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Bit patterned media is a possible candidate for developing next-generation ultra-high-density data storage,
therefore, the importance of shape, of techniques for fabricating magnetically monodisperse dots, and of research on
materials that have high uniaxial magnetocrystalline anisotropy energy such as Llo-FePt is increasing. Furthermore,
although the magnetic characterization of each isolated patterned dot is a crucial matter, there is a fundamental
difficulty in measuring infinitesimal magnetic moments. On the basis of the idea of estimating the magnetic properties
of a single dot by measuring several hundred million monodisperse dots, we investigated a process for fabricating
monodisperse FePt dots and a magnetization process. In this report, we propose a novel fabrication procedure that
consists of a combination of pre-patterning Pt/Fe film and post-annealing with rapid thermal annealing. Pt/Fe dots
with a pitch of 100 nm and thickness of 3.75 nm were pre-patterned by using an electron beam lithography technique
and rapidly heated up to 800°C, which lead to a lower dispersal of dots that was promoted by a hard-magnetic property.
Under a Fe-rich composition condition for FeeoPts0, 90% of the FePt dots showed a coercive force of over 15 kOe.
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Fig. 1 TEM planar view of FePt particles fabricated by RTA,
average diameter (Da), standard deviation of D, (StD), relative
StD (RSD), and histogram of particle diameter.
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Fig. 2 Schematic diagram of fabrication process. (a) Resist
coat, (b) electron beam exposure, (c) developing exposed mask,
(d) deposition of Pt/Fe by DC magnetron sputter, (e) Lift-off,
and (® RTA performed for Pt/Fe dots.

Fig. 3 SEM planar view of Pt/Fe dots fabricated by Lift-
off method, average diameter (D), standard deviation
of Dy (StD), and relative StD (RSD).
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Fig. 4 SEM planar view of FePt dots before annealing
(Lift-off) and with annealing of (a) Theating = 3.6 sec.
and Zhax = 450°C, (b) Theating = 5.1 sec. and Thax =
630°C, and (c) Theating = 6.7 sec. and Ziax = 800°C.
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Fig. 5 Line scan profile of AFM imaging along FePt dot
array for various annealing conditions (a)—(c).
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Fig. 6 Average shape models of FePt dot estimated
from SEM and AFM images.
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Fig. 7 In-plane and out-of-plane magnetization
curves of FePt dots measured at 300 K for various
annealing conditions (a)—(c).
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Fig. 8 AFM and MFM images and line scan profiles
of those images along FePt dot array of sample (c).
Magnetization was initialized at +70 kOe.
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Fig. 9 SEM planar view of FePt dots for different
composition ratios of FexPtioo-x. (x=50, 55, 57, 60 at. %)
average diameter (D), and relative StD (RSD).
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Fig. 10 In-plane and out-of-plane magnetic
irreversible hysteresis loops of FePt dots with
different composition rations measured at 300 K.
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Fig. 11 (a) In-plane and out-of-plane magnetization
curves of FePt dots measured at 300 K for x=60 at.%.
(b) Magnetic irreversible component of (a).
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Fig. 12 AFM and MFM images and line scan profiles
of those images along FePt dot array of of sample (x
=60 at. %). Magnetization was initialized at +70 kOe.
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PN SN, x = 60 at. %ORERCIETE S LTy ik
DR SHUIZ. x= 50 at. % OYa L L L, FRRIGORIE &7
FHGORIAEDZ N FNDALEDZE TIHFE UL, BRIk
T ONE CONABES, FEETHDHZ LD, BHbDmE M-
WHHEDEFZ D, 5, IR - MG EOAET o=
kZ A hDZFEMNE L L TSR b EEER T, BUEA S
Tl ERERE 100> DR TR HIRIR E UCHET D Z L AVR
ENDH, Fig 11 D OARSNAFETII RV, 202 Ebatkhic
A Dl A BRI N G AN S 2 SR O A LD TR S D A3,
Fe 182 0fERkEL & 32 Z & CIEmERE ST A R HRIED MR
FFSNDRIT %2 BT 2 & & HITBY LS OB LD 5y
O FTRE CIH D = EAVRENT-

ELITHEIII T2 W CTIERL L 72 Ry b7 — B0, R
HRRPIE DSy R FHI LT, fie b BOEREIEA Y NS x= 55 at. %D
FREOBHALIIERE S5, 2k0e DRI AT 7 AH OB
P& AM, SaFEl M 3 JORRI 4005, AH fEOB s
74 (Number of magnetization reversal particles : Nup) D5
FEL 0 Z4T o7, BRI OMKE—A Y MIVELWEDREDS
&, RIS A%FRIE & AV SN T & D DARE O AR 4%
LW EGEL, LR (1) X0 256,000,000 fHD K ko= —2
D572 HRREHTIB T, AH i ORI bEGE LR 4ka H L=

Nawp = (AM 2M2) % 256,000,000. D
A (D) 2R, BEEIEE ST ORI 61 S bR B

AISE LT s DR LTl EBORRE T4 D B A N7 T %
Fig. 1312779~ F72 Table 112, PERETH 5 Fe il ORI
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Fig. 13 Histogram of estimated number of reversed
FePt dots for x =55 at. % sample.

Table 1 Comparison of shape and magnetic dispersion of

FePt particles.
Initial structure of Continuous film  Microfabricated
Pt/Fe before RTA dots
Dy (nm) 22.4 26.4
StD (nm) 5.13 1.1
RSD (%) 22.9 4.2
Average Hsw (kOe) 46.7 28.3
StD of Hy (kOe) 26.3 7.7
RSD of Hsy (kOe) 56.2 27.2

T Pt/Fe i#ifli~RTA ZfiidZ Lo K W /ER L, PRiE e
TRV EERUE TSR, U TR RO RIS S O bR SRt
L 10 A0 x=55 at. % CERILTZ Ry 37— 88D D, StD,
RSD B X OIS LA (Average Hew) & WAVERRES YR
7 (StDof Haw), FERIH SR 2 (RSDof He) Z 2 A N
T L X0 R LT RA 7w ERTRE CN, R LA AR
74E 56.2% Th v, SEIDFELZHND Z & THHLUTIZE T
D UT-, WEINT.O%% RTA JBRA 9 ERYEIC &> CRE y8r=
VG2 < B UBERE R B bR ATRE T D = & A BN Lz
Fio, ACHEMERY ~—&2H\Wie ¥ — o FERERD
RAZBNT (Fy MERE 8nm, fR£E/ 6k0e d K v kX
B =) WA R B 21% & OWE 1 L H 0, &
EERL L 72 x =55 D/ % — 2 L [RIFRE OR b HRRER 45 ik
Thb.

6. &

AN SCCIERIE DR ORI B2 SRR R L, ~ 7 v
EEHINZ LD 1 Ry MO T DRSS EE JAED D L0 ) E1E
\ZHSE, HUEIEOES L Lo FePt Bl FiEERI - > S )
EAToT. BT V7T 7 4 AR TE—IZ PYFe Ry k
VR, Lo A ATmT 7= RTA 450, BEEERE, AR08
IZOXETEAT T, BRI TIZ L W /B L 7= P/Fe R =%
— TN 6.7 sec. T 800°C £ TR 5 RTA A4 =
LT, KNS 26.7 nm, RSD AN 4 A%FREE & 45800 NS\ ORiRER
TERR LTz, BRI T2 AV Vil el kb L7560 RSD
LHHRL 5 0 1 FEECE TR Uiz, F BB o8NS
L HREE FRICHAD B 1316 k0e ICETHEK L, Lo SHIKBOIE
WAMEESILTND Z L &7R LT, L L7Zein s, MEM X 5 JRiFT

FHANC &0, B EESHOBAF AU EAE T2 Z & A 57
LR, Y TR ot

ZHUTKT L, Fe il ORI T Pt/Fe By Fa/EiIL RTA %
™2 &, RT- OB LA S ORERITEE T~ O LA
Frie. Fe % O&RENT Dy 2% 26 nm, BSD 73 4%FEORL1-
REDERR LT=. F72 Fe MR & & B2, K 7HE0D HeOBERAEH
EIASE BIVZ. x= 60 at. % ORI IBTHTRE T 0 ORI b &
FRIRITEIPN T T OFR BB LA Mey: My =171 TH DT, &
Ry ko8& —2 ) 3 5300 2 DIWERITEE T SR LA Sl e A L,
90% RT3 15 kOe LA FOBH VR AR LIZ b D EFZ 5.
E5IZ MFM L5 BRI X 0, slBkpicid b S isamim
WNTNCAT S BRI NE SN D08, Fe i@BZ O/ &4
% 2 & ORI IEE ST TR IREED MR S VDR A2 <
TERCT 5 & & BITR kA SRR DSy B ORI FTHE T
DT DRI

PERTHECER U7k e i L, RTA I T2 VW2 Z &
G, FRH VRS 2 A RIS & Tl Lz, SN Lo
% RTA QB Jiti 9~V EREE K - CREEOERT T T < W binhs
RO WERTTHE T D Z LA LN L

BEE AR —EHTIBR A b L— ORI HEE R O Bk
B K OSCERRM A FANT R R WS ORI 2 HeAl S48 35 2
(81311020) O#EkiIc L W iT->7=.
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