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MULTI-LAYERED PRINTED WIRING BOARD

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION |
The invention relates to a multi-layered printed wiring board (PWB),
and more particularly to a multi-layered printed wiring board on which circuit
elements such as a transistor, an integrated circuit (IC) and a 1arge scale integrated

circuit (LSI) are mounted.

DESCRIPTION OF THE RELATED ART

It is well know in the field that a multi-layered printed wiring board on
which circuit elements such as a transistor, an integrated circuit (IC) and a large
.scale integrated circuit (LSI) are mounted generates electromagnetic noises which
causes malfunction of an electronic device in which the multi-layered printed
wiring board is incorporated or other electronic devices. |

Such electromagnetic noises are quite often caused by radiation, which
is so-called common mode, to be generated due to either a current to be generated -
by parasitic capacitance or parasitic mutual inductance of a circuit or a high
frequency current to flow into a power supply line. Since the generation
mechanism of the radiation is complicated, there was no effective measures to be
taken in the vicinity of a radiation source. Thus, there has been conventionally
used a metal box in which an electronic device is contained for
electromagnetically shielding.

Fig. 1 ﬂlustrates one of conventional measures for preventing
electromagnetic noise. There has been conventionally used a decoupling
capacitor 4 connected in parallel with and in the vicinity of an IC/LSI 3 connected
between a power supply line composed of a powéf supply line 16 and a ground

line composed of a ground layer 17 of a printed wiring board. Herein, the IC/LSI
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3 is a source of high frequency power supply current. A high frequency power

supply current generated due to switching operation of the IC/LSI3 and running
through the power sﬁpply layer 16 is bypassed to a ground through the
decoupling capacitor 4 in the vicinity of the IC/LSI 3, in.addition, voltage
fluctuation at a power supply terminal of the IC/LSI 3, which is generated due to
the switching operation of IC/LSI 3, being depressed.

The power supply line 16 acting as a power supply line in a
conventional multi—layered printed wiring board is a complete planar layer
composed of complete electrically conductive material such as copper. This
maximizes a plane through which a current runs and thus minimizes electrical
resistance in a power supply line, thereby providing the effect of depressing the
fluctuation in dc power supply voltage.

However, the above mentioned conventional multi-layered printed
wiring board has a problem that a designer cannot control a high frequency
power supply current accompanied with the operation of IC/LSI and flowing into
the power supply layer through the decoupling capacitor.

Specifically, in a complete planar layer, since a power supply layer has a

.small impedance. therein, a high frequency power supply current from an IC/LSI - -

flows into not only a decoupling capacitor disposed in the vicinity of a certain
IC/LSI, but also decoupling capacitors disposed in the vicinity of other IC/LSIs.
Thus, the high frequency power supply current was distributed quite
complicatedly in an entire multi-layered printed wiring board, and hence it was
very difficult or almost impossible to analyze the distribution of the high
frequency power supply current. Accordingly, it was impossible to determine
optimal capacitance of a decoupling capacitor associated with each of IC/LSs.
Since the power supply layer makes a complete planar layer itself, a
high frequency power supply current flowing into the power supply layer runs
along complicated routes, and often forms a large loop, which might cause

electromagnetic radiation and immunity degradation.
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For instance, as illustrated in Fig. 2, suppose a circuit ihcluding an

IC/LSI 3¢ from which the greatest high frequency power supply current is to run,
an IC/LSI 3d from which the second greatest high fréquency power supply
current is to run, and an IC/LSI 3¢ from which the smallest high frequency power
supply current is to run, which IC/ LSis are connected to both a power supply line
16 and a ground line 17 in parallel. The illustrated circuit also includes a
decoupling capacitor 4d disposed in the vicinity of the IC/LSI 3c and having the
greatest capacitance and hence the smallest imped.ance Z, a decoupling capacitor
4e disposed in the vicinity of the IC/LSI 3d and having the second greatest
capacitance- and hence the second smallest impedance Z, and a decoupling
capacitor 4f disposed in the vicinity of the IC/LSI 3e and having the smallest
caf)acitance and hence the greatest impedance Z. The capécitance of these IC/LSIs
is determinéd in accordance with a high frequency power supply current running
from the IC/LSIs 3c to 3e. This circuit has problems as follows. .

Since the decoupling capacitor 4f disposed in the vicinity of the IC/LSI
3e has a greater impedance than the other decoupling capacitors 3c and 3d, for
instance, all of high freqﬁency power supply current derived from the IC/LSI 3e is
not bypassed to the ground line 17 through the decoupling capacitor 4f, and thus -
a part of high frequency power supply current flows into. the IC/LSI 3c or 3d,
which makes a large current loop area. As a result, there may occur a problem
that electromagnetic noises are increased, and accordingly the immunity is
dégraded. N

In the case that the high frequency power supply current derived from
the IC/LSI 3e is not bypassed through the decoupling capacitor 4f disposed in the
vicinity thereof, the introduction of the high frequency power supply current
into other capacitors causes .that an impedance is increased in a line where the
high frequency power supply current is to run. As aresult, the fluctuation in ac
voltage is enlarged, which exerts a harmful influence on stable operation of the
IC/LSI 3e itself.
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Thus, as explained earlier, there has been conventionally used a box in

which an electronic device is contained for electromagnetic shielding. However,
the metal box has to be formed with an opening through which the electronic
device is handled. Accordingly, it was impossible to };revent external leakage of
electromagnetic noises. |

Japanese Unexamined Patent Publication No. 5-235679 published on
September 10, 1993 has suggested a printed wiring board in which at least one of
~ ground patterns on a circuit board is made as a ground pattern to be used for a
noise removing filter. The one of ground patterns is connected to a ground
section of a circuit element located closest to a noiée source.

| Japanese Unexamined Patent Publication No. 4-302498 published on
October 26, 1992 has suggested a printed wiring board including insulating layers
formed on circuit patterns and electrically conductive layers to be connected to a
ground pattern, thereby preventing occurrence of radiation of high frequency
noise derived from signal lines.

Japanese Unexamined Patent Publication No. 4-3489 published on
January 8, 1992 has suggested a method of forming transmission lines on a
_. printed wiring board. The method includes the steps of forming a pattern on one
of surfaces of a substrate, forming an insulating layerlwith which the pattern is
covered, depositing an electrically conductive layer over the insulating layer to
thereby define a transmission line with the pattern, insulating layers and
electrically conductive layers, and removing copper foils deposited on the other
surface of the substrate which foils may exert an influence on the transmission
 line.

]apanesé Unexamined Utility Model Publication No. 4-43016 published
on April 13, 1992 has suggested a print filer comprising a film printed on upper
and lower surfaces thereof in the form of coil and capacitor wiring patterns, and
magnetic substances deposited on the upper and lower surfaces of the film to

thereby establish a coil having a closed magnetic pass.
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Japanese Unexamined Patent Publication No. 3-273699 published on

December 4, 1991 has suggested a printed wiring board '}iaving'a through hole and
a plurality of patterr{ surfaces, characterized by magnetic substance layers
sandwiched between the pattern surfaces. | .. '

Japanese Unexamined Patent Publication No. 3-208391 published on
September 11, 1991 has suggested a hybrid integrated circuit parts in which a
compound inductor composed of a layered structure of magnetic substance and
conductive material and a compound capacitor composed of a layered structure
of dielectric material and conductive material are overlapped to define a single-
piece substrate. The substrate is formed with a recessed portion on which the
electronic parts are to be mounted. |

]apdnese Unexamined Patent Publication No. 64-25497 published on
January 27, 1989 has suggested an inductance element including a first electrically
conductive layer formed on an insulating substrate, a magnetic substance layer
formed over the first electrically conductive layer, and a second electrically
conductive layer formed on the first electrically conductive layer, covering the
magnetic substance layer therewith.

Japanese Unexamined Patent Publication No. 63-300593 published on
December 7, 1988 has suggested a ceramic compound substrate comprising a first
magnetic sﬁbstance substrate having a certain magnetic permeability, a coil
pattern made of electrically conductive material and printed on the first magnetic
substance éubstrate, and having at distal ends internal electrodes to be connected
to another circuit, and a second magnetic substance substrate formed on the coil
pattern and cooperating with the coil pattern and the first magnetic substance
substrate to establish an inductance element having a certain value of
inductance.

Japanese Unexamined Utility Model Publication No. 61-173167
published on October 23, 1986 has suggested a compound inductor substrate .

including a plurality of inductance elements composed of a layered structure of 8-
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figure shaped conductive patterns and magnetic substance layers, the inductance

elements being arranged transversely of the figuré 8s, the magnetic substance
layer being formed with a groove extending transversely of the figure 8s across
cross-points of the figure 8s. . | :

Japanese Unexamined Utility Model Publication No. 61-38970
published on March 11, 1986 has suggested a printed wiring board including a
substrate, a pattern made of copper foil and formed over the subs&ate, first resist
applied to cover the pattern therewith for isolation of the pattern, resin
containing magnetic powder and applied on an upper surface of the first resist,

and second resist applied on an upper surface of the resin.

SUMMARY OF THE INVENTION
In view of the foregoing problems of the prior art, it is an object of the
present invention to provide a multi-layered printed wiring board which is
capable of decreasing a high frequency power supply current which is generated
due to operation of an IC/LSI and is to flow into a decoupling capacitor.
Another object of the present invention is to provide a multi-layered
..printed_wiring board which is capable of controlling a high frequency power .
supply current generated due to operation of an IC/LSI which current is to flow
“into a power supply layer and causes radiation noise.
A further object of the present invention is to provide a multi-layered
printed wiring board capable of stably operating IC/LSIs mounted thereon.
A still further object of the present invention is to provide a multi-
layered printed wiring board capable of remarkably reducing radiation noise.
~ There is provided a multi-layered printed wiring board including at
least one power supply layer, at least one ground layer, at least one signal layer,
and insulators sandwiched between the layers, characterized by that the power
supply layer is provided with a circuit in the form of wirings for imparting

impedance thereto.
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It is preferable that ‘the insulators sandwiching the supply layer

therebetween contain magnetic substance therein.

The power éupply layer may be preferably interposed between the
gi‘oﬁnd layers with the insulators sandwiched between the power supply layers
and the ground layers.

It is preferable that the insulators other than the magnetic substance
containing insulators are insulators having only dielectric éharacteristics.

The ground layers are preferably complete planar layers having no
wirings and holes thereon except through holes and via holes. This
advantageously ensures a minimum return path of a signal line, namely a
minimum route of return current.

The circuit for imparting impedance is composed preferable of line
patterns providing a greater inductance in limited regions than an inductance to

~ be generated in other regions. In addition, it is preferal;le that the impedance

imparting circuit is éomposed of at least one of winding, intersecting and spiral '

line patterns. Such patterns advantageously ensures a longer line length.

It is preferable that the insulators sandwiching the supply layer
therebetween is made of Sendust powder, NiZn family sintered ferrite 01" mixture
of ferrite powder and resin.

As mentioned above, a multi-layered printed wiring board in
accordance with the present invention is characterized by that the power supply
layer is provided with a circuit in the form of wirings for imparting impedance
thereto. For instance, the impedance imparting circuit may be formed as a
winding or meandering line pattern 11 as illustrated in Fig. 6A. The winding
line pattern 11 has a longer line length than a straight line pattern simply
connecting two points with each other. Since an inductance of a line patternisin
proportion to a line length, the impedance imparting circuit having the winding
line pattern 11 can have a greater inductance than a circuit having a straight line

pattern. As a result, it is possible to have a greater inductance without using any



elements.

When a great line inductance is necessary to establish, but there is areal
restriction in a printed wiring board, it is advantageous to adopt a spiral line
pattern 13 as illustrated in Fig. 6C. An inductance is increased in proportion to a
line length in the winding line pattern 11, whereas the spiral line pattern 13
advantageously provides an inductance in proportion to a square of the number
of turns in the spiral. |

The spiral line pattern may be in direct connection with the power
supply layer at one end and is in connection with the power supply layer at the
other end through one of the ground layer and a surface layer.

In other words, on establishing the spiral line pattern 13, it is necessary |
that a wiring starting from an internal end 18 of the spiral line pattern 13 is .
extended to a ground layer through a via hole and to form a line pattern in a line
length as short as pdssible, or that a wiring is extended through a via hole to a
surface layer on which an electronic element is mounted and is connected on the
surface layer to a capacitor under a low impedance, and then is extended back to a
power supply layer.

Comparing a conventional complete planar power supply-layer to a- -
power supply layer of the present invention to which the impedance imparting
circuit is provided, the power supply layer of the present invention to which the
impedance imparting circuit is provided is characterized by that a designer can
identify a pafh in which a current runs, and that it is possible to determine an
optimal decoupling capacitor for each of IC/LSIs as a source of high frequency
power supply current. |

The impedance imparting circuit may be in the form of an intersecting
or ctoss type line pattern 12 as illustrated in Fig. 6B. As an alternative, the
intersecting line pattern 12 may be used in combination with the winding line
pattern 11 and/or the spiral line pattern 13. The intersecting line pattern 12 is

simplification of the winding line pattern 11. It should be noted that a shape of a.
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line pattern is not limited to those illustrated in Figs. 6A to 6C.
Herein, as illustrated in Fig. 7, suppose a layered structure comprising'a

metallic plate 14 and planar magnetic layer 15 formed on the metallic plate 14.
An impedance Z per unit area of the layered structure between A-A' is calculated
in accordance with the following equation:

Z=Psd+j w po(pa— 1)d
wherein "Psd” denotes an impedance caused by skin effect, "j w pq (g, — 1) d"
denotes an impedance caused by the magnetic layer 15, "po" denotes magnetic
permeability of vacuum,. "pa" denotes relative magnetic permeability of the
magnetic layer 15, and "d" denotes thickness of the magnetic layer 15.

| Thus, suppose that the power supply layer on which the impedance
imparting circuit is formed corresponds to the metallic plate 14 in Fig. 7, it is
possible to increase an impedance Z of the power supply léyer by making the
insulators sandwiching the power supply layer therebetween of magnetic
material containing magnetic substance corresponding to the magnetic layer 15.
As a result, it is possible to incfease a line impedance of the power supply layer,

and increase a wiring inductance of the power supply layer by the magnetic layer
15. _

Hereinbelow will be explained a reason for providing wiring
distributed inductance of the power supply layer by means of the impedance
imparting circuit. As illustrated in Fig. 9, suppose a circuit including an IC/LSI 3¢
from which the greatest high frequency power supply current is to run, an IC/LSI
3d from which the second greatest high frequency powef supply current is to run,
and an IC/ LSI 3e from which the smallest high frequency power supply current is
to run, which IC/LSIs are connected to both a power supply line 16 and a ground
line 17 in parallel. The illustrated circuit also includes a decoupling capacitor 4d
disposed in the vicinity of the IC/LSI 3c and having the greatest capacitance and
hence the smallest impedance Z, a decoupling cabacifor 4e disposed in the

vicinity of the IC/LSI 3d and having the second greatest capacitance and hence
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the second smallest impedance Z, and a decoupling capacitor 4f disposed in the
vicinity of the IC/ LSI 3e and having the smallest ¢apacitance and hence the
greatest impedance Z. The capacitance of these IC/LSIs is determined in
acéordaﬁce with a high frequency power supply current running from the IC/LSIs
3cto 3e. The circuit illustrated in Fig. 9 is different from the circuit illustrated in
Fig. 2 in that inductances 10a, 10b and 10c are disposed between the IC/LSIs 3c to
3e and a voltage supply 18, respectively. |

If the inductances 10a to 10c are not disposed in such a manner as
illﬁstrated in Fig. 9, since the decoupling capacitors 4d to 4f have different
impedances, for instance, the decoupling capacitor 4f disposed in the vicinity of
the IC/LSI 3e has the greatest impedance, all of high frequency power supply
current derived from the IC/LSI 3e is not bypassed to the ground line 17 through
the decoupﬁng capacitor 4f, and thus a part of high frequency power supply
current may flow into the IC/LSI 3¢ and/or 3d. Namely, only the decoupling
capacitors 4d to 4f cannot isolate the IC/LSIs 3c to 3e from one another in terms of
high frequency.

On the other hand, by providing the inductances 10a, 10b and 10c to the
- power supply layer 16, as illustrated in Fig. 9, it is possible to cause high frequency
power supply current derived from the IC/LSIs 3c to 3e to bypass through the
decoupling capacitors 4d to 4f disposed in the vicinity thereof to thereby make a
current loop small and thus prevent the high frequency power supply current
from ﬂowing. into the other IC/LSIs. As a result, the IC/LSIs 3¢ to 3e can be
isolated from one another in terms of high frequency.

It is preferable that the power supply layer includes main wirings for
distributing a dc current entirely to the printed wiring board with a dc voltage
drop being depressed, and branch wirings for enhancing high frequency
impedance to isolate circuits in terms of high frequency, which circuits are
mounted on the multi-layered printed wiring board and operated independently

with each other.
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The multi-layered printed wiring board preferably includes a first

capacitor connected to a junction between each of the branch wirings and each of
the circuits, the first éapacitor being suitable for high frequency power supply
current characteristic of the circuits, and a second capacitor connected to a
junction between the main and branch wirings for assisting operation of the first
capacitor.

The branch wirings correspond to the above mentioned circuit for
imparting impedance. The first and second cépacitors may be decoupling
capacitors.

It is preferable that the magnetic substance containing insulators have
magnetic permeability having both a real number part which is not decreased in
a predetermined frequency band and an imaginary number part which has
uniform characteristics in the predetermined frequency band. Namely, as
illustrated in Fig. 84, it is preferable that the real number part g1 of the magnetic
permeability g of the magnetic substance containing insulators tends to be
decreased in a small degree at a frequency greater than a predetermined frequency
and the imaginary number part gy of the magnetic permeability u tends to be
_increased in_a small degree at a frequency greater than the predetermined
frequency. Herein, the predetermined frequency may be selected. to be a few
hundred MHz, as illustrated in Fig. 8A.

The reason for using the above mentioned magnetic substance
containing insulators is that when there cannot be obtained a sufficient
distributed inductance by the above mentioned impedance imparting circuit, the
use of the above mentioned magnetic substance containing insulators provides
an advantage of increasing the distributed inductance in proportion to the real
_ number part p; of the magnetic permeability g. It is necessary for the real
number part p; of the magnetic permeability 1 of the magnetic substance .
containing insulators to have small drop-tendency at a frequency greater than a

few hundred MHz in order to isolate high frequency power supply currents
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flowing from IC/LSIs to power supply wirings in terms of high frequency among

circuits composed of IC and/or other “active elements and considered
independent of éach other. |

On the other hand, the imaginary number part p» of the magnetic
permeability i of the magnetic substance containing insulators acts as a resistor,
and has a function of decreasing an impedance at a high frequency oppositely to a
function of compensating for an inductance. Thus, it is necessary for the
imaginary number part g, of the magnetic permeability ¢ to have small increase-
tendency at a frequency greater than a few hundred MHz.

It is preferable that the magnetic substance contained in the insulators

has hysteresis characteristic which is not saturated, but excited with a dc current

running through circuits mounted on the multi-layered printed wiring board
and operated independently with each other. In other words, the insulators may
preférably contain magnetic substance having both relatively great saturation
magnetic flux density Bs and relatively small residual magnetic flux density Br,
and also having a characteristic that independent circuits mounted on the multi-
layered printed wiring board can be excited with a certain amperes of current, for
instance, a few amperes of current. Namely, it is necessary that the. hysteresis
characteristic in magnetization curve called B-H curve as illustrated in Fig. 8B is
not saturated, but able to be excited with a certain amperes of current, for
instance, a few amperes of current. In Fig. 8B, an ordinate axis B indicates
magnetic flux density, and an abscissa axis H indicates magnetic field which is in

proportion to a current.

As a high frequency power supply current to run through the

impedance imparting circuit, a high amperes of current may run in a moment
like a through current which would be generated at switching operation of
IC/LSL In such a case, the magnetic substance containing insulators have to be
able to be excited.

The above mentioned present invention provides various advantages
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as follows.

In accordance with the present invention, a relatively great mductance
can be estabhshed without using any elements by providing a power supply layer
with an impedance imparting circuit. Thus, it is possible to reduce a high
frequency power supply current to be generated due to operation of IC/LSI and to
flow into decoupling capacitors mounted in a wide area.

In addition, in accordance with the present invention, a designer can
identify a path in which a current runs into a power supply layer, and hence it is
possible to determine an optimal decoupling capacitor for each of IC/LSIs as
sources of a h1gh frequency power supply current.

By making insulators sandwiching a power supply layer therebetween
of insulators containing magnetic substance, it is possible to make an impedance
of a power supply layer greater to thereby enhance the above mentioned effect,
and it is also possible to determine optimal capacitance of decoupling capacitors
for each of IC/LSIs to thereby make it easy to decrease ac voltage fluctuation at a
power supply terminal of IC/LSIs. As a result, each of IC/LSIs can operate stably.

In accordance with the present invention, the filtering effect of the

.. decoupling capacitors can be enhanced by providing a power supply layer withan - -

impedance imparting circuit. Thus, it is possible to depress occurrence of
radiation noises. In addition, the impedance imparting circuit cooperates with
the magnetic substance containing insulators sandwiching the power supply
layer therebetween to thereby remarkably depress electromagnetic radiation
derived from a multi-layered printed wiring board.

The above and other objects and advantageous features of the present
invention will be made apparent from the following description made with
reference to the accompanying drawings, in which like reference characters

designate the same or similar parts throughout the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1is a schematic view illustrating a conventional circuit including a
decoupling capacitor diéposed in the vicinity of IC/LSIL

Fig; 2 is a plan view illustrating a conventional circuit including
decoupling capacitor disposed in the vicinity of IC/LSIs.

Fig. 3 is a plan view illustrating a power supply layer of a multi-layered -
printed wiring board made in accordance with the first embodiment of the
present invention. |

Fig. 4 is a cross-sectional view of a multi-layered printed wiring board
made in accordance with the first embodiment of the present invention.

| Fig. 5 is a schematic view illustrating a power supply circuit mounted
on a multi-layered printed wiring board made in accordance with the present
invention.

Figs. 6A, 6B and 6C are plan views of circuits for imparting impedance.

Fig. 7 is a perspective view of a layered structure for explaining the
functions of the présent invention.

Fig. 8A illustrates relationship between magnetic permeability and
- frequency in magnetic substance to be used in the present invention.

Fig. 8B illustrates relationship between magnetic flux density and
magnetic field in magnetic substance to be used in the present invention.

Fig. 9 is a plan view illustrating an example of a circuit to which the
present invention is applied.

Fig. 10A is a graph showing depression effects against radiation
magnetic field in a substrate to which the present invention is not applied.

Fig. 10B is a graph showing depression effects against radiétion
magnetic field in a substrate to which the present invention is applied.

Fig. 11A shows the result of measuring magnetic field in a board to
which the present invention is not applied. |

Fig. 11B shows the result of measuring magnetic field in a board to
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which the present invention is applied.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As illustrated in Fig. 4, a multi-layered printed wiring board made in

accordance with the first embodiment of the present invention is comprised of -

an eight-layered printed wiring board including totally eight layers of signal
layers 5, ground layer 6 and a power supply layer 7 which are deposited with

insulators 8 and 9 sandwiched therebetween.

Specifically, there are deposited a signal layer 5, a ground layer 6, a

signal layer 5, a signal layer 5, a ground layer 6, a power supply layer 7, a ground

layer 6 and a signal layer 5 from a summit to abottom in this order. Between the

= --g'f_:_-signal layers 5 and between the signal layer 5 and the ground layer 6 are

.. . sandwiched the insulators 8 having only dielectric characteristic, whereas

" "insulators sandwiching the power supply layer 7 therebetween are insulators 9
containing magnetic substance. For instance, the insulators 9 contain Sendust

powder, NiZn family sintered ferrite or mixture of ferrite powder and resin as

_, magnetic substance.

As illustrated in Fig. 3, the power supply layer 7 is provided thereon
*t m‘rith' a main wiring 1 and a plurality of branch wirings 2. The main wiring 1 is
-'J."};)atterned with copper foil and is made for the purpose of distributing a dc current
to the whole printed wiring board with a dc voltage drop being depressed. The
branch wirings 2 are made for the purpose of enhancing high frequency
impedance in order to isolate circuits 3 with respect to high frequency. The
circuits 3 are mounted on the multi-layered printed wiring board and operated
independently with each other. The branch wirings 2 of which the impedance
imparting circuit is constituted include a combination of the winding line pattern
11 illustrated in Flg 6A and the intersecting line pattern 12 illustrated in Fig. 6B.
A first decoupling capacitor 4 as a first capacitor is connected under a

low impedance to a junction between each of the branch wirings 2 and each of
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the independent circuits 3. The first decoupling capacitor 4 is suitable for high

frequency power supply current characteristic of the associated circuit 3.
Similarly, a second decbupling capacitor 4a as a second capacitor is connected to a
junction between the main wiring 1 and each of the branch wirings 2. The
second decoupling capacitor 4a has a function of assisting operation of the first
decoupling capacitor 4.

The circuits 3 considered independent from one another is constituted
of IC and/or other active elements. In Fig. 3, the circuits 3 and decoupling
capacitors 4, 4a are mounted not on the power supply layer 7, but on a surface
layer, and are electrically connected to the power supply layer 7 through via holes
(not illustrated).

The use of the magneﬁc substance containing insulators 9 sandwiching
therebetween. the power supply layer 7 on which the impedance imparting circuit
in the form of wirings is formed makes it possible to increase a line impedance of
the power supply layer 7 relative to a conventional complete planar power
supply layer. In addition, the use of the insulators 9 containing magnetic

substance therein enhances a line inductance of the power supply layer 7.

. Herein, suppose a power supply circuit as illustrated in. Fig. 5... The ..

circuit includes IC/LSIs 3a and 3b each of which is connected between a power
supply line constituted of the power supply layer 7 and a ground line constituted

of the ground layer 6, decoupling capacitors 4a and 4b connected between the

~ power supply line 7 and the ground line 6 and in parallel with the IC/LSIs 3a and

3b, respectively, and a decoupling capacitor 4c connected in series to both the
decoupling capacitors 4a, 4b and the IC/LSIs 3a, 3b and grounded. It is possible to
have the distributed inductance 10 by means of wirings of the impedance
imparting circuit formed on the power supply layer 7 by establishing the circuit
illustrated in Fig. 5 on the above mentioned multi-layered printed wiring board.
The distributed inductance 10 cooperates with the decoupling
capacitors 4a, 4b and 4c to constitute a filter to thereby depress a high frequency
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power supply current accothpanied with the operatiorn of IC/LSI and flowing into

the power supply line. Since the inductance value of the distributed inductance
10 can be controlled in accordance with a structure of an impedance imparting
circuit formed on the power supply layer 7; it is possible to determine a desired
constant of the above mentioned filter.

Thus, by disposing the decoupling capacitors 4a and 4b in parallel with
the IC/LSIs 3a and 3b carrying out switching operation, it is possible to
remarkably reduce a high frequency power supply current which is generated due
to the operation of IC/LSI and is to flow into a power supPly line, comparing to
the conventional printed wiring board. As a result, it is possible to sufficiently
depress electromagnetic radiation derived from the multi-layered printed wiring
board. Accordingly, it is also possible to depress electromagnetic radiation
externally leakéd out of a conventional metal box, and as the case may be, it is no
longer necessary to use a metal box. ‘
| It should be noted that the present invention is not to be limited to the
above mentioned embodiment. For instance, the impedance imparting circuit
may be made in the form other than those illustrated in Figs. 6A to 6C. The
number of layers in the multi-layered printed wiring board and the structure of
each of the layers are not to be limited to those illustrated in Fig. 4.

Figs. 10A and 10B show the results of measuring radiation magnetic
field derived from én electronic device, specifically an engineering work station
(EWS). Fig. 10A shows the result for a printed wiring board having a complete
planar power supply layer, and Fig. 10B shows the result for a printed wiring
board having a power supply layer provided with an impedance imparting circuit
in accordance with the present invention.

Comparing the result of Fig. 10B to the result of Fig. 10A, it is found
out that the spectrum (320 MHz, 360 MHz, 480 MHz, 800 MHz, 920 MHz) at
multiplied clock frequency (40 MHz) is remarkably depressed, and ~thus

electromagnetic radiation is surely reduced.
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Figs. 11A and 11B show the results of measiitifig nearby magnetic field

profiles obtained by scanning a magnetic field measuring probe on an original
board having a comple.te planar power supply layer and a board (EWS) having a
power supply layer wired in accordance with the present invention. -Fig. 11A
shows the reéult for the original board, whereas Fig. 11B shows the result for the
board having a power supply layer to which an impedance imparting circuit is
applied. The measurement was carried out at a frequency of 80 MHz
corresponding to a two times wave of a clock frequency (40 MHz). In Figs. 11A
and 11B, deep colored areas indicate areas having high magnetic field intensity,
and lighter colored areas indicate areas having smaller magneﬁc field intensity.
In Figs.11A and 11B, there are disp.osed CPU and a large LSI as noise sourées ata
left and lower deep-colored portion. |

Comparing the nearby magnetic field profile illustrated in Fig. 11A to
that of Fig. 11B, it is found out that the nearby magnetic field profile of Fig. 11B
has greater magnetic field intensity at a left and lower portion at which CPU and
a large LSI are disposed, and has smaller magnetic field intensity at a right and
upper portion (namely, diffusion to surroundings is reduced).
__This means that a high frequency power supply current derived from
CPU and/ or a large LSI acting as noise sources are efficiently bypassed to a ground -
line through the decoupling capacitors disposed in péra]lel with the CPU or LSI,
and hence a current to flow into other LSI/ICs is reduced. Thus, it is proved that
decoupling effect caused by isolation of LSI/ICs from one another by means of

wiring is enhanced.
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CLAIMS:

1. A multi-layered printed wiring board comprising: at least one power
supply layer (7); at least one ground layer .(6); at least one signal layer (5); and
insulators (8, 9) sandwiched between fhe layers (5, 6, 7), characterized by that the
power supply layer (7) is provided with a circuit (11, 12, 13) in the form of wirings

. for imparting impedance thereto.

2. The multi-layered printed wiring board as set forth in claim 1, wherein
the power supply layer (7) includes main wirings (1) for distributing a dc current
entirely to the printed wiring board with a dc voltage drop being depressed, and
branch wirings (2) for enhancing high frequency impedance to isolate circuits (3)
in terms of high frequency, which circuits (3) are mounted on the multi-layered

printéd wiring board and operated independently with each other.

3. The multi-layered printed wiring board as set forth in claim 2 further
comprising: a first capacitor (4) connected to a junction between each of the
branch wirings (2) and each of the circuits (3), the first capacitor (4) being suitable
for high frequency power supply current characteristic of the associated circuit (3);
and a second capacitor (4a) connected to a junction between the main and branch

wirings (1, 2) for assistiﬁg operation of the first capacitor (4).

4. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein insulators (9) sandwiching the power supply layer (7) therebetween

contain magnetic substance therein.

5. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the power supply layer (7) is interposed between the ground layers

(6) with the insulators (9) sandwiched between the power supply layers (7) and
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the ground layers (6).

6. The multi—layefed printed wiring board as set forth in any one of claims 1
to 3, wherein the insulators (8) other than the magnetic substance containing

insulators (9) are insulators having only dielectric characteristics.

7. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the ground layers (6) are complete planar layers having no wirings

and holes thereon except through holes and via holes.

8. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the impedance imparting circuit (11, 12, 13) is composed of line
patterns providing a greater inductance in limited regions than an inductance to

be generated in other regions.

9.- The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the impedance imparting circuit is composed of at least one of

~winding (11), intersecting (12) and spiral (13) line patterns.

10. The multi-layered printed wiring board as set forth in claim 9, wherein
the spiral line pattern (13) is in direct connection with the power supply layer (7)
at one end and is in connection with the power supply layer (7) at the other end

through one of the ground layer (6) and a surface layer.

11. The multi-layered printed wiring board as set forth in claim 4, wherein
the magnetic substance containing insulators (9) have magnetic permeability
having both a real number part which is not decreased in a predetermined
frequency baﬁd and an imaginary number part which has uniform characteristics

in the predetermined frequency band.
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12. The multi—layered'printed wiring board as set forth in claim 11, wherein
the real number part tends to be decreased in a small degree at a frequency greater
than a predetermined. frequency and the imaginary number part tends to be
increased in a émall degree at a freﬁuency greater than the predetermined

frequency.

13. The multi-layered printed wiring board as set forth in claim 4, wherein
the insulators contain magnetic substance (9) having hysteresis characteristic
which is not saturated, but excited with a dc current running through circuits (3)
mounted on the multi-layered printed wiring board and operated independently

with each other.



