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Refinement of the lattice misfit between a Cu,0 seed layer and a Co ferrite thin film
R. Sasaki, K. Kamishima, K. Kakizaki
(Saitama Univ.)
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1) T. Niizeki, Y. Utsumi, H. Yanagihara, J. Inoue, E. Kita; Appl. Phys. Lett., 103 (2013) 162407.
2) S.E. Shirsath, X. Liu, Y. Yasukawa, S. Li, A. Morisako; Scientific Reports, 6 (2016) 30074.
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Magnetic properties of M-type strontium hexaferrite thin films prepared by metal organic decomposition
M. Kawaguchi, K. Kamishima, K. Kakizaki
(Saitama Univ.)
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1) S.M. Masoudpanah, S.A. Seyyed Ebrahimi, IMMM., 342 (2013) 128.
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Exploring the synthesis conditions of Li-based QS-type hexaferrite
T. Yoshijima, K. Kakizaki, K. Kamishima
(Graduate School of Science and Engineering, Saitama University)
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Investigation of QS-type ferrite containing divalent iron cations
H. Ochiai, K. Kakizaki, K. Kamishima
(Saitama Univ.)
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2) M. C. Cadée et al., J. Solid State Chem. 40 (1981) 290
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Coercivity of W-type Sr ferrite single-domain particles
Shinji Nakai, Takeshi Waki, Yoshikazu Tabata, Hiroyuki Nakamura
(Kyoto University)
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[1] S. Dey and R. Valenzuela, J. Appl. Phys., 55 (1984) 2340. [2] H. Ueda et al., J. Phys. Soc. Jpn., 87 (2018)
104706.[3] BH=ER, ks L O RIG4A. 44 (1997) 17. [4] FIHET i, AAL T 2 v 7 A4 2024 48
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Compositions of Eu magnetic iron oxide by RF sputtering

Atsushi Sawamoto, Xiaoxi Liu
(Shinshu Univ.)

[FLHIC

T BT — % v ME ReFesOn (R 1A H3HeHR) kB Tch bbb
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1) Yamahara, H. et al., Commun Mater., 2, 95 (2021)
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Fig. 1. XRD patterns of the films
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Development of Stainless—Steel Magnets for Magnetic Dental Attachments
C. Mishima™, T. Mizuno, N.N.Adline, E. Kikuchi, Y. Honkura
(*Mishima Lab. , Magnedesign corporation)
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Nd-Fe-B 25 51NV 7 WeA O sk 1 RpHEAL
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Improving the magnetic properties of Nd-Fe-B isotropic bulk magnets
H. Komura, A. Yamane, K. Hanashima, T. Suzuki and Y. Okawara
(MINEBEA MITSUMI Inc.)
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Properties of magnetic films prepared by LIFT technique
M. Nakano*, K. Higashi, G. Tahara, A. Yamashita, T. Yanai, and H. Fukunaga (Nagasaki University)
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Fig. 1 Schematic diagram of LIFT technique. Fig. 2 . J-H loop of LIFT made Nd-Fe-B film
BEX on PDMS +8Si substrate.
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[3] M. Nakano et al., IEEE Transactions on Magnetics, vol. 56, #7516303(2020).
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HAMR emulation and life estimation based on chemical structure analysis of overcoat and lubricant film
using plasmonic sensor
M.Yanagisawa, M.Kunimoto, T.Homma
(Waseda University)
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1) M.Yanagisawa, M.Saito, M.Kunimoto, and T.Homma, “Transmission-type plasmonic sensor for surface-enhanced
Raman spectroscopy”, Appl.Phys.Express, 9 (2016) pp.122002.
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HAMR Read/Write System Prospects and Challenges

Masafumi Mochizuki, Naoto Ito, Masato Matsubara, Mitsumasa Minematsu, Yukiya Shimizu,
Masayoshi Shimokoshi and Masaomi Ikeda
Western Digital Technologies GK, 1 Kirihara-cho, Fujisawa-shi, Kanagawa-ken, 252-0888

For decades, Heat-Assisted Magnetic Recording (HAMR) has been researched and developed as a candidate to enable
higher area density in Hard Disc Drive (HDD) [1]. Recent Demonstrations and Announcements [2], [3], [4] have
identified HAMR as a promising practical technology for HDD and enabling its areal density growth. The Advanced
Storage Technology Consortium (ASRC) HDD Technology Roadmap includes HAMR as the main successor to the
conventional perpendicular magnetic recording (PMR), (Fig.1). However, we have several technical challenges of
Read/Write system because HAMR uses a laser-coupled near-field transducer for writing on FePt base media. Since the
recording process is significantly different from PMR, we must take care of unique phenomena of HAMR.

Written track quality can be degraded by iteration of adjacent track write. Adjacent track interference (ATI) is a
well-known characteristics to be handled for HAMR as well as PMR. ATI causes performance degradation and
unrecoverable error in the worst-case scenario. Therefore, the track pitch in the product is chosen to provide sufficient
margin against these problems. Ito et.al [5] characterized ATl in HAMR drives. In HAMR, there are two types of ATI:
one is ATI localized at the track edge. The other is broad ATI which affects several adjacent tracks. For ATI localized at
the track edge, it is important to reduce the number of ATI-sensitive grains by using a high cross-track thermal gradient
head, by using high anisotropy field (Hk) media, and by reducing the base write current. The broad ATI is a relatively
gentle effect compared to the others. It is caused by a combination of wide magnetic head field, widespread heat, and
low Hk grains.

The combination of HAMR with Shingled Magnetic Recording (SMR) system is also another point to be optimized
because the temperature distribution in HAMR is different from the magnetic write field distribution of PMR.

More challenges and understandings by HDD and spin-stand evaluation will be presented and discussed at the
conference.
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Fig.1. The Advanced Storage Technology Consortium HDD Technology Roadmap [2].
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Micromagnetic analysis of STO with multiple FGLs for MAMR
Yasushi Kanai, Keita Tatsuno, Simon Greaves
(Niigata Inst. Tech, *Tohoku Univ.)
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Fig. 1 Schematics of write head (left) and arrangement of STO inserted into main pole (MP) — trailing shield (TS) gap
(right). A double-layered medium was considered, but not shown.

3. MRLEE

Table 1 Major Parameters Used in Calculations

STOREIIal—av 4nM, 24 kG 4nM 10 kG
Hy 31.4 Oe Hy 31.4 Oe
FngiZ FGL2, SMM, FGL1, 33X nSIL @ FoL Exchange, A 2.5 x10° erg/cm nsiL  Exchange, A 1.0 x10° erg/cm
.. e, - . 0.02 0.02
BAbmliEz R~ 4, 2oL &, STO ~DOHINEH * 05 (FL2) ’
Po -0.3 (FGL1) Po -03
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Development of Microwave-Assisted Magnetic Recording Technologies
Naoyuki Narita, Masayuki Takagishi, Yuji Nakagawa, Tomoyuki Maeda
(Corporate Research & Development Center, Toshiba)
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1) J.-G. Zhuet. al., IEEE Trans. Magn., 44, pp. 125-131 (2008) Fig.1 Schematic views of MAMR technologies
2) N. Narita et al., IEEE Trans. Magan., 57, Art. no. 3300205 (2021)
3) M. Takagishi et al., IEEE Trans. Magn., 57, Art. no. 3300106 (2021).
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Development Status of Next Generation Perpendicular Magnetic Recording Media
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multi-level recording system
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Introduction

The transition from longitudinal to perpendicular recording allowed a rapid increase in the areal
density of hard disk drives, but in recent years areal density growth has slowed due to limitations on
the strength of the recording field. Energy-assisted technologies, such as microwave-assisted mag-
netic recording (MAMR) and heat-assisted magnetic recording (HAMR), offer ways to overcome
write field limits and the thermal instability that accompanies reductions in the recording medium
grain size.

If a recording medium contains two, discrete recording structures then, in theory, the recording
capacity can be doubled. Although such three dimensional (3D) recording is possible by varying the
write head current [1], [2], [3], energy-assisted approaches offer more control and flexibility [4], [5],
[6]. In this talk we will discuss the technical issues and prospects for 3D recording using examples
from micromagnetic simulations.

3D MAMR

Fig. 1 shows how MAMR can be used to selectively switch either of two, vertically-stacked
recording structures, RL1 and RL2. The figure shows the maximum medium Hj of grains in each
structure that can be switched by a combination of a head field and a high frequency (HF) field from
a spin torque oscillator (STO) integrated into the write head. If the two structures RL1 and RL2 have
Hy, in the range AHj; and A Hy, respectively, one of the structures will switch at f; and not at f5,
and vice-versa. A similar approach can be used to increase the number of recording structures to
three. Using more than three recording structures seems to be unfeasible due to the decay of the HF
field with distance from the STO.

3D HAMR

HAMR can also be used for 3D recording if the two recording structures have different Curie
temperatures, 7., as shown in fig. 2. Heating to 7}, or above, allows information to be recorded on
both structures, but heating to 7}.; will only allow writing on the structure with 7, as the coercivity of
the other structure is higher than the write field at this point. The difference in the Curie temperatures
of the two structures should be around 100 K, or more. 3D HAMR can also be extended to more than
two structures, limited by the maximum temperature that can be tolerated and the strength of the write
field in the structure furthest from the write head.

Areal density estimation of 3D HAMR

A grain switching probability (GSP) model was trained using data from a Landau-Lifshitz-Bloch
(LLB) micromagnetic model. The bit error rate (BER) of tracks with a total of 100000 bits with
random polarities (up/down) was then calculated for media with a range of average grain sizes, (D),
and Curie temperature distributions, 07 .. Given the BER, the user areal density (UAD) was obtained
from Shannon’s equation. The results for media with a 6 nm RL1 /3 nm IL / 6 nm RL2 structure and
a target areal density of 2 Tbit/in? are shown in figs. 3 and 4.

In the absence of any read/write errors the UAD would be about 2.07 Tbit/in?. For RL1 (the lower
recording structure, furthest from the read/write head) the maximum UAD was about 1.6 Tbit/in?. The
target AD of 2 Tbits/in? was not achieved due to the lower readback signal and increased sensitivity
to noise from adjacent bits and tracks. Optimisation of the recording structure thicknesses is required
to boost the readback signal from RLI.
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For RL2 (the uppermost recording structure), a UAD of 2 Tbit/in? was achievable when ({D),oT.)
were in the range (5 nm, 25 K (4% of (T.))) to (5.3 nm, 0 K). Lowering the UAD to 1.8 Tbit/in? would
enable the use of media with much larger grains (up to (D) =7 nm) and/or o7, (up to 70 K).
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Fig. 1: Example of selective switching of record- Fig. 2: Selective recording in a 3D HAMR sys-
ing structures in MAMR. tem. The recording structures have different 7.

Grainsize (D) (nm) Grain size (D) (nm)

Fig. 3: Effect of average grain size and 7, dis- Fig. 4: Effect of average grain size and 7. dis-
tribution on user areal density in RL1 of a 3D tribution on user areal density in RL2 of a 3D
HAMR system. HAMR system.
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