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( 57 ) ABSTRACT 
A wiring board includes a first insulating layer including a 
surface having unevenness , a second insulating layer includ 
ing a surface having unevenness , laminated on the first 
insulating layer , and made of the same insulating material as 
that of the first insulating layer , insulating particles con 
tained in the first and second insulating layers at rate of 40 
to 80 wt % , a first wiring conductor on a first underlying 
metal layer surface , and a second wiring conductor on a 
second underlying metal layer surface . A second level dif 
ference of the unevenness in a surface region of the second 
insulating layer under the second wiring conductor is 
smaller than a first level difference of the unevenness in a 
surface region of the first insulating layer under the first 
wiring conductor , and the second level difference is not more 
than 2 / s of an average particle size of the insulating particles . 
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WIRING BOARD 

BACKGROUND OF THE INVENTION 

first wiring conductor , and the second level difference is not 
more than 2 / 5 of an average particle size of the insulating 
particles . 
[ 0005 ] According to the present disclosure , the wiring 
board having good transfer characteristics of high frequency 
signals and high adhesion between the wiring conductor and 
the insulating layer can be obtained . 

1 . Field of the Invention 

[ 0001 ] The present disclosure relates to a wiring board 
including fine wirings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0006 ] FIG . 1 is a schematic sectional view illustrating an 
example of a wiring board according to the present disclo 
sure ; 
[ 0007 ] FIG . 2 is an enlarged sectional view of a first 
insulating layer in the wiring board according to the present 
disclosure ; 
[ 0008 ] FIG . 3 is an enlarged sectional view of a second 
insulating layer in the wiring board according to the present 
disclosure ; 
[ 0009 ] FIG . 4 is an enlarged sectional view of wiring 
conductors and the vicinity thereof in the wiring board 
according to the present disclosure ; and 
[ 0010 ] FIG . 5 is a schematic sectional view illustrating 
another example of the wiring board according to the present 
disclosure . 

2 . Description of the Related Art 
[ 0002 ] Awiring board including fine wiring conductors on 
an insulating layer at a high density is now under develop 
ment . Such a wiring board is used in highly functional 
electronic devices represented by a server and a supercom 
puter . The insulating layer used in that wiring board contains 
an insulating resin and insulating particles dispersed in the 
insulating resin . ( See , e . g . , Japanese Unexamined Patent 
Application Publication No . 2013 - 012726 ) 
[ 0003 ] Regarding the wiring conductors in the wiring 
board , a surface of each wiring conductor is desired to be flat 
particularly from the viewpoint of transferring high fre 
quency signals with high efficiency . On the other hand , a 
surface of the insulating resin is desired to be roughed from 
the viewpoint of ensuring high adhesion between the wiring 
conductor and the insulating layer . In some cases , however , 
the insulating layer used in the above - described wiring 
board contains the insulating particles dispersed at a high 
density with intent to reduce the thermal expansion rate of 
the wiring board and to prevent disconnection of the wiring 
conductor . In such a case , when the surface of the insulating 
resin is formed with smaller roughness to suppress the 
influence of unevenness attributable to the insulating par 
ticles , the strength of adhesion with respect to the wiring 
conductor decreases . To the contrary , when the surface of the 
insulating resin is formed with larger roughness to increase 
the strength of the adhesion , the unevenness in the surface 
of the wiring conductor increase and transfer characteristics 
of the high frequency signals degrade . Thus , there is a 
possibility that a difficulty arises in realizing good transfer 
characteristics and high adhesion at the same time . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

SUMMARY OF THE INVENTION 
[ 0004 ] The present disclosure provides a wiring board 
including a first insulating layer including a surface having 
unevenness , a second insulating layer including a surface 
having unevenness , laminated on the first insulating layer , 
and made of an insulating material of same type as an 
insulating material of the first insulating layer , a plurality of 
insulating particles contained in each of the first insulating 
layer and the second insulating layer at rate of 40 to 80 wt 
% , and including partly exposed particles which exposed at 
the surface of the first insulating layer and the surface of the 
second insulating layer , a first underlying metal layer situ 
ating from the surface to the inside of the first insulating 
layer , a second underlying metal layer situating from the 
surface to the inside of the second insulating layer , a first 
wiring conductor on a surface of the first underlying metal 
layer , and a second wiring conductor on a surface of the 
second underlying metal layer , wherein a second level 
difference of the unevenness in a region of the surface of the 
second insulating layer under the second wiring conductor is 
smaller than a first level difference of the unevenness in a 
region of the surface of the first insulating layer under the 

[ 0011 ] A wiring board according to the present disclosure 
will be described below with reference to FIGS . 1 to 4 . A 
wiring board 20 includes a core insulating layer 1 , buildup 
insulating layers 2 , insulating particles 3 , underlying metal 
layers 4 , wiring conductors 5 , and solder resists 6 . A highly 
functional integrated circuit S and a plurality of high band 
width memories M are mounted , for example , to an upper 
surface of the wiring board 20 . 
[ 0012 ] The core insulating layer 1 contains an insulating 
material made of , for example , a reinforcement glass cloth 
impregnated with an epoxy resin , a bismaleimide triazine 
resin , or the like . The core insulating layer 1 functions as a 
reinforcement support in the wiring board 20 . The core 
insulating layer 1 includes a plurality of through - holes 7 
vertically penetrating therethrough . A thickness of the core 
insulating layer 1 is set to , for example , 200 to 1200 um . A 
diameter of each through - hole 7 is set to , for example , 50 to 
200 um . The wiring board 20 is in the form of a flat plate 
having a rectangular shape when viewed in plan . A length of 
one side of the wiring board 20 is about 20 to 80 mm , and 
a thickness of the wiring board 20 is about 0 . 3 to 1 . 6 mm . 
[ 0013 ] The core insulating layer 1 is formed into a flat 
plate by laminating a plurality of prepregs each of which is 
made of a reinforcement glass cloth impregnated with a 
thermosetting resin , such as an epoxy resin or a bismaleim 
ide triazine resin , and by pressing the laminated prepregs 
under heating . The through - holes 7 are formed in the core 
insulating layer 1 by drilling , laser processing , or blasting , 
for example . The wiring conductors 5 on upper and lower 
surfaces of the core insulating layer 1 are electrically con 
nected to each other via the wiring conductors 5 in the 
through - holes 7 . 
[ 0014 ] Each of the buildup insulating layers 2 includes a 
first insulating layer 2a and a second insulating layer 2b . The 
wiring conductor 5 primarily serving to connect the highly 
functional integrated circuit S and the wiring conductor 5 on 
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the lower surface of the wiring board 20 is positioned on an 
upper surface of the first insulating layer 2a at the upper side 
of the core insulating layer 1 . The wiring conductor 5 
serving to connect the highly functional integrated circuit S 
and the high bandwidth memories M is positioned on an 
upper surface of the second insulating layer 2b at the upper 
side of the core insulating layer 1 . The first insulating layer 
2a and the second insulating layer 2b have surfaces each 
having unevenness . 
[ 0015 ] The first insulating layer 2a and the second insu 
lating layer 2b contain the same type of insulating material 
such as an epoxy resin , a phenol resin , or cyanate ester . 
Using the same type of insulating material enables a differ 
ence in thermal expansion and contraction to be suppressed 
between the first insulating layer 2a and the second insu 
lating layer 2b , and is advantageous , for example , in sup 
pressing warpage of the wiring board 20 . The wording 
“ same type ” implies that the first insulating layer 2a and the 
second insulating layer 2b basically have the same resin 
composition . However , resin combinations are just required 
to satisfy that network polymers containing the above 
mentioned resins as main components can be formed . Thus , 
any suitable one of the combinations providing the network 
polymers may be used . 
[ 0016 ] The buildup insulating layers 2 cover the wiring 
conductors 5 , described in detail later , at the upper and lower 
surfaces of the core insulating layer 1 , and have the function 
of securing insulation between the wiring conductors 5 
adjacent to each other . Furthermore , each of the buildup 
insulating layers 2 includes a plurality of via holes 8 of 
which bottom surfaces are defined by the wiring conductors 
5 . The via holes 8 include first via holes 8a in the first 
insulating layer 2a and second via holes 8b in the second 
insulating layer 2b . 
[ 0017 ] A thickness of the first insulating layer 2a is set to , 
for example , 30 to 40 um . The first insulating layer 2a 
includes the first via holes 8a of which bottom surfaces are 
defined by the wiring conductors 5 . A diameter of each first 
via hole da is set to , for example , 30 to 60 um . 
[ 0018 ] Athickness of the second insulating layer 2b is set 
to , for example , 5 to 15 um . The second insulating layer 2b 
includes the second via holes 8b of which bottom surfaces 
are defined by the wiring conductors 5 . A diameter of each 
second via hole 8b is set to , for example , 10 to 20 um . 
[ 0019 ] The buildup insulating layer 2 is formed , for 
example , by preparing a film for the insulating layer , the film 
being made of a thermosetting resin such as an epoxy resin 
and containing the insulating particles 3 dispersed therein , 
by coating the film over each of the upper and lower surfaces 
of the core insulating layer 1 under vacuum in a covering 
relation to the wiring conductors 5 , and by thermally curing 
the coated film . 
[ 0020 ] The insulating particles 3 are positioned in the first 
insulating layer 2a and the second insulating layer 2b . The 
insulating particles 3 are made of silica ( SiO2 ) , glass , or 
alumina , for example . The insulating particles 3 have a 
spherical shape , for example , and an average particle size is 
set to , for example , 0 . 1 to 0 . 5 um . A content of the insulating 
particles 3 in the first insulating layer 2a and the second 
insulating layer 2b is set to , for example , 40 to 80 wt % . The 
spherical shape is advantageous in causing the insulating 
layer to contain the insulating particles 3 at a higher density . 
The insulating particles 3 in the first insulating layer 2a and 
the second insulating layer 2b have the function of , for 

example , reducing the thermal expansion coefficient and 
suppressing disconnection of the wiring conductors 5 . 
[ 0021 ] The insulating particles 3 include partly exposed 
particles 3a of which surfaces are partly exposed at a surface 
of the first insulating layer 2a and a surface of the second 
insulating layer 2b . An area rate of exposed portions of the 
partly exposed particles 3a occupying in the surface of the 
first insulating layer 2a is set to , for example , 20 to 30 % 
when viewed in plan . Furthermore , as illustrated in FIG . 2 , 
a first level difference L1 of the unevenness in the first 
insulating layer 2a attributable to the insulating particles 3 is 
set to , for example , 160 to 600 nm when viewed in section . 
The term " area rate ” stands for a rate at which an area ( A ) 
of the exposed portions of the partly exposed particles 3a 
when viewed in plan occupies in the surface ( including 
above A ) of the first insulating layer 2a or the second 
insulating layer 2b . 
[ 0022 ] An area rate of exposed portions of the partly 
exposed particles 3a occupying in the surface of the second 
insulating layer 2b is set to , for example , 5 to 12 % when 
viewed in plan . Furthermore , as illustrated in FIG . 3 , a 
second level difference L2 of the unevenness in the second 
insulating layer 2b attributable to the insulating particles 3 is 
set to , for example , 10 to 100 nm when viewed in section . 
The above - mentioned area rate of the partly exposed par 
ticles 3a can be determined by XPS analysis , for example . 
10023 ] . The insulating particles 3 can be exposed at the 
surface of the second insulating layer 2b by treatment using 
oxygen plasma , nitrogen plasma , or argon plasma , for 
example . Although the plasma treatment takes a longer 
treatment time than treatment using an etchant , the plasma 
treatment is advantageous in increasing accuracy of a degree 
at which the insulating particles 3 are exposed , because fine 
grinding can be performed . 
[ 0024 ] As illustrated in FIG . 4 , the underlying metal layers 
4 include the first underlying metal layer 4a and the second 
underlying metal layer 4b . The first underlying metal layer 
4a is positioned in a state spanning from a surface to the 
inside of the first buildup insulating layer 2a under a first 
wiring conductor 5a , described later . The first underlying 
metal layer 4a is further positioned on the surface of the 
wiring conductor 5 exposed at the bottom surface of each the 
first via hole 8a . 
[ 0025 ] The first underlying metal layer 4a contains a metal 
having good electrical conductivity , such as copper . The first 
underlying metal layer 4a is formed by electroless plating , 
for example . The electroless plating is advantageous in that 
the plating time is comparatively short . 
[ 0026 ] The second underlying metal layer 46 is positioned 
in a state spanning from a surface to the inside of the second 
buildup insulating layer 2b under a second wiring conductor 
5b , described later . The second underlying metal layer 4b is 
further positioned on the surface of the wiring conductor 5 
exposed at the bottom surface of each the second via hole 8b . 
[ 0027 ] The second underlying metal layer 4b contains , for 
example , a metal belonging to the group IV of the periodic 
table , such as titanium , or a metal belonging to the group VI 
of the periodic table , such as chromium or molybdenum , and 
copper on such a metal . A thickness of the metal belonging 
to the group IV or the group VI is set to , for example , 20 to 
25 nm . A thickness of copper is set to , for example , 200 to 
220 nm . By setting the thickness of the metal belonging to 
the group IV or the group VI to be smaller than that of 
copper as described above , the second wiring conductor 5b 
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on the second underlying metal layer 4b can be constituted 
by continuous and homogeneous crystal grains free from 
aggregation of the crystal grains . 
[ 0028 ] In addition , the metal belonging to the group IV or 
the group VI is advantageous , for example , in suppressing 
diffusion of copper used as the material of the wiring 
conductor 5 . It is hence possible to increase the strength of 
adhesion between the wiring conductor 5 and the insulating 
layer , and to suppress migration that may occur due to the 
diffusion of copper into the insulating layer . 
[ 0029 ] The second underlying metal layer 4b is positioned 
in a state spanning from the surface to the inside of the 
second buildup insulating layer 2b with a depth smaller than 
200 nm in a thickness direction . The above - mentioned 
thickness of the second underlying metal layer 4b can be 
determined by Auger analysis , for example . 
[ 0030 ] The metal belonging to the group IV or the group 
VI and copper on that metal are formed by sputtering , for 
example . The sputtering is more advantageous than the 
electroless plating in point of increasing the strength of 
adhesion between the buildup insulating layer 2 and the 
second underlying metal layer 45 because the metal belong 
ing to the group IV or the group VI and copper are implanted 
from the surface to the inside of the buildup insulating layer 
2 by the sputtering . Thus , since the strength of adhesion 
between the buildup insulating layer 2 and the second wiring 
conductor 5b is increased , the sputtering is advantageous 
particularly when the second wiring conductor 5b is in the 
form of fine wiring . 
[ 0031 ] The underlying metal layers 4 in regions other than 
regions where the wiring conductors 5 are present are 
removed by etching to prevent short - circuiting . 
[ 0032 ] The wiring conductors 5 are positioned on the 
upper and lower surfaces of the core insulating layer 1 , 
inside the through - holes 7 , on the surfaces of the buildup 
insulating layers 2 , and inside the via holes 8 . The wiring 
conductors 5 include the first wiring conductor 5a and the 
second wiring conductor 5b . The wiring conductors 5 are 
formed by plating , such as a semi - additive process , and 
contain a metal having good electrical conductivity , such as 
copper . 
[ 0033 ] The first wiring conductor 5a is positioned on the 
surface of the first insulating layer 2a and inside the first via 
holes 8a , and has the function of connecting the highly 
functional integrated circuit S and the wiring conductors 5 
on the lower surface of the wiring board 20 as described 
above . A line width of the first wiring conductor 5a is set to , 
for example , 15 to 20 um , and a thickness thereof is set to , 
for example , 10 to 20 um . Thus , because of the first wiring 
conductor 5a having the comparatively large line width and 
thickness , even when the first level difference Ll of the 
unevenness of the first insulating layer 2a is the above 
mentioned comparatively large value , i . e . , 160 to 600 nm , 
the first wiring conductor 5a is less affected by the uneven 

level difference L2 of the unevenness of the second insu 
lating layer 2b is the above - mentioned comparatively small 
value , i . e . , 10 to 100 nm , the second wiring conductor 5b is 
less affected by the unevenness . 
[ 0035 ] The solder resists 6 are positioned on the surfaces 
of the second insulating layers 2b as uppermost and lower 
most layers . The solder resists 6 include openings 6a where 
the second wiring conductor 5b in the uppermost layer is 
exposed , and openings 6b where the second wiring conduc 
tor 5b in the lowermost layer is exposed . The solder resists 
6 are formed , for example , by bonding films of a thermo 
setting resin with photosensitivity , such as an acrylic - modi 
fied epoxy resin , over the surfaces of the second insulating 
layers 2b , by forming the openings 6a and 6b in the films 
with exposure and development , and by thermally curing the 
films . 
[ 0036 ] In the wiring board 20 according to the present 
disclosure , as described above , the second level difference 
L2 of the unevenness in the surface of the second insulating 
layer 2b is smaller than the first level difference L1 of the 
unevenness in the surface of the first insulating layer 2a . 
Furthermore , the second level difference L2 is held not more 
than 25 of the average particle size of the insulating particles 
3 . Therefore , the second wiring conductor 5b being smaller 
in wiring width and thickness than the first wiring conductor 
5a and having the flat surface can be formed on the surface 
of the second insulating layer 2b . 
[ 0037 ] When the second level difference L2 is not more 
than 2 / s ( including the case of L2 = 1 ) of the average particle 
size of the insulating particles 3 , portions of the insulating 
particles ( particularly the partly exposed particles 3a ) , the 
portions being positioned inside the second insulating layer 
2b , are larger than exposed portions thereof in terms of 
average . Thus , such a condition is advantageous in suppress 
ing dropping - out of the insulating particles 3 . 
[ 0038 ] If the second level difference L2 is less than 1 / 10 of 
the average particle size of the insulating particles 3 , there 
would be a possibility that the adhesion between the second 
wiring conductor 5b and the second insulating layer 2b 
becomes insufficient under strong influence of a fragile 
surface layer that is produced when the second insulating 
layer 2b is thermally cured . Another possibility is that , when 
the second underlying metal layer 4b on the surface of the 
second insulating layer 2b is etched away , an etchant is more 
apt to infiltrate the second underlying metal layer 4b just 
under the second wiring conductor 5b , and that the second 
wiring conductor 5b tends to peel off . 
[ 0039 ] . When the second level difference L2 is not more 
than 2 / 3 and not less than 1 / 10 of the average particle size of 
the insulating particles 3 , the surface of the second insulating 
layer 2b can be obtained in a resin surface condition suitable 
for forming the second wiring conductor 5b on the second 
insulating layer 2b . This is advantageous in forming wirings 
with good transfer characteristics for high frequency signals 
while increasing the strength of adhesion between the sec 
ond insulating layer 2b and the second wiring conductor 5b . 
0040 ] If the second level difference L2 is more than 2 / 3 of 
the average particle size of the insulating particles 3 , the 
insulating particles 3 in the second insulating layer 2b would 
be more apt to drop out . Accordingly , the unevenness in the 
surface of the second insulating layer 2b would be increased , 
and a fine wiring process would be difficult to carry out . 
Another possibility is that the unevenness in the surface of 
the second wiring conductor 5b would be increased under 

ness . 
[ 0034 ] The second wiring conductor 5b is positioned on 
the surface of the second insulating layer 2b and inside the 
second via holes 8b , and has the function of connecting the 
highly functional integrated circuit S and the high bandwidth 
memories M as described above . A line width of the second 
wiring conductor 5b is set to , for example , 2 to 6 um , and a 
thickness thereof is set to , for example , 2 to 15 um . Thus , in 
spite of the second wiring conductor 5b having the com 
paratively small line width and thickness , since the second 
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strong influence of the unevenness in the surface of the 
second insulating layer 2b , and that the transfer character - 
istics of high frequency signals would degrade . 
[ 0041 ] The first level difference L1 can be arbitrarily set in 
comparison with the particle size of the insulating particles 
3 . From the viewpoint of suppressing dropping - out of the 
insulating particles 3 in the first insulating layer 2a , how 
ever , the first level difference L1 is preferably set to be not 
more than 4s of the average particle size of the insulating 
particles 3 . 
[ 0042 ] Moreover , in the wiring board 20 according to the 
present disclosure , since the second underlying metal layer 
4b is positioned in the state spanning from the surface to the 
inside of the second buildup insulating layer 2b , the strength 
of adhesion between the second buildup insulating layer 26 
and the second underlying metal layer 4b is high . As a result , 
the strength of adhesion between the second wiring conduc 
tor 5b on the second underlying metal layer 4b and the 
second buildup insulating layer 2b is also increased . 
[ 0043 ] Thus , the wiring board 20 according to the present 
disclosure can be obtained as a wiring board having good 
transfer characteristics of high frequency signals and high 
adhesion between the wiring conductor and the insulating 
layer . 
[ 0044 ] It is to be noted that the present disclosure is not 
limited to the above - described example , and that the wiring 
board 20 can be variously modified insofar as not departing 
from the gist of the present disclosure . For instance , while 
the first underlying metal layer 4a is formed by the electro 
less copper plating in the above - described example , the first 
underlying metal layer 4a may contain , for example , a metal 
belonging to the group IV of the periodic table , such as 
titanium , or a metal belonging to the group VI of the periodic 
table , such as chromium or molybdenum , similarly to the 
second underlying metal layer 4b . When the first underlying 
metal layer 4a contains the metal belonging to the group IV 
or the group VI , the first underlying metal layer 4a is 
positioned in a state spanning from the surface to the inside 
of the first insulating layer 2a with a depth smaller than 600 
nm in the thickness direction . Such an example is advanta 
geous in increasing the strength of adhesion between the first 
insulating layer 2a and the first wiring conductor 5a . 
[ 0045 ] Furthermore , as illustrated in FIG . 5 , an interme 
diate layer 9 may be present between a wall surface of the 
second via hole 8b and the second underlying metal layer 4b . 
The intermediate layer 9 includes , for example , part of the 
second insulating layer 2b , the insulating particles 3 , and a 
metal phase containing copper . The metal phase containing 
copper contains , as described below , part of a metal phase 
that constitutes the second wiring conductor 5b in the second 
via hole 8b . Thus , at the wall surface of the second via hole 
8b , the second wiring conductor 5b and the intermediate 
layer 9 both containing copper are positioned in a sandwich 
ing relation to the second underlying metal layer 4b . The 
metal phase in the intermediate layer 9 is not illustrated in 
the drawing because the metal phase is present substantially 
over the same region as the whole of the intermediate layer 

intermediate layer 9 is greater than 1000 nm , there would be 
a possibility that insulation reliability between the wall 
surfaces of the second via holes 8b is reduced . 
[ 0047 ] The above - mentioned intermediate layer 9 can be 
formed , by way of example , as follows . First , a hole having 
a bottom surface defined by the wiring conductor 5 is formed 
in the second insulating layer 2b by laser processing . At that 
time , fine unevenness is formed in a wall surface of the hole 
with application of heat during the laser processing . The 
rugged wall surface is constituted by the second insulating 
layer 2b and the insulating particles 3 . A degree of the 
unevenness is set to about 300 to 500 nm at a maximum 
height . As a condition for the laser processing , irradiation 
energy is set to , for example , 0 . 05 to 0 . 7 W . The laser 
processing can be more reliably implemented by limiting the 
irradiation energy to a range of 0 . 1 to 0 . 3 W . 
0048 ] Then , an inner surface of the above - mentioned hole 
is cleaned by desmear processing , whereby the second via 
hole 8b is formed . As conditions for the desmear processing , 
for example , a chemical solution containing a permanganate 
and an alkali metal hydroxide at a concentration of 0 . 2 to 0 . 5 
mol / liter is prepared at temperature of 30 to 80° C . , and the 
desmear processing is performed for a time of 0 . 5 to 10 
minutes using the prepared chemical solution . 
[ 0049 ] Then , the second underlying metal layer 4b is 
formed on the wall surface of the second via hole 8b and the 
surface of the wiring conductor 5 . A thickness of the second 
underlying metal layer 4b is set to such a value as not 
completely cover the unevenness in the wall surface of the 
hole . In other words , the thickness of the metal belonging to 
the group IV or the group VI of the periodic table is set to , 
for example , about 5 to 20 nm , and the thickness of copper 
is set to , for example , about 50 to 150 nm . 
[ 0050 ] Finally , the second wiring conductor 5b containing 
copper is formed in the second via hole 8b by a semi 
additive process . At that time , part of the metal phase 
constituting the second wiring conductor 5b enters the 
unevenness in the wall surface of the hole through the 
second underlying metal layer 4b , and comes into close 
contact with the second insulating layer 2b and the insulat 
ing particles 3 both constituting the rugged surface . Rugged 
portions of the second insulating layer 2b , the insulating 
particles 3 , and the metal phase having entered the uneven 
ness in the wall surface of the hole are positioned in the 
layered form . Thus , the intermediate layer 9 including the 
part of the second insulating layer 2b , the insulating particles 
3 , and the metal phase containing copper is formed . 
[ 0051 ] In the intermediate layer 9 , as described above , the 
part of the metal phase constituting the second wiring 
conductor 5b is in close contact with the second insulating 
layer 2b and the insulating particles 3 in a state infiltrating 
through the second underlying metal layer 46 . The metal 
phase in the intermediate layer 9 and the metal phase 
constituting the second wiring conductor 5b are constituted 
by continuous crystals . Therefore , the second wiring con 
ductor 5b can be held even in the small - diameter via hole 8 
having a relatively small contact area , such as the second via 
hole 8b , with large adhesion force . 
10052 ] The intermediate layer 9 may be further positioned 
at a periphery of the bottom surface of the second via hole 
8b in addition to the wall surface of the second via hole 8b . 
The intermediate layer 9 at the periphery of the bottom 
surface is present over a range of 6 um at maximum , for 
example , from the bottom surface . Such a modification is 

10046 ] thickness of the intermediate layer 9 is set to , for 
example , about 100 to 1000 nm . If the thickness of the 
intermediate layer 9 is smaller than 100 nm , there would be 
a possibility that an increase of adhesion force between the 
second wiring conductor 5b and the wall surface of the 
second via hole 8b is not expected . If the thickness of the 



US 2019 / 0132962 A1 May 2 , 2019 

advantageous in increasing the adhesion force between the 
second wiring conductor 5b and the wall surface of the 
second via hole 8b . 
[ 0053 ] The intermediate layer 9 may be further positioned 
between a wall surface of the first via hole 8a and the first 
underlying metal layer 4a . Such a modification is advanta 
geous in increasing the adhesion force between the first 
wiring conductor 5a and the wall surface of the first via hole 
8a . 
What is claimed is : 
1 . A wiring board comprising : 
a first insulating layer comprising a surface having 

unevenness ; 
a second insulating layer comprising a surface having 

unevenness , laminated on the first insulating layer , and 
made of an insulating material of same type as an 
insulating material of the first insulating layer ; 

a plurality of insulating particles contained in each of the 
first insulating layer and the second insulating layer at 
rate of 40 to 80 wt % , and comprising partly exposed 
particles comprising which exposed at the surface of 
the first insulating layer and the surface of the second 
insulating layer ; 

a first underlying metal layer situating from the surface to 
the inside of the first insulating layer ; 

a second underlying metal layer situating from the surface 
to the inside of the second insulating layer ; 

a first wiring conductor on the first underlying metal 
layer ; and 

a second wiring conductor on the second underlying metal 
layer , 

wherein a second level difference of the unevenness in a 
region of the surface of the second insulating layer 
under the second wiring conductor is smaller than a 
first level difference of the unevenness in a region of the 
surface of the first insulating layer under the first wiring 
conductor , and the second level difference is not more 
than 2 / 5 of an average particle size of the insulating 
particles . 

2 . The wiring board according to claim 1 , wherein the 
second underlying metal layer contains a metal belonging to 
the group IV or the group VI of the periodic table . 

3 . The wiring board according to claim 1 , wherein the 
second underlying metal layer situates from the surface to 
the inside of the second insulating layer with a depth smaller 
than 200 nm in a thickness direction . 

4 . The wiring board according to claim 1 , wherein the 
second wiring conductor contains copper , the second insu 
lating layer comprises a via hole comprising a wall surface 

on which the second underlying metal layer is positioned , 
and an intermediate layer comprising part of the second 
insulating layer , the insulating particles , and a metal phase 
containing copper is positioned between the second under 
lying metal layer and the wall surface of the via hole . 

5 . The wiring board according to claim 2 , wherein the 
second wiring conductor contains copper , the second insu 
lating layer comprises a via hole comprising a wall surface 
on which the second underlying metal layer is positioned , 
and an intermediate layer comprising part of the second 
insulating layer , the insulating particles , and a metal phase 
containing copper is positioned between the second under 
lying metal layer and the wall surface of the via hole . 

6 . The wiring board according to claim 1 , wherein the 
second underlying metal layer contains a metal belonging to 
the group IV or the group VI of the periodic table , and 
copper on such a metal , and a thickness of the metal is 
smaller than that of copper . 

7 . The wiring board according to claim 1 , wherein the 
second level difference is not more than 2 / 5 and not less than 
1 / 10 of an average particle size of the insulating particles . 

8 . The wiring board according to claim 1 , wherein the first 
level difference is not more than 4 / 5 of an average particle 
size of the insulating particles . 

9 . The wiring board according to claim 1 , wherein the first 
underlying metal layer contains a metal belonging to the 
group IV or the group VI of the periodic table . 

10 . The wiring board according to claim 1 , wherein the 
first underlying metal layer situates from the surface to the 
inside of the first insulating layer with a depth smaller than 
600 nm in a thickness direction . 

11 . The wiring board according to claim 1 , wherein the 
first wiring conductor contains copper , the first insulating 
layer comprises a via hole comprising a wall surface on 
which the first underlying metal layer is positioned , and an 
intermediate layer comprising part of the first insulating 
layer , the insulating particles , and a metal phase containing 
copper is positioned between the first underlying metal layer 
and the wall surface of the via hole . 

12 . The wiring board according to claim 9 , wherein the 
first wiring conductor contains copper , the first insulating 
layer comprises a via hole comprising a wall surface on 
which the first underlying metal layer is positioned , and an 
intermediate layer comprising part of the first insulating 
layer , the insulating particles , and a metal phase containing 
copper is positioned between the first underlying metal layer 
and the wall surface of the via hole . 


