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WRING SUBSTRATE AND METHOD FOR 
MANUFACTURING WIRING SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of application Ser. 
No. 14/824,174, filed Aug. 12, 2015, which claims priority 
of Japanese Patent Application No. 2014-176097 filed on 
Aug. 29, 2014, with the Japanese Patent Office, the entire 
contents of which are incorporated herein by reference. 

FIELD 

0002. The embodiments discussed herein are related to a 
wiring Substrate and a method for manufacturing a wiring 
substrate. 

BACKGROUND 

0003 Conventionally, a known wiring substrate includes 
alternately layered wiring layers and insulating layers in 
which the wiring layers are connected to each other by way 
of a via hole penetrating the insulating layers. In this wiring 
Substrate, a pad that is to be connected to a semiconductor 
chip or the like may be formed to project from a surface of 
an insulating layer. The pad may include a copper layer that 
is formed to project from the Surface of an insulating layer 
and a Surface plating layer that is formed to have a nickel 
layer and a gold layer sequentially layered on the upper and 
side surfaces of the copper layer. The amount in which the 
pad projects from the Surface of the insulating layer includ 
ing the Surface plating layer may be approximately 15um to 
50 Lum (see, for example, Japanese Laid-Open Patent Pub 
lication No. 2010-251552). 
0004. However, in a case where the pad projects from the 
Surface of the insulating layer, the Surface plating layer may 
be damaged during a process of manufacturing a wiring 
substrate. In order to prevent such problem, a solder resist 
layer may be provided in the periphery of the pad. However, 
the solder resist layer requires to be substantially thick (e.g., 
approximately 20 Lum to 60 um) so that the upper Surface of 
the solder resist layer is higher than the upper surface of the 
Surface plating layer. This makes thickness reduction of the 
wiring substrate difficult. 
0005. Although thickness reduction of the wiring sub 
strate can be achieved to Some degree by reducing the 
thickness of the nickel layer, connection reliability (wetta 
bility) of the pad during wiring bonding or flip-chip bonding 
may be degraded. Further, by reducing the thickness of the 
nickel layer, the barrier effect of the nickel layer may 
become insufficient due to the thickness of the nickel layer 
being significantly reduced at the side Surface of the copper 
layer. This may cause copper to spread to the Solder formed 
on the pad. 

SUMMARY 

0006. According to an aspect of the invention, there is 
provided a wiring Substrate including an insulating layer 
including upper and lower Surfaces, a wiring layer including 
upper, lower, and side Surfaces and being in a position that 
is recessed relative to the upper Surface of the insulating 
layer, a via wiring formed in the insulating layer and 
connected to the lower Surface of the wiring layer, and a 
solder resist layer formed on the upper surface of the 
insulating layer. The via wiring includes a first part contact 
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ing the lower Surface of the wiring layer and a second part 
exposed from the lower surface of the insulating layer, the 
first part having an area Smaller than an area of the second 
part. The wiring layer includes a pad body that constitutes a 
part of a pad and a wiring pattern including an upper Surface. 
The solder resist layer includes an upper Surface and an 
opening that exposes the pad and a part of the upper Surface 
of the insulating layer. The solder resist layer buries a step 
part formed by the upper Surface of the insulating layer and 
the upper Surface of the wiring pattern. The pad includes the 
pad body including an upper Surface, a first metal layer 
formed on the upper Surface of the pad body and including 
an embedded part embedded in the insulating layer and a 
projecting part including upper and side surfaces and pro 
jecting from the upper Surface of the insulating layer, and a 
second metal layer including an upper Surface and covering 
the upper and side Surfaces of the projecting part of the first 
metal layer. The upper surface of the pad body and the upper 
Surface of the wiring pattern are on the same plane. The 
upper Surface of the second metal layer is positioned lower 
than the upper surface of the solder resist layer. 
0007. The object and advantages of the invention will be 
realized and attained by means of the elements and combi 
nations particularly pointed out in the claims. 
0008. It is to be understood that both the foregoing 
general description and the followed detailed description are 
exemplary and explanatory and are not restrictive of the 
invention, as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0009 FIGS. 1A-1D are cross-sectional views illustrating 
a wiring Substrate according to a first embodiment of the 
present invention; 
0010 FIGS. 2A-2E are plan views illustrating the vicin 
ity of part A of FIG. 1A: 
0011 FIGS. 3A-7D are schematic diagrams illustrating 
processes for manufacturing a wiring Substrate according to 
the first embodiment of the present invention; 
0012 FIG. 8 is a cross-sectional view illustrating a wir 
ing Substrate according to a second embodiment of the 
present invention; 
0013 FIG. 9 is a cross-sectional view illustrating a wir 
ing Substrate according to a third embodiment of the present 
invention; 
0014 FIG. 10 is a cross-sectional view illustrating a 
semiconductor package of a first applied example of the first 
embodiment; 
0015 FIG. 11 is a cross-sectional view illustrating a 
semiconductor package of a second applied example of the 
first embodiment; 
0016 FIGS. 12A and 12B are schematic diagrams illus 
trating a wiring Substrate of a third applied example of the 
first embodiment; and 
0017 FIGS. 13 A-13C are cross-sectional views illustrat 
ing a part of a wiring example according to a practical 
example of the present invention. 

DESCRIPTION OF EMBODIMENTS 

0018. In the following, embodiments of the present 
invention are described with reference to the accompanying 
drawings. 
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First Embodiment 

Structure of Wiring Substrate of First Embodiment 
0019 First, a structure of a wiring substrate 1 according 

to a first embodiment of the present invention is described. 
FIGS. 1A-1D are cross-sectional views illustrating the wir 
ing substrate 1 of the first embodiment. FIGS. 1B and 1C are 
enlarged views of part A of FIG. 1A. FIG. 1D is an enlarged 
view of part B of FIG. 1A. FIGS. 2A-2E are plan views 
illustrating the vicinity part A of FIG. 1A. For the sake of 
convenience, a solder resist layer is illustrated with a satin 
finish pattern. 
0020. With reference to FIGS. 1A to 2C, the wiring 
Substrate 1 includes a pad 10, a wiring layer 11, an insulating 
layer 14, a wiring layer 15, an insulating layer 16, a wiring 
layer 17, a solder resist layer 18, and a solder resist layer 19. 
The wiring layer 1 is a so-called coreless built-up wiring 
substrate. 
0021 For the sake of convenience, the side positioned 
toward the solder resist layer 19 (upper side in FIG. 1A) may 
be described as “upper side' or “one side' whereas the side 
positioned toward the solder resist layer 18 (lower side in 
FIG. 1A) may be described as “lower side' or “other side'. 
Further, a surface of each part (element) positioned toward 
the side of the solder resist layer 19 may be described as 
“upper surface' or “one surface' whereas a surface of each 
part (element) positioned toward the solder resist layer 18 
may be described as “lower surface' or “other surface'. 
Further, a “plan view' refers to observing an object from a 
direction of a line normal to an upper Surface 14a of the 
insulating layer 14. A "plan-View shape” refers to a shape 
observed from a direction of a line normal to the upper 
Surface 14a of the insulating layer 14. 
0022. In the wiring substrate 1, the insulating layer 14 is 
a layer on which the wiring layer 11 is to be formed. A 
non-photosensitive thermosetting insulating resin having, 
for example, an epoxy type resin as a main component may 
be used as the material of the insulating layer 14. In this 
embodiment, the insulating layer 14 includes a reinforce 
ment member 14g. The reinforcement member 14g may be, 
for example, a woven or non-woven fabric Such as glass 
fabric or an aramid fabric. The insulating layer 14 may 
include a filler such as silica (SiO2). The thickness of the 
insulating layer 14 may be, for example, approximately 10 
um to 50 Lum. 
0023 The upper surface 14a of the insulating layer 14 is 
a roughened surface. The average roughness (Ra) of the 
upper Surface 14a of the insulating layer 14 may be greater 
than or equal to 0.3 um and less than 0.8 um. The roughness 
of the upper surface 14a of the insulating layer 14 may be 
measured by using an optical interference device (also for 
measuring the roughness of other Surfaces). By roughening 
the upper Surface 14a of the insulating layer 14, the adhe 
siveness between the upper Surface 14a of the insulating 
layer 14 and the solder resist layer 19 can be improved. 
0024. The wiring layer 11 is embedded in the insulating 
layer 14. A lower surface lit of the wiring layer 11 and a side 
surface 11v of the wiring layer 11 are covered by the 
insulating layer 14. The upper surfaces 11u, 11 w of the 
wiring layer 14 are exposed in parts of the wiring layer 14 
that are recessed from the upper surface 14a of the wiring 
layer 14. That is, step parts Zare provided between the upper 
surfaces 11u, 11 w of the wiring layer 11 and the upper 
Surface 14a of the insulating layer 14. For example, copper 
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(Cu) may be used as the material of the wiring layer 11. The 
thickness of the wiring layer 11 may be, for example, 
approximately 5 um to 20 um. The depth of the parts of the 
wiring layer 14 from the upper Surface 14a of the insulating 
layer 14 and the upper surface 11u, 11 w of the wiring layer 
11 (i.e., depth of step part Z) may be, for example, approxi 
mately 2 um to 4 um. 
0025. The wiring layer 11 includes a pad body 11A 
forming a part of a pad 10 and a wiring pattern 11B. The 
width of the wiring pattern 11B need not be constant. For 
example, a part of the wiring pattern 11B that is to be 
connected to a via wiring may be formed to have a large 
width (end part of the wiring pattern 11B). Further, the end 
part of the wiring pattern 11B may be connected to the pad 
10. The upper surface 11 w of the pad body 11A and the 
upper surface 11u of the wiring pattern 11B are positioned 
Substantially on the same plane. In a case where the pad 
body 11A and the wiring pattern 11B need not be distin 
guished from each other, the pad body 11A and the wiring 
pattern 11B may be simply referred to as “wiring layer 11. 
The wiring pattern 11B may be provided in a narrow pitch 
for connecting multiple electronic devices (e.g., semicon 
ductor devices) mounted on the wiring Substrate 1. Alterna 
tively, the wiring pattern 11B may be provided as a lead out 
wiring. 
(0026. The pad 10 includes a pad body 11A. The pad 10 
also includes first and second metal layers 12, 13 that are 
sequentially layered on the upper Surface 11W of the pad 
body 11A. The pad 10 is a part that is to be connected to a 
semiconductor chip or the like by way of a bonding wire or 
solder. For example, multiple pads 10 may be arranged 
along the periphery of the semiconductor chip or the like. In 
this case, the pads 10 may be provided in multiple rows. 
0027. As illustrated in FIG. 2A, the plan-View shape of 
the pad 10 may be, for example, a rectangular shape. In this 
case, the width of the pad 10 may be substantially the same 
as the width of the wiring pattern 11B as illustrated in FIG. 
2B. Alternatively, the plan-view shape of the pad 10 may be 
another shape Such as a circular shape. In this case, the 
diameter of the pad 10 may be, for example, approximately 
50 um to 100 um. 
0028. As illustrated in FIGS. 2A-2C, a so-called NSMD 
(Non-Solder Mask Define) structure may be formed in 
which an opening 19.x is formed larger than the pad 10, so 
that the pad 10 is entirely exposed in the opening 19x. 
Alternatively, the pad 10 may be partly covered by the solder 
resist layer 19 as illustrated in FIGS. 2D and 2E. FIG. 2E 
illustrates a so-called SMD (Solder Mask Define) structure. 
0029. It is to be noted that an upper surface 11 w of the pad 
body 11A is a Smooth Surface having an average roughness 
(Ra) of, for example, approximately 0.05 um or more and 
less than 0.2 Lum. By Smoothening the upper Surface 11W of 
the pad body 11A, both an upper surface 12u of the first 
metal layer 12 and an upper surface 13u of the second metal 
layer 13 formed on the upper surface 12u of the first metal 
layer 12 can also become Smooth surfaces. If the upper 
surface 11 w of the pad body 11A is a roughened surface, the 
roughened Surface may cause the thicknesses of the first and 
second metal layers 12, 13 to become uneven. However, by 
forming the upper surface 11 w of the pad body 11A into a 
Smooth Surface, the thicknesses of the first and second metal 
layers 12, 13 can be even. Thereby, for example, wettability 
can be improved when connecting a bonding wire to the 
upper surface 13u of the second metal layer 13 or connecting 
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an electrode pad of a semiconductor chip by way of Solder. 
Thus, connection reliability can be improved. 
0030. On the other hand, an upper surface 11u of the 
wiring pattern 11B is a roughened surface that has an 
average roughness (Ra) of for example, approximately 0.3 
um or more and less than 0.8 um. The wiring pattern 11B 
that is to be covered by the solder resist layer 19 can attain 
an anchor effect by roughening the upper Surface 11u of the 
wiring pattern 11B. Thereby, the adhesiveness between the 
wiring pattern 11B and the solder resist layer 19 can be 
improved. 
0031. The first metal layer 12 of the pad 10 is formed on 
the upper surface 11 w of the pad body 11A. The first metal 
layer 12 includes an embedded part 12-1 embedded in the 
insulation layer 14 and a projecting part 12-2 projecting 
from the upper surface 14a of the insulating layer 14. That 
is, the first metal layer 12 has a part of the side surface 12y 
embedded in the insulating layer 14 and another remaining 
part of the side Surface 12v exposed from the insulating layer 
14. More specifically, the embedded part 12-1 is formed by 
having a lower surface 12t of the first metal layer 12 contact 
the upper surface 11 w of the pad body 11A and having a 
lower end side (i.e., side toward the pad body 11A) of the 
side surface 12v of the first metal layer 12 contact and be 
covered by the insulating layer 14. Further, the projecting 
part 12-2 is formed by having an upper end side (i.e., side 
toward the second metal layer 13) of the side surface 12v of 
the first metal layer 12 and the upper surface 12u of the first 
metal layer 12 exposed from the insulating layer 14. For 
example, nickel (Ni) may be used as the material of the first 
metal layer 12. The thickness of the first metal layer 12 may 
be, for example, approximately 3 um to 10 Jum. The height 
H of the upper surface 12u of the first metal layer 12 from 
the upper Surface 14a of the insulating layer 14 (i.e., 
projecting amount of the projecting part 12-2 of the first 
metal layer 12) may be, for example, approximately 1 um to 
8 um. The embedded part 12-1 and the projecting part 12-2 
are formed of the same material and are integrally (continu 
ously) formed. 
0032. As illustrated in FIG. 1C, an outer peripheral part 
12s of the projecting part 12-2 of the first metal layer 12 may 
contact the upper Surface 14a of the insulating layer 14 and 
extend in a surface direction. That is, the diameter of the 
projecting part 12-2 of the first metal layer 12 is greater than 
the diameter of the embedded part 12-1 of the first metal 
layer 12 (diameter of an opening of the insulating layer 14 
that exposes the pad body 11A). For example, in a case 
where the plan-view shape of the pad 10 is a circular shape, 
the outer peripheral part 12s of the projecting part 12-2 of 
the first metal layer 12 extends to the upper surface 14a of 
the insulating layer 14 to form a circular ring-like shape. The 
first metal layer 12 may be formed by using, for example, a 
plating process. The shapes illustrated in FIG. 1B or FIG. 1C 
can be obtained based on the conditions of the plating 
process. In the example illustrated in FIG. 1B or FIG. 1C, 
the cross section of the part that connects the upper Surface 
12u of the first metal layer 12 and the side surface 12v of the 
first metal layer 12 may have, for example, a rounded shape 
(R-shape) or a chamfered shape. 
0033. The second metal layer 13 of the pad 10 is formed 
to cover the projecting part 12-2 of the first metal layer 12 
(exposed part of the first metal layer 12 projecting from the 
upper Surface 14a of the insulating layer 14) and the side 
surface 12v of the first metal layer 12. For example, gold 
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(Au) may be used as the material of the second metal layer 
13. The thickness of the second metal layer 13 may be, for 
example, approximately 0.06 um to 1 Lum. The upper Surface 
13u of the second metal layer 13 is positioned lower than the 
upper surface 19a of the solder resist layer 19. The height 
(vertical) difference between the upper surface 13u of the 
second metal layer 13 and the upper surface 19a of the 
solder resist layer 19 may be, for example, approximately 3 
um to 10 Lum. 
0034. The solder resist layer 19 is formed on the upper 
surface 14a of the insulating layer 14. More specifically, the 
solder resist layer 19 includes an opening 19x that exposes 
the pad 10. The solder resist layer 19 is formed to bury a step 
part Z formed by the upper surface 14a of the insulating 
layer 14 and the upper surface 11u of the wiring pattern 11B. 
It is to be noted that one opening 19x may be provided in 
correspondence with each pad 10. Alternatively, one open 
ing 19x may be provided to expose multiple pads 10. 
Further, a part of the wiring pattern 11B connected to the pad 
10 may be exposed in the opening 19x. In this case, the first 
and second metal layers 12, 13 are also layered on the wiring 
pattern 11B exposed in the opening 19.x. For example, a 
photosensitive insulating layer having a phenol type resin or 
a polyimide type resin as a main component may be used as 
the material of the solder resist layer 19. Alternatively, a 
non-photosensitive insulating resin (thermosetting resin) 
having, for example, an epoxy type resin or a polyimide type 
resin as a main component may be used as the material of the 
solder resist layer 19. The solder resist layer 19 may include 
a filler such as silica (SiO) or alumina. The thickness of the 
solder resist layer 19 may be, for example, approximately 5 
um to 12 Lum. 
0035. The wiring layer 15 is formed on the side of the 
lower surface of the insulating layer 14. The wiring layer 15 
includes a via wiring filled in a via hole 14x that penetrates 
the insulating layer 14 and exposes a lower Surface of the 
wiring layer 11. The wiring layer 15 also includes a wiring 
pattern formed on the lower surface of the insulating layer 
14. The via hole 14x may be a recess including one opening 
on a side of the insulating layer 16 and another opening 
exposing a lower surface of the wiring layer 11 in which the 
one opening has an area that is larger than the area of the 
bottom surface of the other opening. For example, in a case 
where the openings on both sides of the via hole 14x are 
circular shapes, the via hole 14x is a recess having a circular 
truncated cone shape. 
0036 That is, a part of the via wiring of the wiring layer 
15 that contacts the lower surface of the wiring layer 11 has 
an area Smaller than an area of a part of the via wiring of the 
wiring layer 15 that is exposed from the lower surface of the 
insulating layer 14 (a border part of the via wiring of the 
wiring layer 15 between the wiring pattern of the wiring 
layer 15). It is to be noted that the via wiring of the wiring 
layer 15 need not be connected to the entire lower surface of 
the pad body 11A and the entire lower surface of the wiring 
pattern 11B. 
0037. The wiring layer 15 is electrically connected to the 
wiring layer 11 exposed at a bottom part of the via hole 14x. 
For example, copper (Cu) may be used as the material of the 
wiring layer 15. The thickness of the wiring pattern of the 
wiring layer 15 may be, for example, approximately 5 um to 
20 um. 
0038. The insulating layer 16 is formed on the lower 
Surface of the insulating layer 14 to cover the wiring layer 
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15. The material of the insulating layer 16 may be the same 
insulating resin that is used to form the insulating layer 14. 
In this embodiment, the insulating layer 16 includes a 
reinforcement member 16g. The reinforcement member 16g 
may be, for example, a woven or non-woven fabric Such as 
glass fabric or an aramid fabric. The insulating layer 16 may 
include a filler such as silica (SiO2). The thickness of the 
insulating layer 16 may be, for example, approximately 10 
um to 50 Lum. 
0039. The wiring layer 17 is formed on the side of the 
lower surface of the insulating layer 16. The wiring layer 17 
includes a via wiring filled in a via hole 16x that penetrates 
the insulating layer 16 and exposes a lower Surface of the 
wiring layer 15. The wiring layer 17 also includes a wiring 
pattern formed on the lower surface of the insulating layer 
16. The via hole 16x may be a recess including one opening 
on a side of the Solder resist layer 18 and another opening 
exposing a lower surface of the wiring layer 15 in which the 
one opening has an area that is larger than the area of the 
bottom surface of the other opening. For example, in a case 
where the openings on both sides of the via hole 16x are 
circular shapes, the via hole 16x is a recess having a circular 
truncated cone shape. 
0040. That is, a part of the via wiring of the wiring layer 
17 that contacts the lower surface of the wiring layer 15 has 
an area Smaller than an area of a part of the via wiring of the 
wiring layer 17 that is exposed from the lower surface of the 
insulating layer 16 (a border part of the via wiring of the 
wiring layer 17 between the wiring pattern of the wiring 
layer 17). 
0041. The wiring layer 17 is electrically connected to the 
wiring layer 15 exposed at a bottom part of the via hole 16x. 
For example, copper (Cu) may be used as the material of the 
wiring layer 17. The thickness of the wiring pattern of the 
wiring layer 17 may be, for example, approximately 5 um to 
20 um. 
0042. The solder resist layer 18 is formed on the lower 
surface of the insulating layer 16 to cover the wiring layer 
17. The solder resist layer 18 includes an opening 18x to 
selectively expose the wiring layer 17. A part of the wiring 
layer 17 is exposed at a bottom part of the opening 18x. 
More specifically, a lower surface 17t of the wiring layer 17 
includes a center part 17p and an outer edge part 17s 
provided at an outer side of the center part 17p. The center 
part 17p of the lower surface 17t of the wiring layer 17 has 
a smooth surface whereas the outer edge part 17s of the 
lower surface 17t of the wiring layer 17 has a roughened 
surface. The outer edge part 17s of the lower surface 17t of 
the wiring layer 17 is covered by the solder resist layer 18. 
The center part 17p of the lower surface 17t of the wiring 
layer 17 is exposed in the opening 18x. 
0043. The roughness of the outer edge part 17s of the 
lower surface 17t of the wiring layer 17 and the roughness 
of a side surface 17v of the wiring layer 17 may be the same 
as the roughness of the upper Surface 11u of the wiring 
pattern 11B. For example, the average roughness (Ra) of 
each of the outer edge part 17s of the lower surface 17t of 
the wiring layer 17 and the side surface 17v of the wiring 
layer 17 may be 0.3 um or more and less than 0.8 um. 
Further, the roughness of the center part 17p of the lower 
surface 17t of the wiring layer 17 may be the same as the 
roughness of the upper surface 11 w of the pad body 11A. For 
example, the average roughness (Ra) of the center part 17p 
of the lower surface 17t of the wiring layer 17 may be 0.05 
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um or more and less than 0.2 Lum. That is, the center part 17p 
of the lower surface 17t of the wiring layer 17 is a smooth 
Surface. 
0044) The center part 17p of the lower surface 17t of the 
wiring layer 17 that is exposed at the bottom part of the 
opening 18x functions as a pad to be electrically connected 
to, for example, another wiring Substrate or a semiconductor 
package. The thickness and the material of the Solder resist 
layer 18 may be the same as those of the solder resist layer 
19. 
0045. According to necessity, a surface processed layer 
(not illustrated) may be formed on the center part 17p of the 
lower surface 17t of the wiring layer 17 exposed at the 
bottom part of the opening 18x. The thickness of the surface 
processed layer may be, for example, approximately 0.5um 
to 1 Lum. The Surface processed layer may be, for example, 
a gold layer (Au), a nickel/gold (Ni/Au) layer (i.e. metal 
layer including a Nilayer and an Au layer layered in this 
order), or a nickel/palladium/gold (Ni/Pd/Au) layer (i.e. 
metal layer including an Nilayer, a Pd layer, and an Aulayer 
layered in this order). Alternatively, a Surface processed 
layer may be formed by performing an oxidation preventing 
process such as an OSP (Organic Solderability Preservative) 
process on the center part 17p of the lower surface 17t of the 
wiring layer 17 that is exposed at the bottom part of the 
opening 18x. The surface processes layer that is formed by 
the OSP process is an organic film formed of, for example, 
an azole compound or an imidazole compound. 
0046) In this embodiment, because the center part 17p of 
the lower surface 17t of the wiring layer 17 that is exposed 
at the bottom part of the opening 18x is a smooth surface, the 
lower surface of the surface processed layer that is formed 
on the center part 17p of the lower surface 17t of the wiring 
layer 17 also becomes a smooth surface, and the thickness 
of the surface processed layer becomes even. Thereby, 
connection reliability between the surface processed layer 
and an object (e.g., Solder) connected to the Surface pro 
cessed layer) can be improved. 

Method for Manufacturing Wiring Substrate of 
First Embodiment 

0047 Next, a method for manufacturing a wiring sub 
strate according to the first embodiment of the present 
invention is described. FIG. 3A-7D are schematic diagrams 
illustrating processes for manufacturing the wiring Substrate 
of the first embodiment. 
0048 First, in the processes illustrated in FIGS. 3A and 
3B, a support body 100 is fabricated. (FIG. 3A is a cross 
sectional view illustrating the support body 100, FIG. 3B is 
a plan view illustrating the Support body). More specifically, 
a prepreg 110a is first prepared. The prepreg 110a may be 
formed of a resin (e.g., epoxy type resin) impregnated in a 
woven or non-woven cloth (not illustrated) made of glass 
fiber or an aramid fiber. The prepreg 110a is in a B-stage 
(semi-cured) state. The plan-view shape of the prepreg 110a 
may be a rectangular shape having a dimension of approxi 
mately 400 mm to 500 mm in both length and width. The 
thickness of the prepreg 110a may be, for example, approxi 
mately 10 um to 100 Lum. However, depending on the 
strength that is desired for the support body 100, two 
superposed layers of the prepreg 110a may be used to form 
the support body 100. Instead of using the prepreg 110a, a 
resin that does not include a glass cloth or the like may be 
used to form the support body. 
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0049. Then, two carrier-attached metal foils 120 are 
prepared. The carrier-attached metal foil 120 has a structure 
in which a thin foil 121 is peelably adhered on a thick foil 
(carrier foil) 122 by way of a peeling layer (not illustrated). 
The thick foil 122 may be formed of copper and have a 
thickness of for example, approximately 10 um to 50 um. 
The thin foil 121 may also be formed of copper and have a 
thickness of, for example, 1.5um to 5um. The thick foil 122 
is used as a Supporting member for facilitating the handling 
of the thin foil 121. The carrier-attached metal foil 120 may 
be formed to have a slightly smaller plan-view shape than 
the plan-view shape of the prepreg 110a. In this embodi 
ment, the thin foil 121 is described as a thin foil made of 
copper (Cu). 
0050. Then, as illustrated in the area above the arrow of 
FIG. 3A, the first carrier-attached metal foil 120 is posi 
tioned as the lowermost layer of the support member 100 in 
a state having the thin foil 121 faced downward. Then, the 
prepreg 110a is layered on the thick foil 122 of the first 
carrier-attached metal foil 120. Then, the second carrier 
attached metal foil 120 is layered on the prepreg 110a in a 
state having the thin foil 121 faced upward. It is to be noted 
that the aforementioned members are sequentially layered to 
have their centers substantially matched to each other. 
0051. Then, the prepreg 110a is cured by exerting pres 
sure from the upper carrier-attached metal foil 120 to the 
side of the lower carrier-attached copper foil 120 in a state 
where the prepreg 110a is heated at a temperature of 
approximately 190° C. to 23.0°C. in a vacuum atmosphere. 
Thereby, as illustrated in the area below the arrow of FIG. 
3A, the prepreg 110a is cured to become a resin layer 110 
having each of the carrier-attached metal foils 120 embed 
ded and adhered to a corresponding side of the resin layer 
110. 

0052. The upper surface (upper surface of thin foil 121) 
of the upper carrier-attached metal foil 120 is exposed from 
the upper surface of the resin layer 110. The side surface of 
the upper carrier-attached metal foil 120 is covered by and 
adhered to the resin layer 110. The upper surface of the thin 
foil 121 of the upper carrier-attached metal foil 120 may be 
flush with, for example, the upper surface of the resin layer 
110. Further, the lower surface (lower surface of thin foil 
121) of the lower carrier-attached metal foil 120 is exposed 
from the lower surface of the resin layer 110. The side 
surface of the lower carrier-attached metal foil 120 is 
covered by and adhered to the resin layer 110. The lower 
surface of the thin foil 121 of the lower carrier-attached 
metal foil 120 may be flush with, for example, the lower 
surface of the resin layer 110. In a case where the upper 
surface of the thin foil 121 and the lower surface of the thin 
foil 121 are formed to have roughened surfaces, respec 
tively, the average roughness (Ra) of each of the upper and 
lower surfaces of the thin foils 121 may be, for example, 
approximately 0.3 um or more and less than 0.8 um. In a 
case where the upper surface of the thin foil 121 and the 
lower surface of the thin foil 121 are not formed to have 
roughened surfaces but are formed to have Smooth surfaces, 
the average roughness (Ra) of each of the upper and lower 
surfaces of the thin foils 121 may be, for example, approxi 
mately less than 0.2 Lum. In this embodiment, the upper 
surface of the thin foil 121 and the lower surface of the thin 
foil 121 are described to have roughened surfaces. 
0053. In FIG. 3B, each region being surrounded by the 
double-dot dash line C is a region that is to become the 
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sheet-like wiring Substrate 1. That is, each region being 
surrounded by the double-dot dash line C corresponds to a 
single wiring substrate 1 that is individualized from multiple 
wiring Substrates 1 obtained by removing the Support body 
100, further forming necessary layers, and cutting the resin 
layer 110 along the double-dot dash line C (see FIG. 3B). 
Each region being surrounded by the double-dot dash line C 
is arranged more inward than an outer edge of each of the 
upper and lower carrier-attached carrier foils 11 from a plan 
view. Although the embodiment of FIG. 3B is illustrated to 
have ten regions surrounded by the double-dot dash line C, 
the number of regions is not limited to ten. 
0054 Alternatively, a sheet-like wiring substrate includ 
ing multiple wiring Substrates 1 (e.g., 20 wiring Substrates) 
may be fabricated by forming the multiple wiring substrates 
1 in the regions surrounded by the double-dot dash line C 
and cutting the wiring Substrates along the double-dot dash 
line C in the final stages of the manufacturing process. For 
the sake of convenience, one of the multiple wiring Sub 
strates 1 that is fabricated in one of the regions surrounded 
by the double-dot dash line C is described. 
0055. Then, in the process illustrated in FIG. 4A, the 
wiring layers 11 (pad body 11A and wiring pattern 11B) are 
formed on the one and the other surfaces 110a, 110b of the 
support body 100, respectively. More specifically, a resist 
layer including an opening corresponding to the wiring-layer 
11 is formed on each of the one and the other surfaces 110a, 
110b of the support body 100 by using a dry film resist or the 
like. Then, the wiring layers 11 are formed on the one and 
the other surfaces 110a, 110b of the support body 100 
exposed in the opening of the resist layer. For example, the 
wiring layers 11 may be formed by an electroplating method 
that uses each of the carrier-attached metal foils as power 
feeding layers. In this embodiment, the material of the 
wiring layer 11 is described as copper (Cu). 
0056. Then, in the process illustrated in FIG. 4B, the 
insulating layer 14 including the reinforcement member 14g 
is formed on each of the one and the other surfaces 100a, 
100b of the support body 100 to cover each of the wiring 
layers 11. The insulating layer 14 may include a filler such 
as silica (SiO2). The thickness of the insulating layer 14 may 
be, for example, approximately 10 um to 50 lum. More 
specifically, so-called prepregs are prepared. Each prepreg is 
formed of a non-photosensitive thermosetting insulating 
resin (e.g., epoxy type resin) that is impregnated in the 
reinforcement member 14g. The reinforcement member 14g 
may be a woven or non-woven cloth made of glass fiber or 
an aramid fiber. The prepregs are laminated on the one and 
the other surfaces 100a, 100b of the support body 100, 
respectively. Then, each of the laminated prepregs is cured 
by exerting pressure thereto in a state where the insulating 
resin of the prepreg is heated at a temperature greater than 
or equal to a thermosetting temperature. Thereby, the insu 
lating layer 14 including the reinforcement member 14g is 
formed. By laminating the prepreg (insulating resin) in a 
vacuum atmosphere, the forming of Voids can be prevented. 
0057 Then, in the process illustrated in FIG. 4C, the via 
hole 14x that penetrates each insulating layer 14 and exposes 
the surface of each wiring layer 11 is formed. The via hole 
14x may be formed by a laser processing method using, for 
example, a CO laser. After the via hole 14x is formed, it is 
preferable to perform a desmearing process for removing 
residual resin adhered to the surface of the wiring layer 11 
exposed at a bottom part of the via hole 14x. 
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0058. The via hole 14x that is formed by the laser 
processing method may be a recess including an opening on 
the side in which the insulating layer 16 is to be formed and 
a bottom surface formed by the surface of the wiring layer 
11. The area of the opening on the side for forming of the 
insulating layer 16 is larger than the area of the bottom 
Surface of the recess. For example, in a case where the 
openings on both sides of the via hole 14x is formed into 
circular shapes, the shape of the via hole 14x is a circular 
truncated cone shape when the wiring layer 11 is positioned 
on the upper side of the support body 11. In this case, the 
diameter of the opening of the via hole 14x on the side in 
which the insulating layer 16 is to be formed may be, for 
example, approximately 50 um to 100 Lum. 
0059. Then, in the process illustrated in FIG. 5A, the 
wiring layer 15 is layered on each insulating layer 14. The 
wiring layer 15 includes a via wiring that is filled in the via 
hole 14.x. The wiring layer 15 also includes a wiring pattern 
formed on the insulating layer 14. A part of the via wiring 
of the wiring layer 15 that contacts the surface of the wiring 
layer 11 has an area Smaller than an area of a part of the via 
wiring of the wiring layer 15 that is exposed from the surface 
of the insulating layer 14 (a border part of the via wiring of 
the wiring layer 15 between the wiring pattern of the wiring 
layer 15). The wiring layer 15 is electrically connected to the 
wiring layer 11 exposed at the bottom part of the via hole 
14.x. For example, copper (Cu) may be used as the material 
of the wiring layer 15. The thickness of the wiring pattern of 
the wiring layer 15 may be, for example, approximately 5 
um to 20 Lum. The wiring layer 15 may be formed by using 
various wiring forming methods such as a semi-additive 
method or a subtractive method. 
0060. In a case where the wiring layer 15 is formed by 
using a semi-additive method, first, a seed layer (not illus 
trated) made of copper (Cu) or the like is formed by using 
an electroless plating method or a sputtering method. The 
seed layer is formed on surface of the wiring layer 11 
exposed at the bottom part of the via hole 14x and the entire 
surface of the wiring layer 14 including the inner wall 
surface of the via hole 14x. Then, a resist layer (not 
illustrated) including an opening part corresponding to the 
wiring layer 15 is formed on the seed layer. Then, an 
electroplating layer (not illustrated) made of copper (Cu) or 
the like is formed in the opening of the resist layer. The 
electroplating layer is formed by an electroplating method 
using the seed layer as a power-feeding layer. Then, after 
removing the resist layer, the electroplating layer is used as 
a mask to etch (remove) a part of the seed layer that is not 
covered by the electroplating layer. Thereby, the wiring layer 
15 having the electroplating layer layered on the seed layer 
is formed. 

0061. Then, in the process illustrated in FIG. 5B, the 
insulating layer 16 including the reinforcement member 16g 
that covers the wiring layer 15 is formed on the insulating 
layer 14 by performing the same processes illustrated in 
FIGS. 4B to 5A. Then, the via hole 16x is formed in the 
insulating layer 16, and the wiring layer 17 is formed on the 
insulating layer 16. The wiring layer 17 is electrically 
connected to the wiring layer 15 by way of the via hole 16x. 
0062. Then, in the process illustrated in FIG. 6A, a part 
of the support body 100 is removed from the structural body 
illustrated in FIG. 5B. More specifically, first, a protective 
film 150 (e.g., resin film) that covers the wiring layer 17 is 
laminated on each insulating layer 16. Then, the Support 
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body 100 and the wiring members layered on both surfaces 
of the support body 100 are cut by using a router or the like. 
The support body 100 and the wiring members are cut at an 
area that is more inward than an outer edge of each carrier 
attached metal foil 120 but more outward than each region 
surrounded by the double-dot dash line C from the plan view 
illustrated in FIG. 3B. Thus, a part of the support body 100 
is removed from the structural body illustrated in FIG. 5B at 
an area in which the side surface of the carrier-attached 
metal foil 120 and the resin layer 110 are adhered to each 
other. Accordingly, the support body 100 and the wiring 
members layered on the support body 100 are held together 
only by the adhesive force between the thin foil 121 and the 
thick foil 122. 

0063. Then, the thin foil 121 and the thick foil 122 of 
each carrier-attached metal foil 120 are peeled at an interface 
between the thin foil 121 and the thick foil 122 by exerting 
mechanical force to the support body 100. Because the 
carrier-attached metal foil 120 has a structure in which the 
thick foil 122 is peelably adhered to the thin foil 121 by way 
of a peeling layer (not illustrated) as described above, the 
thick foil 121 can be easily peeled from the thin foil 121 
together with the peeling layer. 
0064. Accordingly, only the thin foil 121 remains on the 
side of the insulating layer 14 of each whereas the other 
members included in the support member 100 (members of 
the support member 100 other than the thin foil 121) are 
removed. Other than a case where the thick foil 122 is peeled 
from the thin foil 121 together with the peeling layer, the 
thick foil 122 may peel from the thin foil 121 when cohesion 
failure occurs in the peeling layer. Further, the thick foil 122 
may peel from the thin foil 121 by the thick foil 122 peeling 
from the peeling layer. 
0065. In this process, two wiring members, each of which 
having the thin foil 121 formed on the side of the insulating 
layer 14, are obtained. However, for the sake of conve 
nience, the following processes are described for only one of 
the two wiring members. Nevertheless, the following pro 
cesses are also performed on the other one of the two wiring 
members. 

0066. Then, in the process illustrated in FIG. 6B, the thin 
foil 121 is removed by etching to expose the upper surface 
14a of the insulating layer 14. The thin foil 121 made of 
copper may be removed by a wet-etching method using, for 
example, a hydrogen peroxide/sulfuric acid solution, a 
Sodium persulfate Solution, or an ammonium persulfate 
Solution. Because the wiring layer 11 is also made of copper, 
a part of the upper surface of the wiring layer 11 is removed 
by the etching. Thereby, a step part Z is formed between the 
upper surfaces 11 u, 11 w of the wiring layer 11 and the upper 
surface 14a of the insulating layer 14. Thereby, the upper 
surfaces 11u, 11 w of the wiring layer 11 are exposed at areas 
that are recessed relative to the upper surface 14a of the 
insulating layer 14. 
0067. The upper surface 11 w of the pad body 11A and the 
upper surface 11u of the wiring pattern 11B are etched to be 
positioned on substantially the same plane. The depths D of 
the step parts Z from the upper surfaces 11u, 11 w of the 
wiring layer 11 (upper surface 11 w of the pad body 11A and 
the upper surface 11u of the wiring pattern B) may be, for 
example, approximately 2 um to 4 um. The depth D of the 
step part Z may be adjusted to a given value by controlling 
the etching time. Because the wiring layer 17 is covered by 
the protective film 150, the wiring layer 17 is prevented from 



US 2016/0307834 A1 

being partly or entirely removed by the etching of the thin 
foil 121 and a portion of the wiring layer 11. 
0068. As described above, the surface of the thin foil 121 
that contacts the wiring layer 11 and the insulating layer 14 
has a roughened surface (e.g., average roughness (Ra) of 
approximately 0.3 um or more and less than 0.8 um). 
Therefore, the roughened surface of the thin foil 121 is 
transferred to the upper surface 14a of the insulating layer 
14. On the other hand, the surface of the wiring layer 11 that 
had been contacting the roughened surface of the thin foil 
121 is removed by etching. Therefore. The exposed upper 
surfaces 11u, 11 w of the wiring layer 11 that are recessed 
relative to the upper surface 14a of the insulating layer 14 
have Smoothened surfaces (e.g., average roughness (Ra) of 
approximately 0.05 um or more and less than 0.2 um). 
0069. Then, in the process illustrated in FIG. 7A, the 
upper surfaces 11u, 11 w of the wiring layer 11 exposed from 
the upper surface 14a of the insulating layer 14 and the 
lower and side surfaces of the wiring layer 17 exposed from 
the lower surface of the insulating layer 16 are roughened 
after removing the protective film 150 illustrated in FIG. 6B. 
The roughening of the exposed surfaces of the wiring layers 
11, 17 may be performed by, for example, a wet-etching 
method using formic acid. 
0070 The average roughness (Ra) of the exposed sur 
faces of the wiring layers 11, 17 may be, for example, 
approximately 0.3 um or more and less than 0.8 um. 
(0071. Then, in the process illustrated in FIG. 7B, the 
solder resist layer 19 that covers the wiring layer 11 is 
formed on the upper surface 14a of the insulating layer 14. 
Further, the solder resist layer 18 that covers the wiring layer 
17 is formed on the lower surface of the insulating layer 16. 
For example, a liquid or paste-like insulating resin may be 
applied on the insulating layers 14, 16 to cover the wiring 
layers 11, 17 by using a screen-printing method, a roll 
coating method, or a spin-coating method. Alternatively, a 
film-like insulating resin may be laminated on the insulating 
layers 14, 16 to cover the wiring layers 11, 17. For example, 
a photosensitive insulating resin having a phenol type resin 
or a polyimide type resin as a main component may be used 
as the insulating resin. 
0072 Then, the opening 19x that exposes the pad body 
11A of the wiring layer 11 is formed in the solder resist layer 
19 by exposing and developing the applied or laminated 
insulating resin (photolithography method). In this embodi 
ment, the opening 19x is formed at the periphery of the pad 
body 11A from a plan view, so that the upper surface 14a of 
the insulating layer 14 is exposed. Similarly, the opening 18x 
is formed in the solder resist layer 18 to selectively expose 
the wiring layer 17 (photolithography method). In this 
embodiment, the opening 18x is formed, so that an outer 
edge part of the lower surface 17t of the wiring layer 17 is 
covered by the solder resist layer 18 and a center part of the 
lower surface 17t of the wiring layer 17 is exposed from the 
solder resist layer 18. The openings 19x, 18x may be formed 
by, for example, a laser processing method or a blasting 
method in a case where a non-photosensitive insulating resin 
(thermosetting resin) having an epoxy type resin or a poly 
imide type resin as a main component is used as the solder 
resist layers 19, 18. 
0073. The step part Z that is formed by the upper surface 
14a of the insulating layer 14 and the upper surface 11u of 
the wiring pattern 11B is buried by the solder resist layer 19. 
The adhesiveness between the wiring pattern 11B and the 
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solder resist layer 19 becomes satisfactory owing to an 
anchor effect caused by the above-described roughened 
surface of the upper surface 11u of the wiring pattern 11B. 
Similarly, the adhesiveness between the outer edge part 17s 
of the lower surface 17t and the side surface 17v of the 
wiring layer 17 (see FIG. 1D) and the solder resist layer 18 
becomes satisfactory owing to an anchor effect caused by the 
roughened surfaces of the outer edge part 17s of the lower 
surface 17t and the side surface 17v of the wiring layer 17. 
I0074 Then, in the process illustrated in FIG. 7C, an 
etching process is performed on the upper surface 11 w 
(roughened surface) of the pad body 11A that is exposed 
from the opening 19x of the solder resist layer 19, so that the 
exposed upper surface 11 w of the pad body 11A is formed 
into a smooth surface (e.g., etching) before the forming of 
the first and second metal layers 12, 13. Further, an etching 
process is also performed on the centerpart 17p of the lower 
surface 17t (roughened surface) of the wiring layer 17 that 
is exposed from the opening 18x of the solder resist layer 18, 
so that the exposed center part 17p of the lower surface 17t 
of the wiring layer 17 is formed into a smooth surface. The 
average roughness (Ra) of the upper surface 11 w of the pad 
body 11A exposed in the opening 19x of the solder resist 
layer 19 and the average roughness (Ra) of the center part 
17p of the lower surface 17t of the wiring layer 17 exposed 
from the opening 18x of the solder resist layer 18 may be, 
for example, approximately 0.05 um or more and less than 
0.2 Lum, respectively. For example, a hydrogen peroxide/ 
Sulfuric acid solution, a sodium persulfate solution, or an 
ammonium persulfate solution may be used as an etching 
liquid for performing the etching process. 
0075. Then, in the process illustrated in FIG. 7D, the pad 
10 is fabricated by sequentially layering the first and second 
metal layers 12, 13 on the upper surface 11 w of the pad body 
11A that is exposed from the opening 19x of the solder resist 
layer 19. The first and second metal layers 12, 13 may be 
formed by, for example, an electroplating method or an 
electroless plating method. In a case of using the electro 
plating method, a bus line is to be formed beforehand, so that 
electric power can be fed to the pad body 11A from the 
outside. 

0076. The first metal layer 12 is formed to include the 
embedded part 12-1 embedded in the insulation layer 14 and 
the projecting part 12-2 projecting from the upper surface 
14a of the insulating layer 14. That is, the first metal layer 
12 has a part of the side surface 12v embedded in the 
insulating layer 14 and another remaining part of the side 
surface 12v exposed from the insulating layer 14. More 
specifically, the embedded part 12-1 is formed by having the 
lower surface 12t of the first metal layer 12 contact the upper 
surface 11W of the pad body 11A and having a lower end side 
(i.e., side toward the pad body 11A) of the side surface 12y 
of the first metal layer 12 contact and be covered by the 
insulating layer 14. Further, the projecting part 12-2 is 
formed by having an upper end side (i.e., side toward the 
second metal layer 13) of the side surface 12v of the first 
metal layer 12 and the upper surface 12u of the first metal 
layer 12 exposed from the insulating layer 14. The embed 
ded part 12-1 and the projecting part 12-2 are formed of the 
same material and are integrally (continuously) formed. 
10077. For example, nickel (Ni) may be used as the 
material of the first metal layer 12. The thickness of the first 
metal layer 12 may be, for example, approximately 3 um to 
10 Jum. The height H of the upper surface 12u of the first 
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metal layer (see FIG. 1B) from the upper surface 14a of the 
insulating layer 14 may be, for example, approximately 1 
um to 4 um. The first metal layer 12 may be formed to have 
the cross-section illustrated in FIG. 1B or FIG. 1C. 

0078. The second metal layer 13 is formed to cover the 
projecting part 12-2 of the first metal layer 12 (exposed part 
of the first metal layer 12 projecting from the upper surface 
14a of the insulating layer 14) and the side surface 12v of the 
first metal layer 12. For example, gold (Au) may be used as 
the material of the second metal layer 13. The thickness of 
the second metal layer 13 may be, for example, approxi 
mately 0.06 um to 1 Lum. The upper surface 13u of the second 
metal layer 13 is positioned lower than the upper surface 19a 
of the solder resist layer 19. The height (vertical) difference 
between the upper surface 13u of the second metal layer 13 
and the upper surface 19a of the solder resist layer 19 may 
be, for example, approximately 3 um to 10 Jum. 
0079. In this process of FIG. 7D, a surface processed 
layer (not illustrated) may be formed on the center part 17p 
of the lower surface 17t of the wiring layer 17 exposed at the 
bottom part of the opening 18x. For example, an electro 
plating method or an electroless plating method may be used 
to form the Surface processed layer. An example of the 
surface processed layer is described above. 
0080. After the process illustrated in FIG. 7D, the struc 
tural body illustrated in FIG. 7D is cut along the double-dot 
dash line C by using a slicer or a router. Thereby, the 
manufacturing of multiple wiring substrates 1 (see FIG. 1A) 
is completed. 
0081. Accordingly, with the wiring substrate 1 according 

to the first embodiment of the present invention, the pad 11A 
is embedded in the insulating layer 14, and the upper Surface 
11 w of the pad body 11A is exposed at a part of the insulating 
layer 14 that is recessed relative to the upper surface 14a of 
the insulating layer 14. Further, the first metal layer 12 
including the embedded part 12-1 embedded in the insulat 
ing layer 14 and the projecting part 12-2 projecting from the 
upper Surface 14a of the insulating layer 14 is formed on the 
upper surface 11 w of the pad body 11A. Further, the second 
metal layer 13 that covers the upper surface 12u of the 
projecting part 12-2 and the side surface 12v of the first 
metal layer 12 is formed. Thereby, the pad 10 is formed. 
0082 Because a part of the first metal layer 12 is embed 
ded in the insulating layer 14, the height difference between 
the upper Surface 14a of the insulating layer 14 and the 
upper surface 13u of the second metal layer 13 (e.g., a few 
um) can be less compared to that of a related art example 
(e.g., 15 um to 50 um). As a result, even in a case where the 
solder resist layer 19 for protecting the pad 10 is formed, the 
solder resist layer 19 can be formed to have a thickness (e.g., 
5um to 15 um) that is less than a thickness of a related art 
example (e.g., 20 Lum to 60 um). Accordingly, thickness 
reduction of the wiring substrate 1 can be achieved. The 
thickness of each of the layers included in the wiring 
substrate 1 and the total thickness of the wiring substrate 1 
are described in further detail in the following practical 
examples. 
0083. Further, in this embodiment, the first metal layer 12 
can be formed with a sufficient thickness because a part of 
the first metal layer 12 is embedded in the insulating layer 
14. Thus, in a case where the first metal layer 12 is formed 
of nickel, connection reliability (wettability) for performing 
wire-bonding or flip-chip bonding can be prevented from 
degrading. When the first metal layer 12 made of copper is 
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thinly formed in a case where the pad body 11A is made of 
copper, the nickel layer formed at the side surface of the 
copper layer becomes particularly thin and is unable to 
sufficiently provide a barrier effect. As a result, copper may 
spread to the solder formed on the pad body 11A. However, 
in this embodiment, copper can be prevented from spreading 
to the solder formed on the pad 10 because the side surface 
11A of the pad body 11A is embedded in the insulating layer 
14. 

I0084. Further, in this embodiment, because the upper 
surface 11 w of the pad body 11A is a smooth surface, the 
upper surface 12u of the first metal layer 12 and the upper 
surface 13u of the second layer 13 that are formed on the 
upper surface 11 w of the pad body 11A also become smooth 
surfaces. Further, the thickness of the first metal layer 12 and 
the thickness of the second metal layer 13 become even. 
Thereby, for example, wettability can be improved when 
connecting a bonding wire to the upper Surface 13u of the 
second metal layer 13 or connecting an electrode pad of a 
semiconductor chip by way of Solder. Thus, connection 
reliability can be improved. 
I0085 Conventionally, in a case of forming a pad body, it 
is necessary to perform the processes of forming a seed layer 
that covers an upper Surface of an insulating layer, selec 
tively forming an electroplating layer on the seed layer by 
performing an electroplating method, and removing a part of 
the seed layer that is not covered by the electroplating layer 
by performing an etching process. When performing the 
conventional processes, it is necessary to anticipate the 
amount to be removed (etching area) and form the electro 
plating layer with a large diameter because a part of the side 
Surface of the electroplating layer is removed during the 
process of removing the seed layer. Therefore, it is difficult 
to form the pad bodies with a narrow pitch (reducing the 
pitch of the pads). On the other hand, according to the 
above-described embodiment of the present invention, there 
is no process that causes the side surface 11v of the pad body 
11A to be removed by etching because the pad body 11A is 
embedded in the insulating layer 14 (side surface 11v of the 
pad body 11A being covered by the insulating layer 14). 
Accordingly, there is no need to anticipate the etching area 
when forming the pad body 11A. Thus, the pitch of the pad 
bodies 11A can be reduced (reduction of the pitch of the pads 
10). 
I0086. Further, because the pad body 11A or the side 
surface 11v of the wiring pattern 11B is partly removed when 
removing a seed layer with a conventional method, prob 
lems such as the thinning of the wiring, the increase of 
resistance, or electro-migration occur. On the other hand, 
according to the above-described embodiment of the present 
invention, problems such as the increasing of resistance or 
electro-migration can be prevented because the pad body 
11A is embedded in the insulating layer 14. 
I0087. The conventional pad body that is formed by the 
seed layer and the electroplating layer projects from the 
upper Surface of the insulating layer. In a case where a nickel 
plating is used to form a first metal layer on the pad body 
projecting from the upper Surface of the insulating layer, the 
nickel plating is formed on the upper and side Surfaces of the 
pad body. Therefore, it becomes necessary to consider the 
thickness of the nickel plating formed on the side surface of 
the pad body and widen the intervals between adjacent pad 
bodies. Thus, reduction of the pitch of the pad bodies 
(reduction of the pitch of pads) is difficult. 
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0088. On the other hand, according to the above-de 
scribed embodiment of the present invention, because the 
pad body 11A is embedded in the insulating layer 14 (side 
surface 11v of the pad body 11A being covered by the 
insulating layer 14), the first metal layer can be prevented 
from being formed on the side surface 11v of the pad body 
11A. Accordingly, the interval between adjacent pad bodies 
11A can be determined without having to consider the 
thickness of the nickel plating formed on the side surface 11 v 
of the pad body 11A. Thus, the pitch of the pad bodies 11A 
can be reduced (reduction of the pitch of the pads 10). 
Further, according to the above-described embodiment of 
the present invention, because the side surface 11v of the pad 
body 11A is embedded in the insulating layer 14, the side 
surface 11V of the pad body 11A is prevented from con 
tacting solder. Therefore, there is no concern regarding the 
barrier effect. 
0089 Although the outer peripheral part 12s of the pro 

jecting part 12-2 of the first metal layer 12 is formed 
extending to the upper Surface 14a of the insulating layer 14 
as illustrated in FIG. 1C, the width of the extending part is 
significantly small compared to the thickness of the nickel 
plating that is formed on the side surface of the pad body by 
a conventional method. Therefore, the extending part hardly 
affects the reduction of the pitch of the pad bodies 11A 
(reduction of the pitch of the pads 10). Further, although the 
second metal layer 13 is also formed on the side surface 12y 
of the first metal layer 12, the thickness of the second metal 
layer 13 is significantly small compared to the thickness of 
the nickel plating that is formed on the side surface of the 
pad body by a conventional method. Therefore, the second 
metal layer 13 hardly affects the reduction of the pitch of the 
pad bodies 11A (reduction of the pitch of the pads 10). 
0090. Further, according to the above-described embodi 
ment of the present invention, the strength against detach 
ment or peeling of the pad body 11A can be improved 
compared to a conventional method where the pad body 
having the seed layer and the electroplating layer are formed 
on the upper Surface of the insulating layer. 
0091. Further, with the conventional wiring substrate, 
only the pad is formed on the outermost insulating layer 
formed of a non-photosensitive insulating layer and the 
wiring pattern is formed on another layer by way of the via 
wiring. However, due to the increase of terminals to be 
mounted on the semiconductor device and the increase of 
semiconductor devices to be mounted, wirings are to be 
formed with high densities. Accordingly, it becomes neces 
sary to increase the number of layers on which wiring 
patterns are to be formed. On the other hand, with the 
above-described embodiment of the present invention, the 
pad 10 and the wiring pattern 11B are formed on the same 
plane of the insulating layer 14 (side of the upper Surface 
14a of the insulating layer 14). Accordingly, because a 
wiring pattern is also formed on the outermost insulating 
layer, the number of layers for forming the wiring pattern 
can be reduced. Thus, a thin wiring Substrate that can 
accommodate the increase of terminals to be mounted on the 
semiconductor device and the increase of semiconductor 
devices to be mounted can be achieved. 

0092. Further, the wiring pattern 11B is formed in an area 
of the insulating layer 14 that is recessed relative to the 
upper Surface 14a of the insulating layer 14 that is the same 
layer on which the pad 10 is formed (outermost insulating 
layer on which the wiring is formed). That is, irregularities 
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formed by the recesses of the wiring pattern 11B are formed 
on the upper surface 14a of the insulating layer 14. There 
fore, the adhesiveness of the insulating layer 14 and the 
solder resist layer 19 can be improved not only by the 
roughened surface of the upper Surface of the upper Surface 
14a of the insulating layer 14a but also by increased contact 
area of the solder resist layer and the insulating layer 14 
including the irregularities formed by the recesses of the 
wiring pattern 11B. As a result, the solder resist layer 19 can 
be prevented from peeling from the insulating layer 14. 
0093. Further, the pad 10 can be protected from physical 
damage and electrical damage owing to the Solder resist 
layer 19 being formed on the side of the semiconductor 
mounting surface and the upper surface 19a of the solder 
resist layer 19 being formed lower than the upper surface of 
the pad 10 (upper surface 13u of the second metal layer 13). 

Second Embodiment 

0094. In the second embodiment of the present invention, 
a wiring Substrate including an insulating layer that has no 
reinforcement member is described. In the second embodi 
ment, like components and parts are denoted with like 
reference numerals of the first embodiment and are not 
further described. 
0.095 FIG. 8 is a cross-sectional view illustrating an 
example of a wiring Substrate 1A according to the second 
embodiment of the present invention. With reference to FIG. 
8, the wiring substrate 1A of the second embodiment is 
different from the wiring substrate 1 of the first embodiment 
in that the wiring Substrate 1A includes an insulating layer 
14A that has no reinforcement member 14g (see FIG. 1A). 
0096. Accordingly, because the wiring substrate 1A of 
the second embodiment includes the insulating layer 14A 
that has no reinforcement member 14.g., the insulating layer 
14A having no reinforcement member 14g can be formed 
thinner than the insulating layer 14 that has the reinforce 
ment member 14g. Therefore, the total thickness of the 
wiring substrate 1A can be less than the total thickness of the 
wiring substrate 1. The thicknesses of each layer of the 
wiring substrate 1A and the total thickness of the wiring 
substrate 1A are described in detail in the following practical 
examples. Other effects attained by the wiring substrate 1A 
are the same as those of the wiring substrate 1 of the first 
embodiment. 

Third Embodiment 

0097. In the third embodiment of the present invention, a 
wiring Substrate including four wiring layers is described. In 
the third embodiment, like components and parts are 
denoted with like reference numerals of the first embodi 
ment and are not further described. 
0.098 FIG. 9 is a cross-sectional view illustrating an 
example of a wiring substrate 1B according to the third 
embodiment of the present invention. With reference to FIG. 
9, the wiring substrate 1B of the third embodiment is 
different from the wiring substrate 1 of the first embodiment 
in that an insulating layer 21 and a wiring layer 22 are added 
between the wiring layer 15 and the insulating layer 16 (see 
FIG. 1A). 
0099. In the wiring substrate 1B, the insulating layer 21 

is formed on the lower surface of the insulating layer 14 to 
cover the wiring layer 15. The same insulating resin used for 
forming the insulating layer 14 may be used to form the 
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insulating layer 21. In this embodiment, the insulating layer 
21 includes a reinforcement member 21g. The reinforcement 
member 21g may be, for example, a woven or non-woven 
fabric Such as glass fabric or anaramid fabric. The insulating 
layer 21 may include a filler such as silica (SiO). The 
thickness of the insulating layer 21 may be, for example, 
approximately 10 Lum to 50 um. 
0100. The wiring layer 22 is formed on the side of the 
lower surface of the insulating layer 21. The wiring layer 22 
includes a via wiring filled in a via hole 21x that penetrates 
the insulating layer 21 and exposes a lower Surface of the 
wiring layer 15. The wiring layer 22 also includes a wiring 
pattern formed on the lower surface of the insulating layer 
21. The via hole 21x may be a recess including one opening 
on a side of the insulating layer 16 and another opening 
exposing a lower surface of the wiring layer 15 in which the 
one opening has an area that is larger than the area of the 
bottom surface of the other opening. For example, in a case 
where the openings on both sides of the via hole 21x are 
circular shapes, the via hole 21x is a recess having a circular 
truncated cone shape. 
0101 That is, a part of the via wiring of the wiring layer 
22 that contacts the lower surface of the wiring layer 15 has 
an area Smaller than an area of a part of the via wiring of the 
wiring layer 22 that is exposed from the lower surface of the 
insulating layer 21 (a border part of the via wiring of the 
wiring layer 22 between the wiring pattern of the wiring 
layer 22). 
0102 The wiring layer 22 is electrically connected to the 
wiring layer 15 exposed at a bottom part of the via hole 21x. 
For example, copper (Cu) may be used as the material of the 
wiring layer 22. The thickness of the wiring pattern of the 
wiring layer 22 may be, for example, approximately 5 um to 
20 um. 
0103) The insulating layer 16 is formed on the lower 
Surface of the insulating layer 21 to cover the wiring layer 
22. The wiring layer 17 is electrically connected to the 
wiring layer 22 exposed at the bottom part of the via hole 
16x. 
0104. Accordingly, the wiring substrate 1B of the third 
embodiment includes four wiring layers. The wiring Sub 
strate 1B can be formed to have a total thickness that is 
Substantially the same as the total thickness of the wiring 
Substrate 1 including three wiring layers by adjusting the 
thickness of, for example, each wiring layer or the Solder 
resist layer. The thicknesses of each layer of the wiring 
substrate 1B and the total thickness of the wiring substrate 
1B are described in detail in the following practical 
examples. Other effects attained by the wiring substrate 1A 
are the same as those of the wiring substrate 1 of the first 
embodiment. 

First Applied Example of First Embodiment 
0105. In the first applied example of the first embodi 
ment, a semiconductor package having a semiconductor 
chip (semiconductor device) mounted (wire-bonded) on the 
wiring substrate 1 of the first embodiment is described. In 
the first applied example of the first embodiment, like 
components and parts are denoted with like reference 
numerals of the first embodiment and are not further 
described. 
0106 FIG. 10 is a cross-sectional view illustrating a 
semiconductor package 2 according to the first applied 
example of the first embodiment. With reference to FIG. 10, 
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the semiconductor package 2 includes the wiring Substrate 1 
illustrated in FIG. 1A, a semiconductor chip 71, an adhesive 
layer 72, a bonding wire 73, and a encapsulating layer 74. In 
the semiconductor package 2, the semiconductor chip 71 is 
to be mounted on the side of the solder resist layer 19 of the 
wiring Substrate 1 (semiconductor device mounting Surface). 
0107 The semiconductor chip 71 may be, for example, a 
semiconductor integrated circuit (not illustrated) formed on 
a thinned semiconductor substrate (not illustrated) made of 
silicon or the like. An electrode pad (not illustrated) that is 
electrically connected to the semiconductor integrated cir 
cuit (not illustrated) is formed on the semiconductor sub 
strate (not illustrated). 
0108. The semiconductor chip 71 that is in a face-up state 

is mounted on the solder resist layer 19 of the wiring 
substrate 1 by way of the adhesive layer 72. The bonding 
wire 73 electrically connects an electrode pad (not illus 
trated) of the semiconductor chip 71 and the pad 10 (upper 
surface 13u of second metal layer 13) of the wiring substrate 
1. More specifically, the bonding wire 73 may be, for 
example, a gold wire or a copper wire. One end of the 
bonding wire 73 is welded and bonded to the electrode pad 
of the semiconductor chip 71 whereas the other end of the 
bonding wire 73 is welded and bonded to the pad 10 of the 
wiring substrate 1. The encapsulating resin 74 is formed to 
cover the semiconductor chip 71, the adhesive layer 72, and 
the bonding wire 73. 
0109 Accordingly, by mounting the semiconductor chip 
71 on the wiring substrate 1 of the first embodiment, the 
semiconductor package 2 is fabricated. In this process of 
mounting the semiconductor chip 71 on the wiring Substrate 
1, the wettability is satisfactory when welding the bonding 
wire 73 because the upper surface 13u of the second metal 
layer 13 of the pad 10 of the wiring substrate 1 is a smooth 
surface and the thickness of the second metal layer 13 is 
even. Thus, the connection reliability between the pad 10 
and the bonding wire 73 can be improved. 

Second Applied Example of First Embodiment 
0110. The second applied example of the first embodi 
ment illustrates a semiconductor package 2A having a 
semiconductor chip (semiconductor device) 75 mounted 
(flip-chip bonded) on the wiring substrate 1. In the second 
applied example of the first embodiment, like components 
and parts are denoted with like reference numerals of the 
first embodiment and are not further described. 
0111 FIG. 11 is a cross-sectional view of the semicon 
ductor package 2A of the second applied example of the first 
embodiment. With reference to FIG. 11, the semiconductor 
package 2A includes the wiring substrate 1 of FIG. 1, the 
semiconductor chip 75, a bump 76, and an underfill resin 77. 
In the semiconductor package 2A, the semiconductor chip 
75 is to be mounted on the side of the solder resist layer 19 
of the wiring Substrate 1 (semiconductor device mounting 
Surface). 
0112 The semiconductor chip 75 may be, for example, a 
semiconductor integrated circuit (not illustrated) formed on 
a thinned semiconductor substrate (not illustrated) made of 
silicon or the like. An electrode pad (not illustrated) that is 
electrically connected to the semiconductor integrated cir 
cuit (not illustrated) is formed on the semiconductor sub 
strate (not illustrated). 
0113. The semiconductor chip 75 that is in a face-down 
state is mounted on the solder resist layer 19 of the wiring 



US 2016/0307834 A1 

substrate 1 by way of the bump 76. The bump 76 that is 
formed of solder material or the like electrically connects an 
electrode pad (not illustrated) of the semiconductor chip 75 
and the pad 10 (upper surface 13u of second metal layer 13) 
of the wiring substrate 1. The underfill resin 77 is supplied 
between the semiconductor chip 75 and the upper surface of 
the wiring substrate 1. 
0114. Accordingly, by flip-chip bonding the semiconduc 
tor chip 75 on the wiring substrate 1 of the first embodiment, 
the semiconductor package 2A is fabricated. In this process 
of flip-chip bonding the semiconductor chip 75 on the wiring 
substrate 1, the solder material or the like that constitutes the 
bump 76 has a satisfactory wettability because the upper 
surface 13u of the second metal layer 13 of the pad 10 of the 
wiring Substrate 1 is a smooth Surface and the thickness of 
the second metal layer 13 is even. Thus, the connection 
reliability between the pad 10 and the electrode pad of the 
semiconductor chip 75 can be improved. 

Third Applied Example of First Embodiment 
0115 The third applied example of the first embodiment 
illustrates a semiconductor package having multiple semi 
conductor chips (semiconductor devices) mounted (flip-chip 
bonded) on a wiring substrate 1C that is to become a 
semiconductor package. In the third applied example of the 
first embodiment, like components and parts are denoted 
with like reference numerals of the first embodiment and are 
not further described. 
0116 FIGS. 12A and 12B are schematic diagrams illus 
trating a wiring substrate 1C of the third applied example of 
the first embodiment. FIG. 12A is a plan view of the wiring 
substrate 1C. FIG. 12B is a cross-sectional view of the 
wiring substrate 1C. With reference to FIGS. 12A and 12B, 
the wiring substrate 1C has substantially the same structure 
as the wiring substrate 1 illustrated in FIG. 1A. The wiring 
substrate 1C is different from the wiring substrate 1 in that 
two rows of pads 10 are exposed in each opening 19x of the 
solder resist layer 19. It is, however, to be noted that three 
or more rows of pads 10 may be exposed in each opening 
19x. 
0117. As illustrated with the broken lines in FIGS. 12A 
and 12B, a semiconductor chip 78 and a semiconductor chip 
79 may be flip-chip bonded to the wiring substrate 1C. More 
specifically, an electrode pad (not illustrated) of the semi 
conductor chip 78 may be electrically connected to the pad 
10 that is exposed in one of the openings 19x of the wiring 
substrate 1C by way of the bump 76. Further, an electrode 
pad (not illustrated) of the semiconductor chip 79 may be 
electrically connected to the pad 10 that is exposed in 
another one of the openings 19x of the wiring substrate 1C. 
0118. In the wiring substrate 1C, at least a part of the pads 
10 exposed in the one of the openings 19 x is electrically 
connected to at least a part of the pads 10 exposed in another 
one of the openings 19x by way of the wiring pattern 11B. 
Thereby, the semiconductor chip 78 and the semiconductor 
chip 79 that are mounted on the wiring substrate 1C are 
electrically connected to each other by way of the wiring 
pattern 11B. Similar to the underfill resin illustrated in FIG. 
11, an underfill resin may be supplied between the semi 
conductor chips 78, 79 and the upper surface of the wiring 
substrate LC. 
0119. Accordingly, by mounting two semiconductor 
chips 78, 79 on the wiring substrate 1C, a semiconductor 
package having the semiconductor chip 78 and the semi 
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conductor chip 79 connected to each other by way of the 
wiring pattern 11B is fabricated. In this process of mounting 
the semiconductor chips 78, 79 on the wiring substrate 1C, 
the wettability of the solder material of the bump 76 is 
satisfactory because the upper surface 13u of the second 
metal layer 13 of the pad 10 of the wiring substrate 1C is a 
Smooth Surface and the thickness of the second metal layer 
13 is even. Thus, the connection reliability between the pad 
10 and the electrode pads of the semiconductor chips 78, 79 
can be improved. 

Practical Example 

I0120 In the following practical example, the layer thick 
ness of each of the layers of the wiring Substrate according 
to first-third embodiments are illustrated. 

TABLE 1. 

NAME SIGN THICKNESS (m) 

SOLDER RESIST LAYER 19 SR 10 
STEP PARTZ Z11 3 
WIRING LAYER 11 W 10 
INSULATING LAYER 14 I11 25 
WIRING LAYER 15 W2 10 
INSULATING LAYER 16 I12 25 
WIRING LAYER 17 W 10 
SOLDER RESIST LAYER 18 SR2 10 

TOTAL THICKNESS 103 

I0121 FIG. 13A and Table 1 illustrate the layer thickness 
of each layer of the wiring substrate 1 of the first embodi 
ment. In this example, the layer thickness I of the insu 
lating layer 14 including the reinforcement member 14g and 
the layer thickness I of the insulating layer 16 including the 
reinforcement member 16g are 25um, respectively. Further, 
the total thickness of the wiring substrate 1 is 103 um. 

TABLE 2 

NAME SIGN THICKNESS (m) 

SOLDER RESIST LAYER 19 SR-2 7 
STEP PARTZ Z21 3 
WIRING LAYER 11 W 8 
INSULATING LAYER 14A I21 13 
WIRING LAYER 15 W22 6 
INSULATING LAYER 16 I22 18 
WIRING LAYER 17 W2 8 
SOLDER RESIST LAYER 18 SR22 7 

TOTAL THICKNESS 70 

(0.122 FIG. 13B and Table 2 illustrate the layer thickness 
of each layer of the wiring substrate 1A of the second 
embodiment. In this example, because the wiring Substrate 
1A is formed to be thinner than the wiring substrate 1 of the 
first embodiment, the insulating layer 16 including the 
reinforcement member 16g is formed to have a layer thick 
ness I of 18 um which is close to the minimum thickness 
for an insulating layer including a reinforcement member. 
Further, because an insulating layer having no reinforcement 
member is used as the insulating layer 14A that is thinner 
than the insulating layer having a reinforcement member, the 
insulating layer 14A is formed to have a layer thickness I 
of 13 um which is close to the minimum thickness for an 
insulating layer including no reinforcement member. Fur 
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ther, the wiring substrate 1A is formed to have a total 
thickness of 70 um by adjusting the thickness of each wiring 
layer and each Solder resist layer. 

TABLE 3 

NAME SIGN THICKNESS (im) 

SOLDER RESIST LAYER 19 SR 7 
STEP PARTZ Z31 3 
WIRING LAYER 11 W 8 
INSULATING LAYER 14 I31 2O 
WIRING LAYER 15 W32 8 
INSULATING LAYER. 21 I32 17 
WIRING LAYER 22 W 8 
INSULATING LAYER 16 I33 17 
WIRING LAYER 17 W 8 
SOLDER RESIST LAYER 18 SR-32 7 

TOTAL THICKNESS 103 

(0123 FIG. 13C and Table 3 illustrate the layer thickness 
of each layer of the wiring substrate 1B of the third embodi 
ment. In this example, because the wiring substrate 1B 
including four wiring layers is formed to have the same total 
thickness (103 um) as the wiring Substrate 1 including three 
wiring layers, the thickness of each insulating layer, each 
wiring layer, and each Solder resist layer is adjusted. 
0.124. By including/omitting the reinforcement member 
and adjusting the thickness of each insulating layer, each 
wiring layer, and each solder resist layer, the wiring Sub 
strate 1B having a total thickness that matches a desired 
specification can be fabricated. In fabricating the wiring 
substrate 1B, the solder resist layer 19 can be formed thinner 
than a conventional solder resist layer because a part of the 
first metal layer 12 is embedded in the insulating layer 14 
and the vertical height difference between the upper surface 
14a of the insulating layer 14 and the upper surface 13u of 
the second metal layer 13 is Small compared to a conven 
tional wiring Substrate. Accordingly, the thickness of the 
wiring substrate 1B can be reduced. 
0.125 All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the 
reader in understanding the invention and the concepts 
contributed by the inventor to furthering the art, and are to 
be construed as being without limitation to Such specifically 
recited examples and conditions, nor does the organization 
of Such examples in the specification relate to a showing of 
the Superiority and inferiority of the invention. Although the 
embodiments of the present invention have been described 
in detail, it should be understood that the various changes, 
substitutions, and alterations could be made hereto without 
departing from the spirit and scope of the invention. 
0126 For example, instead of the wiring substrate 1, the 
wiring substrate 1A or 1B may be used for the semiconduc 
tor package 2 or 2A. 
What is claimed is: 
1. A wiring Substrate comprising: 
an insulating layer including upper and lower Surfaces: 
a wiring layer including upper, lower, and side Surfaces 

and being in a position that is recessed relative to the 
upper Surface of the insulating layer; 

a via wiring formed in the insulating layer and connected 
to the lower surface of the wiring layer; and 

a solder resist layer formed on the upper surface of the 
insulating layer; 
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wherein the via wiring includes a first part contacting the 
lower Surface of the wiring layer and a second part 
exposed from the lower Surface of the insulating layer, 
the first part having an area Smaller than an area of the 
second part, 

wherein the wiring layer includes a pad body that con 
stitutes a part of a pad and a wiring pattern including an 
upper Surface, 

wherein the Solder resist layer includes an upper Surface 
and an opening that exposes the pad, 

wherein the solder resist layer buries a step part formed by 
the upper Surface of the insulating layer and the upper 
Surface of the wiring pattern, 

wherein the pad includes 
the pad body including upper and lower Surfaces, the 

lower surface of the pad body contacting the first part 
of the via wiring, 

a first metal layer formed on the upper surface of the 
pad body, the first metal layer including an embed 
ded part embedded in the insulating layer and a 
projecting part projecting from the upper Surface of 
the insulating layer, the projecting part including 
upper and side surfaces of the first metal layer which 
is exposed from the upper Surface of the insulating 
layer, and 

a second metal layer including an upper Surface and 
covering the upper and side Surfaces of the project 
ing part of the first metal layer, 

wherein the upper surface of the pad body and the upper 
Surface of the wiring pattern are on the same plane, and 

wherein the upper surface of the second metal layer is 
positioned lower than the upper surface of the solder 
resist layer. 

2. The wiring Substrate as claimed in claim 1, 
wherein the upper surface of the pad body is a smooth 

Surface, and 
wherein the upper Surface of the wiring pattern is a 

roughened surface. 
3. The wiring substrate as claimed in claim 1, wherein the 

upper Surface of the insulating layer is a roughened Surface. 
4. The wiring substrate as claimed in claim 1, further 

comprising: 
a second wiring layer formed on a side of the lower 

Surface of the insulating layer; and 
a second solder resist layer formed on the side of the 

lower Surface of the insulating layer and including a 
second opening that selectively exposes the second 
wiring layer; 

wherein the second wiring layer includes a lower outer 
edge part that is covered by the second solder resist 
layer, 

wherein the second wiring layer includes a lower center 
part that is exposed in the second opening, 

wherein the lower outer edge part of the second wiring 
layer has a roughness that is the same as a roughness of 
the upper Surface of the wiring pattern, and 

wherein the lower center part of the second wiring layer 
has a roughness that is the same as a roughness of the 
upper Surface of the pad body. 

5. The wiring substrate as claimed in claim 1, wherein the 
pad is configured to be connected to a bonding wire. 

6. The wiring substrate as claimed in claim 1, wherein the 
pad body is formed of copper, the first metal layer is formed 
of nickel, and the second metal layer is formed of gold. 
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7. The wiring substrate as claimed in claim 1, wherein the 
insulating layer includes a reinforcement member. 

8. A method for manufacturing a wiring Substrate, the 
method comprising: 

fabricating a Support body having a metal foil including a 
thick foil and a thin foil that is thinner than the thick foil 
and peelably adhered to the thick foil, the metal foil 
being embedded in a resin layer to expose one surface 
of the thin foil; 

forming a wiring layer on the one surface of the thin foil; 
forming an insulating layer on the one surface of the thin 

foil to cover the wiring layer; 
forming a via hole in the insulating layer that exposes a 

lower Surface of the wiring layer that is on an opposite 
side of an upper Surface of the wiring layer contacting 
the one surface of the thin foil; 

forming a via wiring that fills the via hole to be connected 
to the lower surface of the wiring layer; 

removing the thick foil and the resin layer, so that the thin 
foil remains on the insulating layer, 

forming a step part by removing the thin foil with an 
etching process to expose the upper Surface of the 
wiring layer contacting the one Surface of the thin foil 
and further removing the upper Surface of the wiring 
layer to expose the upper Surface of the wiring layer in 
a position that is recessed relative to the upper Surface 
of the insulating layer; 

forming a solder resist layer on the upper Surface of the 
insulating layer, the solder resist layer including an 
opening that exposes a part of the wiring layer corre 
sponding to a pad body and covering another part of the 
wiring layer corresponding to a wiring pattern to bury 
the step part; and 
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fabricating a pad including 
the pad body exposed in the opening of the solder resist 

layer, 
a first metal layer formed on an upper Surface of the pad 

body, the first metal layer including an embedded 
part embedded in the insulating layer and a project 
ing part projecting from the upper Surface of the 
insulating layer, and 

a second metal layer that covers upper and side Surfaces 
of the projecting part of the first metal layer; 

wherein the via wiring includes a first part contacting the 
lower Surface of the wiring layer and a second part 
exposed from the lower Surface of the insulating layer, 
the first part having an area Smaller than an area of the 
second part, 

wherein the upper surface of the pad body and the upper 
Surface of the wiring pattern are on the same plane, and 

wherein the upper surface of the second metal layer is 
positioned lower than the upper surface of the solder 
resist layer. 

9. The method as claimed in claim 8, 
wherein the one surface of the thin foil includes a rough 

ened Surface, and 
wherein the removing of the thin foil includes transferring 

the roughened surface of the thin foil to the upper 
Surface of the insulating layer. 

10. The method as claimed in claim 8, further comprising: 
roughening the upper Surface of the pad body and the 

upper Surface of the wiring pattern after the removing 
of the thin foil and before the forming of the solder 
resist layer, and 

Smoothening the upper Surface of the pad body exposed in 
the opening after the forming of the solder resist layer. 
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