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L1o B FePd HRAIE &7 / KT D REHRRIE
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Kazuhisa SATO and Yoshihiko HIROTSU: Long-Range Order Parameter of L1o-Type
FePd Ordered Alloy Nanoparticles

Hard magnetic properties of FePd nanoparticles originate from their Llo-type tetragonal
ordered structure with high magnetocrystalline anisotropy energy. In order to know correlations
among the long-range order (LRO) parameter (S), the particle size and the anisotropy energy,
we employed a new technique to determine LRO parameter of single Llo-FePd nanoparticle
using nanobeam electron diffraction (NBD). The LRO parameter was determined by quantitative
analysis of NBD intensities recorded on imaging plates together with intensity calculations
considering the multiple scattering of electrons. In taking NBD patterns, #h0 systematic reflections
were excited using a transmission electron microscope with a field emission gun operated at
300 kV. Specimen thickness was evaluated by electron holography. The obtained order parameters
of individual nanoparticles larger than 8 nm are almost around the mean LRO parameter (S =
0.79) determined by selected area electron diffraction. In contrast, the parameters gradually
decrease as the particle size decreases below 8 nm (S = 0.60 ~ 0.73). The low degree of order
in very small particles is responsible for the coercivity (anisotropy energy) decrease of the Llo
nanoparticles in smaller sized region. Experimental conditions required for NBD analysis are
presented in detail and the possible experimental errors of the determined LRO parameters are
discussed.
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<*ﬂ%7 nm). (A bright-field TEM image (a), and
the corresponding SAED pattern (B) for L1,-FePd
nanoparticles after annealing at 873 K for 36 ks. An

=] 1 Llu

HREM image of a 7-nm-sized FePd nanoparticle

is also shown in inset.)
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K2 (a) F/E—LEDSIZX D LIHTFILEDES
MR EKT A N T 4 P8I 58 at % Pd,
AR5 4 at %. (b) FePd F /7 FiF- D& &R Ok
EARATE. ((

of FePd nanoparticles analyzed by nanobeam EDS.

a) A histogram of the alloy composition

The mean composition is 58 at % Pd with standard
deviation of 4 at %. (b) Particle diameter dependence
of the alloy composition analyzed by nanobeam EDS
and the corresponding bright-field TEM images.)
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3 (a) MIFTEREELL 1) 001220 @}\gfffi L RHE X KAE
P (BLHIEE 0.8 THEE). HEFEH: 300 kV. (b) [Elfr
SR LE 1110/ 1220 DRNIE & SRFHE SKAFHE ([T16)
AGH). B O L AREZL(LSETEHE. ((a)
Thickness dependence of the calculated intensity ratio,
I110/1220, for several beam incidences under S = 0.8
(300 kV). (b) Thickness dependence of the calculated
intensity ratio under several degree of order. The
order parameter was changed by varying the atom

fractions in the calculation. The beam incidence is
[T16].)
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X4 (a) MBEEHE 300 kV 745021 MV THIE L 72[0]
Rt e 52 5 R#EPABIHIE & VR FIR S &
DR ([T16] A%, (b) FePd F /4 (- i FHE &
DRAFHAFE. THEDOH] (20 f5HEIE) b HHET
753, ((a) Thickness dependence of the order
parameter for 300-kV and 1-MV electrons derived
based on the experimentally obtained intensity
ratios with beam incidence of [116]. (b) Particle
diameter dependence of the particle thickness for
FePd nanoparticles measured by electron holography.
An interferogram (amplification . X 20) is also

shown in the inset.)
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515,
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[(T14], [116]. [118] Agt%E T hhO Sl BLET % ke &
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PERRATA,

CINE 5114

X5 fil% DL FePd F / k72 H#%E L7z [T11] A% NBD IO, (a) #11% 6.8 nm, [T18] A4, (b) #if%E 8.2 nm,
[T14] A4t (¢) ¥££10.2 nm, [116] A4f. (NBD patterns for individual FePd nanoparticles observed at 300 kV.
Particle diameter (D) and the beam incidence are as follows : (a) D =6.8 nm, [118], (b) D =8.2 nm, [114],
and (c) D =10.2 nm, [116].)
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6 (a) fixDEZD {> ETORITEEEEL 1) 10/1220 DHL
AUEEARAF I GHE). (b) BLAUEE ORARMAFNE. FoMR
\$ SAED Dﬁ;@m FEFRAT 20 5 1% 5 N7 PR BRI EE
T ARG ik A b7 4. ((a) Order
parameter dependence of the 1;50/1220 intensity
ratio for several specimen thickness calculated by
multislice method. (b) Particle diameter dependence of
the order parameter determined by NBD at 300 kV.
The solid line indicates the mean order parameter
determined by SAED at 300 kV. A histogram of

the size distribution is shown in the inset.)
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X7 (a) SAED KD REERATIZ & 2 [EF 3R EELE 1) 10/1220
D IEMAFE ([001] A44). 982 K THREILAE
BUZALN CPYRIE 13.5 nm, Ino = 0.16). 983 K
THIZ L72NBD 2% (b) ~ (d) (TR §. KifEIE
(b) 11.5 nm, (¢) 13 nm, (d) 14 nm, (e) 15 nm. ((a)
Annealing temperature dependence of the intensity
ratio /;70/1>20 obtained by the intensity analyses of

. [o01]). At

982 K, the intensity ratio abruptly decreases (mean

size . 13.5 nm, Inc = 0.16). NBD patterns for FePd

nanoparticles observed at 983 K. The observed

the SAED patterns (beam incidence

particle sizes are (b) 11.5 nm, (¢) 13 nm, (d) 14 nm,
and (e) 15 nm.)
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SROIZHEHTH T AL 72 (2D L X, Igolliro =

AAHSFEAE £50% $45 (2008)

0.04 —0.14) .29 —J5, B 7e (KifE 15 nm) TIZBARE 2 HH]
BT REAT R S N, ZERERE OREMAFTEE R L TV 5,
SHERS I 2L -3 ilBVWTh, T/ RTFICBITA
BRIAH HIZ R OIC T 12 X 5 & iR 02 kA
ENTBY, —FMEELRT /N7 LT, &eh
Ze AN DREZE LD G S Tw b 3030 45 /K
T2 BV B HAAHBRNZHRE & | Z ORI O E = 72
BRI TR L A RO TH 5.

6. £&O

ARRTlE, KB RHEERAGLEEROER L £ 2 5
L5 Lo M FePd M &4 / Fi1- 12 BT A E#iPHHIEE
DF 7 € — LB E Fv 72 illE T & Efahl 2 /80
L7z RBFRIZ &Y, BRIG ST/ fiFOHBIE OB
BlE 24TV, Z ORI L EBRIISRT I LA TE
7z ARWES, foli 78 U 72 E R R 73512 X 4 Sk
Eroav—Lr beBETEE, BTHRICH L TEKET
BREMIE BN A A=Y T L - VWA &
IZEDER SN DTHY, K10 nm LT FePd 7
J R B DR & RIS ERmHET A 2 & 2STE
72, AR CHA LTI, BRERT2KBE, F /KT
DR, G, SRR S, EIHTEEE, Mk, &
s 7 &9 TR B 5 EBRIICHE L TWnwb 2
DU CH D, F7, Bk A INEEE T CRITHE 2§l
ETAHILIZED, FHHBESI 2T 2 LA TE
. AWFZECIE, [T1] ASHEMA I THIE RS 110
ARG 220 & OFRELL % b & BB 2 HlE L7278,
ZDIID, 330 & 440 & DIEEE L DIE SAKAFHEIZDOWT D
Mt L7z, D@ EERH R ORI, 330/440 56 EE L EARHE
X 10 nm BLF ORRGHEREL 2 BV T LIRS L, HHIESRE
IZEARMETH S Z LA L7 [h10] AFOHEIZD
kT d - 72 (001/002 5L LA & OFRIEHIE LT #E) .
L7285 T, Iihkgai & SRR SR DB % 21T
vy, 1107220 3 %\ 1E001/002 58 EE L OFIHI A3 T
B, Atk L VEEE @O 7RI AT I, BN
WA E E NG, —J, ICH LB 5138
HIFH D #EALZE 2 sl O BL I fl i R AR S SN T R T 5
75, TOEIZ L TiiE, FePd 7/ FiFI2f= D Cu ¥
CoZmM¥ 5 I L&) cEMiflmEIlF L {GF\EENS
Z & (Cu?mINT 74 %, CoiRAITI90 %)3334 X2, FePt ~D
CuiShiz & W BANLIREAME T3 53 Z &4 EAHH G
mErol.

F 72, Fe g% (Fe + Cu) IBEOFEIZL Y, VI /
N—=RF ) aVRYy MRTDE303 Sb &R,
Co RO\ EAAL A M §5 2 L LM
otz
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