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@ A magnetic core obtained by winding a long sheet of thin alloy or by laminating short sheets thereof. The
surface roughness of the thin alloy sheet or sheets is limited to lie within a predetermined range in order fo
improve the squareness ratio of the magnetic core. The magnetic core exhibits excellent squareness ratio
characteristic and magnetic saturation characteristic in high-frequency regions.
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TECHNICAL FIELD

This invention relates to a magnetic core suitable for magnetic components such as saturable reactors
and reactors for semiconductor circuits used in high frequency switching power sources wherein the
magnetic core has excellent squareness ratio characteristic and magnetic saturation characteristic particu-
larly at a high frequency (specifically, at least 50 kHz) and has a low core loss, and to an alloy ribbon used
in the production of such a magnetic core.

BACKGROUND ART

In recent years, there has been a need to develop magnetic components having high performance
suitable for use as important functional components as electronic equipment having a small size, light
weight and high performance. In particular, in switching power sources used as power sources of OA
equipment and communication equipment, high frequency is required due to the requirement of small size
and light weight. Accordingly, magnetic materials used in these magnetic components must have excellent
high frequency magnetic characteristics. In particular, materials having high permeability are effective for
many magnetic components such as residual current transformers, current sensors and noise filters.

In recent years, switching power sources having magnetic amplifiers incorporated therein have been
widely used from the standpoints of high reliability and high efficiency.

The main part constituting the magnetic amplifier is a saturable reactor, and magnetic materials having
excellent squareness and magnetization characteristics are required. Heretofore, Sendelta (fradename)
composed of an Fe-Ni crystalline alloy has been used as such a magnetic material.

While Sendelta has excellent squareness magnetization characteristics, its coercive force is increased
at a high frequency of 20 kHz or higher and its eddy-current loss is increased to generate heat, whereby
Sendelta becomes unusable. Therefore, the switching frequency of the switching power source having a
magnetic amplifier incorporated therein is restricted to no more than 20 kHz.

In recent years, there has been a demand for switching power sources having higher switching
frequency in addition to small size and light weight. Japanese Patent Laid-Open Publication No.
225804/1986 discloses an amorphous alloy suitable for use as a magnetic material having a small coercive
force at a high frequency and excellent squareness characteristic and heat stability.

In order to meet requirements of high efficiency of the switching power source, it is necessary to
provide an amorphous alloy magnetic core having high performance, and particularly it is desirable that the
squareness ratio and magnetic saturation characteristic (e.g., the reduction in saturation inductance) of
magnetic amplifiers used at a frequency of at least 50 kHz be further improved.

DISCLOSURE OF THE INVENTION

The present invention has been made with consideration of the above described problems.

An object of the present invention is to provide a magnetic core obtained by using an alloy ribbon
having a large squareness ratio particularly at a high frequency and a small saturation inductance.

The magnetic core of the present invention is a magnetic core formed by winding or laminating at least
one alloy ribbon and having excellent squareness characteristic in a high frequency region wherein the
squareness ratio of the magnetic core is improved by setting the percent area occupation of concavities
formed on the surface of the roll side of said alloy ribbon to no more than 30%.

We have found that not only the squareness ratio in a high frequency region can be rapidly improved,
but also the saturation inductance can be reduced by setting the percent area occupation of concavities
formed on the surface of the roll side of the alloy ribbon to no more than 30%. Further, we have found that
the squareness characteristic of the magnetic core particularly in a high frequency region can be improved
by setting the percent area occupation of a concave formed on the surface of the roll side of the alloy
ribbon to no more than 30% and simultaneously setting the surface roughness (Rf) of the free side of the
alloy ribbon constituting the magnetic core to no more than 0.3%. The present invention has been achieved
on the basis of the findings described above.

According to the present invention, there is provided a magnetic core having a squareness ratio of at
least 98%, preferably at least 98.5% and more preferably at least 99% at a frequency of 100 kHz. Further,
according to the present invention, there is provided a magnetic core having a saturation magnetic
characteristic of no more than 550 G, preferably no more than 500 G. Herein, the saturation magnetic
characteristic ordinarily varies depending upon the shape of the magnetic core, the number of turns and
measurement conditions. In the present invention, the saturation characteristic is expressed by the
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difference between a magnetic flux density obtained by applying a magnetic field of 16 Oe to the following
magnetic core under the following conditions and residual magnetic flux density: (i) magnetic core having
an outer diameter of 15 mm, an inner diameter of 10 mm and a height of 4.5 mm; (ii) number of turns of 10;
and (iii) measurement conditions: frequency of 100 kHz.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are scanning electron microscope photomicrographs showing the surface state of an alloy
ribbon according to the present invention;

FIG. 3 is a graph showing the relationship between the percent area occupation of concavities formed on
the surface of an alloy ribbon and the squareness ratio;

FIG. 4 is a graph showing the relationship between the surface roughness and the squareness ratio; and
FIG. 5 is a graph showing the relationship between the plate thickness of an alloy ribbon and the core
loss.

BEST MODE FOR CARRYING OUT THE INVENTION

In recent years, soft magnetic alloy ribbons used in magnetic materials used at a high frequency have
been produced in many cases by a so-called melt quenching method. In this method, ribbons are obtained
by melting an alloy in a heat-resistant vessel such as quariz, ejecting the molten alloy having a specific
composition from a nozzle onto the rotating surface of a metal cooling roll which is rotating at a high
velocity and quenching it. However, fine concavities and convexities are inevitably formed on the surface
(the roll-contacting surface, i.e., the side which comes into contact with the cooling roll) of the thus obtained
alloy ribbon.

We have now found that not only the squareness ratio in a high frequency region can be rapidly
improved, but also the saturation inductance can be reduced by strictly restricting the percent area
occupation of the concavities present in the surface of the roll side of the alloy ribbon to no more than 30%,
preferably no more than 25%, and more preferably no more than 20%.

That is, the present magnetic core according to a first embodiment of the invention is formed from an
alloy ribbon produced by ejecting an alloy melt onto the surface of a cooling roll by means of a nozzle and
quenching alloy melt wherein the alloy ribbon is such that the percent area occupation of the concavities
formed in the alloy ribbon surface contacting said cooling roll is no more than 30%.

When the alloy ribbon is produced by the melt quenching method, the surface state of the resulting
alloy ribbon primarily depends upon the surface state of the cooling roll and wettability between the molten
alloy and the roll. This wettability is also affected by the composition of the alloy. The concavities formed in
the surface of the alloy ribbon is formed by bubbles trapped between the cooling roll and the molten metal.

As can be seen from the results of the Examples described hereinafter, according to the present
invention, the squareness ratio of the magnetic core can be remarkably improved by restricting the percent
area occupation of the concavities formed in the alloy ribbon surface contacting the cooling roll to no more
than 30%.

The improvement in the squareness ratio as described above is particularly remarkable in the case of
an amorphous alloy having a Curie temperature of no more than 300° C. This is believed to be due to the
proportion of the induced magnetic anisotropy generated by heat freatment and the proportion of magnetic
shape anisotropy attributable to the surface roughness. That is, a remarkable effect is obtained in the case
of an alloy having a Curie temperature of no more than 300°C and a relatively small induced magnetic
anisotropy.

The methods of restricting the percent area occupation of the concavities formed in the surface of the
ribbon to no more than 30% as described above include a method of improving the wettability between the
cooling roll and the alloy melt and a method of realizing the optimum cooling rate. Examples of such
methods include a method of using Fe-base rolls (e.g., S45C, high-speed steel), a method of controlling the
temperature of water cooling from the interior of a cooling roll to 30 to 60° C in the case of Cu-base alloys
(CuBe, CuTi or the like) and a method of controlling the ejection temperature of the alloy melt to at least
1350° C.

A further preferred method is a method wherein the pressure of the production atmosphere is reduced
fo a value less than atmospheric pressure. In this method, the generation of the concavities can be reduced
(e.g., to no more than 10%).

The definition and measurement method of "the percent area occupation of the concavities formed in
the surface of the ribbon™ as used herein are as follows:
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A photomicrograph of the roll-contacting surface is taken by means of a scanning electron microscope
at a magnification of 200. The concavities having a field major axis (diameter of a minimum circle including
said concavities and contacting therewith) of at least 10 micrometers are all picked up, and the area ratio
occupied by the concavities per unit area is determined by an image treatment apparatus (e.g., LUZEX500
manufactured by Nippon Regulator K.K., Japan). This process is repeated at least 10 times. The average
value is determined, and this average value is referred to as "percent area occupation”.

A second example of controlling the surface roughness of an alloy ribbon will now be described.

That is, the second embodiment of the present invention is an alloy ribbon produced by ejecting an
alloy melt onto the surface of a cooling roll by means of a nozzle and quenching the alloy melt, wherein a
magnetic core is formed by at least one alloy ribbon in which the surface roughness of the alloy ribbon
surface which does not come into contact with said cooling roll has, in the longitudinal direction of said alloy
ribbon, a value represented by the equation:

Rf£0.3
wherein Rf is a parameter characterizing a roughness determined by the following equation:
Rf = Rz/T

wherein Rz represents the average roughness of ten points at a standard length of 2.5 mm stipulated in JIS-
B-0601 and T represents the average plate thickness determined by the weight of the alloy ribbon. The
value of Rf is preferably no more than 0.25, more preferably no more than 0.22.

When the alloy ribbon is produced by the melt quenching method, ordinarily, the surface state of the
resulting alloy ribbon is affected by the conditions such as the surface state of the cooling roll and the
stability of melt reservoir occurring between the nozzle and the roll. We have found that the concavities and
convexities periodically appearing in the longitudinal direction of the ribbon on the free surface (i.e., the
ribbon surface which does not come into contact with the cooling roll) (so-called fish scale) adversely affect
the high frequency magnetic characteristics, particularly the squareness ratio of the alloy ribbon.

That is, not only can the squareness ratio in a high frequency region be remarkably improved, but also
the saturation inductance can be reduced by restricting the longitudinal surface roughness of the alloy
ribbon to a specific value, Rf £ 0.3, more preferably Rf £ 0.27 according to the stipulation described above.

Such an effect is particularly remarkable when an amorphous alloy having a Curie temperature of no
more than 300° C is used as a material. It is believed that the shape anisotropy attributable to the surface
roughness participates as described in the case of the roll-contacting surface of the ribbon.

In order to control the surface roughness as described above, it is necessary to suitably control
production parameters such as the material from which the cooling roll is produced, the roll surface
temperature and the temperature of the melt during the injection process. For this purpose, it is necessary
to adjust or optimize the cooling rate and the peripheral speed of the roll. Specifically, a method wherein a
Cu-base alloy roll is used and the water temperature in the interior of a roll is set at 30 to 80°C and a
method wherein the peripheral speed of the roll is set at at least 25 m/s are effective.

Alloy materials used in the magnetic core of the present invention will now be described.

Co-base amorphous alloys and Fe-base magnetic alloys can be used in the present invention.

The preferred composition of the Co-base amorphous alloys is represented by the following general
formulae:

() (Cor.aFea)ioox(Si1.1Br)x
wherein
0.02<a=0.08

0351508
26 < x £ 32 (at.%)

(i)  (CorpcFepMc)i00-y(Si1-mBmly
wherein M is selected from the group consisting of Ni, Mn and combinations thereof,

b<0.10
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0.01<¢c<0.10
03sm=<08
26 <y < 32 (at.%)

(ii)  (C0o1.g.FeaM'e)100-2(Si1.nBn)z

wherein M' is selected from the group consisting of Ti, V, Cr, Cu, Zr, Nb, Mo, Hf, Ta, W and combinations
thereof,

0.03<d<0.10
0.01 <e<0.06
03<n<08

24 < 7 £ 32 (at.%)

(V) (Cor.1.gnFeiMgM'n)100-w(Si1.pBpw
wherein M' is selected from the group consisting of Ni, Mn and combinations thereof,

f<0.10
0.01 < g £0.10
0.01 <h <008
03<p=<05

24 < w < 30. (at.%)

Co-base amorphous alloys having a saturation magnetostriction constant \s falling within the range of -1 x
1076 < xs £ 1 x 107 are preferred.

While the Co-base amorphous alloys used in the magnetic core of the present invention are repre-
sented by the four general formulae described above, the most important requirement resides in the
composition for setting the Curie temperature to no more than 300° C. The atomic ratio of metal element to
metalloid element is important. In the general formulae (i) and (ii), x, y and z are from 26 to 32 at.%. In the
general formulae (iii) and (iv), w is from 24 to 30 at.%. If x, y and z are less than 26 at.% or if w is less than
24 at.%, the coercive force will be large; the value of the core loss will be large; and the heat stability will
be poor. If x, y and z are more than 32 at.%, or if w is more than 30 at.%, the Curie temperature will be
reduced and thus the magnetic core will become impractical.

Fe is an element for adjusting the magnetostriction to within the range of -1 x 107% to +1 x 107%. When
a, b, d and f showing the amount of Co which varies depending upon the amount of Ni and Mn added, the
amount of the non-magnetic transition metal element added and the value of Si and B are stipulated to from
0.02 to 0.08, no more than 0.10, from 0.03 to 0.10 and no more than 0.10, respectively, the desired
magnetostriction can be realized.

M (selected from the group consisting of Ni, Mn and combinations thereof) and M' (selected from the
group consisting of Ti, V, Cr, Cu, Zr, Nb, Mo, Hf, Ta, W and combinations thereof) are elements that are
effective for improving the heat stability. Their amounts ¢ and h are no more than 0.10 and no more than
0.08, respectively. If ¢ and h are more than 0.10 and more than 0.08, respectively, the Curie temperature
will be excessively reduced, whereby such amounts will be undesirable.

Si and B are essential components for obtaining amorphous alloys. In particular, in order to obtain
magnetic cores having low core loss, high squareness ratio and high heat stability, it is necessary that £, m,
n or p showing the amounts of Si and B are stipulated at from 0.3 to 0.5 and that the alloy is rich in Si. If £,
m, n and p are less than 0.3 or more than 0.5, it will be difficult to obtain a high squareness ratio, and the
heat stability of magnetic characteristic will be slightly reduced.

Among the alloys (i) to (iv) described above, the alloys (iii) and (iv) are the most preferred from the
standpoints of the reduction of the concavities due to the frapping of the bubbles (first embodiment of the
present invention). More preferably, Cr, Nb or Mo is selected as M'. It is believed that such an element
contributes to the improvement of wettability and the reduction in viscosity.

In the cases of the first and second embodiments of the present invention, the magnetic shape
anisotropy effect is obtained in the case of low induced magnetic anisotropy. Accordingly, the present
invention is particularly effective for materials having an induced magnetic anisotropy of no more than 10*
ergs/cc. As described above, the present invention exhibits a remarkable effect in the case of amorphous
alloys having a Curie temperature of no more than 300° C. If the Curie temperature is less than 160°C, the
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squareness ratio and saturation inductance will not reach a good level. Accordingly, in the present invention,
the Curie temperature is within the range of 160 to 300 ° C, preferably within the range of 180 to 280° C, and
more preferably from 190 to 270° C.

The Curie temperature of no more than 300° C is necessary for improving heat stability. In general, it is
known that amorphous alloys can be obtained by quenching an alloy stock having a specific composition
from the molten state at a cooling rate of at least 10* ° C/s (liquid quenching method). The amorphous alloy
of the present invention can be readily produced in the conventional manner described above. This
amorphous alloy is used, for example, as a plate-shaped ribbon produced by a single roll method. In this
case, if the thickness is more than 25 micrometers, the core loss at a high frequency will be increased.
Accordingly, it is preferable that the thickness of the ribbon be set within the range of 5 to 25 micrometers.

The magnetic core of the present invention is produced by winding the amorphous alloy produced by
the production method described above in a specific shape and heat treating to remove strains. The cooling
rate is desirably of the order of 0.5 to 50 ° C/minute, preferably within the range of 1 to 20 ° C/minute. The
heat treatment may be carried out in a magnetic field at a temperature less than the Curie temperature.

On the other hand, an Fe-base ultramicrocrystalline alloy can be used in the present invention. This
alloy is obtained by adding Cu and one of Nb, W, Ta, Zr, Hf, Ti and Mo to alloys such as an Fe-Si-B alloy,
forming the mixture into a ribbon as with the amorphous alloy, and heat treating at a temperature above its
crystallization temperature to deposit fine grains.

The present invention can be applied to the Fe-base ultramicrocrystalline alloy as described above.

The composition of the alloy used in producing an Fe-base soft magnetic alloy ribbon as described
above includes the following composition represented by the following formula:

Fe100-e-t-g-niiEeGrdgSinBiZ; (1)

wherein: E represents an element selected from the group consisting of Cu, Au and combinations thereof; G
represents an element selected from the group consisting of an element of the group IVa, an element of the
group Va, an element of the group Vl'a, rare earth elements, and combinations thereof; J represents an
element selected from the group consisting of Mn, Al, Ga, Ge, In, Sn, platinum group metals, and
combinations thereof; Z represents an element selected from the group consisting of C, N, P and
combinations thereof; and e, f, g, h, i and j are numbers satisfying the following equations:

01£e<8
01=f<10
0<g=10
122h<25
32ig12
0<jz10

15 h+i+j< 30

wherein all numerical quantities in the equations represent atomic %.

Herein, E in the formula (Il) given above (Cu or Au) is an element effective for enhancing the corrosion
resistance, for preventing the coarsening of grains and for improving soft magnetic characteristics such as
core loss and permeability. Such an element is particularly effective for depositing a bcc phase at a low
temperature. If the amount of such an element is too small, the effect as described above cannot be
obtained. If the amount is too large, the magnetic characteristics will deteriorate, and therefore such an
amount is undesirable. Therefore, the content of E is suitably within the range of 0.1 to 8 atomic %. The
preferred range is from 0.1 to 5 atomic %.

G (an element selected from the group consisting of an element of the group IVa, an element of the
group Va, an element of the group Vla, rare earth elements, and combinations thereof) is an element which
is effective for homogenization of grain size, which is effective for reducing magnetostriction and magnetic
anisotropy and which is effective for the improvement of soft magnetic characteristic and the improvement
of magnetic characteristic with respect to the temperature change. When G is used in combination with E
(e.g., Cu), the bcc phase can be stabilized within the wider ranges. If the amount of G is too small, the
effect described above cannot be obtained. If the amount is too large, non-crystallization cannot be
achieved in the production process, and the saturation magnetic flux density will be reduced. Therefore, the
content of G is suitably within the range of 0.1 to 10 atomic %. The more preferred range is from 1 to 8
atomic %.

In addition to the effect described above, each element in E is effective for improving respective
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properties. The group IVa element is effective for enlarging the heat treatment conditions for obtaining
optimum magnetic characteristic. The group Va element is effective for improving embrittlement resistance
and workability such as cutting. The group Vla element is effective for improving the corrosion resistance
and surface properties.

Among these, Ta, Nb, W, Mo and V are particularly preferred. Ta, Nb, W and Mo are effective for
improving soft magnetic characteristic. V is effective for improving embrittlement resistance and surface
properties.

J (an element selected from the group consisting of Mn, Al, Ga, In, Sn, platinum group metals, and
combinations thereof) is an element effective for improving soft magnetic characteristic or corrosion
resistance. If the amount of J is too large, the saturation magnetic flux density will be reduced. Therefore,
the amount of J is no more than 10 atomic %. Among these, Al is an element effective for improving
refinement of grains and magnetic characteristic and for stabilizing the bcc phase. Ge is an element
effective for stabilizing the bcc phase. The platinum group metals are elements effective for improving the
corrosion resistance.

Si and B are elements aiding in the amorphrization of an alloy during the production process. These
can improve the crystallization temperature and are elements effective for heat treatment for improving
magnetic characteristic. In particular, Si forms a solid solution together with Fe which is a principal
component of fine grains, and contributes o reduction in magnetostriction and magnetic anisotropy. If the
amount of Si is less than 12 atomic %, the improvement of soft magnetic characteristic will be insufficient. If
the amount of Si is more than 25 atomic %, the ultraquenching effect will be small, relatively coarse grains
of micrometer size will deposit, and good soft magnetic characteristic cannot be obtained. It is particularly
preferable that Si be from 12 to 22 atomic % from the standpoint of the development of super lattice. If the
amount of B is less than 3 atomic %, relatively coarse grains will deposit and thus good characteristics
cannot be obtained. If the amount of B is more than 12 atomic %, a B compound will be liable to deposit by
the heat treatment and soft magnetic characteristic will deteriorate.

Z (C, N, P) are included in an amount of no more than 10 atomic % as other amorphrization elements.

The total amount of Si, B and other non-crystallizable elements is preferably within the range of 15 to
30 atomic %. Si/B = 1 is preferred for obtaining excellent soft magnetic characteristic.

In particular, the use of the amount of Si of 13 to 21 atomic % provides the magnetostriction As = 0,
and the deterioration of magnetic characteristic due to a resin mold is prevented. Thus, the desired
excellent soft magnetic characteristic can be effectively obtained.

Even if the Fe-base soft magnetic alloy contains minor amounts of incidental impurities such as O and
S contained in conventional Fe alloys, the effect of the present invention is not impaired.

Examples of the present invention will be described hereinafter.

EXAMPLE A1 AND COMPARATIVE EXAMPLE A1

Continuous ribbon samples a and b having a plate thickness of 16 micrometers and a width of 10 mm
and having different surface properties of the roll-contacting surface were prepared from an amorphous
alloy represented by the formula:

(Cog.900F€0.05Nbg.05Cro.02)75 (Sio56Bo.44)25

by a single roll method.

Trapping of bubbles in the roll-contacting surface of Samples a and b were observed by photographs,
and the difference as shown in FIG. 1 and FIG. 2 was observed. The proportion was 38% for Sample a
(FIG. 1) and 23% far Sample b (FIG. 2).

The measurement of the percent area of concavities was carried out as follows. First, a scanning
electron microscope was used to take a photomicrograph of the roll-contacting surface of a ribbon at a
magnification of 200. In this photograph, a concavity having a major axis of at least 10 micrometers was
extracted within a field of 0.45 mm x 0.55 mm, and image treatment was carried out to determine the area.
This was compared with the total field area to determine the percent area of concavities.

The resulting alloy ribbon was wound to form a toroidal core having an outer diameter of 18 mm and an
inner diameter of 12 mm. This was then heat treated at a suitable temperature above the Curie temperature
and below the crystallization temperature, and thereafter cooled at a rate of 4 ° C/minute.

Primary and secondary windings were applied to the core thus obtained, and an external magnetic field
of 1 Oe was applied. An alternating-current magnetization meter was used to measure the alternating-
current hysteresis loop and the squareness ratio of Br/Bl (Br: remanent magnetic flux density and BI:
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magnetic flux density at a magnetic field of 1 Oe). The value at 100 kHz was 99.4% for a magnetic core
obtained by using the material shown in FIG. 1 and 94.8% for the material shown in FIG. 2. The difference
therebetween was about 5%.

When these magnetic cores were used as saturable reactors at a power source having a switching
frequency of 100 kHz, the magnetic core of the present Example obtained by using the ribbon shown in
FIG. 1 exhibited a smaller output uncontrollable range (dead angle) as compared with a comparative
magnetic core obtained by using the ribbon shown in FIG. 2. The efficiency was also improved by about
2%.

EXAMPLE A2

Ribbon samples having various surface properties were prepared from an amorphous alloy having the
composition represented by the formula:

(Cog.90F€0.05Mng 02NbDg 03)75 Sit13B12

by a single roll method.

These materials were formed into magnetic cores as in Example A1, and the relationship between the
percent area occupation and squareness ratios at a high frequency was examined. The results are
summarized in FIG. 3. It turned out that when the area occupation is more than 30%, the squareness ratio
rapidly deteriorates.

In the following Examples and Comparative Examples, the percent area occupation of the concave of
the roll-contacting surface was measured as in Example A1 described above.

EXAMPLE B1 AND COMPARATIVE EXAMPLE B2

Continuous ribbon samples a and b having a plate thickness of 16 micrometers and a width of 10 mm
and having different surface properties of the roll-contacting surface were prepared from an amorphous
alloy represented by the following formula:

(Cog.gaFeqg5Nbg.01)71(SipeBo.a)2s

by a single roll method.

The longitudinal surface roughness of Samples a and b was measured by means of a surface
roughness meter. When the surface roughness is expressed by Rf, the Rf of Samples a and b are 0.15 and
0.38, respectively. The resulting alloy ribbon was wound to form a toroidal core having an outer diameter of
18 mm and an inner diameter of 12 mm. This was then heat treated at a suitable temperature above the
Curie temperature and below crystallization temperature, and thereafter cooled at a rate of 4 ° C/minute.

Primary and secondary windings were applied to the core thus obtained, and external magnetic field of
1 Oe was applied. An alternating-current magnetization meter was used to measure the alternating-current
hysteresis loop and the squareness ratio of Br/Bl (Br: remanent magnetic flux density and Bl: magnetic flux
density at a magnetic field of 1 Oe).

The value at 50 kHz was 99.4% for a magnetic core obtained by using a material having an Rf of 0.15
and 94.8% for the material having an Rf of 0.38. The difference therebetween was about 5%.

When these magnetic cores were used as saturable reactors at a power source having a switching
frequency of 100 kHz, the magnetic core of the present Example obtained by using the ribbon having an Rf
of 0.15 exhibited a smaller output uncontrollable range (dead angle) as compared with a comparative
magnetic core obtained by using the ribbon having an Rf of 0.38. The efficiency was also improved by
about 2%.

EXAMPLE B2

Ribbon samples having various surface properties were prepared from an amorphous alloy having the
composition represented by the formula:

(Cog.90F€0.05Mng 02Nbg 03)7 1 Sits Bra

by a single roll method.
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These materials were formed into magnetic cores as in Example B1 and the relationship between the
surface roughness and squareness ratios at a frequency of 100 kHz was examined. The results are
summarized in FIG. 4. It was found that when the Rf is 0.3 or more, the squareness ratio rapidly
deteriorates.

EXAMPLE C1 AND COMPARATIVE EXAMPLE C1

Ribbons having a surface property such that the percent concavity occupation of the roll-contacting
surface was 22% and 40% were prepared from an amorphous alloy represented by the formula:

Fe74CuiNb3Sii3Bs

by a single roll method. Each ribbon was formed into a 18 mm x 12 mm x 4.5 mm toroidal core and heat
treated for one hour at 560° C in a N> atmosphere. Thereafter, heat treatment was carried out for 2 hours at
400° C in a magnetic field having 5 Oe.

The squareness ratios at 100 kHz of the cores were measured as in Example A1. The squareness ratio
of the magnetic core of the present invention was 98.7% and the squareness ratio of the magnetic core of
the Comparative Example was 94.5%.

When these magnetic cores were used as saturable reactors at a power source having a switching
frequency of 100 kHz, the magnetic core of the present Example exhibited a smaller output uncontrollable
range (dead angle) as compared with a magnetic core of the Comparative Example. The power source
efficiency was also improved by about 2%.

EXAMPLE A3 AND COMPARATIVE EXAMPLE A3

Ribbons having various plate thicknesses and surface properties were prepared from an amorphous
alloy represented by the formula:

(Cog.90F€0.05Mng.03Crp.02)75 (Sio 6Bo.a)2s

under various conditions by a single roll method. These ribbons were wound into a toroidal cores each
having an outer diameter of 18 mm and an inner diameter of 12 mm, heat treated for 30 minutes at 440°C
to remove strains, and heat treated for 2 hours at 200° C in a magnetic field having 5 Oe. The resulting
cores were tested for their squareness ratios at 100 kHz and core loss at 100 kHz and 2 KG as in Example
A1. The plate thickness was determined as an average thickness by a gravimetric method. In this case, the
average thickness can be determined by the following equation:

t = AL +w+p)

wherein 1 is length, w is width, A is weight and p is density.

The results are shown in Table 1. As can be seen from Table 1, the core obtained by using the present
material having specific surface property has excellent squareness ratio, and its core loss is also low.

The cores having a surface roughness Rf of 0.2 and 0.38 and having various thicknesses were tested
for core loss at 100 kHz. As shown in FIG. 5, the core loss gradually increases with increasing the plate
thickness in spite of the surface property.

TABLE 1
Rf | t@m) | BrBI(%) | Pas/100 kHz

022 | 210 99.5 350

034 | 185 96.4 340

024 | 284 99.0 560

036 | 280 97.0 520
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EXAMPLE A4 AND COMPARATIVE EXAMPLE A4

Two ribbons were prepared from an amorphous alloy represented by the formula:
(Coo.90Fe0.05Cro.1Nbg.02)73 (Sio.55Bo.45)27

by a single roll method. The plate thickness was 19 micrometers and the width was 5 mm. The material
from which the roll used was produced and the temperature of the roll cooling water were changed to
produce ribbons wherein the percent area occupied by concavities of the roll-contacting surface was 22%
and 35% and the surface roughness of the free surface was 0.25 and 0.35. These ribbons were subjected
fo photoetching to form ring-shaped cores having an outer diameter of 8 mm and an inner diameter of 6
mm, heat treated for 40 minutes at 430° C to remove strains, thereafter, heat treated for one hour at 200° C
in a magnetic field of 2 Oe, and laminated so that the height was 5 mm to form magnetic cores for
evaluation.

The squareness ratios at 100 kHz of the cores were measured as in Example A1. The squareness ratio
of the magnetic core of the present invention was 99.1% and the squareness ratio of the magnetic core of
the Comparative Example was 95.2%.

These magnetic cores were used as saturable reactor cores at a power source having a switching
frequency of 200 kHz, the magnetic core of the present invention exhibited a superior output control
characteristic as compared with a magnetic core of the Comparative Example. The power source efficiency
was also improved by about 2.5%.

EXAMPLES A5 THROUGH A20 AND C2 THROUGH C15 AND COMPARATIVE EXAMPLES A5, A6, A7, C2
AND C3

Ribbons having a width of 5 mm were prepared under production conditions shown in Table 2 by a
single roll method using the composition shown in Table 2. For Co-base amorphous alloys, their Curie
temperatures were also measured.

Each ribbon was wound into a toroidal magnetic core having an outer diameter of 15 mm and an inner
diameter of 10 mm. The resulting Co-base amorphous magnetic core was heat treated for 30 minutes at an
optimum temperature to remove strains and thereafter a magnetic field of 1 Oe was applied in the
longitudinal direction of the ribbon for 2 hours at a temperature which was 30°C below the Curie
temperature to carry out heat treatment in a magnetic field. Fe-base alloys exhibited an amorphous state
during the quenching process, and therefore the Fe-base alloys were heat treated for one hour at a
temperature which was 50°C above their respective crystallization temperatures (the value obtained by
measuring by means of a differential scanning calorimeter at a heating rate of 10 ° C/minute). A magnetic
field of 5 Oe was applied in the longitudinal direction of the ribbon for one hour at 450° C to carry out heat
freatment in a magnetic field. The heat treatment was carried out in a nitrogen atmosphere.

The resulting magnetic cores were tested for their squareness ratios at 100 kHz and core loss at 100
kHz and 2 kHz as in Example A1. The results are shown in Table 2. As can be seen from Table 2, excellent
squareness ratio is obtained in the magnetic core of the present invention. Further, in these Examples, the
magnetic flux density was determined as a value corresponding to saturation inductance. This magnetic flux
density was determined by the difference between the magnetic flux density obtained by applying a
magnetic field of 16 Oe at a frequency of 100 kHz under conditions such that the number of turns of the
magnetic core was 10 and the remanent magnetic flux density.
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INDUSTRIAL APPLICABILITY

55

According to the present invention, a wound magnetic core having a high squareness and exiremely
excellent output control characteristic can be provided and can be widely used as a magnetic component
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such as a magnetic amplifier, reactor for semiconductor circuit, particularly for switching power supplies.

Claims

1.

10.

A magnetic core formed by winding or laminating an alloy ribbon, the alloy ribbon having a surface
roughness such that the percent area occupied by concavities formed at the surface of said alloy
ribbon being no more than 30%.

The magnetic core according to claim 1, wherein said alloy ribbon comprises a Co-base amorphous
alloy ribbon.

The magnetic core according to claim 2, wherein said alloy ribbon is composed of a Co-base
amorphous alloy having a Curie temperature in the range of 160 to 300° C.

The magnetic core according to claim 1, wherein the squareness ratio is at least 98% at a frequency of
50 kHz.

The magnetic core according to claim 1, wherein said alloy ribbon is produced by ejecting an alloy
melt onto the surface of a cooling roll by means of a nozzle and quenching the alloy melt, and wherein
said magnetic core is produced by at least one alloy ribbon in which the surface roughness of the alloy
ribbon surface which does not come into contact with said cooling roll has, in the longitudinal direction
of said alloy ribbon, a value represented by the equation:

Rf£0.3

wherein Rf is a parameter characterizing a roughness determined by the following equation:

Rf = Rz/T

wherein Rz represents the average roughness of ten points at a standard length of 2.5 mm stipulated in
JIS-B-0601 and T represents the average plate thickness determined by the weight of the alloy ribbon.

The magnetic core according to claim 5, wherein said alloy ribbon is a Co-base amorphous alloy
ribbon.

The magnetic core according to claim 5, wherein said alloy ribbon is composed of a Co-base
amorphous alloy having a Curie temperature in the range of 160 to 300° C.

The magnetic core according to claim 5, wherein the squareness ratio is at least 98% at a frequency of
50 kHz.

The magnetic core according to claim 1 or 5, wherein said alloy ribbon is composed of a Co-base
amorphous alloy ribbon having the alloy composition represented by the following formula:

(Co1.aFea)100x(Si1-1 By )x
wherein
0.02<a=0.08
032108

26 < x < 32 (at.%).

The magnetic core according to claim 1 or 5, wherein said alloy ribbon is composed of a Co-base
amorphous alloy ribbon having the alloy composition represented by the following formula:

(Co1.p-cFepMc)100-y(St1-mBm)y

wherein M is selected from the group consisting of Ni, Mn and combinations thereof,
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b<0.10
0.01<¢c<0.10
03sm=<08
26 <y < 32 (at.%).

The magnetic core according to claim 1 or 5, wherein said alloy ribbon is composed of a Co-base
amorphous alloy ribbon having the alloy composition represented by the following formula:

(Co1.g-cFeqM'e)100-2(Si1.nBn)z

wherein M' is selected from the group consisting of Ti, V, Cr, Cu, Zr, Nb, Mo, Hf, Ta, W and
combinations thereof,

0.03<d<0.10
0.01 <e<0.06
03<n<08

24 < 7 < 32 (at.%).

The magnetic core according to claim 1 or 5, wherein said alloy ribbon is composed of a Co-base
amorphous alloy ribbon having the alloy composition represented by the following formula:

(Co1.t-g-nFEMgM 1 )1 00-w(Si1-pBp)w
wherein M' is selected from the group consisting of Ni, Mn and combinations thereof,

f<0.10
0.01 < g £0.10
0.01 <h <008
03<p=<05

24 < w < 30 (at.%).

The magnetic core according to claim 1 or 5, wherein said alloy ribbon is composed of an Fe-base soft
magnetic alloy ribbon having the alloy composition represented by the following formula:

Fe100-¢-f-g-h-i- EeGidgSinBiZ;

wherein E represents an element selected from the group consisting of Cu, Au and combinations
thereof, G represents an element selected from the group consisting of an element of the group IVa, an
element of the group Va, an element of the group VI'a, rare earth elements, and combinations thereof, J
represents an element selected from the group consisting of Mn, Al, Ga, Ge, In, Sn, platinum group
metals and combinations thereof, Z represents an element selected from the group consisting of C, N,
P and combinations thereof, and e, f, g, h, i and j are numbers satisfying the following equations:

01£e<8
01=f<10
0<g=10
122h<25
32ig12
0<jz10

15 h+i+j< 30

wherein all figures in the equations represent atomic %.

An alloy ribbon having such a surface roughness that the percent area occupied by concavities formed
at the alloy ribbon surface contacting a cooling roll is no more than 30%.

The alloy ribbon according to claim 14, wherein the surface roughness of the alloy ribbon surface which
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does not come into contact with said cooling roll has, in the longitudinal direction of said alloy ribbon, a
value represented by the equation:

Rf£0.3
wherein Rf is a parameter characterizing a roughness determined by the following equation:
Rf = Rz/T

wherein Rz represents the average roughness of ten points at a standard length of 2.5 mm stipulated in
JIS-B-0601 and T represents the average plate thickness determined by the weight of the alloy ribbon.

The magnetic core according to claim 13, wherein the squareness ratio is at least 96% at a frequency
of 100 kHz.
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