12aB - 1 A2 | AR EEAE (2018)

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 05 72, BEE 0.5nm-FePt % 572 2 FMGRE CTIERL U 7=, HEpiE
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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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.
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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 WAEIAD L 2022 £ £ TIT 4 Thit/in? b D EE LA RD LN TEY ., Tt 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,

SEEMER B o EEAIE MgO (5 nm)/ CrsoMnao (30 nm) / a—CogoWao (50 nm) /sub. & L 7=, 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 #FEICEBB OREFBFNIL(RTA) Z M4 2 & T, BB ERLSLEAEAOBE/FTH 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 ICH 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).
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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.)
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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)

Si i 500 700
I L
a (b
o Sub. MaO Cr  ISub. @ T _( :
= g 002 g | g1
z 002 MnGa 2 5 of
H 002 S V4 = J /
. . - . . : o 0w s o 15
20 30 40 so _so 70 80 o0 100 H [kOe] H KOsl
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.)
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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.

KRG R

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.
L 2PN
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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