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Layer-selective switching of a double-layer perpendicular magnetic nanodot
using microwave-assisted magnetization switching technique
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Microwave assisted magnetization switching behaviors of the
CoCrPt-oxide granular ECC medium

Yuming Lu, Satoshi Okamoto, Nobuaki Kikuchi, Osamu Kitakami
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan

Microwave assisted magnetization switching (MAS) is one of the promising candidate technologies for
future ultra-high density magnetic recording. Recently, our group gives an experimental verification of very
large MAS effect on a perpendicular CoCrPt-oxide granular single layer". But the layer structure is relatively
simple comparing with that of a widely adopted perpendicular CoCrPt-oxide high-density recording medium
which has an exchange-coupled (ECC) multilayered structure. From the view point of practical application,
it is essentially important to carry out the MAS measurements on the ECC CoCrPt-oxide granular medium to
verify the potential for the microwave assisted magnetic recording. In this work, we systematically
investigate the MAS behaviors of the ECC CoCrPt-oxide granular medium and have clearly found a
significant reduction in coercivity under the assistance of rf fields. The anomalous Hall resistance of the
device does not change during the rf pulse injection, indicating that the Joule heating effect is negligibly
small.

The ECC CoCrPt-oxide granular film was grown on Ru underlayer by HGST Company. The magnetic
element layers and underlayers were patterned into a rectangular shape of 1x3 um® and a cross shaped
anomalous Hall effect (AHE) electrode, respectively, by using electron beam lithography and Ar ion etching.
After covering the magnetic element with an insulating SiO, layer, an Au stripe line with 2 pm in width was
fabricated just above the magnetic element. Flowing an rf current into the Au strip line generates a linearly
polarized rf field of ~ 310 Oe. The rf current is chopped into a pulse train with the pulse width of 7, = 20 ns ~
100 ps.

Figure 1 shows the AHE curves under the assistance of rf field of 7,s = 2 ps at various rf frequencies fr. The
rf-field-free coercivity of ~ 5 kOe shits to a smaller value with increasing the frequency fi¢ until the coercivity
reaches a minimum value of ~ 4.5 kOe at rf frequency ~ 14 GHz. Figure 2 shows the frequency dependent
coercivity H., for 7y = 20 ns, 2pus, and 100 ps. Contrary to our previous results which exhibit the very large
¢ dependent H,,¢ in CoCrPt-oxide granular single layerl), very small z,; dependent H., is found in the ECC
CoCrPt-oxide granular film, suggesting the small thermal agitation effect in the ECC CoCrPt-oxide granular
film. Detailed discussion on the MAS effect in the ECC CoCrPt-oxide granular film needs a further elaborate
evaluation of thermal agitation effects with and without the microwave assistance. We greatly acknowledge
the sample provision from HGST Japan, Ltd.

Reference
1) S.Okamoto et al., Appl. Phys. Lett., 103, 202405 (2013).
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Effect of additional element on compositional modulated atomic layered structure
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Dependence of demagnetized domain structure on applied field direction
in hard disks with recording layres consisting of a stacked structure
H.Saito and R.Sugita
(Ibaraki Univ.)

X UHIT
N RT 4 A7 (HD) 28T 2 5iekE ORI AIE 2 B 5 2M2 35 2 L1, sodkietEm bic s - CTfF
T D, T HD OFEREIL, BRFA S Ehe Ve (LE) Lk %a@77ﬁ:7%M@F(Tf)ﬂ
LD REEMEEZA L TR Y, WA I T RREEEEIN T I CARAT L, mNTERE L7254 SRR
DI BIELS 225 Y. F i, ffk~y RIZIZ FL—V > 7o —)L R3g% f%ﬂfk@,ﬁﬁw%wﬁWW“%
BNSE2 2 & CEAROBILKIEEZ BRI LT D Y. ARHFZETIE, R A 1E O RS NG MR 171 %,
I8 & T OB XA OFEICE H L TRE LT,
ERFE
2 FEEO T HD (MR A XY B) & HW 2. B4R A 1%, Feé*/E A 3 nm @ /& (cap layer) & 13 nm & /@
(granular layer) 75 %5 HFCEREFE 530 Gb/in® @ capped BEA, A B 13X, FC8%E72 8 nm D L& (hard layer)
& 8nm® FJE (granular soft layer) 7> % % [ rCék# £ 120 Gb/in® > Exchange coupled composite (ECC) (AT
B 5. B ITBEWET (MFM) BIEICH W 7 L% Table 1 ICE L 0 5.
ERER
Fgl TR £ 72 I XN SN2 0 70 AL Ay, B OB, D MM 4% 7~9. 0 70 A KT B,
BT DREX A XX, RS ORI TAIZ B 5355 40~50 nm Th ¥, HNTEBE S Nz o 7L A KDY
&#6@ﬁn@%®:y%§xhﬁ,ﬁﬁ%@éﬂkAJhﬁ&wafwfm%ﬁ9bfmé.it,ﬁﬁ
DS, 7 A OB, OBER YA XX, A K DNB, EENFIUTIEFE LN ERG05. Zud, &
EHBOSA, TRN EBORELZ T, MEN KL RomMEAERINZZ E2/RLTWD. —F, E
WIERE DA, o 70 Ay OB OBEXAEE T Ay KDY B, S ITENENRES R ->TnD. UL, BN
HEEOSHE, MO S —HRIE L TWRWNWZ E 2R LTS, LLEOFRIL, L8 ERHEEOE OISR DT,
FIINEES 2 31T D A OHINZEY, FE RO EOBEKAEER — L LI < RD 2 &R LTND

Table 1 Demagnetized samples used

for MFM observation. Sample A, Sample A, Sample B, Sample B,
Sample Remarks
. , , Perpendicularly
A Medium A demagnetized perpendicularly demagnetized

or in-plane sample

A, Upper layer was etched from sample A,

Medium B demagnetized perpendicularly

B, . In-plane
or in-plane demagnetized
sample
B, Upper layer was etched from sample B,
Fig.1 MFM images of samples Aj, A,, B, and B,.
BE R

1) G Choe, J. Park, IEEE Trans. Magn., 47, 4058 (2011).
2) S. Sato, Y. Yamaguchi, T. Komine, and R. Sugita, IEEE Trans. Magn., 48, 3181 (2012).
3) L. Guan, T. Shimizu, J. Smyth, M. Dovek, Y. Liu, and K. Takano, /EEE Trans. Magn., 44, 107 (2008).
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