
WO 01/54145 PCT/JPOt/00437 

1 / 

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 relates 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 adapted for use in suppression of 

electromagnetic interference (EMI) caused in an active electronic element, a 

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

Technical Background 

It is well known in the art that a cylindrical ferrite core is attached onto 

an electric power code to an electronic apparatus, 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 

noise 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 assembled 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 



.r WO 01/54145 Pcr/JPOl/00437 

2 

processor arithmetic logic unit (IPALU) because an eledric signal flows in a high 

speed circuit therein with rapid change in current and voltage value. 

In addition, electronic elements and cables are disposed with a high 

density in a small-sized electronic apparatus. Therefore, those elements and 

lines are very close to each other·and thereby affected to each other to cause 

the EMI. 

In order to suppress the high frequency noise from those semiconductor 

devices and the EMI within the small-sized electronic apparatus, the 

conventional ferrite core cannot 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 h!gh speed operation type because the noise has an 

increased frequency so thatthe circuit line actually ads 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 semicondudor 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 the complex permeability tt" is considered as an effedive 

resistance added to the circuit generating the noise so that the noise can be 

attenuated. The effective resistance is dependent on the complex permeability 

f.l" 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 11" 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:reduced ~ize ·;n area ancl thiCktiess,.whicli oould.·be · 

assembled within ·a $rna11~sized apparatus: 

Summary of the Invention 

Therefore, this invention aims to provide· a magnetic substance havirig 

an increased complex permeability at a high frequency, preferably the maximum 

value of the complex permeability within a quasi-microwave range of 0.1-1 O 

gigahertz. 

According to this invention, a niagnetic 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 magnetic substance having a low core loss and a high 

satur~tion magnetization, a M-X-Y magnetic composition (M: magnetic metallic 

elemerit, Y: 0, N, or F, X: element or eiements other tlian 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 Mare.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 magnetic. 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 having a relatively thickness which is used 

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

'I 
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a result, 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 t.t" in a high frequency range. In a reduced concentration 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 

t.t O • cm or more. Therefore, if a part having a relatively thickness such as 

several micrometers ( f.l 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 suppression of noise within a narrow frequency range. 

In a further reduced concentration of M whe.re the M-X-Y magnetic 

compositio·n 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 f.l 0 · 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 

( f.l m). Magnetic mutual effect between M particles becomes small so that the 

spin heat fluctuation becomes larg~ to cause fluctuation of that frequency at 

which the natural resonance of the complex permeability generates. Therefore, 

the complex permeability 11" 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 Mis useful for suppression of noise within a 



:u~~(. 

! 

. WO OJ/54145 PcT/JPOl/00431 

5 

broad frequency range. ·. ' · 

In a more ·red1.1ced concentration of M, 'particle~ of M do not 

magnetically effect to each other so that the M-X;,. Y composition exhibits the 

superparamagnetism. , ' .• l.' ;." .. 

In design of~ p~nt made of magnetic substanee to be disposed 

adjacent an electronh:a~irci.Jit so as to suppress a h!gh frequency noise,·a value 

of a product ( u " · t5 } of the complex permeability · J.L" and a thickness o ·of 

the magnetic substance is considered. · Generally,· ( u" · o } ;;::::- 1000 J.L m is 

required for effectively suppressing high frequency noise of hundreds 

megahertz (MHz). When the magnetic composition used has the complex• 

permeability of about 1000 ( J.L "=1000), the noise suppressor is required to have 

a thickness of 1 micrometer (Ii m) or more. Therefore, the composition having 

a low specific resist~nce ~ not desired because the· eddy current is easily 

generated but is desired to have an increased specific resistance such as 100 

u · ci''·or more. 

In the view point ofthe above, M-X-Y composition used for the noise 

suppressor is desired to have a reduced concentration of M where the M-X-Y . 

magnetic composition has a saturation magnetization of 35-80% of that of the 

metallic bulk of magnetic material comprising M alone. 

Brief Description of the Drawing 

Fig. 1 is a schematic view showing a granular structure of M-X-Y 

magnetic composition; 

Fig. 2A is a schematic sectional view ·showing a structure of a sputtering 

apparatus which was used in examples; 

Fig. 28 is a schematic sectional view showing a structure of a vapor 

deposition apparatus which was used in examples;· 
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Fig. 3 is a graphjeal view showing a frequency. ~~ponse of a complex 

permeability of film sample 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. 78 is a graphic view showing a transmission characteristic of 

comparable sample of .composite magnetic material sheet; 

. Fig. SA is a distribution constant circuit with a length e showing a 

magnetic material as a· noise suppressor; 

Fig. S8 is an. equivalent circuit with a unit length• !l. l of the distribution 

constant circuit of Fig. SA; 

Fig. SC is an equivalent circuit with a length e of the distribution 

constant circuit of Fig. SA; 

Fig. 9A is a graphic view showing a frequency response of an 

equivalent resistance R of film sample 1 in Example 1; and 

Fig. 98 is a graphic view showing a frequency response of an 

equivalent resistance R of comparative sample 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·,Fig ... 1 in which schematically·shows the granular structure 

of M-X-Y magnetic compositiofl, particles 11 of.metallic magnetic material Mare 

uniformly or evenly distributed in a matrix 12,consisti~g ofX and·Y. 

Referring to. Fig. 2A, a sputtering apparatus shown therein was used for 

producing samples in the.following examples and· comparative examples .. ·The 

sputtering apparatus has a conventional structure and comprises a vacuum 

container 20, a shutter 21, an atmospheric gas source 22, a substrate or a glass 

plate 23, chips 24 (X·or X-Y), a target 25 ·(M), an RF power source, and a 

vacuum pump 27·. The atmospheric gas source 22 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 shutter 21 is disposed in front 

of the substrate 21 > The RF power source 26 is connected to the target25. 

·Referring to Fig.·28,· a.vapor deposition apparatus shown therein was 

also used another apparatus for producing samples in the following examples 

and comparative examples. The vapor deposition apparatus has a · · 

conventional structure and has vacuum container 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 IVl-X-Y magnetic composition was made on a glass plate 

by use of the sputtering apparatus shown in Fig. 2P.t•at a sputtering condition 

shown in Table 1. 

Table 1 

Vacuum degree before sputtering <1x10~Torr 

Atmosphere Argas.' 

Electric Power RF 
Fe (diameter of 1 OOmm) and 

Targets Al20 3 chip (120 pieces) 
, (chip size: Sm111~_5mm x 2mm) 

: I 
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The film sampl~ l produced was analyzed by;~,~,'.fJuorescent X-ray 
···, .. · ... 

spedroscopy and confirmed as a film of a composition Fe7~111017• . The film 

sample 1 had 2.0 micrometer ( f.L m) in thickness, 530 micro ohm centimeters 

( f.L O ·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 of 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 impedance variation of the coil was measured in 

response to frequency change of AC current applied to the coil. The 

measurement was several times for different values of the bias magnetic field. 

· From the measured impedance variation in response to frequency variation, the 

· · .. complex permeability frequency response ( µ "".'f response) was calculated and 

is shown in Fig. 3. It will be noted from Fig .. 3·that the.complex permeability 

has a high peak or the· maximum value ( u"max> and rapidly falls either side of 

the peak. The natural resonance frequency (f( µ"max» showing the maximum 

value (µ"max> is about 700 MHz. ·From the f.L "-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 valueµ "50 of the 

maximum µ"max• to center frequency of said bandwidth. The relative 

bandwidth bwr was 148%. 

Example2 

In a condition similar to that in Example 1 but using of 150 Al20 3 chips, 

a film sample 2 was formed on a glass plate. . 

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

spedroscopy and confirmed as a film of a composition Fe44Al220 34• The film 
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sample 2 had 1.2 micrometer ( f.1 m) in thickness, ·2400 micro ohm eeiltimeters 

( f.1 O • cm) iri DC specific resistance, 120 Oe i·n ani~otropy field (Hk), and 9600 

Gauss in saturation magnetizati()n (Ms). · It will be noted that film sample 2 is 

higher than film sample 1 in the specific resistance. . .. 

A percent ratio 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 µ • -f response of film sample 2 was also obtained in the similar 

manner as in Example 1 and shows 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 theµ "-f response has 

a broadband characteristic. 

. A relative bandwidth bwr of film sample 2 was also confirmed as 181 % 

by the similar way as in Example 1 . 

. :~'£;Comparative Example 1 

: · · 1n a condition similar to that in Example 1 but using of 90 Al20 3 chips, a 

·comparative sample~ 1 was formed on a glass plate. 

The comparative sample 1 produced was analyzed by a fluorescent 

X-ray spectroscopy and confirmed as a film of a composition Fe8aA160 8. · The 

comparative sample 1 had 1.2 micrometer ( µ m) in thickness, 7 4 micro Qhm 

centimeters ( µ 0 • cm) in DC specific resistance, 22 Oe in anisotropy field (Hk), 

18,800 Gauss in saturation 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 "-f response of comparative sample 1 was also obtained in the 

similar manner as in Example 1, and is shown in Fig. 5. It will be noted from 

Fig. 5 that the complex permeability 11" of the comparative sample 1 has a high 

'I 
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peak at a frequency abqu,t 10 MHz but rapidly reducesJ~tthe higher frequency 
; :.- . :~·!· :: i. : • 

range than 1 O MHz. . It.can be supposed that this reduction is caused 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 Al20 3 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 Fe1gAl340 47• The 

comparative sample 2 had 1.3 micrometer (fl. m) in thickness, 10,500 micro 

ohm centimeters (fl. 0 • cm) in DC specific resistance. 

The magnetic characteristic of comparative sample 1 exhibited 

superparamagnetism. 

Example 4 

A thin film of M-X-Y magnetic composition was made on a glass plate 

by the reactive sputtering method using the sputtering app~ratus shown in Fig. 

2A at a sputtering condition shown in Table 2. The partial pressure ratio of N2 

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. 

Table2 

Vacuum degree before sputtering <1x10-e Torr 

Atmosphere Ar+N2 gas 

Electric Power RF 
Fe (diameter of 1 OOmm) 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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Table3 
Film .thiCkness: · · .. ·. ·1'.5 ·um· 

{Ms(M-X-Y)/M!;(M)} x 100 51;9% 

#"max . 520 

f( µ''maJ 830MHz 
... 

bwr 175% 
.' 

Example 5 

A thin 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 4. 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 5. 

Table4 

.Vacuum degree before sputtering <1 x 10-6 Torr 

Atmosphere Ar gas 

Electric Power RF 
Co (diameter of.1 OOmm) and 

Targets Al20 3 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 ttm 

{Ms(M-X-Y)/Ms(M)} x 100 64.7% 

u"max 850 

f( 11°max) 800MHz 

bwr 157% 
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Examples 1~: : . ·. ; 
.::1, 

.;:· 

A thin film of M-X-Y magnetic composition was made 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 N2 

was 10%. 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 6. 

Table6 

Vacuum degree before sputtering <1 x 1 a-a Torr 

Atmosphere Ar+N2 gas 

Electric Power RF 

Co (diameter of 1 OOmm) and 
Targets Al chip (170 pieces) 

(chip size: 5mm x 5mm x 2mm) 

The properties of film sample 6 are show in Table 7. 

Table 7 

Film thickness 1.2 um 
{Ms(M-X-Y)/Ms(M)} x 100 32.7% 

n 
tL max 350 

f( tt"max) 1GHz 

bwr 191% 

Example 7 

A thin 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 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. 



.... 
·~~-. 

i '·'' 
[ .·'--

.1.or:·. 
i .. 
J ;, 

i 7· 
f ........ 

WO:Ol/54145 PCT/JPOl/00437 

13 

Table 8 

Vacuum degree before spu~ering :c::1 x 10-s Torr 

Atmosphere Ar gas 

Electric Power RF 
Ni (diameter of 1 oomm) and 

Targets. Al20 3 chip (140 pieces) 
(chip size: 5mm x 5mm x 2mm) 

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

Table9 

Film thickness 1.7 um 

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

"' f.1 max 280 

f(f.J. "max) 240MHz 

bwr 169% 

·Example 8 

A thin.film of M-X-Y magnetic composition was made on a glass plate 

by the reactive sputtering method using the sputtering apparatus shown in Fig. 

2A at a sputtering condition shown in Table 10. The partial pressure ratio of N2 

was 10%. The thin film was heat-treated at a temp~rature of 300°C for two 

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

Table 10 

Vacuum degree before sputtering <1 x 10-s Torr . 

Atmosphere Ar+N2 gas 

Electric Power RF 
Ni (diameter of 1 OOmm) and 

Targets Al chip (100 pieces) 
1 (chip size: 5mm x 5mm x 2mm) 

J 
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The properties;pf.film sample 10 are show in·T~~!e 11. 
! . ' . :~ . . : ·. ··:. 

Table 11 

Film thickness 1.3 um 
{Ms(M-X-Y)/Ms{M)} x 100 76.2% 

11 

IL max 410 

f( IL11maJ 170MHz 

bwr 158% 

Example 9 

A thin 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 thin 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-a Torr 
Atmosphere Ar gas 
Eledric Power RF 

Fe (diameter of 100mm) and 
Targets Ti02 chip (150 pieces) 

(chip size: 5mm x 5mm x 2mm) 

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

Table 13 

Film thickness 1.4 µm 

{Ms(M-X-Y)/Ms(M)} x 100 43.6% 

" IL max 920 

f( /1 "max) 1.5GHz 

bwr 188% 
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Example 10 

A thin film of M~X-Y magnetic composition was made on a glass plate 

by the reactive sputtering method using the sputtering_ apparatus shown in Fig. 

2A at a sputtering condition shown in Table 14. The partial pressure ratio of 0 2 

was 15%. 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 10. 

Table 14 

Vacuum degree before sputtering <1 x 1 o-s Torr 

Atmosphere Ar+02 gas 

Electric Power RF 
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. 

Table 15 

Film thickness 1.5 µm 

{Ms(M-X-Y)/Ms(M)} x 100 55.2% 

f.L" - - max 920 

·t(u"max) 1.2GHz 

bwr 182% 

Example 11 

A thin 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 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. 

'I 
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Table 16 
........... ~ ~ .. 

Vacuum degree before sputtering <1x10-s Torr· · 

Atmosphere .. Ar gas 

Electric Power RF 

PCT/JPOl/00437 

Fe (diameter of 1 OOmm) and 
Targets Hf03 chip (100 pieces) 

(chip size: 5mm x 5mm x 2mm) 

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

Table 17 

· Film thickness 1.8 um · 

{Ms(M-X-Y)/Ms(M)} x 100 77.4% 
.. 

11 max 1800 

f( /J"max) 450MHz 

bwr 171% 

Example 12 

A thin 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 18. 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 12. 

Table 18 

Vacuum degree before sputtering <1 x 10-5 Torr 

Atmosphere . Argas 

Electric Power RF 

Fe (diameter of 1 OOmm) and 
Targets BN chip (130 pieces) 

(chip size: 5mm x 5mm x 2mm) 

The properties of film sample 12 are show in Table 19. 
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Table 19 

Film. ihickness ... 1.9· um .. 
{Ms(M-X-Y)/Ms(M)} x 100 59.3% 

ll
0

max 950 

f( IL" max> 680MHz 

bWr ·- 185% 

Example 13 

A thin 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 20. . The thin film was heat-tre~ted at a temperature of 300°C 

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

Table 20 

Vacuum degree before sputtering <1 x 10..s Torr 
-··· 

Atmosphere Ar gas 

Eledric Power RF 

Fe50Co50 (diameter of 100mm) and 
Targets Al20 3 chip (130 pieces) 

(chip size: 5inm x 5mm x 2mm) 

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

Table 21 

Film thickness 1.6; . .um 

{Ms(M-X-Y)/Ms(M)} x 100 59.3% 
.. 

Jl max. 720 

f( l1
11rnax> 1.1GHz 

bwr 180% j 
i 

•I 
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Example 14 
;~(~;·:·;:·'. f ··::·: __ ~{_'._.:::. : 

A thin film of M-X-Y magnetic composition was h'lade on a glass plate 

by using the vapor deposition apparatus shown in Fig. 28 at a condition shown 

in Table 22. 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 14. 

Table 22 

Vacuum degree before sputtering <1 x 10-e Torr 

Atmosphere flowing rate 0 2 at 3.0 seem 
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->.C-Y)/Ms(M)} x 100 41.8% .. 
Unmax .. . ··590 . . 

f( Un max) 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 x 20mm x 2.0 

um. For a comparison, a sheet of known composite magnetic material having 

dimensions of 20mm x 20mm x 1.0mm. The composite magnetic material 

comprising polymer 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 magnetic properties of both of:the test piece and 

comparative: test piece.··· · 

Table 24 

Film sample 1 Comparative test piece 

p"/700MHz about1800 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 

(fl" max x ~)of the.maximum complex permeability it "max and thickness of the. 

piece d, the thickn~ss.of the comparative test piece of the composite magnetic 

material sheet was selected 1 mm so that the both of test pieces have the 

similar values of ( tL "max x d ) . 
. ~-~. 

Referring to Fig. 6, the test apparatus compri!;,es a micro-strip line 61 

having two ports, coaxial 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 disposed at a region 64 on the micro-strip line 61 and the · 

transmission characteristic 521 was measured. The frequency response of 

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

. respectively. 

With re~pect to use of film sample 1, it will be noted from Fig. 7 A that 

521 reduces above 1.00 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. 78 that 521 

graduaUy reduces and becomes to the minimum of -1 OdB at a frequency of 

3GHz. 
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The results demo1Jstrate that 521 is dependent on the frequency 
. . . .·· ' . ;~'· 

distribution of the complex permeability and that the noise suppressing effect is 

dependent on the product of (/.I. "max x d ). 

Now, providing that the magnetic sample forms a distribution constant 

circuit having a length of e as shown in Fig. BA, an equivalent circuit was 

calculated for a unit length of flt from transmission characteristics 511 and 

521, as shown in Fig. 88. Then, the equivalent circuit for the length l was 

obtained from the equivalent circuit for the unit length fl e, as shown in Fig. BC. 

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. SC. From this, it will be understood that the change of transmission 

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 response of the equivalent resistance 

R was measured. The measured data were shown in Figs. 9A and 98 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 according to the present invention 

can provide a noise suppressor which is useful in the small-sized electronic 

circuit elements and electronic apparatus. 

. .. ~.;,:. 

:.~-·~· 

. I 
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CLAIMS 111111111111111111111111111111 
* C "L M S * 

1. A magnetic sobstance 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 0, 

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 of35'.'"80% of that of the metallic bulk of 

magnetic material comprising M alone, said magnetic composition having the 

maximum .f.J. n max of complex permeability fJ." in a frequency range of 0.1-10 

gigahertz (GHz). 

2. The magnetic substance a~rding 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 frequency points which shows the 

complex permeability as a half value fJ. "50 of the maximum fJ. "max• 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 fJ. 0 · cm. 

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

permeability frequency response o.f 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 fJ. "50 of the maximum fJ. "max' to center 
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11111111 111111 111111111111 1111 
frequency of said bandwidth. * C L M S * 

6. The magnetic substance according to claim 5, said metallic · 

magnetic material X having 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 magnetic substance according to claim 5 or 6, wherein said 

magnetic compositio~ has a DC specific resistance of500 /.LO ·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, and/or 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 ~onsisting of X and Y. 

10. The magnetic substance acco,rding to claim 8, wherein said 

granular grains have. an average grain size of 1-40 nm. 

· 11. The magnetic substa·nce according to any one of claims 1-10, 

wherein said magnetic composition has an anisotropy field of 600 Oe or less. 

12. The magnetic substance according to any one of claims 1-11, 

wherein said magnetic composition is a composition represented by a fomula of 

Fe a-Al 8 -0 r. 

13. The magnetic substance according to any one of claims 1-11; 

wherein said magnetic composition is a composition represented by' a formula 

of Fea-Si 8 -0 1 . 

· 14. The magnetic substance according to any one of claims 1-13, 

wherein said magnetic 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. 

: I 
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16. The magnetic substance according to any one of claims 1-15, 
. ~0 

which is formed as a plate having a thickness of 0.3-20 µcm for use as a high 

frequency noise _suppressor. 

17. A method for suppressing a high frequency noise from flowing in a 

circuit line in an electronic device characterized by disposing said plate of claim 

16 adjacent to, or directly onto said electronic device. 

\ \11\llH\\I\\ 111\\ \\1\1 \\ \'I\ , 
* C L M S . 


