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(57) ABSTRACT 

A wiring Substrate has signal transmission paths in a Strip 
line Structure implemented through Sandwiching of Signal 
wiring layers between first and Second conductor layerS via 
first and Second dielectric layers. Through holes are formed 
in the first conductor layer. The through holes are not formed 
in wiring correspondence regions, which correspond to the 
Signal wiring layers as projected onto the first conductor 
layer in the thickness direction of the first conductor layer. 
All of the through holes are formed in a wiring noncorre 
spondence region, which is the remaining portion of the first 
conductor layer not including the wiring correspondence 
regions. 
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WRING SUBSTRATE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a wiring substrate, 
and more particularly to a wiring Substrate in which a signal 
wiring layer and a conductor layer are electromagnetically 
coupled via a dielectric layer for the purpose of transmitting 
a signal. 

0003 2. Description of the Related Art 
0004. There are known wiring substrates configured such 
that a dielectric layer(s), a signal wiring layer(s), a Solid 
conductor layer(s), and other layers are arranged in an 
alternating fashion. Among Such wiring Substrates, those 
involving transmission of a high-frequency Signal may 
assume a Strip line Structure or a microStrip line Structure in 
which a signal wiring layer and a Solid conductor layer are 
electromagnetically coupled So as to Serve as a signal 
transmission path. 
0005. When a wiring Substrate is configured such that the 
dielectric layerS and the large-area conductor layers, Such as 
Solid conductor layers, are arranged in an alternating fash 
ion, a number of circular or rectangular through holes are 
often formed in the conductor layers at predetermined 
intervals, Such as in a lattice pattern, or meshed So as to 
directly connect the upper and lower dielectric layers 
through the through holes (or mesh). 
0006 There are many conventional reasons for connect 
ing the upper and lower dielectric layerS directly together 
through the through holes provided in the conductor layer. 
The first reason is that the bonding Strength between dielec 
tric layers, which are formed from ceramics (e.g., alumina) 
and/or resins (e.g., epoxy resin), is greater than that between 
a dielectric layer and a conductor layer, which is formed 
from metal (e.g., tungsten, molybdenum, copper, or silver). 
Therefore, the direct bonding of the dielectric layers through 
the through holes of the conductor layer increases the 
Strength of the wiring Substrate. The Second reason is that a 
conductor layer has poorer gas release properties than a 
dielectric layer, which is especially important during firing, 
curing, thermal treatment, and other processes performed 
during manufacture of the wiring Substrate. Therefore, dur 
ing the course of Such treatments or processes, a conductor 
layer having a large area is likely to hinder diffusion of gas 
released from an underlying dielectric layer or conductor 
layer. This gas release phenomenon may generate blisters 
between a dielectric layer and a conductor layer in contact 
with the dielectric layer, which reduces the bonding Strength 
between the layers of the wiring Substrate. 
0007 For these reasons, the conventional wisdom is to 
provide a conductor layer, which is electromagnetically 
coupled with a signal wiring layer, with a number of through 
holes to maintain the bonding Strength with a dielectric layer 
and to prevent the generation of blisters. 
0008 Although the conventional wiring substrate is gen 
erally thought to be acceptable, it is not without shortcom 
ings. Namely, when a conductor layer (which is to be 
electromagnetically coupled with a signal wiring layer) has 
a number of through holes formed therein or is meshed as 
shown in FIG. 6, for example, the through holes are located 
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at portions of the conductor layer that face the Signal wiring 
layers. That is, and with reference to FIG. 6, when a 
conductor layer 2 having through holes 2B and Signal wiring 
layers 4 (shown in phantom) are arranged together, the 
conductor layer 2 and the Signal wiring layers 4 overlap. 
However, the through holes 2B and the Signal wiring layers 
4 also overlap. 
0009. The signal wiring layers 4 differ in characteristic 
impedance between the case where the conductor layer 2 
and the Signal wiring layers 4 overlap and the case where the 
through holes 2B and the Signal wiring layers 4 overlap. 
Thus, when a Single signal wiring layer 4 is examined for 
characteristics along its longitudinal direction, the Signal 
wiring layer 4 shows local variations in characteristics, Such 
as characteristic impedance. As a result, a signal transmitted 
through the Signal wiring layer 4 Suffers reflection, distor 
tion, and other similar defects that potentially result in 
delays or errors in the Signal transmission. 

SUMMARY OF THE INVENTION 

0010. The present invention overcomes the shortcomings 
asSociated with conventional wiring Substrates. An object of 
the present invention is to provide a wiring Substrate that 
exhibits improved bonding Strength and reliability, and in 
which variations in characteristics, Such as characteristic 
impedance, are restrained with respect to Signal wiring 
layers. 

0011 To achieve the above objects, the present invention 
provides a wiring Substrate having a layered structure com 
prising a conductor layer having a plurality of through holes 
formed therein, a dielectric layer in contact with the con 
ductor layer; and a signal wiring layer positioned in oppo 
sition to the conductor layer via the dielectric layer. The 
Signal wiring layer is adapted to transmit a Signal. The 
conductor layer includes (1) a wiring correspondence region 
corresponding to the Signal wiring layer as projected onto 
the conductor layer in a thickness direction of the conductor 
layer, and (2) a wiring noncorrespondence region, which is 
the remaining portion of the conductor layer not including 
the wiring correspondence region. The through holes are 
arranged in the wiring noncorrespondence region of the 
conductor layer. 
0012. In the wiring Substrate of the present invention, the 
through holes are formed in the wiring noncorrespondence 
region of the conductor layer remaining after removal of the 
wiring correspondence region. Since the Signal wiring layer 
is electromagnetically coupled with the wiring correspon 
dence region, in which no through holes are provided, the 
Signal wiring layer is not prone to characteristic variations in 
electromagnetic coupling as observed along the longitudinal 
direction of the Signal wiring layer. Thus, local variations in 
characteristics, Such as characteristic impedance, can be 
restrained with respect to the Signal wiring layer. 
0013 Notably, no particular limitation is imposed on the 
configuration of the wiring Substrate So long as the Signal 
wiring layer and the conductor layer are arranged in layers 
in Such a manner as to face each other via the dielectric layer. 
The present invention includes, for example, the following 
configurations: a conductor layer underlies a Signal wiring 
layer via a dielectric layer, and a Signal wiring layer under 
lies a conductor layer via a dielectric layer. The present 
invention further includes a configuration, Such as a Strip 
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line Structure, in which a signal wiring layer is Sandwiched 
between two conductor layers. 
0.014 Preferably, the above-described wiring substrate is 
configured Such that at least one of the through holes are 
formed in a Side portion of the wiring noncorrespondence 
region, which is located in the vicinity of and along the 
wiring correspondence region. 

0.015. As mentioned previously, the configuration in 
which the through holes are not formed in the wiring 
correspondence region restrains variations in characteristic 
impedance and like characteristics. Also, in the wiring 
Substrate of the present invention, the through holes are 
formed in a Side portion of the wiring noncorrespondence 
region which extends along the wiring correspondence 
region. Thus, regions in the vicinity of the through holes 
(i.e., the regions including the wiring correspondence 
region) exhibit, among other properties, good gas release 
properties and Strong bonding between the upper and lower 
dielectric layers, thereby preventing generation of blisters in 
the wiring correspondence region of the conductor layer, and 
thus imparting high reliability to the wiring Substrate. 

0016 Preferably, the above-described wiring substrate is 
configured Such that the through holes formed in the side 
portion are elongated in a direction Substantially parallel to 
the length direction of the Signal wiring layer rather than 
along a direction perpendicular to the length direction. 

0.017. In the wiring Substrate of the present invention, the 
through holes have an elongated shape; thus, the through 
holes formed in the side portion located in the vicinity of the 
wiring correspondence region can assume a relatively large 
opening area as compared with circular or Square through 
holes. Therefore, although through holes are not formed in 
the wiring correspondence region, regions in the vicinity of 
the through holes (i.e., the regions including the wiring 
correspondence region) can exhibit, among other properties, 
particularly good gas release properties, thereby reliably 
preventing generation of blisters or occurrence of a like 
defect. 

0.018. The shape of an elongated through hole is not 
particularly limited So long as the through hole is longer 
along the direction Substantially parallel to the length direc 
tion of the Signal wiring layer than along the direction 
perpendicular to the length direction. Specific examples of 
the form of an elongated through hole include an elongated 
circle, an Oval, and an elongated rectangle. 
0019. In another aspect of the present invention, the 
wiring Substrate includes a conductor layer having a plural 
ity of through holes formed therein, a dielectric layer in 
contact with the conductor layer, and a plurality of Signal 
wiring layerS positioned in opposition to the conductor layer 
via the dielectric layer. The Signal wiring layers are adapted 
to transmit Signals. The conductor layer includes (1) a 
plurality of wiring correspondence regions corresponding to 
the plurality of Signal wiring layers as projected onto the 
conductor layer in the thickness direction of the conductor 
layer, and (2) a wiring noncorrespondence region, which is 
the remaining portion of the conductor layer after removal of 
the wiring correspondence regions. The through holes are 
arranged in the wiring noncorrespondence region of the 
conductor layer. The Signal wiring layers include parallel 
wiring portions extending in parallel with one another and 
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located adjacent to one another. The wiring correspondence 
regions include parallel wiring correspondence portions 
corresponding to the parallel wiring portions. The wiring 
noncorrespondence region includes parallel-wiring-gap cor 
respondence portions respectively interposed between the 
parallel wiring correspondence portions. The through holes 
arranged in the parallel-wiring-gap correspondence portions 
are elongated in a direction Substantially parallel to the 
length direction of the parallel wiring portions of the Signal 
wiring layers rather than along a direction perpendicular to 
the length direction. 
0020. In the wiring Substrate of the present invention, the 
through holes are formed in the wiring noncorrespondence 
region of the conductor layer. Since the Signal wiring layer 
is electromagnetically coupled with the wiring correspon 
dence regions, in which through holes are absent, the Signal 
wiring layer is not prone to characteristic variations in 
electromagnetic coupling along the longitudinal direction of 
the Signal wiring layers. Thus, local variations in character 
istics, Such as characteristic impedance, can be restrained 
with respect to the Signal wiring layers. 
0021 When a wiring Substrate is configured such that 
Signal wiring layers comprise parallel wiring portions 
extending in parallel with one another, parallel-wiring-gap 
correspondence portions of a conductor layer are each 
interposed between parallel wiring correspondence portions, 
thus, limitations are imposed on the position where through 
holes are to be formed and the width of a region where 
through holes are to be formed. Accordingly, circular or 
Square through holes may fail to provide a required size 
(opening area) when formed in the parallel-wiring-gap cor 
respondence portions. 
0022. According to the present invention, the through 
holes arranged in the parallel-wiring-gap correspondence 
portions are elongated. The width of the individual parallel 
wiring-gap correspondence portions limits the through holes 
to be formed in the parallel-wiring-gap correspondence 
portions with respect to a dimension as measured along the 
direction perpendicular to the length direction of the parallel 
wiring portions (or the parallel wiring correspondence por 
tions of the wiring correspondence regions), whereas no 
limitation is imposed on a dimension as measured in the 
direction parallel to the length direction of the parallel 
wiring portions. The elongated through holes of the present 
invention can assume a relatively large opening area in the 
parallel-wiring-gap correspondence portions adjacent to the 
parallel wiring correspondence portions. Accordingly, 
regions in the vicinity of the through holes (i.e., the regions 
including the parallel wiring correspondence regions) can 
exhibit, among other properties, particularly good gas 
release properties and Strong bonding between the upper and 
lower dielectric layers, thereby reliably preventing the gen 
eration of blisters or the occurrence of Similar defects. 

0023 Preferably, the above-described wiring Substrate is 
configured Such that elongated through holes located on 
opposite Sides of a certain parallel wiring correspondence 
portion are Staggered along the length direction of the 
parallel wiring portions. 

0024. When elongated through holes on opposite sides of 
a certain parallel wiring correspondence portion are 
arranged in a laterally aligned condition with respect to a 
certain parallel wiring correspondence portion, the aligned 
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through holes define a narrow gap therebetween (i.e., the 
through holes narrow a path of current flowing through the 
conductor layer, raising a problem in that the resistance of 
the conductor layer increases locally). 
0.025 By contrast, the wiring substrate of the present 
invention is configured Such that elongated through holes 
located on opposite Sides of a certain parallel wiring corre 
spondence portion are staggered (i.e., adjacent elongated 
through holes Sandwiching a corresponding parallel wiring 
corresponding portion are arranged in a Staggered manner in 
the length direction). Thus, the gap defined between Stag 
gered through holes on opposite sides of a parallel wiring 
correspondence portion is not narrowed, thereby lowering 
resistance at Such portions of the conductor layer. 

0.026 Preferably, the above-described wiring substrate is 
configured Such that a gap is formed along the above 
mentioned length direction between adjacent through holes 
located on opposite sides of a parallel wiring correspon 
dence portion. 

0027. In the wiring substrate of the present invention, a 
gap is formed along the above-mentioned length direction 
between the Staggered, elongated through holes. That is, 
elongated through holes are formed in the conductor layer 
Such that no portion of the conductor layer is interposed 
between through holes located on opposite Sides of a parallel 
wiring correspondence portion as observed along the length 
direction. 

0028. In yet another aspect of the present invention, the 
wiring Substrate having a layered Structure includes a con 
ductor layer having a plurality of through holes formed 
therein, a dielectric layer in contact with the conductor layer, 
and a plurality of Signal wiring layers positioned in oppo 
sition to the conductor layer via the dielectric layer. The 
Signal wiring layers are adapted to transmit a signal. The 
conductor layer includes (1) a plurality of wiring correspon 
dence regions corresponding to the plurality of Signal wiring 
layerS as projected onto the conductor layer in the thickneSS 
direction of the conductor layer, and (2) a wiring noncorre 
spondence region, which is the remaining portion of the 
conductor layer after removal of the wiring correspondence 
regions. The through holes are arranged in the wiring 
noncorrespondence region of the conductor layer. The Signal 
wiring layers include (1) first parallel wiring portions 
extending in parallel with one another Such that a first gap 
is formed between the adjacent first parallel wiring portions, 
and (2) Second parallel wiring portions extending in parallel 
with one another while forming a predetermined angle with 
respect to the first parallel wiring portions and Such that a 
Second gap greater than the first gap is formed between the 
adjacent Second parallel wiring portions. The wiring corre 
spondence regions include (1) first parallel wiring corre 
spondence portions corresponding to the first parallel wiring 
portions, and (2) Second parallel wiring correspondence 
portions corresponding to the Second parallel wiring por 
tions. The wiring noncorrespondence region includes (1) 
first parallel-wiring-gap correspondence portions that are 
interposed between the first parallel wiring correspondence 
portions, and (2) Second parallel-wiring-gap correspondence 
portions each being interposed between the Second parallel 
wiring correspondence portions. The through holes that are 
arranged in the first parallel-wiring-gap correspondence 
portions are first through holes that have a shape that is 
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elongated in a direction Substantially parallel to the first 
length direction along the first parallel wiring portions of the 
Signal wiring layers rather than along a direction perpen 
dicular to the first length direction. The through holes that 
are arranged in the Second parallel-wiring-gap correspon 
dence portions are Second through holes that have a shape 
that is elongated in a direction Substantially parallel to the 
Second length direction along the Second parallel wiring 
portions of the Signal wiring layerS rather than along a 
direction perpendicular to the Second length direction. Also, 
the Second through holes have an opening area greater than 
that of the first through holes. 

0029. In the wiring Substrate of the present invention, the 
through holes are formed in the wiring noncorrespondence 
region of the conductor layer remaining after removal of the 
wiring correspondence regions. Since the Signal wiring layer 
is electromagnetically coupled with the wiring correspon 
dence regions, in which through holes are absent, the Signal 
wiring layer is not prone to characteristic variations in 
electromagnetic coupling as observed along the longitudinal 
direction of the Signal wiring layers. Thus, local variations 
in characteristics, Such as characteristic impedance, can be 
restrained with respect to the Signal wiring layers. 

0030. For a wiring substrate configured to have first and 
Second parallel wiring portions, the first parallel-wiring-gap 
correspondence portions and the Second parallel-wiring-gap 
correspondence portions of the conductor layer are respec 
tively interposed between the first parallel wiring correspon 
dence portions or between the Second parallel wiring cor 
respondence portions. Thus, limitations are imposed on the 
position where the through holes are to be formed and the 
width of a region where through holes are to be formed. 
Accordingly, circular or Square through holes may fail to 
provide a required size (opening area) when formed in the 
first parallel-wiring-gap correspondence portions and the 
Second parallel-wiring-gap correspondence portions. 

0031. According to the present invention, the through 
holes arranged in the first parallel-wiring-gap correspon 
dence portions and the Second parallel-wiring-gap corre 
spondence portions are implemented as the first elongated 
through holes or the Second elongated through holes, to 
thereby assume a relatively large opening area as compared 
with through holes in a circular or like shape. Therefore, 
regions located in the vicinity of the first elongated through 
holes and the Second elongated through holes (i.e., the 
regions including the first parallel wiring correspondence 
regions and the Second parallel wiring corresponding 
regions) can exhibit, among other properties, particularly 
good gas release properties and Strong bonding between the 
upper and lower dielectric layers, thereby reliably prevent 
ing the generation of blisters and the occurrence of other 
Similar defects. 

0032. The first parallel wiring correspondence portions 
correspond to the first parallel wiring portions arranged at 
intervals of a first gap, whereas the Second parallel wiring 
correspondence portions correspond to the Second parallel 
wiring portions arranged at intervals of a Second gap greater 
than the first gap. Accordingly, the Second parallel-wiring 
gap correspondence portions are arranged at intervals wider 
than those at which the first parallel-wiring-gap correspon 
dence portions are arranged. Therefore, if the Second elon 
gated through holes assume the same size as the first 
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elongated through holes, an increase in interval is accom 
panied by a relative reduction in opening area per unit of 
area (opening percentage), with the result that blisters tend 
to be generated due to impaired gas release properties. 
0.033 According to the present invention, the second 
elongated through holes arranged in the Second parallel 
Wiring-gap correspondence portions assume an opening area 
greater than that of the first elongated through holes, 
whereby a reduction in opening percentage is prevented. 
Therefore, in either the first parallel-wiring-gap correspon 
dence portions or the Second parallel-wiring-gap correspon 
dence portions, the generation of blisters and the occurrence 
of other similar defects can be further reliably prevented in 
the vicinity of the first elongated through holes or the Second 
elongated through holes (including the first parallel wiring 
correspondence portions and the Second parallel wiring 
correspondence portions). 
0034. The above and other features of the invention 
including various and novel details of construction and 
combination of parts will now be more particularly 
described with reference to the accompanying drawings and 
pointed out in the claims. It will be understood that the 
particular wiring Substrate embodying the invention is 
shown by way of illustration only and not as a limitation of 
the invention. The principles and features of this invention 
may be employed in varied and numerous embodiments 
without departing from the Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is a partially enlarged sectional view (taken 
along line 1-1 in FIG. 3) of a wiring substrate according to 
Embodiment 1; 
0036 FIG. 2 is a partially enlarged sectional view (taken 
along line 2-2 in FIG. 1) showing in a planar form the signal 
wiring layers of the wiring Substrate; 
0037 FIG.3 is a partially enlarged sectional view (taken 
along line 3-3 in FIG. 1) showing in a planar form the first 
conductor layer of the wiring Substrate; 
0.038 FIG. 4 is a partially enlarged sectional view show 
ing in a planar form a portion of the first conductor layer in 
a further enlarged condition; 
0.039 FIG. 5 is a partially enlarged sectional view show 
ing in a planar form a portion of a conductor layer of a 
wiring Substrate according to Embodiment 2, and 
0040 FIG. 6 is an explanatory view showing the rela 
tionship between Signal wiring layerS and a conductor layer 
having through holes formed therein for the purpose of 
explaining problems to be Solved by the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0041) Embodiment 1 
0.042 A first embodiment of the present invention is 
depicted in FIGS. 1 to 4. 
0043. With reference to FIG. 1, a wiring substrate 10 is 
configured Such that metal layers, Such as conductor layers 
and Signal wiring layers, formed of Cu and having a thick 
ness of about 20 um and resin dielectric layers formed of 
epoxy resin and having a thickness of about 35 um are 
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arranged in an alternating fashion on the front and back 
Surfaces of a core Substrate 11. The core Substrate is formed 
from a glass-epoxy-resin composite material and has a 
thickness of about 600 um. Notably, the present embodiment 
will be described with respect to only the front side thereof 
illustrated in FIG. 1, and the illustration and description of 
the back Side are omitted. 

0044. On a front Surface 11B of the core substrate 11, a 
first conductor layer 12 (which is to be grounded, thereby 
forming a ground plane), a first dielectric layer 13, a 
plurality of Signal wiring layerS 14, a Second dielectric layer 
15, a second conductor layer 16 (which is to be supplied with 
a positive Supply potential, thereby forming a power plane), 
and a third dielectric layer 17 are arranged in layers in this 
order. 

004.5 The wiring substrate 10 having the illustrated sec 
tional Structure is configured Such that the Signal wiring 
layers 14 are sandwiched between the first and the second 
conductor layers 12, 16 via the first and the second dielectric 
layers 13 and 15. The signal wiring layers 14 are electro 
magnetically coupled with the first and the Second conductor 
layerS 12,16, thus forming Signal transmission paths in a 
So-called Strip line Structure for the purpose of transmitting 
Signals by means of the Signal wiring layerS 14. 
0046) The signal wiring layers 14 are shown in a planar 
form in FIG. 2. FIG. 2 is a sectional view taken along the 
line 2-2 in FIG. 1. The wiring substrate 10 includes a 
number of Signal wiring layerS 14. The Signal wiring layers 
14 (which are positioned to the left) include first parallel 
wiring portions 14B, which extend in parallel with one 
another in a first direction H1 (the vertical direction in FIG. 
2) Such that a first gap D1 is formed between the adjacent 
first parallel wiring portions 14B. The Signal wiring layers 
14 further include second parallel wiring portions 14C, 
which extend in parallel with one another from respective 
ends of the first parallel wiring portions 14B. The second 
parallel wiring portions 14C form a predetermined angle 
(about 45 degrees in the present embodiment) with respect 
to the first parallel wiring portions 14B. A Second gap D2, 
which is greater than the first gap D1, is formed between 
adjacent Second parallel wiring portions 14C. The Second 
parallel wiring portions 14C have widths that are substan 
tially equal to those of the first parallel wiring portions 14B. 

0047 As shown at the right of FIG. 2, some of the signal 
wiring layers 14 (positioned to the right) include the first 
parallel wiring portions 14B and third parallel wiring por 
tions 14D. The third parallel wiring portions 14D extend in 
parallel with one another from respective ends of the first 
parallel wiring portions 14B. The third parallel wiring 
portions 14D form a predetermined angle (about 45 degrees 
in the present embodiment) with respect to the first parallel 
wiring portions 14B. A third gap D3, which is greater than 
the first gap D1, is formed between the adjacent third 
parallel wiring portions 14D. Also, in these Signal wiring 
layers 14, the first parallel wiring portions 14B and the third 
parallel wiring portions 14D have Substantially the same 
width. 

0048. The pattern of the signal wiring layers 14 as shown 
in FIG. 2 is employed (for example) by a wiring substrate 
which carries an IC chip having a number of Signal terminals 
at a peripheral portion thereof, for the purpose of fanning out 
the Signal terminals arranged at narrow intervals by means 
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of the Signal wiring layerS 14 in order to provide Signal 
terminals arranged at widened intervals, to thereby enable 
connection to a mother board or the like. 

0049. The first conductor layer 12 is shown in a planar 
form in FIG. 3. The first conductor layer 12 is a solid 
conductor layer and has a number of through holes 12B, 
12E, 12H, and 12L formed therein. The through holes 12B 
are formed to directly connect the core substrate 11 and the 
first dielectric layer 13 therethrough, thereby enhancing the 
strength of the wiring Substrate 10. The through holes are 
also intended to allow release of gas therethrough. Specifi 
cally, in fabricating the wiring Substrate 10, gas that is 
generated from the core Substrate 11 as a result of repeated 
application of heat (e.g., during curing of the first dielectric 
layer 13), is released to the exterior of the wiring substrate 
10 through the through holes to prevent generation of 
blisters at the interface between the core Substrate 11 and the 
first conductor layer 12. 
0050. The through holes may be arranged regularly (such 
as in a lattice pattern) at a residual portion 12K of the first 
conductor layer 12. See for example the circular through 
holes 12L. However, to cope with the previously mentioned 
problems associated with the conventional wiring Substrate 
(i.e., taking into consideration the relationship between the 
through holes and the signal wiring layers 14), the present 
wiring substrate 10 employs the through holes 12B, 12E, 
and 12H. Notably, the core substrate 11 is exposed within all 
of the through holes 12B, 12E, 12H, and 12L. 
0051 AS represented by dashed lines in FIG. 3, the first 
conductor layer 12 is divided into (1) a wiring correspon 
dence region, which corresponds to the Signal wiring layers 
14 as projected thereon along the thickness direction (i.e., 
perpendicular to the drawing sheet), and (2) a remaining 
wiring noncorrespondence region. 

0.052 The wiring correspondence region includes (1) first 
parallel wiring correspondence portions 12C corresponding 
to the first parallel wiring portions 14B of the Signal wiring 
layers 14, (2) Second parallel wiring correspondence por 
tions 12F corresponding to the Second parallel wiring por 
tions 14C, and (3) third parallel wiring correspondence 
portions 12I corresponding to the third parallel wiring 
portions 14D. 
0053. The wiring noncorrespondence region includes (1) 
first parallel-wiring-gap correspondence portions 12D inter 
posed between the first parallel wiring correspondence por 
tions 12C, (2) Second parallel-wiring-gap correspondence 
portions 12G interposed between the Second parallel wiring 
correspondence portions 12F, (3) third parallel-wiring-gap 
correspondence portions 12J interposed between the third 
parallel wiring correspondence portions 12I, and (4) the 
residual portion 12K. 
0054) The through holes 12B, 12E, 12H, and 12L are 
formed in the wiring noncorrespondence region. 
0.055 First, the first parallel wiring correspondence por 
tions 12C and the first parallel-wiring-gap correspondence 
portions 12D will be discussed. 
0056. As shown in FIG. 3, first elongated through holes 
12B are formed in the first parallel-wiring-gap correspon 
dence portions 12D. The elongated through holes 12B are 
interposed between the first parallel wiring correspondence 
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portions 12C. That is, no through holes are formed in the 
first parallel wiring correspondence portions 12C, which 
correspond to the first parallel wiring portions 14B of the 
Signal wiring layerS 14. Therefore, as observed along the 
first direction H1, which is the length direction of the first 
parallel wiring portions 14B, characteristics, Such as char 
acteristic impedance, of the first parallel wiring portions 14B 
hardly vary. 

0057. Further, the first through holes 12B are elongated in 
the direction parallel to the first direction H1. Even though 
through holes are not formed in the first parallel wiring 
correspondence portions 12C, the elongated shape of the 
first through holes 12B provided in the first parallel-wiring 
gap correspondence portions 12D enhances the bonding 
strength between the core substrate 11 and the first dielectric 
layer 13. Also, Since gas to be generated from the core 
Substrate 11 can be released through the first elongated 
through holes 12B, generation of blisters can be prevented 
in the vicinity of the first elongated through holes 12B, at the 
interface between the core Substrate 11 and the first conduc 
tor layer 12, Specifically, at the interface between the core 
Substrate 11 and the first parallel wiring correspondence 
portions 12C and between the core substrate 11 and the first 
parallel-wiring-gap correspondence portions 12D. 

0058 Particularly, since the first parallel-wiring-gap cor 
respondence portions 12D are each interposed between two 
first parallel wiring correspondence portions 12C, when 
through holes are to be arranged in the first parallel-wiring 
gap correspondence portions 12D, the through holes are 
limited in a dimension as measured along the direction 
perpendicular to the first direction H1. Accordingly, circular 
or Square through holes encounter difficulty in providing a 
Sufficient opening area. However, according to the present 
embodiment, the first through holes 12B have an elongated 
shape and thus can provide a Sufficient opening area, thereby 
enhancing the bonding Strength between the core Substrate 
11 and the first dielectric layer 13 and reliably preventing 
generation of blisters at the interface between the core 
Substrate 11 and the first parallel wiring correspondence 
portions 12C and between the core substrate 11 and the first 
parallel-wiring-gap correspondence portions 12D. 

0059) Further, as shown in the enlarged view of FIG. 4, 
the first elongated through holes 12B are arranged Such that 
left-hand elongated through holes 12B1, which are located 
on one side (to the left in FIG. 4) of a certain first parallel 
wiring correspondence portion 12C1, and right-hand elon 
gated through holes 12B2, which are located on the opposite 
side (to the right in FIG. 4) of the first parallel wiring 
correspondence portion 12C1, are arranged in a Staggered 
condition, not in a laterally aligned condition. Further, the 
left-hand elongated through holes 12B1 and the right-hand 
elongated through holes 12B2 are arranged Such that a gap 
S1 is formed therebetween along the first direction H1. 

0060 Since the first conductor layer 12 is used as a 
ground layer, current flows therethrough in a planar direc 
tion. Preferably, the resistance of the ground layer itself is as 
low as possible. If the left-hand elongated through holes 
12B1 and the right-hand elongated through holes 12B2 are 
arranged in a laterally aligned condition, the left-hand and 
right-hand elongated through holes 12B1 and 12B2 that are 
laterally aligned with each other define a narrow gap ther 
ebetween. As a result, at portions of the first conductor layer 
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12 which are each interposed between two aligned elongated 
through holes 12B1 and 12B2, the path of current is nar 
rowed, resulting in an increase in resistance at the portions. 
0061. By contrast, in the wiring substrate 10, the left 
hand elongated through holes 12B1 and the right-hand 
elongated through holes 12B2 are arranged in a Staggered 
condition, not in a laterally aligned condition. Further, the 
left-hand elongated through holes 12B1 and the right-hand 
elongated through holes 12B2 are arranged Such that the gap 
S1 is formed therebetween along the first direction H1. 
Accordingly, narrowing of the path of current, which would 
otherwise result from two elongated through holes 12B1 and 
12B2 defining a narrow portion therebetween, is prevented, 
thereby retaining the resistance of the first conductor layer 
12 at low level. 

0.062 Next, the second parallel wiring correspondence 
portions 12F and the Second parallel-wiring-gap correspon 
dence portions 12G will be discussed. As shown in FIG. 3, 
the Second elongated through holes 12E are formed in the 
Second parallel-wiring-gap correspondence portions 12G. 
The Second elongated through holes 12E are interposed 
between the Second parallel wiring correspondence portions 
12F. Therefore, as observed along the second direction H2, 
which is the length direction of the Second parallel wiring 
portions 14C, characteristics, Such as characteristic imped 
ance, of the Second parallel wiring portions 14C hardly vary. 
0.063. Further, the second through holes 12E are elon 
gated in the direction parallel to the Second direction H2. 
Thus, even though through holes are not formed in the 
Second parallel wiring correspondence portions 12F, the 
elongated shape of the Second through holes 12E in the 
Second parallel-wiring-gap correspondence portions 12G 
enhances the bonding Strength between the core Substrate 11 
and the first dielectric layer 13. Also, Since gas to be 
generated from the core Substrate 11 can be released through 
the Second elongated through holes 12E, generation of 
blisters can be prevented, in the vicinity of the Second 
elongated through holes 12E, at the interface between the 
core Substrate 11 and the Second parallel wiring correspon 
dence portions 12F and between the core substrate 11 and 
the Second parallel-wiring-gap correspondence portions 
12.G. 

0.064 Particularly, since the second parallel-wiring-gap 
correspondence portions 12G are each interposed between 
two Second parallel wiring correspondence portions 12F, 
when through holes are to be arranged in the Second parallel 
wiring-gap correspondence portions 12G, the through holes 
are limited in a dimension as measured along the direction 
perpendicular to the Second direction H2. Accordingly, 
circular or Square through holes encounter difficulty in 
providing a Sufficient opening area. However, according to 
the present embodiment, the Second through holes 12E have 
an elongated shape and thus can provide a Sufficient opening 
area, thereby enhancing the bonding Strength between the 
core substrate 11 and the first dielectric layer 13 and reliably 
preventing generation of blisters at the interface between the 
core Substrate 11 and the Second parallel wiring correspon 
dence portions 12F and between the core substrate 11 and 
the Second parallel-wiring-gap correspondence portions 
12.G. 

0065. As shown in FIG. 3, two second elongated through 
holes 12E, which are located on opposite sides of a certain 
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Second parallel wiring correspondence portion 12F, are 
arranged in a Staggered condition, not in a laterally aligned 
condition. Further, a gap S2 is formed along the Second 
direction H2 between two Second elongated through holes 
12E that are arranged adjacent to each other in a Staggered 
condition. 

0066 Accordingly, in the first conductor layer 12, nar 
rowing of the path of current, which would otherwise result 
from two aligned Second elongated through holes 12E 
defining a narrow portion therebetween, is prevented, 
thereby retaining the resistance of the first conductor layer 
12 at low level. 

0067 Further, as shown in FIG. 3, the second elongated 
through holes 12E are greater in opening area than the first 
elongated through holes 12B. This is because, as mentioned 
previously, in the Signal wiring layerS 14, the adjacent 
Second parallel wiring portions 14C are spaced at the Second 
gap D2, which is greater than the first gap D1 at which the 
adjacent first parallel wiring portions 14B are spaced (see 
FIG. 2). Accordingly, the gap between adjacent Second 
parallel wiring correspondence portions 12F corresponding 
to the adjacent Second parallel wiring portions 14C (i.e., the 
width of the Second parallel-wiring-gap correspondence 
portion 12G) is greater than that of the first parallel-wiring 
gap correspondence portion 12D. If through holes Similar to 
the first elongated through holes 12B are formed in the 
Second parallel-wiring-gap correspondence portions 12G, 
the gap between adjacent through holes increases accord 
ingly, resulting in a reduction in opening area of through 
holes per unit of area (opening percentage), which would in 
turn impair the bonding Strength and gas release properties. 
By contrast, according to the present embodiment, the 
Second elongated through holes 12E assume a relatively 
large opening area, thereby preventing a reduction in open 
ing percentage and maintaining good bonding and gas 
release properties. In View of boding properties and gas 
release properties, preferably, the opening percentage is not 
less than 16% at any position on the first conductor layer 12. 
0068 Next, the third parallel wiring correspondence por 
tions 12I and the third parallel-wiring-gap correspondence 
portions 12J will be discussed. As shown in FIG. 3, the third 
parallel wiring correspondence portions 12I, the third par 
allel-wiring-gap correspondence portions 12J, and the third 
elongated through holes 12H formed in the third parallel 
wiring-gap correspondence portions 12J are Substantially 
Similar in mutual relationship to the Second parallel wiring 
correspondence portions 12F, the Second parallel-wiring-gap 
correspondence portions 12G, and the Second elongated 
through holes 12E. Therefore, similar features will be 
described in a brief manner. 

0069. Since the third elongated through holes 12H are 
formed in the third parallel-wiring-gap correspondence por 
tions 12J, as observed along a third direction H3, which is 
the length direction of the third parallel wiring portions 14D, 
characteristics, Such as characteristic impedance, of the third 
parallel wiring portions 14D hardly vary. 

0070 Further, the third through holes 12E are elongated 
in the direction parallel to the third direction H3. Thus, 
formation of the third elongated through holes 12H in the 
third parallel-wiring-gap correspondence portions 12J 
enhances the bonding Strength between the core Substrate 11 
and the first dielectric layer 13. Also, Since gas can be 
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released through the third elongated through holes 12H, 
generation of blisters can be prevented in the vicinity of the 
third elongated through holes 12H, at the interface between 
the core Substrate 11 and the third parallel wiring correspon 
dence portions 12I and between the core substrate 11 and the 
third parallel-wiring-gap correspondence portions 12.J. 

0071 Particularly, when through holes are to be arranged 
in the third parallel-wiring-gap correspondence portions 12J, 
the through holes are limited in a dimension as measured 
along the direction perpendicular to the third direction H3. 
However, in the wiring substrate 10, the third through holes 
12H have an elongated shape and thus can provide a 
Sufficient opening area, thereby enhancing the bonding 
strength between the core substrate 11 and the first dielectric 
layer 13 and reliably preventing generation of blisters at the 
interface between the core substrate 11 and the third parallel 
wiring correspondence portions 12I and between the core 
Substrate 11 and the third parallel-wiring-gap correspon 
dence portions 12.J. 

0072 Further, as shown in FIG. 3, two third elongated 
through holes 12H, which are located on opposite sides of a 
certain third parallel wiring correspondence portion 12I, are 
arranged in a Staggered condition. Also, a gap S3 is formed 
along the third direction H3 between two third elongated 
through holes 12H that are arranged adjacent to each other 
in a Staggered condition. 
0073. Accordingly, narrowing of the path of current, 
which would otherwise result from two aligned elongated 
third through holes 12H defining a narrow portion therebe 
tween, is prevented, thereby retaining the resistance of the 
first conductor layer 12 at low level. 
0074) Further, as shown in FIG. 3, the third elongated 
through holes 12H are also greater in opening area than the 
first elongated through holes 12B. If through holes similar to 
the first elongated through holes 12B are formed in the third 
parallel-wiring-gap correspondence portions 12I, the open 
ing percentage decreases, and thus bonding Strength and gas 
release properties are impaired. By contrast, in the wiring 
substrate 10, the third elongated through holes 12H assume 
a relatively large opening area, thereby preventing a reduc 
tion in opening percentage and maintaining good bonding 
and gas release properties. 

0075) Notably, in the residual portion 12K (e.g., a central 
lower portion in FIG. 3), which is a portion of the wiring 
noncorrespondence region of the first conductor layer 12, 
the circular through holes 12L may be arranged in a lattice 
pattern as conventionally practiced, for the following reason. 
Since the Signal wiring layerS 14 do not extend above the 
residual portion 12K, the residual portion 12K is not sub 
jected to restrictions on the arrangement of through holes, 
which restrictions are imposed by the wiring correspondence 
region, Such as the first parallel wiring correspondence 
portions 12C. 

0.076 AS in the case of the first conductor layer 12, the 
arrangement of through holes to be formed in the Second 
conductor layer 16 is determined in view of the positional 
relation to the Signal wiring layerS 14. Specifically, the 
through holes are not formed in the wiring correspondence 
region, which corresponds to the Signal wiring layerS 14 as 
projected along the thickness direction, but are formed in the 
wiring noncorrespondence region. For example, the first 
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through holes 16B are formed in the first parallel-wiring-gap 
correspondence portions 16D, not in the first parallel wiring 
corresponding portion 16C. 

0077 Thus, variations in characteristics, such as charac 
teristic impedance, of the Signal wiring layerS 14 as observed 
along the length direction of the Signal wiring layerS 14 can 
be restrained. Further, the bonding between the second 
dielectric layer 15 and the third dielectric layer 17 can be 
enhanced, and the through holes 16B effect good gas release 
properties to thereby prevent generation of blisters at the 
interface between the second dielectric layer 15 and the 
Second conductor layer 16. 
0078. The wiring substrate 10 may be fabricated by use 
of a known build-up process. For example, unillustrated 
through holes are formed in the core substrate 11, which is 
covered at opposite sides with copper foil applied through 
bonding, and are then plated to become plated through holes 
(“PTH's”). The plated through holes are filled with a filler 
resin. Next, the copper foil (a copper layer) on the front Side 
is formed into a predetermined pattern through etching to 
thereby form the first conductor layer 12. Subsequently, the 
first dielectric layer 13 is formed, and then unillustrated via 
holes are formed therein as needed, followed by formation 
of Via conductors. Then, the Signal wiring layerS 14 in a 
predetermined pattern are formed by use of a Semi-additive 
process or a like process. Similarly, the Second dielectric 
layer 15 is formed, and unillustrated via holes and via 
conductors are formed therein as needed, followed by for 
mation of the Second conductor layer 16 in a predetermined 
pattern. 

0079 Subsequently, the third dielectric layer 17 is 
formed, thereby completing the wiring substrate 10. Nota 
bly, a similar fabrication proceSS is performed on the back 
side of the core Substrate 1. 

0080 Embodiment 2 
0081. A second embodiment of the present invention is 
depicted in FIG. 5. The wiring substrate 20 of Embodiment 
2 has a structure that is similar to the Structure of the wiring 
substrate 10 of Embodiment 1 (see FIG. 1). For conve 
nience, the differences between the two embodiments will be 
described, whereas description of similar features will be 
omitted or briefed. 

0082 FIG. 5 shows a conductor layer 22 in a planar 
form. The conductor layer 22 includes (1) wiring correspon 
dence regions 22C, which correspond to signal wiring layers 
24 (represented by dashed lines in FIG. 5), as projected 
thereon along the thickness direction, and (2) a wiring 
noncorrespondence region 22D, which is the portion of the 
conductor layer 22 other than the wiring correspondence 
regions 22C. The wiring noncorrespondence region 22D is 
divided into (a) side portions 22E, which are delimited by 
the dashed line and the dot-and-dash line and are located on 
opposite Sides of each wiring correspondence region 22C, 
and (b) a residual portion 22F. 
0083) To enhance the bonding strength between the over 
lying and underlying dielectric layers as well as to improve 
gas release properties for the purpose of preventing genera 
tion of blisters, through holes are formed in the conductor 
layer 22. AS in the case of Embodiment 1, through holes are 
formed in the wiring noncorrespondence region 22D, which 
is the region Surrounding the wiring correspondence regions 
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22C. Specifically, elongated through holes 22B are formed 
in the Side portions 22E, and circular through holes 22G are 
formed in the residual portion 22F. 

0084. That is, no through holes are formed in the wiring 
correspondence regions 22C of the conductor layer 22, 
which is to be electromagnetically coupled with the Signal 
wiring layerS 24, under which the wiring correspondence 
regions 22C are located. Accordingly, variations in charac 
teristics, Such as characteristic impedance, of the Signal 
wiring layerS 24 as observed along the length direction of the 
Signal wiring layerS 24 are restrained. 

0085. In the wiring substrate 20, the through holes 22B, 
which are formed in the Side portions 22E extending along 
the wiring correspondence regions 22C, are elongated in the 
length direction of the Signal wiring layerS 24. 

0.086 Since through holes are not formed in the wiring 
correspondence regions 22C, the bonding Strength and gas 
release properties may be impaired in the wiring correspon 
dence regions 22C. However, the elongated through holes 
22B in the Side portions 22E extend along the wiring 
correspondence regions 22C. The shape and orientation of 
the elongated through holes 22B enhances the bonding 
Strength in the vicinity of the wiring correspondence regions 
22C and enhances gas release properties to thereby prevent 
generation of blisters at the interface between the conductor 
layer 22 and the dielectric layer that underlies the conductor 
layer 22. 

0087 Particularly, in the wiring Substrate 20, the through 
holes 22B formed in the side portions 22E have an elongated 
shape and thus can provide a relatively large opening area 
along the wiring correspondence regions 22C, thereby 
enhancing the bonding Strength and reliably preventing 
generation of blisters because of enhanced gas release 
properties. 

0088. In the residual portion 22F, the through holes 22G 
may be arranged, for example, in a lattice pattern as con 
ventionally practiced, Since the residual portion 22F is not 
Subjected to restrictions on the arrangement of through 
holes, which restrictions are imposed in relation to the 
wiring correspondence regions 22C. 

0089. The wiring substrate 20 may be fabricated in a 
manner similar to that of Embodiment 1. 

0090 While the present invention has been described 
with reference to Embodiments 1 and 2, the present inven 
tion is not limited thereto, but may be modified as appro 
priate without departing from the Spirit or Scope of the 
invention. 

0.091 For example, Embodiment 1 is described while 
mentioning the wiring Substrate 10 including the Signal 
wiring layerS 14 which are configured Such that a number of 
first and second parallel wiring portions 14B and 14C (or a 
number of first and third parallel wiring portions 14B and 
14D) are arranged in parallel with one another. However, the 
arrangement of the through holes may be designed Such that 
the through holes are formed in a wiring noncorrespondence 
region of a conductor layer that Surrounds a wiring corre 
spondence region, which corresponds to a certain Signal 
wiring layer as projected on the conductor layer. In this case, 
there can be restrained variations in characteristics, Such as 
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characteristic impedance, of the Signal wiring layer as 
observed along the length direction of the Signal wiring 
layer. 

0092 Embodiment 1 is described while mentioning the 
first conductor layer 12 formed on the front surface 11B of 
the core Substrate 11 formed of a glass-epoxy-resin com 
posite material (see FIG. 1). However, a dielectric layer that 
underlies the first conductor layer may be formed of a resin, 
Such as epoxy resin, as in the case of the first dielectric layer 
13. 

0093 Embodiment 1 is described while mentioning sig 
nal transmission paths in a Strip line Structure implemented 
through Sandwiching of the Signal wiring layerS 14 between 
the first and second conductor layers 12 and 16. However, 
Signal transmission paths in other forms, Such as Signal 
transmission paths in a microStrip line Structure, may be 
applied to the present invention. A specific example of Such 
a wiring substrate is such that in the wiring substrate 10 of 
Embodiment 1 (see FIG. 1), the second conductor layer 16 
is removed. 

0094. Embodiments 1 and 2 are described as employing 
dielectric layers formed from epoxy resin or a glass-epoxy 
resin composite material, and metal layerS formed from 
copper to Serve as conductor layers and Signal wiring layers. 
However, the present invention can be applied to a wiring 
Substrate that employs dielectric layerS formed from 
ceramic, Such as alumina, aluminum nitride, or glass-ce 
ramic, and metal layerS formed from a metal compatible 
with ceramic, Such as tungsten, molybdenum, copper, or 
Silver, for use as conductor layers and Signal wiring layers. 
Such a ceramic wiring Substrate may be fabricated by a 
known process; for example, a process in which dielectric 
layers, conductor layers, and Signal wiring layers are Simul 
taneously formed through Simultaneous firing and a process 
in which dielectric layerS and metal layers are Sequentially 
arranged in layers. 
0095. This application is based on Japanese Patent Appli 
cation No. 2001-126273 filed Apr. 24, 2001, the disclosure 
of which is incorporated herein by reference in its entirety. 

What is claimed is: 
1. A wiring Substrate having a layered Structure compris 

ing: 
a conductor layer having a plurality of through holes that 

extend in a thickness direction of Said conductor layer; 
a dielectric layer in contact with Said conductor layer; and 
a Signal wiring layer positioned in opposition to Said 

conductor layer via Said dielectric layer, Said Signal 
wiring layer adapted to transmit a Signal; 

wherein Said conductor layer includes 
(1) a wiring correspondence region corresponding to 

Said Signal wiring layer as projected onto Said con 
ductor layer in the thickness direction; and 

(2) a wiring noncorrespondence region, which is the 
remaining portion of Said conductor layer not includ 
ing the wiring correspondence region; and 

wherein the through holes are arranged in the wiring 
noncorrespondence region of Said conductor layer. 
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2. The wiring Substrate as claimed in claim 1, wherein at 
least one of the through holes is formed in a Side portion of 
the wiring noncorrespondence region, the Side portion being 
contiguous with and extending along the wiring correspon 
dence region. 

3. The wiring Substrate as claimed in claim 2, wherein the 
at least one through hole formed in the Side portion has a 
shape that is elongated in a direction that is parallel to a 
length direction of Said Signal wiring layer. 

4. A wiring Substrate having a layered Structure compris 
Ing: 

a conductor layer having a plurality of through holes that 
extend in a thickness direction of Said conductor layer; 

a dielectric layer in contact with Said conductor layer, and 
a plurality of Signal wiring layers positioned in opposition 

to Said conductor layer via Said dielectric layer, Said 
Signal wiring layerS adapted to transmit signals, 

wherein Said conductor layer includes 
(1) a plurality of wiring correspondence regions respec 

tively corresponding to Said Signal wiring layers as 
projected onto Said conductor layer in the thickness 
direction; and 

(2) a wiring noncorrespondence region, which is the 
remaining portion of Said conductor layer not includ 
ing the wiring correspondence regions, 

wherein the through holes are arranged in the wiring 
noncorrespondence region of Said conductor layer; 

wherein the Signal wiring layers include parallel wiring 
portions extending in parallel with one another and 
located adjacent to one another; 

wherein the wiring correspondence regions include par 
allel wiring correspondence portions corresponding to 
the parallel wiring portions, 

wherein the wiring noncorrespondence region includes 
parallel-wiring-gap correspondence portions that are 
respectively interposed between the parallel wiring 
correspondence portions, and 

wherein the through holes that arranged in the parallel 
wiring-gap correspondence portions have a shape that 
is elongated in a direction that is parallel to a length 
direction of the parallel wiring portions of Said Signal 
wiring layers. 

5. The wiring substrate as claimed in claim 4, wherein the 
elongated through holes that are located on opposite Sides of 
at least one of Said parallel wiring correspondence portions 
are Staggered along the length direction. 

6. The wiring Substrate as claimed in claim 5, wherein a 
gap is formed along the length direction between adjacent 
elongated through holes that are located on opposite Sides of 
Said at least one parallel wiring correspondence portion. 

7. A wiring Substrate having a layered Structure compris 
Ing: 

a conductor layer having a plurality of through holes that 
extend in a thickness direction of Said conductor layer; 
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a dielectric layer in contact with Said conductor layer; and 
a plurality of Signal wiring layers positioned in opposition 

to Said conductor layer via Said dielectric layer, Said 
Signal wiring layerS adapted to transmit signals, 

wherein Said conductor layer includes 
(1) a plurality of wiring correspondence regions corre 

sponding to Said Signal wiring layers as projected 
onto Said conductor layer in the thickness direction; 
and 

(2) a wiring noncorrespondence region, which is the 
remaining portion of Said conductor layer not includ 
ing the wiring correspondence regions, 

wherein the through holes are arranged in the wiring 
noncorrespondence region of Said conductor layer; 

wherein the Signal wiring layers include 
(1) first parallel wiring portions extending in parallel 

with one another Such that a first gap is formed 
between the adjacent first parallel wiring portions, 
and 

(2) Second parallel wiring portions extending in parallel 
with one another, and forming a predetermined angle 
with respect to the first parallel wiring portions, and 
a Second gap greater than the first gap is formed 
between the adjacent Second parallel wiring por 
tions, 

wherein the wiring correspondence regions include 
(1) first parallel wiring correspondence portions corre 

sponding to the first parallel wiring portions, and 
(2) Second parallel wiring correspondence portions 

corresponding to the Second parallel wiring portions, 
wherein the wiring noncorrespondence region includes 

(1) first parallel-wiring-gap correspondence portions 
interposed between the first parallel wiring corre 
spondence portions, and 

(2) Second parallel-wiring-gap correspondence por 
tions interposed between the Second parallel wiring 
correspondence portions, 

wherein the through holes that are arranged in the first 
parallel-wiring-gap correspondence portions are first 
through holes that have a shape that is elongated in a 
direction parallel to a first length direction of the first 
parallel wiring portions of Said Signal wiring layers, 
and 

wherein the through holes that are arranged in the Second 
parallel-wiring-gap correspondence portions are Sec 
ond through holes that have a shape that is elongated in 
a direction parallel to a Second length direction of the 
Second parallel wiring portions of Said Signal wiring 
layers, and have an opening area greater than that of the 
first through holes. 
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