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Abstract

The power loss analysis was carried out for Ni-Cu-Zn ferrite samples with different content of NiO and ZnO. The power loss,
Pcv decreases monotonically with increasing temperature and attains to a certain value at around 100~120 degrees Celsius. The
frequency dependence of Pcv can be explained by Pcy~f", and n is independent of the frequency, f up to 1 MHz. The Pcv
decreases with an increase in ZnO/NiO. The Pcv was separated to hysteresis loss(P#) and residual loss(Pcv-Ph). The temperature
characteristics and compositional dependence of Pcv can be attributed to the Ph, while Pcv-Ph is not affected by both tem-
perature and ZnO/NiO. By analyzing temperature and composition dependence of Ph and initial permeability, p; like following
equations could be formularized.

Hitto = I/ (Ky+ boghs)
Wh = 13.5I5%/ witly)

Where |, is permeability of vacuum, [ is saturation magnetization, K is anisotropy constant, s, is internal heterogeneous
stress, Ag is magnetostriction constant, b is unknown constant, and Wh is hysteresis loss per one cycle of excitation (Ph=Whxp).
Steinmetz constant of Ni-Cu-Zn ferrites, m=1.64~2.2 is smaller than that of Mn-Zn ferrites, which suggests the difference of loss
mechanisms between these materials.
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Fig. 1. Frequency dependence of total power loss at 150 mT.

Table 1. Sample composition and magnetic characteristics

Sample NiO/ZnO W Te(°C) p(MQ - m) Hc(A/m)
Nt 0.9350 407 320 7.18E+01 42
N2 0.7010 669 240 1.02E+02 27 J
N3 0.4362 927 180 1.36E-01 21 |
N4 0.4000 1248 140 2.40E-02 16
-
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Table 2. Pcv, Ph, Pev-Ph at 100 kHz SO0 mT, 100°C

Sample Pev  (kW/m®) Ph [kW/m? (%)] Pcv-Ph  [kW/m® (%)]
N1 174 142 (82) 32 (18)
N2 111 81 (73) 30 (27)
N3 66 38 (58) 28 (42)
N4 62 30 (48) 32 (52)
Mn-Zn ferrite 1.72 0.30 (18) 1.42 (82)
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Fig. 2. Correlation of Pcv-Ph and Frequency. Fig. 4. The correlation of Ph and temperature at SO0 kHz &
150 mT.
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Fig. 3. Temperature dependence of total power loss (Pcv).
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Fig. 5. Correlation of Pcv-Ph vs. temp. at 50 kHz & 150 mT.
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Fig. 6. Temperature dependence of initial permeability.
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Fig. 7. Correlation of hysteresis loss vs. 1/u;.

Table 3. bg, value calculated by equation(l) from K; and A, of unit ferrires.

Sample K, (/m3) A bo, (N/md) |
N1 -3.74x10° -15.06x10° -274x108
N2 -3.30%x10° -13.01x10°¢ -270x10°
N3 -2.65x10° -9.97x10° -275%x10° J
N4 2.52x10° -9.39x10° 275%10° N
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constant according to temperature.

Sample 20°C 40°C 60°C 80°C 100°C 120°C
N1 1.54 1.68 1.68 1.49 1.51 1.53
N2 1.66 1.56 1.65 1.39 1.61 1.67
N3 1.52 1.70 1.85 1.88 2.00 -
N4 1.76 1.82 2.09 220 1.98 -
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