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The radio waves for 5G are expected to be in X- band (8-12 GHz) or in K-band (12-40 GHz) according to the latest
3GPP release. This necessitated the development of magnetic materials suitable at aforesaid frequency bands for passive
devices as conventional soft-magnetic materials cannot be employed anymore owing to their extremely lossy
characteristics at those frequency bands. M-type hexaferrites are blessed with reasonably high permeability and high
magnetocrystalline anisotropy that restricts losses up to a few tens of GHz. However, appropriate cation substitution in
their crystal lattice not only enables tuning of anisotropy but also transforms it magnetically soft. Co- and Ti-substituted
Sr-based M-type hexaferrite can thus be of extreme importance owing to their suitable soft-magnetic properties in the
desired frequency regime.

In this work, the candidature of SrCo,TixFe;,,x019, x=1.0, 1.2, and 1.4 polycrystalline powder as a suitable material for
its use in microwave passives is assessed. Hc drops drastically from ~300 Oe to ~40 Oe as the level of substitution, x
increases from 1.0 to 1.4. As a result, ferromagnetic resonance (FMR) frequency also decreases from ~20 GHz to 5.4
GHz, making it particularly suitable for the use of high frequency passives. ZFC/FC measurement reveals the absence
of interparticular interactions in the samples. At the same time the magnetic layers, formed when the powder of all
sample are mixed with epoxy resin, found to be magnetically isotropic in all direction. This lowers theirs real part of
permeabilities to some extent. High frequency magnetic characteristics of ferrite-epoxy layers are investigated through
two different measurement techniques [1], [2], such as microstrip probe, and shorted micro-strip line measurement.
Both measurements are calibrated by high external DC bias field. The resulting frequency dispersion of permeability of
one of the sample, obtained from both measurements agrees well with each other as demonstrated in Figure Ic,
indicates the shift of FMR frequency from with level of substitution. Minute presence of impurity phases as revealed by
XRD (Figure 1a) resulted in a small FMR peak around 1.3 GHz observed in all measurements as well.

These results outlined the suitability of CoTiM family of hexaferrites for their integration into high frequency passives.
The work also highlights the strength and weaknesses of different broadband measurement techniques for the
investigation of high frequency magnetic characteristics of relatively low permeable hexaferrites.

Reference
1) S. Takeda etal.,J.J. Soc. Pow. Mat., 61, p303, (2014).
2) T. Kimura et al., J. Magn. Soc. Jpn, 38, 87, (2014).
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Figure 1: (a) Powder XRD pattern of the SrCoTiM; (b) M-H plot of four different CoTiM hexaferrite
powder (c) Effect of Co and Ti substitution on FMR frequency and in inset, dependence of FMR

frequency on coercivity.
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1. Introduction

As the IC technology becomes finer and its switching speed becomes faster, a radio frequency integrated circuit (RF IC) chip
in a receiver of wireless communication system is tend to be led to a failure of signal processing [1], due to inductive and
conductive noise couplings generated by magnetic flux and displacement currents. Therefore, a blocking of those coupling paths
is required. Soft magnetic film integration has advantage in suppressing near field [2] and conduction noises [3] without
increasing footprint on a die, owing to the performance of ferromagnetic resonance (FMR). In order to develop better soft
magnetic film, it is necessary to understand the mechanism of noise suppression. Therefore, a microstrip line (hereafter MSL)
with an eight-layer crossed-anisotropy Co-Zr-Nb film on the top is chosen as a basic structure to substitute the complicated
film-integrated RF IC chip which is consisted of many power and ground lines.

2. Approach

sensing coil
Figure 1 shows the experimental setup in this work. The ""ag"e“”‘e'd“
multilayered magnetic film is deposited on a glass substrate. The Microstrip-line }Magnetic film
Signal i
film is placed upon the top surface of MSL whose signal line is 160 lr'lgput / 5. nal
. . o Y e ]
um wide and 20 mm long, and corresponding characteristic —
impedance is 50 Q. A magnetic near field probe with a planar shield i =E i UTERSTHIEETER 5

loop type sensing coil is placed 600 um above the film to measure the Fig. 1 Experimental setup

magnetic field intensity. A network analyzer provides input power of

-5 dBm along frequency range of 0.1 to 4 GHz

Table 1. Assumed relative permeability and resistivity

3. Results and discussion
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magnetic field and conduction loss, respectively. Additional 4° MSL//e.a. ki 120
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simulations are performed to analyze the suppression effect of near € Isotropic 780 ~0 120
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main reasons for near field shielding effectiveness. Therefore, the ¢ MSL//e.a. u(f) 60
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contributions of frequency-dependent complex permeability and film = £()
resistivity into shielding effect is studied separately. Different .
permeability and resistivity through case B to case E are assumed as 0.5k ]
shown in Table 1. The corresponding results are shown in Fig.2. 3
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In this paper, the magnetic near field shielding effectiveness and 2005 Case A S b
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conduction noise suppression of four-layer uniaxial anisotropy 2 4+ CaseC faaa
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Co-Zr-Nb film were investigated by both measurement and ooty ¢ CaseE E
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simulation. The eddy current and FMR losses were analyzed 0.005'5 03 - i ) 4

0.4 1
. s Frequency [GHZz
separately by controlling film resistivity and frequency-dependent a vl ]

complex permeability in simulation. The contribution of eddy current Fig. 2 simulation results of case A to F
and FMR loss in near field shielding were explained. The results clarified that both eddy current and FMR are contributing
significantly to magnetic shielding, wherein the quantitative degree of near field noise suppression is significantly controlled by
eddy current loss, while the frequency of maximum near field suppression was dominated by FMR frequency.
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