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Abstract A micromagnetic model analysis of spin-torque oscillators (STOs) was carried out. First, the conditions for
stable oscillation were determined using a uniform, in-gap field applied to the STO in place of the field from a write head. It
was found that the rise time (0-90%) of the in-gap field greatly affected the STO oscillation, i.e. a shorter rise time gave more
stable STO oscillation. We also investigated STOs in the write head gap and found that the STO oscillation was dependent on
the rise time of the in-gap field.
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1. ®HIC

BmRAKT Y ZX b BEKRE & (microwave-assisted
magnetic recording: MAMR) F X [1]Z AWz KREETF
4 A7 RS54 7(HDD)% 2019 EiCHT 3, LU= X
FUOTTUENERT IO A LER]. £, B10OBHE
T8 T 2 b BEK R & (heat-assisted magnetic
recording: HAMR) X & MAMR %2 L L, @R
22 FDOED 5 HAMR 2% F %5 MAMR O Bt % i)
_RTEY FEREV. [4]1X 2009 FREATORBEREERE
BMIEHFFRL LTL420EME2ETF TS, 205
H, SMR % 2013 FIZHfR HDD iKEBA S h72[5]. —
%, BPM HE&BAEBERY Sz L 2ITBbh 3.
LIeBR-oTHREGEEZ KBIZHIEIT DTz
F—T7 VR MEKREES RO HAMR 5 5 iZ MAMR
rEAFRIEZL V.

MAMR 2 8\ T & A ¥ % & £ F (spin-torque

oscillator: STO)RE L EERMRER Th 5[6]. STO
DHREBREDOID, B, ERER, AV RFVF
TRAF, BIVYIalb—va ittt VHEREDD
NTEE[T12]. Beid~A 7 a~T 2T 4 v 78K
WEDZETNVHEEZTY, B~y F2EELRN
STO Bl (3L STO) DEF N TREBHEERRIE
BEOLNDIZLERRE., —F, BHE~Y FOXHEB
(MP)e b L—U v Z ¥ — L K(TS)D B (MP - TS gap)ic
ALK STO (#4 STO) EF /i, STO LEHEBE~ v
FOBRBIMEERADOLZD, BRELRRELZBLZ &M
L, ThETIUT2EB~E[13]-[16].

1) 88& STO PEE L THRIRET AT, BHE~Y
F& STO DKM EIER I L U MP - TS gap ¥ D Rk
ROBRARH—ThH B, I STO THRERMR X
DLBVWEEREMIAILERD B.

2) MWMP-TSgap iR D T CERELLERIEZB =
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DIz, I STO TREREREEWVLY b, @VE
EJEHMTE2LERDS.
3) BRESKHEEREZEMX DI, =Y 7 v—
Ny PR (HEREIIN L TEETIERY)
DE¥y 7HICEALE, STONEM L (HERE
X LTEED) ETNVIIERERBRLRWAS, #HE
REiC L THEW STO BN EZEICRHIET .
4) EHEOKER STO £V L/N&72 STO DFHR, /I
ERITLBOMP-TSgapER CTEERREREBFTE V.
ARETRE~A I~ T RXT 4y 7B ERNT
STO WMXBHMRADILLENRY (T4 XF A4 5:0 -
90%) 12X 2 STO DREHEELERD. ML~y FE
FLNCR—BRAREREZEEL CHRALEDD. X
7=, BTME[6]TRES o, STOEHIZ X D&
MNEBIZBIT2REMAZRL, IR0 L S ICEBED /N
E72 STO DEMMEEZR D

®iZz, R~y FETERREORE~Y FET
FPRAVWTESE~y FOaf VZEREMZ, WAWS
REEIZXT B STO ORIEHMEEZB 5. MP - TS gap
BIEV (30 nm) XAV —FOHBIEEE 0.02 25
02 ~KELFTBLITAXFALLBEL (~y FREA
DML ENYBEL) 72V, STO IREIWCRIERTS.
—7, MP-TS gap 8%\ (20 nm) & ¥/ 3— b Dl
BIEHZ2 00205 02~FEXTHI7A4 X ¥ A LHBEL
HT, BRLLTSTODRERZREESL ARV, B#
{Z MP - TS gap R WEFT VT MP-TSgap & HIT L,
EEREICE L TEWE STO EF 4 (f#® STO =57
M) FGLIZMb 2 EEMADZMAH—TH Y,STO
DEERERIZEH TH- I,

2. B¥rET IV

HM1ItABRETHWE STORFOEREAXAKEZRT. &
ERIWKSTORFOETERYT. BIIHIODRWVWRY,
RFROFELZRA VL. ZZ T, KEEOXEUVYEA
BEIL)EBBROREY V7 ZRELE STO £5F L
[IMMZ2RAWE., ~f47a~<2XT 4 v 7 BIFICIETR
Y7 U =7 (E+Li#, EXAMAG v.2.1)[18]1Z A\ /.

1 BRBOAEMAVIZERWE STO BFET L
(MLE7F /). FGL:REERE, IL:FERMEPRME, SIL: X
ErEAR

1 HECAVWEREBFGL)I LU SIL DT
FGL SIL
4nM 20 kG 6 kG
H O 31.4 Oe 31.4 Oe
a 0.02 0.02
Exchange, A 25x10%ergiem  0.75x10%erg/cm
Thickness 10 nm 2 nm

P, = 0.5, Width x height = 20 nm x 20 nm, Inter layer =2 nm
(*): FGL: xy @ W SIL: z 5 M

3. MILET NV DREHT
3.1.FGL OHBICL DR RER OME
H2icWANAR2EHED FGL DEE&EE2 Y. AR
HEIRFZ THY OIHREBLIVRALTWS. fitEi
FGL B D EHRR S (M,) & WE RS (M,)% FGL £
TEHL, fafBETHBILLTERLEZ. My/M;=1
DLE,FGL OBLPELICHATEHELTWSZ &
ZRT. [I6]THELAZEY, EBEBNIWVWSTODS
B, NEREMBERHp) E BEVWEREE TEEICRIE
T 5. 2t ¥, 20nm X 20 nm QI E T NI Hy=
12kOey,, THREIWCREIRT S5 2%, 40nm X 40 nm O E
T NVNE Hap=32kOe,, BETH S REICRIKRT 5.
H3XFGL2LCNHALZBERTINELZFT. ML
EFLVEEZTNWDDOTRE~Y FIZFEELRZWVA,
FGLD T vy M6 z FMAIZ 1.5 nm, y F A 7.5 nm B

——FGL My I Ms
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(c) 40 nm x 40 nm
B2 WAWALREMED FGL OEE vs. B, J =

3.0x10% A/cm®.
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iz, RS v b 2HELEBRAMCEEZE 2.
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nm X 20 nm O INILE T /LI Hyp= 10 kOep, & L, 30nm
X 30 nm B LT 40 nm X 40 nm D ET NMiT Hyp= 32
kOey,, L L. THBDPHEND LI, WTFROK
b 1 GHZ BETR—ZXAT A4 VHRRELHNTNSD.
DO KEZL STO HTHRWRIEMA B2 A TEH &
Bbohzsn, Bl E»bEEND L, FGLNEOER T
AR EARFRIZERMO 2 ®RTHRETSHD T, FGL
OFEFE (I Tl CEBAEBRRARRET S Z &
2.
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(c) 40 nm x 40 nm, 2.6 kQOe,,
5  Observation point I3} 5 FGLEE R D z pk 57 .
32.A4EBROMNLDL LRV (FAXFZAL)ITLD
STO DF#E
6B LU T7IZ FGL ®EAEA 20 nm x 20 nm B &
W30 nm x 30 nm OFHICHEBEROSLH LBV (F
ARXBAL) EZTCFGLOREEZEALEZ. WTh
DEED FGL ThH, T4 XZA 5 HREV1(0.083 nsec)
HEIXSTO NEEWLRIET AN, 74 X ¥4 2BEN
(0.283 nsec)m & i, EENRZETHD. 2ED ., M,
IM; ODREFER/NEL, »OFE L, RIEABH LK
VW.J & 2.0x10° Alem? B X 4.0x108 A/em® L E 2T
SALRFOERA RN, £, ENNELR O
BIXRILCTHAEIN, T4 XX LABEL RBIZONT
RIERBEENETTS. ZhoDBEREL2EBOHKE~
v ROFRER LT D L BREN.

4. EETN (EX X ¥ v7) OFEN

4.1. MP - TS gap 28 30 nm DEF )L
SICMMTICAWIZET V&Y. FGLIZ 30 nm

X 30 nmX 10 nm & L, ZOMITE1DOEZHWE.

EF2ICEFRE~Y FOFETLETT. 2O~y FIZEHE

WEREMZ, B8~y ROV A= LB EK ()

2EZT, QIWIZRT LI, ~y FERDIEE %K
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e, BRASRIFGLOFRTHD. —RIZalIiHEE
EOETHY , ABHEHERELN LD —F,
HHEA~NY FTa=02 & LEEEICTAXELLNE
LEL B9 &h, BEHECE LLIZT A X4
ALDOEEFZBR TS LETHKEREY. AR L0523

EH5C, aDEEa=002D0ba=0212Ex5LT74
XEAL LB 023nsH5 0.15ns 2L 2D, B 101IZ7R

T35, FGLORBRENLLBHN THEINEETS.
Z(Down)
(a) 2R ¥ (Cross) X (Perp)
R

Main pole -

(©) ~v F-STORER

8 nm 8 nm

B8 &~y FOEKXE
K2 RE Y FORER

Major head specs SUL specs

Main pole ABS thickness 60 nm Recording la) Permeabi 1 (linear)
Physical width 30 nm Soft under layer Thickness 30 nm
4nM, 24kG 4nM, 10kG
Hy 314 0e Hy 75.4 Oe
Exchange,A 3.0 x 10 erglcm Exchange, A 1.0 x 10° erglcm
3 0.02 a 0.02

Retum path  Thickness 1000 nm
4nM, 24kG Medium specs
Hy 314 0e Magnetic spacing total 5nm
Exchange A 3.0x10%erg/icm Recording layer thickness 12nm

0.02 Inter layer thickness 1nm

Trailing shield MP ‘TS distance 30 nm
4nM,* 15kG Observation plane 11 nm from ABS
H¢ 50.2 Oe
Exchange, A* 1.5 x 10® erglcm
o 0.02 *: Main pole vicinity 4nM, 24 kG

Hy 31.40e

Exchange, A 3.0 x 10°® erglcm

~0=02 = MMF

oy 0.2
Z w4 ol | g
2 01 I
> /4 . 2

£
S SRS SV SR, - 0'0
3.0 3.1 3.2 33 3.4

Time [ns]

X9 EHE~Y FDalz L5 MP - TS gap AR D IR % .
MP-TS gap £ & =30 nm, J = 6.0x103A/cm®. 54 X%
A AXENEN, 0.15ns (a=0.2), 0.17 ns (2=0.1) B
X1 0.23ns (@=0.02) TH o 7=.
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5. MEET N (R STO) DREHT
[16] TR ~_7= L 5z, A ET /LT MP-TS gap % #}
WIZ L, BEEFEIZH L CTEWZ STO 7V (&
STO 5 /) (K 13) 1L STO DEEREEIZERD Th
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