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INTRODUCTION

Ferrimagnetic and dielectric ferrites with high permeability and low loss (tan δ) have been utilized
in chip inductor, electromagnetic interference filter, and radio frequency device. In addition, ferrite
can improve the performance and size of high frequency device [1-3]. However, conventional
cubic spinel ferrite cannot be used in GHz range application due to resonance frequency from
Snoek’s limit [1]. On the contrary, hexaferrite (W, Y and Z-type) with magnetic anisotropy is suit-
able material for microwave application due to high cut-off frequency and high permeability at fre-
quency over a few GHz range [1-3]. Among these ferrites, Y-type hexaferrite has low sintering tem-
perature [2]. In this study, we synthesized Zn added Y-type barium cobalt ferrite (Ba2Co2Fe12O22;
Co2Y) and characterized the magnetic properties, microstructure, and crystal structure for
microwave application.
EXPERIMENT PROCEDURES

Zn added Co2Y samples (Zn = 0, 0.5, 1, 1.5 wt%) were synthesized by solid-state reaction method
using technical grade BaCO3 (98 %), Co3O4 (99 %), α-Fe2O3 (99.42 %), and ZnO (99.8 %) to
reduce the production cost. The mixture in distilled water was ball-milled for 24 h (median parti-
cle size: 0.5 micron) and calcined at 1000 oC for 3 h. For preparation of toroids (outer diameter:
7.00 mm, inner diameter: 3.04 mm, thickness: ~3 mm), calcined Co2Y powder was mixed with
binder (polyvinyl alcohol: 1 wt%) and pressed into toroidal shape mould under 6400 kgf/cm2 pres-
sure. Thereafter, these toroidal samples were sintered at 1170, 1200, 1230, and 1260 oC for 3 h in
various gas atmospheres.
The magnetic properties, microstructure, and crystal structure of Zn added Co2Y samples were

characterized by network analyzer (Agilent E5071C) with a coaxial airline fixture, vibrating sam-
ple magnetometer (VSM), field-emission scanning electron microscope (FE-SEM), and x-ray dif-
fraction (XRD, Cu Κα: λ = 1.5406 Å). The complex permeability and permittivity were investi-
gated from the S-parameter measurement using the Nicolson-Ross model (Agilent 85071 pro-
gram).
RESULTS AND DISCUSSION

From the result of XRD measurement, Zn added Co2Y samples (Zn = 0.5, 1, 1.5 wt%) showed
impurity phase Co3O4 due to doping of Zn ions at metal site in Co2Y. The microstructures of all sin-
tered samples were hexagonal plate phase with a few micron grain sizes. The saturation magneti-
zation increases and coercivity decreases for Zn added Co2Y samples with increasing Zn content,
since Zn ion, having lower magnetic anisotropy than Co ion was doped into sublattice with antipar-
allel orientation. Hence Zn substitution effect on barium cobalt ferrite is generally increasing per-
meability and decreasing cut-off frequency [2]. In contrast, both permeability and cut-off frequen-
cy of Zn added Co2Y samples (Zn = 0, 0.5, 1, 1.5 wt%) increased with increasing Zn content as
shown in figure 1. Furthermore, the sintered samples in O2 gas atmosphere showed improvement
in tan δ and cut-off frequency as shown in figure 2. Especially, the Zn added samples (Zn = 0.5, 1,
1.5 wt%) sintered at 1200 oC in O2 gas atmosphere showed stable magnetic permeability (above
2.5) and low tan δ (below 1.0) at a few GHz range. We conclude that addition of Zn (0.5 to 1.5
wt%) in Co2Y improves magnetic permeability, tan δ, and cut-off frequency, which are highly use-
ful for microwave applications.
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Fig. 1. Frequency dependence of real part of

complex permeability for Zn added Co
2
Y

samples (Zn = 0, 0.5, 1, 1.5 wt%) with sin-

tering temperature 1200 oC at O
2

atmos-

phere.

Fig. 2. Frequency dependence of real part of

complex permeability for Zn added Co
2
Y

samples (Zn = 1.5 wt%) with different sin-

tering condition.
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