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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a nanocrystalline alloy having excellent pulse attenuation characteristics and
a method of producing it. The present invention further relates to a choke coil utilising the nanocrystalline alloy and a
noise filter composed of the choke coil.
[0002] As a material for a magnetic core of a common-mode choke coil used in a noise filter, a high permeability mate-
rial having excellent high-frequency properties such as ferrite, amorphous alloy, etc. has been used. EP-A-0 271 657,
which corresponds to JP-B-4-4393, discloses that an Fe-based fine crystalline alloy (nanocrystalline alloy) is suitable
as a material for such a magnetic core because it has a high permeability and low core loss. The document discloses
a nanocrystalline alloy with the features included in the first part of claim 1, and a method of producing such alloy with
the steps included in the first part of claim 11.
[0003] The material for a common-mode choke coil used in a noise filter (line filter) is further required to have not only
a high permeability but also excellent pulse attenuation characteristics for preventing disordered operating of an appa-
ratus due to high-voltage pulse noise caused by thunder, etc.
[0004] However, since the ferrite material, which has been conventionally used, is low in saturation magnetic flux den-
sity, it easily reaches a magnetically-saturated state. This results in a problem that a small-sized core made of the ferrite
material cannot meet the above requirements and such a core shows only insufficient efficiency. Therefore, a large-
sized core is necessary for obtaining a high efficiency when ferrite is used as the core material.
[0005] An Fe-based amorphous alloy has a high saturation magnetic flux density and shows, with respect to a high-
voltage pulse noise, more excellent attenuation characteristics than those shown by the ferrite material. However, since
the permeability of the Fe-based amorphous alloy is lower than that of a Co-based amorphous alloy, it shows insuffi-
cient attenuation to a low-voltage noise. In addition, the Fe-based amorphous alloy has a remarkably large magneto-
striction. This invites further problems such as alteration in its properties caused by a resonance which may occur at a
certain frequency due to the magnetostriction, and occurrence of beat in case of including audio frequency component.
[0006] On the other hand, a Co-based amorphous alloy shows a large attenuation to low-voltage noise due to its high
permeability. However, its saturation magnetic flux density is lower than IT or less and it shows poor attenuation to high-
voltage pulse noise as compared with an Fe-based amorphous alloy. Further, the Co-based amorphous alloy of a high
permeability largely changes, in particular under environment of a high surrounding temperature, its properties with the
passage of time, this resulting in lack of reliance.
[0007] As described above, the Fe-based fine crystalline alloy (nanocrystalline alloy) disclosed in EP-A-0 271 657
(JP-B-4-4393) has been known to have a high permeability and low core loss. However, the conventional Fe-based fine
crystalline alloy is usually subjected to heat treatment while applying a magnetic field in the transverse direction (width
direction) of a thin alloy ribbon in order to improve its pulse attenuation characteristics, because it cannot be provided
with sufficient attenuation characteristics when subjected to heat treatment without applying any magnetic field. How-
ever, in this heat treatment in a magnetic field, it is required to make a core material (a thin alloy ribbon) magnetically
saturated by the applied magnetic field. For meeting this requirement, a magnetic field of 1000 A/m or more is neces-
sary to be applied because of a large demagnetising field. Therefore, the heat treatment in a magnetic field is costly
due to a great deal of consumed electrical power. In addition, it is low in productivity due to the necessity to keep the
core to be treated at an accurate location because the application direction of magnetic field must be maintained at a
constant direction. As described above, when the Fe-based fine crystalline alloy is subjected to heat treatment without
applying any magnetic field, it cannot be provided with a sufficient attenuation to a high-voltage pulse noise. Therefore,
if a nanocrystalline alloy having pulse attenuation characteristics comparable to or more excellent than that of a nanoc-
rystalline alloy produced by heat treatment in a magnetic field can be produced without applying any magnetic field, its
industrial advantage would be greatly significant.

OBJECT AND SUMMARY OF THE INVENTION

[0008] Accordingly, an object of the present invention is to provide a nanocrystalline alloy having pulse attenuation
characteristics comparable to or more excellent than that of a nanocrystalline alloy produced by heat treatment in a
magnetic field.
[0009] This object is met by the alloy defined in claim 1.
[0010] Another object of the present invention is to provide a method of producing a nanocrystalline alloy having pulse
attenuation characteristics comparable to or more excellent than that of a nanocrystalline alloy produced by heat treat-
ment in a magnetic field by heat treatment without applying any magnetic field.
[0011] This object is met by the method defined in claim 10.
[0012] As a result of the intense research in view of the above objects, the present inventors have found that a mag-
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netic core made of a nanocrystalline alloy wherein at least 50 volume % of an alloy structure is occupied by crystal
grains having a grain size of 50 nm or less, said crystal grains comprising a bcc-phase as a main component and an
Fe2B compound phase; a saturation magnetic flux density of the alloy is 1 T or more; and a remanent flux density of the
alloy is 0.4 T or less shows excellent pulse attenuation characteristics, although the magnetic core is subjected to heat
treatment without applying any magnetic field. The present inventors further found that such a magnetic core is useful
for a common-mode choke coil, etc. The present invention has been accomplished based on these findings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a graph showing a heat treatment pattern in the production of a comparative example of a nanocrystalline
alloy;
Fig. 2a is an X-ray diffraction pattern of the nanocrystalline alloy of the comparative example;
Fig. 2b is an X-ray diffraction pattern of a conventional alloy;
Fig. 3 is a graph showing direct current B-H loops of the nanocrystalline alloy of the comparative example;
Fig. 4a is a graph showing the pulse attenuation characteristics of the magnetic cores composed of the nanocrys-
talline alloy of the comparative example or the conventional materials; and
Fig. 4b is a schematic view showing a measuring circuit used for measuring pulse attenuation characteristics.

DETAILED DESCRIPTION OF THE INVENTION

[0014] In the nanocrystalline alloy of the present invention, the remanent flux density is 0.4 T or less. A remanent flux
density exceeding 0.4 T is not preferred because the attenuation begins to reduce at a lower voltage, this resulting in
increase of the output voltage.
[0015] The saturation magnetic flux density of the present nanocrystalline alloy is 1 T or more. When the saturation
magnetic flux density is less than 1 T, the pulse attenuation characteristics are undesirably deteriorated.
[0016] The crystal grain in the nanocrystalline alloy mainly comprises bcc-phase (body centered cubic lattice phase)
containing Fe as a main component, and may contain an ordered lattice phase. Generally, alloying elements such as
Si, etc. are contained as a solid solution component in the bcc-phase. Further, the nanocrystalline alloy may partially
contain amorphous phase in addition to crystalline phase, or it may substantially comprise only the crystalline phase.
For obtaining excellent pulse attenuation characteristics, the grain size is desired to be 50 nm or less, preferably 30 nm
or less and more preferably 20 nm or less. Further, the content of the crystal grain is 50 volume % or more of the alloy
structure. If the content is less than 50 volume %, the magnetostriction becomes larger, resulting in an undesirable
abrupt change in the permeability at a certain frequency due to resonance caused by magnetostriction in the high fre-
quency region.
[0017] The formation of the Fe-B compound phase in the nanocrystalline alloy is important in the present invention.
The Fe-B compound phase has an effect of reducing the remanent flux density and improving the pulse attenuation
characteristics.
[0018] The Fe-B compound phase is formed usually in the vicinity of the surfaces of the nanocrystalline alloy. The
nanocrystalline alloy of the present invention is usually formed into a thin ribbon having a thickness from 2 µm to 50 µm.
The thickness is preferred to be 25 µm or less, more preferably 15 µm, in view of enhancing the effect to a pulse with a
narrow pulse width. In the present invention, the vicinity of the surfaces of alloy means a region within one quarter of
the thickness from the surfaces of a thin alloy ribbon. For example, when the thickness of a thin alloy ribbon is 20 µm,
the vicinity of the surfaces is a region within 5 µm from the surfaces of the thin alloy ribbon. In addition, the Fe-B com-
pound phase comprises Fe2B, and e.g. Fe3B, Fe23B6, (FeM)2B[Mo, Ti, Zr, Hf, V, Nb, Ta], (FeM)3B, etc.
[0019] Preferred compositions of the nanocrystalline alloy of the present invention are represented by the following
formulae:

(Fe1-aMa)100-x-y-z-αAxSiyBzM'α (atomic %), (1)

wherein M is at least one element selected from Co and Ni, A is at least one element selected from Cu and Au, M' is at
least one element selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and Mn, and a, x, y, z and α
respectively satisfy 0≤a≤0.3, 0≤x≤3, 0≤y≤20, 2≤z≤15, and 0.1≤α≤10;

(Fe1-aMa)100-x-y-z-α-βAxSiyBzM'αM''β (atomic %), (2)

wherein M is at least one element selected from Co and Ni, A is at least one element selected from Cu and Au, M' is at
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least one element selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and Mn, M'' is at least one ele-
ment selected from the group consisting of Al, Sn, In, Ag, Pd, Rh, Ru, Os, Ir, and Pt, and a, x, y, z, α and β respectively
satisfy 0≤a≤0.3, 0≤x≤3, 0≤y≤20, 2≤z≤15, 0.1≤α≤10, and 0≤β≤10; and

(Fe1-aMa)100-x-y-z-α-β-γAxSiyBzM'αM''βXγ (atomic %), (3)

wherein M is at least one element selected from Co and Ni, A is at least one element selected from Cu and Au, M' is at
least one element selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and Mn, M'' is at least one ele-
ment selected from the group consisting of Al, Sn, In, Ag, Pd, Rh, Ru, Os, Ir, and Pt, X is at least one element selected
from the group consisting of C, Ge, Ga and P, and a, x, y, z, α, β, and γ respectively satisfy 0≤a≤0.3, 0≤x≤3, 0≤y≤20,
2≤z≤15, 0.1≤α≤10, 0≤β≤10, and 0≤γ≤10.
[0020] The nanocrystalline alloy having the above composition is preferred because of its excellent direct current
superposition and low core loss.
[0021] In the above formula, M is at least one element selected from Co and Ni. If the content of M ("a") exceeds 0.3,
the pulse attenuation characteristics are unfavorably deteriorated. A preferred range for "a" is below 0.2. A is at least
one element selected from Cu and Au. This component has an effect to refine the alloy structure thereby making the
formation of the bcc-phase easy. However, embrittlement takes place if the content of A ("x") exceeds 3 atomic %,
thereby making an alloy impractical. A preferred range for "x" is 0.5 to 2 atomic %. M' is at least one element selected
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and Mn, and has an effect of refining the alloy structure by
controlling grain growth and an effect of improving the direct current superposition. If the content of M' ("α") exceeds 10
atomic %, the saturation magnetic flux density is remarkably lowered. Therefore, "α" is preferred to be 10 or less, and
more preferably 2 to 7 atomic %. M'' is at least one element selected from the group consisting of Al, Sn, In, Ag, Pd, Rh,
Ru, Os, Ir, and Pt, and has effects of improvement in refining crystal grain or in corrosion resistance. If the content of
M'' ("β") exceeds 10 atomic %, the saturation magnetic flux density is remarkably lowered. Therefore, "β" is preferred to
be 10 or less, and more preferably 5 or less. X is at least one element selected from the group consisting of C, Ge, Ga
and P, and has an effect of controlling the magnetostriction and other magnetic properties. If the content of X ("γ")
exceeds 10 atomic %, the saturation magnetic flux density is remarkably lowered. Therefore, "γ" is preferred to be 10
or less, and more preferably 5 or less. The components, Si (silicon) and B (boron), have an effect of improvement in the
core loss and permeability. The content of Si ("y") is 20 or less, preferably 5 to 17 atomic %. The content of B ("z") is 2
to 15, preferably 5 to 10 atomic %.
[0022] Incidentally, with respect to inevitable impurities such as N, O, S, etc., it is to be noted that the inclusion thereof
in such amounts as not to deteriorate the desired properties is not regarded as changing the alloy composition of the
present invention suitable for magnetic cores, etc.
[0023] First, a general method not in accordance with the invention of producing a nanocrystalline alloy shall be
explained because it is useful to understand the invention. This method comprises a step of forming a thin ribbon of an
amorphous alloy by known melt quenching methods such as a single roll method, a double roll method, etc. and a step
of heat-treating the resultant thin alloy ribbon at a temperature equal to or higher than the crystallization temperature
(crystallization-initiating temperature) for 5 minutes to 100 hours thereby transforming the amorphous alloy into an alloy
in which at least 50 volume % of an alloy structure is occupied by the crystal grains having a grain size of 50 nm or less,
the crystal grain mainly comprising the bcc-phase and partially including the Fe-B compound phase, the remanent
magnetic flux density of the alloy is 0.4 T or less and the saturation magnetic flux density is 1 T or more. The crystalli-
zation temperature referred to herein is a temperature at which the heat generated by crystallization is observed when
an amorphous alloy is heated at a rate of 10 °C/min in a differential scanning calorimeter.
[0024] Specifically, a thin ribbon of amorphous alloy having a thickness of 2 to 50 µm is first formed by melt quenching
method such as single roll method, double roll method, etc. In this case, the thin ribbon may partially includes crystalline
phase such as bcc-phase, Fe-B compound phase, etc. Then, the thus obtained thin ribbon is, after laminating or wind-
ing into a toroidal form, etc., subjected to heat treatment at a crystallization temperature or a temperature higher than
it for 5 minutes to 100 hours in an atmosphere of inert gas such as argon gas, nitrogen gas, etc. or in air. By this heat
treatment, at least 50 volume % of the alloy structure comes to be occupied by the crystal grains having a grain size of
50 nm or less. The crystal grain mainly comprises the bcc-phase, and partially comprises the Fe-B compound phase
which has an effect for reducing the remanent flux density. Thus, the pulse attenuation characteristics can be improved.
This improving effect becomes more remarkable when the Fe-B compound phase is formed in the vicinity of the sur-
faces. The annealing temperature is desired to be in the range of a crystallization temperature or higher. When the heat
treatment is carried out at a temperature lower than the crystallization temperature, it requires too much time for the
heat treatment to complete the crystallization. Further, it also require too much time to form the Fe-B compound phase,
this making it difficult to attain the improved properties described above. The annealing time is preferred to be 5 minutes
to 100 hours. It is difficult to heat the overall worked alloy at a uniform temperature, resulting in failure in obtaining suf-
ficient properties when the annealing time is shorter than 5 minutes. An annealing time over 100 hours is not preferred
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in view of productivity. A heat-treated alloy may be cooled by quenching or slow cooling. However, the cooling speed is
preferred to be 0.1 °C/min or higher in order to avoid a deterioration of the pulse attenuation characteristics.

[0025] In addition, the thin ribbon of the nanocrystalline alloy may be provided with inter-laminar insulation by coating
the surfaces thereof with an oxide such as SiO2, Al2O3, etc. for obtaining more preferred effect. As a method for provid-
ing layer insulation, are exemplified a method of adhering on the surface an oxide such as MgO by electrophoresis, a
method of applying on the surface a metal alkoxide solution and heat-treating it to form an oxide such as SiO2, a method
of treating with a phosphate or chromate to form a coating of an oxide on the surface, a method of forming on the sur-
face a coating of AlN, TiN, etc. by CVD PVD, etc.
[0026] In the method of the present invention, a two-stage heat treatment consisting of a first heat treatment step for
forming the bcc-phase and a second heat treatment step for forming the Fe-B compound phase is employed in place of
the single-stage heat treatment described above. In the first heat treatment step, the thin ribbon of amorphous alloy is
heat-treated at a temperature 450 to 600 °C for 5 minutes to 24 hours (in a temperature range and period of time not to
form Fe-B compound phase) in air or an inert atmosphere such as argon gas and nitrogen gas atmosphere. In the sec-
ond heat treatment step, the alloy subjected to the first heat treatment is further heat-treated at a temperature 550 to
700 °C for 5 minutes to 24 hours in air or an inert atmosphere such as argon gas and nitrogen gas atmosphere. In this
two-stage heat treatment, the formation of Fe-B compound phase can be easily controlled, and variation in the proper-
ties and difference in characteristics depending on the shape of the final alloy ribbon can be minimized.
[0027] A choke coil of the present invention is composed of a magnetic core constituted by the nanocrystalline alloy
and a coil of wire wound around the core. A common-mode choke coil of the present invention is composed of a mag-
netic core constituted by the nanocrystalline alloy and at least two coils of wire wound around the core.
[0028] These choke coil and common-mode choke coil are produced by, for example, the following method. A thin
ribbon of amorphous alloy produced by single roll method mentioned above is wound to form a toroidal core, or several
sheets of such thin ribbons are laminated to form a laminated ring core, etc. Then, the thus obtained cores are sub-
jected to heat treatment at a temperature equal to or higher than a crystallization temperature so that at least 50 volume
% of the alloy structure is occupied by the crystal grains having a grain size of 50 nm or less. Finally, after putting the
thus treated core into an insulating core case or providing the core surface with a coating, the core is wound with a coil
of wire or at least two coils of wire to obtain a choke coil or a common-mode choke coil.
[0029] A noise filter utilizing the choke coil or common-mode choke coil can be easily obtained in accordance with a
conventionally employed production method.
[0030] The present invention will be further described while referring to the following Examples, wherein Examples 1
and 2 are comparative examples useful to understand the invention and Example 3 illustrates preferred embodiments
of the invention.

Example 1 (Comparative Example)

[0031] A thin alloy ribbon having a width of 6.5 mm and a thickness of 16 µm was produced by quenching a molten
alloy of Febal.Co15Cu1Nb2Si11B9 by using single roll method. The thin alloy ribbon was confirmed to be amorphous
because the X-ray diffraction of it showed only halo patterns. Then, a toroidal core of 20 mm outer diameter and 10 mm
inner diameter obtained by winding the thin alloy ribbon was subjected to heat treatment in nitrogen atmosphere without
applying any magnetic field. The heat treatment conditions are shown in Fig. 1.
[0032] The X-ray diffraction pattern of the thus heat-treated alloy is shown in Fig. 2a. As a further comparison, the X-
ray diffraction pattern of a conventional nanocrystalline alloy (Febal.Cu1Nb3Si13.5B9) subjected to the same heat treat-
ment as above is shown in Fig. 2b. As seen from Fig. 2a, the X-ray diffraction pattern of the alloy of the present example
shows a peak based on Fe-B compound phase in addition to the peaks based on bcc-Fe(Si) phase. On the other hand,
the conventional alloy shows only peaks based on bcc phase.
[0033] Further, from the observation with a transmission electron microscope on the heat-treated alloy of the present
example, it was confirmed that nearly all parts of the structure were occupied with crystal grain having a grain size of
50 nm or less.
[0034] Then, the thin alloy ribbon of the present example was subjected to X-ray diffraction after removing the surface
layer by etching. When the surface layer was removed up to a depth more than 4 µm, the X-ray diffraction pattern
showed no peak based on Fe-B compound phase. Thus, in the alloy of the present example, Fe-B compound phase
was confirmed to be formed in the region within 4 µm depth from the surface.
[0035] The heat-treated core was put into a core case made of phenol resin, and the magnetic characteristics of the
core was measured to obtain the direct current B-H loops shown in Fig. 3. As seen from Fig. 3, the saturation magnetic
flux density (Bs) was 1.52 T and the remanent flux density (Br) was 0.26 T.
[0036] The core was wound with 12 turns of wire to obtain a choke coil and the pulse attenuation characteristics of it
on a pulse with 800 ns width were measured. The result obtained and the measuring circuit used are respectively
shown in Figs. 4a (line 1) and 4b. In Fig. 4b, the reference numeral 5 is a sample core to be measured and the reference
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numerals 6 and 7 respectively show a noise simulator and an oscilloscope. By using the conventional nanocrystalline
alloy mentioned above, and Fe-Si-B amorphous alloy, respective choke coils were produced according to the same
manner as above. The pulse attenuation characteristics of them, measured by the same manner as above, are also
shown in Fig. 4a (line 2 for the conventional nanocrystalline alloy, line 3 for Mn-Zn ferrite and line 4 for Fe-Si-B amor-
phous alloy).

[0037] As seen from Fig. 4a, the choke coil having a core made of the nanocrystalline alloy of the present example
shows a low output voltage even at a high input voltage at which other choke coils each having a core made of the
known material shows an output voltage higher than that of the present invention. Thus, the choke coil of the present
example has excellent pulse attenuation characteristics because it shows an attenuation larger than that of the conven-
tional choke coil even at a high input voltage.

Example 2 (Comparative Example)

[0038] Each thin alloy ribbon having a width of 6.5 mm and a thickness of 12 µm was produced by quenching a molten
alloy of each alloy listed in Table 1 by using single roll method. Then, a toroidal core of 20 mm outer diameter and 10
mm inner diameter obtained by winding each of the thin alloy ribbons was subjected to heat treatment at 590 °C for 2
hours in argon atmosphere without applying any magnetic field. From the X-ray diffraction patterns and observation with
a transmission electron microscope on the heat-treated alloy, it was confirmed that at least 50 volume % of the alloy
structure was occupied with crystal grain mainly comprising bcc-phase and having a grain size of 50 nm or less. A
choke coil having a core made of each alloy was produced, and the pulse attenuation characteristics of the choke coil
was measured according to the manner in Example 1. The results are shown in the following Table 1, in which the term
Vout means the output pulse voltage at an input pulse voltage (Vin) of 200 V.

[0039] From Table 1, it can be seen that the choke coil of the present example shows a low output voltage (Vout) and
is excellent in pulse attenuation characteristics.

Example 3

[0040] Each thin alloy ribbon having a width of 6.5 mm and a thickness of 10 µm was produced by quenching a molten
alloy of each alloy listed in Table 2 by means of single roll method. Then, 10 pieces of toroidal cores of 20 mm outer
diameter and 10 mm inner diameter obtained by winding the thin alloy ribbon were subjected together to first heat treat-
ment at 500 °C for 1 hour in nitrogen gas atmosphere without applying any magnetic field. The thus heat-treated alloy
was confirmed by X-ray diffraction that there was no crystal phase other than bcc-phase in the alloy structure. Then, the

Table 1

Composition (atomic %) Vout (V) Fe-B Compound Phase

Present Example

Febal.Cu1Mo3Si16B6 11.8 Exist

Febal.Co14Cu1Nb2Si11B9 8.3 Exist

Febal.Co14Au1Nb2Si11B9 8.6 Exist

Febal.Co10Cu1Nb2Si11B9P1 8.5 Exist

Febal.Cu1W3Si16B6 11.9 Exist

Febal.Co14Cu1Ta2Si11B9 8.9 Exist

Febal.Co7Cu1Zr7B6.5 11.8 Exist

Febal.Cu1Hf6B7 12.3 Exist

Febal.Ni1Cu1Nb2Si10B9Al0.2 12.5 Exist

Further Comparative Examples

Febal.Cu1Mo3Si16B6 (nanocrystalline alloy) 23.2 None

Mn-Zn ferrite 75.0 -

Fe-Si-B amorphous alloy 29.2 -
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alloy was further subjected to second heat treatment at a temperature higher than that in the first heat treatment. The
result of X-ray diffraction of the thus treated alloy indicated that the peaks based on Fe-B compound phase such as
Fe2B were appear in addition to the peaks base on bcc-phase. Further, from the observation with a transmission elec-
tron microscope, it was confirmed that at least 50 volume % of the alloy structure comprised crystal grain having a grain
size of 50 nm or less.

[0041] The pulse attenuation characteristics of the choke coils produced from each toroidal core were measured
according to the same manner as in Example 1. The results (Vout) obtained by the measurement conducted on 10
pieces of choke coils for each alloy composition are shown in Table 2. Further, for comparison, 10 pieces of choke coils
for each alloy composition were produced by the same manner as above except for employing one-stage heat treat-
ment (at 595 °C for 2 hours in nitrogen gas atmosphere). The results (Vout) obtained by the same measurement as
above are also shown in Table 2.

[0042] From Table 2, it can be seen that the variation in Vout can be preferably reduced by employing two-stage heat
treatment consisting of a first heat treatment for crystallizing an amorphous phase to form bcc-phase and a second heat
treatment for forming Fe-B compound phase. This effect is presumed to be caused by uneven distribution of tempera-
ture in the core because the crystallization is exothermic and the generated heat is likely to be kept inside the heat treat-
ment system when a number of cores is treated at a time. By conducting the first heat treatment at a comparatively
lower temperature and followed by the second heat treatment at a temperature higher than that of the first heat treat-
ment, the temperature distribution of the core during the second heat treatment becomes more even as compared with
the one-stage heat treatment. This even distribution of temperature is presumed to result in decreasing in property var-
iation because the difference between the amount of Fe-B compound phase formed in the respective cores is reduced.

Claims

1. A nanocrystalline alloy having an excellent pulse attenuation property wherein at least 50 volume % of an alloy
structure is occupied by crystal grains having a grain size of 50 nm or less, said crystal grains comprising a bcc-
phase as a main component, the alloy having a saturation magnetic flux density of 1 T or more,
characterised in that said crystal grains comprise an Fe2B compound phase, and that the alloy has a remanent
flux density is 0.4 T or less.

2. The alloy of claim 1, wherein said Fe2B compound phase exists mainly or only in crystal grains near surfaces of
said nanocrystalline alloy.

3. The alloy of any one of claims 1 to 2, having a composition represented by the formula:

(Fe1-aMa)100-x-y-z-αAxSiyBzM'α (atomic %),

Table 2

Composition (atomic %) Vout (V) Heat Treatment Fe-B Compound Phase

2-Stage 1-Stage

Febal.Cu1Mo4Si16B6Ga0.1 11.5-12.1 11.5-15.8 Exist

Febal.Co14Cu1Nb2Si11B9Mn1 8.1-8.5 8.1-10.3 Exist

Febal.Co14Cu1Nb2Si11B9V1 8.5-8.9 8.6-10.8 Exist

Febal.Co12Cu1Nb2Si9B9Sn0.1 8.7-9.1 8.8-11.2 Exist

Febal.Co11Cu1Mo4Si11B9C0.2 9.0-9.5 9.1-11.6 Exist

Febal.Co14Cu1Nb2Si11B9Ru1 7.9-8.4 8.2-12.2 Exist

Febal.Co14Cu1Nb2Ti1Si11B9 8.8-9.3 8.9-12.4 Exist

Febal.Co14Cu1Nb2Si11B9In1 8.9-9.3 9.0-13.1 Exist

Febal.Co14Cu1Nb2Si11B9Pd1 9.1-9.6 9.3-12.9 Exist

Febal.Co14Cu1Nb2Si11B9Pt1 8.8-9.4 8.9-11.8 Exist
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wherein M is Co and/or Ni; A is Cu and/or Au; M' is at least one of the elements Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and
Mn; 0 ≤ a ≤ 0.3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2 ≤ z ≤ 15, and 0.1 ≤ α ≤ 10.

4. The alloy of any one of claims 1 to 2, having a composition represented by the formula:

(Fe1-aMa)100-x-y-z-α-βAxSiyBzM'αM''β (atomic %),

wherein M is Co and/or Ni; A is Cu and/or Au; M' is at least one of the elements Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and
Mn; M'' is at least one of the elements A�, Sn, In, Ag, Pd, Rh, Ru, Os, Ir and Pt; 0 ≤ a ≤ 0.3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2
≤ z ≤ 15, 0.1 ≤ α ≤ 10 and 0 ≤ β ≤ 10.

5. The alloy of any one of claims 1 to 2, having a composition represented by the formula:

(Fe1-aMa)100-x-y-z-α-β-γAxSiyBzM'αM''βXγ (atomic %),

wherein M is Co and/or Ni; A is Cu and/or Au; M' is at least one of the elements Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W and
Mn; M'' is at least one of the elements A�, Sn, In, Ag, Pd, Rh, Ru, Os, Ir and Pt; X is at least one of the elements C,
Ge, Ga and P; 0 ≤ a ≤ 0.3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2 ≤ z ≤ 15, 0.1 ≤ α ≤ 10, 0 ≤ β ≤ 10, and 0 ≤ γ ≤ 10.

6. A magnetic core made of the nanocrystalline alloy of any one of claims 1 to 5.

7. A choke coil comprising the magnetic core of claim 6 and a wire wound around said core.

8. A common-mode choke coil comprising the magnetic core of claim 6 and at least two coils of wire wound around
said core.

9. A noise filter comprising the choke coil of claim 7 or 8.

10. A method of producing the nanocrystalline alloy of any preceding claim, comprising the steps of:

forming a thin ribbon of an amorphous alloy by melt quenching, and
subjecting said ribbon to a two-step heat-treatment at its crystallisation temperature or higher for at least 5 min
in an inert atmosphere to form the crystal grains in the alloy structure, the first heat-treatment step being per-
formed at a first temperature of 450 to 600 °C for 5 min to 24 h to form said bcc-phase,
characterised in that the second heat-treatment step is performed at a second temperature, which is higher
than said first temperature and within the range of 550 to 700 °C, for 5 min to 24 h to form mainly said Fe2B
compound phase.

Patentansprüche

1. Nanokristalline Legierung mit ausgezeichneten Impulsdämpfungseigenschaften, wobei Kristallkörner mit einer
Korngröße von 50 nm oder weniger mindestens 50 Vol% der Legierungsstruktur einnehmen, die genannten Kri-
stallkörner als Hauptkomponente eine bcc-Phase beinhalten und die Legierung eine Sättigungs-Magnetflußdichte
von 1 T oder mehr aufweist,
dadurch gekennzeichnet, daß die Kristallkörner eine Fe2B-Verbindungsphase enthalten und die Legierung eine
Restflußdichte von 0,4 T oder weniger aufweist.

2. Legierung nach Anspruch 1, wobei die Fe2B-Verbindungsphase hauptsächlich oder alleine in Kristallkörnern nahe
von Oberflächen der nanokristallinen Legierung vorliegt.

3. Legierung nach einem der Ansprüche 1 bis 2 mit einer Zusammensetzung nach der Formel:

(Fe1-aMa)100-X-y-z-αAxSiyB2M'α (Atom-%),

wobei M Co und/oder Ni; A Cu und/oder Au; und M' Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W und/oder Mn darstellen; mit 0 ≤
a ≤ 0,3; 0 ≤ x ≤ 3; 0 ≤ y ≤ 20; 2 ≤ z ≤ 15 und 0,1 ≤ α ≤ 10.

4. Legierung nach einem der Ansprüche 1 bis 2, mit einer Zusammensetzung nach der Formel:
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(Fe1-aMa) 100-x-y-z-α-βAxSiyBzM'αM''β (Atom-%),

wobei M Co und/oder Ni; A Cu und/oder Au; M' Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W und/oder Mn; M'' Al, Sn, In, Ag, Pd,
Rh, Ru, Os, Ir und/oder Pt darstellen; mit 0 ≤ a ≤ 0,3; 0 ≤ x ≤ 3; 0 ≤ y ≤ 20; 2 ≤ z ≤ 15; 0,1 ≤ α ≤ 10 und 0 ≤ β ≤ 10.

5. Legierung nach einem der Ansprüche 1 bis 2 mit einer Zusammensetzung nach folgender Formel:

(Fe1-aMa) 100-x-y-z-α-β-γAxSiyBzM'αM''βXγ (Atom-%),

wobei M Co und/oder Ni; A Cu und/oder Au; M' Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W und/oder Mn; M'' Al, Sn, In, Ag, Pd,
Rh, Ru, Os, Ir und/oder Pt; und X C, Ge, Ga und/oder P darstellen; mit 0 ≤ a ≤ 0,3; 0 ≤ x ≤ 3; 0 ≤ y ≤ 20; 2 ≤ z ≤ 15;
0,1 ≤ α ≤ 10; 0 ≤ β ≤ 10 und 0 ≤ γ ≤ 10.

6. Magnetkern aus einer nanokristallinen Legierung nach einem der Ansprüche 1 bis 5.

7. Drosselspule mit einem Magnetkern nach Anspruch 6 und einem um den Kern gewickelten Draht.

8. Gleichtakt-Drosselspule mit dem Magnetkern nach Anspruch 6 und mindestens zwei um den Kern gewickelten
Drahtspulen.

9. Störfilter mit der Drosselspule nach Anspruch 7 oder 8.

10. Verfahren zum Herstellen der nanokristallinen Legierung nach einem der vorhergehenden Ansprüche, mit folgen-
den Schritten:

Ausbilden eines dünnen Bands einer amorphen Legierung durch Schmelz-Abschrecken, und
Unterwerfen des Bands einer Zwei-Schritt-Wärmebehandlung bei seiner Kristallisationstemperatur oder höher
für mindestens 5 Minuten in einer Inertatmosphäre, um die Kristallkörner in der Legierungsstruktur zu bilden,
wobei der erste Wärmebehandlungsschritt bei einer ersten Temperatur von 450 bis 600°C für fünf Minuten bis
24 Stunden durchgeführt wird, um die bcc-Phase zu bilden,
dadurch gekennzeichnet, daß der zweite Wärmebehandlungsschritt über 5 Minuten bis 24 Stunden bei einer
zweiten Temperatur durchgeführt wird, die höher als die genannte erste Temperatur und im Bereich von 550
bis 700°C liegt, um in erster Linie die Fe2B-Verbindungsphase zu bilden.

Revendications

1. Alliage nanocristallin ayant une excellente propriété d'atténuation d'impulsions dans lequel au moins 50% en
volume d'une structure d'alliage est occupée par des grains cristallins ayant une taille de grain égale ou inférieure
à 50 nm, lesdits grains cristallins comprenant une phase bcc en tant que constituant principal, l'alliage ayant une
densité de flux magnétique à la saturation égale ou supérieure à 1 T,
caractérisé en ce que lesdits grains cristallins comprennent une phase composite de Fe2B, et en ce que l'alliage a
une densité de flux rémanent égale ou inférieure à 0,4 T.

2. Alliage selon la revendication 1, dans lequel ladite phase composite de Fe2B existe principalement ou exclusive-
ment dans des grains cristallins proches des surfaces dudit alliage nanocristallin.

3. Alliage selon l'une quelconque des revendications 1 à 2, ayant une composition représentée par la formule :

(Fe1-aMa)100-x-y-z-αAxSiyBzM'α (%age atomique)

dans laquelle M représente Co et/ou Ni ; A représente Cu et/ou Au ; M' représente au moins l'un des éléments Ti,
Zr, Hf, V, Nb, Ta, Cr, Mo, W et Mn ; 0 ≤ a ≤ 0,3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2 ≤ z ≤ 15, et 0,1 ≤ α ≤ 10.

4. Alliage selon l'une quelconque des revendications 1 à 2, ayant une composition représentée par la formule :

(Fe1-aMa)100-x-y-z-α-βAxSiyBzM'αM''β (%age atomique)

dans laquelle M représente Co et/ou Ni ; A représente Cu et/ou Au ; M' représente au moins l'un des éléments Ti,
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Zr, Hf, Y, Nb, Ta, Cr, Mo, W et Mn ; M'' représente au moins l'un des éléments Al, Sn, In, Ag, Pd, Rh, Ru, Os, Ir et
Pt ; 0 ≤ a ≤ 0,3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2 ≤ z ≤ 15, 0,1 ≤ α ≤ 10, 0 ≤ β ≤ 10.

5. Alliage selon l'une quelconque des revendications 1 à 2, ayant une composition représentée par la formule :

(Fe1-aMa)100-x-y-z-α-β-γAxSiyBzM'αM''βXγ (%age atomique)

dans laquelle M représente Co et/ou Ni ; A représente Cu et/ou Au ; M' représente au moins l'un des éléments Ti,
Zr, Hf, V, Nb, Ta, Cr, Mo, W et Mn ; M'' représente au moins l'un des éléments Al, Sn, In, Ag, Pd, Rh, Ru, Os, Ir et
Pt ; X représente au moins l'un des éléments C, Ge, Ga et P ; 0 ≤ a ≤ 0,3, 0 ≤ x ≤ 3, 0 ≤ y ≤ 20, 2 ≤ z ≤ 15, 0,1 ≤ α
≤ 10, 0 ≤ β ≤ 10, et 0 ≤ γ ≤ 10.

6. Noyau magnétique constitué de l'alliage nanocristallin selon l'une quelconque des revendications 1 à 5.

7. Bobine d'arrêt comprenant le noyau magnétique selon la revendication 6, un fil étant bobiné autour du dit noyau.

8. Bobine d'arrêt en mode commun comprenant le noyau magnétique selon la revendication 6 et au moins deux bobi-
nes de fil bobinés autour dudit noyau.

9. Filtre anti-parasites comprenant la bobine d'arrêt selon la revendication 7 ou 8.

10. Procédé de production de l'alliage nanocristallin selon l'une quelconque des revendications précédentes, compre-
nant les étapes consistant à :

former un mince ruban d'un alliage amorphe par trempe en fusion, et
soumettre ledit ruban à un traitement par la chaleur en deux étapes à une température égale ou supérieure à
sa température de cristallisation pendant au moins 5 minutes dans une atmosphère inerte, de manière à for-
mer les grains cristallins dans la structure d'alliage, la première étape de traitement par la chaleur étant réali-
sée à une première température de 450 à 600°C pendant 5 minutes à 24 heures pour former ladite phase bcc,
caractérisé en ce que la seconde étape de traitement par la chaleur est réalisée à une seconde température
qui est supérieure à ladite première température et comprise dans l'intervalle de 550 à 700°C, pendant 5 minu-
tes à 24 heures, de manière à former principalement la dite phase composite de Fe2B.
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