need not form alloy with the metal making up the conductor pattern
as long as the large metal particles diffuse mutually with and form
an alloy with the metal making up the fine metal particles.

20 In other words, if the two metals making up the large metal
particles and the small metal particles mutually form an alloy, any
metal combination works fine as long as at least one of the two
metals making up either the large metal particles or the fine metal
particles diffuses mutually with and forms an alloy with the metal

25 making up the conductor pattern. Therefore, for example, the
focllowing metal confiqurations are applicable. At least one metal

of zinc, aluminum, and nickel is used for the large metal particles
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U& ()- P"10% U& ()-h(dpaBnb@i $10!*#10% U& ()-V( 10% U& ()-' 10%
U& ()-9%"10% U& ()-!01!$109%U=U& ()-3"10% U& ()-- ht 1dEnb@i $10!7 10%
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U& ()-1mopgrbC i $10! 11 10%ré& ()-6f10%r& ()-i!10%r& @P-Dagernba02004.0
U0l ; s10% U& () -39n'10% U& ()-1dEbC i $10!'M 10%ré& ()-g
109 r & () - 1QHr &'t( )1e@ s810HEr &eth1ybrl@WIREr() «6pREI0%b&d( ) pheRdELE, and

10

15

20

25

palladium is used for the fine metal particles. In addition, the
opposite combinations are may be used.

In the first embodiment, there are only first metal particles
and second metal particles in the paste 50. In the second and third
embodiments, first metal particles, second metal particles and the
binder particles are included in the paste. However, other metal
particles that do not form an alloy with tin may be added to the
paste 50. For example, for adjusting the thermal expansion
coefficient of the conductive compound 51 to approximate that of
the insulator resin film 23, other metal particles, nonconductive
inorganic filler or the like may be added. However, excessive
amounts of such other materials may hinder the unification of the
conductive compound 51.

In the fourth embodiment} only the large metal particles and the
fine metal particles are inéluded in the pasté 250. However, other
metal particles that do not form an alloy with the metal particles
may be included. For example, for adjusting the thermal expansion
coefficient of the conductive compound 251 to approximate that of
the insulator resin film 23, other metal particles, nonconductive
inorganic filler or the like may be added. However, excessive
amounts of such other materials may hinder unification of the
conductive compound 251.

Furthermore, in each embodiment described abeove, the single-
sided conductor pattern films 21 are stacked, as shown in Fig. 1(d),
in the fabrication processes of the printed wiring board. However,

the stacking configquration is not limited to this one, but other
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conductor pattern covering a whole side thereof, single-sided

conductor pattern films 21, and a copper foil 81. Then, the stack

is hot-pressed. Afterward, the copper foils are defined on both

10 sides. Another configuration, which is shown in Fig. 11, is also

possible. In Figure 11, another multilayer printed wiring board

is made by stacking single-sided conductor pattern films 21 and a

double-sided film 91. Afterward the stacked unit is hotfpressed.

Moreovér, other confiqurations, such as that shown in Fig. 12 are

15 possiblé. In Figuré‘lz, another multilayer printed wiring board

is made by stacking the resin film 23 on both.sides of the

double-sided film 91. Then, the copper foils 81 are added to the

stacked unit as shown. Afterward, the stacked body is hot-pressed.

Another configuration is shown in Figure 13. In Figure 13,

20 another multilayer printed wiring board is made by stacking the

copper foils on the resin film 23, hot-pressing the stacked unit,

and then defining the copper foils on both sides. In ancther

configuration, which is shown in Fig. 14 another multilayer printed

wiring board is made by stacking the single-sided conductor pattern

25 film 71, which has a copper foil conductor pattern covering a whole

side thereof, with the copper foil 81. Then the stack is hot-pressed.

Afterward, copper folils are defined on both sides.
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53 neonconductive filler to pelyetheretherketone resin and
polyetherimide resin. It 1is also possible to use separately
polyetheretherketone (PEEK) or polyetherimide(PEI).
In addition, applicable materials for the resin film and the
cover layer are polyethylene naphthalate (PEN), polyethylene
10 terephthatlate (PET), polyethe: sulphone (PES), thermoplastic
polyimide oxr, what is called liquid crystal polymer and the like.
It is also possible to use a structure in which polyetherimide film
is laminated by at least one of PEEK, PEI, PEN, PET, PES,
thermoplastié polyimide and liquid crystal polymer. Other resin
15 films may be employed as long as the films are bonded ‘together by
hot-pressing and have the thermal resistance required in a later
soldering process.
If a polyetherimide film laminated by a thermoplastic resin
layer is applied, problems such as peeling and warping are
20 preventable because the 15-20 ppm thermal expansion coefficient of
the polyimide is close to that (17 -20 ppm) of copper, which is the
typical material used for wiring.
In the case of a double-sided printed wiring board, for example,
thermosetting resin such as epoxy resin, bismaleimide triazine (BT),
25 polyphenylene ether (PPE), and pelyimide (PI) in B stage are usable.

Even in the case of amultilayer printed wiring board, thermecsetting

resin such as epoxy resin, BT, PPE, and PI in B stage are usable
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U& ()-'f 10% 1In each embodiment described above, copper is used as the metal
making up the conductor pattern 22. However, in the first, the
second, the third embodiments, other than ceopper, it is possible
5 tousemetals that diffuse mutually in the selid phase with the first
metal (tin in each example mentioned above) 1in the conductive
compound 51. In addition, the conductor pattern 22 does not have
to be entirely made of metal that diffuses mutually with the first
metal in the conductive compound 51. It is pessible to use a
10 conductor pattern having a plated layer made of a metal such as
silver and gold that diffuses mutually with tin (the first metal)
contained in the conductive compound 51. Any conductor patterns
are applicable as long as the patterns have metal that can diffuse
mutually with the first metal contained in the conductive compound
15 51 at the position correspondent to the via hole 24.

In the fourth embodiment, other than copper, it is possible- to
use metals that diffuse mutually in the solid phase with the metal
component (zinc in the example mentioned above) in the conductive
compound 251. In addition, the conductor pattern 22 does not have

20 to be entirely made of metal that diffuses mutually with the metal
component contained in the conductive compound 251. It is possible

to use a conductor pattern having a plated layer thereon made of
ametal such as silver and gold that diffuses mutually with the metal
component contained in the conductive compound 251. Any conductor
25 patterns are applicable as long as the patterns have metal that can

diffuse mutually with the metal component contained in the

conductive compound 251 at the position corresponding to the via
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second embodiment, the conductive paste 50 consists of two types

5 of metal particles 61, 62, and 63 and organic solvent. In the third
embodiment, the conductive paste 50 consists of three types of metal

particles 61, 62, and 64 and organic solvent. In the fourth

embodiment, the conductive paste 250 consists of two types of metal

particles 71 and 72 and organic solvent. A dispersing agent may

10 be added to the conductive paste 50, 250 by an amount equivalent
to 0.01-1.5 eight% of the solid components (e.g., the two types of
metal particles 61 and 62 in the first embodiment) of the conductive
paste 50, 250. This makes it easier to disperse homogeneously the
metal particles in the:conductive pasté 50, 250. However, a

15 dispersing agent content less than 0.0lweight% scarcely provides
a dispersion effect and a'disPersing.agent content more than
1.5weight% hinders the conductive compound from being unified by
sintering. It is possible to use phosphoric ester and stearic ester
or the like as a dispersing agent.

20 In each embodiment, the interlayer connecting material is the
first type of conductive paste 50 or the second type of conductive
paste 250. However, rather than a paste, granular material may be
used as long as it is possible to pack the material in the via hole.

In each embodiment, the printed wiring boards 100, 200 consist

25 of four layers. However, as a matter of course, as long as the board

consists of a plurality of conductor pattern layers, the number
thereof is not limited.
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a conductor pattern located on the insulator film, wherein the

_conductor pattern includes a conductor metal; and
a solid conductive material, which includes metal components,
located in the via hole, wherein the solid conductive material
includes a first type of conductive material and a second type of
conducting material, wherein the first type of conducting material
includes a metal, and the second type of conductive material
includes an alloy formed by the metal and the conductor metal,

wherein the metal is at least one of tin and indium.

2. The wiring board according to claim 1, wherein the metal is a
first ﬁetal, and the first type of conducting material is an alloy
of the first metal and a second metal, and the second metal is at
least cone of silver, copper, gold, platinum, palladium, nickel and

zingc.

3. The wiring board according to claim 1, wherein the first type
of conducting material is an alloy of the metal and at least one

of silver,-copper, gold, platinum, palladium, nickel and zinc.

4. The wiring board according to claim 1, wherein the metal accounts

for 20-80wt% of the metal components of the solid conductive

material.
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7. The wiring board according to claim 1, wherein the first type
of conductive material is a unified conductive compound and the
second type of conductive material is a solid phase diffusion layer,
wherein the solid phase diffusion layer is located between the

unified conductive compound and the conductor pattern.

8. The wiring board according to claim 1, wherein the melting point
of the metal is lower than a predetermined temperature to which the

wiring becard is heated to join the layers.

_9.- The wiring board according to claim 8, wherein the metal is a
first metal, and the first type of conducting material is an alloy
of the first metal and a second metal, and the melting point of the

second metal is higher than the predetermined temperature.

10. A method of making a printed wiring board comprising:
packing via holes formed in an insulator material with an
interlayer conducting material, wherein the interlayer conducting
material includes a first metal material and a second metal material,
and the second metal material melts at a temperature highar than
a predetefmined temperature;
stacking layers of the insulator film with conductor patterns

to form a stack such that the via holes are located between the
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forming a sclid conductive material in each of the via holes
to electrically connect the connector patterns by heating the stack
to the predetermined temperature and pressing the stack, wherein
the solid conductive material of each via hole includes a unified
conductive layer and a solid phase diffusicon laver, and the solid
phase diffusion layer is formed by the first metal material and a
conductor metal, wherein the conductor metal is a metal of the
associated conductor pattern,

including the step of employing at least one of tin and indium

as the first metal material.

11. The method according to claim 10 including the step of employing
at least one of silver, copper, gold, platinum, palladium, nickel

and zinc as the second metal material.

12. The method according to claim 10, including the step of
employing at least one of silver, copper, gold, platinum, palladium,

nickel and zinc as the second metal material.

13. The method according teo claim 10, including the step of
employing the first metal material to account for 20-80wt% of the

metal in the interlayer conductive material.

14, The method according to claim 10 including the step of employing

copper as the conductor metal.

15. The method according to claim 10 including the step of employing

thermoplastic resin or thermosetting resin as the material of the

insulation film.
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metal material in the interlayer conductive material.

18. The method according to claim 10, wherein the heating heats

the stack to a temperature of at least 220 degrees.

19. The method according to claim 10, wherein the pressing applies

a pressure cf at least 0.5MPa.

20. The method according to claim 10 including forming the
interlayer connecting material as a paste prior to the packing,
wherein the forming of the paste includes adding a solvent to

particles made of the metal materials.

21. The method according teo claim 20 including adding a dispersing
agent to the paste, wherein the weight of the dispersing agent in

the paste is 0.01 tc 1.5% of the weight of a2ll solids in the paste.

22. The method according to claim 20 further comprising:
adding binder particles to the paste; and
preheating the stack prior to the heating and pressing step
and after the packing step to cause the binder particles to diffuse

into the metal materials.

23. The method according to claim 22 further comprising the step

of including a binder metal in the binder particles that melts at
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wherein the first metal material and the second metal material are

- interconnected by a binder metal, which is included in the binder

particles, as a result of the preheating.

25. The method according to claim 10 further comprising the step
of including the first metal material and the second metal material
in particles that form part of the—péste, wherein the particles have

- a mean particle size of 0.1-20um and a specific surface area of

0.1-2.5 m%/g.

26. A method of making a printed wiring board comprising:

packing via holes formed in an insulator material with an

- interlaver conducting material, wherein the interlayer conducting

material includes particles that include metal material, wherein
the particles have a meaﬁ particle size of 1-500nm;

stacking layers of the insulatcr film with conductor patterns
to form a stack such that the via holes are located between the
conductor patterns in the stack;

forming a solid conductive material in each of the via holes

tc electrically connect the connector patterns by heating the stack
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asscciated conductor pattern,
including the step of employing at least one of zinc, aluminum,

and nickel as the metal material.

27, The method according to claim 26, wherein the particles are
relatively fine particles, and the method includes adding
relatively large particles, which are relatively large compared to
the relatively fine particles, to the interlayer connecting
material, and the relatively large particles are made of the same

material as the relatively fine particles.

28. The method according te claim 26, wherein the particles are
relatively fine particles, and the method includes adding
relatively large particles, which are relatively large compared to
the relatively fine particles, to the interlayer connecting
material, and the relatively large particles include metal that
forms an alloy with the metal material of the relatively fine

particles.

29. A method of making a printed wiring board comprising:
packing via holes formed in an insulator material with an
interlayer conducting material, wherein the interlayer conducting

material includes relatively large particles that include metal
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stacking layers of the insulator film.with conductor patterns
to form a stack such that the via holes are located between the
conductor patterns in the stack;
forming a solid conductive material in each of the via holes
to electrically connéct the connector patterns by heating the stack
. to the predetermined temperature and pressing the stack, wherein
the solid conductivé.material of each via hole includes a unified
conductive layer and a solid phase diffusion layer, and the solid
phase diffusion layer is formed by one of the metal materials and
a conductor metal of the associated conductor patternL
including the step of employing at least one of zinc, aluminum,
and nickel as the metal material included in the relatively large

particles.

30. The method according to claim 29 including the step of employing

copper as the metal of the asscciated conductor pattern.

31. The wiring board according to claim 29 including the step of
employing thermoplastic resin or thermcosetting resin to form the

insulating film.

32. The method accerding to claim 29, wherein the heating heats

the stack to a temperature of at least 220 degrees.
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wherein the forming of the paste includes adding a solvent to

particlies made o6f the metal materials.

35. The method according to claim 34 including adding a dispersing
agent to the paste, wherein the weight of the dispersing agent added

to the paste is 0.01 to 1.5% of the weight of all sclids in the paste.
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