
                                            

-1-

SEMICONDUCTOR DEVICE AND METHOD FOR 

MANUFACTURING SAME

BACKGROUND

1. Field of the Disclosure

[0001] The disclosure relates to a semiconductor device with a high wire loop and a 

method for manufacturing the same.

2. Description of Related Art

[0002] A wire bonding apparatus which connects an electrode of a semiconductor 

chip to an electrode of a substrate with a wire such as a gold wire is commonly used. In 

the wire bonding apparatus, a capillary is used as a bonding tool which presses and 

bonds the wire to the electrode. In recent years, in order to cope with a fine pitch of the 

semiconductor, a bottleneck-shaped (stepped-cone-shaped) capillary with an extending 

fine front end is used. The bottleneck-shaped capillary has a shape for which a height of 

the extending fine part (front part) of front end is higher than a height of the formed 

wire, and the bonding may also be properly performed even when a gap with an 

adjacent wire is narrow (for example, see FIG. 4 in patent literature 1).

[0003] In constrast, a high-frequency power device which connects a RF transistor, 

an output compensation circuit and a pre-matching circuit by a wire loop is used. With 

regard to such a high-frequency power device, a method is proposed to optimize 

properties of the high-frequency power device by a mutual induction coupling between 

a resistance of the wire loop and a resistance of other wire loops connected to the 

pre-matching circuit as well as a stray capacitance (for example, see patent literature 2).

[Literature of prior art]
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[Patent literature]

[0004] Patent literature 1: United States Patent No. 5, 421, 503

Patent literature 2: Japanese Laid-open No. 2008-533899

SUMMARY

[Problems to be Solved by the Disclosure]

[0005] Incidentally, in recent years, a method is used in the high-frequency device, 

which adjusts a resistance of a wire loop and stabilizes frequency properties of the 

high-frequency device by increasing a height and a length of the wire loop. Such a wire 

loop used in the high-frequency device is higher than a height of an extending fine part 

(front part) of a front end of a capillary, and has a problem that during the wire bonding,

the capillary may contact with a wire being bonded or an adjacent wire already bonded, 

and the shape of the loop is not stable.

[0006] Therefore, the disclosure aims to form a wire loop with an increased height 

by the capillary in a stable manner.

[Means to Solve the Problems]

[0007] A manufacturing method of a semiconductor device of the disclosure

includes: a first lifting step for bonding a wire at a first position on a substrate by a 

capillary and for lifting the capillary up to a first height while feeding the wire from the 

capillary; a circular arc lifting step for carrying out a circular arc motion for moving the 

capillary in a circular arc in a direction toward a second position on the substrate that is 

spaced apart from the first position by a first distance, and then carrying out a lifting 

motion for lifting the capillary while feeding the wire from the capillary to apply a 

bending habit to the wire; a circular arc motion step for moving the capillary in a 
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circular arc in a direction toward the first position by a second distance longer than the 

first distance; a second lifting step for lifting the capillary up to a second height higher 

than the first height while feeding the wire from the capillary; and a looping step for 

looping the capillary to the second position; by bonding the wire at the second position, 

a wire loop having a predetermined height is formed on the substrate.

[0008] In the manufacturing method of a semiconductor device of the disclosure, 

the circular arc lifting step is preferably carried out for several times.

[0009] In the manufacturing method of a semiconductor device of the disclosure, it 

is preferable that the capillary is a stepped cone shape having a tapered elementary part 

and a front part thinner than the elementary part, the wire loop is a mountain shape 

whose height from the substrate is higher than a length of the front part of the capillary, 

an angle of a sloping part on the second position side of the wire loop with respect to an 

imaginary perpendicular line of the substrate is larger than a spread angle of an external 

surface of the elementary part with respect to a central axis of the capillary, the first 

height is 60-90% of the height of the wire loop, the first distance is 50-80% of the 

height of the wire loop, the second distance is 110-130% of the height of the wire loop, 

and the second height is 160-210% of the height of the wire loop.

[0010] The semiconductor device of the disclosure is a semiconductor device

having a mountain-shaped wire loop with a predetermined height which connects 

between a first position on a substrate to a second position on the substrate that is 

spaced apart from the first position by a first distance, including: a first junction, which 

is formed by bonding a wire at the first position by a capillary; a top, which is formed,

after forming the first junction, by lifting the capillary up to a first height while feeding 

the wire from the capillary, then carrying out a circular arc motion for moving the 
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capillary in a circular arc from the first position toward a direction of a second position, 

then carrying out a lifting motion for lifting the capillary while feeding the wire from 

the capillary, then moving the capillary in a circular arc toward the direction of the first 

position by a second distance longer than the first distance, then lifting up the capillary 

to a second height higher than the first height while feeding the wire from the capillary, 

and then looping the capillary to a second position; and a second junction, which is 

formed by bonding the wire at the second position.

[0011] The semiconductor device of the disclosure is preferably formed by carrying 

out, for several times, the circular arc motion for moving the capillary in a circular arc

from the first position toward a direction of the second position and the lifting motion

for lifting the capillary while feeding the wire from the capillary after the circular arc 

motion.

[0012] In the semiconductor device of the disclosure, it is preferable that the 

capillary is a stepped cone shape having a tapered elementary part and a front part 

thinner than the elementary part, the wire loop is a mountain shape whose height from 

the substrate is higher than a length of the front part of the capillary, an angle of a 

sloping part on the second position side of the wire loop with respect to an imaginary 

perpendicular line of the substrate is larger than a spread angle of an external surface of 

the elementary part with respect to a central axis of the capillary, the first height is 

60-90% of the height of the wire loop, the first distance is 50-80% of the height of the 

wire loop, the second distance is 110-130% of the height of the wire loop, and the 

second height is 160-210% of the height of the wire loop.

[Effect of the disclosure]

[0013] The disclosure can form a wire loop with an increased height by the capillary 
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in a stable manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is an elevation view showing a wire loop and a capillary bonded by a 

wire bonding method of an embodiment of the disclosure.

FIG. 2 is a perspective view showing a wire loop and a capillary bonded by a wire 

bonding method of an embodiment of the disclosure.

FIG. 3 is an elevation view showing a wire loop and a capillary bonded by a wire 

bonding method of prior art.

FIG. 4 is a perspective view showing a wire loop and a capillary bonded by a wire 

bonding method of prior art.

FIG. 5 is a locus chart showing a motion of a front end of a capillary of an embodiment

the disclosure.

FIG. 6 is an elevation view showing a wire loop and a capillary bonded by a wire 

bonding method of another embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0015] In the following part, a wire bonding method of an embodiment of the 

disclosure is described with reference to the drawings. First, a capillary 20 used in the 

wire bonding method of the embodiment and a wire loop 30 formed are described with 

reference to FIG. 1.

[0016] As shown in FIG. 1, the capillary 20 is a stepped cone shape having a

tapered elementary part 21 and a front part 22 thinner than the elementary part 21. A 

corner part 26 is formed between the elementary part 21 and the front part 22, and in 
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FIG. 1, the elementary part 21 is above the corner part 26, and the front part 22 is below

the corner part 26. Accordingly, a length of the front part 22 is a length D1 shown in 

FIG. 1.

[0017] A hole is formed in the elementary part 21 and the front part 22 for inserting 

the wire, and the capillary 20 approaches to and separates from a substrate 10 in a 

vertical direction and moves in a horizontal direction by a bonding head of a wire 

bonding apparatus which is not shown, bonding a wire extending from a front end 23 of 

the front part 22 to the substrate 10 to form a wire loop 30. A spread angle of an 

external surface of the elementary part 21 with respect to a central axis 25 is angle φ0.

In addition, angle ϕ0 is in a range of 5° to 15°, more preferably in a range of 6°-8°.

[0018] In addition, in FIG. 1, a one-dot chain line represents the capillary 20 at the 

starting of the formation of the wire loop 30, a solid line represents a position of the 

capillary 20 at the end of the formation of the wire loop 30, and a central axis 25 of the 

capillary 20 is located on the same surface with a perpendicular surface including the 

wire loop 30. Besides, in FIG. 1, a direction heading from a second position 14 toward a 

first position 13 is set as a first direction, and a direction heading from the first position 

13 toward the second position 14 is set as a second direction. The same is true with 

other drawings.

[0019] The wire loop 30 shown in FIG. 1 forms a mountain shape which connects 

between a first electrode 11 formed on the substrate 10 to a second electrode 12 which 

is formed on the substrate 10 and is spaced apart from the first electrode 11 by a 

distance L5 by the wire. The wire loop 30 includes a first junction 16 formed on the first 

electrode 11, a first sloping part 31 on the first electrode side, a second sloping part 33 

on a second electrode side, a top 32, and a second junction 17 formed on a second 
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electrode 12. A height of the top 32 from the substrate 10 (the height of the wire loop 

30) is D2 which is higher than the length D1 of the front part 22 of the capillary 20. In 

addition, the height D2 of the wire loop 30 is within a range of 500 μm-3000 μm, more 

preferably within a range of 700 μm-1600 μm.

[0020] Here, a center of the first electrode 11 is the first position 13 where the 

central axis 25 of the capillary 20 arrives when bonding the wire to the first electrode 11, 

and a center of the second electrode 12 is the second position 14 where the central axis 

25 of the capillary 20 arrives when bonding the wire to the second electrode 12.

Similarly to the first electrode 11 and the second electrode 12, a gap between the first 

position 13 and the second position 14 is the distance L5, and the distance L5 is a length 

of 50-80% of the height D2 of the wire loop 30. In addition, a ratio of the distance L5 to 

the height D2 of the wire loop 30 is 50%, 55%, 60%, 65%, 70%, 75% and 80% in 

particular, and may be within a range between any two of these ratios.

[0021] An angle of the first sloping part 31 with respect to an imaginary 

perpendicular line 15 perpendicular to the surface of the substrate 10 is an angle φ1, and 

an angle of the second sloping part 33 with respect to the imaginary perpendicular line 

15 is an angle φ2. Both the angle φ1 and the angle φ2 are greater than the angle φ0 of 

the elementary part 21 of the capillary 20. In addition, in the embodiment, φ1 and φ2

are approximately of the same greatness, and φ1 and φ2 may also be different from each 

other as long as they are greater than the angle φ0 of the elementary part 21. The angle 

φ1 and the angle φ2 are within a range of 10°-40°, and more preferably within a range 

of 15°-30°.

[0022] When the capillary 20 is at the position represented by the one-dot chain line 

in FIG. 1, the wire loop 30 has not been formed yet, so that the gap between the 
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capillary 20 and the wire loop 30 does not matter. In constrast, as shown by the solid 

line in FIG. 1, when the front end 23 of the capillary 20 descends down to the surface of 

the second electrode 12 to bond the wire to the second electrode 12 and the formation of

the wire loop 30 is finished, the distance between the wire loop 30 and the surface of the 

capillary 20 is the shortest. In this case, the angle φ0 of the elementary part 21 of the 

capillary 20 represented by the solid line in FIG. 1 is still smaller than the angle φ2 of 

the second sloping part 33 of the wire loop 30. For this reason, even when the formation 

of the wire loop 30 is finished, the surface of the elementary part 21 still does not 

contact with the second sloping part 33, and a small gap exists.

[0023] As show in FIG. 2, several wire loops 30 are formed in parallel in a width 

direction with a narrow pitch P. In FIG. 2, the wire loop 30 represented by the solid line 

represents the wire loop 30 at the end of the bonding, and the one-dot chain line 

represents the wire loop 30 to which the bonding is about to be performed. The capillary 

20 in FIG. 2 is in a state in which the bonding of the wire loop 30 represented by the 

solid line is finished and the bonding of the next wire loop 30 represented by the 

one-dot chain line is started. The central axis 25 of the capillary 20 is above the first 

electrode 11 of the wire loop 30 represented by the one-dot chain line, and the front end 

23 presses the wire to the first electrode 11. Accordingly, the central axis 25 of the 

capillary 20 deviates from the perpendicular surface including the wire loop 30

represented by the solid line in the width direction by the pitch P.

[0024] In FIG. 2, a hatching part 27 of the capillary 20 represents a section when the 

capillary 20 is cut by the perpendicular surface including the wire loop 30 represented 

by the solid line. As shown in FIG. 2, the first sloping part 31 of the wire loop 30

represented by the solid line is separated from the hatching part 27 of the capillary 20.
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For this reason, when the bonding of the wire loop 30 represented by the one-dot chain 

line is started, the capillary 20 does not contact with an adjacent wire loop 30

represented by the solid line whose bonding is finished.

[0025] As described above, when the capillary 20 shown in FIG. 1 and 2 is used to 

form the wire loop 30 having a shape shown in FIG. 1 and 2, at the end of the bonding, 

the surface of the capillary 20 does not contact with the already bonded wire loop 30, 

and at the beginning of the bonding, the surface of the capillary 20 does not contact with 

the adjacent wire loop 30 whose bonding is finished.

[0026] In constrast, if the height D2 of the wire loop 30 increases, the length of the 

wire loop 30 also increases; accordingly, the wire loop 30 may lean toward a second 

direction for example as shown in FIG. 3 due to the operating method of the capillary 

20. For this reason, an angle φ3 of the second sloping part 33 with respect to the 

imaginary perpendicular line 15 is smaller than the angle φ0 of the elementary part 21

of the capillary 20, and the surface of the elementary part 21 of the capillary 20 contacts 

with the second sloping part 33 at the end of the bonding. Besides, when the wire loop 

30 has a shape that bulges toward the first direction as shown in FIG. 4, at the beginning 

of the bonding of the next wire loop 30 represented by the one-dot chain line, the 

surface of the elementary part 21 of the capillary 20 contacts with the first sloping part 

31 of the adjacent wire loop 30 whose bonding is finished. For this reason, when 

forming the wire loop 30 having an increased height D2 in parallel with the narrow 

pitch P, it is necessary to move the front end 23 of the capillary 20 so that the shape of 

the wire loop 30 is stabilized and becomes the shape shown in FIG. 1 and 2.

[0027] Accordingly, in the embodiment, the bonding head is driven by the control 

part of the wire bonding apparatus (a semiconductor manufacturing apparatus) to move 
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the front end 23 of the capillary 20 with a special locus as shown in FIG. 5, by which 

the shape of the wire loop 30 is stabilized and becomes the shape shown in FIG. 1 and 2.

The control part is a computer inside which includes a CPU, an operation program, 

operation data and the like inside. In the following part, the special moving locus of the 

front end 23 of the capillary 20 is described with reference to FIG. 5. In addition, in FIG. 

5, L1 to L5 means a distance from the first position 13.

[0028] As shown in FIG. 5, after bonding the wire at the first position 13 of the 

substrate 10 by the front end 23 to form the first junction 16, the control part lifts the 

front end 23 up to a point 51 while feeding the wire from the front end 23 (a first lifting 

step). A height H1 of the point 51 (a first height) is a height of 60-90% of the height D2

of the wire loop 30. In addition, a ratio of the height H1 of the point 51 to the height D2

of the wire loop 30 is 60%, 65%, 70%, 75%, 80%, 85%, and 90% in particular, and may 

be within a range between any two of these ratios.

[0029] Next, the control part carries out a first circular arc lifting step 61 which 

moves the front end 23 in a circular arc from the point 51 toward the second direction 

with a circular arc to a point 52, and then lifts the front end 23 to a point 53 while 

feeding the wire from the front end 23. Next, a second circular arc lifting step 62 is 

carried out which moves the front end 23 in a circular arc from a point 53 toward the 

second direction with a circular arc to a point 54, and then lifts the front end 23 to a 

point 55 while feeding the wire from the front end 23. Furthermore, a third circular arc 

lifting step 63 is carried out which moves the front end 23 in a circular arc from the 

point 55 toward the second direction with a circular arc to a point 56, and then lifts the 

front end 23 to a point 57 while feeding the wire from the front end 23 (a circular arc 

lifting step).
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[0030] By the three circular arc lifting steps 61-63, the control part moves the front 

end 23 by a distance L3 toward the second direction and lifts the front end 23 by the

height H2 from the point 51 to the point 57. Here, the distance L3 is a distance of 

50-70% of the height D2 of the wire loop 30, and the height H2 is a distance of 20-40%

of the height D2 of the wire loop 30. In addition, a ratio of the distance L3 to the height 

D2 of the wire loop 30 is 50%, 55%, 60%, 65%, and 70% in particular, and may be 

within a range between any two of these ratios. Besides, a ratio of the height H2 to the 

height D2 of the wire loop 30 is 20%, 25%, 30%, 35%, and 40% in particular, and may 

be within a range between any two of these ratios. The three circular arc lifting steps

61-63 prevent the situation described before with reference to FIG. 3 in which the wire 

loop 30 leans toward the second direction or the first direction, or the situation 

described with reference to FIG. 4 in which the shape of the wire loop 30 bulges 

outward.

[0031] In addition, in the embodiment, the situation in which the control part carries 

out three circular arc lifting steps 61-63 is described; however, the front end 23 may 

also be moved by the distance L3 toward the second direction and be lifted by the 

height H2 from the point 51 to the point 57 by one or two circular arc lifting steps.

Moreover, the control part may also lift the front end 23 by the distance L3 and the

height H2 in the second direction by more than four circular arc lifting steps.

[0032] Next, the control part moves the front end 23 in the circular arc from the 

point 57 to a point 58 toward the first direction by a distance (L3+L4) (the circular arc 

motion step). Here, the distance (L3+L4) is a distance of 110-130% of the height D2 of

the wire loop 30. This operation defines a bending radius of the top 32 of the wire loop 

30 shown in FIG. 1, the bending radius of top 32 decreases when the distance (L3+L4)
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increases, and the bending radius of top 32 increases when the distance (L3+L4)

decreases. In addition, the point 58 becomes the top 32 the wire loop 30.

[0033] Next, the control part lifts the front end 23 from the point 58 to a point 59 by 

a height H3 while feeding the wire from the front end 23 (a second lifting step). The 

height H3 is a distance of 100-120% of the height D2 of the wire loop 30. In addition, a 

ratio of the height H3 to the height D2 of the wire loop 30 is 100%, 105%, 110%, 115%, 

and 120% in particular, and may be within a range between any two of these ratios.

Besides, a height H4 of the point 59 from the surface of the substrate 10 is 160-210% of 

the height D2 of the wire loop 30. The height H4 is the second height. After that, the 

front end 23 is looped in a circular arc from the point 59 to the second position 14 (a 

looping step) for bonding the wire at the second position 14 and forming the second 

junction 17.

[0034] By carrying out the bonding with the method as mentioned above, the angle

φ1 and the angle φ2 can be set to be smaller than the angle φ0. For this reason, the 

contact of the capillary 20 with the wire loop 30 during the bonding can be prevented.

Accordingly, the wire loop 30 with increased height can be formed in a stable manner.

[0035] Next, another embodiment of the disclosure is described with reference to 

FIG. 6. The parts which are the same as described with reference to FIG. 1-5 are 

indicated by the same symbols and the description is omitted. In the embodiment

described above, such a situation is described in which the wire loop 30 shown in FIG. 

1 approximating the shape of an isosceles triangle with substantially equal angle φ1 and 

angle φ2 is formed; however, a kink 35 may be formed in the first sloping part 31 by 

increasing the distance L3 and the height H2 toward the first direction in the circular arc 

lifting step 61-63. The shape of the wire loop 30 can be stabilized by the kink 35.
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[0036] Furthermore, the bending radius of the top 32 may also be decreased by 

increasing the moving distance (L3+L4) from the point 57 to the point 58 and form a 

wire loop 30 with a pointed top 32 as shown in FIG. 6, so that an angle φ5 of the second 

sloping part 33 with respect to the imaginary perpendicular line 15 becomes greater than 

the angle φ2 of the second sloping part 33 described above with reference to FIG. 1. In 

this case, a difference between the angle φ5 and the angle φ0 of the elementary part 21

is greater than the embodiment described above with reference to FIG. 1 and 2, and the 

contact with the second sloping part 33 of the wire loop 30 is even rarer.

[0037] The capillary 20 represented by the one-dot chain line in FIG. 6 represents 

the capillary 20 at the beginning of the formation of the wire loop 30. At this moment, 

the capillary 20 is located on the perpendicular surface including the wire loop 30. As 

shown in FIG. 6, even in this state, there is a gap between the surface of the elementary 

part 21 of the capillary 20 and the first sloping part 31. Because the first sloping part 31

of the adjacent wire loop 30, which is spaced apart by the pitch P and whose bonding is 

finished, and the surface of the elementary part 21 of the capillary 20 represented by the 

one-dot chain line in FIG. 6 are more separated than the situation shown in FIG. 6, thus 

at the beginning of the bonding of the wire loop 30, the capillary 20 does not contact 

with the adjacent wire loop 30 represented by the solid line whose bonding is finished.

[0038] According to the embodiment, the angle φ2 can be further increased. For this 

reason, at the end of the bonding, the surface of the capillary 20 can be prevented from 

contacting with the already bonded wire loop 30. Besides, by arranging the kink 35, at 

the beginning of the bonding, the surface of the capillary 20 can be more effectively 

prevented from contacting the adjacent wire loop 30 whose bonding is finished.

Accordingly, the shape of the wire loop 30 with increased height can be formed in a 
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more stable way.

[Description of the Symbols]

[0039] 10 Substrate

11 First electrode

12 Second electrode

13 First position

14 Second position

15 Imaginary perpendicular line

16 First junction

17 Second junction

20 Capillary

21 Elementary part

22 Front part

23 Front end

25 Central axis

26 Corner part

27 Hatching part

30 Wire loop

31 First sloping part

32 Top

33 Second sloping part

35 Kink

51-59 Point

61-63 Circular arc lifting motion
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WHAT IS CLAIMED IS:

1. A manufacturing method of a semiconductor device, comprising:

a first lifting step for bonding a wire at a first position on a substrate by a 

capillary and for lifting the capillary to a first height while feeding the wire from the 

capillary;

a circular arc lifting step for carrying out a circular arc motion for moving

the capillary in a circular arc in a direction toward a second position on the substrate 

that is spaced apart from the first position by a first distance, and then carrying out a 

lifting motion for lifting the capillary while feeding the wire from the capillary to apply 

a bending habit to the wire;

a circular arc motion step for moving the capillary in a circular arc in a 

direction toward the first position by a second distance longer than the first distance;

a second lifting step for lifting the capillary up to a second height higher than 

the first height while feeding the wire from the capillary; and 

a looping step for looping the capillary to the second position; wherein

by bonding the wire at the second position, a wire loop having a 

predetermined height is formed on the substrate.

2. The manufacturing method of a semiconductor device according to claim 

1, wherein

the circular arc lifting step is carried out for several times.

3. The manufacturing method of a semiconductor device according to claim 

1 or 2, wherein

the capillary is a stepped cone shape having a tapered elementary part and a

front part thinner than the elementary part;
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the wire loop is a mountain shape whose height from the substrate is higher 

than a length of the front part of the capillary, and an angle of a sloping part on the 

second position side of the wire loop with respect to an imaginary perpendicular line of 

the substrate is larger than a spread angle of an external surface of the elementary part

with respect to a central axis of the capillary;

the first height is 60-90% of the height of the wire loop;

the first distance is 50-80% of the height of the wire loop;

the second distance is 110-130% of the height of the wire loop; and

the second height is 160-210% of the height of the wire loop.

4. A semiconductor device, which has a mountain-shaped wire loop with a 

predetermined height that connects between a first position on a substrate to a second 

position on the substrate spaced apart from the first position by a first distance, 

comprising:

a first junction, which is formed by bonding a wire at the first position by a 

capillary;

a top, which is formed, after forming the first junction, by lifting the 

capillary up to a first height while feeding the wire from the capillary, then carrying out 

a circular arc motion for moving the capillary in a circular arc from the first position 

toward a direction of a second position, then carrying out a lifting motion for lifting the 

capillary while feeding the wire from the capillary, then moving the capillary in a 

circular arc toward the direction of the first position by a second distance longer than 

the first distance, then lifting the capillary up to a second height higher than the first 

height while feeding the wire from the capillary, and then looping the capillary to a

second position; and
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a second junction, which is formed by bonding the wire to the second 

position.

5. The semiconductor device according to claim 4, which is formed by

carrying out, for several times, the circular arc motion for moving the 

capillary in a circular arc from the first position toward a direction of the second 

position and the lifting motion for lifting the capillary while feeding the wire from the 

capillary after the circular arc motion.

6. The semiconductor device according to claim 4 or 5, wherein

the capillary is a stepped cone shape having a tapered elementary part and a 

front part thinner than the elementary part;

the wire loop is a mountain shape whose height from the substrate is higher 

than a length of the front part of the capillary, and an angle of a sloping part on the 

second position side of the wire loop with respect to an imaginary perpendicular line of 

the substrate is larger than a spread angle of an external surface of the elementary part 

with respect to a central axis of the capillary;

the first height is 60-90% of the height of the wire loop;

the first distance is 50-80% of the height of the wire loop;

the second distance is 110-130% of the height of the wire loop; and

the second height is 160-210% of the height of the wire loop.


