DESCRI PTION . H GH THERMAL CONDUCTI VI TY COMPOSI TE MAGNETI C BODY
Technical Field The present invention relates to a conposite
magneti ¢ body conprising soft nmagnetic powder m xed with an organic
bi ndi ng agerwo88i¥632% n particular, to a conposite nagnetic PCTAIPIZO3175
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body which is excellent in thermal conductivity. Background Art An
el ectromagnetic interference suppressing body is used for suppressing

el ectromagnetic interference caused by interference of undesired
electronaggﬁg pgves. Conventionally, for blocklng +/ Bﬁl? of the -
external un e5|red el ectromagneti c waves into an el ectroh ¢ Gavi ¢
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conponent within the electronic device may be reflected to adversely
af fect other conponents in the sane electronic device as secondary noi se.
Particularly, following reduction in size and use of the higher frequency

of el ectromvpoggddages in recent years, problens of the inperimvgiee due
to the external electromagnetic waves and of the secondary noi se due to

the internal WEpoigseimemeic waves are serious.

1M, ZRACHARMEEROEHEE R EEHERTS 5,

E2Xi. 1 XoEAHEEER W BRTHENFGLRTHENEN TS
Do

B3R, BIEIORLAERMSEEBB — FELTHY, E- by
EEBIZI CRy =~V DI 7-BFEEOCHERTH 3,

BARR, BIEKRLCEESBEEISTIBEMY — b2, E—-b2 e
EbicHbftronkl CRuwr—U%RL. (a) KzofEXTHD,
(b) Riif#y — boFEXETH 3,

EOXIR, BIRUCRL-BEBEENISB IR~ b2, E— b1 T%
FIALAKRBSEL LMD ohk ] CRw r—PERTRIERTDH 5.
BOMIZ. BIKIORLAHAREEOR# — M2, E=-bV o ELibic
B ftiront-RM v F U rEBERTHERTH 5,

BT, BIBEICRLRABEEAN SR IE—- MV 7ERDHIT O
AA w F o VEBERTRARKITSH S,

O (a) v (b) B () i3 1C/¥w/—VHOE—~b U7 ELT,
BIRICRLUICEARESEZH WAL — P U 7 DR IBEERTHARTH

%o
BOKIL, B8X (c) De—bry 72BN I CRy s~ DD
HETH 3,

£10X (a) KU (b) &, zhZh., thoBOE— by 72O F
1Cyhr—YofiER,. RUE— Y7 OEHEHKTH 3,

B/ 1Xid. FRBOFSHEAOTTGE, BRTHMGIRE. KiREx
FM 2BV AERERIWERT. (a) . (b) RU (c) & Zh
Th, HAREAROLM L ZEN. T ORARIEEE BEE & ORBEHSH.
RUZoEAaBtAER VW OHEEZRT,

1 2HIE, B1 1HoREMOFZBLUNVERMET 5 b OHERERTHE
BBRTH 3,

B1 3R, Bl 1 XNOZEEOBHKEE VNNV ERET 5 1D OFMROB

3



2 JP- A-7-212079 di scl oses a conposite magneti c body which can
suppress interference of undesired electromagnetic waves utili zing
absorption of high- frequency waves due to a conplex perneability of a

soft magnetj.c. b of a certain kind. This conposite nmag i y is

constitutegigﬁwggg%nposite magneti c sheet conprising sofggﬁggﬁggl powder

mxed with a org&nic bi ndi ng agent. The sheet of the conposite
5g§%§ %e used

magneti c bo as it is. On the other hand, by formng a
structure stacked with a conductive sheet, the com ng el ectromagnetic
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waves are absorbed by the conposite nmagnetic sheet and the electromagnetic
waves passing through the conposite magnetic sheet are reflected by the
conductive sheet into the conposite magnetic sheet, so as to suppress the
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el ectromagnetic interference suppressing body is disposed, for exanple, on

the surface ot |ar gle gﬁgﬁg ley an, gl QP in
t he el ectroni ?:) §evi C?EV%I’]I C ]ng ﬁ%ﬁ?ﬁgﬂ#&ﬁ%ﬁ&er %ag fﬁgﬁuenceﬁ%@%
external el ectooWeRtti s NaveTE A 4 0 aARMEE 1 0BT U SHEHESORER 5t

di sposed between two %?ﬁt%dﬁcibrcui t boards each nounted thereon wt

el ectroni c coffbleRils By,

BRTHNEIE L 0 OBERE. RUZOBRTHIFER ICo VLTI, %5
FT7-21207 9SAHICHEMICBRINT VWA B ERECIREN L BT
3o

FIRNEBRELT, BERER]L 1 LEBRTFOBTFRRELTIC/ty 4r—
P12HEEINTOZ, SO CRv =1 20REMOBMESH 2728
I, HERME1ENLTE—- YU 71 32BIITVE, COBRTR, 1C
Rylr—T1 200083, BEEEICENAESREEKLICE-TE—}L Y
7 8EEIhREINE, COHR, [ CRuyr—U 1 203HEISHENIC
Tohz, $7abb, HEREE 1, B#Y—-FELTHEVWOATVS, bbb
BA. 1CrRwir—o1 2008505 0BRERCAE» >DBREH., HARK
AR LIk > TRNE N30T, ARBRKICL ZHBEZiF0., AR
JARERET 2 EMBhILEE N3,

B — b ELT, HAREA 1 0oRD D IE2RKOBHTHMEIE1 0% 8
WBILHTED, ChERT DI, BINTHE. HABEELERI2RRES
1 CBRETSMNGEERTISEES 1 02EFEIB X THIELTH 5,

FARZ. BINDERATH 3. B 1 ROESREEE 1 LD L 2K# S — b
20icid, FE (b) 21 TRENZ LI, BEA2 1 PEBRENh T3,
ZOEER2 1ici, BN (a) KBWT15CREANBE—-PY UV IDSTFH
ICEUMHEOE 15 LAEBELTWS, M, H#—bE LT, 280
BRETHMEHE1 02HVA I LMTE S,

EOREBELT. ICRu/ y—U1 2 LIk 1 HOEAHMEEK 1) 51E 3K
M- bEi@Tov 72210 RERDT. CORICEMBLEOE— k34T
17TZ2EEL/BETHS, COBETIE. [CRyr—UH o8I, B
—F22H5E—- MM TF1 TEZE-THME] 6icEdh, K#xh3,

FONEBHELT. AMvFUIHRTF1RIMLT, 1 NoBEAREK1 »
SISAMBML — b 23ENLT, 74 & E—b Y 1 9EMD AT -8E

5



confronting each other with a space therebetween. I nci dental ly,
there is a problemthat since the organic binding agent used in formation

of the conposite

magnetic body is liable to be influenced by heat to cause

3 deformation, degradation or the like, it can not be used in contact

with an el edY? &

onponent whi ch generates nmuch heat. FCTAIRITO3LTS
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Further, there is a problemthat since the organic binding agent is poor
in thermal conductivity, it prevents heat dissipation froman electronic
conponent having a |arge calorific val ue. Therefore, an object of }
the present wowsnAbdsen is to provide a conposite magnetic bggy @i By a
hi gh thermal conductivity and being hardly influenced by heat, and an \
el ectromagnetic interference suppressigg body using the conposite magneticy
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Di scl osure of the Invention As recited in claiml1, the present
invention provides a conposite magnetic body conprising soft magnetic
powder dispersed in an organic binding agent which is characterized in

t hat heat ve powder is.further dispersed into th I LG _binding -
SRk T & hi gh PEREPAARDS

agent, the conposi te magnetic body having a high
conducti vi ty As preferable one of the heat conductive powder, at
| east one ﬁ%ﬂd of powder selected fromthe group of alumna (A1203)
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4 powder and a heat conductive reinforcenent (capton) powder, as recited
in claim2, can be cited. As the organi c binding agent,
thernoplastic resin having a glass transition tenperature of not |ess than

120[err] C i syysfigdsabl € as recited in claim3, and typicall ¢cTiyre7/03175
t hernopl astic polyimde or liquid crystal polyner can be
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cited as recited in claimd4. As recited in claim5, such a high
thermal conductivity conposite nagnetic body may be stacked with a
conductive support to be used as an el ectromagnetic interference
suppreSS|nqth, Further, such a high thermal con

conposite nagné%ac body can also be used as a heat dissipation s eet for
an electronic device as recited in claim®6, or can constitute a heat sink
working also for electromagnetic interference suppression as recited in
claim?7. Further, according tgths ggesgnt invention, as recited in
claims 8 and 9, a heat- re5|st|ve conposite
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magneti ¢ body can be provided. Brief Description of the Draw ngs
Fig. 1 is a schematic sectional view showi ng an enbodi nent of a conposite
magneti ¢ body of the present invention. Fig. 2 is a schemtic

sectional vi ¢v sgagyd2ng an el ectromagnetic interference sup@aaPhigi30dy
using the conposite magnetic body of Fig. 1.
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5 Fig. 3is a side view of an electronic device, wherein the
conposite magnetic body shown in Fig. 1 is used as a heat dissipation
sheet and attached to an | C package along with a heat sink. Fig. 4
shows an | C pasags,attached with a heat dissipation sheet Bf12d he
conposite magnetic %ody shown in Fig. 1, along with a heat“gila’gf7 vmgerei n
(a) is a side viewthereof and (b) is a plan view of the heat dissipation

sheet . Fig. 5is a side view showi ng an | C package attached wth a
heat di ssipation sheet nmade of the conposite
21K
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magneti c body shown in Fig. 1, along with a radiator utilizing a heat

pi pe. Fig. 6 is a perspective view show ng a switching device
attached with a heat dissipation sheet of the conposite magnetic body
shown in Fi gvodsnosdzong Wi th a heat sink. Fig. 7 is RCHBPPEREE i ve
view showing a swtching device attached wth a heat sink made of the
conposite nmagnetic body shown in Fig. 1. Figs. 8(a), (b) and (c)
are perspective views showing different structures of heat sinks using the
conposite magnetic body shown in Fig. 1, as heat sinks for I1C
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packages. Fig. 9 is a side view of an |IC package attached with the

heat sink of Fig. 8(c). Figs. 10(a) and (b) are a side view of an IC
package attached with a heat sink of another type and a plan view
6 of the heglosilipkss eSPECtively. Fig. 11 is sectiopal viens.
show ng sanpl es useé for
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eval uating an electric characteristic, an electromagnetic interference
suppressing characteristic and a heat dissipation characteristic of a
conposite nmagnetic body of the present invention, wherein (a), (b) and (c)
show a sa pepesed of the conposite magnetic body onl yecrupszbmeked
sanpl e of the conposite magnetic body and an electric conductor, and a
conparative sanple not using the conposite nmagnetic body, respectively.
Fig. 12 is a schematic diagram showi ng an eval uation system for measuring
a transmttance |level of each sanpleggofgFig. 11. Fig. 13 is a
schematic di agram of an eval uati on

(a)

vl

(b) (c)
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system for measuring an el ectromagnetic coupling | evel of each sanple of
Fig. 11. Best Mbode for Carrying Qut the Invention Referring to
Fig. 1, in a conposite magnetic body 1 according to the present invention,
flat (or neeghgssdisped) soft magnetic powder 3 for absorbif@yrer03trs

el ectromagnetic waves is dispersed in an organic binding agent 2, and heat
conductive powder 4 is also dispersed therein. As the organi c binding
agent 2, thernoplastic resin, such as polyethylene resin, polyester resin,
pol ystyrene resin, polyvinyl chloride resin, polyvinyl butyral resin,
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pol yur et hane resin, cellulose resin or nitrile-butadiene

7 rubber, a copolyner thereof, epoxy resin, phenol resin, amde resin or
imde resin can be used. For obtai ning a high heat resistance of the
conposite nrmge®idss2 body 1, it is preferable to use thernopPeEInIz031rEsi n
having a glass transition tenperature of not less than 120[err]C For
exanple, it is preferable to use at |east
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one selected fromthernoplastic polyimde and liquid crystal polyner.

As the soft magnetic powder 3, an Fe-Al-Si alloy (trademark: Sendust) or
an Fe-Ni alloy (Permalloy) can be wused. It is preferable that an aspect
ratio of the powder 1is sufficiently |large (approxinmately not |ess than

10: 1) . On the other hand, as the heat conductive powder 4, alum na
(A1203), alum numnitride (AIN), cubic boron nitride (BN), beryllium oxide
(BeO), insulating silicon carbide ' at conductive reinforcenent
(capton) or the like can be used. SE%S%IP@%& the thernoplastic resin
havi ng the gl ass

HIGH THERMAL CONDUCTIVITY COMPOSITE MAGNETIC BODY

Technical Field

The present invention relates to a composite magnetic
body comprising soft magnetic powder mixed with an organic
binding agent and, in particular, to a composite magnetic

body which is excellent in thermal conductivity.

Background Art

An electromagnetic interference suppressing body is
used for suppressing electromagnetic interference caused by
interference of undesired electromagnetic waves.

Conventionally, for blocking invasion of the external
undesired electromagnetic waves into an electronic device,
shielding of the electronic device by a conductor has been
carried out. However, since the blocking of the
electromagnetic waves by the conductor aims to reflect the
electromagnetic waves, radiant waves from a certain
component within the electronic device may be reflected to
adversely affect other components in the same electronic
device as secondary noise. Particularly, following
reduction in size and use of the higher frequency of
electronic devices in recent years, problems of the
interference due to the external electromagnetic waves and
of the secondary noise due to the internal electromagnetic

waves are serious.



transition tenperature of not |ess than 120[err]Cis used w thout use of
the heat conductive powder, a conposite nagnetic body obtained is poor in
thermal conductivity but excellent in heat resistance and thus can be
directly provided to or disposed near a conmponent wth nmuch heat
generation for renoval and absorption of2undesired electromagnetic waves.
Natural ly, by stacking it with an electric conductor, reflection of the

el ectromagnetic waves _is also acconplished and the thermal conductivity is
i mpr oved. JP-A-~T7-212079 discloses a composite magnetic body

which can suppress interference of undesired
electromagnetic waves utilizing absorption of high-
frequency waves due to a complex permeability of a soft
magnetic body of a certain kind. This composite magnetic
body is constituted of a composite magnetic sheet
comprising soft magnetic powder mixed with an organic
binding agent.

The sheet of the composite magnetic body may be used
as it is. On the other hand, by forming a structure
stacked with a conductive sheet, the coming electromagnetic
waves are absorbed by the composite magnetic sheet and the
electromagnetic waves passing through the composite
magnetic sheet are reflected by the conductive sheet into
thé composite magnetic sheet, so as tco suppress the
interference of the undesired electromagnetic waves.

Such an electromagneﬁic interference suppressing body
is disposed, for example, on the surface of an electronic
device or around an electronic component in the electronic
device which is liable to suffer an influence of the
external electromagnetic waves. Alternatively, it is used
so as to be disposed between two printed circuit boards
each mounted thereon with electronic components and
confronting each other with a space therebetween.

Incidentally, there is a problem that since the
organic binding agent used in formation of the composite

magnetic body is liable to be influenced by heat to cause



8 Referring to Fig. 2, an electromagnetic interference suppressing
body 10 using the conposite nagnetic bodies 1 of Fig. 1 is shown. The
el ectromagnetic interference suppressing body 10 has a stacked structure
wherein the conposite magnetic bodies 1 are stacked on both sides of an
electrically conductive support 5. The elgctrically conductive support 5,
al though an exanple using one constituted of a textile of electrically
conductive fiber is shown in the figure, may be constituted of an electric
deformation, degradation or the like, it can not be used in
contact with an electronic component which generates much
heat.

Further, there is a problem that since the organic
binding agent is poor in thermal conductivity, it prevents
heat dissipation from an electronic component having a
large calorific value.

Therefore, an object of the present invention is to
provide a composite magnetic body having a high thermal
conductivity and being hardly influenced by heat, and an
electromagnetic interference suppressing body using the
composite magnetic body.

Another object of the present invention is to provide

a heat dissipation sheet and a heat sink each using a

coﬁposite magnetic body having a high thermal conductivity.

Disclosure of the Invention

As recited in claim 1, the present invention provides
a composite magnetic body comprising soft magnetic powder
dispersed in an organic binding agent which is
characterized in that heat conductive powder is further
dispersed into the organic binding agent, thereby the
composite magnetic body having a high thermal conductivity.

As preferable one of the heat conductive powder, at
least one kind of powder selected from the group of alumina
(Al203) powder, aluminum nitride (A1N) powder, cubic boron

nitride (BN) powder, insulating silicon carbide (8iC)



conductor thin plate, a electric conductor nesh plate, a soft magnetic
netal plate, a soft magnetic netal nmesh plate or a textile of soft
magnetic netal fiber. It may also be arranged that a | ayer of the
conposite magnetic body 1 is provided on only one side of the electrically

conductive support 5. Since a stmucture itself of the
el ectromagnetic interference suppressing body 10 and an el ectronmagnetic
i nterference suppressjng_operation thereof are disclosed in detail in

JP- A- 7- 2120 POVAER PRGa A BRath soacnativenireiad orgementedgaptond) PRECBIresent
I nventi on. as reg%@ggfghn l%ngEQ'c%h an Lgt %Skage 12 is mounted on a

As the organic binding agent, thermoplastic resin
having a glass transition temperature of not less than
120C is preferable as recited in claim 3, and typically,
thermoplastic polyimide or liquid crystal polymer can be
cited as recited in claim 4.

As recited in claim 5, such a high thermal
conductivity composite magnetic body may be stacked with a
conductive support to be used as an electromagnetic
interference suppressing body.

Further, such a high thermal conductivity composite
magnetic body can also be used as a heat dissipation sheet
for an electronic device as recited in claim 6, or can
constitute a heat sink working also for electromagnetic
interference suppression as recited in claim 7.

Further, according to the present invention, as

recited in claims 8 and 9, a heat-resistive composite

magnetic body can be provided.

Brief Description of the Drawings

Fig. 1 is a schematic sectional view showing an
embodiment of a composite magnetic body of the present
invention.

Fig. 2 is a schematic sectional view showing an
electromagnetic interference suppressing body using the

composite magnetic body of Fig. 1.



circuit board 11 as an el ectronic conponent of active elenents. For
enhanci ng di ssi pation of generated heat of the |IC package 12, a heat sink
13 is provided via the conposite magnetic body 1. In this structure, the
heat fromthe |IC package 12 is conducted to the heat sink 8 through the
conposi te magnetic body 1 excellent in tR&ermal

9 conductivity and radiated therefrom As a result, heat

Fig. 3 is a side view of an electronic device,
wherein the composite magnetic body shown in Fig. 1 is used
as a heat dissipation sheet and attached to an IC package
along with a heat sink.

Fig. 4 shows an IC package attached with a heat
dissipation sheet made of the composite magnetic body shown
in Fig. 1, along with a heat sink, wherein (a) is a side
view thereof and (b) is a plan view of the heat dissipation
sheet.

Fig. 5 is a side view showing an IC package attached
with a heat dissipation sheet made of the composite
magnetic body shown in Fig. 1, along with a radiator
utilizing a heat pipe.

Fig. 6 is a perspective view showing a switching
device attached with a heat dissipation sheet of the
composite magnetic body shown in Fig. 1, along with a heat
sink.

Fig. 7 is a perspective view showing a switching
device attached with a heat sink made of the composite
magnetic body shown in Fig. 1.

Figs. 8(a), (b) and {c) are perspective views showing
different structures of heat sinks using the composite
magnetic body shown in Fig. 1, as heat sinks for IC
packages.

Fig. 9 is a side view of an IC package attached with
the heat sink of Fig. 8{c).

Figs. 10(a) and (b) are a side view of an IC package

attached with a heat sink of another type and a plan view



di ssipation of the I C package 12 is effectively carried out. Specifically,
the conposite nagnetic body 1 is used as a heat dissipation sheet.

Natural ly, since electronmagnetic waves fromthe exterior and the interior
of the I C package 12 are absorbed by the conposite magnetic body 1, an

i nfl uence by the external electromagneti & waves or radiation of

el ectromagnetic noise to the exterior can be prevented. As a heat

o 5 can B2 (HSH NeAk AU oF SERECSITBINt o magnetic body L. For
indicating this, giff Fhg. 53 ob8tE0RAGCVELHE SROWERGCSSALIAY L0&a for
evaluating an electric characteristic, an electromagnetic
interference suppressing characteristic and a heat
dissipation characteristic of a composite magnetic body of
the present invention, wherein (a), (b) and (c) show a
sample composed of the composite magnetic body only, a
stacked sample of the composite magnetic body and an
electric conductor, and a comparative sample not using the
composite magnetic body, respectively.
Fig. 12 is a schematic diagram showing an evaluation
system for measuring a transmittance level of each sample
of Fig. 11.
Fig. 13 is a schematic diagram of an evaluation
syétem for measuring an electromagnetic coupling level of

each sample of Fig. 11.

Best Mode for Carrying Out the Invention

Referring to Fig. 1, in a composite magnetic body 1
according to the present invention, flat (or needle-shaped)
soft magnetic powder 3 for absorbing electromagnetic waves
is dispersed in an organic binding agent 2, and heat
conductive powder 4 is also dispersed therein.

As the organic binding agent 2, thermoplastic resin,
such as polyethylene resin, polyester resin, polystyrene
resin, polyvinyl chloride resin, polyvinyl butyral resin,

polyurethane resin, cellulose resin or nitrile-butadiene



el ectromagnetic interference suppressing body is shown in parentheses
along with reference sign 1 representing the conposite magnetic body.

Fig. 4 is a nodification of Fig. 3. A heat dissipation sheet 20 nmade of
the conposite magnetic body 1 of Fig. 1 is forned with through-holes 21 as
shown at 21 in (b) of the sanme figure. A7plurality of pins 151 extending
downward froma heat sink shown at 15 in (aé of the saneh f{gu[ﬁ pass

t hrough the t ugh-holes 21. As the heat i ssi pation sheet, e
elect?onagnefgég?ﬂte?fﬁ?gﬂ ek  HheEeef ngeBewy 1esiR . Phengl cresire, used.

Referring t0ufi§e Pasif®F Ii 0OMsfn SELYCLLT Sober e

For obtaining a high heat resistance of the composite
magnetic body 1, it is preferable to use thermoplastic
resin having a glass transition temperature of not less
than 120°C. For example, it is preferable to use at least
one selected from thermoplastic polyimide and liquid
crystal polymer.

As the soft magnetic powder 3, an Fe-Al-Si alloy
(trademark: Sendust) or an Fe-Ni alloy (Permalloy) can be
used. It is preferable that an aspect ratio of the powder
is sufficiently large (approximately not less than 10:1).

On the other hand, as the heat conductive powder 4,
alumina (Al1203), aluminum nitride (AlN), cubic boron
nitride (BN) , beryllium oxide (BeO), insulating silicon
carbide (SiC), a heat conductive reinforcement (capton) or
the like can be used.

When the thermoplastic resin having the glass
transition temperature of not less than 120TC is used
without use of the heat conductive powder, a composite
magnetic body obtained is poor in thermal conductivity but
excellent in heat resistance and thus can be directly
provided to or disposed near a component with much heat
generation for removal and absorption of undesired
electromagnetic waves. Naturally, by stacking it with an
electric conductor, reflection of the electromagnetic waves
is also accomplished and the thermal conductivity is

improved.



a heat dissipation sheet or a block 22, on the I C package 12, made of the
conposite magnetic body 1 of Fig. 1 is

10 formed with a hole into which a heat pipe 17 of a radiator 16 is
inserted. In this structure, heat fromthe IC package is transmtted to
the radiator 16 fromthe heat dissipati 8 sheet 22 through the heat pipe
17 and radi ated

Referring to Fig. 2, an electromagnetic interference
suppressing body 10 using the composite magnetic bodies 1
of Fig. 1 is shown. The electromagnetic interference
suppressing body 10 has a stacked structure wherein the
composite magnetic bodies 1 are stacked on both sides of an
electrically conductive support 5. The electrically
conductive support 5, although an example using one
constituted of a textile of electrically conductive fiber
is shown in the figure, may be constituted of an electric
conductor thin plate, a electric conductor mesh plate, a
soft magnetic metal plate, a soft magnetic metal mesh plate
or a textile of soft magnetic metal fiber. It may also be
arranged that a layer of the composite magnetic body 1 is
provided on only one side of the electrically conductive
subport 5.

Since a structure itself of the electromagnetic
interference suppressing body 10 and an electromagnetic
interference suppressing operation thereof are disclosed in
detail in JP-A-7-212079, explanation thereof is omitted
with respect to the present invention.

Referring to Fig. 3, an IC package 12 is mounted on a
circuit board 11 as an electronic component of active
elements. For enhancing dissipation of generated heat of
the IC package 12, a heat sink 13 is prowvided wia the
composite magnetic body 1. In this structure, the heat
from the IC package 12 is conducted to the heat sink 8

through the composite magnetic body 1 excellent in thermal



t herefrom Referring to Fig. 6, there is shown an apparatus wherein
a heat sink 19 with fins is attached to a swwtching elenent 18 via a heat
di ssi pati on sheet 23 nade of the conposite magnetic body 1 of Fig. 1.

A heat sink itself can be constituted of the conposite nmagnetic body 1.
Fig. 7 shows this exanple. In the sane fggure, a heat sink 30 constituted
of the conposite magnetic body 1 is directly attached to the sw tching

el enent 18. Fig. 8 shows various shapes of heat sinks constituted

of the conpo§PF€uﬁ§§HgFYCab@dyaQiatﬁdthberegnem, (%8 ashmssilt, heat
dissipation of the IC package 12 is effectively carried out.
Specifically, the composite magnetic body 1 is used as a
heat dissipation sheet. Naturally, since electromagnetic
waves from the exterior and the interior of the IC package
12 are absorbed by the composite magnetic body 1, an
influence by the external electromagnetic waves or
radiation of electromagnetic noise to the exterior can be
prevented.

As a heat dissipation sheet, the electromagnetic
interference suppressing body 10 of Fig. 2 can be used
instead of the composite magnetic body 1. For indicating
this, in Fig. 3, reference sign 10 representing the
electromagnetic interference suppressing body is shown in
pafentheses along with reference sign 1 representing the
composite magnetic body.

Fig. 4 is a modification of Fig. 3. A heat
dissipation sheet 20 made of the composite magnetic body 1
of Fig. 1 is formed with through-holes 21 as shown at 21 in
(b) of the same figure. A plurality of pins 151 extending
downward from a heat sink shown at 15 in (a) of the same
figure pass through the through-holes 21. As the heat
dissipation sheet, the electromagnetic interference
suppressing body 10 of Fig. 2 can be used.

Referring to Fig. 5, there is shown a structure where
a heat dissipation sheet or a block 22, on the IC package

12, made of the composite magnetic body 1 of Fig. 1 is



a heat sink 31 having a sinple plate shape, (b) shows a U shaped heat
sink 32 provided with flanges at both ends of a plate, and (c) shows a
heat sink 33 having a dish shape. These heat sinks are not only
constituted of the conposite nmagnetic body 1, but may al so be constituted
using the electromagnetic interferencelfody of Fig. 2. Fig. 9is a
side view showi ng the state wherein the heat sink 33 of Fig. 8(c) is

aLiached tockheed GEBEEIEL1Z LB PR N Sadb oy ik W Snlge v,

' he radiatipg a0cihluppla" dn ' ASUIGES HO UG pEAVes can be
package is transmitted to the radiator 16 from the.heat
dissipation sheet 22 through the heat pipe 17 and radiated
therefrom.

Referring to Fig. 6, there is shown an apparatus
wherein a heat sink 19 with fins is attached to a switching
element 18 via a heat dissipation sheet 23 made of the
composite magnetic bedy 1 of Fig. 1.

A heat sink itself can be constituted of the
composite magnetic body 1. Fig. 7 shows this example. In
the same figure, a heat sink 30 constituted of the
composite magnetic body 1 is directly attached to the
switching element 18.

| Fig. B8 shows various shapes of heat sinks constituted
of the composite magnetic body 1. In the figure, (a) shows
a heat sink 31 having a simple plate shape, (b) shows a U-
shaped heat sink 32 provided with flanges at both ends of a
plate, and (c) shows a heat sink 33 having a dish shape.
These heat sinks are not only constituted of the composite
magnetic body 1, but may also be constituted using the
electromagnetic interference body of Fig. 2.

Fig. 9 is a side view showing the state wherein the
heat sink 33 of Fig. 8(c) is attached to the IC package 12
by an adhesive 40. Also in this structure, the generated
heat of the IC package 12 can be effectively radiated, and
the radiation and invasion of the undesired electromagnetic

waves can be prohibited.



11 Fig. 10 is a diagramshow ng still another structure of a heat
sink using the conposite nmagnetic body 1 of Fig. 1 or the electromagnetic
i nterference suppressing body 10 of Fig. 2. As shown in (b) of the sane
figure, the heat sink 34 has a structure such that it is U shaped in
section and provided with many through-BAdl es 35 extending fromthe
obverse side to the reverse side thereof. In this

Fig. 10 is a diagram showing still another structure
of a heat sink using the composite magnetic body 1 of Fig.
1 or the electromagnetic interference suppressing body 10
of Fig. 2. As shown in (b) of the same figure, the heat
sink 34 has a structure such that it is U-shaped in section
and provided with many through-holes 35 extending from the
obverse side to the reverse side thereof. In this
structure, the dissipation of generated heat from the IC
package 12 is promoted by the through-holes 35.

Hereinbelow, characteristics will be cited about
examples of a composite magnetic body according to the
present invention and a stacked structure of the composite
magnetic body and a conductor.

First, a plate sample I shown at (a) in Fig. 11 was
prepared, which was made of a composite magnetic body
comprising soft magnetic powder, an organic binding agent
and heat conductive powder at a composite ratio shown in
Table 1. The size was set to 3.8 x 10.2 (cm).

Specifically, soft magnetic powder, an organic
binding agent and heat conductive powder subjected to the
coupling process were, at first, kneaded by a kneader and
rolled by parallelly disposed rolls so as to produce a
composite magnetic sheet with a thickness of 0.5mm. Then,
two obtained sheets were stuck together to obtain the
sample I with a thickness of lmm having a structure as

shown at (a) in Fig. 11.



structure, the dissipation of generated heat fromthe IC package 12 is
pronoted by the through-holes 35. Her ei nbel ow, characteristics wll
be cited about exanples of a conposite nagnetic body according to the
present invention and a stacked structure of the conposite nmagnetic body
and a conductor. First, a plate saple I shown at (a) in Fig. 11 was
prepared, which was made of a conposite nagnetic body conprising soft
magneti ¢ powder, an organic binding agent and heat conductive powder at a
conposite ratio showmn in Table 1. The size was set to 3.8 x 10.2 (cm.
Specifically, soft nmagnetic powder, anr%ﬂgnic

Substance Name Composite Ratio
(Weight Parts)

Soft Magnetic |Fe-Al-Si Alloy

Powder Mean Particle Diameter: 80
35um

Aspect Ratio: > 5
Coupling titanate 0.8
Agent
Organic chlorinated polyethylene 15
Binding Agent
Heat Conduc- Al203 5

tive Powder

The obtained sample I was analyzed using a vibrating
sample type magnetometer and a scanning electron microscope,
and it was found that a magnetization easy axis and
orientation of the magnetic particles are both in an in-
surface direction of this layer.

The soft magnetic powder used herein was gas-phase
oxidized in an atmosphere of N2-02 mixed gas at a 20% 02
partial pressure, subjected to annealing in an atmosphere
of Ar at 650C for two hours, and formed with oxide films
on the surfaces thereof.

The sheets 1 of the composite magnetic body obtained
above and a copper thin plate 50 were stacked together to
produce a sample II of a structure shown at (b) in Fig. 11.
Specifically, the extremely thin copper plate with a
thickness of 0.18mm was sandwiched on both sides thereof by
the sheets of the composite magnetic body 1 and stacked

together, and then rolled by the rolls to obtain the total



bi ndi ng agent and heat conductive powder subjected to the coupling process
were, at first, kneaded by a kneader and rolled by parallelly disposed
rolls so as to produce a conposite magnetic sheet with a thickness of
0.5mm Then, two obtained sheets were stuck together to obtain the sanple
| with a thickness of 1mm having a struci8re as shown at (a) in Fig. 11

12

thickness of lmm.

Further, as a comparative example, a sample III of a
structure of Fig. 1l (c) was prepared. Specifically, sheets
of insulator 51 made of polyvinyl fluoride were stacked on
both sides of an extremely thin copper plate 50 with a
thickness of 0.18mm to obtain the total thickness of 0.3mm.

Then, about the samples I to III, the surface
resistivity, the transmittance attenuation, the coupling
attenuation and the heat dissipation amount were evaluated.

For measuring the transmittance attenuation and the
coupling attenuation, an apparatus as shown in Figs. 12 and
13 was used wherein an electromagnetic wave radiating
micro-loop antenna 63 and an electromagnetic field
receiving micro-loop antenna 64 were connected to an
eléctromagnetic wave generator 61 and an electromagnetic
field strength measuring device 62, respectively. As shown
in Fig. 12, the transmittance attenuation was measured by
disposing a sample 65 between the electromagnetic wave
radiating micro-loop antenna 63 and the electromagnetic
field receiving micro-loop antenna 64.

On the other hand, as shown in Fig. 13, the coupling
attenuation was measured by confronting the electromagnetic
wave transmitting micro-loop antenna 63 and the
electromagnetic field receiving micro-loop antenna 64
against the same side of the sample 65.

To the electromagnetic field strength measuring
device 62, a spectrum analyzer, not shown, was connected.

The measurement was carried out at frequencies 100 to



Table 1 Subst ance Nane Conposite Ratio

(Weight Parts) Soft Magnetic Fe-Al -Si Alloy Powder Mean
Particle Dianeter: 80

35[err]m Aspect Ratio: > 5 Coupl i ng titanate
0.8 Agent Oganic chl ori nated pdByet hyl ene 15 Binding
Agent Heat Conduc- A1203 5 tive Powder

The obtai nedlémg, lusy\j?rfg aa{]sal Zree eursc-_lrp aar}”e reacgt{rrgnagnetic field

strength in the state where the sample 65 was not present.

Using a silicon heat conductive adhesive tape
(THERMATTACH produced by Taiyo Kanaami Co., Ltd.), the
samples I to III were adhered to a semiconductor device.
Using as a reference a state where no sample was present,
the heat dissipation amount was expressed by a temperature
difference (AT) relative to a sample temperature. The
larger numeric value of the temperature difference
represents the higher dissipation effect. The measurement
condition was such that there was no air flow and the
ambient temperature was 21 to 24T.

The measurement results are shown in Table 2.

Table 2
Thick- | Surface Transmit- Coupling Tempera-
ness Resis- tance Attenua-~ ture AT
tivity Attenuation | tion
(mm) (Q) (dB) (dB) (T)
Sam- I 1 1 x 108 6 to 12 8 to 10 20
ple
II 1 1 x 108 40 to 55 2 to 3 45
IIT 0.3 1 x 1014 40 to 55 -8 to -10 24

From Table 2, it is seen that the composite magnetic
body of the present invention and the one having the
stacked structure of the composite magnetic body and the
electric conductor (samples I and II) have characteristics
more than equality as compared with the comparative sample

(sample III). Further, in comparison between the samples I



sanpl e type magnetoneter and a scanning el ectron mcroscope, and it was
found that a magnetization easy axis and orientation of the magnetic
particles are both in an in- surface direction of this |ayer. The
soft magneti c powder used herein was gas-phase oxidized in an atnosphere
of N2-(Jerr] mxed gas at a 20%([err]2 DPpartial pressure, subjected to
annealing in an atnosphere of Ar at 650[err]C for two hours, and forned
with oxide filns _on the surfaces thereof. . The sqﬁgt% 1 of the
conposi te magetily pdoieshdraty SATPLe JodFe AXOFMTat® 50 were

Isélt SCkig t Ogeéorﬁ%litn% é}:rt%ql%aeti%ns aer?Lll% ItlheOfsagxpﬁ.ter l’E[I Ye e%%%e@ltt (:pr) in

heat dissipation amount.

Industrial Applicability

According to the present invention, since there can
be obtained a composite magnetic body excellent in thermal
resistance and thermal conductivity and having
electromagnetic wave absorbing capability, it may be used
as a heat dissipation sheet and/or a heat sink for an
electronic component or device so as to promote heat
dissipation while prohibiting radiation and invasion of

undesired electromagnetic waves.



magneti c body 1 and stacked together, and then rolled by the ralls-o
obtai n the totTls Sheet Has Been Replaced THIS SHEE NIHAGNBEEN bf
Further, as a c mpl e, a sanmpbe 111 of |a SUREIIACED of F}ag.
11(c) was prepal mruﬂ 1y, sheets . S

CLAIMS

1. A composite magnetic body comprising soft
magnetic powder dispersed in an organic binding agent,
characterized in that heat conductive powder is further
dispersed into said organic binding agent, thereby the

composite magnetic body having a high thermal conductivity.

2. The composite magnetic body of claim 1, which is
characterized in that said heat conductive powder is at
least one kind of powder selected from the group of alumina
(A1203) powder, aluminum nitride (AlN) powder, cubic boron
nitride (BN) powder, insulating silicon carbide (SiC)

powder and a heat conductive reinforcement (capton) powder.

3. The composite magnetic body of claim 1 or 2,
which is characterized in that said organic binding agent
is thermoplastic resin having a glass transition

temperature of not less than 120T.

4. The composite magnetic body as recited in claim 3,
which is characterized in that said organic binding agent
is at least one kind of thermoplastic polyimide and liquid

crystal polymer.

5. An electromagnetic interference suppressing body
characterized in that sheets of the composite magnetic body

as recited in any of claims 1 to 4 are stacked on both

g

Specifically, the extrenely thin copper plate with a thickness of 0.18nm
was sandw ched on both sides thereof by the sheets of the conposite

| Mm



of insulator 51 nmade of polyvinyl fluoride were stacked on both sides of

an extrenmely tiisshePRRHeeRBL&I50 W th a thicknej g ain the
total thickness Then, about the ;iﬁiﬁ §gEEI !Eégl , It he
surface resist mmammmmuynsm ttance attenuati ¢n, t REPLALEY i ng .
attenuation and | pati on anodfit were €eval uat ed. For

measuring the transmttance attenuation and the coupling attenuation, an
apparatus as_shown_in_ Figs. %{2 ang1 13 s _used wherein an el ectronagnetic
wave radi at i HEOH ¥ 2F R SHTERE B SURIEH B IR et i ¢ 1 el d
receiving mcro-loop antenna 64 were connected to an el ectromagnetic wave
generator 61 and an el ectromagnetic

6. A heat dissipation sheet comprising the composite

magnetic body as recited in any of claims 1 to 4.

7. A heat sink comprising the composite magnetic

body as recited in any of claims 1 to 4.

8. A composite magnetic body comprising soft
magnetic powder dispersed in an organic binding agent,
which is characterized in that said organic binding agent
is thermoplastic resin having a glass transition
temperature of not less than 120T, thereby the composite

magnetic body having heat resistivity.

9. The composite magnetic body of claim 8, which is
characterized in that said organic binding agent is at
least one kind of thermoplastic polyimide and liquid

crystal polymer.

)R R



field strength neasuring device 62, respectively. As showmn in Fig. 12, the
transmttance attenuati on was neasured by disposing a sanple 65 between
the el ectromagnetic wave radiating mcro-loop antenna 63 and the

el ectromagnetic field receiving mcro-loop antenna 64. On the ot her
hand, as shown in Fig. 13, the coupling 1&ttenuati on was nmeasured by
confronting the el ectromagnetic wave transmtting m cro-|loop antenna 63
and the electromagnetic field receiving mcro-loop antenna 64 against the
sane side of the sanple 65. To the el ectromagnetic field strength
nmeasuring device 62, a spectrum analyg&fpadipt shown, was connect ed.

In a composite magnetic body comprising soft magnetic
powder dispersed in an organic binding agent and having an
electromagnetic interference suppressing effect, powder
excellent in thermal conductivity is further dispersed into
the organic binding agent so as to provide a composite
magnetic body excellent in thermal conductivity. This
composite magnetic body may also be used as a heat
dissipation sheet for an electronic device. Further, it
may also constitute a heat sink having an electromagnetic
interference suppressing effect. As the organic binding
agent, thermoplastic polyimide or liquid crystal polymer
caﬁ be cited. As the powder excellent in thermal
conductivity, Al203, AlN, cubic BN, insulating SiC or a

heat conductive reinforcement (capton) can be cited.
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Using as a reference a state where no sanple was present, the heat

di ssi pation anobunt was expressed by a tenperature difference (AT) relative
to a sanple tenperature. The |arger nuneric value of the tenperature
difference represents the higher dissipation effect. The neasurenent
condition was such that there was no air flow and the anbient tenperature

was 21 to 24[err]C The neasurenent results are shown in Table 2.
Table 2 Thi ck- Surface Transmt- Coupl i ng Tenper a-
ness Resi s- tance At t enua- ture AT tivity

Attenuation tion

Fig. 4

(a) (b)
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Fig. 5
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(mm ([err])(dB) (dB) ( [err]) Sam | 1 1 x 108

6 to 12 8 to 10 20 ple = |1 1 1x 108 40 to 55 2to
3 45 111 0.3 1 x 10[err] 40 to 55 -8 to -10 24
From Table 2, it is seen that the conposite nagnetic body of the present
invention and the one having the stacked structure of the conposite
magneti c body and the electric conductor (sanples | and Il) have
characteristics nore than equality as conpared with the conparative sanple .
(sanple I11). Further, in conparison between the sanples |

Fig. 6
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15 and Il, it is seen that the sanple | is excellent in coupling
attenuation while the sanple Il is excellent in heat dissipation anmount.
I ndustrial Applicability According to the present invention, since
there can be obtained a conposite magnetic body excellent in therm

resi stance and thermal conductivity and having electromagnetic wave
absorbing capability, it may be used

.Fig. 8

(a)
31
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(b) | (c)

Fig. 9

40

12
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as a heat dissipation sheet and/or a heat

and invasion of undesired el ectronagnetic
Substitute sheet - 31 May 1 99
CLAI M5 1. A conposite nmagnetic body

sink for an electronic conponent
or device so as to pronpote heat dissipation while prohibiting radiation

waves.

conprising soft
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magneti c powder dispersed in an organic binding agent, heat conductive
powder being further dispersed into said organic binding agent, thereby the
conposite nmagnetic body having a high thermal conductivity, characterized
in that said heat conductive powder is at |east one kind of powder
selected fromthe group of alumna (A 203) powder, alum numnitride (A N)
powder, cubic.boron nitride (BN) powder, insulating silicon carbide (S C)
powder and a heat conductive reinforcenent (capton) powder. 2. The
conposite magnetic body of claim1, which is characterized in that said

or gani ¢ bi ndi ng agent

Fig. 12
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is thernmoplastic.resin having a glass transition tenperatur@cGWZﬁbv L

t han 120[err]C 3. The conposite magnetic body as reobqu I n clalm
2, which is characterized in-that said organic blndlng agent”’ fs at | east
one kind of thernoplastic polyimde -and |iqui t stal poly : 1 4.

An el ectromagnetic interference suppresgigng
sheets of the conposite magnetic body as recited in any of clains 1 to 3
are stacked on both REPLACENMENT
SHEET CLAIMS

1. A composite magnetic body comprising soft
magnetic powder dispersed in an organic binding agent,

heat conductive powder being further dispersed into

said organic binding agent, thereby the

composite magnetic body having a high thermal conductivity,
characterized in that said heat conductive powder is at
least one kind of powder selected from the group of alumina
(Al203) powder, aluminum nitride (A1N) powder, cubic boron
nitride (BN) powder, insulating silicon carbide (SiC)

powder and a heat conductive reinforcement (capton) powder.

2. The composite magnetic body of claim 1,
which is characterized in that said organic binding agent
is thermoplastic resin having a glass transition

temperature of not less than 120T.

3. The composite magnetic body as recited in claim 2,
which is characterized in that said organic binding agent
is at least one kind of thermoplastic polyimide and liquid

crystal polymer.

4. An electromagnetic interference suppressing body
characterized in that sheets of the composite magnetic body

as recited in any of claims 1 to 3 are stacked on both

REPLACEMENT SHEET
02 JUN 1999

AR g




|0 2 JUN 1999 [err] f | Substitute
sheet - 31 May 1999 . 17 sides of an
electrically conductive support. 5. A heat d|SS|pat|Fn_sheet .
corrprlsmg the conposite magnetlc body as recited in any of claims 1 to 3.
6. A heat sink conprising the conposite maﬁnet é'gs“wtes eet — 31 May 1999

sides of an electrically conductive support.

5. A heat dissipation sheet comprising the composite

magnetic body as recited in any of claims 1 to 3.

6. A heat sink comprising the composite magnetic

body as recited in any of claims 1 to 3.

7. The composite magnetic body of claim 1

which is characterized in that said organic binding agent
is thermoplastic resin having a glass transition
temperature of not less than 120C, thereby the composite

magnetic body having heat resistivity.

©. The composite magnetic body of claim 7, which is
characterized in that said organic binding agent is at

least one kind of thermoplastic polyimide and liquid

crystal polymer.
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body as recited in any of clains 1 to 3. @Lboaﬁd{sltg magneti c
body of claim1l which is charactsiaeos s tdeat sal d rganl\g,uglf ndi Ng 94,
is the astic resin having a glBsJ%t r&ns¥ti®n tenperatur not &
than 130ekr] C, t her eldsy 3 7o defbol He S g B & hottyEIRRHIR heat -
resistivity. The conposite magnetic body of claim?7, which is
char agt-ert+zet—+A—that—sat-a-er-gan-e—pHrgr-rg—agert—-s—at— cas* one—ki-nd_of
t her m?@,p@@g@@gkyl m de and |iquid cryﬁh?lgﬁg;%g;ﬁ WO098/10632
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(54)Title: HIGHLY HEAT-CONDUCTIVE COMPOSITE MAGNETIC MATERIAL

GHRUIDEAT BREEMERS B

(57) Abstract
A compositc  magnetic  material
containing a soft magnetic powder and an

organic binder in which the soft magnetic

powder is dispersed and which has an 4 CAD A D AS & oa & A
electromagnetic interference suppression effect. SAaD AD A © a 5 o |
Powder having & good heat conductivity is 2 a & 2 A AT o A O

further dispersed in the organic binder to
provide a highly heat-conductive composite
magnetic material. The composite magnetic

material can be used as a material of a heat dissipation sheet of an electronic device or as a material of a heatsink having an clectromagnctic
interference suppression effect. As the organic binder, thermoplastic polyimide or liquid crystal polymer can be used. As the powder having
good heat conductivity, powder of Als, 0,, AIN, cubic BN, insulating SiC or heat-conductive reinforcing material (Kapton) can be used.
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