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DESCRIPTION

MAGNETIC SUBSTANCE WITH MAXIMUM COMPLEX
PERMEABILITY IN QUASI-MICROWAVE BAND AND
METHOD FOR PRODUCTION OF THE SAME

Technical Field of the Invention

This invention rélates to a magnetic substance for use in suppression or
absorption of a high frequency noise in electric and electronic apparatus and, in
particular, to such a magnetic substance éda_pted for use in suppression of
electromagnetic interference (EMI) caused in an active electronic element, a

high frequency circuit component, and a high frequency electronic apparatus.

Technical Background .

| ltis wéll known in the art that a cylindrical 'fer.rite-core is attached onto
an electric power code to an electronic épparatus, for example, computer so as
to suppressing a high frequency' noise from flowing into, or from, the computer
through the electric power code. The ferrite core absorbs the high frequency
ﬁbise current flowing through the power code. The ferrite core used has a
large volume in comparison with electronic apparatus _which have rapidly been

- small-sized with electronic circuit components disposed at a high density.

It is also well known in the art that a concentrated constant circuit such
as a decoupling capacitor is assem.bled in a power circuit line in the electronic
apparatus so as to suppressing undesired radiation from the power line.

it is also another problem that a high frequency noise is often caused or
induced from a semiconductor or an integrated circuit device of a high speed
operation type such as a random access memory (RAM), a read only memory

(ROM), a microprocessor (MPU), a central processing unit (CPU), or an image



~WO 01/54145 PCT/JP01/00437

2

processor arithmetic lpgic unit (IPALU) because an electric signal flows in a high
speed circuit therein with rapid change in current and voltége value.

In addition, electronic elements and cables are disposed with a high
density in a small-sized electronic apparatus. Therefore, those élements and
lines are very close to each other and thereby affected to each other to cause
the EML. - | |

In order to suppress the high frequency no_ise from those semiconductor
devices and the EMI within the small-sized electronic apparatus, the
conventional ferrite core éannot be used because it has a relatively large
volume. _ _

On the other hand, use of the concentrated constant circuit cannot
sufficiently suppress the high frequency noise caused in the circuit using |
electronic elements of the high speed operation type because the noise has an
increased frequency éo that the circuit line actually acts as a distributed
constant circuit. _ _

JP-A 10-97913 discloses a complex magnetic substance having a
relatively large core loss or complex permeability. The complex magnetic
substance is disposed adjacent a semiconductor device and/or electronic circuit
device and can suppress a high frequency noise radiated therefrom.

It is understood from the recent research that use of the magnetic
substance having t.he, complex permeability 1" is considered as an effective
resistance added to the circuit generating the noise so that the noise can be
attenuated. The effective resistance is dependent on the complex permeability
1" of the magnetic substance used. In detail, providing that the magnetic
substance has a constant area, it is certain that the effective resistance is
dependent on the complex permeability 1" and the thickness of the magnetic
substance. This means that magnetic substance having an increased complex

permeability could provide a high frequency noise suppressor with a reduced
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volume, that is, a reduoed size in area and thsckness Whlch could be

assembled within @ small-snzed apparatus

Summary of the Invention

Therefore, thls irivention aims to provide a magnetic substance having
an increased complax permeability at a high frequency,' preferably the maximum
value of the complex permeability within a quasi-microwave range of 0.1-10
gigahertz. | | S |

According to this invention, a magnetic substance according to claim 1
can be obtained.

Further, according the invention, the magnetic substance according to
dependent claims 2-15, a noise suppressor according to dependent claim 16
and a noise suppressing method according to dependent claim 17 are obtained.

"~ As one of m'a"g_rietic'subs'tance having a low core loss and a high

saturation magrietiiation, a M-X-Y magnetic composition (M: magnetic metallic

“element, Y: O, N, or F, X: element or elements other than M and Y) is known in

the prior art, which is mainly produced by the sputtering method or the vapor

- deposition method and has a granular structure where metallic magnetic

particles of M are dispersed in a non-magnetic matrix (X and Y)like ceramics.
During searching fine structures of the M-X-Y magnetic composition
having the excellent permeability, the present co-inventors found out that the

high saturation magnetization can be realized in a high concentration region of

M where the M-X-Y magnetié composition has a saturation magnetization of -

80% or more of that of the metallic bulk of magnetic material comprising M
alone. - |

The M-X-Y magnetic composition has a low specific resistance.
Therefore, when it is formed in a part havin'g a relatively thickness which is used

in a high frequency range, the part permits an eddy current to flow therein. - As



- WO 01/54145 PCT/IP01/00437

4

aresult, the part is reduced in permeability. Therefore, the conventional M-X-Y
magnetic composition having the high saturation magnetization cannot be used
for part having an increased thickness.

The present inventors further found out that the M-X-Y magnetic
composition having a reduced concentration of M has an increased complex
permeability " in a high frequency range. In a reduced concentratio.n region
of M where the M-X-Y magnetic composition has a saturation magnetization of
60-80% of that of the metallic bulk of magnetic material comprising M alone, the
M-X-Y magnetic composition has a relatively high specific resistance about 100
£ Q - cmormore. Therefore, if a part having a relatively thickne_ss such as
several micrometers ( iz m)is formed of the composition with the reduced

- concentration of M, it shows a reduced loss due to the eddy current. The core
loss or complex permeability is a loss due to the natural resonance. Therefore,
“the distribution of the complex permeability on a frequency axis is narrow. This
means that the M-X-Y magnetic composition with the reduced concentration of
~ M is useful for suppress.ion“of noisé within é harrow fréquency range.

In a further reduced concentration of M where the M-X-Y magnetic
composition has a saturation magnetization of 35-60% of that of the metallic
bulk of magnetic material comprising M alone, the M-X-Y magnetic composition
has a higher specific resistance about 500 1 Q - cm or more. Therefore, the
loss due to the eddy current is further reduced in a part made of the
composition and having a relatively thickness such as several micrometers
(z#m). Magnetic mutual effect between M particles becomes small so that the
spin heat fluctuation becomes large to cause fluctuation of that frequency at
which the natural resonance of the complex permeability generates. Therefore,
the complex permeability (" has a relatively large value over a broad
frequency range. This means that the M-X-Y magnetic composition with the

further reduced concentration of M is useful for suppression of noise within a
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In a more reduced concentratron of M, partrcles of M do not -
magnetically effect to each other so that the M-X-Y composrtron exhibits the
superparamagnetrsm g '

In design of a part made of magnetlc substance to be disposed
adjacent an electromc:clrcurt so as to suppress a- hggh frequency noise, a value
of a product (1" - 6 ) of the complex pe'nrreability -' £" and a thickness & of
the magnetic substance is considered.  Generally, (1" - 3) = 1000 zm is
required for eﬁectivs!y'SuppresSing high frequency noise of hundreds
megahertz (MHz). 'When the magnetic ccnipo’sitiOn used has the complex
permeability of abo’ut 1000 (u ":1 000), the noise suppressor is required to have
a thickness of 1 micfcmeter (zm) or more. There_fore, the composition having
a low specific resist'ancs is not 'de"sired' because thé'cddy' current is easily -
generated but is desired to have an increased specific resistance such as 100
¢ + Qormore. | _ |

In the view pornt of the above, M-X-Y composrtron used for the noise
suppressor is desrre_d to have a reduced-concentratrcn of M where the M-X-Y
magnetic composition has a satu_'ratioh magnetizafr_icn of 35-80% of that of the

metallic bulk of ma'ghetic material comprising M alone.

Brief Descriptioh of the Drawing
- Fig.1isa schématic vjew showing a granujlar structure of M-X-Y
magnetic compositiorl; | |
Fig. 2Ais a schematic sectional view showi_ng' a structure of a sputtering
apparatus which was used in examples;
Fig. 2B is a schematic sectional view showing a structure of a vapor

deposition apparatus which was used in examples; o
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Fig.3is a.-graph',ii:'al view showing a frequency:__résponse of a complex
- permeability of film sambie 1 in Example 1; |
Fig. 4 is a graphical view showing a frequency response of a complex
permeability of film sample 2 in Example 2;
Fig. 5 is a graphical view showing a frequency response of a complex
permeability of comparable sample 1 in Comparable Example 1;
Fig. 6 is a schematic and perspective view of a test apparatus for
testing an noise suppressing effect of magnetic samples;
-Fig. 7A is a graphic view showing a transmission characteristic of film
sample 1;
Fig. 7B is a graphic view showing a transrhission characteristic of
comparable sample of composite magnetic material sheet;
- -Fig. 8A'is a distribution constant circuit with a length ¢ showing a
magnetic material as a noise suppressor; _ |
Fig. 8B is an equivalent circuit with a unit length.. A ¢ of the distribution
- constant circuit of Fig. 8A;
- Fig. 8C is an equivalent circuit with a length ¢ of the distribution
constant circuit of Fig. 8A;
- Fig. 9A is a graphic view showing a frequency response of an
equivalent resistance R of film sample 1 in Example 1; and
Fig. 9B is a graphic view showing a frequency response of an

equivalent resistance R of comparative sampie of a composite magnetic

"~ material sheet.

Embodiments of the Invention
At first, description will be made as to granular structure and production

methods of M-X-Y magnetic composition.
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- Referring to: Flg 1'in which schematically shows the granular structure
of M-X-Y magnetic composmon partlcles 11 of- metathc magnetic material M are
‘uniformly or evenly- dnstnbuted in a matrix 12: consnstmg of Xand.

Referring to Fig. 2A, a sputtering apparatus shown therein was used for.
producing samples in the following examples and comparatlve examples.. The
sputtering apparatus has a conventional structure -an__d comprises a vacuum
container 20, a shutter 21, an atmospheric gas sourc’:‘e 22, a substrate or a glass
plate 23, chips 24 (X'fdr X-Y), a targ‘et 25 (M), an RF- power source, and a
vacuum pump 27. The atmospheric gas source 2-2-and the vacuum pump 27 -
are connected to the vacuum container 20. The substrate 23 confronts to the
target 25 on which chips 24 are disposed. The shut_ter'21 is disposed in front
of the substrate 21. The RF power source 26 is connected to the target 25.

-Referring te Fig.-23',= a.vapor deposition .app'aratus shown therein was
also used another apparatus fer producing samples m the following examples
and comparative eXaniples. The vapor deposition apparatus hasa -
‘conventional structure and has vacuum centainer 20; atmospheric gas source -
22, and vacuum pump 27 similar to the sputtering _apparatus but has a crucible
28 including materials (X-Y) in place of chips 24, target 25 and RF-power - -
source 26. |

Example 1 |

A thin film of M-X-Y magnetic composition t_:vas made on a glass plate
by use of the sputtering apparatus shown in Fig. ZA:-at' a sputtering condition

shown in Table 1.

Table 1
Vacuum degree before sputtering | <1 x10€Torr .
Atmosphere o . |Argas.:
Electric Power |RF o
Fe (diameter of 100mm) and
Targets - Al,O5 chip (120 pieces)
R (chip size: Smm X 5mm X 2mm)
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The film samplé.j,-:-—produoed was analyzed by-.g?_;aﬁ_f.:luorescent X-ray
spectroscopy-and confirmed as a film of a composition Fes,Al104;7. The film
sample 1 had 2.0 micrometer ( 2 m) in thickness, 530 micro ohm centimeters
(« Q - cm) in DC specific resistance, 18 Oe in anisotropy field (Hk), and 16,800
Gauss in saturation magnetization (Ms)..

- A percent ratio of the saturation magnetization c_if the film sample 1 and
that of the metallic material M itself {Ms(M-X-Y)/Ms(M)} X 100 was 72.2%.
- In order to measure a permeability frequency response, the film sample
1 was formed in a ribbon like form and inserted in a coil. Under application of
a bias magnetic field, an impedadce variation of the coil was measured in
- response to'frequency change of AC current applied to the coil. - The
- measurement Was several timeé for different values of the bias magnetic field.
- From the measured impedance variation in response to frequency variation, the
- complex permeability frequency response ( « "-f response) was calculated and
is shown in .f”-‘ig. -3. it will be noted from Fig. 3.that the complex permeability
| has a high peak or the maximum value ( ¢ ",,,) and rapidly falls either side of
- the peak. The natural resonance frequency (f( 4 "ay)) showing the maximum
value (1”3 is about 700 MHz. From the ¢ "-f response, a relative bandwidth
bwr was determined as a percentage ratio of bandwidth between two frequency
points which shows the complex permeability as a half value ¢ "gq of the
maximum 4" .. to center frequency of said bandwidth. The relative
bandwidth bwr was 148%.

Example 2

In a condition similar to that in Example 1 but using of 150 Al,O; chips,
a film sample 2 was formed on a glass plate. - |

The film sample 2 produced was analyzed by a fluorescent X-ray

spectroscopy and confirmed as a film of a composition Fe,Al,,04,4. The film
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sample 2 had 1.2 microméter ( m) in thickness, 2400 micro ohm centimeters
(1 Q - cm) in DC specific resistance, 120 Oe in anisotropy field (HK), and 9600
Gauss in saturation magrietization (Ms). It will be hb_t_ed-that film sample 2 is
higher than film sampié 1 in the specific resistance. - -

A percent rati6 :of the saturation magnetization of the film sample 2 and
that of the metallic material M itself {Ms(M-X-Y)/Ms(M)} X 100 was 44.5%.

The u"f resbbnse of film sample 2 was aISo obtained in the similar
manner as in Examp]e-ﬁ-'-andsﬁoWs in Fig. 4. It is'noted that the peak has also
a high value similar to that in film sample 1. However, the frequency point at
the peak, or the natural resonance frequency is about 1 GHz and the complex
permeability gradually falls either side of the peak so that the ¢ "-f response has
a broadband characteristic. |

. A relative bandwidth bwr of film sahple 2 was also confirmed as 181%
by the similar way as-.ih Example 1.
- LComparative Example 1
““In a condition similar to that in Example 1 but using of 90 Al,O; chips, a
‘comparative samplé”";1 ‘was 'forrhed on a glass plate. |

The comparative sample 1 produced was analyzed by a fluorescent -
X-ray spectroscopy and conﬁrﬁéd as a film of a composition FegzAl;Og. - The
comparative sample 1 had 1.2 micrometer ( ¢z m) in thickness, 74 micro ohm
centimeters ( # Q - cm) in DC specific resistance, 22 Oe in anisotropy field (Hk),
18,800 Gauss in satufation magnetization (Ms), and 85.7% in a percent ratio of
the saturation magnetization of the comparative sample 1-and that of the
metallic material M itself {Ms(M-X-Y)/Ms(M)} x 100, and. was.44.5%.

The u”-fresponse of comparative sample 1 was ‘also obtained in-the
similar manner as in Example 1, and is shown in Fig. 5. 1t will be noted from

Fig. 5 that the complex permeability " of the comparative sampie 1 has a high
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peak at a frequency about 10 MHz but rapidly reduce_%-_,%g?the higher frequency
range than 10 MHz. | -lt!can be supposed that this reda;iion is causéd by
generation of eddy current due to the lower specific resistance.
Comparative Example 2
In a condition similar to that in Example 1 but using of 200 Al,O; chips,
a comparative sample 2 was formed on a glass plate.
The comparative sample 2 produced was analyzed by a fluorescent
X-ray spectroscopy and confirmed as a film of a composition Fe0Al;,O,;. The
comparative sample 2 had 1.3 micrometer ( #m) in thickness, 10,500 micro
ohm centimeters ( # 2 - cm) in DC specific resistanoe. | |
The magnetic characteristic of comparative sample 1 exhibited
superparamagnetism.
Exampie 4 |
A thin film of M-X-Y m,agn_etic-composition was made on a glass plate
- by the reactive sputtering method .using the sputtering apparatus shown ih Fig.
2A at a sputtering condition shown in Table 2. The partial pressure ratio of N,
was 20%. The thin film was heat-treated at a temperature of 300°C for two

hours in vacuum 'under magnetic field and obtained a film sample 4.

Table 2
Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere Ar+N, gas
Electric Power - RF
| Fe (diameter of 100mm) and
Targets | Al chip (150 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 4 are show in Table 3.
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Table 3 ,
¢ |Filmthickness* ~: - - .[16-ym

: -{Ms(M-XéY)IMs(_M)}X 100 - {51.9% .
7 _ .___520 '
() | N 830MHz
bwr 175% |

- Example $

‘A thin film of M—X—Y magnetic eomposition was r_nade on a glass blate
by using the sputteriné apparatus shown in Fig 2Aata s'puttering condition :
shown in Table 4. The thin film was heat-treated ata temperature of 300°C for

two hours in vacuum under magnetlc field and obtalned afi Im sample 5.

Table 4
..Vacuum degree before sputtenng <1 X 10'6 Torr
'| Atmosphere S Ar gas |
Electric Power - |RF
. R - | Co (diameter of 100mm) and
Targets . _ Al O, chip (130 pieces)
) (chip size: 5mm X 5mm X 2mm)

The properties of film sample 5 are show in Table 5.

- Table 5
Film thickness 1.1 um
{Ms(M-X-Y)/Ms(M)} x 100 |64.7%
M max 830
F( 2 m) 800MHz
bwr 157% -
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A thin film of M-s(-Y magnetic composition was' rﬁade on a glass plate
by the reactive sputtering method using the sputtering apparatus shown in Fig.
2A at a sputtering condition shown in Table 6. The partial pressure ratio of N,
was 10%. The thin film was heat;treated at a temperature of 300°C for two

hours in vacuum under mag'netic field and obtained a film sample 6.

Table 6

Vacuum degree before sputtering | <1 x10° Torr
Atmosphere | Ar+N, gas
Electric Power | RF |
- ‘| Co (diameter of 100mm) and
Targets : : Al chip (170 pieces)
. ' (chip size: 5mm X 5mm X 2mm)

The properties of film sample 6 are show in _Table'l7.

_ Table 7
Film thickness 12 gm
{MS(M-X-Y)Ms(M)} x 100 |32.7%
K max 350
(24" max) : 1GHz
bwr . : 191%
Example 7

A thin film of M-X-Y magnetic compossition vi_ras made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 8. The thin film was heat-treated at a temperature of 300°C for

two hours in vacuum under magnetic field and obtained a film sample 7.



- -‘WO0:01/54145 PCT/3P01/00437

13
~Table8 -
| Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere . . |Argas
Electric Power | RF | |
' 'Ni (diameter of 100mm) and
Targets - - e Al,0; chip (140 pieces)
- (chip size: 5mm X 5mm X 2mm)

The properties of film sample 4 are show in Table 9.

Table- 9'

Film thickness 1.7 um

{Ms(M-X-Y)/Ms(M)} x 100 |58.2%

e 280

() | 240MHZz

bwr 1 169%
- Example 8

A thin film of M-X-Y magnetic composition was made on a glass plate
by the reactive'spuﬁefing method using the Sputt.éri'ng apparatus shown in Fig.
2A at a sputtering cqndition shoWn' in Table .10. Thé baniél pressure ratio of N,
was 10%. The thin film was heat-treated at a tem_p’e_ratufé of 300°C for two

hours in vacuum under magnetic field and obtained a film sample 8.

Table 10
Vacuum degree before sputtering . | <1x 10 Torr
Atmosphere . : _ Ar+N, gas
Electric Power o RF , _
Ni (diameter of 100mm) and
Targets : : Al-chip (100 pieces)
(chip size: 5Smm X 5mm X 2mm)




» WO 01/54145 L S PCT/JP01/00437
14

The properties of film sample 10 are show in Table 11.

Table 11
Film thickness 1.3 um
| {Ms(M-X-Y)/Ms(M)} X100 | 76.2%
u ”max . 410
(7 | 170MHz
bwr 158%

Example 9
- Athin film of M-X-Y magnetic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 12, The th_in film was heat-treated at-a temperature of 300°C

for two hours in vacuum under magnetic field and obtained a film sample 9.

Table 12
Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere Argas
Electric Power RF
Fe (diameter of 100mm) and
Targets TiO, chip (150 pieces)
(chip size: 5mm X 5mm % 2mm)

The properties of film sample 9 are show in Table 13.

Table 13-
Film thickness 1.4 ym
{Ms(M-X-Y)/Ms(M)} x 100 | 43.6%
# "max 1920
o 2 1.5GHz
bwr 188%
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Example 10
A thin film of M-X-Y magnetic composition Wa___s' made on a glasé plate
by the reactive spuﬁering method using th_e sputterinq.__apparatus shown in Fig.
2A at a sputtering cd_hdition shown in Table 14. The -partial pressure ratio of O,
was 15%. The thin film was heat-treated at a temperature of 300°C for two

hours in vacuum under mag'netic field and obtained a"film_ sample 10.

Table 14
Vacuum degree before sputtering | <1 x10° Torr
Atmosphere _ Ar+0, gas
Electric Power = RF
B Fe (diameter of 100mm) and
Targets Si chip (130 pieces)
(chip size: 5mm X 5mm X 2mm)

The properties of film sample 10 are show in Table 15.

- ~ Table15
| Film thickness 1.5 um
{Ms(M-X-Y)/Ms(M)} X100 | 55.2%
e | 920
4 man) 1.2GHz
bwr 182%
Example 11

A thin film of M-X-Y magnetic composition wés made on a glass plate
by using the sputtering apparatus shown in Fig. 2A ata sputtering condition
shown in Table 16. The thin film was heat-treated at a temperature of 300°C

for two hours in vacuum under magnetic field and obtained a film sample 11.
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o " Table 16
Vacuum degree before sputtering | <1x10€ Torr o
Atmosphere . : Ar gas
Electric Power : RF

S Fe (diameter of 100mm) and
Targets | HfO4 chip (100 pieces)

: (chip size: 5mm X S5mm X 2mm)

The properties of film sample 11 are show in Table 17.

Table 17
'Film thickness - [1.8 gum-
{Ms(M-X-Y)Ms(M)} X 100 |77.4%
L | 1800
1H(1” ) 450MHz
bwr ' 171%
Example 12

A thin film of M-X-Y magnetic compositibn was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition
shown in Table 18. Thé thin film was heat-treated' at a temperature of 300°C

for two hours in vacuum under magnetic field and obtained a film sample 12.

. Table 18
Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere ~ |Argas
Electric Power | RF
_ Fe (diameter of 100mm) and
Targets BN chip (130 pieces)
o (chip size: 5mm X 5mm % 2mm)

The properties of film sample 12 are show in Table 19.
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Table 19
- | Film:thickness. - - 11.9.um
| {Ms(M-X-Y)/Ms(M)} x 100 | 59.3%
a”marx - 950
f(u", 680MHz
bwr - 185%

A thin film of M-X-Y magne’tic composition was made on a glass plate
by using the sputtering apparatus shown in Fig. 2A at a sputtering condition

shown in Table 20.. The thin film was heat-treated at a temperature of 300°C

for two hours in vabhum.under magnetic field and obtained a film sample 13.

_ Table 20
Vacuum degree before sputtering | <1 x 10" Torr
Atmosphere Ar gas |
B Electric Power RF |
. | FegoCos, (diameter of 100mm) and
Targets Al;0; chip (130 pieces) '
' (chip size: 5mm % 5mm X 2mm)

- The properties of film sample 13 are show in Table 21.

Table 21

Film thickness

. .1.6:=_um o

{Ms(M-X-Y)/Ms(M)} X100 | 59.3%

2 max. 720
Hnad 1.1GHz
bwr ' 180%
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A thin film of M-S(—Y magnetic composition was:;_'r_';ade on a glass plate
by using the vapor deposition apparatus shown in Fig. 2B at a condition shown
in Table 22. The thin film was heat-treated at a temperature of 300°C for two

hours in vaicuum under magnétic field and obtained a film sample 14.

- Table 22

Vacuum degree before sputtering | <1 x 10 Torr
Atmosphere flowing rate O, at 3.0 scem
Elements in crucible 28 and 29 | Fe and Al

The properties of film sample 14 are show in Table 23.

Table 23
Film thickness 1.1 um
{Ms(M-X-Y)/Ms(M)} X 100 - |41.8% .
£ max . - 590
e ) | 520MHz
bwr 190%

Now, description will be made as to tests relating to noise suppressing
effect of sample films and comparative samples, using a test apparatus shown
in Fig. 6. '

A test piece was film sample 1 with dimensions of 20mm % 20mm x 2.0
um. For a comparison, a sheét of known composite magnetic material having
dimensions of 20mm X 20mm X 1.0mm. The composite magnetic material
comprising polymér:and flat magnetic metal powder dispersed in the polymer.
The magnetic metal powder comprises Fe, Al and Si. The composite magnetic
material has a complex permeability distribution in quasi-microwave range and

has the maximum value of the complex permeability at a frequency about 700
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MHz. : Table 24 shows magnetlc properties of both of the test piece and

comparatlve test pleoe

- Table 24
- *:. |Film sample 1 | Comparative test piece
££"7T00MHz | about 1800 about 3.0
bwr 148 196

As seen from Table 24, the film sample 1 is,about 600 times more than
comparative test piece in the maximum value of complex permeability. Since
the noise suppressing effect is generally evaluated from a value of a product
(£ "max X 0) of the"n;iéiiirhum complex permeability 11" ,. @and thickness of the .
'plece 6, the th|d<ness of the comparatcve test piece of the composite magnetlc
matenal sheet was selected 1mm so that the both of test pieces have the
slmllar values of (1t ax X 0 ). | |

L Refernng to Fig. 6, the test apparatus compnses a m:cro-strlp line 61
havmg two ports, coaxlal cables 62 connected to the two ports, and a network
analyzer (not shown) connected across the two ports. The micro-strip line 61
has a line length of 75mm and a characteristic impedance of 50 ohms. The - -
test piece 63 was di_sposed at a region 64 on the micro-strip line 61 and the -
transmission characteristic S21 was measured. The frequency response of

S21 are shown in Figs. 7A and 7b for film sample 1 and the comparative sample,

_ respectively.

With respect to use of film sample 1, it will be noted from Fig. 7A that
S21 reduces above 100 MHz, becomes to the minimum of —10dB at a
frequency of 2 GHz and then increases above 2 GHz. On the other hand, with
respect to use of comparative sample, it will be noted from Fig. 7B that S21
gradually reduces .and becomes to the minimum ef —10dB at a frequency of

3GHz.
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The results demonstrate that S21 is dependent on the frequency
distribution of the complex permeability and that the nonse suppressing effect is
dependent on the product of ( 12", % J).

Now, providing that the magnetic sample forms a distribution constant
circuit having a length of ¢ as shown in Fig. 8A, an equivalent circuit was
calculated for a unit length of A ¢ from transmission characteristics S11 and
S21, as shown in Fig. 8B.  Then, the equivalent circuit for the length ¢ was
obtained from the equivalent circuit for the unit length A ¢, as shown in Fig. 8C.
The equivalent circuit of the magnetic sample comprises series inductance L
and resistance R and parallel capacitance C and conductance G, as shown in
Fig. 8C. From this, it will be understood that the change of transmiesion
characteristic of the micro-strip line caused due to disposition of the'magnetic
substance on the micro-strip line is mainly determined by the equivalent
resistance R added in series.

In view of the above, a frequency respbnse of the.equivalent resistance
Rwas measured. The measured data were shown in Figs. 9A and 9B for the
film sample 1 and the comparative sample, respectively. It will be noted from
these figures that the equivalent resistance R gradually reduces in the quasi-
microwave range and is about 60 ohms at about 3 GHz. It is seen that the
frequency dependency of the equivalent resistance R is different from that of
the complex permeability which has the maximum value at about 1 GHz. It will
be supposed that this difference will be based on the gradual increase of a ratio
of the product and the sample length to the wavelength.

Production method of the magnetic substance of this invention has
been described as to the sputtering method and the vapor deposition method
but they do not restrict the production method. Any other film producing
method such as ion beam deposition method and gas deposition method can

be used for production of the magnetic substance of the present invention if
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they can evenly produce the magnetic substance of the present invention.

Further, the heat treatment after film production is not necessary if the film as

'produced has a sufficient property.

Industrial Applicability

According to the present invention, the magnetic substance having a
higher complex permeability in a high frequency such-as a quasi-microwave °
range. Therefore, the magnetic substance acco_rding_, to the present invention
can provide a noise suppressor which is useful in the small-sized electronic

circuit elements and electronic apparatus.

s
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1. - Amagnetic substance of a magnetic composition comprising M, X
and Y, where M is a metallic magnetic material consisting of Fe, Co, and/or Ni,
X being element or elements other than M and Y, and Y being F, N, and/or O,
which is characterized in that said M-X-Y magnetic composition has a
concentration of M in the composition so that said M-X-Y magnetic composition
has a saturation magnetization of 35-80% of that of the metallic bulk of
magnetic material comprising M alone, said magh_etic composition having the
maximum ", of complex permeability «" in a frequency range of 0.1-10
gigahertz (GHz).

2. The magnetic substance according to claim 1, which has a complex

- permeability frequency response of a relatively narrow band where a relative
bandwidth bwr is 200% or less, said relative bandwidth bwr is determined as a
percentage ratio of bandwidth between two fr_equency.points which shows the
complex permeability as a half value 1 "5, of the maximum #",,,,, to center
frequency of said bandwidth.

3. The magnetic substance according to claim 2, said metallic
magnetic material X having a saturation magnetization, wherein said magnetic
composition has a saturation magnetization which is 60-80% of the saturation
magnetization of the metallic magnetic material X.

4. The magnetic substance according to claim 2 or 3, wherein said
magnetic composition has a DC specific resistance of 100-700 ¢ Q - cm.

5. The magnetic substance according to claim 1, which has a complex
permeability frequency response of a relatively broad band where a relative
bandwidth bwr is 150% or more, said relative bandwidth bwr is determined as a
percentage ratio of bandwidth between two frequency points which shows the

complex permeability as a half value 1 "5, of the maximum 1", to center
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frequency of said bandwidth. .
6. The magnetic substance according to claim 5, said metallic

magnetic material X havirig a saturation magnetization, wherein said magnetic .

composition has a saturation magnetization which is 35-60% of the saturation

‘magnetization of the metallic magnetic material X. " -

7. The magnétic substance according to claim § or 6, wherein said
magnetic comp'ositioh' has a DC specific resistance of 500 # Q - cm or more.

8. The magnetic substance according to any one of claims 1-7,
wherein X being C, Bi,'Si; Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta, andlor rare-earth metals.

- 9. The magnetic substance according to any one of claims 1-8,
wherein said metallic magnetic material M is distributed as granular grains in a
matrix composition consisting of X and Y.

10. The mégnetic substance according to claim 8, wherein said
granular grains have an average grain size of 1-40 nm,

“11. The magnetlc substance according to any one of claims 1-10,
wherein said magne_tlc composition -has an anisotropy field of 600 Oe or less.

12. The m_égnetic substance according to any one of claims 1-11,
wherein said magnetic composition is a composition represented by a fomula of
Fe,-Alg-0,.

13. The magnetic substance according to any one of claims 1-11;
wherein said magnetic composition is a composition represented by:a formula -
of Fe ,-Si -0, .

14. The magnetic substance according to any one of claims 1-13, -
wherein said magné_tic composition is a thin film formed by sputtering process.

15. The magnetic substance according to any one of claims 1-13,
wherein said magnetic composition is a thin film formed by vapor deposition

process.



- WO 01/54145 PCT/JP01/00437

24

16. The magnétic substance according to any one of claims 1-1 5,
which is formed as a plate having a thickness of 0.3-20 ' ¢ cm for use as a high
frequency noise suppressor.

17. A method for'_suppr_essing.a high frequency noise from flowing in a
circuit line in an electronic de_vic’e characterized by disposing said plate of claim
16 adjacent to, or directly onto said electronic device. -

[ S

[T



