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DESCRIPTION 

EMI COUNTERMEASURE COMPONENT AND 

ACTIVE ELEMENT EQUIPPED WITH IT 

Technical Field 

The present invention re1ates to an EMI 

(electromagnetic interference) countermeasure component and 

an active element equipped with it and, in particular, to 

an EMI countermeasure component for suppressing 

electromagnetic interferences, such as radiation to the 

exterior, performance degradation and abnormal resonance, 

caused by undesired electromagnetic waves at a high 

frequency region, and an active element equipped with it. 

Background Art 

In recent years, there has been a tendency toward 

reduction in size of electronic devices using high 

frequency waves, such as digital electronic devices. And, 

in the digital electronic device having a high mounting 

density of components on a circuit board, an LSI or IC of a 

central processing unit (CPU), an image processor logic 

unit (IPLU) or the like is mounted on the circuit board. 

The LSI or IC is composed of a large number of semiconduc­

tor devices. Since these semiconductor devices carry out 

operations, such as amplification or oscillation, by 

receiving the supply of energy from the exterior, they are 

generally called active elements. And, these active 
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elements often generate inductive noise. Due to the 

inductive noise, high frequency magnetic fields are induced 

at the same surface as an e1ement mounting surface of the 

circuit board and an opposite surface thereof. What is to 

be a problem here is a phenomenon, such as performance 

degradation or abnormal resonance, caused by the electro­

static coupling, an increase of the 1ine-line coupling due 

to the electromagnetic coupling, or an electromagnetic 

interference due to radiant noise. 

Conventionally, against such a so-called electro­

magnetic interference, a measure has been taken, for 

example, to insert a low-pass filter into a circuit, .to 

dispose a circuit in question at a distance or to carry out 

shielding, so as to suppress the electromagnetic coupling 

or the undesired radiant noise which causes the electro­

magnetic interference. 

However, among the conventional measures against the 

electromagnetic interference, the method of inserting the 

noise filter and the method of carrying out the shielding 

can not be said to be effective measures in view of 

realizing the high density since the mounting space is 

required. Similarly, the method of disposing the circuit 

in question at a distance also goes against the realization 

of the high density. Further, a so-called shielding method, 

in which a circuit to be a problem is surrounded by a metal 

plate or a conductive material formed by conductive plating 

or the like, is a technique which has been conventionally 

carried out. However, it aims to prevent leakage of the 
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radiant noise generated in the interior to the exterior or 

invasion of the radiant noise from the exterior to the 

interior. Accordingly, if a distance to the metal plate 

for the purpose of shielding is too short, although the 

attenuation of permeation can be expected, the electro­

magnetic coupling due to reflection from an undesired 

radiation source is promoted. As a result, not a few cases 

have occurred where the secondary electromagnetic 

interference is induced. 

Therefore, an object of the present invention is to 

provide an EMI countermeasure component which does not 

deteriorate a primary circuit function, but has a 

sufficient shielding effect against permeation of 

electromagnetic waves radiated to the exterior, and is 

further capable of suppressing a malfunction or the like 

due to mutual interferences between peripheral components 

or an electromagnetic induction to a signal line, and an 

active element quipped with it. 

Disclosure of the Invention 

According to the invention as recited in claim 1, 

there is obtained an EMI countermeasure component for 

suppressing inductive noise radiated from an active element, 

such as a semiconductor device, the EM.I countermeasure 

component being characterized by comprising a composite 

magnetic body essentially consisting of soft magnetic 

powder having oxide films on surfaces thereof, and an 

organic binding agent. 
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According to the invention as recited in c1aim 2, 

there is obtained an EMI countermeasure component as 

recited in c1aim 1, characterized in that the soft magnetic 

powder having the oxide f i1ms on the surfaces has a flat 

shape or/and a needle shape. 

According to the invention as recited in claim 3, 

there is obtained an EMI countermeasure component as 

recited in claim 2, characterized in that the soft magnetic 

powder of the flat shape or/and the needle shape is 

arranged in an orientation in the composite magnetic body. 

According to the invention as recited in claim 4, 

there is obtained an EMI countermeasure component as 

recited in any one of claims 1 to 3, characterized by an 

exposing portion formed to expose a part of a surf ace of 

the active element for heat dissipation from the active 

element. 

According to the invention as recited in claim 5, 

there is obtained an active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMI countermeasure components as recited in claims 1 to 4 

is disposed at an upper surface of the active element, such 

as a semiconductor device. 

According to the invention as recited in claim 6, 

there is obtained an active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMI countermeasure components as recited in claims 1 to 4 

is disposed at sides of the active element, such as a 

semiconductor device. 
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According to the invention as recited in c1aim 7, 

there is obtained an active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMr countermeasure components as recited in claims 1 ·to 4 

is disposed at a bottom of the active element, such as a 

semiconductor device. 

According to the invention as recited in claim 8, 

there is obtained an active element provided with an EMI 

countermeasure component as recited in claim 5, character­

ized in that the EMI countermeasure component is disposed 

from the upper surface of the active element to sides 

thereof so as to surround upper sides of leads connecting 

between the active element and wiring on a board on which 

the active element is mounted. 

According to the invention as recited in claim 9, 

there is obtained an active element provided with an EMI 

countermeasure component as recited in claim 6, character­

ized in that the EMI countermeasure component is disposed 

so as to surround leads connecting between the active 

element and wiring on a board on which the active element 

is mounted. 

According to the invention as recited in claim 10, 

there is obtained an EMI countermeasure method 

characterized in that inductive noise radiated from an 

active element, such as a semiconductor device, is 

suppressed by using one of the EMI countermeasure 

components as recited in claims 1 to 4. 
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Undesired radiant noise generated from an active 

element, such as a semiconductor device, is largely 

absorbed/suppressed by means of a composite magnetic body 

including soft magnetic powder having oxide films on the 

surfaces thereof and an organic binding agent. Soft 

magnetic metal as being a conductive substance is fined 

into powder to obtain the soft magnetic powder, which is 

then mixed with an insulating organic binding agent to be 

dispersed into the organic binding agent so as to form an 

insulating film. Particularly, if the shape of the soft 

magnetic powder is at least one of a flat shape and a 

needle shape, a shape magnetic anisotropy appears so that a 

complex permeability based on a magnetic resonance is 

increased at a high frequency region. Accordingly, the 

undesired radiation components can be efficiently 

absorbed/suppressed. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing a first 

embodiment of an LSI equipped with an EMI countermeasure 

component constituted by a composite magnetic body 

according to one embodiment of the present invention. 

Fig. 2 is a perspective view showing a second 

embodiment of an LSI equipped with an EMI countermeasure 

component constituted by a composite magnetic body 

according to one embodiment of the present invention. 

Fig. 3 is a perspective view showing a third 

embodiment of an LSI equipped with an EMI countermeasure 
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component constituted by a composite magnetic body 

according to one embodiment of the present invention. 

Fig. 4 is an enlarged partial sectional view of the 

composite magnetic body constituting the EMI countermeasure 

component shown in Fig. 1, 2 or 3. 

Fig. 5 is a diagram showing a frequency character­

istic of the strength of an electromagnetic field at an 

upper side of an LSI (active element) with no composite 

magnetic body mounted thereon. 

Fig. 6 is a diagram showing a frequency character­

istic of the strength of an electromagnetic field at an 

upper side of an LSI (active element) mounted with the EMI 

countermeasure component as shown in Fig. 1. 

Fig. 7 is a diagram showing a frequency character­

istic of the strength of an electromagnetic field at an 

upper side of an LSI (active element) mounted with the EMI 

countermeasure component as shown in Fig. 2. 

Fig. 8 is a diagram for explaining a measuring method 

for verifying characteristics of a composite magnetic body 

constituting an EMI countermeasure component, and is a 

schematic diagram showing an evaluating system for coupling 

level.s. 

Fig. 9 is a graph showing the results of measurement 

of the characteristics using the evaluating system of Fig. 

8, and is a frequency characteristic diagram of the 

coupling levels. 
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Best Mode for Carrying Out the Invention 

Hereinbelow, an EMI countermeasure component and an 

active element equipped with it according to the best mode 

for carrying out the invention will be described with 

reference to the drawings. 

Referring to Fig. 1, a shown active element has an 

LSI 1 and an EMI countermeasure component 2 covering the 

LSI from its upper surface to upper portions of leads 

(pins) la at the sides of the LSI. The EMI countermeasure 

component 2 is constituted by a composite magnetic body 

made of soft magnetic powder having oxide films on the 

surfaces thereof and an organic binding agent. 

Referring to Fig. 2, a shown active element has an 

LSI 1 and an EMI countermeasure component 2' covering the 

LSI from its upper peripheral edge portion to upper 

portions of leads (pins) 1a at the sides of the LSI. Like 

the foregoing, the EMI countermeasure component 2' is 

constituted by a composite magnetic body made of soft 

magnetic powder having oxide films on the surfaces thereof 

and an organic binding agent. 

As different from the EMI countermeasure component 2 

of Fig. 1, the EMJ: countermeasure component 2' disposed on 

the upper surface of the LSI 1 has a cutout 2a at a portion 

thereof. This causes a part of the surface of the LSI 1 to 

be exposed, so that the inductive radiant noise can be 

suppressed without deteriorating a heat dissipation. 

Referring to Fig. 3, a shown active element has an 

LSI 1 and an EMI countermeasure component 2" disposed so as 
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to surround leads (pins) la at the sides of the LSI. The 

EMI countermeasure component 2" is also constituted by a 

composite magnetic body made of soft magnetic powder having 

oxide films on the surf aces thereof and an organic binding 

agent. In this case, with respect to the EMI counter­

measure component 2' in Fig. 2, the EMI countermeasure 

component 2" has a structure in which windows 2b for taking 

out the leads la of the LSI 1 are formed at intervals 

allowing non-contact states relative to the leads 1a. 

Since the surface resistance of the composite magnetic body 

is high, i.e. 106-1080, it can be formed integral with the 

LSI 1. 

When the EMI countermeasure component 2, 2', 2" is 

provided as described above, the magnetic flux in high 

frequency magnetic fields generated from the back of the 

LSI 1 and the leads (pins) la thereof is subjected to 

therm.al conversion due to an imaginary part permeabil.ity µ" 

of the composite magnetic body forming each EMI counter­

measure component and ceased. As a result, the inductive 

coupl.ing between the LSI 1, and a printed board on which 

the LSI 1 is mounted and peripheral components such as 

passive components, is weakened so that the undesired 

electromagnetic waves can be efficiently suppressed. 

Now, a composite magnetic body 3 forming the 

foregoing EMI countermeasure component 2, 2', 2" will be 

explained with reference to Fig. 4. The composite magnetic 

body 3 is in the form of soft magnetic powder 31 having 

oxide films on the surf aces thereof and bound by an organic 
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binding agent 32. Specifica1ly, the soft magnetic powder 

31 is uniform1y dispersed in the organic binding agent 32. 

Here, the soft magnetic powder 31 has a flat shape or/and a 

needle shape. 

For the soft magnetic powder 31 of the flat shape (or 

the need1e shape), Fe-Al-Si a11oy (Sendust) or Fe-Ni alloy 

(Perma1loy) having a large high frequency permeability can 

be cited as a typical material thereof. It is preferable 

that an aspect ratio of the soft magnetic powder 3 is 

sufficiently large (approximately not less than 5 : 1) . 

For the organic binding agent 32, thermoplastic resin, 

such as polyester resin, polyvinyl chloride resin, 

polyvinyl butyral resin, polyurethane resin, cellulose 

resin, nitrile-butadiene rubber or stylene-butadiene rubber, 

or copolymers thereof, or thermosetting resin, such as 

epoxy resin, phenol resin, amide resin or imide resin, can 

be cited. 

A thickness, a constituent material and the like of 

the composite magnetic body 3 are determined so as to 

realize the optimum electromagnetic environment in 

consideration of a using state of the active element, an 

electromagnetic field strength and the like. 

For verifying the effect of the EMI countermeasure 

component and the LSI equipped therewith according to the 

foregoing embodiment with respect to the electromagnetic 

inte~ference, soft magnetic paste of a combination shown in 

Table 1 below was prepared, then formed into a film by a 

doctor blade process and, after applied with hot-pressing, 
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subjected to curing at 85°C for 24 hours, so that a first 

sample with a thickness of lmm was prepared and its 

characteristics were evaluated. 

The obtained first sample was analyzed using a 

vibrating magnetometer and a scanning electron microscope 

and it was found that the directions of easy magnetization 

axis and magnetic particle orientation are both in the 

surface of the layer. Further, the surface resistance was 

measured and found to be 4 x 1070. 

[Table 1] 

Flat soft magnetic fine powder 90 weight parts 

Composition: Fe-Al-Si alloy 

Average particle diameter: 10µm 

Aspect ratio: >5 

Organic binding agent 

Polyurethane resin 8 weight parts 

Hardening agent 
(Isocyanate compound) 2 weight parts 

Solvent 

Compound. of cyclohexanone 
and toluene 40 weight parts 

Ethyl cellosolve 65 weight parts 

A composite magnetic body, the foregoing first 

sample, was formed into a shape of each of the EMI 

countermeasure components 2, 2' and 2" shown in Figs. 1, 2 

and 3 and mounted on the LSI. Then, the LSI is operated 

using a test circuit and the strength of an electromagnetic 

field above the LSI was measured by a spectrum analyzer, 

thereby to confirm. the effect. 
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On the other hand, the measurement was also carried 

out under the same conditions as the foregoing about the 

state where the EMI countermeasure component was not 

mounted. 

The measurement resu1ts are shown in Figs. 5, 6 and 

7. Fig. 5 shows a frequency characteristic of the strength 

of the electromagnetic field above the LSI with no EMI 

countermeasure component mounted thereon. Fig. 6 shows a 

frequency characteristic of the strength of the electro­

magnetic field above the LSI mounted with the EMI counter­

measure component 2 shown in Fig. 1. Fig. 7 shows a 

frequency characteristic of the strength of the electro­

magnetic field above the LSI mounted with the EMI 

countermeasure component 2 ' shown in Fig. 2. Measurement 

positions in Figs. 6 and 7 are both the same as that in 

Fig. 5. 

From the foregoing results, it is understood that 

the radiant noise from the LSI mounted with the EMI 

countermeasure components is largely attenuated. 

Further, an electromagnetic coupling level of the 

foregoing composite magnetic body of the first sample was 

measured in a test apparatus shown in Fig. 8. For a 

comparative sample, a copper foil of 35µm was used as a 

second sample. 

In the test apparatus, an electromagnetic field 

transmitting fine loop antenna 7 and an electromagnetic 

field receiving fine loop antenna 8 each having a loop 

diameter of not greater than 2mm are connected to an 
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e1ectromagnetic wave generator 5 and an electromagnetic 

fie1d strength measuring device (reception element) 6, 

respectively. Measurement was carried out by disposing the 

electromagnetic field transmitting fine loop antenna 7 and 

the electromagnetic field receiving fine loop antenna 8 to 

confront each other at one side of the first or second 

sample 9. To the electromagnetic f ie1d strength measuring 

device 6 is connected a non-shown spectrum analyzer. For 

measurement values, an electromagnetic field strength in 

the state where no sample was present was used as a 

reference. 

The results of the measurement in Fig. 8 are shown 

in Fig. 9. 

As compared with the second sample (copper foil of 

35µm), an increase of the electromagnetic coupling level is 

not observed in the first sample being the composite 

magnetic body made of the soft magnetic powder having the 

oxide films on the surfaces thereof and the organic binding 

agent. 

As described above, the inductive noise radiated 

from the active element such as the semiconductor device 

can be effectively suppressed by mounting the EMI 

countermeasure component constituted by the composite 

magnetic body made of the soft magnetic powder having the 

oxide films on the surfaces thereof and the organic binding 

agent. 
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Industrial Applicability 

As described above, by mounting the EMI 

countermeasure component constituted by the composite 

magnetic body of the present invention onto the active 

element such as the semiconductor device, the mutual. 

interference caused by the electromagnetic induction and 

the undesired electromagnetic waves can be effectively 

suppressed. Further, since the mounting space is not 

required, the size reduction can be accomplished. Thus, it 

is very effective for the EMI countermeasure in high 

frequency devices, such as mobile communication devices. 
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CLAIMS 

1. An EMI countermeasure component for suppressing 

inductive noise radiated from an active element, such as a 

semiconductor device, said EMI countermeasure component 

being characterized by comprising a composite magnetic body 

essentially consisting of soft magnetic powder having oxide 

films on surfaces thereof, and an organic binding agent. 

2. An EMI countermeasure component as recited in 

claim 1, characterized in that said soft magnetic powder 

having the oxide films on the surfaces has a flat shape 

or/and a needle shape. 

3. An EMI countermeasure component as recited in 

claim 2, characterized in that said soft magnetic powder of 

the flat shape or/and the needle shape is arranged in an 

orientation in said composite magnetic body. 

4 . An EMJ: countermeasure component as recited in any 

one of claims 1 to 3, characterized by an exposing portion 

formed to expose a part of a surface of said active element 

for heat dissipation from said active element. 

S . An active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMI countermeasure components as recited in claims 1 to 4 

is disposed at an upper surface of the active element, such 

li1iiU 
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as a semiconductor device. 

6. An active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMI countermeasure components as recited in claims l to 4 

is disposed at sides of the active element, such as a 

semiconductor device. 

7 . An active element provided with an EMI 

countermeasure component, characterized in that one of the 

EMI countermeasure components as recited in claims 1 to 4 

is disposed at a bottom of the active element, such as a 

semiconductor device. 

8. An active element provided with an EMI 

countermeasure component as recited in claim 5, 

characterized in that said EMI countermeasure component is 

disposed from the upper surface of said active element to 

sides thereof so as to surround upper sides of leads 

connecting between said active element and wiring on a 

board on which said active element is mounted. 

9. An active element provided with an EMI 

countermeasure component as recited in claim 6, 

characterized in that said EMI countermeasure component is 

disposed so as to surround leads connecting between said 

active element and wiring on a board on which said active 

element is mounted. 
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10. An EMI countermeasure method characterized in 

that inductive noise radiated from an active e1ement, such 

as a semiconductor device, is suppressed by using one of 

the EMI countermeasure components as recited in claims 1 

to 4. 
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