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In-plane components of FePt nanogranular films on MgO
underlayer with and without carbon segregant

J. Wang, Y.K. Takahashi and K. Hono
National Institute for Materials Science, Sengen 1-2-1, Tsukuba 305-0047, Japan

Lljordered FePt granular thin film is considered as the most promising candidate for heat assisted magnetic
recording (HAMR) media [1]. To achieve recording density higher than 2 Tbit/in®, L/,-FePt based granular media
need to have an ultra-small grain size of about 4 nm, a narrow size distribution below 10% and columnar structure
with strong (001)-texture. However, FePt grains deposited on (001) textured polycrystalline underlayer usually show
remarkable in-plane components which can severely degrade the signal-to-noise ratio (SNR) of the recording
medium [2]. It is believed that the clarification of the origin of the in-plane components for the FePt grains deposited
on polycrystalline underlayer would make significant impact on the future development of HAMR media. In this
work, we study the effect of carbon segregant on the in-plane components of the FePt thin films deposited on the
polycrystalline MgO underlayer. The FePt films with optimized volume fraction of carbon segregant show not only
smaller grain size but also enhanced perpendicular coercivity. Moreover, it is worth noticing that the in-plane
components is also significantly suppressed compared with the FePt films without carbon segregant.

Figure 1 shows the in-plane TEM images of FePt films (a) without and (b) with carbon segregant. Without
carbon segregant (Fig.1a), L1,-ordered FePt grains form an island-like microstructutre with broad size distribution.
By introducing 28 vol.% of carbon segregant (Fig.1b), the FePt grain size is reduced down to 9 nm with improved
grain size distribution (15%). Such physical isolation weakens the ferromagnetic exchange coupling and lead to the
enhancement of the perpendicular coercivity from 2.87 T (without carbon) to 3.90 T (with carbon). Moreover, from
the shrinked in-plane M-H loop and reduced remanence ratio (Mr;,/ Mr,), the in-plane component is also suppressed
by introducing carbon segregant. To clarify the origin of such improvement, detailed microstructure characterization
was carried out. Figure 2 presents the cross-sectional TEM image of the FePt film without carbon. It was found that
the 001 plane of FePt grains is energy favorable to rotate 72.6° to match with MgO underlayer with different
orientation when the big FePt grains grow cross the grain boundary. It can be detected that the crystal rotation do not
triggered immediately at the grain boundary (Fig. 2a). So there is buffer zone in which FePt grains can maintain
their initial texture meantime accumulate the strain energy due to the change of template. When the FePt grains
grow beyond the buffer zone, it start to misalign to release the strain energy. So, the possibility is higher for big FePt
grains to exceed the buffer zone and form in-plane components than small FePt grains on the poly- MgO underlayer.
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Change in grain density of FePt-based granular thin films with film growth process
I. Suzuki, J. Wang, YK. Takahashi, and K. Hono
(NIMS)

[FLOHIZ: BEFEE LR RO DD R EAGRE T E LT, Llg-FePt 77 = = 7 — % 7= 2L
T A MERESER RN G LRI, FOBRBENANRN TS, HIEEL SN DB 4TI 2 E84
DIV, BT DRFERERIR L By T A ADEENA AR TH O, R 4nm BLOE y FH 4 X 5nmm
FREICE CH I b SN T =2 7 —ERMETH D, ZDT=OITHR A 713 78 ST E 7278,
2 < HVRIEHENC FEIRNBE PN TV D, L L, GRdE T ORI & Z O I K& <KFT
572, RO EAIHIERRIC T DR EE & BORIENLETH D, £ 2 THRIF 21X, FePt i
RO IRIEICE T DGR L %2 fEERRIR D Ia7e & TR 38 1 & JoR L & ERatE~ R U v 7 &
MELORTELLZZE 2 THANTZO T, ZnzdfET 5,

EERA % FePt F7- 1% FePt-C. 33 L ' FePt/FePt-C i/ k} 2 magnetron-sputtering 14 % FV CTYERL L 7=,
FEAT T - O VY R E E FRANV T D 728 MgO(001) HiAskah 2 A U7z, 8 K OVHAIEE 13 XRD,  feAURF
PEIX SQUID-VSM,  #5#lfHAE L TEM Z T EA0aTl L 7=,

SEERER: IR OMGERE 2 T 5 72, BEE 0.5nm-FePt % 572 2 FMGRE CTIERL L 7=, JEpE
J¥ 100 °CTlE, “EHPRIEE 2.0 nm, & FIHEE 3.9 nm, ki T8 6.5X10%/em? T - 7= (Fig. 1(a)). AR
FED ER & & BRI T LT & (Fig. 1(c)). ZEHGREE 650 °C CTIL ¥R 2.6 nm, & F il
BiE 5.1 nm, BRI 7B 3.9X10%em* ICE TIR T35 Z & hbino 7o, SEREE 4 Tin? 2 FH T 5 kicE
WL, 1bit B Y 62 HORFAMEL & DY, % KK 24.8T/in®, BIH 3.85%10%cm® % &
FLF 5, 650 °C TIEHIHIRERHICB W TBEIZZOEIZEL CLE > T D, FePt 7T =2 7 — BT,
BAERERE - AFERTHRE LTV 72D, oML & bICH 791 ANRKELR>TLE S,
OO ERICIB W TIX, REIRRL T HEEL EOBEN RO LD Z Lnh, PIMIEERICE
WL VIRIETCORENENTH D &2 D, HBRTIE, R & & bICBMIICEMIRE B L OJE
ik~ R Y v 7 A OB —R U BEEZE 2 TERLL 7230EHZ W T SRR & M ORGSR 2 R~ 7= fil 5
WZOWTHIFE TG 5,
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1) Roadmap of Advanced storage technology consortium (2016).
2) T. Shiroyama, et. al., AIP Advances 6, 105105(2016).
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Fig.1 Plane-view TEM of 0.5-nm-thick FePt grown at (a) 100 °C, (b) 650 °C. (c) Grain density of
0.5-nm-thick FePt as a function of growth temperature.



12aB - 3 F42 Bl HAMKF TR (2018)

RIFYEE 2R AH U7/ Bk T HE ORSR
~ LloFePt 77 = = 7R D 2 Z 2RSGHIFEFRSEFLD 7= 012
Ok AL, B ORELKE, % 2, FRE M (BUEK)

Proposal of network-formed upheaval structure using grain boundary diffusion in underlayer
for L1y FePt-based granular media with columnar nanostructure
© Akihiro Shimizu, Shintaro Hinata, Shin Jo, and Shin Saito (Tohoku Univ.)

[FCHIC WAEIED S IL 2022 £ £ TIT 4 Thit/in? b D EE LA RD LN TEY, Zhi EH
FTHRMAROFEST K E UTET v R MggKREEL (Heat Assisted Magnetic Recording, HAMR) 735£ H 41T
Do BEREOHNEMR L, DOEFHEE N & < BUBELIHEZ 7 5 M il £ HAMR R J28LIC
E. IR T 2X107 erg/em® LA E D@ W — Bl ARG SRR 5 M 6L X — 23 2 WA SR A I D 3 T
WICRES®E 7 7= T2 ERTIILERSHD D, Lo LR bk b EAMBRRINEA TV D
HEHZ AT 5 MgO FHuUE 2 H 72 Lo M FePt-C R Tld FePt MaMERS sa b2 BOIRICECR: LT L £, Lz
L7237 DRFESRIN S5 7T = 2 TN EBTE T, ABFZE T, 2UEziE (MgO &)/ #dbih
FCIE I E (bee-Cr A48 BLEIFFENE (7 /N7 7 AJ@) 225725 — 72 @Rk o T HuE o #A % 2 35 H
WCHT L. ZORAEITCICa T MRS T =2 T B %2 BT 2 8- 2B A EHE 2R R 5,

SEERMER 2B o EEAIE MgO (5 nm)/ CrsoMnao (30 nm) / a—CogoWao (50 nm) / sub. & L7=, Bl 7=,
TENT 7 ABEORES 620°C ~DOMEVE 20 727 2 2 T Y ORFERFE LI LT, F72 MgO & DkfEitk
21X, FogkSE O 2 A8 E L CRUEHZ 630 °C ~DINEAE 1T - 72, A% 121% Out-of-plane XRD HIEIZ L ¥ CrMn
J&F LY MgO JE73 bee (002) 3 L O fee (002) mifid LT\ 5 Z & ZHERR L7-, Fig. 112 MgO JEFRiH DR
MBS (AFM) #2787, RENITIE RIS BARICE Y LS > 72 A — s AER S v
%o ZOREEHIEA 1S mm - 60 nm, &S 2mmBETholz, ZOREMBOERERZ2FHD7-DI
B O Wi 2 B E S (TEM) (I CREfERBIZ L= (Fig. 2), MgO J8IZEk S - EmbELimo g
IZ1E CrtMn BERAEEL TWA Z e b2 s, 20 CrtMn EDORIFIZIE Co R0 W BIFEL TWA Z &L 2 &/
 TEM OFpE X fpoRE~ » B 712 L0 BIRHER Lic, 727 /07 7 A@FEHE CrsoTiso. NiggWao & L72
BAETHRBOBEENECLZ N olz, ZRHEDZ E XD MgO BREICK T M B IREEEE L, 18
RO SR 7 0 AT BV T 7 A JBRERLICHE D bee-Cr 48 DRLA 2 R BMNCHET 5 Z L IC L v B
ENDZENTRBEND,

PRGEHEZALETRBEAORE U Lo RELBEx L, MARKEMERERA L3 20k7 5
=2 THMBOBRIEERE TE 5, Fig 3 ICHICEZRE L7 HAMR #BAOT T VK Z2Rrd, EEHKIT
FePt-F ¥ 7' = = 7 J&/ FePt/ MgO/ bee-Cr &8/ 7ENLT7 7 ABTH D, T7/2bb, MgO JE DA k4%
FoE I IS FePt JE & RIS U, FRECHEE 25 Bt Soh O 0) HKZ [ 0 92l 2 P U 72 B IR R ARk D TRk %
B3, 2oL XREIFESRER DY LR o7l (A3 — i) Led, X BICZE ORI FePtiR{bd)
Jg % 2 FHTHI S H 5 2 & T, FePtffdbhia 27 MIRAE S ®72 7 7 =2 TN EB I D L HIfF SN D,

SEX# 1) Roadmap of Advanced storage technology consortium (2016).
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Order alloying of microfabricated Pt/ Fe stacked dots by Rapid Thermal Annealing
Toshiki Naeki?, Keisuke Miyoshi®, Hiroki Yoshikawa?, and Arata Tsukamoto?
Graduate School of Science and Technology, Nihon Univ.? College of Science and Technology, Nihon Univ.?)

[FL OIS PV Fe #FEICEBMOREFBHFNIL(RTA) Z i+ 2 & T, @B ERKLEAEAOBEFTH D
L1o-FePt ki T-HEA TR FIRETH D 2 L A MG L TV 5 D, SADMBE B B LI T B> H ARSI LT
J Ry b EERT HEMAER SN TR Y, EEHEICHT 5 RTA ICBW IR T EEA A —ICBRT 5 2 &
DB TH D, EMMNLERZH T By MEEIZB W T, INTABIZEI DAL D Ky RNEOM
HIRE I R M IR R MO TR SR B A R S5 MG N H 5 2. Z 2 THRA I T2 RTA
g TR AT, AR TGN T L7 PY Fe Ry FOMAIAEAL, KO A~ 001 mFEEIC
ST RTA OFIEEEE, WONCHEE T 5 Pt Fe OFLARERFT 21TV, TR K OBEREIC > X FEil 21T - 7=
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FERAE  HWRL SR LICE R - ) 7 M ATk
DEEAKI65 nm D Pt/ Fe R b3 — ZAERIL 7=, BRI
DC ~Z7 b ANy XY 72X Y PY Fe (3.75 nm,
Fe:Pt=50:50)% &)@ L 7=. Pt/ Fe N v NMIEZEF I THRIMRIEES
WX FIREEE 120 °C/ sec. TH-IE L, B E (2)450 C,
(b)630 °C, (c)800 ‘CD RTA #4T-7=. K v MEREIZITERR
- BRI (SEM), 1] ) AR (AFM) &2 VY, BESURRIE D
AN ITIRB SRS )5, BESD BB (MEM) & F 7.

EERIER  Fig. 1 ICK B O E SEM 14 & 1 K v b (D),
FEAEMR ZZ(SD) 2 3. mWIREIZB W TS Ry MElHIERES
B, MLZEOBEEZREFL, RN A X508 TH DT & A
PR U7z, Fig2 ICIEm I E, KW H AN F L E s 2 Fn L
WU 7= B AL AR OY, () OFERRALIREEER MFM (2 L 0 R
WL LT R 2 n T, () LMt & OV NG R 5 P & R
L7z. (b),(c) £ ¥ RTA OIRFE EHIZIEWHAIGeb L E 2 b
B OMERE ) B L, SRRt A R U, B8
HIX Ny MERRALEIZ 2 T O BRI MRS T &, ML S il
DKk & 72 L& T2 Llo-FePt K> MEEDER A RIS NS,
RN R 53 S22 5 P oD B i TR B L [ AL O RR FHZ D W T 975
@EICEERL Si FiR o PY Fe HifiED RTA I2BWT,
at. % Fe OFALELE AN X v, B T E 7 6128 O BER R T
PWEAT DR TREORZHE LT D 3. & 2 TAEREIC
BWTHHEET 5 Fe Okt % 5 at. %H5 /0 L, Pt/ Fe (3.75 nm,
Fe:Pt=55:45)IC C/ERL L 7. 800 CD RTA % ii LIER L7 N v
OB EIRR I O, PR BALIRIEZ K L o5 % Fig. 312
AR BEE IR S DR 7D (28 kOe) 2D iE v VIR RE R AE EE (0.94)
oLz, BB LY Ny MO E I IR WO 2203 B
N7i=Z &, FEmEE T AICE Lo bR iE RN R S h
TWAHZ xR L. AMERTRIZENT, &iRO RTA K TOV5
at. % Fe AL DA X v, M T E B R T M 2 i
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Fig. 1 SEM planer view, average diameter of FePt
dots (Da) and standard deviation of Da (StD).
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Fig. 2 Hysteresis loops measured at 300 K for FePt
dots and AFM/ MFM images of (c)800 C sample
which were applied field from +70 kOe to 0 kOe.
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BEX#E 1) A ltoh, et al., “IEICE technical report. Magnetic recording.”, 105 (167),13 (2005).

2) D. Wang et al., J. Phys. D: Appl. Phys. 41 (2008) 195008 (6pp).
3) Masayuki Imazato et al., MORIS2015, Penang, Malaysia, Tu-P-12, (2015).
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Fabrication of (001) oriented MnGa film on Si substrate for application to bit patterned media
Y. Miwa, T. Ishikawa, D. Oshima, T. Kato, S. Iwata
(Nagoya Univ.)

XLBHIT

JRETH7e A A BBENZ, RETIRITIZ & A EREL 52 THMRER Y — SR ERICE A2 FIETH Y, K
A NTEREEREy hRZ—VIERBPM)OERIZICHTE 2 Z 2 65, Fxlx, 2o F R E > K
INE = BHRISET DB E L TR ERBEEBERE T EZHT 5 Lle-MnGa RIS EICER L, By h3Z—r
JEAERL L C& 72D, L L MgO(001) Bk di Fapk TR &7 MnGa & W7z, S RIZZAii 72 7 7 A Hpk |
FIERT DMERNDH D20, £ 2T AL, BEEIEA & Si R RIZ(001)8d M S E 72 L1o-MnGa DfEF 21T >
T&72. 9, AHAE T CrB FHEOR|FHSCEVLEE S ORET 217 9 Z & T, mdifo Ll-MnGa (001)5 4 2z,
JEEfT & Si A BICEIE L= T3 5.
ERGE

L1o-MnGa # I A& 4 A A% 1% Cr (2 nm) / MnGa (15 nm) / Cr (20 nm) / MgO (20 nm) / CrB (5 nm) / NiTa (25 nm) /
Sisub. & L72. MgO JEDAMEEZERFIC LV RETHIEL, TOMOBEIL, ~ 7R hrr Ay Tk
THio7e. 2B, v~ X bR rv ARy AELELERERTELETEINTEY, B2 KKBBET D2 <K
L7z, MgO J& = Cr Ny 7 7 JEIX=IR C ANy Z ik, 800°C T 60 73], HZZH CHII AT o7z, £ D%
200°C T MnGa fEZ pEE L, RS Ll LA 72 6 400°C T 60 431, EZerh THULFR 21T - 7. FEORGEEIT
RFRER DB IFE, R SIS T X BRET 2 CRl L7z, RS IR R BIMEBE(MFM)IZ K v Bl L 7.
EBRER

Fig. 113, SiFMR EICT/ER L7= MnGa <o X #iElfr 7 v 7 7 A L ThbH. MgOo DRy 7 7Jg L LT CrB J&g % ff
ATHZ L2k, Mgo oO0D)EMMEN M ELT-. 72, HAKK R TH S MnGa 001 v — 27 RNE.5h, HAIE
RSG5 L4809 ETH o7, Fig 213, (a) Si 2K E, (b) MgO(001):Ak EIZ/ERL L 7= MnGa fli<o> M-H /v— 7
THDH. SiFER ED MnGa BT K& REEMRKETEEZ R L, AEFIRbIiL 300 emu/ce &7~ 72. ZOKRE2HEHE
WS PRI Fig. 1 T/ L7z RAFZ2(00D)ELmPEICEER T 5 £ B2 Hivd. 72k, MgO Htk o> MnGa i (Fig. 2 (b))
L d 5 &, Si HAR O MnGa DEIFIRULITEATRETH Y, mANFMONL—TIZe ATV RAB R b0, R
FHEN S D EHZ 2 Hid. Alal, CrB J& O ASCEMLELL M OMFHZ L 0, RIF 72 E%F 95 MnGa(001)
B a2 Si Fof FICIERIG 2 2 & 23 CTE 72203, MgO 2 E D MnGa IEDFHEICIEDT 5 72 0I121T & & 70 5 Ak S
HORFPMETHL EEZDLND.
&3
1) D. Oshima et.al., IEEE Trans. Magn., vol.49, p.3608 (2013)
2) ARk fth, 55 38 [ AABIKFEFINHEES, 3pA-2(2014)
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Fig. 1 X-ray diffraction profile of MnGa films: Cr (2 nm) Fig. 2 (a) M-H loops of MnGa film grown on Si
/ MnGa (15 nm) / Cr (20 nm) / MgO (20 nm) substrate and (b) on MgO (001) substrate.

/ CrB (5 nm) / NiTa (25 nm) / Si substrate.
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Magnetical patterning of L1o-MnGa ultrathin film grown on CoGa buffer layer
Y. Horie, Y. Miwa, D. Oshima, T. Kato, S. Iwata
(Nagoaya Univ.)

XL

KaX N TEy hANE— R EER T2 FEE LT, A AV REICE D R — v 2R T 5 HIER
HD. Foxid, REQREEBKETME2HT 5 L1-MnGa HHIA4ICER L, 2 E TIZ30keV D Kr'A 4
VHBEHZ XY, BEvTFH A X80nm FTOE v hRX—UIEKREER L CDE Y. S5258yFH A4 XD
REIZiZ L P A b O L, BB A A O R L —{k, MnGa OFMFEALANLIE L 2D, AR, I
W S 7z CoGa FHIE ED L1p-MnGa?Z/ERLL, 10keV @ KrtA A4 HBE 21T 9 Z & T MnGa RO/
B == TR OTHRETS.

EBRHIE

if~7 % b Ay XY 7280, Cr (2nm) /MnGa (5nm) /CoGa (30 nm) /Cr (20 nm) / MgO(001)
HAROFERL T MnGa JEZER L7=. Cr /3>y 7 7 13 400 °C THE L, 600 °C T 60 73[R A b7 =— /L %47
5 7=. CoGa J& X JEMIEE 400 °C THUE L 729, 600°C T 30 AR A 7 =—/L&4T->7-. MnGa &% 300 °C
THUEE L, 400°C T 60 73[R A R 7 =—/L&1{To7-. &H%IZ100°C LLFIZ/e D ETHAIL, CririéfE %k
fEL7=. 2Dk, ETE—LBNEEE, (AU EAEELZFIH L TS NY —2Fk L.

ERIER

Fig. 1 I%, MnGa 2 10 keV O Kr'A A & RS L7z & & D@ FEER TR O M-HV—7&, (b) M, DR
BRFED T T 7 %3 . M-HOV— 7 13RI R LB LA R iy &, oo B b 2 R 8w R 72
Ry D2 ONRHND. BRI AT 2> 6 O Kerr L— 7128 LTWD Z End, UL mmE o
MnGa DWALKIRIZ L B2 D TH Y, 0 BIGEOFECH) 72t 2 blE CoGa DH D THSH EE X HiLD. (b)
DT T TN AF 2 ORI EZHEL L T < IZ270 T MnGa DRV 255 L TUvE, 1X10" ions/em? LA
FTCEEERS>TND I END, ZOMRKETMnGa DAL TIFIEHE L EEZBND. Fig 21X
Kr'A AV BEICED, EyF A X100nm TR¥—=2 7% L7 MnGa [EOBKBEMEOEB TH 5.
X736 T v Z M TERAL L= MnGa R v F8Z — 0 OB OREKINE 57, A 4 BREHT X0 e L L
BRI TS Z EDNMEERTE 5. £, ZZTIIRLTARWD, FMOSET, By F A X60
nm DR/ NNF —= IR L TEY, 30keV TAA VB L2 L ZOHR/NE Y TFH A X80nm LV LK
HIRRERNE = BERTE D T e yinoTe.
% R
1) D.Oshima et.al., [EEE Trans. Magn., 49, 3608 (2013).
2) K. Z. Suzuki et al, J. Appl. Phys., 55, 010305 (2016).
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Fig. 1 (a) Out of plane M-H loops of MnGa film without and with ion Fig. 2 MFM image of bit patterned
irradiation at doses of 5 x 10'* ions/cm?, 2 x 10" ions/cm?. (b) 10 keV Kr* MnGa (5nm) film with a pitch size
ion dose dependence of the M of MaGa (5 nm) film. of 100 nm.
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Writing field sensitivity in heat-assisted magnetic recording
K. Honma, Y. Nakatani*, T. Kobayashi, Y. Fujiwara
(Mie Univ., *UEC)

LLG Fflx AW~ 7 a~ 73275 0 v 7 &

FL®IZ
BT VR MRERRRERTIE, AR INBL THEEA o e K K 204
LD THREN H TN HTHNESL TE DM, BB g fv=10mis a%?/z
futd - o = nm 4
e EIABBER H IR E W, 27 LG VRN T g Sr o =
COMBEEZD. 5 F E
HERRLER § . ]
EE
w0 C

-5 :
LT T VEIIC X B BER OIS SRS % Fig. | i "
7. EH6 0 H M 10kOe FRENLETH S. '100' = I5| — '1|O' = '1|5' = '2_0

Fig. 2 1%, EFAEHICEB TS 7 LA Rk M O Writing ficld (kOe)

REsfERE P, ORFHZELTH Y, 7 LA DOIRET H3 Fig. 1 Dependence of signal-to-noise ratio on writing
Fa ) —RETLLENS T, ETTER oL & DRFH field employing micromagnetic (LLG) calculation
Z0&T D, MBS H KU TROFATN B IATITK and model calculation.

T DHERD P, AT O SOATIC R T D =R M3

P.Ths. MTDeITF#ITHRFHD —flZ R LT 5. H, | K H, |
ETVERTIE, BATREE Z & @ P, & 11V T, Monte IE+0 g T T3
Carlo JRIZ & W M DGR ZRD TN DS, (a)ldH, = - @ ]
25K0e D & & Th B, PG L & ORI (e s E E
DEYB DR, FTZ P & P, OEDEVD T, write- § 12 b P\ \P. H, =2.5Kk0e
error (WE)BAKZ . (b)D H, =5kOe DL XX, P, £ g E
DIEIE /N E VA, 1TV PV E & ORTH 1E3 & E
BnD7<, WERKZW. (b)DH, =10k0e O & E. o AN .E
XX, PRELSBRDLHDT, PREWEEORITREIE 1E_4_0_6 03 0 03 06 09 12
B 720, WERN/hSL< 5. Time (ns)

BRATIER 0 BN O WA f, T B N —
R a/Q+a®y, AV, VAT, K, @) E (b .
5. T, a3FVELTER, VIZZS LAY L ELE E
KRG K, @O RBGEERTHY, K,T) =0Th sl =10k0e ]

5. T FTH f MBS, BATEEA D2V, H 3 f- S 4 :
W& P mW & & ORITRIED D72 < 720, WE 1E-3 & ) =

NS TERL. - m>\ -
HRFED —EBENEA | L— UHF SR ASRC) D B) g o b LA e e
Ob &b E L. ZZCHEERLET. Time (ns)

B E XM Fig. 2 Time dependence of grain magnetization reversal
1) T.Kobayashi ef al.: submitted to J. Magn. Soc. Jpn. probability P, for (a) writing field H , =2.5kOe
2) E.D. Boerner and H. N. Bertram: /IEEE Trans. and (b) 5 and 10 kOe.

Magn., 34, 1678 (1998).
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/N SRETRBT O R M RESRGGLER AR SR E D B 3
O W—, HE F, #H M GULKE 34T —2 @)

Development of compact and convenient HAMR evaluation equipment

K. Akahane, “S. Meguro, S. Saito (Tohoku Univ., “Neoark Corp.)

1. [FEHIZ

FHLAE BRNCYEZ T2 BT o A MEKGEERCIE, RS D BRFE 1T BR U CIERILIA & [FIER D IR CTORK
FEMERTMICIN 2, BREHEDOEEREZFHMET 2L ERH D, T E THA T, FRIDLITET 2R %R
A DIRE AT FHT 2 Z LI X VMR D% 2 V) — iR 2 55l 5/ - fi{H 738 @ 2 B L, JRPE
FRAE & LT 100 nm f5JE D MnSb I (% = U —EE 3200CFEE) OF =V —iREE2MH T2 L 2/R LT,
LU S Z OFHIZ EBEOET o 2 MMEHAM B TH 2 FePt-C 77 =2 UK L7 & 25, Ruif
W72 SR SR OIREZAL AR & <, BERAFHZSRE AT CHLAL B b 72 iR EE R O 2 (b SR EECTh o 7.
e =2 EHWTY I =2 TR EZ RN L2 L 1ck Y, 7T =2 T HADmIL-oEZ b3 4
C7eloh EHEZR L TV DL BEHROREEZ AL 2 B3 2 72 O H 0O 72 8 O B A S5 RE RS >0 R T AR (2 PR
ETDHMNENRDDH. £ 2 THENL L —F L 22 BRI AN U7 YRt S & A B3 Lo TS 7 5.

2. ¥EBMES S UERER

JR TR D AR BN E DRRFEIC X, 76K CoPt-SiOs BAR % N T8 /L Z G HIIC & 2 B AL s & i 3 %
ZETITH T & & L7z Fig 1 (a) I[CBYE L7 2E O RO A 3. ZEEIINEH L — P OFR, Kerr
SHRFHIDE TR, BEAMSIEZOLER, KOREERH OBRA RIC K VR Lz, IBVEIRIZIT I E2 950
nm T2 7VE— RREIRHT 300 mW O/PRMEER L —F 2 vz, o 70— RO L—9dam e
VATENLEBICAR Y b YA Xef/METE DO THEBRK/NS 2D TECEE2EBILT 52 LN T
x 5. Kerr ZHRFHADEHFIZIE, MBVEROWEE LV AR RO 650 nm OFREEER L —F %2 Wiz, B8
SERRATIE, R LED KR E CCD 1 A 7 & /A GH 7=, Fig. 1 (b) (1%, #EHEIZH T 2MEUH L —3
&, Kerr IRFHIAL =P HROARy MEEE—LDUZ A M LCEHE LB REZRT. §HEICLDE, M
AL —FOENRIT 2.0 um, FHIZ 2 —7 OENXRIT 14um L7250 T, FHIDETIIMEAA R » F RO
Kerr Z R ZMRHTE 5. Fig. 2 121% CoPt-SiO, BEAKIZkF U CTREG 2 H 5| i, KERfEE X 0 b/ S ek ¢ X
IV AN % B U 7o B O B A L SR 2 BN U 72 R R 2 7R 7. BV UL R EZ 10 ps 25 1Tms £ TEILIH TR
BEOFHRAR A & MRV IR UBS L7223, Kerr BAALERFRO K AITITIEFR —RICER L TR Y, 3ENERE
HEBALEDF A= 2 Z T TORWE LHERTE 12, 7OV 2B, BEREIIN, Kerr 205812 X 2 Rlsk
WATRE L o Tlesh, A&, AT v —7 0% %, ROREFIDLFERZ EFESE TV FETH .

oo (a) (b) Heating
camera pulse
LED PBS differential 1 | @ -0.5 kOe
light source 1 Photoele[{:tric | Probe laser 1 ,
convertor 650 nm) max -
o 1 / [
— '\Half Iy Optical I ~1mW@ LD " as & &, @
* mirror | Polarizer_isolator | | T
Heating laser
Dielectric 4 -=- 1 (915 nm) 1
6?(;[:10;1 1 Half mirror | ~270 mw @LD |
Half 650 nm ——
Dielectric mirror 1L wave Iaasgr (zb ective lens (20x
Y ate iode
900-1100 nn/ P . , H (kOe)
-1 9|j5 nm ) \ 7
dioda Film N 4 T
Objective lens J?‘ 1 .
Sub. 4 um Heating
Sample i H ~2.0um/~50mW @pousskeOe
Fig. 1 (a) Schematics of optical layout of the system. (b) Fig. 2 Magnetization reversal of
Calculated result of spot size of heating and Kerr CoPt-C media by heating pulse at
detection light. different pulse width.
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EEE 2 7= CoCrPt 7T = = 7 EREki A D
~A 7 a7 A ME LIRS

Vepklsnk, sgufmie, A B, dbk &, B
(HRAER)
Microwave assisted magnetization switching experiments with continuous rf wave on CoCrPt granular
media
K. Sato, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu
(Tohoku University)

X E®IT

~A 7 a7 A MELIER(MAS: Microwave Assisted magnetization Switching) (3K AR D &% FE G FR gk
Hffi& U CHEA SN TWS. MAS OFERTIEE LCE, KIREO & E B 2 N 5 72 D120 1 um F2E
OB @B ER 2T 2 FERZHOLN TS, ZOHA, ¥Va— BN X5 BOEE L
R 2 By < 7 DI @B IS T B LV oSV R THIINS D . ZoFEZHVWTHIET 2546,
VARG DR TO~ A 7 a7 v A MhSE &, BRI X A HERE (10 ~ 103 s) TOEGES TN EE
LTBHESND. £207), TV A MIRE RS 5720DI121%, S72 oD R DM A r— 1 OBIG % [FRf
WCEBETDOVENRD D, AWETIE, ZOHMEEZMRT S0, w2kl & L THINT & 262 1F
WEFDHZLT, v 70K D7 A MR & ERES S K DBEE D T X DI ~D 5% 4 [F) UIRF[#]
27—V Tikmd 22 xR L. BRI, m0aaigsg

EATD S vTA—EERE L THOWTRED R 2 7. 28.4 30
ERFEL L OHER c P, =+24dBm- 20
J ¥ R=7® Si 7 on— FIZHE 1 pm OF A E SN Au § 279 ] ('hrf=_480 Oe)' <
M & JE S 100 nm OFERRE 2 FEAE, JES 150m O CoCrP-Si0, 2 D e P PP
i FHUE IR 2 bICRIELT. Au BB EORMERZE ) "o
FRITT T 40— N Ar A A2y F 72k D 0.6 x 1.6 S IS without rf | o
pm? ORI T U7z, £ 0k, T HlE 2 Uk #etil e H s :
FOEE Hall 20 (AHE) &M O “ OSBRI T L 0 10 20

o Fig 110, 1) P +24dBm 0 WA A ELIN L C rf frequency f;; (GHz)

& Ui EHESL 0 B SR 2" . ok &, k@ <o Fig 1 rf frequency dependence of
IR R ARIR 1% 480 Oe Th 5. & JE BT AFII L TurZyy  resistance measured with rf field (Prr=+24
& X OEPUEIZK AP AR TR Lz, Al FUstkbciE L dBm, Ar=480 Oe)

T IO D, BB Z IR 2R AT (SRS S E 72
LOTHD. ‘%Wﬁ?—éiﬂi IZ& D 10 K EREDIRE EFITALND
b DDA L THRIFITEF L RN Z &> 72, Fig. 2
Lmﬁﬁme,%%%mxmmmﬁm%%WMLf@mLt
AHE fifgZ R~9°. &8 ER 2 HnE9 I fE L7z AHE difi b
OFECORT. BRI OEIINC X 0 - 771% 6.3 kOe 705 4.3

[y

w/o rf

w/ rf

Normalized AHE Voltage
o
\

h = 480 Oe
KOe ~& 2.0kOe £ F LU 5. 10K OIRE 5T 0.13 kOe L fi=18 GHz
PMEREHBEAL LR T LD, 2 ORRES OWb O RES I~ gl L
A7 vl T A NIRIZEBLDOTHS. -15 .10 -5 0 5 10 15

H (kOe)

Fig. 2 AHE curves measured with and

53 30k
1) K. Shimada et al., Technical digest MORIS 2018, Tu-P-01 (2018). gﬁg“”ﬁddm”zwooamzlg
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CoCrPt 7' 7 = o T R GLERIARIC I 1T 5
~A 7T VAR SR OB

SO W, EEERT, SgULiRBA, WA B, db b &
(RAER)
Effective time dependence of microwave assisted switching effect for CoCrPt granular media.
S.Kikuchi, T. Shimatsu, N. Kikuchi, S. Okamoto, and O. Kitakami
(Tohoku University)

[FLOHIC ~1 27 w7 v % MEb K fE(microwave-assisted magnetization switching, MAS)IZ 7k 4% HDD (2
HAWS D @EEEREETE LTHERE INTWD. MAS IZBW TR RIS B ES 2 N+ 5 2 & T,
R E— A ORI Z R L, KBS 2 JRESEL 2 LR TED. HalTINETIZ, CoCrPt 77
= = 7 BRIZHENE 950 Oe O @ JE B 2 FIIN9~ 5 2 L2 X0, (REEE2 R S0 TE 5 Z 2 @iE LT
72O ARWFTETIE, 2OV RARO @ E RS A2 FNT 2 B2 2L &, MAS OZE)OEEMEEIR C O RFIK
FFHEZ DV TR =D TSI 5.

RERAE  HASH MO i BICHRESHE Tum 0 Au RS A TERK L, 6
JEE 100 nm @ SiO; #ffE 2R L7, €D kg, ES 15 nm O without rf - 4.65 kOe

CoCrPt-TiO, 77 =2 Fi% DC ~ /b ARy Z Y 72 kb t =25

WL 7. R - FHEESDEEO BRI, PR g e e
nm)/CoCrPt-TiOx(15 nm)/Ru(10 nm)/[Pt(5 nm)/Ta(2 nm)]x5/SiOx/Au/MgO g_ TN A ¥
sub. Tl %. AuFRIKIE D CoCrPt 75 == F % 0.6 umx 1.6 um ® T 5 \""53; :
KE ST T U, THiE % 55 Hall 205 (AHE)RIE FH o &k in

TL72. MAS OHIFETIE, ®mEEERZ AufRIEICEHINT 52 8T

R R R S, U 2 — VB K D REHEE O B R A2 I35 0

728, 7V RRTHIN L7, 730 AWE twign 132 20ns T—E & L, 7L 0 5 10 15 20 25
I tyrioa % 20 ps 7B 25 DEGFHTEL S 477 | flGHz)
SEERER  Fig. 11T therion= 20 ps, 6 ms, 2 s DA DIREE T O JE B fi E;,g-r;Vﬁ;;qfﬁ,i"tj;gijEang‘FgC;,i;jfand
(KA 2o, PRI ) I BE | B 7R LY R ClllE L 72 AHE H 20 ps.

BRI SR, E RS 2 EUIN U 72 WA ORI %2 X H I R TR
L7z, WIND toeioa PHE D, fir < 18 GHz OFEIL TIXE B S D1
DN RE > TERBE D DS LT, fe> 18 GHz Dk Tl & 1%k 4 - -
DRIING LT= 78 5 CTHRRE I I3 B0 BINT 5 b D0, L A JE \

WELL 72 IO TEDEMIT/INE 72D, tperios = 20 ps TIXIEIFE— 37 .24 GHz
EDE E e o7=. Fig. 2 (\fREES O I RER v AFPE% fr = 10, 18, 24
GHz {IZ>WTmRd. ZZTCr= (twidtn/ tperiod) X 10'S CEFLE. TR
DA b FEEER OB L > TREBEI DN LTV B0, T O E 1
R LY K& Bip o=, Z ORI %9 5 BT b SUiss

H.(kOe)

DEFEMEICKIIG L TR Y, BRI X 2RUMLER T n R DELE 10° 10° £(s) 103 1
LTWDHEEMEDR® D.
Fig. 2 Effective time dependence of
coercivity for fr = 10, 18, and 25 GHz.
B Lk

1) K. Shimada et al., MORIS 2018 Technical digest, Tu-P-01 (2018)
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A BRE R &b
CGRAERZFEXGEEHIZERT, *Hris TR TAEE)

Micro-magnetic Analysis for PMR Write-head energized on Main-pole Tip
Y. Nakamura, *R. Itagaki, *Y. Kanai
(RIEC Tohoku Univ., Niigata Institute of Tech.*)

1 [FCHIC

HDD O fedE L D\ FIZiE, fRfk A T 4 7 OFE SR OMHIE & SR, AU Uiz E & A
v ROBEIISGENAR AR TH D, LA PMR A& &AL~y RIZETBIL T XOER~ v N & EEAIIC
ML L7Z2bDOBEEDITR>TWND, I—TEIZEWT - a A VTR L, ERMBCICHEREZHET 5, B
KRB E FIE & FARIT, BAZELCk, /MR - mtERR LA ST 72, ZoEmtEfEli, e~ A7 1
B LD RN —DIT %D 72 HAMR 2 MAMR 72 & OBIF A IS S TWA O & IEiic, st
JST DRERAT 4 7 & L BITHBOBNP ST L, FIREZ HDD O &% L bisH LT\ 5,

Tk L CER I, mEMAE S RO ARSI IECTE 57200 BRI & BT 5 2 A
F—ThdLEZX, PMROFERZHDSETE, 5%, HAMR X° MAMR 2R HEIZHITH . Wiv s B E R
EAFRTIMETHY . TELHETMRS TERWRERINR D R ET DMARERNLEI R D, ZD2D
ST XA SR O BRE C X | RIS O B 2R SRR ST i T D FTREMEZ . RO~y R LR L
T FEM fHTIC L » TR CTEZ[1]. TORE, BA VX7 XV ATEMREZRETE D ENHEND LN
T2, EHERE O RIREMEE~ A 7~ T R OBLEN DR T HDLER S D 2 k%h%éntoxﬁif

ZIUCON TN RERERET 5, 7
2 Rk : g“*
~ A Zu~ ZFROMMICIE, EER [EXAMAG) ZM L7, Figl — * rom \ 2,
ICHREAZA Y FE | E7 Fig2 IC558 B MEIAIRE L 1= EREHSEIRI) e el
B~y K, ZRENEFMEL TR LI, TRDDAy RIZDUNT, o gt 10
SEB A0 RER AR 5 AT A T o TR AN 2 TR L7 & & | R i Min poe
LGSR 2 B A U % TR RS OREZL 2 T2, M. BEHEN O — = ——
AR >0 b RTS, Pled w7 LR
3 ®ER :
FEM ARBT 775, EREBSEIIIRINICT 5 LA L 5 7 4 L AR BRHTE,  ~ Main pole
BRI L Y BB TR Ch D = LRI BN R TG, o e
Fig.3 13, A WIS ER VKM 0.1 ns DAL AT v P EREMNMZT= & §E= Auxiliary-pole ZT
& O ERMICIRRE R IR E ORI E L & ~ A 7 0~ 7 REHT T2 b 0 T
T D, BROLH EBYISH L, Fi~y KL b 017~018ns @ Chi  Fig 2 EREEMHEL~> K

03

FHPSIH ERY BT ETICEROLS LNV ERLY 04 ~-mocet2 ~BRETL m——e
~05ns NS = & ERMEHIRO DT RN ‘ J2aEEns s
L. RENHD, OB, BERAIZIE Y M‘%L
K HREMEBAIC KR E REN T <, ﬁbémm%ﬁ
NDEIC, AL H 0B ADWDIC %ﬁ@%m@m
Lﬁék%@%@%&u ﬁﬁ&ﬁ%&®%k#£&@

0.2

o
o

0.1

0

MMF [AT]

-0.1

Recording field H/Hyax [%]
o

-50
-0.2

A4y F:01ns

SRRSO Th D = & ST BV, o0 Sl l - | o
[$% 3] L N
[1] A, {25454, Vol. 117, No. 338, MR2017-40, pp.87, Dec. 2017. Fig. 3 ERLMBIComl R O b Y
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Bt SR I IR A M P il i 2 451 L 72 GdFeCo i D 4t AR A b SUfs

BRI 1, ENRE 2, TIAER L, AT 2
(M HARZFZRZEEE TR TER, 2 A AR FBE L)
All -optical magnetization switching in GdFeCo with the additional layers
for suppressing the magnetic thickness dependency
Takeshi lisaka *, Hiroki Yoshikawa 2, Yasuhiro Futakawa’, Arata Tsukamoto 2
(*Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)

[XEBHBIS 2> br=2 2T A AT T2 #REE 1L, 7 A — MV — 2 — O R E 3 2,
OEELBEEN TNV D, BEEBALKERIEFEE LT, 7o b M/ ULA L —H—(C K D EREE O
7 x VR GdFeCo TERRIZIRSTI 2 2 & DA, SMREEHIINE L C o iE mmiOmi b RS A 55 AL T RE 72 4 e
i bz E 5 (All-Optical magnetization Switching : AOS) Z 45 L CH 0 D BRI FYE B/ S v, —7,
GdFeCo HiE 1T, 30 nm EARELL T T 7 = U BAMEICH K L 7= bl ok & A B BRSO IR (EPE 2 A L,
WAL SR TR FT OB CTARITH D, THIUCK L, Fox i3 HHESBEHEREZ AT 2 Z & C, BEEKTT
‘ﬁ’%jﬁ% <HHITEDLZLZRE L TWVDHENI, FHABDFIEIZ LD A0S ~DHHIIRMThH T, K
— AR CHEBE SRR IS K & 7R R ARAFIE N BN 2 W &, R —VERLSR ORI PE BN 8 2 4 A
Lt?ﬁﬂ%%f’ﬁ% L, AT 5 AOS B ATV, A8 O T 52OV TEBRIICHRTT 21T o 7-.

EEBAE WERENCE, v R bhar oy 2 Y B

L0 VR L 72B0BHEE A 0 SIN(B0 nm)/GdzsFess sCooa(t NM)/SINGG £ 5o ® Samples A ¢ Samples B
nm)/glass sub.(t = 10, 15, 20, 25 nm), & O, [RIBEEFLFH 23T E? . SR
GdFeCo EFAHIC Gd & 1 nm Zffi A L7-5UEHIE B : SIN(6O 55 100

nm)/Gd(1 nm)/GdasFegs 6C0g.4(t NM)/Gd(1 nm)/SiN(5 nm)/glass sub. E % s o, f:‘f:g‘;ie";c compensation
2V BREEORI R L LT, BER T ik £3 \\*l Y
R TS T RS & I L 22 B O EAE R 2 o S

BEHEIL, BOFnRi LA RS o7, RIS, REHEA, BOZNRZ 5 1015 20 25 30

FUt =10, 20 nm OFEHE Y, HULIEE 800 nm <L i 35 fs Thiclness ¢ [nm]

CEAB AR OB SV AW A B L 0 BRSS 5 = Lic kvwe  Fig. 1 Thickness dependence of Ms in
IS TR A B U, R & (f O CBMeE o Re&OE ¢ samples A, B measured by VSM.

I THIEE LT, =
EEREER  Fig. 1ICRUEHE A, B IS A BIIEE M O = 08 8 8
(YL R SRV A LU C, My K % AR K R £ 06

SR SRS L, B T M OBTIREFEIRIEZMD T 5 o 0 o
5T & wMERE Lz, Fig. 2 \Z U R — L 22 KRN T -§ 02 @ @ .
A L, S BT % (MER) &4 BemEREe £ 100 pm

0
AR BREHYEIREE I — B RHEG U, IEBR OB RE O L0 A(10) A(20) B(10) B(20)
JE BN g DA I & [‘ofﬁ GdFeCo EJE t 23/NXUMEE,AOS#  Fig. 2 The structure dependence of created
B MBI Y= R L F =2 NE < 725 TW D, AOS I, 1E domains sizes by AOS
(TR L e O g R ME ISR K0, — BSR4 X A(t=10, 20 nm), B (t = 10, 20 nm).
& X DNREARFNEDIRE S ND Z ERH NIRRT,
BB ADFTEITFRR 25~29 4F B SCER A7 FASL R BRI B AR T R S B 943 (S1311020) 35 L UMk 26~30 4
BESUERB FA B A e BB & B i sE i g8 (FJEsE IR 22 ) J- 7 R v Z8HiF}(Grant No. 26103004)
DR E =T TIT o 77,
BEXH

1) C.D.Stanciu et al., Phys.Rev.Lett. 99, 047601 (2007)
2)  Yasuhiro. Futakawa et al., Technical Meeting on ”Magnetics”, IEE Japan, MAG — 17— 150 (2017).
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