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Fig. 1. (a) X-ray diffraction patterns and (b) lattice parameter of a, ¢ of pre-calcined LagsBagFejqg Zng35¢,019 (z = 0-0.6)

powders.
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Fig. 2. SEM micrographs of fractured surfaces and particle size distribution of oriented Lag3Bag ;Fe;q ,Zng35¢,09 magnets: (a) z =

0; (b) z=0.2; (¢c) z=04; (d) z= 0.6.
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Fig. 4. (a) X-ray diffraction patterns and (b) texture coefficien of oriented Lay3Bag;Fe;gg ,Zng35¢,019 (z = 0-0.6) magnets.
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Fig. 5. Magnetic hysteresis loops of oriented Lag3Bag;Fe g ,Zny35¢,019 (z = 0-0.6) magnets: (a) z = 0; (b) z = 0.2; (¢) z = 0.4;

(d) z=06.
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F 4 W Lag3Bag7Feygg ,Zng 35¢,019 B AR M RE B
TG R EER T R ROR S

Table 4. Dimensional parameters of self-biased circulat-
ors designed based on magnetic properties of oriented

Lag sBag 7Fejg »Zng35¢,019 magnets.

i D/ W/ W,/ L/
mm mm mm mm
0 10.8 0.28 0.08 0.45
0.2 14.0 0.3 0.085 0.575
0.4 14.5 0.35 0.09 0.65
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SPECIAL TOPIC— Applied magnetism

Sc-La-Zn co-substituted M-type barium ferrites: Magnetic
properties and applications in self-biased circulators”

ZHAN Xueqian LI Jiashu ZHONG Ming  SHI Huigang JIANG Changjunf

(Key Laboratory of Magnetism and Magnetic Materials of Ministry of Education, School of Physical Science and Technology,
Lanzhou University, Lanzhou 730000, China)

( Received 14 November 2025; revised manuscript received 12 December 2025 )

Abstract

To meet the requirements for miniaturization and higher operating frequencies in self- biased circulators,
improving the performance of hexaferrite materials is essential. In this work, Sc-La-Zn co-substituted M-type
barium ferrites (LagsBagFejgq ,Zng35¢,09) are prepared via solid-state reaction. X-ray diffraction (XRD)
confirms the formation of a single-phase magnetoplumbite structure in all samples. Scanning electron
microscopy (SEM) images shows that the ferrite particles have a hexagonal platelet morphology and are aligned
along the c-axis after wet pressing and sintering under a magnetic field. Lattice parameters and particle sizes
are calculated from the XRD and SEM data. Magnetic measurements indicate that the Sc-La-Zn substituted
M-type ferrites have high saturation magnetization (M, > 60 emu/g), and by controlling Sc doping, the
magnetocrystalline anisotropy field can be adjusted between 7-10 kOe. Moreover, a narrow ferromagnetic
resonance linewidth (AH = 260 Oe) is achieved. Based on the measured magnetic parameters, three self-biased
circulators operating at center frequencies from 25 GHz to 35 GHz are designed, simulated using HFSS, and
demonstrate a broad frequency tuning range. The circulators exhibit a minimum insertion loss below 0.5 dB and
a maximum isolation bandwidth (isolation >20 dB) of up to 4.4 GHz. This study demonstrates the potential of

these materials in achieving self-biased circulators capable of operating across different frequency bands.
Keywords: Sc-La-Zn co-doping, M-type barium ferrite, magnetic properties, self-biased circulator
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