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The upgrading of the efficiency of transformers and increase in the quality factor of inductors are required. For this purpose, it is
necessary to reduce copper loss. Reducing the winding AC resistance is one method of reducing copper loss. Therefore, we propose the
use of magnetoplated wire (MPW) for coil windings. An MPW is a copper wire (Cu wire) whose circumference is plated with a magnetic
thin film. The resistances due to the proximity effect of Cu wire and MPW coils at a frequency of = 1 MHz, which have a diameter
of = 4 54 mm, a wire diameter of = 0 09 mm, and a number of turns of = 102, are 4.2 
 and 2.1 
, respectively; thus, the
proximity effect decreases by half.

Index Terms—AC resistance, copper wire, magnetoplated wire, proximity effect, skin effect.

I. INTRODUCTION

THE upgrading of the efficiency of transformers and in-
crease in the quality factor of inductors are required. For

this purpose, it is necessary to reduce copper loss [1]. Reducing
the winding AC resistance is one method of reducing copper
loss.

We proposed the use of magnetoplated wire (MPW) for coil
winding [2]. An MPW is a copper wire whose circumference
is plated with a magnetic thin film. An advantage of using the
MPW is that its proximity effect decreases to a lower level than
that in the case of copper wire (Cu wire) [3]. Therefore, the AC
resistance of an MPW coil is lower than that of a Cu wire coil.

It is necessary to quantitatively that show the proximity effect
is reduced by the use of MPW. Thus, we measured the resistance
of Cu wire and MPW coils, and compared the measured values
with calculated values obtained by the finite element method
(FEM) [4]. In addition, the reduction in the proximity effect is
clarified by comparing the resistance with that of the Cu wire
coil. The following points concerning the reduction of the prox-
imity effect by the use of the MPW are discussed:

1) comparison of measured and calculated values;
2) comparison of resistances due to proximity effect.

II. STRUCTURE AND MAGNETIC CHARACTERISTICS OF MPW

A. Structure of MPW

Fig. 1 shows the structures of a Cu wire and an MPW. The
MPW has a copper core plated with magnetic thin films (Fe and
Ni) [3]. The thicknesses of the Fe and Ni thin films are 1 m
and 0.05 m, respectively, as shown in Fig. 1(b). The Ni film is
plated for ease of soldering.

B. Magnetic Characteristic of MPW

Fig. 2 shows the – loop of MPW. We measured the –
loop of MPW having 10 mm length with the vibrating sample
magnetometer (Riken Denshi BVH-55). The magnetic field is
affected MPW longitudinally. The maximum value of the field
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Fig. 1. Structures of Cu wire and MPW (unit: �m). (a) Cu wire. (b) MPW.

strength obtained by FEM affected MPW is 100 A/m under
the condition of the measurement of the coil resistance. In this
study, MPW was affected the magnetic field of A/m that
was the most approximate to A/m from the specification
of BVH-55. We assumed the following two matters.

1) Fe thin film is isotropy.
2) The diamagnetic field is disregarded because the demag-

natiging factor of MPW that has the diameter of 92 m
and the length of 10 mm is or less [5].
The relative permeability of MPW, , was 100 shown in
Fig. 2.

.

III. METHOD OF CALCULATION

A. Structure of Coils

Fig. 3 shows the structure of Cu wire and MPW coils. They
are made of the wires shown in Fig. 1. They have an air coil
and a coil diameter of mm and a number of turns of

.

B. Condition of FEM Analysis

Table I lists the conditions of FEM [4], [6]. We analyzed
the model of coil shown in Fig. 3 using Maxwell ver. 11. The
number of elements of MPW coil was 500 000 to analyze the
eddy current in the Fe thin film in detail.
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Fig. 2. B-H loop of MPW (measured with Riken Denshi BHV-55).

Fig. 3. Structure of coil (unit: mm).

TABLE I
CONDITIONS OF FEM

IV. COMPARISON OF PROXIMITY EFFECT

A. Comparison Between Measured and Calculated Resistances

Fig. 4 shows the comparison between the measured and cal-
culated resistances and inductances of Cu wire coil, and Fig. 5
shows the comparison between the measured and calculated re-
sistances and inductances of MPW coil. We measured the re-
sistance and inductance vs. frequency characteristics with the
impedance analyzer (HP 4192 A). The resistance and the
inductance of the coil were measured with the compensa-
tion of and of the lead wire shown in Fig. 3. The reso-
nant frequencies of Cu wire and MPW coils were approximately

Fig. 4. Comparison between measured and calculated resistances and induc-
tances of Cu wire coil. (a) Resistance. (b) Inductance (measured with HP 4192
A, � = 0:999991; � = 0:0172�
�m).

10 MHz shown in Figs. 4(b) and 5(b). In this study, we com-
pared between measured and calculated values at a frequency
of MHz, because it is sufficiently different from the res-
onant frequency.

The calculation errors of the resistances of the Cu wire and
MPW coils at a frequency of MHz were % and %,
respectively; thus, the calculation error of the MPW coil was
larger than that of the Cu wire coil. The calculation accuracy
will be higher if the hysteresis loss of the Fe film is considered
in the calculation of MPW coil resistance.

B. Comparison of Resistances Due to Proximity Effect

The coil resistance is given by

(1)

where is the DC resistance is the resistance
due to the skin effect, and is the resistance due to the
proximity effect.

The resistance of the MPW coil in the frequency range from
0.5 to 2 MHz was decreased by 13%–45% compared with that
of the Cu wire coil, as shown in Figs. 4 and 5. We compare the
proximity effect in the MPW coil with that in the Cu wire coil
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Fig. 5. Comparison between measured and calculated resistances and induc-
tances of MPW coil. (a) Resistance. (b) Inductance (measured with HP 4192A,
� = 100; � = 0:098 �
�m).

in this section. Fig. 6 shows a comparison of coil resistances be-
tween the Cu wire and MPW coils at MHz. The calculated
values of are shown in this figure. The wire diameter,

, was 90 m; therefore, the at MHz was approxi-
mately 0 . The coil resistances of the Cu wire and MPW coils
at MHz were 7.9 and 5.7 , respectively; thus, the re-
sistance of the MPW coil decreased by 15% compared with that
of the Cu wire coil. In addition, the resistances due to the prox-
imity effect, , of the Cu wire and MPW coils were 4.2 and
2.1 , respectively; thus, the of the MPW coil was reduced
in comparison with that of the Cu wire coil by half.

V. CONCLUSION

The reduction of the proximity effect in an MPW coil was
calculated.

A. Comparison Between Measured and Calculated Values

The calculation errors of Cu wire and MPW coils were %
and %, respectively; thus, the calculation error of the MPW

Fig. 6. Comparison of resistances due to proximity effect between Cu wire and
MPW coils (f = 1 MHz).

coil was larger than that of the Cu wire coil, as shown in Figs. 4
and 5.

B. Comparison of Resistances Due to Proximity Effect

The coil resistances of the COW and MPW coils at
MHz were 7.9 and 5.7 , respectively. In addition, the re-
sistances due to the proximity effect, , of the Cu wire and
MPW coils were 4.2 and 2.1 , respectively; thus, the of
the MPW coil was reduced in comparison with that of the COW
coil by half, as shown in Fig. 6.
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