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(57) ABSTRACT 

Aprinted Wiring board in Which noise components at a high 
frequency side of a poWer supply voltage can be eliminated, 
and undesired radiation noiseWhich is neWly generated can 
be suppressed, such that noise can be greatly reduced 
overall. The printed Wiring board includes a ?rst signal 
layer, a GND layer, a poWer source layer and a second signal 
layer. A sub-power source layer is provided on a same layer 
as a main poWer source layer. The sub-power source layer is 
formed in a substantially oval shape at a predetermined 
position in a substantially oval opening in the main poWer 
source layer, such that it is not in direct contact With the main 
poWer source layer. PoWer supply voltage is supplied from 
the main poWer source layer through an L-type ?lter. 
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PRINTED WIRING BOARD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a printed Wiring 
board, and more particularly to a rnulti-layered printed 
Wiring board having, inside of a substrate, a poWer source 
layer (power source layers) for supplying electric poWer to 
a semiconductor device. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, undesirable electromagnetic wave 
noise generated inside an electric or electronic device or 
external noise entering from the outside into an electric or 
electronic device has been a serious problem for electric and 
electronic devices. For this reason, electrornagnetic cornpat 
ibility (EMC) design is necessary in order to prevent unde 
sirable electromagnetic wave noise from being generated 
inside the electric and electronic devices and to secure 
strength against external noise. 

[0005] In recent electric and electronic devices, digitiZa 
tion of their electronic circuits and acceleration of the 
processing speed have been achieved. Accornpanying this 
trend, electrornagnetic noise has also increased rapidly. 
Further, due to the rapid increase in use of cellular phones, 
external noise has also increased. For this reason, EMC 
design has becornes technically dif?cult. 

[0006] Particularly, a source of electromagnetic Wave 
noise recently considered to be an important problem is 
noise current, Which ?oWs into a poWer source layer inside 
a substrate from a poWer supply circuit for supplying electric 
poWer to the semiconductor device When sWitching the 
semiconductor device Which is disposed on the substrate. 

[0007] According to Japanese Patent Application Laid 
Open (JP-A) No. 5-13909, a circuit board having a main 
poWer plane, a ground system, a very large scale integrated 
device and a sub-poWer plane has been proposed in order to 
suppress such noise current. As shoWn in FIG. 12, a main 
poWer plane 60 and a sub-poWer plane 62, Which is physi 
cally separated from the main poWer plane 60 and Which is 
supplied With electric power from the main poWer plane 60 
through a ?lter 64, are provided as poWer source layers. The 
sub-poWer plane 62 is disposed just beloW a very large scale 
integrated device 70 and supplies electric poWer to the very 
large scale integrated device 70. 

[0008] In the same Way as the aforementioned JP-A No. 
5-13909, in the rnulti-layered printed Wiring board proposed 
in JP-A No. 7-45962 Which has a poWer source layer and a 
ground layer as the inner layers, the poWer source layer 
region, Which is a connecting region of rnounted compo 
nents, and the ground layer region are separated and isolated 
from each other so as to prevent noise from being spread 
around. 

[0009] HoWever, although these prior art are effective for 
reducing radiation of loW-frequency noise of not more than 
around 500 MHZ Which is generated from a circuit substrate 
When supplying electric poWer to the semiconductor device, 
it has been found that the radiation of high-frequency noise 
of about 1 GHZ is great, or cannot be reduced. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
printed Wiring board capable of suppressing not only radia 
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tion of loW-frequency noise but also radiation of high 
frequency noise, so that undesirable radiation noise Which is 
neWly generated can be kept to a loW level, thereby reducing 
noise to a large extent overall. 

[0011] To achieve the above object, according to a ?rst 
aspect of the invention, there is provided a printed Wiring 
board for supplying electric power from an external poWer 
source to a semiconductor device, Wherein the serniconduc 
tor device has a plurality of input poWer supply terminals for 
inputting substantially equal voltages to the semiconductor 
device, the printed Wiring board cornprising: 

[0012] (a) a plurality of layers, the layers including: 

[0013] a mounting face having a plurality of 
electrical terrninals, the mounting face being adapted 
for mounting the semiconductor device thereto With 
the plurality of semiconductor device poWer supply 
terrninals electrically connected to the mounting face 
electrical terminals; and 

[0014] (ii) another layer having a ?rst poWer source 
region adapted for connection to the external poWer 
source; and 

[0015] (b) a second poWer source region having an outer 
con?guration smaller than an outer con?guration of the 
semiconductor device, electrically insulated from the ?rst 
poWer source region except through an electrical connection 
through a ?lter, and electrically connected to the mounting 
face electrical terminals for supplying electrical poWer 
received from the ?rst poWer source region through the ?lter, 
to the semiconductor device. 

[0016] According to the ?rst aspect of the present inven 
tion, the second poWer source region for supplying electric 
poWer to a semiconductor device having plural input poWer 
supply terminals, to Which the same voltages are inputted, is 
provided independently of the ?rst poWer source region. As 
a result, loW-frequency noise components of electric poWer 
supplied from the outside can be reduced, further, because 
the outer con?guration of the second poWer source region is 
smaller than the outer con?guration of a device to be 
mounted on the mounting face, high-frequency noise radi 
ated from the second poWer source region can be suppressed 
to a loW level. 

[0017] Therefore, the radiation noise on the Whole can be 
reduced to an extremely loW level. The semiconductor 
device may be, for example, an integrated circuit component 
such as an LSI or a ULSI. The “semiconductor device 

having plural input poWer supply terminals to Which the 
same voltages are inputted” in the present invention means 
a semiconductor device having a set of plural input poWer 
supply terminals or plural sets of the plural input poWer 
supply terrninals. 

[0018] An effect of the present invention arises because 
the second poWer source region is smaller than an outer 
con?guration of the semiconductor device. If the sernicon 
ductor device to be mounted is an integrated circuit corn 
ponent having a semiconductor chip or a die incorporating 
an integrated circuit, it is preferable that the second poWer 
source region is substantially as large as an area of the 
semiconductor chip contained in the integrated circuit corn 
ponent. Further, the second poWer source region may be 
rectangular, or may be a shape having roundness such as an 
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oval, a circle or a rectangle having rounded corners. A shape 
having roundness can reduce radiation of noise correspond 
ingly to the absence of angular corners. 

[0019] Further, a single second poWer source region may 
be provided, or plural second poWer source region may be 
provided. Namely, one second poWer source region may be 
provided so as to correspond to one semiconductor device 
mounted on the mounting surface, or plural second poWer 
source regions may be provided so as to correspond to one 
semiconductor device mounted on the mounting surface. 

[0020] For example, if plural function cells such as tran 
sistors or diodes are provided on a semiconductor chip 
Within a semiconductor integrated circuit component selling 
as a semiconductor component, plural second poWer source 
regions can be provided electrically independently of one 
another such that one second poWer source region corre 
sponds to one function cell or to plural function cells. 
Further, the second poWer source region for supplying 
electric poWer for the I/O of the semiconductor device and 
the second poWer source region for supplying electric poWer 
for the core may be provided separately. 

[0021] Further, the ?rst poWer source region and the 
second poWer source region may be formed on separate 
layers or on the same layer. If the ?rst poWer source region 
and the second poWer source region are formed on the same 
layer, the effect of radiation noise reduction is more con 
siderable than When they are formed on separate layers. 

[0022] If the ?rst poWer source region and the second 
poWer source region are formed on the same layer, the ?rst 
poWer source region and the second poWer source region 
may be provided so as to be side by side, or the ?rst poWer 
source region may be provided With an opening and then the 
second poWer source region may be provided Within the 
opening such that it is not in direct contact With the ?rst 
poWer source region. 

[0023] As for the electrical connection betWeen the semi 
conductor device and the second poWer source region, if 
plural external connecting terminals are provided on a rear 
face of the package like a ball grid array type semiconductor 
device, at the external connecting terminals may be con 
nected directly to via holes for connecting to the second 
poWer source region. Or, in the case of a semiconductor 
device in Which the external connecting terminals are pro 
vided along the periphery of the package, pins of the 
semiconductor device may be connected to the auxiliary 
Wires, ones of ends of Which are connected to the second 
poWer source region. 

[0024] Preferably, the printed Wiring board, Wherein the 
second poWer source region is included in one of the layers, 
another layer includes auxiliary Wires Which supply electri 
cal poWer received from the second poWer source region to 
the mounting face electrical terminals, ?rst electrical con 
nections connecting the second poWer source region to the 
auxiliary Wires, second electrical connection connecting the 
plurality of input poWer supply terminals and auxiliary Wires 
to one another, and an electromagnetic ?eld separating 
portion through Which at least one of the ?rst and second 
electrical connections extends. 

[0025] In other Words, if the electromagnetic ?eld sepa 
rating portion is provided at least in the ?rst interval, i.e., 
ifthe electromagnetic ?eld separating portion is provided at 

Sep. 27, 2001 

least betWeen the auxiliary Wires and the second poWer 
source region, the electromagnetic ?eld generated by the 
auxiliary Wires and the electromagnetic ?eld generated by 
the second poWer source region are separated. Consequently, 
the second poWer source region and the auxiliary Wires are 
integrated With each other electromagnetically, so as to 
suppress radiation of noise. 

[0026] The electromagnetic ?eld separating portion pro 
vided in the ?rst interval acts to separate the electromagnetic 
?eld generated by the second poWer source region and the 
electromagnetic ?eld generated by the semiconductor 
device. Further, the second poWer source region and the 
semiconductor part are integrated electromagnetically so as 
to suppress radiation of noise. Of course, if an electromag 
netic ?eld separating portion is provided both in the ?rst 
interval and the second interval, the second poWer source 
region and the semiconductor device are separated electro 
magnetically in tWo stages, so that a more marked effect can 
be obtained. 

[0027] The electromagnetic ?eld separating portion may 
be formed by a layer connecting member such as a via hole 
for connecting the auxiliary Wires to the second poWer 
source region, or a layer connecting member such as a via 
hole for connecting the auxiliary Wires to the semiconductor 
device. 

[0028] Preferably, the printed Wiring board, Wherein the 
plurality of layers includes a ground layer forming a part of 
the electromagnetic ?eld separating portion, and said at least 
one of the electrical connections extends through the ground 
layer. 

[0029] That is, the sectional area of the via hole is very 
small as compared to the area of the second poWer source 
region. Thus, it is dif?cult for high-frequency noise compo 
nents to pass through the via hole, and the via hole (layer 
connecting member) plays the role of inductor L. 

[0030] If the ?rst poWer source region and the second 
poWer source region are formed on the same layer, the 
reason Why high-frequency noise components increase or 
cannot be reduced is that radiation noise leaks from the 
periphery of an annular slot speci?ed by an opening formed 
in the ?rst poWer source region and the periphery of the 
second poWer source region, because the second poWer 
source region is provided independently of the ?rst poWer 
source region. It is noted that radiation noise increases as the 
site of the annular slot increases. Thus, the printed Wiring 
board, Wherein the layer having the ?rst poWer source region 
also includes the second poWer source region, and the ?rst 
poWer source region has an opening With an area less than 
the semiconductor device, and the second poWer source 
region is located in the opening. 

[0031] That is, by decreasing the opening area of the ?rst 
poWer source region to reduce the length of the periphery of 
the annular slot, radiation noise leaking from the periphery 
of the annular slot is prevented from becoming large. As 
compared to a case Where the opening area is larger than the 
mounting face for the semiconductor device, the area of the 
annular slot is small, thereby making it possible to reduce 
generation of radiation noise. Because the second poWer 
source region is provided in an opening smaller than the 
outer con?guration of the semiconductor device to be 
mounted on the mounting face, the area of the second poWer 
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source region is smaller than the mounting face. As a result, 
noise radiated from the second poWer source region can be 
kept to a loW level. 

[0032] Preferably, the printed Wiring board, Wherein the 
auxiliary Wires are included on the mounting face. 

[0033] In case Where the semiconductor device to be 
mounted is a ball grid array semiconductor device, the 
auxiliary Wires are provided to be connected to a predeter 
mined number of electrode pads among the electrode pads 
Which are disposed tWo-dimensionally on the mounting 
face. With such a structure, the necessity of forming the 
auxiliary Wires While avoiding the electrode pads and via 
holes is eliminated, thereby facilitating the Wiring design. 
Consequently, the aforementioned effects can be obtained 
stably. 

[0034] Further, by providing the auxiliary Wires With 
capacitors at one end or both ends thereof, high-frequency 
current can be supplied stably, thereby suppressing genera 
tion of electromagnetic ?eld noise from the semiconductor 
device. 

[0035] Examples of the ?lter portion for reducing noise 
generated from electric poWer from the ?rst poWer source 
region include an L-type ?lter, a J's-type ?lter and an inductor 
L. The inductor L contained in the L-type ?lter, the J's-type 
?lter and the inductor L may be an inductor having only a 
reactance component, or may be a ferrite chip inductor 
having a resistance component may be used. The ferrite chip 
inductor results in a more marked noise reduction effect. 

[0036] The ?lter portion may include: the printed Wiring 
board of the ?rst aspect, Wherein the ?lter includes: a 
connecting portion connecting the ?rst poWer source region 
and the second poWer source region to one another; and a 
narroW conductive path formed in the ?rst poWer source 
region by a groove pattern for introducing electric poWer 
from the ?rst poWer source region to the connecting portion. 
In this case, because the ?lter portion is formed in a portion 
of the ?rst poWer source region, an additional part does not 
have to be provided as the ?lter portion. Therefore, the space 
for providing the ?lter portion becomes unnecessary. Con 
sequently, the structure can be simpli?ed and the cost for the 
?lter portion can be eliminated. 

[0037] Further, to achieve the above object, according to 
a second aspect of the present invention, there is provided a 
printed Wiring board comprising: a printed Wiring board for 
supplying poWer from a poWer source to an integrated 
circuit component, Wherein the integrated circuit component 
includes a plurality of input poWer supply terminals for 
inputting substantially equal voltages thereto, the printed 
Wiring board comprising a substrate including: 

[0038] a mounting surface having electrical contacts, and 
adapted for receiving the integrated circuit component on 
the mounting surface, With the poWer supply input terminals 
of the integrated circuit component electrically connecting 
to the mounting surface electrical contacts; 

[0039] a ?rst poWer source region having an opening of an 
area less than the integrated circuit component; 

[0040] at least one second poWer source region provided 
in the opening independent from the ?rst poWer source 
region, With the second poWer source region connected 
through a ?lter portion to the ?rst poWer source region; 
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[0041] 
[0042] auxiliary Wires provided on the mounting surface, 
each auxiliary Wire having opposite ends With one end 
connected to the mounting surface electrical contacts, and 
the other end connected to the second poWer source region 
through a layer connecting member passing through the 
ground layer. 

a ground layer; and 

[0043] With such a structure, not only can loW-frequency 
noise radiation be reduced for the above-described reason, 
but also, high-frequency noise radiated from the second 
poWer source region can be kept laW. Further, because the 
integrated circuit component and the second poWer source 
region can be electrically separated from each other, the 
second poWer source region and the integrated circuit com 
ponent are integrated With each other electromagnetically so 
as to prevent radiation of noise. 

[0044] Further, radiation noise leaking from the periphery 
of the annular slot is prevented from becoming large. 
Because the area of the annular slot is smaller than a case 
Where the opening area is larger than the mounting face for 
the integrated circuit component, the radiation noise can be 
reduced. Because the current loop formed by the second 
poWer source region, the auxiliary Wires and the integrated 
circuit component is the smallest, the radiation noise can be 
suppressed to a loW level. 

[0045] Further, to achieve the above object, according to 
another aspect of the invention, it is provided a method of 
reducing electromagnetic noise introduced into a semicon 
ductor device from a poWer source for the semiconductor 
device, the method comprising the steps of: 

[0046] (a) forming a poWer supply layer having a ?rst 
poWer source region surrounding a second poWer source 
region electrically isolated from the ?rst poWer source 
region, With the second poWer region having an area smaller 
than that of the semiconductor device; 

[0047] (b) supplying poWer to the ?rst poWer source 
region, and from the ?rst poWer region to the second poWer 
region through a ?lter; 

[0048] (c) mounting the semiconductor device over the 
poWer supply layer With a ground layer disposed betWeen 
the semiconductor device and the poWer supply layer; and 

[0049] (d) supplying poWer to the semiconductor device 
through electrical connections extending from the second 
poWer source region through the ground layer to the semi 
conductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1 is an exploded perspective vieW schemati 
cally shoWing an overall structure of a printed Wiring board 
according to a ?rst embodiment of the present invention; 

[0051] 
FIG. 1; 

[0052] FIG. 3A is an electric block diagram of an L-type 
?lter having L and C; 

[0053] FIG. 3B is an electric block diagram of a J's-type 
?lter having C, L and C; 

[0054] FIG. 3C is an electric block diagram of a ?lter 
formed by only an inductor L; 

FIG. 2 is a sectional vieW taken along line A-A of 
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[0055] FIG. 4 is an exploded perspective vieW schemati 
cally showing an overall structure of a printed Wiring board 
according to an applied example of the ?rst embodiment; 

[0056] FIG. 5 is an exploded perspective vieW schemati 
cally shoWing an overall structure of a printed Wiring board 
according to another applied example of the ?rst embodi 
ment; 

[0057] FIG. 6 is a graph shoWing measurement results of 
electromagnetic ?eld spectra radiated When the printed 
Wiring board shoWn in FIGS. 1 and 2, the printed Wiring 
board shoWn in FIG. 4 and the printed Wiring board shoWn 
in FIG. 12, each provided With an IC, are driven; 

[0058] FIG. 7 is an exploded perspective vieW schemati 
cally shoWing the overall structure of a printed Wiring board 
according to a second embodiment of the present invention; 

[0059] FIG. 8 is an exploded perspective vieW schemati 
cally shoWing the overall structure of a printed Wiring board 
according to a third embodiment of the present invention; 

[0060] FIG. 9 is an exploded perspective vieW schemati 
cally shoWing the overall structure of a printed Wiring board 
according to a fourth embodiment of the present invention; 

[0061] FIG. 10 is an explanatory diagram for explaining 
operation of the present invention; 

[0062] FIG. 11A to 11D are explanatory diagrams for 
explaining a structural example of the present invention; and 

[0063] FIG. 12 is a sectional vieW schematically shoWing 
the structure of a conventional printed Wiring board. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0064] Hereinafter, preferred embodiments of the printed 
Wiring board according to the present invention Will be 
described With reference to the accompanying draWings. In 
the ?rst embodiment through the third embodiment, a quad 
?at package (QFP) type IC 30 is used as a semiconductor 
device Which is mounted on the printed Wiring board. In the 
fourth embodiment, a ball grid array (BGA) type IC 31 is 
used as the semiconductor device. 

[0065] The present embodiment describes a case in Which 
the printed Wiring board is a four-layer substrate formed a 
front surface (face on Which the IC is to be mounted) and a 
rear face of the printed Wiring board are each a signal layer, 
and a poWer source layer and a ground layer (hereinafter 
referred to as GND layer) each composed of copper foil are 
provided as inner layers. Of course, the present invention 
may be applied to not only four-layer substrates but also to 
six-layer substrates and eight-layer substrates or the like. 
Although generally, the IC has a large number of poWer 
supply terminals, ground terminals and signal terminals, 
only the connecting structure of the poWer supply terminals 
Will be described for convenience in the respective embodi 
ments. In FIGS. 1, 4, 5, 7, 8 and 9, a black circle indicates 
that there is a connected state in a layer and a White circle 
indicates that there is a non-connected state in the layer. 

[0066] (First Embodiment) 
[0067] The structure of a printed Wiring board 10a accord 
ing to a ?rst embodiment Will be described With reference to 
FIGS. 1-6. FIG. 1 schematically shoWs the printed Wiring 
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board 10a in a state in Which its respective layers are 
separated, in order to clearly shoW the states of the respec 
tive layers thereof. 

[0068] As shoWn in FIG. 1, the printed Wiring board 10a 
of the present ?rst embodiment comprises a ?rst signal layer 
12 Which is one face side of the printed Wiring board 10a, 
a GND layer 14, a poWer source layer 16a and a second 
signal layer 18a Which is other face side of the printed 
Wiring board 10a. 

[0069] In the ?rst signal layer 12, a plurality of pads 20, 
Which are soldered With external terminals 32 of an IC 30 
and electrically connected thereWith, are provided so as to 
surround a rectangular region, so that an IC mounting face 
is formed. One end of a capacitor 36, the other end of Which 
is grounded to the GND layer 14, and ones of ends of the 
poWer supply Wires 22a-22g, the other ends of Which are 
extended to become a layer above a sub-poWer source face 
28a, are connected to a ?rst pad 20a through a ninth pad 20i 
among the plural pads 20 for poWer supply Which are 
provided on the ?rst signal layer 12. For convenience of 
illustration, FIG. 1 shoWs that only a ?fth pad 206 is 
connected to a capacitor 36, the other end of Which is 
grounded to the GND layer 14, While other illustration is 
omitted. Of course, in all of the embodiments Which Will be 
described beloW, the capacitor 36, the other end of Which is 
grounded to the GND layer 14, is provided for each of the 
?rst pad 20a—through a fourth pad 20d and a sixth pad 20f 
through the ninth pad 20i, and illustration thereof is omitted. 

[0070] The capacitor 36 may be provided for each of the 
?rst pad 20a through the ninth pad 20i for poWer supply as 
in the ?rst embodiment, or may be provided on a predeter 
mined number of the pads among the ?rst pad 20a through 
the ninth pad 20i for poWer supply. 

[0071] As shoWn in FIGS. 1 and 2, the other ends of the 
poWer supply Wires 22a-22g are connected to via holes 
25a-25g. These via holes 25a-25g pass through the GND 
layer 14 such that they are not connected thereWith, and are 
connected to the sub-poWer supply face 28a described later. 
The poWer supply Wires 22a-22g correspond to auxiliary 
Wires of the present invention, and the via holes 25a-25g 
correspond to layer connecting members forming an elec 
tromagnetic ?eld separating portion of the present invention. 

[0072] The poWer source layer 16a is formed by the main 
poWer source face 26a and the sub-poWer source layer 28a. 
The main poWer source face 26a is connected to an AC 
poWer supply (not shoWn), and forms a common poWer 
source layer for the printed Wiring board 10a, and has a 
substantially oval opening 34a Which is smaller than the 
package siZe of the IC 30 to be mounted on the IC mounting 
face. 

[0073] The sub-poWer source face 28a is provided on the 
same layer as the main poWer source face 26a. The sub 
poWer source face 28a is formed in a substantially oval 
shape at a predetermined position in a substantially oval 
opening 34a in the main poWer source face 26a at a position 
set apart from the periphery of the opening 34a by a 
predetermined distance, such that the sub-poWer source face 
28a is not in direct contact With the main poWer source face 
26a. 

[0074] This sub-poWer source face 28a is supplied With 
electric poWer from the main poWer source face 26a through 
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an L-type ?lter 40. The main power source face 26a corre 
sponds to a ?rst power source region of the present inven 
tion, While the sub-poWer source face 28a corresponds to a 
second poWer source region of the present invention. In all 
of the embodiments of the present invention including the 
?rst embodiment, the main poWer source face 26a and the 
sub-poWer source face 28a are of patterns made of a 
conductive material formed in a predetermined shape. 

[0075] As shoWn in FIG. 3A, the second signal layer 18a 
has the L-type ?lter 40 formed by an inductor L Which is a 
ferrite chip inductor and a capacitor C. In FIG. 1, the 
inductor L of the L-type ?lter 40 provided on the second 
signal layer 18a is connected to the main poWer source face 
26a through the via hole 27b. TWo capacitors C1, C2 are 
connected to the GND layer 14 through the via holes 27a, 
27c Which are not connected to the main poWer source face 
26a. One terminal of the L-type ?lter 40 is connected to the 
sub-poWer source face 28a through a via hole 27d connected 
to the sub-poWer source face 28a. Consequently, When 
electric poWer is supplied from the main poWer source face 
26a to the sub-poWer source face 28a, the high-frequency 
noise component is reduced. 

[0076] That is, in the printed Wiring board of the ?rst 
embodiment, electric poWer, Whose noise has been reduced, 
is supplied from the main poWer source face 26a to the 
sub-poWer source face 28a through the L-type ?lter 40, and 
is supplied to the ?rst pad 20a—through the ninth pad 20i 
from the sub-poWer source face 28a through the via holes 
25a-25g passing through the GND layer 14 and the poWer 
supply Wires 22a-22g. 

[0077] The respective ?rst pad 20a—through the ninth pad 
20i for poWer supply, or same of the pads thereamong, are 
provided With the capacitors 36, and the respective via holes 
25a-25g act as inductor L. Thus, an L-type ?lter having L 
and, C or an L-type ?lter having L and C and an L-type ?lter 
having only L, are formed betWeen the ?rst pad 20a— 
through the ninth pad 20i for poWer supply and the sub 
poWer source face 28a. 

[0078] That is, because the sectional area of the via hole 
is very small as compared to the area of the second poWer 
source region, the via hole makes it dif?cult for high 
frequency noise component to pass therethrough. As a result, 
as shoWn in FIG. 10, the via hole 25 (layer connecting 
member) functions as the inductor L. (FIG. 10 is an explana 
tory diagram for explaining the principles of the present 
invention. In FIG. 10, reference numeral 14 denotes the 
GND layer, reference numeral 22 denotes a poWer supply 
Wire Which serves as an auxiliary Wire, reference numeral 25 
denotes the via hole, reference numeral 26 denotes the main 
poWer source face Which serves as the ?rst poWer source 
region, reference numeral 28 denotes the sub-poWer source 
face Which serves as the second poWer source region, 
reference numeral 40 denotes the L-type ?lter Which serves 
as a ?lter portion and reference numeral 30 denotes the IC 
Which serves as the semiconductor device. Note that FIG. 
10 is an example of the structure.) 

[0079] Therefore, electric poWer, Whose noise is reduced, 
is supplied to the ?rst pad 20a—through the ninth pad 20i 
for poWer supply and then supplied to the external terminals 
32 of the IC 30 connected to the ?rst pad 20a—through the 
ninth pad 20i. It is permissible to not provide any of the ?rst 
pad 20a—through the ninth pad 20i With the capacitor C. In 
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this case, the L-type ?lter having only L is formed betWeen 
the ?rst pad 20a—through the ninth pad 20i for poWer 
supply and the sub-poWer source face 28a. 

[0080] Because the GND layer 14 is provided betWeen the 
?rst signal layer 12 and the poWer source layer 16a such that 
it is adjacent to both, magnetic ?ux terminates betWeen the 
?rst signal layer 12 and the GND layer 14, and magnetic ?ux 
also terminates betWeen the poWer source layer 16a and the 
GND layer 14. As a result, an electromagnetic ?eld is 
separated betWeen the ?rst signal layer 12 and the poWer 
source layer 16a. Thus, even if the ?rst signal layer 12 and 
the poWer source layer 16a become sources of radiation of 
noise, the ?rst signal layer 12 and the poWer source layer 16a 
do not generate a large radiation noise together. Therefore, 
the radiation noise can be kept to a loW level. That is, the 
radiation noise can be largely reduced. 

[0081] Further, because the poWer supply Wires 22a-22g 
are provided on the ?rst signal layer 12, the current propa 
gation loop formed by an electrode pad (not shoWn) on the 
semiconductor chip in the IC, the ?rst pad 20a through the 
ninth pad 20i, the poWer supply Wires 22a-22g, the via holes 
25a-25g and the sub-poWer source face 28a is reduced in 
siZe, so that noise radiated from this propagation loop can be 
reduced. 

[0082] The poWer supply Wires 22a-22g may be provided 
as an inner layer of the printed Wiring board 10a or at the 
second signal layer 18a Which is located at the rear face side 
of the printed Wiring board 10a. In this case, the poWer 
supply Wires 22a-22g may be connected to the ?rst pad 20a 
through the ninth pad 20i through the via holes. 

[0083] For example, the poWer supply Wires may be 
provided on a mounting face of the printed Wiring board as 
shoWn in FIGS. 2 and 11C, or inside the printed Wiring 
board as shoWn in FIG. 11A or on the face opposite to the 
mounting face as shoWn in FIGS. 11B and 11D. (FIG. 11A 
to 11D are explanatory diagrams for explaining the prin 
ciples of the present invention, and the same reference 
numerals as those of FIG. 10 are used therein. Of course, the 
structure shoWn in FIG. 11A to 11D are examples.) 

[0084] According to the ?rst embodiment, the main poWer 
source face 26a and the sub-poWer source face 28a are 
connected to each other by means of the L-type ?lter. 
HoWever, the connecting means is not restricted to an L-type 
?lter, and it is permissible to use the J's-type ?lter having C, 
L, C as shoWn in FIG. 3B or an ordinary loW-pass ?lter such 
as a ?lter formed only by an inductor L as shoWn in FIG. 3C. 
FIG. 3C shoWs an L-type ?lter through stray capacitance. 
Not only an inductor Which is reactance component, but also 
an inductor having resistance component such as a ferrite 
chip inductor may be used as the L. 

[0085] As an applied example of the ?rst embodiment, a 
printed Wiring board 10b is formed as folloWs as shoWn in 
FIG. 4. Arectangular opening 34b, Which is smaller than the 
package siZe of the IC 30 to be mounted on the IC mounting 
face and larger than the semiconductor chip (not shoWn) 
Within the IC 30, is provided in a main poWer source face 
26b. A sub-poWer source face 28b, Which is provided Within 
this opening 34b such that it is not in direct contact With the 
main poWer source face 26a, is rectangular, is smaller than 
the package siZe of the IC 30, and is larger or smaller than 
the semiconductor chip (not shoWn) in the IC 30. 
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[0086] Further, a printed Wiring board 10c shown in FIG. 
5 may be used in Which a rectangular opening 34c provided 
in a main poWer source face 26c is of substantially the same 
siZe as the semiconductor chip (not shoWn) in the IC 30 
mounted on the IC mounting face, and a sub-poWer source 
face 28c in the opening 34c is of substantially the same siZe 
as the semiconductor chip (not shoWn). Because the other 
structures are the same as those of the above described ?rst 
embodiment, description thereof is omitted. 

[0087] FIG. 6 shoWs measurement results of a radiation 
electromagnetic spectrum When the IC 30 operating at a 
40-MHZ clock is mounted on the printed Wiring board 10a 
shoWn in FIGS. 1, 2 and driven, and measurement results of 
a radiation electromagnetic spectrum When the IC 30 oper 
ating at a 40-MHZ clock is mounted on the printed Wiring 
board 10b and driven. The sub-poWer source face 28b of the 
printed Wiring board 10b shoWn in FIG. 4 is larger than the 
sub-poWer source face 28a provided at the printed Wiring 
board 10a shoWn in FIGS. 1, 2. 

[0088] As a comparative eXample, FIG. 6 shoWs mea 
surement results of a radiation electromagnetic spectrum 
When the IC 30 having the same structure is mounted on the 
printed Wiring board of a conventional structure shoWn in 
FIG. 12 and driven. In FIG. 6, the graphed line connecting 
the black circles indicates measurement results When the 
printed Wiring board 10a shoWn in FIGS. 1, 2 is used, the 
graphed line connecting the White triangles indicates the 
measurement results When the printed Wiring board 10b 
shoWn in FIG. 4 is used, and the graphed line connecting the 
White squares indicates the measurement results When the 
printed Wiring board of the conventional structure shoWn in 
FIG. 12 is used. 

[0089] From these measurement results, it is evident that 
the printed Wiring board 10a shoWn in FIGS. 1, 2 and the 
printed Wiring board 10b shoWn in FIG. 4 Where the present 
invention is applied, generate a much smaller amount of 
high-frequency noise component of 500 MHZ or more as 
compared to the printed Wiring board having the conven 
tional structure. 

[0090] Although, according to the ?rst embodiment, a case 
Where the main poWer source face 26a-26c and the sub 
poWer source face 28a-28c are formed on the same layer has 
been described, the present invention is not restricted to this 
structure. It is permissible to provide the main poWer source 
face 26a-26c and the sub-poWer source face 28a-28c on 
separate layers. In this case, the main poWer source face 
26a-26c and the sub-poWer source face 28a-28c may be 
formed on separate layers, or the main poWer source face 
26a-26c and the sub-poWer source face 28a-28c may be 
provided on separate layers While the main poWer source 
face 26a-26c contains no opening 34a-34c. 

[0091] In case Where the main poWer source face 26a-26c 
contains no opening 34a-34c, the sub-poWer source face 
28a-28c may be provided as the layer above the main poWer 
source face 26a-26c or as the layer beloW the main poWer 
source face 26a-26c. In any case, the sub-poWer source face 
28a-28c should be connected to the main poWer source face 
26a-26c through the ?lter 40. 

[0092] (Second Embodiment) 
[0093] Next, the structure of a printed Wiring board 10d 
according to the second embodiment Will be described With 
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reference to FIG. 7. The printed Wiring board 10d of the 
second embodiment is an applied eXample of the ?rst 
embodiment and differs from the ?rst embodiment only With 
respect to the structure of the poWer source layer. Thus, a 
description of the same portions is omitted and only different 
portions Will be described. 

[0094] As shoWn in FIG. 7, the printed Wiring board 10d 
of the second embodiment has tWo sub-poWer source faces 
28d1, 28d2 in an opening 34d provided in a main poWer 
source face 26d Which forms a poWer source layer 16d. 

[0095] The tWo sub-poWer source faces 28a'1, 28a'2 are 
provided separately such that they are not in contact With 
each other, and are located a predetermined distance from 
the periphery of the opening 34d of the main poWer source 
face 26d. The tWo sub-poWer source faces 28d1, 28d2 are 
connected to capacitors 36 provided on the ?rst signal layer 
12. Because the tWo sub-poWer source faces 28d1, 28a'2 are 
electrically separated from each other, electric poWer of the 
same voltages can be supplied to the sub-poWer source 
faces, or electric poWer of different voltages can be supplied 
thereto. The main poWer source face 26d corresponds to the 
?rst poWer source region of the present invention, and the 
sub-poWer source faces 28a'1, 28a'2 correspond to the second 
poWer source region of the present invention. 

[0096] Because the printed Wiring board 10d of the second 
embodiment has such a structure, in addition to the effects 
described in connection With the ?rst embodiment, there is 
the effect that dispersion of noise betWeen tWo sub-poWer 
sources is eliminated, thereby making it possible to reduce 
radiated noise. 

[0097] (Third Embodiment) 
[0098] The structure of a printed Wiring board 106 accord 
ing to a third embodiment Will be described With reference 
to FIG. 8. The printed Wiring board 106 of the third 
embodiment is an applied eXample of the ?rst embodiment, 
and differs from the ?rst embodiment only With respect to 
the structure of the poWer source layer. Therefore, a descrip 
tion of the same portions is omitted and only different 
portions Will be described. 

[0099] As shoWn in FIG. 8, in the printed Wiring board 
106 according to the third embodiment, a main poWer source 
face 266 forming a poWer source layer 166 is connected to 
an AC poWer source (not shoWn), and forms a common 
poWer source layer of the printed Wiring board 106. The 
main poWer source face 266 has a rectangular opening 346 
having substantially the same area as the siZe of a semicon 
ductor chip (not shoWn) stored in the IC 30 to be mounted 
on the IC mounting face. 

[0100] The sub-poWer source face 286 forming the poWer 
supply layer 166 is provided in a rectangular shape at a 
predetermined position Within the opening 346, and is apart 
from the periphery of the opening 346 by a predetermined 
distance in the main poWer source face 346, and is connected 
to a capacitor 42 provided on the second signal layer 18b. 
The main poWer source face 266 corresponds to the ?rst 
poWer source region of the present invention, and the 
sub-poWer source face 286 corresponds to the second poWer 
source region of the present invention. 

[0101] According to the third embodiment, a portion of 
the periphery of the sub-poWer source face 286 is joined to 
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a portion of the periphery of the opening 346 in the main 
poWer source face 266 through a connection region 29a 
Which forms a ?lter portion. A long groove 38 is formed 
along the opening 346 in the main poWer source face 266. 
This long groove 38 forms a narroW conductive path 29b 
Which is connected to the connection region 29a and forms 
a ?lter portion. Because this narroW conductive path 29b 
serves as an inductor, the high-frequency noise component 
is reduced When electric poWer from the main poWer source 
face 266 passes through the narroW conductive path 29b. 
Further, together With the capacitor 42 mounted on the 
second signal layer 18b, the narroW conductive path 29b act 
as a ?lter portion for reducing noise. 

[0102] In the printed Wiring board 106 of the third embodi 
ment, the main poWer source face 266 and the sub-poWer 
source face 286 are formed by patterns Which function as a 
?lter. Therefore, in addition to the effects of the ?rst embodi 
ment, there is the effect that, because there is no need to 
provide a ?lter, the entire thickness can be reduced and 
production costs can be reduced. 

[0103] Although according to the third embodiment, a 
single connection region is provided, the number of con 
nection regions is not restricted to one, and plural connection 
regions may be provided. In this case, electric poWer is 
supplied to the respective connection regions through nar 
roW conductive paths formed by long grooves or the like. 
Further, it is possible to use a knoWn method for providing 
the pattern With the operation of an inductor or a ?lter by 
forming the narroW conductive path in a meandering shape. 

[0104] (Fourth Embodiment) 
[0105] Next, the structure of a printed Wiring board 10f 
according to the fourth embodiment Will be described With 
reference to FIG. 9. The printed Wiring board 10f of the 
fourth embodiment is an applied eXample of the ?rst 
embodiment, and differs from the ?rst embodiment only 
With respect to the structure of the ?rst signal layer 13, the 
structure of the second signal layer 18c, the dimension of the 
opening in a main poWer source face 26f, and the dimension 
of a sub-poWer source face 28f. Thus, description of the 
same portions is omitted, and only different portions Will be 
described. 

[0106] As shoWn in FIG. 9, the printed Wiring board 10f 
of the fourth embodiment is suitable for a ball grid array 
(BGA) IC 31 to be placed thereon. The ?rst signal layer 13 
has electrode pads 21 provided at positions corresponding to 
external terminals of the BGA IC 31 to be placed on the 
printed Wiring board 10f. In FIG. 9, three roWs of the 
electrode pads 21 are provided along each of the four sides 
of the mounting face. 

[0107] PoWer supply Wires 22h-22m are provided on the 
surface of the ?rst signal layer 13. Each of the poWer supply 
Wires 22h-22m connects three electrode pads 21 aligned in 
the transverse direction of the electrode pads 21 disposed in 
array shape. These poWer supply Wires 22h-22m are pro 
vided so as to be oriented in directions orthogonal to the four 
sides of the mounting face, from the outer side of the 
mounting face to the center thereof. Further, the capacitor 36 
is provided at a mounting face outer side end of each of the 
poWer supply Wires 22h-22m. A mounting face inner side 
end of each of the poWer supply Wires 22h-22m is connected 
to a rear face of the printed Wiring board, namely, to a 
capacitor 42, so that high-frequency current can be stably. 
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[0108] The second signal layer 18c contains the capacitors 
42 Which are connected to the mounting face inner side ends 
of the poWer supply Wires 22h-22m. The ends of each 
capacitor 42 are not connected to the GND layer 14. The 
capacitor 42 is connected to via holes 25a-25fWhich connect 
the sub-poWer source face 28f and the inner side ends of the 
poWer supply Wires 22h-22m. 

[0109] Because the printed Wiring board 10f of the fourth 
embodiment has the above described structure, it produces 
the same effects as the ?rst embodiment even When the BGA 
IC 31 is placed thereon. Further, because the capacitors 36, 
42 are provided at both ends of the poWer supply Wires 
22h-22m, a further noise reduction effect is obtained, so that 
electric poWer can be supplied stably. 

[0110] In the printed Wiring boards 10a-10f of the ?rst 
through fourth embodiments of the present invention, the 
GND layer 14 is provided betWeen the ?rst signal layer 12 
and the poWer supply layer 16a-16a'. HoWever, the present 
invention is not restricted to this structure. For eXample, the 
GND layer 14 may be provided betWeen the poWer source 
layer and the second signal layer. If the poWer source layer 
is formed by the main poWer source face and the sub-poWer 
source face Which are provided on separate layers, GND 
layer 14 may be provided in a one-to-one correspondence 
With the main poWer source face and the sub-poWer source 
face such that a GND layer 14 is provided adjacent to the 
main poWer source face and a GND layer 14 is provided 
adjacent to the sub-poWer source face. Alternatively, the 
GND layer 14 may be provided betWeen the main poWer 
source face and the sub-poWer source face. 

[0111] The GND layer 14 may be provided above and 
adjacent to the second poWer source region (sub-poWer 
source face 28) as shoWn in FIGS. 11A, 11B or under and 
adjacent to the second poWer source region (sub-poWer 
source face 28) as shoWn in FIGS. 11C, 11D. 

[0112] Preferably, if a GND layer 14 is provided adjacent 
the auXiliary Wire (poWer supply Wire 22) and a GND layer 
14 is provided adjacent the second poWer source region 
(sub-poWer source face 28), magnetic ?uX terminates 
betWeen the semiconductor device and the GND layer, and 
at the same time, magnetic ?uX terminates betWeen the 
second poWer source region and the GND layer. As a result, 
the semiconductor device and the second poWer source 
region can be separated from each other electromagnetically, 
so that the electromagnetic ?eld is stabiliZed. Therefore, 
propagation of radiation noise from the second poWer source 
region to the semiconductor device can be prevented, so that 
the semiconductor device and the second poWer source 
region can be integrated electromagnetically, and radiation 
of noise can be suppressed. 

[0113] Further, by disposing the GND layer 14 betWeen 
the auXiliary Wire (poWer supply Wire 22) and the second 
poWer source region (sub-poWer source face 28) so that the 
layer connecting member (via hole 25) passes through the 
GND layer 14 as shoWn in FIGS. 2, 11A and 11B, the layer 
connecting member (via hole 25) acts as inductor L, and the 
structure in Which the layer connecting member (via hole 
25) goes through the GND layer 14 serves as capacitor C. As 
a result, an L-type ?lter having L and C is substantially 
formed, thereby intensifying the noise reduction effect. 
Further, because the GND layer acts as a shield layer for 






