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(57) ABSTRACT 

Amultilayered Wiring board comprising, at least, tWo Wiring 
layers and an interlaminar insulating layer, in Which said 
Wiring board further has, incorporated therein, at least one 
capacitor element Which comprises a sandwiched structure 
of a loWer electrode-forming metallic layer having formed 
thereon at least one recess portion, a dielectric layer formed 
over the loWer electrode-forming metallic layer, and an 
upper electrode-forming metallic layer formed over the 
dielectric layer, and its production process. The semicon 
ductor device comprising the multilayered Wiring board 
having mounted thereon a semiconductor element is also 
disclosed. 
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MULTILAYERED WIRING BOARD, A 
PRODUCTION PROCESS FOR, AND 

SEMICONDUCTOR DEVICE USING, THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a rnultilayered 
Wiring board having incorporated therein a capacitor ele 
rnent, a production process thereof, and a semiconductor 
device using, such a rnultilayered Wiring board. More par 
ticularly, the present invention is directed to the technology 
for reducing noise generated during sirnultaneous sWitching 
of semiconductor elernents mounted on the rnultilayered 
Wiring board. 

[0003] 2. Description of the Related Art 

[0004] In recent years, there is a tendency that sernicon 
ductor elements are mounted at a high density, and With a 
high integration degree on a Wiring board, to form a semi 
conductor device. Typical examples of such a semiconductor 
device Which has been practically used include a PGA, i.e., 
a Pin Grid Array, and a BGA, i.e., a Ball Grid Array. Further, 
in these semiconductor devices, a rnultilayered Wiring board 
comprising a plurality of laminated Wiring layers such as a 
signal layer and a poWer source layer has been used as the 
Wiring board. In the semiconductor devices, the mounted 
semiconductor devices are electrically connected With the 
signal layer and the poWer source layer. 

[0005] In addition, the rnultilayered Wiring board has, 
provided thereon or therein, one or more capacitors. The 
capacitors act as a storage means for electric charge, and are 
used for different purposes and thus in different application 
forms. For example, Japanese UneXarnined Patent Publica 
tion (Kokai) No. 10-93246 teaches a rnultilayered Wiring 
board comprising a capacitor sandWiched betWeen the Wir 
ing layers of the board to reduce the number of the elements 
or parts to be packaged in the board to thereby enable high 
density formation of the Wiring along With a reduction in 
siZe of the ?nally produced semiconductor devices. More 
particularly, the rnultilayered Wiring board of JPP‘ 246, as 
illustrated in FIG. 1, has a rnultilayered Wiring section 2, 
and the rnultilayered Wiring section 2 has alternately dis 
posed thin ?lm Wiring conductors 4a and 4b and others (not 
shoWn) Which are electrically connected With each other 
through a through-hole conductor 9 (partly shoWn) formed 
in insulating layers 3a, 3b and 3c made of an organic resin. 
At least one layer of the organic insulating layers, i.e., layer 
3b contains dielectric ?llers having a dielectric constant of 
not less than 20 to form a high dielectric organic insulating 
layer. Thus, a capacitor is formed betWeen the layer 3b and 
its loWer Wiring conductor 4a and upper Wiring conductor 
4b. Further, the upper Wiring conductor 4b is larninated 
through a nickel layer 10 to an upper surface of the layer 3b 
to provide good bonding betWeen these layers. Furthermore, 
the loWer Wiring conductor 4a has a surface roughness of 
0.05 prn§(Ra)§5 urn to also provide good bonding betWeen 
this layer and the layer 3b. According to this rnultilayered 
Wiring board, since a speci?c capacitor part is not required 
to be packaged in the board, it becomes possible to reduce 
the number of the parts to be included in the board. 

[0006] Referring again to the uses of the capacitors in the 
rnultilayered Wiring board, they include reducing noise 
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generated during sirnultaneous sWitching of the sernicon 
ductor elernent mounted on the Wiring board. This noise 
(hereinafter, referred to as “sirnultaneous sWitching noise”) 
is generated as a result of simultaneous on-off operation of 
the sWitching elements in the semiconductor elernent, 
because such an operation can result in variation of the 
electrical potential in the source lines and ground lines 
Which are used to supply electric poWer to the serniconduc 
tor elernent. 

[0007] To reduce the simultaneous sWitching noise, it is 
Well-knoWn to insert a capacitor betWeen the source line and 
the ground line in the rnultilayered Wiring board. That is 
because, in the presence of the capacitor, the generated noise 
can be reduced as a result of absorption of the noise by the 
capacitance of the capacitor. Further, When the capacitor is 
used in the Wiring board for the purpose of reducing the 
simultaneous sWitching noise, the noise can be effectively 
reduced With an increase in the capacity of the capacitor in 
the board. 

[0008] Further, if a capacitor is disposed near the semi 
conductor element of the rnultilayered Wiring board, a 
capacitance, in sum, of the capacitor and the Wiring con 
nected to the semiconductor element can be increased, 
because such disposal of the capacitor can reduce the 
resistance of the Wiring connecting betWeen the capacitor 
and the semiconductor elernent. Accordingly, it is desired, 
for the purpose of reducing a simultaneous sWitching noise, 
to dispose the capacitor in a neighborhood of the sernicon 
ductor element to obtain the shortened Wiring distance 
betWeen the capacitor and the semiconductor elernent. 

[0009] Japanese Kokai 10-93246 cited above teaches a 
rnultilayered Wiring board comprising a capacitor sand 
Wiched betWeen the Wiring layers of the board. HoWever, it 
does not teach use of the sandWiched capacitor in the 
reduction of the simultaneous sWitching noise. In addition, 
it is silent concerning use of a capacitor betWeen the source 
line and the ground line in the Wiring board. 

[0010] Moreover, the capacitor described in Japanese 
Kokai 10-93246 has a problem that its capacity cannot be 
increased to the desired high level, because the capacity is 
varied depending upon the electrode area of the capacitor, 
and an upper limit of the electrode area is equivalent to the 
area of the Wiring board having the mounted capacitor. Even 
if the electrode area of the capacitor is increased to obtain an 
increased capacity of the capacitor, it is impossible to 
increase the capacity above the capacity Which is determined 
by the area of the Wiring board. 

[0011] For the above reasons, the capacitor of Japanese 
Kokai 10-93246 is not considered to be satisfactory as a 
capacitor for use in reduction of the simultaneous sWitching 
noise. It is therefore desired to provide an improved capaci 
tor for use in the rnultilayered Wiring board in Which a 
capacity of the capacitor can be increased to an unexpect 
edly high Level, thus enabling suf?ciently reduce a simul 
taneous sWitching noise, if generated 

SUMMARY OF THE INVENTION 

[0012] It is therefore an object of the present invention to 
provide a rnultilayered Wiring board having incorporated 
therein a capacitor in Which the sandWiched capacitor has a 
large-siZed electrode and thus a simultaneous sWitching 
noise can be suf?ciently reduced. 
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[0013] It is another object of the present invention to 
provide a process for the production of the improved mul 
tilayered Wiring board of the present invention. 

[0014] It is still another object of the present invention to 
provide a semiconductor device using the improved multi 
layered Wiring board of the present invention. 

[0015] These and other objects of the present invention 
Will be easily understood from the following detailed 
description of the preferred embodiments of the present 
invention. 

[0016] The inventors of the present invention have con 
ducted intensive studies to accomplish the objects described 
above, and have discovered an improved multilayered Wir 
ing board. 

[0017] According to one aspect of the present invention, 
there is provided a multilayered Wiring board comprising, at 
least, tWo Wiring layers and an interlaminar insulating layer 
sandWiched therebetWeen, in Which said Wiring board fur 
ther has, incorporated therein, at least one capacitor element 
Which comprises a sandWiched structure of: 

[0018] a loWer electrode-forming metallic layer hav 
ing formed thereon at least one recess portion; 

[0019] a dielectric layer formed over the loWer elec 
trode-forming metallic layer; and 

[0020] an upper electrode-forming metallic layer 
formed over the dielectric layer. 

[0021] According to another aspect of the present inven 
tion, there is provided a process for the production of a 
multilayered Wiring board comprising, at least, tWo Wiring 
layers and an interlaminar insulating layer sandWiched ther 
ebetWeen, and further having, incorporated therein at least 
one capacitor element, Which process comprises the step of 
forming said capacitor element by: 

[0022] forming a metallic layer on a substrate; 

[0023] forming at least one opening on the metallic 
layer; 

[0024] applying a surface covering metallic layer 
over a full surface of the opening-bearing metallic 
layer to form a loWer electrode-forming metallic 
layer having formed thereon at least one recess 
portion; 

[0025] depositing a dielectric material over the loWer 
electrode-forming metallic layer to form a dielectric 
layer having a surface pro?le corresponding to that 
of the underlying loWer electrode-forming metallic 
layer; 

[0026] forming an upper electrode-forming metallic 
layer over the dielectric layer; and 

[0027] removing the substrate from the resulting 
capacitor element, 

[0028] According to still another aspect of the present 
invention, there is provided a process for the production of 
a multilayered Wiring board comprising, at least, tWo Wiring 
layers and an interlaminar insulating layer sandWiched ther 
ebetWeen, and further having, incorporated therein, at least 
one capacitor element, Which process comprises the step of 
forming said capacitor element by: 
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[0029] forming a metallic underlayer on a substrate; 

[0030] further forming a pattern-forming metallic 
layer over the metallic underlayer; 

[0031] fabricating a topographic pattern in the pat 
tern-forming metallic layer to form a loWer elec 
trode-forming metallic layer comprising the metallic 
underlayer having applied theron the patterned 
metallic layer and having at least one recess on a 
surface thereof; 

[0032] depositing a dielectric material over the loWer 
electrode-forming metallic layer to form a dielectric 
layer having a surface pro?le corresponding to that 
of the underlying loWer electrode-forming metallic 
layer; 

[0033] forming an upper electrode-forming metallic 
layer over the dielectric layer; and 

[0034] removing the substrate from the resulting 
capacitor element. 

[0035] Further, according to still another aspect of the 
present invention, there is provided a semiconductor device 
Which comprises a multilayered Wiring board comprising, at 
least, tWo Wiring layers and an interlaminar insulating layer 
sandWiched therebetWeen, and further having, incorporated 
therein, at least one capacitor element Which comprises a 
sandWiched structure of: 

[0036] a loWer electrode-forming metallic layer hav 
ing formed thereon at least one recess portion; 

[0037] a dielectric layer formed over the loWer elec 
trode-forming metallic layer; and 

[0038] an upper electrode-forming metallic layer 
formed over the dielectric layer, and 

[0039] at least one semiconductor element mounted 
in or on said multilayered Wiring board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is an enlarged cross-sectional vieW of a part 
of the prior art multilayered Wiring board; 

[0041] FIG. 2 is a cross-sectional vieW of the multilayered 
Wiring board according to the ?rst embodiment of the 
present invention; 

[0042] FIG. 3 is an enlarged cross-sectional vieW of the 
area “A” of the multilayered Wiring board of FIG. 2; 

[0043] FIG. 4 is a cross-sectional vieW of the multilayered 
Wiring board according to the second embodiment of the 
present invention; 

[0044] FIG. 5 is an enlarged cross-sectional vieW of the 
area “B” of the multilayered Wiring board of FIG. 4; 

[0045] FIGS. 6A to 60 are cross-sectional vieWs shoWing, 
in sequence, the production of the multilayered Wiring board 
according to the ?rst embodiment of the present invention; 
and 

[0046] FIGS. 7A to 7Q are cross-sectional vieWs shoWing, 
in sequence, the production of the multilayered Wiring board 
according to the second embodiment of the present inven 
tion. 



US 2002/0043399 A1 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] The present invention is further described With 
reference to the preferred embodiments thereof. 

[0048] As mentioned above, the present invention resides 
in a multilayered Wiring board Which contains alternately 
laminated Wiring layers and interlaminar or interlayer insu 
lating (electrically isolating) layers. That is, the multilayered 
Wiring board of the present invention contains at least one 
interlaminar insulating layer betWeen tWo Wiring layers. 
Further, the Wiring board further has, incorporated in any 
desired position thereof, at least one capacitor element, and 
the capacitor has a sandWiched structure in Which a dielec 
tric layer is sandWiched betWeen an upper electrode-forming 
metallic layer and a loWer electrode-forming metallic layer. 
More particularly, the capacitor in the form of the sand 
Wiched structure comprises: 

[0049] a loWer electrode-forming metallic layer hav 
ing formed thereon at least one recess portion; 

[0050] a dielectric layer formed over the loWer elec 
trode-forming metallic layer; and 

[0051] an upper electrode-forming metallic layer 
formed over the dielectric layer. 

[0052] In the multilayered Wiring board of the present 
invention, it is preferred that the loWer electrode-forming 
metallic layer has a roughened surface to Which said dielec 
tric layer is laminated. 

[0053] It is preferred in the multilayered Wiring board that 
it additionally contains one or more bonding strength 
improving layers. Preferably, such a bonding strength 
improving layer is inserted betWeen the loWer electrode 
forming metallic layer and the dielectric layer and/or 
betWeen the upper electrode-forming metallic layer and the 
dielectric layer. Furthermore, such bonding strength improv 
ing layer may be formed from any metallic material and 
eXamples of a suitable metallic material, although not 
restricted to, include nickel, chromium or alloy thereof. 

[0054] It is also preferred in the multilayered Wiring board 
that one or both of the loWer electrode-forming metallic 
layer and the upper electrode-forming metallic layer are 
formed from copper or alloy thereof, more preferably, 
copper alone, although any other metallic material may be 
used in the formation of these layers, if it is appropriate as 
an electrode material in the multilayered Wiring board. 

[0055] Further, any Well-known dielectric material may be 
used in the formation of the dielectric layer betWeen the 
upper electrode- and loWer electrode-forming layers and 
eXamples of a suitable material, although not restricted to, 
include PZT (lead Zirconate titanate), BaTiO2, SrTiO3 and 
Ta2O5. These dielectric materials may be used alone or in 
combination. 

[0056] In addition to the multilayered Wiring board, the 
present invention resides in a process for the production of 
the multilayered Wiring board Which, as described above, 
comprises, at least, tWo Wiring layers and an interlaminar 
insulating layer sandWiched therebetWeen, and further has at 
least one incorporated capacitor element. The production 
process of the multilayered Wiring board according to the 
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present invention is characteriZed by producing the incor 
porated capacitor element in accordance With the folloWing 
steps: 

[0057] formation of a metallic layer on a substrate 
from any suitable electrode material, preferably cop 
per or alloy thereof; 

[0058] formation of at least one opening on the 
metallic layer; 

[0059] application of a surface covering metallic 
layer over a full surface of the opening-bearing 
metallic layer from any suitable electrode material, 
preferably copper or an alloy thereof and, more 
preferably, copper alone, to form a loWer electrode 
forming metallic layer having formed thereon at least 
one recess portion; 

[0060] deposition of a dielectric material, preferably, 
PZT, BaTiO2, SrTiO3, Ta2O5 or a combination 
thereof, over the loWer electrode-forming metallic 
layer, to form a dielectric layer having a surface 
pro?le corresponding to that of the underlying loWer 
electrode-forming metallic layer; 

[0061] formation of an upper electrode-forming 
metallic layer from any suitable electrode material, 
preferably copper or alloy thereof and, more prefer 
ably, copper alone, over the dielectric layer; and 

[0062] removal of the substrate from the resulting 
capacitor element. 

[0063] In the production of the multilayered Wiring board 
according to the present invention, the layers constituting 
the Wiring board and the incorporated capacitor such as 
upper and loWer electrode layers and dielectric layers may 
be formed at a desired layer thickness by using any con 
ventional thin layer formation technologies. Typical 
eXamples of the thin layer formation technology useful in 
the practice of the present invention, although not restricted 
thereto, include a chemical vapor deposition (CVD) process, 
a vacuum evaporation process, a sputtering process and an 
epitaxial groWth process. For eXample, the dielectric layer is 
preferably formed by a CVD process or a sputtering process. 

[0064] Further, it is preferred that after the formation of 
the loWer electrode-forming metallic layer, its surface to be 
contacted With the dielectric layer is roughened. A suitable 
roughening process and a desired range of the surface 
roughness Will be described hereinafter. 

[0065] Furthermore, it is preferred that, after the formation 
of the loWer electrode-forming metallic layer and before the 
formation of the dielectric layer, a bonding strength improv 
ing layer is applied over the loWer electrode-forming metal 
lic layer to increase the bonding strength betWeen these tWo 
layers, and that after the formation of the dielectric layer and 
before the formation of the upper electrode-forming metallic 
layer, a bonding strength improving layer is applied over the 
dielectric layer to increase the bonding strength betWeen 
these tWo layers. The bonding strength improving layer Was 
brie?y described above, and the details of the bonding 
strength improving layer Will be described hereinafter. 

[0066] Moreover, in the capacitor element of the multi 
layered Wiring board, its upper electrode-forming metallic 
layer is preferably formed by ?rst forming a copper or 
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copper alloy layer over the dielectric layer, followed by 
plating copper or copper alloy on a surface of the resulting 
copper or copper alloy layer. More preferably, copper is used 
alone. 

[0067] The present invention also resides in another pro 
cess for the production of a rnultilayered Wiring board. The 
rnultilayered Wiring board, as described above, comprises, at 
least, an interlarninar insulating layer sandWiched betWeen 
tWo Wiring layers and further has at least one capacitor 
element. This production process of the rnultilayered Wiring 
layer is characteriZed in that the capacitor element is pro 
duced by the steps of: 

[0068] forming a metallic underlayer on a substrate; 

[0069] further forming a pattern-forrning rnetallic 
layer over the metallic underlayer; 

[0070] fabricating a topographic pattern in the pat 
tern-forrning rnetallic layer to form a loWer elec 
trode-forrning rnetallic layer comprising the metallic 
underlayer having applied thereon the patterned 
rnetallic layer and having at least one recess on a 

surface thereof; 

[0071] depositing a dielectric material over the loWer 
electrode-forrning rnetallic layer to form a dielectric 
layer having a surface pro?le corresponding to that 
of the underlying loWer electrode-forrning rnetallic 
layer; 

[0072] forming an upper electrode-forrning rnetallic 
layer over the dielectric layer; and 

[0073] removing the substrate from the resulting 
capacitor elernent. 

[0074] Basically, the present production process of the 
rnultilayered Wiring board is carried out in accordance With 
a procedure similar to that of the above-described produc 
tion process of the rnultilayered Wiring board eXcept that 
according to the present production process, a metallic 
underlayer and a pattern-forrning rnetallic layer are formed, 
in sequence, over the substrate, folloWed by fabricating a 
topographic pattern in the pattern-forrning rnetallic layer to 
form a loWer electrode-forrning rnetallic layer. The preferred 
procedures of the above process can be similarly applied to 
the present process With satisfactory results. The “topo 
graphic pattern” applied to a surface of the pattern-forrning 
rnetallic layer may include any combination of protrusions 
and recesses, insofar as such a pattern ensures the desired 
effects in the resulting capacitors. The pro?le of the protru 
sions and recesses are not restricted to the speci?c one. 
Generally, the topographic pattern is formed from a con 
tinuous pro?le of a protrusion and a recess adjacent to the 
protrusion. 

[0075] According to the present process, the metallic 
underlayer and the pattern-forrning rnetallic layer may be 
formed from the same or different materials, hoWever, as is 
described hereinafter, it is preferred that these tWo layers are 
formed from the same metallic material such as copper or an 

alloy thereof or, more preferably, copper alone. 

[0076] Further, it is preferred that after formation of the 
upper electrode-forrning rnetallic layer, its surface is sub 
jected to surface treatment such as polishing to is obtain a 
?attened and thus even surface. More preferably, the upper 
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electrode-forrning rnetallic layer is formed by depositing a 
copper or copper alloy layer over the dielectric layer, fol 
loWed by plating copper or copper alloy on a surface of the 
resulting copper or copper alloy layer. 

[0077] In addition to the rnultilayered Wiring board and the 
production process thereof, the present invention resides in 
a semiconductor device which comprises the rnultilayered 
Wiring board of the present invention in combination With a 
semiconductor element. In the semiconductor device of the 
present invention, the capacitor(s) and the semiconductor 
elernent(s) may be mounted in any desired design in the 
rnultilayered Wiring board of the present invention, hoWever, 
to shorten the Wiring length, it is preferred that they are 
disposed as close as possible. Further, the semiconductor 
elernent used in the semiconductor device is not restricted to 
and includes, for example, IC chips, LSI chips and the like. 
Of course, if desired, other conventional elements or parts 
such as inductor chips and resistors may be mounted on the 
rnultilayered Wiring board, in addition to the capacitor(s) 
and the semiconductor elernent(s). 

[0078] The present invention Will be further described 
With reference to the accompanying draWings. 

[0079] First, to assist in the understanding of the essential 
features of the present invention and the resulting functions 
and effects, the present invention is described With reference 
to the rnultilayered Wiring board (enlarged cross-sectional 
vieW) illustrated in FIG. 3. As illustrated, the rnultilayered 
Wiring board has a dielectric layer 102, used as a dielectric 
layer of a capacitor, formed on a loWer electrode-forrning 
copper layer 101, used as a loWer electrode-forrning rnetallic 
layer of a capacitor. The copper layer 101 has a recess 
portion 101c thereon. Further, an upper electrode-forrning 
copper plating layer 103, used as an upper electrode-forrning 
rnetallic layer of a capacitor, is formed on the dielectric layer 
102. That is, a capacitor 113 is constituted from the loWer 
electrode-forrning copper layer 101, the dielectric layer 102 
and the upper electrode-forrning copper plating layer 103. 

[0080] It is noted in the illustrated rnultilayered Wiring 
board that a surface 101d of the loWer electrode-forrning 
copper layer 101, if its surface area is compared With that of 
a surface of the corresponding copper layer 101 having no 
recess portion 101c, has a larger surface area, because it has 
an additional surface area corresponding to a surface area of 
the side Wall of the recess portion 101c contained therein. 

[0081] Further, the dielectric layer 102 is formed in the 
capacitor 113 so that it has a surface pro?le corresponding 
to that of the underlying loWer electrode-forrning copper 
layer 101. Thus, a surface 102a of the dielectric layer 102 
can contain a recess portion corresponding to the recess 
portion 101c of the loWer electrode-forrning copper layer 
101. 

[0082] Accordingly, the above-mentioned upper elec 
trode-forrning copper plating layer 103 is formed over a 
surface of the dielectric layer 102 having the recess portion. 
Therefore, in the resulting upper electrode-forrning copper 
plating layer 103, its surface 103a contacting the dielectric 
layer 102 can have a surface area larger than that of the 
surface of the corresponding upper electrode-forrning cop 
per plating layer 103 deposited over the dielectric layer 102 
having no recess portion. A difference of the surface area is 
substantially the same as the surface area of the side Wall of 
the recess portion 101c. 
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[0083] As Will be appreciated from the above, the loWer 
electrode-forming copper layer (loWer electrode) 101 of the 
capacitor 113 and the upper electrode-forming copper plat 
ing layer (upper electrode) 103 of the capacitor 113 each can 
have a larger surface area in comparison With that of the 
corresponding layer in the capacitor 113 having no recess 
portion 101c. As a result, the capacitor 113 can have a larger 
capacity than the corresponding capacitor 113 having no 
recess portion 101c. 

[0084] The capacitor 113 in the multilayered Wiring board 
of FIG. 3 may be modi?ed as is illustrated in FIG. 5. That 
is, a loWer electrode-forming copper layer 201 shoWn in 
FIG. 5 may be used in a capacitor 204, in place of the loWer 
electrode-forming copper layer 101 containing the recess 
portion 101c. 

[0085] As is shoWn in the capacitor 204 of FIG. 5, a loWer 
electrode-forming copper layer 201 has on a surface thereof 
a topographic pattern (combination of protrusions and 
recesses) constituted from a pattern-forming copper plating 
layer 201b. Due to presence of the topographic pattern, the 
surface 201c of the loWer electrode-forming copper layer 
201 can have a larger surface area than the surface of the 
corresponding loWer electrode-forming copper layer 201 
having no topographic pattern. 

[0086] In the illustrated instance, a dielectric layer 202 
having a surface pro?le corresponding to the above-men 
tioned topographic pattern is formed over the loWer elec 
trode-forming copper layer 201. That is, the dielectric layer 
202 has, on a surface thereof, a topographic pattern similar 
to the topographic pattern formed on a surface of the 
underlying loWer electrode-forming copper layer 201. 

[0087] Further, over the dielectric layer 202 having the 
speci?c surface pro?le, there is formed an upper electrode 
forming copper plating layer 203. Accordingly, the upper 
electrode-forming copper plating layer 203 can also have the 
corresponding surface pro?le in a surface 203a contacting 
the underlying dielectric layer 202. Due to presence of the 
topographic pattern, a surface 203a of the upper electrode 
forming copper plating layer 203 can have a larger surface 
area than the surface of the corresponding copper plating 
layer 203 having no topographic pattern in the underlying 
loWer electrode-forming copper layer 201 and thus dielectric 
layer 202. 

[0088] As a result, in the capacitor 204 constituted by the 
above-mentioned loWer electrode-forming copper layer 201, 
dielectric layer 202 and upper electrode-forming copper 
plating layer 203, it becomes possible to obtain a larger 
surface area in both of the electrodes, formed from the 
copper layer 201 and the copper plating layer 203, in 
comparison to the corresponding capacitor 204 having no 
topographic pattern in the copper layer 201 and thus dielec 
tric layer 202. Accordingly, the capacitor 204 can exhibit a 
larger capacitance than the corresponding capacitor 204 
having no topographic pattern. 

[0089] Moreover, in each of the above-described capaci 
tors 113 and 204, the loWer electrode-forming copper layer 
101 or 201 may be subjected to a roughening treatment to 
form ?nely distributed topographic features or projections 
and recesses on a surface thereof. Examples of a suitable 
roughening treatment, although not restricted thereto, 
include a black oxide treatment and soft etching. Formation 
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of such ?nely distributed topographic features in addition to 
the above-mentioned recesses or topographic patterns is 
effective to further increase the surface area of the loWer 
electrode-forming copper layer 101 or 201 compared to a 
loWer electrode-forming copper layer having only the 
recesses or topographic patterns. 

[0090] In addition, the capacitors 113 and 204 may further 
contain a bonding strength improving layer for increasing a 
bonding strength betWeen the tWo adjacent layers of the 
capacitors. Preferably, such a bonding strength improving 
layer is disposed betWeen the loWer electrode-forming cop 
per layer 101 and the dielectric layer 102 of the capacitor 
113. Alternatively or simultaneously, it may be inserted 
betWeen the dielectric layer 102 and the upper electrode 
forming copper plating layer 103. Similarly, it may be 
inserted betWeen the loWer electrode-forming copper layer 
201 and the dielectric layer 202 and/or betWeen the dielec 
tric layer 202 and the upper electrode-forming copper plat 
ing layer 202. When the bonding strength improving layer is 
inserted in any desired position of the capacitor, it becomes 
possible to increase a bonding strength betWeen upper and 
loWer layers adjacent to this layer, thereby preventing peel 
ing-off of the layers constituting the capacitor. 

[0091] Next, the present invention Will be further 
described With regard to typical examples of the multilay 
ered Wiring boards and semiconductor devices according to 
the preferred embodiments of the present invention, along 
With their production processes. Note, hoWever, that the 
present invention should not be restricted to these examples, 
and the described multilayered Wiring boards and semicon 
ductor devices as Well as their production processes may be 
freely modi?ed or improved Within the scope of the present 
invention. 

[0092] (1) Multilayered Wiring board and semiconductor 
device according to the ?rst embodiment of the present 
invention 

[0093] FIG. 2 is a cross-sectional vieW illustrating the 
multilayered Wiring board according to the ?rst embodiment 
of the present invention. In the multilayered Wiring board 
112, a loWer electrode-forming copper layer (a metallic layer 
for forming a loWer electrode of the capacitor) 101 has, 
laminated thereon, a dielectric layer (a dielectric layer of the 
capacitor) 102. The dielectric layer 102 may be formed from 
any dielectric material Which is conventionally used in the 
formation of capacitors, preferably, dielectric materials hav 
ing a higher dielectric constant. Examples of suitable dielec 
tric material although not restricted to, include PZT (lead 
Zirconate titanate), BaTiO2, SrTiO3, and Ta2O5. Further, an 
upper electrode-forming copper plating layer (a metallic 
layer for forming an upper electrode of the capacitor) 103 is 
formed on the dielectric layer 102. 

[0094] FIG. 3 is an enlarged cross-sectional vieW of the 
area “A”, surrounded by a dotted line, of the multilayered 
Wiring board of FIG. 2. As is illustrated, the loWer electrode 
forming copper layer 101 is constituted from a recess 
forming copper plating layer (metallic layer) 101a and a 
surface coating-forming copper plating layer (metallic layer 
for forming a surface coating) 101b applied over the surface 
of the copper plating layer 101a. The loWer electrode 
forming copper layer 101 further contains a recess portion 
101c formed therein. Note that the reference numeral 101f 
means a copper plating layer of the through-hole, and thus 
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the copper plating layer 101f is applied to a surface of each 
of a through-hole 106 (see, FIG. 2), a loWer electrode 
forming copper layer 101 and an upper electrode-forming 
copper layer 103. 

[0095] In FIG. 3, the loWer electrode-forming copper 
layer 101 and the dielectric layer 102 have a surface 101a' 
and 102a, respectively. Asurface 102a of the dielectric layer 
102 has a surface pro?le Which is substantially the same as 
that of the surface 101d of the loWer electrode-forming 
copper layer 101. In other Words, the dielectric layer 102 is 
formed on the loWer electrode-forming copper layer 101 in 
such a manner that the resulting dielectric layer 102 has a 
surface pro?le corresponding to that of the loWer electrode 
forming copper layer 101. 

[0096] Further, the loWer electrode-forming copper layer 
101, as is shoWn in an enlarged circular cross-sectional vieW, 
surrounded by a solid line, in FIG. 3, has a roughened 
surface produced upon roughening treatment. That is, a 
surface 101d of the loWer electrode-forming copper layer 
101 has a plurality of ?ne projections and recesses. A 
capacitor 113 is thus formed from the above-described loWer 
electrode-forming copper layer 101, dielectric layer 102 and 
upper electrode-forming copper plating layer 103. 

[0097] Furthermore, although not shoWn, to obtain an 
increased bonding strength betWeen the surface coating 
forming copper plating layer 101b of the loWer electrode 
forming copper layer 101 and the dielectric layer 102, a 
bonding strength improving layer may be inserted betWeen 
these tWo layers. Although the bonding strength improving 
layer used herein is not restricted to the speci?c one, it is 
preferred to form the bonding strength improving layer from 
a thin ?lm of metals such as nickel, chromium and alloys 
thereof. Any conventional methods can be used in the 
formation of thin ?lms of such metals. Similarly, a bonding 
strength improving layer may be formed from nickel, chro 
mium and others betWeen the dielectric layer 102 and the 
upper electrode-forming copper plating layer 103 to increase 
the bonding strength betWeen these layers, 

[0098] Referring again to FIG. 2, a interlaminar or inter 
layer insulating layer 105 is formed over the above-de 
scribed copper plating layer 101f of the through-hole 106. 
The interlaminar insulating layer 105 may be formed from 
any conventional insulating materials. Examples of suitable 
insulating materials, although not restricted thereto, include 
photosensitive materials such as photosensitive polyimide 
resins, non-photosensitive resins and epoXy resins. The 
interlaminar insulating layer 105 is used herein to electri 
cally isolate a Wiring layer 104 from the underlying upper 
electrode-forming copper layer 103. As is shoWn in FIG. 3, 
the through-hole 106 is a bored opening passed through each 
of the loWer electrode-forming copper layer 101, the dielec 
tric layer 102 and the upper electrode-forming copper plat 
ing layer 103, and an inner Wall of the through-hole 106 has 
a copper plating layer 101]”. In the capacitor 113 (see, FIG. 
3), the copper plating layer 101f of the through-hole 106 
enables to provide an electrical connection betWeen the 
Wiring layers 104 formed in each of the upper portion and 
loWer portion of the capacitor 113. 

[0099] Further, the interlaminar insulating layer 105 has a 
via hole 105a, and the via hole 105a has a Wiring-forming 
copper plating layer 104a in each of the side portion and the 
bottom portion thereof. Due to presence of the Wiring 
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forming copper plating layer 104a, it becomes possible to 
electrically connect the Wiring layers 104 formed on each of 
the upper and loWer surfaces of the interlaminar insulating 
layer 105 With the upper electrode-forming copper plating 
layer 103. Note that the Wiring layers 104 can be formed by 
depositing a Wiring-forming copper plating layer 104 over 
the interlaminar insulating layer 105, folloWed by patterning 
the copper plating layer 104. 
[0100] In the upper portion and the loWer portion of the 
capacitor 113 (see, FIG. 3), the above-described Wiring 
layer 104 and interlaminar insulating layer 105 are each 
alternately laminated to form a laminated structure consist 
ing of tWo or more these layers. Thus, the multilayered 
Wiring board 112 according to the illustrated embodiment of 
the present invention is constituted from the capacitor 113 
Which is further constituted from the loWer electrode-form 
ing copper layer 101, the dielectric layer 102 and the upper 
electrode-forming copper plating layer 103; the Wiring layer 
104; and the interlaminar insulating layer 105. 
[0101] The multilayered Wiring board 112 is advanta 
geously used in the production of the semiconductor device. 
That is, a semiconductor element 110 is mounted through 
solder balls 109 on the multilayered Wiring board 112. 
Further, a solder resist 107 and an under?lling agent 108 are 
used in the production of the semiconductor device. The 
under?lling agent 108 is used to moderate a differential 
stress betWeen the Wiring board 112 and the semiconductor 
element 110, thereby preventing cracks produced in the 
semiconductor element 110 due to the differential stress. 

[0102] Moreover, the multilayered Wiring board 112 is 
electrically and mechanically connected through solder balls 
111 to a mother board (not shoWn). In other Words, the 
semiconductor device constituted by the multilayered Wiring 
board 112 according to the present embodiment and the 
semiconductor element 110 mounted thereon is a BGA (Ball 
Grid Array)-type semiconductor device capable of being 
mounted through solder balls onto a mother board. 

[0103] Note, hoWever, that the semiconductor device of 
the present invention provided With the above-described 
multilayered Wiring board should not be restricted to the 
above BGA-type semiconductor device. The multilayered 
Wiring board of the present invention can be advantageously 
applied to the production of any other types of the semi 
conductor devices. For eXample, a PGA (Pin Grid Array) 
type semiconductor device in Which pins are used as a 
connecting means in place of the solder balls of the BGA 
type semiconductor device can be produced With the satis 
factory functions and effects Which are similar to those, 
described beloW, obtained in the BGA-type semiconductor 
device. 

[0104] Referring again to FIGS. 2 and 3, in the capacitor 
113 (see, FIG. 3), one of the loWer electrode-forming copper 
layer 101 and the upper electrode-forming copper plating 
layer 103, both constituting the capacitor 113, can act as a 
source layer for supplying an electric poWer to the semi 
conductor element 110 of FIG. 2, and another one can act as 
a ground layer for grounding the semiconductor element 
110. Accordingly, the capacitor 113 is inserted betWeen the 
source layer and the ground layer of the multilayered Wiring 
board 112, and can effectively act as a capacitor for reducing 
a simultaneous sWitching noise. 

[0105] Further, as is explained hereinafter, the capacitor 
113 can provide a remarkably increased capacitance in 
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comparison With the prior art capacitor Which is incorpo 
rated between the layers of the rnultilayered Wiring board 
such as the capacitor described in the above-cited Japanese 
Kokai 10-93246. 

[0106] As shoWn in FIG. 3, the capacitor 113 uses, as a 
loWer electrode thereof, a loWer electrode-forrning copper 
layer 101 having a recess portion 10c. In comparison With 
the corresponding loWer electrode-copper layer 101 having 
no recess portion 1016, the loWer electrode-forrning copper 
layer 101 has a larger surface area in the surface 101d. The 
increased amount of the surface area corresponds to a 
surface area of the side Wall of the recess portion 1016 of the 
copper layer 101. 

[0107] In addition, as described above, a surface 101d of 
the loWer electrode-forrning copper layer 101 has projec 
tions and recesses produced by a roughening treatrnent. 
Thus, a surface 101d of the loWer electrode-forrning copper 
layer 101 has a surface area Which is larger, in an amount 
corresponding to the surface area of the projections and 
recesses, than the surface of the corresponding copper layer 
not subjected to the roughening treatrnent. 

[0108] Moreover, over the loWer electrode-forrning cop 
per layer 101, a dielectric layer 102 is formed in such a 
manner that the dielectric layer 102 has a surface pro?le 
corresponding to that of the surface 101d of the loWer 
electrode-forrning copper layer 101. Therefore, in the upper 
electrode-forrning copper plating layer 103 formed on the 
dielectric layer 102, its surface 103a contacting the dielectric 
layer 102 can also have a surface pro?le Which is substan 
tially the same as that of the surface 101d of the loWer 
electrode-forrning copper layer 101. Accordingly, a surface 
area of the surface 103a, contacting the dielectric layer 102, 
of the copper plating layer 103 is also larger than the surface 
area of the corresponding copper plating layer 103 having no 
recess portion 101C in the underlying loWer electrode 
forrning copper layer 101. 

[0109] As a result, since both electrodes of the capacitor 
113, i.e., the loWer electrode-forrning copper layer (loWer 
electrode) 101 and the upper electrode-forrning copper plat 
ing layer (upper electrode) 103, can have a larger surface 
area than those of the corresponding capacitor 113 having no 
recess portion 101C and no applied roughening treatment in 
the loWer electrode-forrning copper layer 101, a large 
capacitance can be obtained in the capacitor 113, 

[0110] Thus, using the capacitor 113 as a capacitor for 
reducing a simultaneous sWitching noise, it becomes pos 
sible to more effectively reduce the simultaneous sWitching 
noise in comparison With the prior art capacitors because of 
its higher capacitance than that of the prior art capacitors. 

[0111] In addition, since the capacitor 113 is inserted 
betWeen the constitutional layers of the rnultilayered Wiring 
board 112, a Wiring distance betWeen the semiconductor 
element 110 and the capacitor 113 can be shortened, in 
comparison With the prior art method in Which a capacitor 
for reducing a simultaneous sWitching noise is simply 
mounted on a surface of the rnultilayered Wiring board, 
thereby loWering the Wiring resistance betWeen the semi 
conductor element 110 and the capacitor 113. Thus, since a 
capacitance-increasing effect of the capacitor 113 is fully 
exhibited, a simultaneous sWitching noise can be more 
effectively reduced. 
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[0112] Note that, in connection With the above-described 
rnultilayered Wiring board 112, that the use of the capacitor 
113 is not restricted to only a capacitor for reducing a 
simultaneous sWitching noise, and the capacitor 113 can be 
satisfactory used in other purposes. 

[0113] (2) Multilayered Wiring board and semiconductor 
device according to the second embodiment of the present 
invention 

[0114] FIG. 4 is a cross-sectional vieW illustrating the 
rnultilayered Wiring board according to the second ernbodi 
rnent of the present invention. In the Wiring board of FIG. 
4, if its constitutional layer or part is identical With that 
described above With reference to FIG. 2, the same refer 
ence nurneral Will be given, and to avoid duplication, its 
description Will be omitted. 

[0115] In the rnultilayered Wiring board 205 of FIG. 4, a 
loWer electrode-forrning copper layer (a metallic layer for 
forming a loWer electrode of the capacitor) 201 has a 
topographic pattern, i.e., a combination of projections and 
recesses, on a surface thereof, and has, larninated thereon, a 
dielectric layer (a dielectric layer of the capacitor) 202. The 
dielectric layer 202 is preferably formed from a dielectric 
material having a higher dielectric constant such as PZT, 
BaTiO2, SrTiO3 and Ta2O5. Further, an upper electrode 
forrning copper plating layer (a metallic layer for forming an 
upper electrode of the capacitor) 203 is formed on the 
dielectric layer 202. In the illustrated Wiring board, the 
reference numeral 101f means a copper plating layer of the 
through-hole, and thus the copper plating layer 101f is 
applied to a surface of each of a through-hole 106, a loWer 
electrode-forrning copper layer 201 and an upper electrode 
forrning copper layer 203. 

[0116] FIG. 5 is an enlarged cross-sectional vieW of the 
area “B”, surrounded by a dotted line, of the rnultilayered 
Wiring board of FIG. 4. As is illustrated, the loWer electrode 
forrning copper layer 201 is constituted from an underlying 
copper foil (rnetallic underlayer) 201a and a pattern-forrning 
copper plating layer (rnetallic layer for forming a pattern) 
201b applied over the surface of the copper foil 201a. A 
surface of the pattern-forrning copper plating layer 201b has 
lands and lines formed upon patterning, as Well as openings. 
Narnely, in the loWer electrode-forrning copper layer 201, its 
topographic pattern is constituted from the lands and lines of 
the pattern-forrning copper plating layer 201b. 

[0117] In FIG. 5, the loWer electrode-forrning copper 
layer 201 and the dielectric layer 202 have a surface 201C 
and 202a, respectively. The dielectric layer 202 is formed on 
the loWer electrode-forrning copper layer 201 in such a 
manner that a surface 202a of the dielectric layer 202 has a 
surface pro?le Which is substantially the same as that of the 
surface 2016 of the loWer electrode-forrning copper layer 
201. In other Words, the dielectric layer 202 is formed on the 
loWer electrode-forrning copper layer 201 so that the result 
ing dielectric layer 202 has a surface 202a corresponding to 
the surface 2016 of the loWer electrode-forrning copper layer 
201. 

[0118] Further, the loWer electrode-forrning copper layer 
201, as is shoWn in an enlarged circular cross-sectional vieW, 
surrounded by a solid line, in FIG. 5, has a roughened 
surface 2016 produced by a roughening treatrnent. That is, a 
surface 2016 of the loWer electrode-forrning copper layer 














