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PRINTED WIRING BOARD AND METHOD OF MANUFACTUR_ING A PRINTED WIRING

" BOARD

CROSS REFERENCES TO RELATED APPLICATIONS .
This application relates to and inc_orporates herein by reference

Japanese Patent Application 2001-338119 (filed on November 2,

2001).

BACKGROUND OF THE INVENTIO]SI
The presént invention relates to printed wiring boafds and
methods of manuflacturing prinﬁ'ing boards, and ﬁore particularly to
a._ printed wiring board that is a double-sided printed wifing board
or a multilayer printed wiring bo’a:d with a plurality of
electrically—inten-:'_cqnnected dohductor pattern ~léylers, and to the

manuf&d_turirig method thereof.

In Japanese Patent Application N6.7-176846, conductor patterns

on a printed wiring board are interconnected electrically by
packing conductive paste, which contains metal particles and binder
resin, in a via hole formed in the printed wiring board and by

pressin'g' the paste in the presence of heat. However, in that

| publication, interconnection _between't':he conductor patterns is

achieved by contact conduction between metal particles in the via

hole and by contact conduction between the metal particles and the

conductor pattérns . -Therefore, if the printed wiring board is used

~in thermally harsh conditions, such as ina vehicle, the interlayer

connection resistance is likely to vary.

For example, in a high temperature environment, the reliability -
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of the interconnection is lowered by an increaée 'in interlayer
connection resistiarce because the contact resistances between
metal particles a'nd-.between the metal particles and the conductor
patterns increase due to thermal expanéion of the binder resin. The
problem. becomes more critical as the density of the printed wiring
boérd increaseé.

The pres-ént invention has been made accordingly to provide a more

reliable printed wiring board.

BRIEF SUMMARY OF THE INVENTION

Basically, the invention i.s a - printed wiri'ng board formed by
interconnected layers. Each layer includes .an insulator f£ilm, in
which a via hole is formed. A conductor pattern located on the
insulator film, and the conductor pattern includes é condﬁctor
metai. ‘A solid cénductive material is locateci in the via hole. The
solid cohductive material -includes a first type of conductive
material ahd a second type of conducting material. The firsf type
of conducting material includes a metal, and the second type of
conductive material includte‘s an alloy formed by the metal and the
conductor metal. |

The invention is also a method of making a prini:ed wiring board.
The method includes packing via holes formed in an insulato'r
material with an interlayer conducting material. The interlayer
conducting material includes a first metal material and a second
metal inaterial, and the seconc;l metal material melts at a temperature
highér than a predetgrmined temperature. The method further

includes stacking layers of the insulator film with conductor
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patterns to form a stack such that the via holes aré located between
the conductor pattérns in the stack. Further, the method includes
forming a solid-éoﬁductive material in each of the via holes to
electrically conhect the connector patterns by heating the stack
to the predetermined temperature and'pressing the stack. The solid
conductive ﬁlatérial of each via hole i.nciudes a unified conductive
layer and a solid phase diffusion layer. The solid phase diffusion
layer is formed by the first metal material and a conductor metal,
and the conductor metal is a ﬁetal of the aésociéted conductor

pattern.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1(a) is a diagrammatic cross sectional viev:;r showing a step
in the manufacture of printed wiring boards according to the present
invention;
Figure 1(b) is a view like Figure 1(a) showing a further step
in the manufacture of the printed wiring boards;

Figure 1(c) is a view like Figure 1l(a) showing a further step

in the manufacture of the printed wiring boards;

Figure 1(d) is a view like Figure 1(a) showing a further step
in the manufacture _of the printed wiring'boards;

Figure 1(e) is a view like Figuré 1(a) showing a further step
i_.n the manufacture of the printed wiring boards;

Figure 2(a) is an enlarged diégrammatic Ccross sectional view '
showing a step in the mam-1fa_cture of 'a. printed wirihg board
a.ccofding to a first embodiﬁlent of the present invention;

Figure 2(b) is a view like Figure 1l(a) showing a further step
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in the manufacture of the printed wiring board;'

Figure 3 is a gréph showing the results of an evaluation of
adhesion between a copper_foil and a conductive compound, where
adhesion is represented by the vertical axis, and the quantities
of tin and silQer in the compoﬁnd.are:represented.on the horizontal
axis;

Figuré 4 is a.graph showing the change ratio in fhe via serial

resistance of the printed wiring board of this invention, where

resistance change ratio is represented'by the vertical axis, and

the quantities of tin and silver .in the compound is represented on
the horizontal axis;

Figure 5 is a graph showing the results of an evaluation of
adhesion between a copper foilland the conductive compound, where
achcsion is represented by the vertical axis and the heating
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. wi.ring board according to a second
embcdiment; |

Figure 6(b) is a view like Figure 2(b) éhowing a further step
in the manufacture of the printed wiring board of Figure 6(a);

Figure 7(a) is a view like Figure 1l(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
in the ﬁanufacture-of the printed wiring board of Fiqure 7(a);

Figure 8(a) ic a view like Figure 1(a) showing a step in the
manufacture of a printed wiring board according to a fourth

4
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embodiment;

Figure 8(b) is a view like Figure 2(b) showing a further step
in the manufactufe éf the printed.wiring board of Figure 8(a);

Figure 9(a) is a view like Figure 1(a) showing a step in the
manufacture of a printed wiring board according to a further
embodiment; |

Figure §(b)'is a view like Figure 2(b) showing a further step
in the ﬁanufacture of-the printed wiring board of Figure 9(a);

Figure 10 is a diagrammatic cross sectional view showing a
stacking step in the manufacture of printed wiring boards according
to a further embodiment of the present invention;

Figure 11 is a view like Figure 10 showing a stacking step in _
the manufacture of printed wiring boards acéording to a further
embodiment of the present inventidn;

Figure 12 is a view like Figure 10 shdwing a stacking step in
the ﬁanufacture of printed wiring boards according to a further
embodiment of the presént invention;

Figure 13 is a vieﬁ like Figure 10 showing a stacking step in
the manufacture of printéd wiring boards according to a further
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
(First embodiment)

In Fig. 1(a), a single-sided conductor pattern film 21 having
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a conductor pattern 22 is defined by etching a 'cénductive foil (a
copper foil with 18 um thickness in this embodiment) adhered to
one side of a resin .film 23. In this embodiment, a thermoplastic
film, which is 25-75um thick and made of a mixture of 65-35%
polyetherethérketone resin and 35-65% polyetherimide resin, is
used as the reéin film 23. |

After the formation of the conductor pattern 22 is completed as
shown in Fig. 1(a), a substantially_cylindrical via hole 24, for

which the conductor pattern 22 serves as a bottom surface, is formed

' by exposure to a carbon dioxide laser from the side of the resin

film 23, as shown in Fig. 1(b). During the formation 6f-the via
hole, the céndu'ctor pattern is noi: perforated if the power and the
exposure period of the carboh dioxide laser are set properly.
~ Other than the carbon dioxide J_.aser, an excimer laser or the like-
may be used for formation of F#e via hole 24. In addition to a laser,
other ways of forming the via hole such as drilling maf also be used.
However, machining by laser beam is preferred bécause of its abilitj
to n-\ach.ine a fine hole without dama.ge to the con&uétor 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 3009
of tin pérticles. The tin'particles are sometime referred to herein
as first metal particles, and fin is som_etini_es referred to as a first
metal. The mean particie size of the tin particles is Sum, and

6
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the specific surface area of the tin particles is 0 ;5 m’/g. Further,
300g of silver particles, which are sometimes referred to herein
as second metal part.icles, aré_ added. Silver is sometimes referred
to.herein as a second metal. The silver partiéles_have a mean
particle size of 1um and a specific surface area of 1.2m’/g. The
mixture is_mixéd to a paste by a mixer. The paste-like consistency
of the material facilitates filling the via holes.

.The conductive paste 50 is applied, or printed, anq packed in
the via hole 24 of the'single-sided conductor pattern film 21 by
a screén_printing machine with a metal mask, and the tefpineol is
evaporated at 140—166 degrees (all temperatures herein are
expressed in degrees Celsius) for 36 minutes. In this embodiment,
the screen printing machine is 'uSed for packing the conductive paste
50 into the via hole 24. However, other methods such as applying
the paste with a dispenser or the like are may be used as long as
the method reliably packs the paste. |

Instead of terpineol, other organic solvents may be used to make
the.paste. An organic solvent with a boiling point of 150-300
degrees is preferred. If orgénic solvents having boiling point of -
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 eﬁaporation times, and this slows produciion.

In this embodiment, the conductive paste 50 includes metal
particles, namely the tin partiéles 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
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If the metal particles have a mean particle éize smaller than
0.1 um or a specific surface areé largér than 2.5m*/g, a lot of
organic solvent is fequired to create a suitéble viscosity for via
hole packing. Conductive paste containing a lot of organic éolvent
requires a relatively long time for evaporation, and relatively
more gas is geﬁerated during the heating and interconnecting step
if the evaporation is insufficient. Therefore, voids are likely
to be generated in the via hole 24, which lower the reliability of
the interconnection.

On the other hand, if the metal particles have a mean particle
size larger than 20 um or a specific surface area smaller than 0.1
m’/g, packing the paste into the via hole 24 becomes difficult. In
addition, the metal particles will tend to be unevenly diétfibuted,

which makes it difficult to create a homogeneous conductive alloy

‘compound 51 after heating. Thus, it is difficult to ensure the

reliability of the interconnection.

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
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-
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
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ére stacked such that the éide including ﬁhe condﬁctor pattern 22
faces upward.

The two inside éingleQSided dqnducfor patfern films 21 are
stacked together such that the sides having no conductor patterns
22 face each pther. ‘The two outer single-sided conductor pattern
films 21.a;e's£ackedfsuch that thé sides including the conductor
patterns 22 face outward'as shown.

| 'A top cover layer 36a, which is a resist film that covers the

conductor pattern 22 of the top léyer, is placed on the top of the
stack of films 21 as shoWn. A bottom cover layer 36b, which is
another resist film that covers the conductor pattefn 22 of the
Qottom-layer, is.located at the_bottom of the stack of films 21 as
shown.

The top cover layer 36a is machined to provide a hole through-
which an electrode 32 is exposed in a predetermined position of the
conductor pattern 22 on the top 15yer. The bottom cover layer 36b
is machined to provide another hole througﬁ which an electrode 37

is éxposed in a predetermined position of the conductor pattern 22

.on the bottom layer. In this embodiment, the resin material

described previously with respect to the resin film 23 is used for
the cover layérs 36é and 36b. |

.After stacking the'single-sided conductor pattefn films 21 and
the cover layers 365 and 36b.as shown in Fig. 1(d), the stacked unit
is hot-pressed from the top -and the bottom surféces by a vacuum
hét-press machine. In this embodiment, the stacked.unit is pressed
for 10-2.0 minutes under 2-10 MP pressure at a temperature of 240-350

degrees.
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Thus, as shown in Fig. 1{e), the single~sided éonductor pattern
films 21 and the cover layers 36a_, 36b are bonded together. While
the resin films 23 .and'the cover layers 36a, 36b thernially fuse
together into a unit, the conductor patterns 22 adjacent to the
conducti\-re paste 50 in the via hole 24 are interconnected and a
multilayer priﬁte'd wiring board 100 with thé electrodes 32 and 37
at the surfaces is provided. The resin film 23 and the cover layers
36a, 36b are made of the same thermoplastic resin so that they are
unified by being thermally softened and presseci. In this
fabrication process, the procéss shown in Fig. 1(c¢) is a packing
stép and thé processes shown in Figs. 1(d) and 1(e) are
interconnecting steps. |

Hereinafter, the interconnection is explaine_d. by referring to
Fig. 2(a) and Fig. 2(b). Figure 2(a) and Figure 2(b) are partial,
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 (_éilvér)
ai‘e mixed. | |

' When_ the paste 50 is heated to 240-350 c_legr.ees, the tin particles
melt and adhere to the surface of the silver pér_tic_:_les, because the
melting point of the tin particles 61 and 1_:hat of the silver
barticles. are 232 degrees and 961 degrees, respectively. As the
heating continues, fused tin beginé diffusing 'froﬁ' the surface of.
the silver particles, and an élloy (mel_ting'point, 480 degrees) is
formed with tin and-s.ilver. With the tin-sj.lver alioy formation,

10
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as shown in Fig. 2(b), a conductive compound 51, which is a sintered
alloy, is formed in the via hole 24 because the conductive paste
50 is under press'uré of 2-10MP. | |

In addition, while the condudtive compound 51 is formed in the
via hole 24, the pressurized conductive compou_nd 51 is pressed
toward the surface forming the bottom of the via hole 24. _Thus,

the tin in the conductive compound 51 and copper in the copper foil

‘forming the conductor pattern 22 diffuse mutually, and a solid phase

diffusidn léyer 52 is formed at the interface between the conductive
coinpound 51 arid the cond_ucf.or patterh 22. |

Similarly, although not shown in 'Fig. ‘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 conductor pattern 22 and the conductive compound 51 in

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
ahd bottom of the via hole 24 are electrically in'térconnécted with
the unified conductive compound 51 and the solid phase diffusion.
layer 52.

. According to the confi:juration and the fabrication method

‘described above, conductor patterns 22 of the printed wiring board

100 are electrically interconnected with both' the unified
conductive E:ompound 51 made of tin-silver alloy sintered in the via.
hole 24 .and the solid phase diffusion layer 52 made from tin and
copper between the conductor pa'ttern 22 and the conductive compound
51. Therefore, electrical interconnection b'etv;veen the éonductor

patterns 22 is not achieved by mere mechanical contact and there

11



10

15

20

25

is very 1little interlayer contact resistance. Therefore, the

. reliability of the interconnection is high.

In addition, stacked unification of the single-sided conductor

‘pattern films 21 and the cdver'layer 36a, 36b and interconnection

of the conductor patterns 22 are performéd simultaneously by the
hot-press. Thérefore, the number of fabrication steps for making
the printed wiring board 100 is reduced along'with the_fabrication
costs of the board.

In this embodiment, the-metal components of the conductive paste -
50 consist of 50weight% tin and 50weight$ silver. The tin c'ontent
in the metal components is preferably 20-80%. |

Fig. 3 is a result of an evaluation conducted by the inventors

of the adhesion between the copper foil forming the conductor

| patterns 22 and the conductive compound 51. " Figure 3 shows the

variation in adhesion when the ratio qf tin to silver in the
conductive paste is varied.

To explain the evaluation procedures, first, the same tin
par‘i:icle_s and silver particles that were used for the conductive
paste 50 described abové_were used as metal components. Terpineol.
was added to the me.tai components in an amount equivalent to
10weight% of the metal coxhponents, and the mixtu're is ﬁreated to-
create a paste. The paste is printed on the shiny sj.de of a copper
foil and the terpineol is evaporated under the conditions described
above. Subsequently, anotherl copper foil is stacked on the pasi:e _
sﬁch that the matte ?siae 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.

12
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The reason that the shiny side of one copper féil and the matte
sid.e of the other copper foil face the paste is that a via hole packed
with the conductive -.compound is formed between such sides then the
single-sided cénductor pattérn films are stacked in the fabricat_:ion'
of the printed wiring board; that is, each film faces the same
direction in thé printed wiring board. The bonded two copper foils
are peeled at the speed of 10 mm/min and the peeling stréngth is
defined as the adhesion between the foils.

It turns out that a tin content between 20-80% provides a good.
level of adhesion (fnore than 1.0 N/mm). - That is, a higher 1éve1
of adhesion than that between the insﬁlator and the copper;foil is
provided. The fracture mode in the peeling in o.f the material ih
the 20-80% tin content range is not boundary peéling between the
copper foil and the conductive compound, but peeling due to internal
fracturing of the conduct.iw_re compound. Thus, a solid phase
diffusion layer that is stronger than the conductive compound is
formed between the copper foil.and the conductive compound. Thus,
the'reliability of an interconnection that employs the solid phase
diffusion layer is high.

Figure 4 is a result of an. evaluation conducted by th.e inventors
of the reliability of the interconnection and is a graph showing
the variation in the resi.stance change_ ratio of the via serial
resistance in the printed wiring board to the initial via serial
resistance after a re-flbw soldering précess when the ratio of tin
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
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paste 50 described above weré used as the metal components in this
evaluation. Terpineol was added to the metal components in an

amount equivalent to 10weight$% of the metal component.s, and the
mixture was treated to create a paste. The paste was packed in the
via hole of the single-sided conductor pattern film and the
terp.ineol was evaporated under the conditions described above. A
copéer foil was adhered to the insulator side of the single-sided
conductor pattern film. The stacked unit is hot-pressed under the
conditions described above. A doubie-sided board having conductor
patterns for measuring via serial resistance is thus prepared.

Then, via serial resistance of the double-sided board was
measured, and via serial resiStance is again measured after the
board is passed through a re-flow process at a temperature of 250
degrees for a period of 5 minutes. Then, the ratio of these values
was calculated. This ratib is referred to asthe.res.istance change
ratio.

It turned out that a tin content between 20-80% ensures that the_
resi.stance change i‘atio is 20% or less, which is generally the
maximum figure to provide good reliability.

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
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

14
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inventors on the dependency of adhesion between-the copper foil
forming the conductor pattern and the conductive compound on
heating temperature. Figure 5 shows the variation of the adhesion
between the copper foil and the conductive compound when the heating
temperature is varied.

To explaln the evaluation procedures first, the conductor paste
50 is prJ.nted on the shiny side of a copper foil and the teer.neol
was evaporated under conditions described above. Subseq’uently,
another copper foil is stacked on the paste such th'at the matte side
thereof contacts the paste. The two coppér foils and the conductive
compound between them are bonded by pressing under the conditions

described above at heating temperatures varied on a sample-by-

sample basis. -

The reason that the shiny side of one cop_p_er foil and the matte
side of the other copper foil face the paste is that a via hole packed
with the conductive compound is formed between 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 bo'ard_. Tne bonded two copper foils

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 heat:l.ng temperature higher than 220

degrees prov1des adhesmn (the adhe51on between the insulator and

- the copper foil) of more than 1.0N/mm, th.ch is p'referred.. The

fracture mode in the peeiing of the material in the 20-80% tin

content range is not boundary peeling between the copper foil and

the conductive clompound, but peeling due to internal fracturing of .

15
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the conductive compound. This means that a s.olid- phase diffusion
layer that is stronger than the conductive compound is formed
between the copper foil and the conduc_tive compound.

As described above,l a heating temperature higher than 220
degrees in the interlayer connecting process provides a good
interléyer connection between the conductive compound and the solici
phasé diffusion layer.

In .thié embodimenf, the pressure of the hot—preés_ing of the
interlayer connecting material (50) is 2-10MPa. The préssing
pressure. is preferably 0.5MPa or more. If the p.ressing' préssure
is lower than 0.5MPa, the metal pafticlés are not sufficiently

unified by sintering, and the solid phase diffusion layer is not

‘sufficiently formed. The  inventors have confirmed that a

satisfactory interlayer connection is ensured by setting ﬁhe_
pressing pressur.e to 0.5MPa or more. |

In the evaluation.mentioned above, a copper foil, which has a
matte side oﬁ which rust preventive film is forméd, is used. Such
a foil provides a goéd _inte_rlayer connection.

(Second embodiment) |

Hereinafter, second embodiment of the present invention is
explained with reference to the figures. |

_The second embodiment is different from the first embodiment in
the composition of the conductive paste 50 and the process
conditions after the packing process to iiuprove the shape-retention
of the conductive paste 50. 'fherefox_‘e, thé réference numerals used
in the first embodiment are also used for the corresponding parts

of this embodiment, and a detailed explanation thereof is omitted.

16
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After the formation of the conductor pattern 22 and the via hole
24 is completed, as in the fii‘st embodiment, as shown in Figs - 1(a)
and 1(b), conductive paste 50.'for interlayer connection is packed
in the via hole 24. of.the single-sided conduci:or pattern film 21
as shown in Fig. 1(c). |

The paste is prepared by' the steps mentioned below. Terpineol,
the qu.antity of which is 60g, is added to 300g of tin particles.
The mean particle size of the tin particles is 5um, and the specific

surface area of the tin particles is 0.5 m’/g. Further,' 300g of -

-silver particles are added. The silver particles have a mean

particle size of 1um and a specific .surface area of 1.2m*/g. 1In
addition, indium particles (binder particles), the quantity of

which is 6g, the mean particle size of which is 3um, and the specific

surface area of which is 0.8 m*/g, are added. The mixture is treated

by a mixer to make paste.

After packing the conductive paste 50, the terpineol is

'evapora-ted for 30 minutes at 140 - 160 degrees. After the

evaporation .of the terpineol is completed, the 'single-sidec‘i -
conductor pattern film 21 is heated at 180 — 200 degrees.

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 shoﬁn_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 particle_s'. 61
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

17
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'firm.lj.r interconnected after cooling.

Consequently, the_ snape-retention of the _cenductor paste 50 is
dfamatically improved. 'Therefor'e, th.e conductor paste 50 resists
drepping away in later processes.

‘The interconnection between the metal particles with the indium

portion 63a is implemented by heating at 180 — 200 degrees in this

embodi_nient. However, other temperature may be used as long as the
temperature is lower than the me_lti‘ng point (232 degrees) of tin
and the melting point (961 degree_s) ef sil\_rer (That is', lower than
the melting point of tin, since the melting point of tin is the lower
of the two). Tne metal particles ate interconnected without fusing

the tin particles 61 and the silver particles 62. In addition, the

~metal particles may be interconnected via indium by hot pressing

rather than merely heating. - For. example, it is possible to

_interconnect the metal particles by letting a 'part of the indiﬁm_

diffuse into the tin partiélee_Sl and'the silver particlee 62 by
hot-pressing at 140-— 160 degrees between heating rollers or the
like. | |

In tnis embodiment, indium particles 63'ate used as a binder.;

However, other metal part'icl'es may be used as the binder as long

-as- the partlcles have a lower meltlng point than those of tin and

silver, and diffuse into the tin partJ.cle 61 and the sxlver partlcle
62.

Oon conlpletion'of the packinQ of the conduetor paéte 50 in the
via hole 24-and the evaporatlon and heat:.ng, as shown in Flgs 1(d)

and l(e) f a mult:.layer printed WJ.rJ.ng board 100 is made by the same

steps that are performed in the first embodiment. When the

18
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conductive compound 51 is _formed in the via hole 24, the indium is
absorbed into the conductive compound 51 by diffusion.

According to the configurat.ion and fabrication method described
above, the same effects and advantages that result from the first
embodiment are produced. - In addii:ion, the interlayer connecting
material 50, after being packing into the via_ hole 24, has better
shape-retention and resists failing from the via hole (24).
Th.erefore, the reliability of the interconnection is improved.

It is possible to add binder res.in to the conductor oaste 50 to
imp_rove-its shape-retention. Howe‘}er, excessive addition of binder
resin is .l.ikely- to increase the interlayer connecting resistance
in the'interlayer connecting'process;

The materials and process conditions not explained in this
embodiment are the same as those of the. first embodiment.

(Third embodimént) |

ﬁereinafter_, a third embodiment of the present invention is
-explained by referring to the figures. The third elnbodinent differs
from the first and .second embodiments in the composition_of the

conductive paste 50 and in the process conditions that take place

after the packing process to improve the shape-retention of the

conductive paste 50. The same reference numerals used in t.he first
embodiment are used for 'corresponding parts of.this embodiment, and
a detailed ex‘p]_.anation thereof | is omitted.

After the formation of the conductor pattern 22 and the via hole
24 is completed_, -as in tne .first embo'diment, as shown in Figs. 1(a)
and (b) , the conductive pas_te 50, whicn is for interlayer connection,
is packed in the via hole 24'o._f' the sing_le-sided conductor pattern

19



10

15

20

25

film 21.as shown in Fig. 1(c).

Terpineol, the quaﬁtity of which is 60g, .is added to 300g of tin
particles. The mean particle.sizé_of the tin particles.is 5um,
and the specific surface area of the.tin particles is.0.5 n’/g.
Further,.jdog'of relétively large silver particles_afe.added. The
relatively large silver particles hayé_a meahlparticle_size of 1
u#m and a specific surface area of 1.2m’/g. RAlso, 'O.Gg of relatively
smali silver particles, which serve as binder particles and have

a mean particle size of 5-7nm, are added. The mixture is mixed to

a paste by a mixer.

On completion of the packingfof the conductive paste 50, the
terpineol is evaporated for 30 minutes at 140—160'dégrees. After
the evaporation of the terpineol is completed, the single-sided
cdnductor pattern film 21 is hot-préssed at '140'—160 degrees between
heating rollers or the like.

‘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 fhe reiativeiy.largé silver.pérticles Gé, which have a mean
partiéle size of 14m, in ﬁhe via hole 24, as shown in Fig. 7(a).
The small silver particles 64 have such a large surface energy that
parts bf the_sﬁall sil&er particies 64 diffuse into ﬁhe 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 par'ticles 62, as shown in the Fig. 7(b). When the conductive
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
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Therefore, the shape-retention of the conductor paste 50. is
dramétically improved, and the conductor paste 50 is prevented from
dropping away in _later procésses. -

The inférconnéction bétween the metal particles 61,62 and the
small silver partiéles 64 is_produced by hot-pressing at 140-160
degrees in this ~embodimerl1t.. However, other temperatures may be uséd
as léng as the heating-i:emperature is lower than the melting point
(232 degreés) of tin. The metal particles are inte-rconhected
without fusixig the tin particles 61 and the large silver particles
62. In 'addition, by just heating, without hot-pressing, the metal
particles may be interconnected via the small éilver particles 64.

In this embodiment, the small silver particles 64 are used as

binder particles. However, other metal particles may be used as

long as the particles have a particle size of 1-100nm and diffuse

 into the tin particles 61 and the large silver particles 62. If

the particle size is larger than 100nm, it is difficult to

interconnect the particles at a lower temperature than the melting

point of tin bec':ausé the surface énergy becomes lower. In addition,
particles smaller than 1 nm are unfavorable due to the difficulty
and high cost of fabricating such particlés.

Upon completion of the packing' of the conductor paste 50 in the
via holes 24 '_and thé iinpro_vement; in_'the shape-retention through
evaporation and heatj.ng, as shown in Figs. 1(d) and 1l(e), the
multiiayer printed wiring board 100 is provided through the éame
processes used in the firs.t .exﬁbodiment. |

According to the configuration. ahd fa'b_ricé.tj..on met.:hod. describé_d _
above, the same effects and advantagés that result ffém the first
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embodiment are pi:ovided. In addition,_ the iﬁte'rlayer connecting
material 50, after being packing into the via hole_24, has an
improved shape-retention and _is prevented from droppiﬁg away from
the via hole (24). Therefore, the interconnection is more reliable.

It is possible to add binder resin .to the conductor paste 50 to
improve its shape-retention. ‘However, excessive addit.ion of the

binder resin will increase the interlayer connecting resistance in

- the interlayer connecting process. In this invention, binder resin

is not needed and it is thus it is not necessary to increase the
interlayer cbnnecting resistance.

(Fourth embodiment)

The fourth embodiment of the present invention is explained as
follows by referring to i:he figures. The fourth embodiment is
different from the first embodiment in the composition of the
conductive paste. Theréfore, the same numerals used in the first
embodiment are used for the corrésé_onding parts of this embodiment,
and a detailed explanation thereof is omitted.

After the formation of the conductor pattern 22 and the via hole

24 is completed according to the same steps used in the first

embodiment, as shown. in Figs. 1(a) and (b), the-gonductive paste
50 is packed in the via _hc_a'les. 24 of the single-sided conductor
pattern £film 21, as shown in .Fig. 1(c). Figure 1(c) shows the state
where the conductor paﬁtern 50 is packed. However, in this
embodiment, a conductor paste 25.6,.which_ serves as én_ interlayer
connecting ma;terial, is pack.ed as shown in Figq. 8(a)-.

'fhe paste 250 ié prepared by the following steps. Terpineol,

the quantity of which is 60q, is added to 300g of relatively large
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zinc particles. The mean particle size of the large zinc particles '

is 1um, and the specific surface area of the large zinc particles

~is 1.2m'/g. Further, 300g of relatively small zinc particles are

-added. The small zinc particles h-éve a mean particl.e size of 5-10nm.
The inixture is made into a paste bj a. mixer.

Oon completion of the paékiné of the condg_ctive paste 250, the
terpineol is evaporated for 30 miﬁutes at 140-160 degrees. After
the conductor paste 250 is packed in the via hole 24 and after the
terpineol is evaporated, as shown in Figs. 1(d) and 1l(e), the
multiléyer printed wiring board 100 is formed thrbugh the same Steps

employed in the first embodiment. Figure 1(e) shows the printed

"wiring board 100. The printed Wiring' board 200 of this embodiment,

the layers of which are interconnected, 'is shown in Fig. 8(a).

The interconnection will now explained by ré'ferrilng_'to Figs. |
8(a) and 8(b). Figures 8(a) and 8(b) are partiai, enlarged views
showing, diagrammaticallly, the via ho'le. 24. Befor.e being heai:ed
by the Vacﬁulﬁ ‘hot-press méchine,"the paste 250 packed in the via
hole 24, after the e'vaporation., .is in the state shown in Fig. ,8(5‘:1') .
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 sméll 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 lérge’ zinc particles _7 1, _the_meiting point .
of which is 419 degrees, do not .'f'u_se.' |

After the intefddnnection of the large zinc'_particles 71, as
'shdwn in Fig. 8(b), a conductive'éompouhd 251 made of unified zinc

23



10

15

20

25

is formed in the via hole 24, becauée the conductive paste 250 is
und.e.r a pressure of 2-10MP..

In.addition s While the condlictiv;e compound 251 is formed in the
via holes 24, the pressurized conductive compound 251 is pressed
toward the surfaces fdrming the bottoms of | the via holeé 24.
Therefore, the zinc in the conduci:iire_ compound 251 and the copper
in the copper foil forming the conductor pattern 22 diffuse mutually,
and a s.olid phase diffusion layer 252 is formed at the _inte.rface
between the-cbnductive coinpound '251. and the conductor pattern 22.

~ Although not shown in Fig. 8, a similar soiid phasé diffusion
layer is formed between the zinc in the conductive'c_ompound 251 and
the copper in fhe copper foil forming_the conductor patterns 22 in
the via holes that are oppositely oriented, that is, thd_se thét are
closed by a conductor pattern _2'2 at the boti:oni side. ‘Therefore,
both the conductor patterns 22 af thé top and the boti:om‘ of the via
holes 24 are _elegtricall'y' intei‘connected with the unif-ied
conductive cc_)mpound 251 and the _sol.id ‘phase diffusion layer 252.

~ According to the c'onfiguration and fabrication method described
above, electrical interconnéction between the conductor patterns
22 .is not achieved by mechanical contact, thus the interlayer
contact .resis.tance hardly changes. Therefore, the reliability of
the interconnectiqn is improved;_ In 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

' conductor patterns 22 are performed simultaneously by the hot-press.

Thérefore, the number of fabrication steps for the printed wiring |

board 200 is reduced, which reduces the fabrication costs of the
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boards.

In this embodiment, the small zinc particles 72 serve as fine

~ metal particles. . The preferred particle size thereof is 1-500nm. -

A particle size larger' than 500 nm makes it difficult to

interconnect the zinc particles 71 at lower temperature than the

melting point of zinc'becafuse-sur.face energy is lower; In addition,
particles having p_article size smaller.than 1 nm are difficult and
expensive to produce. The particle size of the small zinc particies
is more preferably. 1-100nm. |

In this 'embodime_nt, the heating temperature in the interlayer
connecting precess is 240-350 degfees. However, the heating
temperature .is pre-ferably at' least 220 degrees or more._ The
inventors have confirmed that the conductive cdmpound 251 and the
solid phase diffusion layer 252 ere properly formed and good
intenlayer connection is ensured at heating temperatures higher
than 220 degrees.

In this embodiment,-the pressing pressure -in the interlayer

c':onnectintj process is 2-10MPa. The pressing pressure is preferably

'0.5MPa or more. If the pressing pressure is lower than 0.5MPa, the .

zinc_ particles are not properly unified, and the solid phase
diffusion layer is not properly formed._ The inventqrs have
confirmed that a sati_sfactory' _interiayer connection is ensured by
settin.g the pressing pressure to 0.5MPa or more.

(Other embodiments)

- In the first, second, and third embodiments 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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mutually and form alloy with the metal (copper'ig' each example.
mentioned above) makin_g up the conductor pattern. ‘Applicable
metals are indium and the like. The first metal particles may be
made of a single metal or a mixture'of different metals.

In the first, second, and third embodiménts déscribed -ai:ove,
silver particles are used as the second ﬁetal particles. However,
other metal particles maY.be used as long as the particles do not
fuse duri'ng the interconnec'tiﬁg period and form ah alloy with the
first metal particles. Applicable metals are copper (melting point,
1083 dégrees), gold (melting_ point, 1063 degrees), piatinum
(meltihg point, 1_769 degrees), palladium (me'lt.ing point, 1552
degrees), nickel (meltirig poiht, 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.

In the first, second, and third 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

in Fig. 9(a), conductive paste 150, which includes 6rganic solvent

and.élloy particles 162, each of w_hich includes 50weight% tin and
SOweig_ht% silver, is packed in the via holes 24 of the single—sided
conductor pattern f£ilm 21 and subjected to _evaiporation. Afterward,

the single-sided conductor pattern films 21 a're_ preferably stacked

and the stacked unit is hot-pressed from both sides to form the

unified conductive compbund 51 by sintering the alloy particles in

the via hole 24, as shown in Fig. 9(b).
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The conductive-compound 51 is pressurized while being'-pressed
in the via hole 24 s.o that the compoxind 51 is pressed toward the
surface of the conductor patterns 22 that form the bottoms of the
via holes 24. Thus, the tj.n in th.e conductive compound 51 and _i:he
coﬁper- .ef the copper foii forming the condﬁetor pattern 22 diffuse

mutually in solid phase to form the solid phase diffusion layer 52

at the boundary between the conductive compound 51 and the conductor

pattern 22. In this way the effeets' -and advanfages of the first
embodiment resul.'t. |

The first metal is not lJ.mJ.ted to tin. As described above, 1ndJ.um
or the like may be used either separately or in combination.

Moreover, the second metal is not l:Lm:Lted to silver. As described

-above, copper, gold, platinum, palladium, nickel, zinc or the like

‘are applicable either separately or in combination.

The metal componenﬁs of the cenductive paste 150 are 50weight%.
tin and SOWe-ight?_s silv.er.'.' As in the first, second, .and third
embodimer_its described above, the tin cqntent- of the mefal-
components is preferably 20—80%.. |

“In the fourth embodiment, the conductive paste 250 contains both |

the lai:ge zinc particles 71 and the small zinc particles 72. However,

other metal 'p_articles are may be used as long as the particles

diffuse mutually and form an alloy with the metal -’(cOppei: in

above-mentioned example) .ma'king' up the conductor pattern.

Applicable metals are eluminum, nickel and the like. These metals.

may be used separately or 1n comblnatlon as the large metal particle

-and the small, or fine, metal partJ.cle.

_ In addition, the 'conductive paste 250 may be the ‘one that
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contains only fine, or small, metal particles that diffuse and form

an alloy with the metal making up the conductor pattern. That is,
the paste 250 does not contain large metal particles. Many
configurations are effective as long as it is possible to form the

co_nduétive 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
éompound and the conductor -pat_tern.

Namely, the metal making up the fine metal particles need not

diffuse mutuaily and form an alloy with the metal making up the

conductor pattern as long as the large metal particles form an allby
with the fine met_ai 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

diffuses mutually with and forms an alloy with the metal making up

the conductor pattern, the metal mak'ing up 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 fbrm
an alloy with the metal makirig up the fine metal particles.

In other words, if the tv}o metais making up the lai'ge metai
particles and the small metal parficles mutually form_an alloy, any
metal combination works -finé 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

making up the conductor pattern. Therefore, for example, the

- following metal configurations are applicable. At least one metal

of zinc, aluminum, and nickel is used for the large metal particles
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and at least one metal of silver, coppér, gold, platirium, and
palladium is used for the fine metal particles. In additio_n, thé
opposite combinations are may be used.. |
In the first embodiment, t'héfe' are only first metal particlés
and second métal' 'pa'rtic-ies in the paste 50. In the second Iand third
embodinients, first metal péfticles ’ secénd metal particl_es 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 .ex_ample, for adju_sting the thermal expansion
coefficient of the cbnductive compound 51 to approximate that of
the insulator resin 'fiim 23, othei‘ 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 fou;th embodiment, only the large metal particles and the
fine metal pa_r'tic.fl.es are included in the .pasi:e 250. However, other
metél particles that do not form an alloy with the metal particles

may.be included. For example, for adjusting the thermal expé.nsion

coefficient of the conductive dompound 251 to approximate that of

the insulator resin film 23; other'metal particles, nonconductive
inofganic filler bf the like may be added. However, excessive
amounts of such other materiais may hinder unification of the
conductive compound 251. |

Furthermore, .in each embodiment described above, the sihgle—
sided conductor pattern fiims 21 are stacked, as shown in Fig. 1(d),
in the fabrication processes of the printed wiring board. However,

the stacking configuration is not limited to this one, but other
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configurations are usable as long as the cbnfigurations are for a
multilayer or doub.le-s.ided printed wiring board requiring-
interlayer connection. |

For exémple, a configuration shown in Fig. 10 is possible. 1In
Fi.g. ‘10, a multilayer pfinted wiring board is made by stacking a’
single-sided conductor péttern Cfilm 71 hav'ing a copper foil

conductor pattern covering a whole side thereof, single-sided

-conductor pattern films 21, and a copper foil 81. Then, the sta_c':k'-

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

sides.. Another cdnfiguration,- which is shown in Fig. 11, is also
possible. In Figuré 11, another._m'ultilayer printed wiring board
is made by 'stackinglsingle—side'd conductor pattern films 21 and a
do-uble-sided film 91.' Afterward the stacked unit is hot-pressed.
Moreover, other configurations, such a_é thaf shown in Fig. 12 are
possible. In Figure 12, a_nother multilayer pr.inted_ Wiring board
is made by stacking ﬁhe ‘resin film 23 .on bdth sides of the

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

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

Another configuration is shown in Figure 13. In _Figure'l'3,

another multilayer printed wiring board is made by stacking the

" copper foils on the resin f£ilm 23, hot-pressing the stacked unit,

- and then defining the copper foils on both sides. 1In another

configuration, which is show_h in Fig. 14 another multilayer printed |
Wifing board lis made by sf.acki_ng the single-_sided conductor pattern

film 71 , which has a copper foil qbﬁd_uctor patte:r;n covering a whole

side thereof ; with the copper foil 81. Then the s.tla;:k.' is hot-pressed.
Afterward, copper ‘foils are defined on both sidés;
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-In each embodiment, a resin film made of a mixture of 65-35%
polyetheretherketone resin and 35—65% .polyetherimide resin is used
fof the resin film 23 and the cover layers 36a and 36b. Instead
of this film, it is possible to use a film made by adding
non_conductive filler to polyetheretherketone resin and
polyeﬁherimide-reéin. - It is also possible to use separately
polyetheretherketone (PEEK) or polyetherimide(PEI).

In addition, applieable mate:ials' for the resin film and the

cover .layer are polyethylene naphthalete (PEN), - polyethylene

terephthatlate (PET), polyether sulphone (PES), thermoplastic

polyimide or, What is called liquid crystal polymer and ‘the like.
Ii: is also possible to use a structure in which polyetherimide film
is laminated by at least 'one of | PEEK, PEI, PEN, PET, PES ’
thermoplastic polyimide .and- liquid crystal polymer. Othe;: resiﬁ

films may be employed as long as the films are bonded together by

hot-pressing and have the theérmal résistance required in a later

soldering process.

If a polyetherimide film laminated by a thermo_plastic resin

layer 1is applied, problems such as- peeling' and warping are

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 materiai used for wiring. | |

In the case of ‘a double-sided érinted wiring-board, for example,
thermosefting' res_in'such as epoky resin, 'bismaleim_ide triazine (BT),

polyphenylene ether (PPE), and polyimide (PI) in B stage are usable.

' Even in the case of amultilayer printed wiring board, thermosetting

. resin such as epoxy resin, BT, PPE, and PI in B stage are usable
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for so-called build-up construction metﬁod.

In each embodiment described above, copper is used as the metal
making up the conductor pattern 22. _Hoﬁever, in the first, the
second, the third embodiments, other than copper, it is possible

to use metals that diffuse mutﬁally in the solid phase with the first

metal (tin in.each example mentioned above) in 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 possible to use a

- conductor pattern having a plated layer made of a metal such as

silvér and gold that ldiffuses mutually with tin (thé first metal)
contained. in the .conduc.tive compbund 51. Any conductor pattérns
are applica_bie as iong as the patterns have metal that can diffuse
mutually with the first metal coﬁtaihed in the conductive compound
51 at the position correspondent .tb. the via hole 24.

In the fourth embodiment, other fhén copper, it is possible to
use ﬁetals that diffusé mutually in the solid phasé with the metai
component (-zinc in the.'.e_x.amplé _mexitionéd above) in the conductive
compo_und 251. in addition, tlhe con_duétor pattern 22 does not have
to be entireiy.made of metal that diffuses mutually with the metal
compo_nent' contained in the conducti_ve compound- 251. it is possible
to use a _cénductor pattérn havingi' a plated layer thereon made of
a metal such as silver-and gold thait_diff_usés mutually with the metal
component. contained.in the,con'c'_luctlive compound 2_51 . Any conductor

patterns are applicable as long as the patterns have metal_ that can

- diffuse mutually with the metal coinpo'nent- contained in the

conductive compound 251 at the position corresponding to the via
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hole 24.

In the _firs_t embodiment, the conductive paste 50 consisté of two
typés of met_al particles 61 and 62 and orgénic _solvent.' In the
second embodiment, the conductive paste 50 consists of two types
of metal particles 61, 6'2, and 63 and orcjanic solvent. In the third
embodiment, the 'condﬁctive paste 50 consists of three types of metal
particles 61, _62, and 64 an_d organic solvent. In the foufth _
embodiment, the condﬁdtive paste 250 éon’sists of two types of metal
particleé 71 and 72 and o.rga'nic solvent. A dispersing agent maf
be.a_dd_ed to the conductive paste '50, 250 by an amount equivélent
to 0.01—1.5 eight% of the solid components (e.g., the two types of
metal particles 61 and_62 in'th_e first embodiment) of the conductive

paste 50, 250. This makes it easier to disperse homogeneously the

~metal particles in the conductive paste 50, 250. However, a

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 estéx_: and stearic ester

or the like as a disperéing agent.

In each embodiment, the interlayer connect':ing' Iﬁaterial is the
first type of conductive paste 50 or the second type of conductive .
éaste 250. However, rather _thé.n a paste, granular material. may be.
used as long a_.s it is possibie'to pack the material in the via hole. _

| In each embodiment, the printed .wir_in.g boards 100, 200 consist
of four layers. However, as a matter of course, as lopg as _the_b'oard

consists of a plurality of conductor pattern layers, the number

' thereof is not limited. -
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While preferred embodiments of the invention havé_ been
illustrated and described, these embodiments aré:“capable of
variation and modificatibn and are not limited to the precise
details sét forth, and the:invenﬁion includes variations and

modifications that fall within the scope of the appended claims.
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1. A printed wiring board formed by interconnected layers, each

What is claimed is:

layer comprising;
| an_insulator film, wherein at least one via hole i$ fotmed in
thg insulator film;
| .a conductor pattefn- located oﬁ the insulator film; wherein the
'conauCtot pattern includes a coﬁductor metal; and
a solid conductive material, th.ch 1nc1udes metal components,
1ocated in the via hole, whereln the solid conductlve material
. includes a first type of condugtlve material and a second type of
conducting material, wherein the first type of cdnd_ucting materiai
includes a metal, and the second type of ¢onductive material

includes an alloy formed by the metal and the conductor metal.

2. The wiring board according to claim 1, wherein the metal is at

least one of tin and indium.

3. The wiring board according to 'cléim 1, wherein the metal is a
first metal, and the first type of c_onductiﬁ'g material is an alloy :
of the first metal and a -éecond metal_; and the second metal is at
lleast one of silver, copper, géid, élatinum, palladium, nickel and _

‘zinc.

4. The wiring board according' to claim 2, 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.

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

for 20-80wt% of the metal components of the solid conductive
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6. The wiring board according to claim 1, wherein the conductor

material.

metal is copper.

7. The wiring board acéo'_rlding. to cl_aim 1, wherein the insulator
' fi.lm' is made of thermoplas’f;ic resin or thermosetting r_esin;

8. _' i‘fle wiring .bolard according to_é_laim 1, wherein the first type
of conductive m.aterial is ;':1. unified conductive compOun_-d'and _the.
‘second type of conductive material is a solid phase diffusion layer,
wherein the solid _pha'se' diffusion layer is lbcated between the

unified conductive compound and the conductor pattern.

9. The wiring board according to claim 1, wherein the melting point
of the metal is lower than a_' pr’edetetmj.ned temperature to which the

wiring board is heated to join the 1ayérs.

10. The wiring board according to claim 9, wherein the metal is
a first metal, and the first typé of__conducting material is an alloy
of the first metal and a second metal, and the melting pdint of the

- second metal is higher than the predet_ermined temperature.

11, a metho_ci of making a p'finte_d Wi’ring._bo_ard: comprising:
packing vié holes formed in Ian insﬁ_lator mat_erial wiﬁh an
_ interlay,e; condﬁgting material, whérei’_n the in_.ﬁerl'ayer _conducting -
matefial includes a first metal material and a second metal materiai r
and the_ second metal ma.t'e'rial melts a t a temperature higher than
a pre_detemined temperature; | -
o s-tacking layers pf the insulator f_iim 'with_ conductor pa'tteins _ _.
to form a stack such f.hat the via holés are located between the
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conductor patterns- in the stack;

forming a solid'conduc.tivle n_lat.erial in each of the Vi’a holes -
to electrically connect the connector patterns by heating the stack
to the predetermined temperature and 'pr.ess'in'g the stack, wherein
.the splid co'nductive mai:erial of eac;h via hole inc-ludes a unified
coﬁduétive layer and a solid phase diffusion layer, .and_ the solid
phase diffusion layef_ is formed by 'the first metal material and a
conduci:or metal, wherein the conductor metal is a metal of the

assoc1ated conductor pattern.

12. The method according to claim 11 including the step of employing

at least one of tin and indium as the first metal material.

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

and zinc as the second metal material.

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

nickel and zinc as the second metal mate'rial.

15. The method according to claim 11, including the step of
employing the first metal material to account for 20-80wt% of the

“metal in the interlayer conductive material.

16 . The method according to claim 11 inc.:llu'ding the step of employing

copper as the'__conductor metal.

17. The method accordlng toclaim 11 :anludlng the step of employlng

thermoplastlc resin or thermosettlng resin as. the materlal of the
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insulation film.

| 18. The method according to claim 11 including employing particles
made of the first metal mater'i'alland particles made of the second

metal material in the interlayer t_:onductive material.

19. The method accordlng to claim 11 1nclud1ng employ:.ng alloy
partlcles that are made of the fJ.rst metal materlal and the second

‘metal materlal in the, 1nterl_ayer -conductlve material.

20. The method accord:.ng to c1a1m 11, wherein the heating heats

the stack to a temperature of at least 220 degrees.

.21. The method according to claim 11, wherein the pressing applies

a pressure of at least 0.5MPa.

' 22. The method according to claim 11 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.

23. The method according to claim 22 including addlng a dlspers.mg
agent to the paste, wherein the weJ.ght of the dispersing agent in

the paste is 0.01 to _1.5% of the weight of all solids in the paste.

24.  The method ae.cording- to claim 22 further comprising:
adding binder particles to the paste; and |
preheating the stack prior te the heating and pressing step

and after the packing step to ca_use the binder particles to diffuse .

into the metal materials.’
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25. The method according to claim 24 further comprising the step
of including a binder metal in th_e.binder part'icle's that melts at.
a temp_eraturé that .is lower than that at which the first metal
material .inelts, Whereinl thé preheating heats the. stack to a
. temperature that melts the b.inde_r__metal, and the binder metal
interconnects the first metal material and _' the second metél

material as a result of the preheating.

26. The method according to claim 24 further comprising the step
of employing binder partiéles thai have a particle size of 1-100nm,
wherein the first metal ﬁaterial and the second metal material are
inﬁetconnected by a binder metal, which is included in the binder

particles, as a result of the preheating.

27_. The method according _tlo.claim 1l1 further comprising thé step '
of inclu_ding the firs1;. metal mater-ia_]..' _ar__ld the second lﬁetal material
in particles that fon_n"part of the paste( wherein'the_ partic_les have
a mean particle size of 0_.i;20um'_ and a speo:.:.ifi_c surface area of

0-1-2 -.5 mzlgo .

28. A method of ma'king- a pr.:in-te'd- v}i_ring'boa_rd coﬁlprising:
packing via _hqles.'formed in én 'insul'a_tor. material with an
' ihtérlayér conducting matérial_,’_ wherei'n the interlaj’re‘r.con&ucti_né B
material includes pa_rtiéles that .i'.ncl_ude metai.material_, wherein
the pa:;ticles have a mean -pa.rticlé._size_. of 1-500n.m;'
| stacking 1ayé1_'s of the ins__ﬁlator 'filml with éonductdr patterns
to f_orxﬁ a stac'k-such that the _v_ia._ holes are located between the

‘conductor patterns in the stack;
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forming a solid conductive material in each of the via holes
. to electrically conﬁect the connector patterns by heating the stack
to the predetermined temperature aﬁd preésing the stack, wherein
t'he solid conductive material of each via. hole includes a unified
conductj.ve layer and a 5611d phase diffusion layer, and.'the solid
phése diffusion layér is formed by the metal material and a
cpnductor metal_, wherein the conductor metal is a metal of thé

associated conductor pattern.

29. The method according to claim 28 including the step of employing

at least one of zinc, aluﬁu'.num and nickel as the metal material.

30. The method according to claim 28, wherein the pai‘tiéles are
rélatively fine pértiéles,- and the method includes adding
relatively large particlés', which are relatively large compared to
thé relatively fihe _partic]_.es,. to .thé_' interlayer conneci:ing.
méterial_, and_thé relat:i..vely.-lar-g.'e particles are _mad'_'e of thé same

material as the relatively fine particles.

- 31. '. The method accofding to élaim 28, wherein the particles are
- relatively _fine part._iclesl, and j:he method in'clude.s_ adding
rélatively large particles, Whic_h ére relaﬁively large compared to
the 'relat"j.ve'ly_ finé _particles, to the inf:eriay‘er connecting
| materiai, and the .rellati_vel_y large_particles -inc_'lude metal that.
forms:_ an alloy with thé metél material of the reiatiVely fine

_particles.

32. A method of makincj a printed wiring board comprising:

. packing via holes formed in an insulator material with an
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. interlayer condu_cting material, wherein_ the interlayer édnducting
matérial includes r;ellatlively large particles that inclucie metal
material and relatively fine pérticies that iﬁclude metal material,
wherein the relatively fine par_ﬁicles have a meaﬁ éarticle size df
1-560nm, and wherein tﬁe metal niat'efial of the relatively large
barticies forms an.alloy with the metal material of the relatively
fine particles; |
stac'king. layers of the insulator f£ilm with conductor patterns
to form a stack such that the via hol_es are located between the
condﬁctor patterns in the _stack; |
forming a solid conductive material in each of the via hoiés
to electrically connect the c'orinectofpattér_ns by heating the stack
to the prédeterinine.d temperatu'r.e and pressing the stack, whereq'.n
the solid conductive mat'erial- :of each via hoie includes a unified
conduétive' 1aye_r and a solid phase diffusion layer, and the solid
: phase diffusion layer is formed by one of the n_letal'materials' and

‘a conductor metal of the associated conductor pattern.

33. The method according to claim 32 including the step of employing
at _1éést one of zinc, aluminum, and nickel as the metal material

included in the relatively large particles.

34. .The method according to claim 32 including the step of émp_loying
 copper as the metal of the associated 'conductor pattern.

35. The wiring board according to claim 32 including the step of
employing thermoplastic resin.o_r th_ej:'mosetting resin to form the

insulating film.
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36. The method according to claim 32, wherein the heating heats

"the stack to a temperature of at least 220 degrees.

37. The method _ac'cording to claim 32, wherein the pressing'appliés

a pressure of at least 0.5MPa.

38. The method according to claim 32 including forming - the
interlayer connecting materié_l as a paste prior to the packing,
wherein the forming of the paste includes adding a solvent to

particles made of the metal materials.

39. The method acc_o_rding to claim 38 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 solids in the paste.
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