DESCRI PTI ON EM COUNTERVMEASURE COVPONENT AND
ACTI VE ELEMENT EQUI PPED WTH I T Technical Field The present
invention relates to an EM (el ectronagnetic interference) counterneasure

conponent and
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an active elenent equipped with it and, in particular, to an EM

count ermeasure conponent for suppressing electromagnetic interferences,
such as radiation to the exterior, performance degradati on and abnor nal
resonance, caused by undesired el ectromagnetic waves at a high frequency
regi on, andyosRgdshve el ement equipped with it. Backgr peifskoftisso In
recent years, there has been a tendency toward reduction in size of

el ectroni c devices using high frequency waves, such as digital electronic
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density of conponents on a circuit board, an LSl or IC of a central
processing unit (CPU), an inmage processor logic wunit (IPLU) or the like is
nmounted on the circuit board. The LSI or ICis conmposed of a |arge nunber
of sem conduc- tor devices. Since these sem conductor devices carry out
operations, swePsEg3qnplification or oscillation, by receipCrigpstbmassuppl y
of energy fromthe exterior, they are generally called active el enents.

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

hi gh .frequency nagnetic fields are induced at the sane surface as an

el enent nounting surface of the circuit board and an opposite surface
thereof. What is to be a problemhere is a phenonenon, such as perfornmance

degradat i on vas ogaa@ar el resonance, caused by the el ectro- pcilspdrloesgOUP! i NY,
an increase of the line-line coupling due to the electromagnetic coupling,

or an electromagnetic interference due to radi ant noi se.
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magnetic interference, a neasure has been taken, for exanple, to insert a
| ow-pass filter into a circuit, to dispose a circuit in question at a

di stance or to carry out shielding, so as to suppress the el ectromagnetic
coupling or the undesired radi ant noi se which causes the el ectro-
magneti c i Nt eRFessHB3 - However, anong the conventi ongtTAmasiues
agai nst the electromagnetic interference, the nethod of inserting the

noi se filter and the nmethod of carrying out the shielding can not be said
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I n question at a distance al so goes against the realization of the high
density. Further, a so-called shielding nmethod, in which a circuit to be a
problemis surrounded by a netal plate or a conductive material formed by
conductive plating or the like, is a technique which has been

convent i onalvyogmedss’ | €d out. However, it ains to prevent |R3ssameh t he
3 radiant noise generated in the interior to the exterior or
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I nvasi on of the radiant noise fromthe exterior to the interior.
Accordingly, if a distance to the netal plate for the purpose of shielding
is too short, although the attenuation of perneation can be expected, the
el ectro-- magnetic coupling due to reflection froman undesired radiation
source is proVWRemszas a result, not a few cases have occuecedrorhsue t he
secondary el ectromagnetic interference is induced. Therefore, an

obj ect of the pyegsent_invention is to rovi de an EM _count er neasure
conponent whi ch@%?%é@ﬁﬂwﬁﬁwﬁmy%i?%uﬁfﬁ%a@ﬁ:aﬁ?‘ﬂout has a
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el ectromagneti c waves radiated to the exterior, and is further capabl e of
suppressing a mal function or the like due to nutual interferences between
peri pheral conmponents or an el ectromagnetic induction to a signal line,
and an-. active elenment quipped with it. Di scl osure of the Invention

Accordi ng t owblyems2syention as recited in claiml1, there igcipbheeed an EM
count er measure conponent for suppressing inductive noise radiated from an
active elenent, such as a sem conductor device, the EM counterneasure
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magnetic b consi sting of soft magnetic powder having oxide
f| | ms. on a and an organic binding agent.
e invention as recited in claim?2, there is

obtalned an EM count erneasure conponent as recited in cIa|n11,
characteri zedwowstobss t he soft magnetic powder havi ng the peiuam@7/6i9kes on

the surfaces has a fl at
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shape or/ Bm According to the invention as recited
In claim Emmimnm'“mﬂ I ned an EM count erneasure conponent as recited
in claim2x charlact®eriszed in that the soft magnetic powder of the flat
shape or/and the needl e shape is arranged in an orientation in the

conposi t e nmagnssoszasbody. According to the inventionpafygded i N
claim4, there is obt al ned an EM counternmeasure conponent as recited in

any one of cI al m; 1 to l characteri zed by an exposing portion formed to

expose a pard Eovl | MBREaE AR 7ERR T fin e BiiClES® Pat i on from
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According to the invention as recited in claim5, there is obtained an
active elenent provided with an EM count er neasure conponent,
characterized in that one of the EM counterneasure conponents as recited
inclains 1 to 4 is disposed at an upper surface of the active el enent,
such as a sewossnsRiet or devi ce. Accordi ng to the i nvect/ireneas
recited in claim6, there is obtained an active elenent provided with an
EM count ermeasure conponent, characterized in that one of the EM

count ermeasure conponents as recited in clains 1 to 4 is disposed at sides
of the active el enent, such as a ser@HOQd&f or devi ce.
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5 According to the invention as recited in claim7, thereis

obt ai.ned an active el ement provided with an EM count er measure conponent,
characterized in that one of the EM counterneasure conponents as recited
inclains 1 to 4 is disposed at a bottomof the active elenment, such as a
sem conduct or wWixesi08z4 According to the invention as perimwokogn cl ai m
8,
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there is obtained an active elenent provided with an EM count er neasure
conponent as recited in claimb5, character- ized in that the EM

count ermeasure conponent is disposed fromthe upper surface of the active
el ement to sides thereof so as to surround upper sides of |eads connecting
bet ween t he acwo0980833denent and wiring on a board on which teeespseiokise

el ement i s nounted. According to the invention as recited in claim?9,
there is obtained an active elenment provided with an EM count er neasure
conponent as recited in claim®6, character- ized in that the EM
count er measure conponent is disposed so as to surround | eads connecting
bet ween the active 8E 5 B
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el enment and wiring on a board on which the active elenment is nounted.
According to the invention as recited in claim 10, there is obtained an
EM counterneasure nethod characterized in that inductive noise radiated
froman- active el enent, such as a sem conductor device, is suppressed by
usi ng one of wWwo9sEBI34count er reasure conponents as recited Par/a#sanyes 1 to
4. .
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6. ' . Undesired radi ant noise generated froman active elenent, such as
arsem conductor device, is largely absorbed/suppressed by neans of a
conposite magnetic body including soft nmagnetic powder having oxide fil s
on the surfaces thereof and an organic binding agent. Soft rmagnetic netal
as being a conductive substance is fined into powder to obtain the soft
magneti c powder, which is then mxed with an insulating organic binding
agent to be dispersed into the organic binding agent so as to form an
insulating film Particularly, if tINESSREHEIN the soft nagnetic powder is
at | east one of a flat shape and a

EMI COUNTERMEASURE COMPONENT AND

ACTIVE ELEMENT EQUIPPED WITH IT

Technical Field

The present invention relates 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. S8ince 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



needl.e shape, a shape magnetic ani sotropy appears so that a conplex
pernmeability based on a magnetic resonance is increased at a high
frequency region. Accordingly, the undesired radiation conponents can be
efficiently absorbed/ suppressed. Brief Description of the Draw ngs

Fig. 1 is a perspective view show ng a fprst enbodi nent of an LSl equi pped
with an EM counterneasure conponent constituted by a conposite nmagnetic
body according to one enbodi nent of the present invention. Fig. 21is
a perspect i PaoPPBkSs RENeRg IgneEasadinductive noise. Due to the

inductive noise, high frequency magnetic fields are induced
at the same surface as an element 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 line-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



enbodi'ment of an LSl equi pped with an EM counterneasure conponent
constituted by a conposite magnetic body according to one enbodi ment of
the present invention. Fig. 3 is a perspective view showing a third
enbodi mrent of an LSI equi pped with an EM counterneasure _

7 conmponent constituted by a conposite gmgnetic body according to one
enbodi nent of the present invention.

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 inwvention 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 EMI countermeasure
component being characterized by comprising a composite
magnetic body essentially consisting of soft magnetic
poﬁder having oxide films on surfaces thereof, and an

organic binding agent.



Fi.g. A Is an enlarged partial sectional view of the conposite nmagnetic
body constituting the EM counternmeasure conponent shown in Fig. 1, 2 or

3. Fig. 5 is a diagramshowi ng a frequency character- istic of the
strength of an electromagnetic field at an wupper side of an LSI (active
elenment) with no conposite magnetic body nounted thereon. Fig. 6is
a di agram showi ng a frequency character- istic of the strength of an

el ectromagnetic fleld at an p side of an LSI (active elenent) nount ed
with the EM couRCSomRsidg: G%ﬁoﬁ@ﬁ?n$§°§héﬁnreﬁl¢ﬁ& ip claim 2,Fig. 7 is

a di agram show n char act er -
9 m%eregls (ﬁi an EMI countermeasure component as

recited in claim 1, characterized in that the soft magnetic
powder having the oxide films 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 éhape 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 surface 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.



j'stic of the strength of an electromagnetic field at an wupper side of an
LSI (active elenment) nounted with the EM count ermeasure conponent as
shown in Fig. 2. Fig. 8 is a diagram for explaining a nmeasuring
met hod for verifying characteristics of a conposite magnetic body
constituting an EM counterneasure conpogent, and is a schematic diagram
showi ng an eval uating systemfor coupling |evels. Fig. 9 is a graph
showi ng the results of neasurenent of the characteristics using the
eval uati ng syst enhRotoFding 8¢ thd isventienuaacyechtedcimrclaim | agram of
t he coupligg | evel s.
ere 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 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 c¢laim 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
batween 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
s0 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.



8, Best Mbde for Carrying Qut the Invention Her ei nbel ow, an EM
count.er measure conponent and an active el enent equipped with it according
to the best node for carrying out the invention will be described with
reference to the draw ngs. - Referring to Fig. 1, a shown active
el ement has an LSI 1 and an EM count ergeasure conponent 2 covering the
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



LSl fromits upper surface to upper portions of leads (pins) la at the
sides of the LSI. The EM counterneasure conponent 2 is constituted by a
conposite magnetic body nade of soft nagnetic powder having oxide filnms on
the surfaces thereof and an organic bindi ng agent. Referring to
Fig. 2, a showmn active elenent has an L8l 1 and an EM counterneasure
conponent 2' covering the LSI fromits upper peripheral edge portion to
upper portions of |eads &plns) |la at the sides of the LSI. Like the

f or egoi ng, FRBPPRPNEOGANS %&é‘r&ﬁebﬁoﬁ‘p@ﬁ@ﬁﬁ)sztel pagpesici badyd by a

h fil
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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 diagrém showing an evaluating system for coupling
levels.

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.



.and an organi c binding agent. As different fromthe EM
count.ermeasure conponent 2 of Fig. 1, the EM counterneasure conponent 2'
di sposed 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 noi se can be gsuppressed without deteriorating a
heat di ssi pati on. Referring to Fig. 3, a shown active elenent has an
LSI 1 and an EM counterneasure conponent 2" di sposed so as
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) la at the sides of the LSI. Like
the foregoing, the EMI countermeasure component 2’ is
constituted bj 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 EMI 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 27 disposed so as



9 to-surround leads (pins) la at the sides of the LSI. The EM
count er measure conponent 2" is also constituted by a conposite magnetic
body nade of soft nmgnetic powder having oxide filns on the surfaces

t hereof and an organic binding agent. In this case, with respect to the
EM counter- neasure conponent 2' in Fig. 2, the EM counterneasure
conponent 2" has a structure in which windows 2b for taking out the |eads
la of the LSI 1 are fornmed at intervals allow ng non-contact states

rel ati ve toteheureaundl deadsi ipénshelauatather esdesaofethé LEE. cameosite

magneti c bo%&: counterne . ]
asure component 27 is also constituted by a

composite magnetic body made of soft magnetic powder having
oxide films on the surfaces 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 1la.
Since the surface resistance of the composite magnetic body
is high, i.e. 106-108Q, it can be formed integral with the
LST 1.

When the EMI countermeasure component 2, 2/, 27 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
thermal conversion due to an imaginary part permeability n"
of the composite magnetic body forming each EMI counter-
measure component and ceased. As a result, the inductive
coupling 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 surfaces thereof and bound by an organic



i's hlgh i.e. 10[err]-10[err], it can be forned integral with the LSI 1.
Wien the EM count erneasure conponent 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
thermal conversion due to an imaginary pgyt permeability [err]" of the
conposite nmagnetic body form ng each EM counter- neasure conponent and
ceased. As a result, the inductive coupling between the LSI 1, and a
printed boabdndinghiagentt 3. SBpecifinslhy edthadspfti pagnaticoppedents such
as passive conponents i.s weakened so that the undesired

31 is uniformly 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 needle shape), Fe-aAl-Si alloy (Sendust) or Fe-Ni alloy
(Permalloy) 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
interference, 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,



el ectromagnetic waves can be efficiently suppressed. . Now, a conposite
magnetic body 3 form ng the foregoing EM countermnmeasure conponent 2, 2',
2" will be explained with reference to Fig. 4. The conposite nagnetic

body 3 is in the formof soft nagnetic powder 31 having oxide filnms on the
surfaces thereof and bound by an organigq

10 binding agent 32. Specifically, the soft nagnetic powder

subjected to curing at 85C for 24 hours, so that a first
sample with a thickness of 1lmm was prepared and its
characteristics were evaluated.

The obtained first sample was analyzed using a
vibrating magnetometer and a scanning electron microscope
and it wés 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 107Q.

[Table 1]
Flat soft magnetic fine powder 90 weight parts

Composition: Fe-Al-Si alloy
Average particle diameter: 10um

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 intc 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.



31 is uniformy dispersed in the organic binding agent 32.

magneti ¢ powder 31 has a flat shape or/and a needle shape.
soft magnetic powder 31 of the flat shape (or the needle shape), Fe-Al-S
all oy (Sendust) or Fe-Ni alloy (Permalloy) having a | arge high frequency

pernmeability can be cited as a typical jgaterial thereof.

It

Here, the soft
For the

I's preferable

that an aspect ratio of the soft magnetic powder 3 is sufficiently |arge
(approximately not less than 5 : 1). For the organic binding agent
32, thernopl asti c Onedihe othesh handpolthes measugementpwiapyiadplo calrariede

resin, ol yvinyl butyral resin, polyurethane resin,
P ght ghder zhe same cong‘ J

cel | ul ose
itions as the foregoing about the

state where the EMI countermeasure component was not

mounted.

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

7. PFig. 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 35um 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



.resin, nitrile-butadiene rubber or stylene-butadi ene rubber, or copolyners
thereof, or thernosetting resin, such as epoxy resin, phenol resin, amde
resin or imde resin, can be cited. A thi ckness, a constituent
material and the like of the conposite magnetic body 3 are determ ned so
as to realize the optinmum el ectromagnejgc environnment in consideration of
a using state of the active elenent, an electromagnetic field strength and
the |ike. For verifying the effect of the EM counterneasure
conponent &keciromsmetyit Waxe denenptidr & covdliany alediromagnedga ng

enbodi ment with respect to the el ectronmagnetic
field 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 receiwving fine loop antenna 8 to
confront each other at one side of the first or second
sample 9. To the electromagnetic field 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 FPig. 9.

As compared wiﬁh the second sample (copper foil of
35um) , 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 hawving the
oxide films on the surfaces thereof and the organic binding

agent.



i'nterference, soft magnetic paste of a conmbination shown in Table 1 bel ow
was prepared, then fornmed into a filmby a doctor blade process and, after

applied with hot-pressing, subj ected to curing at 85[err]C for
24 hours, so that a first sanple with a thickness of 1nm was prepared and
its characteristics were eval uated. 14

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.



The obtained first sanpl e was anal yzed using a vibrating magnetoneter and
a scanni.ng-electron m-eroscope and it was found that the directions of
easy nmagnetization axis and nmagnetic particle orientation are both in the

surfaqmmmuﬂl ngg]“rurther the surface resistance was neasured and

f ound [ Tabl e 1] Fl afgsoft magnetic fine powder

90 wei ght pafts™ nposition: Fe-Al-Si alloy Average particle dianeter:
10[err]m Aspect ratio: >5 Organic binding agent Pol yur et hane resin

8 wei ght parts Har deni ng agent (GIRdinat e conpound)
wei ght parts Sol vent

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 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 surface of said active element

for heat dissipation from said active element.

5. 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

This Sheet Has Been THIS SHEET HAS BEEN
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.Cbnpdund-of—cyelohe*anone and tol uene 40 wei ght
Et h cel |l osol v 65 wei ght parts A

w m w ,ﬂ’”ﬁmody, the foregoing first sanple, was forned into a
a count er measure conponents 2, 2' and 2" shown in
Flgs 1, 2 and'3 and nounted on the LSlig Then, the LSI is operated using

a test CIrCUIt and the strength of an electronagnetic field above the LSI

was neasured by a spectrum analyzer, thereby to confirmthe effect.
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 1 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

senmiconductor 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.

LTy |




12 . ._ -On-the-ether hand, the neasurement was also carried out under
the same conditions as the foregm ng about the state where the EM

‘1mgn1m lﬂl' onent was not nount ed. The neasurenent results
5, 6 and 7. Fig. 5 shows a frequency characteristic of

t he* st‘rer?gth of the el ectromagnetic fiel-d above the LSI with no EM
count er reasur e conponent nounted thereon. Fig. 6 shows a frequency
characteristic of the strength of the electro- magnetic field above the
LSl nounted with 10e BAM EMILt¢eountermeasure 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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measur e conponent 2 shown in Fig. 1. Fig. 7 shows a frequency
characteristic of the strength of the electro- magnetic field above the
LSI nounted with the EM count erneasure conmponent 2' shown in Fig. 2.
Measurenent positions in Figs. 6 and 7 are both the sane as that in Fig.

5. Fromthe foregoing results, itgis understood that the radi ant
noi se fromthe LSI nmounted with the EM count erneasure conponents is
| argel y attenuat ed. Further, an el ectromagnetic coupling | evel of

the foregoing conposite magnetic body of the first sanple was neasured in

r hown in Fig. . For
a test apparatus sho g. 8 QABETRACT

An EMI countermeasure component is provided relative
to an active element, which does not deteriorate a circuit
function of the active element, but has a sufficient
shielding effect against permeation of electromagmnetic
waves radiated to the exterior, and further suppresses a
malfunction or the like due to mutual interferences between
peripheral components or an electromagnetic induction to a
signal line. The EMI countermeasure component is
constituted by a composite magnetic body including soft
magnetic powder having oxide films on the surfaces thereof
and an organic binding agent, and extinguishes undesired
high frequency electromagnetic radiation as heat due to its

complex permeability.



.conpar ative sanple, a copper foil of 35[err]mwas used as a second sanpl e.
In the test apparatus, an electromagnetic field transmtting fine |oop
antenna 7 and an el ectromagnetic field receiving fine | oop antenna 8 each
having a | oop dianeter of not greater than 2mm are connected to. an

13 electromagnetic wave generator 5 and an el ectromagnetic

Fig. 1.
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field strength measuring device (reception element) 6, respectively.
Measurenent was carried out by disposing the electromagnetic field
transmtting 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 sanple 9. To the electromagnetic field strength neasuring device 6
is connected a non-shown spectrum anal yzer. For neasurenent val ues, an

el ectromagnetic field strength in the state where no sanple was present
was used as a reference. * The results of the neasurenent in Fig. 8
are shomn in Fig. 9. : :

Fig. 4
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As ‘conpared with the second sanple (copper foil of 35 err]m, an increase
of the electromagnetic coupling level is not observed in the first sanple
bei ng the conposite magnetic body nmade of the soft magnetic powder having
the oxide filnms on the surfaces thereof and the organic binding agent.

As descri bed above, the inductive noise radiated fromthe active el enent
such as the sem conductor device can be effectively suppressed by nounting
the EM count er neasure conponentwégnsh%tuted by the conposite nagnetic
body nade of the soft magnetic po g ving the oxide filnms on the
surfaces thereof and the organic binding
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.agent. 14  Industrial Applicability
As descri bed above, by nounting the EM counter neasure conponent
constituted by the conposite nmagnetic body of the present invention onto
the active elenent such as the sem conductor device, the nutua

Fig. 8
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I nterference caused by the el ectromagnetic i nduction and the ungeps)’fr’rzédg"m'")CL
etect romagnet i-c waves can be effectively suppressed. Further, si npfqpaﬁe

nmbunti ng space_j required, the size reduction can be acconpli shed.
Thus, Emi‘l mm‘ lf“l!m“tt ive for the EM counterneasure in high f requency
devi cast i) i comuni cat i on_glgyi cBubstitute sheet— 24 October 1399

CLAI M5

CLAIMS

1. An EMI countermeasure cover arranged to cover an electric circuit active
element for suppressing inductive noise radiated from the active element, such as a
5 semiconductor device, said EMI countermeasure cover being characterised by comprising
a composite magnetic body essentially consisting of soft magnetic powder and an organic
binding agent wherein said soft magnetic powder has oxide films on the surfaces and has a
flat shape or/and a needle shape.

10 2, An EMI countermeasure cover as recited in claim 1, characterised 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.

3. An EMI countermeasure cover as recited in any one of claims 1 and 2,
15 characterised by an exposing portion formed to expose a part of a surface of said active

element for heat dissipation from said active element.

4, An active element provided with an EMI countermeasure cover,
characterised in that one of the EMI countermeasure covers as recited in claims 1 to 3 is

20 disposed at an upper surface of the active element, such as a semiconductor device.

5. An active element provided with an EMI countermeasure cover,
characterised in that one of the EMI countermeasure covers as recited in claims 1 to 3 is
disposed at sides of the active element, such as a semiconductor device.

25

6. An active element provided with an EMI countermeasure cover,
characterised in that one of the EMI countermeasure covers as recited in claims 1 to 3 is
disposed at a bottom of the active element, such as a semiconductor device.

30 7. An active element provided with an EMI countermeasure cover as recited
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1. ~ An EM counterneasure cover arranged to cover an electric circuit
gctive 'mm,m suppressing i nductive noise radiated fromthe
active el ,]mmu ml 5 sem conductor device, said EM

count er redsufe tover Heing characteri sed by conprising a conposite
magneti c body essentially consisting _gf _soRMRRHEREISNECH ovel bl CAREIa 1 i
bi ndi ng agent wherein said soft magnetic powder has oxide filns on the
surfaces and has a flat shape or/and a needl e shape.

10
2. An E AL i Ekai i °-1‘iine%fnfhr8 W NPT ised in
t hat %sc%%gﬁﬁmgﬁgt#gﬁpgaﬁgwg?%ﬁe at bﬁeg%%d% g({ng&t&ﬁ&elé needl e
Shape i s aruppegsuface ofisaid active elementtotsites theréaf ss as th suomopnd uprer sidgnef leadsbody .

15 char act COPORHRE poFER HILATRS clreer B Visiecs A Ba R ebRh ety o
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An EMI preventive part which has a
sufficiently large shiclding effect against the
transmission of electromagnetic waves radiated
outsidc from an active decvice without
deteriorating the cireuit fimction of the device 2 1a
and prevents matfunctions, etc., caused by the
mutual interference between peripheral parts or
cleciromagnetic induction in signal knes. The

part is composed of a composile magnetic
material confaining the powder of a soft }

magnetic matetial coated with oxide films and
an organic binder. Because of the complex

permeability, thc part dissipates unnecessary )

high-frequency electromagnetic radiation as la

heat.
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