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AND FERRITE

Introduction

Nanocrystalline alloys and ferrites (e.g., Mn-Zn, Ni-Zn) are two pivotal
soft magnetic materials for inductors, transformers, and other elec-
tronic components. Their core properties directly impact suitability
for applications, especially amid the drive for miniaturized, high-effi-
ciency electronics. This article presents a systematic comparison of
their key attributes.

Key Performance Comparisons

Magnetic Permeability (p)

Ultra-high initial permeability (ui=10,000-100,000) from 5-20 nm grain struc-
ture and uniform magnetic domains, delivering excellent low-field magnetic
response for precision sensors and low-frequency filters.

Moderate permeability (Li=100-10,000). Mn-Zn ferrites (ui=1,000—10,000)
outperform Ni-Zn ferrites (ui=100-1,000) but are frequency-sensitive. Permea-
bility drops sharply beyond their Snoek limit (100-500 kHz for Mn-Zn), limiting
high-frequency applications.

ﬂ Jing electronics Inc. www.jingelectronics.com info@jingelectronics.com Make Electricity More Efficient, Make Electronics Thinner



Saturation Flux Density (Bs)

Nanocrystalline Alloys

Boast high Bs (1.2-1.8 T) because of their metallic matrix (Fe-based).
This allows smaller core volumes in high-power applications (e.g.,
automotive transformers), as higher Bs reduces the required
cross-sectional area.

Low Bs (0.3-0.6 T) due to their ceramic nature and weak magnetic
exchange coupling. Larger cores are needed to handle equivalent
power, limiting miniaturization in high-current devices.

Core Loss (Pe)

Nanocrystalline Alloys

Exceptionally low core loss at high frequencies (e.g., 500 kHz—1 MHz).
For example, Finemet shows Pe < 100 mW/cm2at 1 MHz and 0.1 T, far
lower than ferrites. This makes them suitable for high-frequency
switching power supplies (SMPS).

Lower loss than traditional metals (e.g., silicon steel) at mid-low
frequencies (50—200 kHz) but loss increases exponentially above 500
kHz. Mn-Zn ferrites have lower Pe than Ni-Zn at low frequencies but
suffer from eddy current losses in highfrequency regimes.
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Temperature Stability

Nanocrystalline Alloys

Moderate Curie temperature (Tc=400-550°C) and stable permeability
up to 120-150°C. However, their magnetic properties degrade rapidly
above 200°C, requiring thermal management in high-temperature envi-
ronments.

Higher Tc (Mn-Zn: 200-300°C; Ni-Zn: 300—500°C) and better thermal
stability. Ni-Zn ferrites retain>80% permeability at 250°C, making them
preferred for high-temperature applications like industrial motors.

Frequency Characteristics

Nanocrystalline Alloys

Wide frequency range (100 Hz-100 MHz) with stable permeability,
thanks to suppressed eddy currents (thin ribbon form, ~20 pm thick)
and nanograin-induced domain pinning.

Limited by Snoek’s law—permeability peaks at low frequencies and
declines at high frequencies. Ni-Zn ferrites perform better at high
frequencies (up to 100 MHz) than Mn-Zn but have lower Bs.
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Mechanical & Chemical Properties

Nanocrystalline Alloys

Ductile metallic structure with high hardness (HV800-1200) and good
corrosion resistance (via passivation layers). Can be bent or stamped
into complex shapes, suitable for flexible components.

Brittle ceramic materials (HV500-800) prone to cracking under
mechanical stress. Poor corrosion resistance (susceptible to moisture)
requires protective coatings, increasing manufacturing complexity.

Cost & Manufacturing

Nanocrystalline Alloys

Higher production cost due to rapid solidification (melt-spinning) and
annealing processes. Raw material costs (Fe, Si, B, Cu) are moderate,
but complex processing limits low-cost scaling.

Low cost-abundant raw materials (Fe,0,, MO, ZnO) and simple sintering
processes. Mass production is mature, making them ideal for consumer
electronics (e.g., TV inductors) where cost is critical.
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