
;e3ehe.060TEL2 DESCRIPTION  EMI SUPPRESSION COMPONENT AND EMI SUPPRESSION
METHOD Technical Field The present invention relates to a component for
suppressing EMI (electromagnetic interference) and a method for suppressing
EMI in bus lines through which data is passed between data processors or
between informationprocessing devices, such as personal computers having a
CPU and an MPU, and input-output devices. Background Art In general, noise
is classified into radiated noise and conducted noise according to the
method of propagation. With regard to radiated noise, EMI can be suppressed
with metal shielding. Conducted noise is further classified into
normal-mode noise and common-mode noise. In order to suppress normal-mode
noise, measures has been taken which includes the steps of providing an
inductor, a capacitor, and an EMI filter in a signal circuit. Common-mode
noise is propagated through a ground line and is released into the air
through an interface cable functioning as an antenna. Recently, since
high-speed digital signals and high-frequency signals are often being used,
measures against common-mode noise are gaining in importance.
Conventionally, measures are not usually taken against the commonmode
noise. When some measures are required, various filters are placed in
circuits. However, when a filter is provided in a circuit, part of the
circuit must be cut away to form a space for the filter, and the filter is
then connected to the circuit. This is very troublesome. In particular, in
many cases signal circuits are arranged as a conductive pattern disposed on
a circuit substrate.   2 Therefore, once the conductive pattern is cut, it
cannot be repaired. Recently; some space and lines for the filter are
reserved in advance in the conductive pattern in consideration of the
occurrence of noise. However, bus lines through which data is passed
between data processors include lines which are very close together. Thus,
it is very difficult to take measures against EMI. Generally, expertise and
experience in noise suppression are required in order to take measures
against EMI and it takes a long time to take the measures. Moreover, there
is a problem in that filters are expensive, the space for mounting the
filters is limited in many cases, the work required to mount the filter is
not easy, and the number of man-hours required to fabricate a device is
increased, thus raising the manufacturing cost. In particular, it is
useless that the space is reserved and the lines are provided in advance,
if noise is not produced. Recently, since all devices need to be small in
size and thickness, it is very difficult to simultaneously take
satisfactory measures against noise using conventional techniques and to
achieve compact electronic devices. Accordingly, it is an object of the
present invention to provide a component for suppressing EMI and a method
of suppressing EMI, wherein the component has a dead space used for taking
satisfactory measures against EMI if it turns out that noise is produced
after necessary devices are mounted to form a circuit without taking
measures against noise. Disclosure of the Invention The present invention
has been made in order to take measures 



against common-mode noise radiated from interface cables functioning as an
antenna and against high-frequency noise generated in recent devices using
high-frequency signals. The present invention provides a component for
suppressing EMI and a method of suppressing EMI in which the component is
3 used. The component has high effectiveness improved by applying a bias
magnetic field to a composite magnetic material, which has been developed
by the inventors, for suppressing EMI. That is, according to one aspect of
the present invention, there is provided an EMI-suppressing component that
includes a composite magnetic material layer and a composite permanent
magnet layer disposed on at least part of the composite magnetic material
layer. In the EMI=suppressing component, the composite magnetic material
layer contains an organic binder and a soft magnetic material powder
dispersed in the organic binder. The composite permanent magnet layer
contains a binder and a permanent magnet powder dispersed in the binder. A
bias magnetic field is applied to the composite magnetic material layer
from the composite permanent magnet layer. According to another aspect of
the present invention, there is provided an EMI-suppressing method that
includes the steps of covering part of a bus line of information-processing
equipment with a composite magnetic material layer containing an organic
binder and a soft magnetic material powder dispersed in the organic binder,
and applying a bias magnetic field to the composite magnetic material
layer. Brief Description of the Drawing Fig. 1 is a perspective view
showing a configuration in which an EMI suppressing component according to
a first embodiment of the present invention is placed on a bus line
connected to a CPU in order to suppress EMI, wherein the EMI-suppressing
component is shown in a partly exploded manner. Fig. 2 is a sectional view
showing a configuration in which an EMI suppressing component according to
a second embodiment of the present invention is arranged at a position
close to a bus line.   4 Fig. 3 is a sectional view showing a configuration
in which an EMI suppressing component according to a third embodiment of
the present invention is arranged at a position close to the bus line. Fig.
4 is a schematic view illustrating a testing apparatus for evaluating 



an EMI-suppressing component of the present invention and illustrating the
function thereof. Fig. 5 is a graph showing the reflection/transmission
characteristic (S11 ), the permeation/transmission characteristic (S21 ),
and the electrical loss factor (P(loss) / P(in)) of the sample with respect
to the frequency at a bias magnetic field intensity of 0. Fig. 6 is a graph
showing the electrical loss factor of a sample to which different bias
magnetic fields are applied. Fig. 7 is an illustration showing a
configuration in which a permanent magnet is placed on the sample instead
of the Helmholtz coils, shown in Fig. 4, for applying a magnetic field.
Fig. 8 is a graph showing the electrical loss factor of the sample shown in
Fig. 7. Fig. 9 is a graph showing the relationship between the real part ~'
of the permeability and the frequency, and Fig. 10 is a graph showing the
relationship between the imaginary part ~" of the permeability and the
frequency, wherein the permeability is determined changing the intensity of
a bias magnetic field applied to the sample. Fig. 11 is a graph showing
changes in the real part ~' and the imaginary part ~" of the permeability
with respect to the frequency in such a case that a magnetic field is not
applied. Fig. 12 is a perspective view showing a configuration in which an
EMI-suppressing component according to a fourth embodiment of the present
invention is placed on a bus line in order to suppress EMI, wherein the   5
EMI-suppressing component is shown in a partly exploded manner. Best Mode
for Carrying Out the Invention Embodiments of the present invention will
now be described with reference to the accompanying drawings. 



Fig. 1 is a perspective view showing a configuration in which an
EMIsuppressing component 11 according to a first embodiment of the present
invention is placed on a bus line 6 connected to a CPU 5 in order to
suppress EMI. The EMI-suppressing component 11 is shown in a partly
exploded manner. The bus line 6 connects the CPU 5 and external circuits,
which are not shown. In the first embodiment, the EMI-suppressing component
11 functioning as a device for suppressing electromagnetic interference has
a composite magnetic material layer 1, which is sheet-shaped. The composite
magnetic material layer 1 is a sheet containing an organic binder and metal
magnetic powder that is dispersed in the organic binder and includes
particles having an oxide coating. The composite magnetic material layer 1
has two different magnetic resonance frequencies. The composite magnetic
material layer 1 includes a composite permanent magnet layer 2 on one face
thereof. The composite permanent magnet layer 2 is made by dispersing SmCoS
permanent magnet powder in a organic binder and ,then solidifying the
mixture thereof. The composite permanent magnet layer 2 has a pressure
sensitive adhesive layer 3 on one face other than one face on which the
composite magnetic material layer is formed. The adhesive layer 3 contains
polyvinyl alcohol as a main component. The electromagnetic
interference-suppressing device 11 is disposed over the bus line 6 for
connecting the CPU 5 to external circuits, the adhesive layer 3 being
located between the composite permanent magnet layer 2 and the   6 line.
The first embodiment of the present invention will now be described in
detail. Table 1 shows the composition of the composite magnetic material
containing soft magnetic material powder and the organic binder. The soft
magnetic material powder is obtained by oxidizing Fe-AI-Si alloy powder in
an oxygen-nitrogen gas atmosphere with an oxygen partial pressure of 20%.
Thus, the powder particles are each covered with an oxide coating. The
composite permanent magnet layer 2 is prepared according to the following
procedure: permanent magnet powder comprising SmCoS is dispersed in a
binder comprising a polypropylene polymer and a sheet is then formed. The
composite magnetic material layer 1 is formed on the composite permanent
magnet sheet 2 according to a procedure described below. Paste containing
the mixture of materials shown in Table 1 described below is applied onto
the composite permanent magnet sheet 2 with a squeegee, and the . applied
paste is sufficiently dried and then pressed to form a composite magnetic
material sub-layer having a thickness of 0.1 mm. The above paste is applied
onto the resulting composite magnetic material sub-layer, dried, and then
pressed, repeatedly, to form a multilayer structure of composite magnetic
material sub-layers. When the entire thickness reaches 1 mm, the multilayer
structure is cured by heating treatment at 70C for 48 hours to complete the
composite magnetic material layer on the composite magnet sheet. The
EMIsuppressing component sheet having the composite magnetic material layer
and the composite permanent magnet layer disposed thereon is obtained by
the above procedure. The composite magnetic material layer has a surface
resistance of 1 x 107 s2.   7 The adhesive layer 3 is formed by applying an
adhesive agent containing polyvinyl alcohol onto the back of a face on
which the composite magnetic material layer is disposed. [Table 1 ] Soft
magnetic powderFe-AI-Si alloy90 weight partsAverage particle diameter:
10pmAspect ratio: >5Organic binderPolyurethane resin8 weight
partsIsocyanate compound2 weight partsSolventCompound of cyclohexane and
toluene40 weight partsEthyl cellosolve65 weight parts Fig. 2 is a sectional
view showing a configuration in which an EMI suppressing component 12
according to a second embodiment of the present invention is arranged at a
position close to a bus line 7. The EMI-suppressing component 12
functioning as a device for suppressing electromagnetic 



interference has a double layer structure in which the composite magnetic
material layer 1 is disposed at a position close to the bus line 7 and the
composite permanent magnet layer 2 is disposed on the composite magnetic
material layer 1. The composite magnetic material layer 1 and the composite
permanent magnet layer 2 are prepared in the same manner as that of the
first embodiment. The composite magnetic material layer 1 is arranged at a
position close to the line. Fig. 3 is a sectional view showing a
configuration in which an EMI suppressing component 13 according to a third
embodiment of the present   8 invention is arranged at a position close to
the bus line 7. In the EMIsuppressing component 13, each composite magnetic
material layer 1 is disposed on both faces of the composite permanent
magnet layer 2, which functions as a support. In order to evaluate an
EMI-suppressing component of the present invention, a device described
below is used. Fig. 4 is an illustration showing a testing apparatus for
evaluating an EMI-suppressirig component of the present invention. With
reference to Fig. 4, a sheet-shaped EMI-suppressing component 20 (that is,
a sheet having only a composite magnetic material layer), which is a sample
to be measured, is arranged on a micro strip line 21 so as to cover part of
this line. The EMIsuppressing component 20 is not equipped with a permanent
magnet layer and has length of 20 mm, a width of 20 mm, and a height of 0.5
mm. An adhesive layer 3 is disposed on the composite magnetic material
sheet, which is joined to the line 21 with the adhesive layer 3
therebetween. The micro strip line 21 has an input terminal located on an
input side 31 and an output terminal located on an output side 32, the
input and output terminals are connected to a microanalyzer 24 with leads
22 and 23, respectively. The EMI-suppressing component 20 is placed in
Helmholtz coils 28, which are indicated by the twodotted chain line, such
that a bias magnetic field having an intensity of 0-1 kOe (about 0-79.6
kA/m) is applied to the micro strip line 21 in the input/output direction
(in the Hz direction). The transmission characteristics and the electrical
loss are obtained by measuring the test sample 20 at a frequency of 1 MHz
to 3 GHz. Fig. 5 is a graph showing the reflection/transmission
characteristic (S11 ), the permeation/transmission characteristic (S21 )
and the electrical loss factor (P(loss) / P(in)) of the sample with respect
to frequency at a bias magnetic field intensity of 0, wherein the
electrical loss factor corresponds to the ratio of the   9 electrical loss
(P(loss)) to the electric power (P(in)), and S11 = 20 log~T~ (T represents
the coefficient of reflection) and S21 = 20 Iog~T~ (T represents the
coefficient of permeation). The electrical loss factor corresponds to the
amount of electrical power absorbed by the sample. In this sample, it is
clear that the electrical loss factor 



gently increases as the frequency increases. Fig. 6 is a graph showing the
electrical loss factor of the sample to which a bias magnetic field is
applied. In Fig. 6) the curves 42, 41) 43, and 44 represents the
relationship between the electrical loss factor and the frequency when bias
magnetic fields having intensities of 0, 100, 500, and 1000 Oe (0, 7.96,
39.5, and 79.6 kA/m, respectively), respectively, are applied in the Hz
direction. As shown in the figure) it is clear that each curve sharply
rises and has a sharp peak in a high frequency region. As shown in Table 2,
the half-value width decreases as the electrical loss factor increases. The
half-value width means the width of a peak at half of the peak height, that
is) the frequency band between the high and low frequencies of a peak at
half of the peak height in this case. [Table 2] H[Oe]Half-Value Bandwidth
MHz011501009005003501000250 Fig. 7 is an illustration showing a
configuration in which a permanent magnet 35 is placed on the sample
instead of the Helmholtz coils 28 shown in Fig. 4 for applying a magnetic
field. As shown in the figure, the permanent magnet 35 has a volume of 1
cm3 (10-6 m3) and bias magnetic field intensities Hx, Hy, and Hz of 3 kOe,
1.5 kOe, and 1.5 kOe, respectively (239, 119, and 119   10 kA/m,
respectively) in the Hx, Hy, and Hz directions, respectively. Fig. 8 is a
graph showing the electrical loss factor of the sample shown in Fig. 7,
wherein the factor is obtained using the testing apparatus shown in Fig. 4.
In the figure, the curve 51 represents the electrical loss factor obtained
using only a micro-strip line without using a composite magnetic material
and a permanent magnet. The curve 55 represents the electrical loss factor
obtained using the composite magnetic material without using the permanent
magnet. The curves 52 to 54 represent the electrical loss factor obtained
using the composite magnetic material and the permanent magnet with a bias
magnetic field applied in the x, z, and y directions, respectively, from
the permanent magnet. It is clear that the curves 52, 53, and 54 sharply
rise at about 2 GHz, as compared with the curve 55, wherein the intensity
Hx is 1.5 kOe (119.4 kA/m), the intensity Hy is 3 kOe (239 kA/m), and the
intensity Hz is 1.5 kOe (119 kA/m), in the curves 52, 54, and 53,
respectively. In contrast, the curve 51 gently rises. Fig. 9 is a graph
showing the relationship between the real part p,' of the permeability and
the frequency, and Fig. 10 is a graph showing the relationship between the
imaginary part p." of the permeability and the frequency, wherein the
permeability is determined by varying the intensity of a bias magnetic
field applied to the composite magnetic material in a range of 0-400 Oe. As
shown in Fig. 9, it is clear that the real part ~' of the permeability
gently increases as the frequency increases and the real part p' starts to
decrease at about 1 GHz as the frequency increases. In contrast, the
imaginary part ~" of the permeability starts to sharply increase at about
0.5 GHz as the frequency increases. 



Fig. 11 is a graph showing changes in the real part ~' and the imaginary
part ~" of the permeability with respect to the frequency.   11 From
comparisons among Figs. 9, 10, and 11, it is clear that the imaginary part
~.", which is a factor effective in suppressing electromagnetic
interference) sharply increases and that electromagnetic interference can
be effectively suppressed at a particular frequency (for example, 2 GHz or
more), by applying a bias magnetic field to the composite magnetic
material. Fig. 12 is a partly exploded perspective view showing a device
for illustrating a method of suppressing electromagnetic interference with
an EMIsuppressing component according to a fourth embodiment of the present
invention. As shown in Fig. 12, in this method, an EMI-suppressing
component 15, which is the device for suppressing electromagnetic
interference according to the fourth embodiment, is placed on a bus line 6.
The electromagnetic interference-suppressing device 15 is equipped with a
composite magnetic material body 1' having a substantially C shape. The
composite magnetic material body 1' contains an organic binder and magnetic
metal powder, including particles each covered with an oxide coating,
dispersed in the organic binder. The composite magnetic material body 1'
has two magnetic resonance frequencies. The electromagnetic interference
suppressing device 15 has a composite permanent magnet layer 2 on a face of
the composite magnetic material body 1'. Table 3 shows the soft magnetic
material powder and the organic binder contained in the composite magnetic
material body 1' of the electromagnetic interference-suppressing component
15, wherein the soft magnetic material powder includes a magnetic metal
material comprising Fe-AI-Si alloy. In Table 3, the soft magnetic material
powder obtained by the oxidation in an oxygennitrogen gas atmosphere with
an oxygen partial pressure of 20% includes particles each covered with an
oxide coating. In the fourth embodiment of the present invention, the
composite magnetic material body 1' can be manufactured by a dry method as
described   12 below. The materials shown in Table 3 are heated and mixed,
and the mixture is then extruded to form a composite magnetic material
extrudate having a thickness of 1 mm and a substantially C shape. The
composite magnetic material body 1' has a surface resistance of about 1 x
106 SZ. The composite permanent magnet layer 2 is then formed on the
composite magnetic material, wherein the composite permanent magnet layer 2
contains a binder and SmCoS permanent magnet powder dispersed in the
binder. A bias magnetic field can be supplied to the composite magnetic
material body 1' from the composite 



permanent magnet layer 2 in the same manner as described above, and the
same effect as described above can be obtained. [Table 3] Soft magnetic
powderFe-AI-Si alloy80 weight partsAverage particle diameter: 45pmAspect
ratio: >5Annealing: Ar atmosphere650C x 2 HrOrganic binderABS resin20
weight parts As described above, according to the present invention,
effective measures to suppress EMI can be readily taken for bus lines
without reserving a space, which is wasteful. In particular, the present
invention provides an EMI-suppressing component and an EMI-suppressing
method, wherein the EMI-suppressing component and method can be used at the
high frequencies recently used for signals and can reduce radiated noise
without causing secondary radiation at high frequencies and over a wide
band.   13 Since an electromagnetic interference-suppressing device
according to the present invention further functions as an inductor (L),
such the devices can reduce different noises having different properties.
Thus, the present invention provides a significantly effective
EMI-suppressing component and method. Furthermore, the present invention
provides such an EMI-suppressing component and method that are effective in
reducing the size and cost of electronic devices and have the following
many advantages: there is no need to take measures in advance, less time is
required and there is no need of expertise in order to take measures, there
is no need to reserve a particular space, and the component is inexpensive
as compared with filters. Industrial Applicability: As described above, an
EMI-suppressing component and method according to the present invention are
extremely effective in suppressing electromagnetic interference caused by
electromagnetic noise of electronic devices and electrical equipment.  



14 CLAIMS 1. A component for suppressing EMI comprising a composite
magnetic material layer and a composite permanent magnet layer disposed on
at least part of the composite magnetic material layer, wherein the
composite magnetic material layer contains an organic binder and a soft
magnetic material powder dispersed in the organic binder, the composite
permanent magnet layer contains a binder and a permanent magnet powder
dispersed in the binder, and a bias magnetic field is applied to the
composite magnetic material layer from the composite permanent magnet
layer. 2. The component for suppressing EMI according to Claim 1, wherein
the component covers part of a bus line for information-processing
equipment. 3. The component for suppressing EMI according to Claim 1,
wherein the permanent magnet powder is a Sm-Co permanent magnetic one. 4.
The component for suppressing EMI according to Claim 1, wherein the soft
magnetic material powder includes magnetic metal particles having an oxide
coating and the composite magnetic material layer has a surface resistance
of at least 103 S2. 5. The component for suppressing EMI according to any
one Claims 1 to 4, wherein the composite magnetic material layer has at
least two different magnetic resonance frequencies resulting from
anisotropic magnetic fields having different intensities. 6. The component
for suppressing EMI according to any one of Claims 1 to 5, wherein the
composite magnetic material layer has an adhesive layer containing, as a
main component, one selected from the group consisting of gum, dextrin, and
polyvinyl alcohol. 7. The component for suppressing EMI according to any
one of Claims 1 to 6, wherein the composite magnetic material layer is
sheet-shaped.   15 8. The component for suppressing EMI according to any
one of Claims 1 to 7, wherein the composite magnetic material layer is a
formed body having a substantially C shape. 9. The component for
suppressing EMI according to Claim 8, wherein the composite magnetic
material layer is covered with the composite permanent magnet layer. 10. A
method of suppressing EMI comprising the steps of: covering part of a bus
line of information-processing equipment with a composite magnetic material
layer containing an organic binder and a soft magnetic material powder
dispersed in the organic binder; and applying a bias magnetic field to the
composite magnetic material layer. 11. The method EMI according to Claim
10, wherein the bias magnetic field is supplied from a composite permanent
magnet layer that is disposed on part of the composite magnetic material
layer and contains a binder and a permanent magnet powder dispersed in the
binder. 



12. The method according to Claim 11, wherein the permanent magnet powder
includes SmCo particles. 13. The method according to Claim 10, wherein the
soft magnetic material powder includes magnetic metal particles having an
oxide coating and the composite magnetic material layer has a surface
resistance of at least 103 SZ. 14. The method according to any one of
Claims 10 to 13, wherein the composite magnetic material layer has at least
two magnetic resonance frequencies resulting from anisotropic magnetic
fields having different intensities. 15. The method according to any one of
Claims 10 to 14, wherein the composite magnetic material layer has an
adhesive layer containing, as a main component, one selected from the group
consisting of gum, dextrin, and polyvinyl alcohol.   16 16. The method
according to Claims 11) wherein the composite permanent magnet layer and,
the composite permanent magnet layer are multilayer sheets. 17. The method
for suppressing EMI according to any one of Claims 10 to 16, wherein the
composite magnetic material layer is a formed body having a substantially C
shape. 18. The method according to Claims 17, wherein the composite
magnetic material layer is covered with the composite permanent magnet
layer. .A.AU,.Ah@.AUf.Ay.Ah@.Af.Alf.Af.Ay.A.f.AASR.Af.AS.AS.AfE+ CS1EG 
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