










































































































































【Table　1】

LINE 

LP1
(mm)

NOTE 1: ASTERISK (*) BEFORE NO INDICATES COMPARATIVE EXAMPLE.

 

SPEED

(m/sec)

LASER 
OUTPUT 
ENERGY 
DENSITY

(J/m)

HEIGHT 
 

HL
(µm)

WIDTH 

WA

(µm)

HEIGHT 
DIFFERENCE 

× WIDTH
[HL×WA]

(µm2)

NO

*1 - - 0 0 0 0

*2 20 8 2 0.15 28.30 4.25

*3 20 5 2 0.11 27.40 3.01

*4 20 10 3 0.23 24.20 5.57

48 20 5 6 0.21 30.56 6.42

5 2 5 10 0.42 37.67 15.82

6 3.5 5 10 0.38 38.71 14.71

7 5 5 10 0.43 36.50 15.70

8 7.5 5 10 0.35 39.20 13.72

9 10 5 10 0.33 41.10 13.56

10 15 5 10 0.52 37.30 19.40

*11 20 3 4 0.21 28.12 5.91

*12 20 8 4 0.19 27.49 5.22

13 20 5 5 0.34 28.26 9.61

14 20 8 6 0.37 34.15 12.64

15 20 5 7 0.37 33.44 12.37

16 20 10 8 0.46 41.20 18.95

17 20 8 8 0.33 37.43 12.35

18 20 5 10 0.55 38.20 21.01

49 20 5 10 0.25 39.74 9.94

19 20 3 10 0.44 37.81 16.64

20 20 8 10 0.40 42.21 16.88

21 20 3 17 0.34 48.82 16.60

22 30 5 10 0.45 36.70 16.52

23 20 10 12 0.55 45.65 25.11

24 20 8 12 0.45 49.25 22.16

25 20 5 13 0.74 50.66 37.49

26 20 8 14 0.47 53.13 24.97
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【Table　2】

NO

IRON LOSS 
CL

(W/kg)
at 

60Hz,1.45T

EXCITING 
POWER VA

 (VA/kg)
at 

60Hz,1.45T

COERCIVE 
FORCE Hc

(A/m)
at 

60Hz,1.45T

IRON LOSS 
CL

(W/kg)
at 

60Hz,1.50T

EXCITING 
POWER VA

 (VA/kg)
at 

60Hz,1.50T

COERCIVE 
FORCE Hc

(A/m)
at 

60Hz,1.50T

NOTE 1: ASTERISK (*) BEFORE NO INDICATES COMPARATIVE EXAMPLE.

0.1678 0.1826 3.7127 0.1756 0.2440 3.1446

0.1536 0.2395 3.2727 0.1574 0.3518 3.1024

0.1665 0.2603 3.2551 0.1836 0.3470 3.3861

0.1651 0.2387 3.4533 0.1727 0.3534 3.4368

0.1203 0.1917 2.5929 0.1365 0.3048 2.7733

0.0705 0.5630 1.5584 0.0827 0.6804 1.6331

0.0707 0.3315 1.5935 0.0819 0.4347 1.6293

0.0849 0.3128 1.7783 0.0983 0.4325 1.8582

0.0857 0.2542 1.8299 0.0961 0.3414 1.9002

0.0884 0.2488 2.0037 0.1014 0.3190 2.0741

0.0968 0.2353 2.0534 0.1087 0.3768 2.1079

0.1510 0.2037 3.2941 0.1652 0.3166 3.3298

0.1523 0.2259 3.4119 0.1625 0.3733 3.4083

0.1257 0.2648 2.6039 0.1405 0.3844 2.7052

0.1203 0.1917 2.5929 0.1365 0.3048 2.7733

0.1132 0.1922 2.4523 0.1217 0.3343 2.3699

0.1122 0.1800 2.3951 0.1211 0.3025 2.4488

0.1025 0.1825 2.3126 0.1136 0.2911 2.4522

0.1049 0.2246 2.3233 0.1139 0.3434 2.3306

0.1049 0.2246 2.3233 0.1139 0.3434 2.3306

0.1046 0.2352 2.3178 0.1168 0.3802 2.3928

0.0999 0.2093 2.2211 0.1136 0.3659 2.2788

0.0923 0.2069 2.0702 0.1052 0.3189 2.1555

0.1146 0.2453 2.4347 0.1303 0.3749 2.6557

0.0985 0.1904 2.0557 0.1096 0.3812 2.2071

0.0944 0.1727 2.0202 0.1046 0.3067 2.1052

0.1018 0.1844 2.1408 0.1127 0.2906 2.3083

0.0933 0.1924 2.0216 0.1012 0.3003 2.0858

*1

*2

*3

*4

48

5

6

7

8

9

10

*11

*12

13

14

15

16

17

18

49

19

20

21

22

23

24

25

26
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【Table　3】

27 20 10 15 0.60 49.19 29.51

28 20 8 16 0.76 40.23

29 20 5 17 0.45 24.66

50 20 5 17 0.27 13.49

30 40 5 10 0.49 20.68

31 20 10 18 0.76 39.92

32 50 5 10 0.49 18.38

33 60 5 10 0.65 24.38

34 20 8 19 0.85 47.70

35 20 10 21 1.18 80.22

36 20 8 23 1.05 68.75

37 20 5 23 0.56 33.88

51 20 5 23 0.65 33.01

38 20 10 25 1.34 98.69

52 20 10 25 1.38 98.28

39 20 3 28 1.38 75.11

53 20 3 28 0.41 20.42

40 20 10 28 1.21 98.54

41 20 5 30 0.75 53.70

54 20 5 30 1.19 71.98

42 20 8 31 1.57 130.25

55 20 8 31 1.40 116.75

43 20 8 35 1.66 160.52

56 20 20 14 0.36 43.67

*44 20 6 36 2.05 184.71

*45 20 6 41 2.95 288.81

*46 20 5 43 2.72 294.85

*47 20 6 46 4.14 518.08

52.93

54.80

49.98

42.20

52.52

37.50

37.50

56.12

67.98

65.48

60.50

50.79

73.65

71.22

54.43

49.80

81.44

71.60

60.49

82.96

83.39

96.70

121.30

90.10

97.90

108.40

125.14

LINE 

LP1
(mm)

NOTE 1: ASTERISK (*) BEFORE NO INDICATES COMPARATIVE EXAMPLE.

 

SPEED

(m/sec)

LASER 
OUTPUT 
ENERGY 
DENSITY

(J/m)

HEIGHT 
 

HL
(µm)

WIDTH WA

(µm)

HEIGHT 
 × 

WIDTH
[HL×WA]

(µm2)

NO
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【Table　4】

NO

IRON LOSS 
CL

(W/kg)
at 

60Hz,1.45T

EXCITING 
POWER VA

 (VA/kg)
at 

60Hz,1.45T

COERCIVE 
FORCE Hc

(A/m)
at 

60Hz,1.45T

IRON LOSS 
CL

(W/kg)
at 

60Hz,1.50T

EXCITING 
POWER VA

 (VA/kg)
at 

60Hz,1.50T

COERCIVE 
FORCE Hc

(A/m)
at 

60Hz,1.50T

27

28

29

50

30

31

32

33

34

35

36

37

51

38

52

39

53

40

41

54

42

55

43

56

*44

*45

*46

*47

0.0906 0.2061 1.9329 0.1005 0.3028 1.9667

0.0888 0.2157 1.9809 0.0996 0.3623 2.0261

0.0888 0.2053 1.9214 0.0981 0.3351 1.9920

0.0888 0.2053 1.9214 0.0981 0.3351 1.9920

0.1250 0.2732 2.6869 0.1382 0.3835 2.7461

0.0845 0.2106 1.8220 0.0969 0.3488 1.8193

0.1287 0.2923 2.8796 0.1420 0.4655 3.0600

0.1298 0.2863 2.8138 0.1407 0.4574 2.9788

0.0830 0.2017 1.8303 0.0942 0.3118 1.9140

0.0827 0.2365 1.8668 0.0918 0.3032 1.8824

0.0900 0.3509 1.9041 0.1018 0.4595 1.9901

0.0805 0.2522 1.8043 0.0905 0.2928 1.7138

0.0805 0.2522 1.8043 0.0905 0.2928 1.7138

0.0788 0.2846 1.7345 0.0893 0.3434 1.7781

0.0788 0.2846 1.7345 0.0893 0.3434 1.7781

0.0925 0.3233 1.9682 0.1044 0.4026 2.0096

0.0925 0.3233 1.9682 0.1044 0.4026 2.0096

0.0826 0.3737 1.7844 0.0906 0.4359 1.8046

0.0859 0.5310 1.9573 0.0961 0.6049 1.9840

0.0859 0.5310 1.9573 0.0961 0.6049 1.9840

0.0827 0.5304 1.8420 0.0946 0.6045 1.9448

0.0827 0.5304 1.8420 0.0946 0.6045 1.9448

0.1247 1.1379 2.9579 0.1395 1.3401 3.0455

0.1065 0.1959 2.3406 0.1186 0.2777 2.4186

0.1644 1.6629 4.4618 0.1800 1.9509 4.5131

0.3960 3.8543 11.7318 0.4325 4.8159 12.0131

0.4804 5.3109 13.6284 0.5295 6.7549 13.9283

0.6288 10.1520 18.5676 0.6850 13.5769 18.9594

NOTE 1: ASTERISK (*) BEFORE NO INDICATES COMPARATIVE EXAMPLE.
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【Table　5】

*1 48 49 50 53 51 54 52 55 56 *4
4

*4
5

*4
6

*4
7

N
O

-
-

0
0

0
0

0
0

20
5

6
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21
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0
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0
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13
.4
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0
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41
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0
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4

0.
39
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5

23
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33
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8
26
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0.
44
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10
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2
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8
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9
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75
27
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3
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20

14
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12

1.
30

43
.6

7
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00
0

20
6

36
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05
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0
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4.
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53

.8
0
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60
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6

41
2.
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【Table　6】

N
O

*1 48 49 50 53 51 54 52 55 56 *4
4

*4
5

*4
6

*4
7

N
O

P
R

E
S
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N

C
E

 

O
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E

S
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IN
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 (
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【Table　7】

50.6

SQUARE RATIO (%)NO

NOTE 1: ASTERISK (*) BEFORE NO INDICATES COMPARATIVE EXAMPLE.

Bm (T) Br (T) Hc (A/m)

1.558 0.647 4.52 41.5
1.550 0.547 4.15 35.2
1.554 0.109 3.51 7.0
1.563 0.067 3.85 4.3
1.568 0.047 2.82 3.0
1.552 0.066 4.10 4.3
1.556 0.060 4.33 3.8
1.552 0.051 3.67 3.3
1.573 0.497 3.43 31.6

*1 1.558 0.788 5.05
*2 1.546 0.647 6.51 41.9
5 1.500 0.312 4.08 20.8
6 1.532 0.331 3.51 21.6
7 1.554 0.387 3.66 24.9
8 1.560 0.424 3.71 27.2
9 1.563 0.478 4.49 30.6
10 1.562 0.517 4.66 33.1
*11 1.555 0.644 5.52 41.4
*12 1.540 0.683 5.56 44.4
13 1.548 0.615 4.33 39.7
15 1.579 0.543 2.76 34.4
16 1.578 0.573 2.86 36.3
18 1.550 0.547 4.15 35.2
21 1.543 0.207 3.81 13.4
23 1.556 0.425 2.73 27.3
25 1.588 0.484 2.49 30.5
27 1.570 0.204 2.96 13.0
29 1.554 0.109 3.51 7.0
31 1.559 0.076 2.68 4.9
35 1.562 0.050 2.61 3.2
37 1.563 0.067 3.85 4.3
38 1.568 0.047 2.82 3.0
39 1.552 0.066 4.10 4.3
40 1.558 0.037 2.45 2.4
41 1.556 0.060 4.33 3.8
42 1.552 0.051 3.67 3.3

*44 1.511 0.114 9.72 7.5
*45 1.512 0.155 15.45 10.2

48
49
50
51
52
53
54
55
56
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【Table　8】

NO

LINE

INTERVAL

LP1

(mm)

SCANNING

SPEED

(m/sec)

LASER

OUTPUT

ENERGY

DENSITY

(J/m)

HEIGHT

DIFFERENCE

HL

(µm)

LINE

WIDTH

WL

（µm）

HEIGHT

DIFFERENCE

× LINE WIDTH

[HL×WL]

(µm2)

IRON

LOSS

CL

(W/kg)

at 1kHz,1T

EXCITING

POWER

VA

 (VA/kg)

at 1kHz,1T

*1 - - 0 0 0 0 8.7106 8.8922

16 20 10 8 0.46 41.20 18.95 6.9020 7.0383

23 20 10 12 0.55 45.65 25.11 6.8951 7.0373

27 20 10 15 0.60 49.19 29.51 6.2123 6.3724

31 20 10 18 0.76 52.52 39.92 6.1492 6.3858

35 20 10 21 1.18 67.98 80.22 5.7927 6.1326

38 20 10 25 1.34 73.65 98.69 5.6568 6.1730

40 20 10 28 1.21 81.44 98.54 5.5828 6.3395
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【Table　9】

EXAMPLE 3

WIDTH 

WA

(µm)

WIDTH 

WB
(µm)

WB/WA

70.5 0 0 0.44 31.02 NO

ー ー ー ー ー ー
 

EXAMPLE 2

HEIGHT 

 

HL

(µm)

HEIGHT 

× WIDTH
[HL×WA]

(µm2)

PRESENCE 

OF

STRESS 

WRINKLE
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【Table　10】

1.517

EXCITING POWER 
VA 

(VA/kg)
at 60Hz,1.50T

EXAMPLE 3

 
EXAMPLE 2

IRON LOSS 
CL 

(W/kg)
at 60Hz,1.45T

EXCITING POWER 
VA 

(VA/kg)
at 60Hz,1.45T

IRON LOSS 
CL 

(W/kg)
at 60Hz,1.50T

0.197 1.082 0.220

0.284 1.250 0.310 1.698
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【Table　11】

FREQUENCY 
(Hz)

MAGNETIC 
FLUX 

DENSITY 
(T)

EXAMPLE 3
IRON LOSS 

(W/kg)

 
EXAMPLE 2
IRON LOSS 

(W/kg)

50

50

50

50

50

50

50

60

60

60

60

60

60

60

1.00

1.10

1.20

1.30

1.40

1.45

1.50

1.00

1.10

1.20

1.30

1.40

1.45

1.50

0.065 0.113

0.078 0.133

0.095 0.153

0.112 0.176

0.138 0.203

0.152 0.219

0.167 0.238

0.083 0.146

0.101 0.172

0.122 0.199

0.148 0.229

0.180 0.263

0.197 0.284

0.220 0.310
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【Table　12】
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【Table　18】
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【Table　19】
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CLAIMS 

1.  An Fe-based amorphous alloy ribbon having a first surface and a second 

surface,  

the Fe-based amorphous alloy ribbon having continuous linear laser irradiation 

marks on at least the first surface,  

the linear laser irradiation marks being formed along a direction orthogonal to a 

casting direction of the Fe-based amorphous alloy ribbon, and 

each linear laser irradiation mark having unevenness on its surface, and a height 

difference HL×width WA calculated from a height difference HL between a highest point 

and a lowest point in a thickness direction of the Fe-based amorphous alloy ribbon and a 

width WA, which is a length of the linear irradiation mark on the first surface in the 

casting direction, when the unevenness is evaluated in the casting direction, being 6.0 to 

180 μm2.   

2.  The Fe-based amorphous alloy ribbon according to claim 1, wherein the 

width WA is 28 μm or more.   

3.  The Fe-based amorphous alloy ribbon according to claim 1, wherein the 

height difference HL is 0.20 μm or more.   

4.  The Fe-based amorphous alloy ribbon according to claim 1, wherein the 

linear laser irradiation mark is a melt-solidified portion that is melt-solidified by laser 

irradiation to the first surface, the linear laser irradiation mark reaching from the first 

surface to the second surface, and  

a width ratio WB/WA of the width WA and a width WB, which is a length of the 

linear laser irradiation mark on the second surface in the casting direction, is 0.57 or less.   

5.  An Fe-based amorphous alloy ribbon having a first surface and a second 

surface,  



- 90 - 

the Fe-based amorphous alloy ribbon having continuous linear laser irradiation 

marks on at least the first surface,  

the linear laser irradiation marks being arranged along a direction orthogonal to 

a casting direction of the Fe-based amorphous alloy ribbon,  

each linear laser irradiation mark being a melt-solidified portion that is melt-

solidified by laser irradiation to the first surface, the linear laser irradiation mark reaching 

from the first surface to the second surface, and 

a width ratio WB/WA of a width WA, which is a length of the linear laser 

irradiation mark on the first surface in the casting direction, and a width WB, which is a 

length of the linear laser irradiation mark on the second surface in the casting direction, 

being 0.57 or less.   

6.  The Fe-based amorphous alloy ribbon according to claim 5, wherein each 

linear laser irradiation mark has unevenness on its surface, and a height difference 

HL×width WA calculated from a height difference HL between a highest point and a 

lowest point in a thickness direction of the Fe-based amorphous alloy ribbon and the 

width WA, when the unevenness is evaluated in the casting direction, is 6.0 to 180 μm2.   

7.  The Fe-based amorphous alloy ribbon according to claim 6, wherein the 

height difference HL is 0.20 μm or more.   

8.  An Fe-based amorphous alloy ribbon having a first surface and a second 

surface,  

the Fe-based amorphous alloy ribbon having continuous linear laser irradiation 

marks on at least the first surface,  

the linear laser irradiation marks being arranged along a direction orthogonal to 

a casting direction of the Fe-based amorphous alloy ribbon,  

a width WA, which is a length of each linear laser irradiation mark on the first 

surface in the casting direction, is 28.5 μm or more and 90 μm or less.   
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9.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 8, 

wherein a line interval, when the line interval is defined as an interval between mutually 

adjacent linear laser irradiation marks of the linear laser irradiation marks, is 2 mm to 

200 mm.   

10.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, wherein a portion where the linear laser irradiation marks are formed is non-crystalline.   

11.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, wherein a proportion of the length of the linear laser irradiation mark to a total length 

of the Fe-based amorphous alloy ribbon in a width direction, when the width direction is 

defined as a direction orthogonal to the casting direction, is in a range from 10% to 50% 

each in both directions from a midpoint of the Fe-based amorphous alloy ribbon in the 

width direction towards ends in the width direction.   

12.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, having a free solidified surface and a roll surface as the first surface and the second 

surface, wherein a maximum cross-sectional height Rt on the free solidified surface, 

except for a portion where the linear laser irradiation marks are formed, is 3.0 μm or less.   

13.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, having a thickness of 18 μm to 35 μm.   

14.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, wherein an alloy composition of the Fe-based amorphous alloy ribbon consists of Fe, 

Si, B, and an impurity, and a content of Fe is 78 atom % or more, a content of B is 10 

atom % or more, and a total content of B and Si is 17 atom % to 22 atom % when a total 

content of Fe, Si, and B is 100 atom %.   
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15.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, having an iron loss of 0.150 W/kg or less under a condition of a frequency of 60 Hz 

and a magnetic flux density of 1.45 T.   

16.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, having an iron loss of 8.6 W/kg or less and an exciting power VA of 8.7 VA/kg or less 

under a condition of a frequency of 1 kHz and a magnetic flux density of 1 T.   

17.  The Fe-based amorphous alloy ribbon according to any one of claims 1 to 

8, wherein a coercive force Hc of a DC B-H loop measured at a maximum applied 

magnetic field of 800 A/m is 5.0 A/m or less.   

18.  The Fe-based amorphous alloy ribbon according to claim 17, wherein a 

square ratio [residual magnetic flux density Br/maximum magnetic flux density Bm] of 

the DC B-H loop measured at the maximum applied magnetic field of 800 A/m is 40% or 

less.   

19.  A production method of an Fe-based amorphous alloy ribbon having a first 

surface and a second surface, the production method comprising irradiating at least the 

first surface of the Fe-based amorphous alloy ribbon with a laser that uses a CW 

(continuous wave) oscillation method to obtain the Fe-based amorphous alloy ribbon 

having linear laser irradiation marks, wherein  

a laser output energy density of the laser that uses the CW (continuous wave) 

oscillation method is 5 J/m or more and 35 J/m or less, and  

the linear laser irradiation marks are arranged along a direction orthogonal to a 

casting direction of the Fe-based amorphous alloy ribbon.   

20.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19, wherein each linear laser irradiation mark has unevenness on its surface, and 

a height difference HL×width WA calculated from a height difference HL between a 
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highest point and a lowest point in a thickness direction of the Fe-based amorphous alloy 

ribbon and a width WA, which is a length of the linear irradiation mark on the first surface 

in the casting direction, when the unevenness is evaluated in the casting direction, is 6.0 

to 180 μm2.   

21.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19 or 20, wherein the linear laser irradiation mark reaches from the first surface 

to the second surface,  

a width ratio WB/WA of a width WA, which is a length of the linear irradiation 

mark on the first surface in the casting direction, and a width WB, which is a length of 

the linear laser irradiation mark on the second surface in the casting direction, is 0.57 or 

less.   

22.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19 or 20, wherein a width WA, which is a length of the linear laser irradiation 

mark on the first surface in the casting direction is 28 μm or more.   

23.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19 or 20, wherein each linear laser irradiation mark has unevenness on its surface, 

and a height difference HL between a highest point and a lowest point in a thickness 

direction of the Fe-based amorphous alloy ribbon, when the unevenness is evaluated in 

the casting direction, is 0.20 to 2.0 μm.   

24.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19 or 20, wherein a portion where the linear laser irradiation marks are formed 

is non-crystalline.   

25.  The production method of an Fe-based amorphous alloy ribbon according 

to claim 19 or 20, wherein a line interval, when the line interval is defined as an interval 
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between mutually adjacent linear laser irradiation marks of the linear laser irradiation 

marks, is 2 mm to 200 mm.   

26.  An iron core formed by layering Fe-based amorphous alloy ribbons 

according to any one of claims 1 to 8, or by winding at least one Fe-based amorphous 

alloy ribbon according to any one of claims 1 to 8.   

27.  The iron core according to claim 26 formed by bending and winding, in an 

overlapping manner, the Fe-based amorphous alloy ribbons layered, wherein  

the iron core has an iron loss of 0.240 W/kg or less under a condition of a 

frequency of 60 Hz and a magnetic flux density of 1.45 T. 

28.  A transformer comprising:  

an iron core that is formed using an Fe-based amorphous alloy ribbon according 

to any one of claims 1 to 8; and 

a coil wound around the iron core.   

29.  The transformer according to claim 28, wherein the iron core is formed by 

bending and winding, in an overlapping manner, the Fe-based amorphous alloy ribbons 

layered, and has an iron loss of 0.240 W/kg or less under a condition of a frequency of 

60 Hz and a magnetic flux density of 1.45 T.   

30.  The transformer according to claim 28, wherein the transformer is a single 

phase transformer, and a no-load loss per weight of the iron core at 50 Hz is 0.15 W/kg 

or less, or a no-load loss per weight of the iron core at 60 Hz is 0.19 W/kg or less.   

31.  The transformer according to claim 28, wherein the transformer is a three-

phase transformer, and a no-load loss per weight of the iron core at 50 Hz is 0.19 W/kg 

or less, or a no-load loss per weight of the iron core at 60 Hz is 0.24 W/kg or less.   
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32.  The transformer according to claim 28, having a rated capacity of 10 kVA 

or more.   


