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Figure 1: AFM image of patterned NFO film.

Figure 2: Feature height along pattern (Top). Magnetic phase change 
along pattern (Bottom).

AP-07. New effective parameter synthetically evaluate the high per-
meability, broad frequency band of low loss NiCuZn ferrite. W. Liu1, 
Z. Zhang1, F. Chen1, H. Luo1, Z. Feng1, X. Wang1, R. Gong1 and Y. Nie1 
1. School of Optical and Electronic Information, Huazhong University of 
Science and Technology, Wuhan, China

With the development of electronic industry, the requirements are more 
rigorous. The low loss NiCuZn ferrite, a widely used material, needs to 
possess high permeability in a broad frequency band. Previous study adopted 
Snoek′s limit to synthetically evaluate the permeability and the upper limit 
application frequency with the formula (µi-1)×fr, where µi is the initial 
permeability and fr is the cut-off frequency. However, the extremely high tan 
δµ around fr invalidates Snoek′s limit for evaluating the application potential 
of the material. Therefore, a new parameter needs to be established. In this 
paper, to synthetically evaluate the two characteristics, we propose for the 
first time an effective parameter: µi×fd, where fd is the frequency at which the 
loss factor tends to increase rapidly. The fd is figured out by the differential 
operation of the imaginary part of permeability spectra. In order to verify the 
validation of the proposed parameter, NiCuZn ferrites with different grain 
sizes were prepared for investigation [1]. The grain sizes and permeability 
spectra were characterized via scanning electron microcopy and impedance 
analyzer (E4991A) measurements. The µi, fd and fr of samples a, b, c, d 
are listed in the inset of Fig. 1(II), respectively. As shown in Fig. 1(II), the 
application merit of sample c is approximately equal to that of sample d 
based on the Snoek’s limit, however, its low loss application frequency band 
is below 21.26 MHz, almost 48.6% lower than that of sample d, while its µi 
is only 16.8% higher than that of sample d. The results indicate there exits 
an obvious gap between the application merits of sample c and d, which is 
exactly expressed by µi×fd, but not revealed by Snoek’s limit in Fig. 1(II). 
The results indicate that the µi×fd can more accurately assess the charac-
teristics systematically compared to the Snoek′s limit under the specific 

circumstance. The preliminary conclusions might serve as a reference for 
some engineering purpose.

[1] W. H. Liu, et al., J. Electron. Mater. 44, 4367(2015).

Fig.1. (I) The definition of fd in the proposed parameter µi×fd compared 
to fr in Snoek’s limit.(II) The µi×fd (red line) and Snoek’s limit (black 
line) of the samples versus their grain sizes, inset table lists the µi, fd and 
fr of the samples.

AP-08. Investigation of spin reorientation in Ga substituted 
Ba2Co1.5Mg0.5Fe11.88Ga0.12O22 Y-type hexaferrite based on Mössbauer 
spectroscopy. J. Lim1 and C. Kim1 1. Kookmin University, Seoul, The 
Republic of Korea

The polycrystalline sample of Ba2Co1.5Mg0.5Fe11.88Ga0.12O22 Y-type hexa-
ferrite, doped with Ga-cation, was prepared by using the solid-state reac-
tion method. The crystalline structure of sample was investigated by x-ray 
diffractometer (XRD), and the magnetic and dielectric properties of sample 
were measured by vibrating sample magnetometer (VSM), and Mössbauer 
spectrometer and network analyser (NA). From the analyzed XRD patterns 
by using Rietveld refinement method, the prepared sample was found to be 
single-phased and the crystal structure of sample was determined to be rhom-
bohedral with space group R-3m. The hysteresis curves under 15 kOe at 4.2 
and 295 K indicated that samples show the ferrimagnetic behavior. From the 
temperature dependence of the field-cooled (FC) magnetization curves under 
100 Oe between 4.2 and 740 K, two temperature-dependent magnetic transi-
tions occurred in the Ba2Co1.5Mg0.5Fe11.88Ga0.12O22 sample. The spin reorien-
tation (Ts) corresponded to the change from helicalmagnetic state to collinear 
ferrimagnetic state at the temperature of 200 K and the Curie temperature 
(TC) was found to be 611 K. The TC of Ba2Co1.5Mg0.5Fe11.88Ga0.12O22 sample 
is lower than that of Co2Y-type ferrite due to the reduction of super-ex-
change interaction by non-magnetic Ga ions substitution. Also, we have 
observed the magnetic-filed dependence of magnetization in non-doped 
sample under 300 and 1000 Oe between 4.2 and 740 K. Mössbauer spectra 
of sample were also taken and analyzed at various temperatures ranging from 
4.2 to 620 K, and the Ba2Co1.5Mg0.5Fe11.88Ga0.12O22 sample showed abrupt 
changes in Hhf and EQ at 200 K, indicating the spin transition effect. We have 
also determined the magnetic transition temperature TC, in addition to the 
temperature dependent magnetization and ZVC measurements.

[1] R. C. Pullar, Prog. Mater. Sci. 57, 1191 (2012).
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