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COREICABHIZ, FYMPHFEESARDEALBIEZEBELZ T NILESILN.

MHJL—T (&L F)

-H//". 0 H
Reversal unit

nucleation field saturation field
0 I. Hy=-H+ (Nf"Np) <Ms>| Hg = H + (Ni- Np) <Mg>
<T> dipolar field
N, =N, (3, D) N:: macroscopic demagnetizing factor
N, .: demagnetizing factor of a reversal unit

<M¢>: average saturation magnetization

[ O. Kitakami et al. Jpn. J. Appl. Phys. 40, 4019 (2001); ibid 41, L455 (2002) ]
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1
Kett = Ky _E(I\Ilo_z_l\llo_x,y)Ms2 (9

HT L SMIEEBISMR, BBERV-2HT 50 NETH (RIS EBLANSDHILT 5. TOWEFHIE
EEULHNEAHT RIS EAEEREAHTHBOBHEL (N, —N, ) <M >ERD. COLIRERMS
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BB FHHEERNMEREREA T DU Z2FLIROD

1. Increase of saturation field Hq

|:> Unfavorable for saturation recording

H// ;

H
2. Reduction of nucleation field H, ]
nucleation field saturation field
|:> DC noise & ATE problem H, = - H+ (NeNy) <Mg> Hg = H + (N Ny) <My>

‘ dipolar field

3. Severe reduction of energy barrier
) AE(Hg=0)=KV >> AE (Hg=- (NN, )<M,>)

4. Increase in effective switching field distribution

|:> Deterioration of recording resolution
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B2-1 DCAL—X/AXEBDT=-HIZITHRBREALEEAM, /M =1

H,e" > H, (dipolar field from all surrounding particles)

eff _ — —_
HK = ZKGHIMs = 2Ku/MS + (Np_x Np_z)Ms
Hd = (Nf—Np_Z)<MS >

B2-2 MBFHEERH, C&DRIVFUTRBEDS M
Hsff_ Hd < HSW < H;ff_l_ Hd ----- (5) | .: ;
-H, ' :O y H
ﬂ*ﬂj?iﬁ Hqy éﬂﬁgthﬁﬁ nucleation field Eaturation field
& EEnEICkE o=t Qo) M2 [ TH=Hr (N Ny <M,

‘ dipolar field
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B3-1 fAFEEER

AR Hsa = Hlsff +Hy = ngff +(N¢ — Np_z)< Mg > < Hyggg """ (6)

* FEEB/SULOBAESEHETIEBFIFIZEL IR,

See, for example, Report for IT21, unpublished (2003/4/25). In this calculation, | adopted the Nakamoto
& Bertram’s analytic model . [ K. Nakamoto and H. N. Bertram, J. Magn. Soc. Jpn. 26, 79 (2002)]

B3-2 BREM
IRIIVEF—ER AE [HT™ = -(N; =N, ,)<Mg>] 2> 40kgT  ===== (7)
L #@oae—Lorgpsy
2
N: —N M
AE=KeffV(1— ( f :I_esz)< s>} > 40 kBT ----- (8)
K
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Bl. HRXDORYMRFEI=FTREEH
B2, FohSa At <= ak E> &# (1. 2. (4)~(6), ®)
B3. B RUBAREENSDER

UEDEHK 24 -8BIEF DL, 5 Thpsi BPMIZEESNAEEIZLITD@EY.

(N, -N_)<M > < HF < HP - (N, -N <M, > | ... (9)
e (Nf B N z)< Ms > 2
M. VH [1— I-pl_e” > 80k, T | ... (10)

#&/m, 5 TopsiFA/NI—UHARZ[RIEBRICRIRTEONE >N L, K (9) & (10)Z R EFIZiHE
=9 BREETEINEIMNIHMOTNS. CNLDBDEFEEZRDITAIZIE, Kyk
ERHRDOREFIFZREN,, BE—FIrDREREZER,, , , ZAETNIEESEN. £D
T, 53 N RBFFZHDAEXICDOLNTHRARTF=, STbpsiF/\2— KD &4
70(9) & (10)[2RS.
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(N¢ _Np_z)< M, > < Hﬁff < Hrrpe%)((j — (N _Np_z)< M¢g> | ..., (9)
_.";;f"_ (Nf =Ny )<Mg>y} | (10)
M A = .Hgff. > S0kel
" [/' 1 2
eff.—K + pxy Ku+—AN szs>O
S, _ 2 p_X,
- FYREEARDz AR REFIZRE (V) T g
N, ,: —2DFIFD z FRIREFHK
Ny oyt —2DRYRD X, yARIREF R 7
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12



FybDEES R RBER R

2
Fvw FESHE packing density p = (WV\J/r 5]

2
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- p 1+2p% -p
[ 2
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1+p° -p
1 aspectratio p = L/W

Noy = 5 (1-N,,) F
L
W
H. Fujiwara, JPSJ 20, 2092 (1965); T. lwata et al. JAP 37, 1285 (1966). M 1%, Etﬁé*ﬁ%l:%ﬁ’éﬁﬁ%ﬁ[?’
HNTLVS. M. Masuda et al. JJAP 26, 1680 (1987); H. Daimon & O. Kitakami, JJAP 30, 282 (1991).
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BPMIZERESNAHEH

(N, =Ny )<Mg > < HS' < Hisd = (N =N )<Mg > | ... 9)
2
(N; =N, ,)<M, >
M.V HE [1— :I—ezﬁ ° > 80kgT | =reee (10)
K

LIRDZRZERMICHEDH D012, WEISEWLITO2EU%RTETS.
a. EBEAYRDAFRELIDZAMIE H "™ =16kOe.  =eees (11)
b. MBFIH (N —N, ,) <M> = AN <M> (FAEEFEHHTDL/SELTF.

HeEfT=5AN<M> . sesss (12)

15



5 ThpsiDRERIZZAIEEMEIZDULNT

Hiead™ = 16 kOe Z (9), (10) [T XALT
5

H" < A Hre = 13.3kOe e (13)
M,V H" > 125k, T = 5.2x10 ** erg at 300K~ =**-* (14)
Hef = 5AN<M> (12)

K(1I)ITHWT, FBREA RIS ORR H = 13.3 kOeZxLdé, K (14) kY

. 3.9x10°

V [nm®] = 1300 (M, =300 emul/cc )

800 (M, = 500)
500 (M, = 800 )
400 (M, =1000

N—

H(12)E(1)ZFIFISHE S 2N HEIMNEINH 5 ThpsiDEHAIEEEZTRDS.
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M, = 300 emu/ccD#$z ALV =15E

(12) H=f = 5 AN <M > KU

eff
HK

S< M, >

AN <
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TELE-2Y 1 XEE
O<W=114nm, O0<L =15nm
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-1
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BPM B #4144 %

Co/Pt Table 1 Magnetic properties & charactenistic length for vanous magnetic matenals
matenials | Memu'ce) | Ky(erg/ce) | Hx (kQe) 0 {Kw-},-.;j,{f} deinm)* | /o (nm)** |8 (nm)**%  memo
hep Co 1400 12%10° 6 034 84 28 22
hep CogoPtyg 1200 13 22 14 170 34 12 Ho=Hg
Ll FePt 1100 70 128 02 400 26 Hq~Hg
L1; CoPt 30 35 73 62 380 30 3
CoPt* 16300Co) | 27 (/Co) 12 16 1000 33 Ho=Hg
[3580] [62] [6.8]

¥ The data for [Co{0.6nm)/Pt(2.0nm)]5 are quoted from the master thesis of T. Kato at Tohoku Univ.
The numbers in parentheses are the values averaged over total volume.
*  Critical diameter for single-domain spherical particle : d_ =9y {1 X 'Irf:} e - wall energy density

** Exchange length for sphencal particle: |_=2r = g (6.4 7 M°
*+% Wall width

L1, CoNi-Pt

<111>

L1,-CosyPts,

Table I Values of K, KA and 5, for L1,-oype Co-Pt and
Co-Mi-Pt films having M, of 500-600 emun/cm’.

Composition (at%) M K, (x107

Co  Ni Pt (emu/cm?) r-rgf em?) (%:% >
50 O 50 940 37 395 0.5
30 0O 70 600 12 194 019
25 0 75 510 0.7 144 013
20 30 50 570 18 314 045
15 60 25 520 0.8 146 0.3

[H. Sato, T. Shimatsu et al. J. Appl. Phys. 103, 07E114 (2008);

ibid (in press) ]
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7 ADF A

RAVAI TR T1I)RE

Diameter D' = Exchange length L_,

Easy axis

5 0D T Al
D=L

ex
Reversed embryo

wr

e
H M
s
coherent rotation

(Stoner-Wohlfarth model) incoherent (curling or nucleation)

Critical boundary for coherent/incoherent rotation

2 2A
L, -=9 ~ 35 nm
Ms § Ny z
for L1, FePt particle with aspect ratio of 1/5 y
for D = L,, — coherent rotation X

incoherent rotation
(curling or nucleation)

for D >L, —

[ A. Aharoni, Theory of Ferromagnetism (Cambridge Univ. Press); O. Kitakami et al. JJAP 40, 4019 (2001) ]
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0.1

—= 300K h——
—— 10K

ot T

0,05+

‘ E 0,00
e I
L1, FePt (001) dot 208
(#50%t10 nm?) gl |
a— L
-20 -10 0 10 20
H (kOe)
DEVE'OpEd AHE method |:> ~ 1015 emu (Co: 10 nm)
micro SQUID AHE
VSM SQUID (Neel lab.) (present method)
~ 10 “4 emu ~ 10 " emu ~10 ‘1S emu ~10 ‘1S emu

Sensitivity

Max Field H.. = 20 kOe | H, .. = 50kOe H. = 90 kOe H,. = 90 kOe
T < 9K

meas

Max Temp

[ N. Kikuchi et al. Appl. Phys. Lett. 82, 4313 (2003) ] 22



L1, FePt E—FyhDiELZE S

Critical size for coherent / incoherent switching

~ 35 nm > Experiment 20 nm

X for aspect ratio of 5
M, = 1250 G s

A =1x10° erg/cm

Diameter D critical size
~ so(fhm’ ~ 35 nm —~ 20 n‘rﬁ & ZF)
H B B

_ ) Bi-stahle Coherent
Multi-domain single domain (SW model)

Incoherent (nucleation of a reversed embryaj

domain wall wid

2000 nm

For the first time, we have clarified that FePt dot behaves in a coherent manner
when the dot size is smaller than nearly half the exchange length. (D <L_/2)



BPMAF/Fyr&FD &

A. Interdot dipolar interaction

degradation of thermal stability
Ij‘> broadening of effective SFD

reduction of <M> , V., L/W is necessary A

Fig.1

B. Switching Field Distribution M

" extrinsic factors :
size dispersion, etching damage etc.

H// 0 K H
intrinsic factors : nucleation field saturation field

structural defects, such as c-axis dispersion, f= H* QM) M> -/ TH = H+ Qlallles
i : i ipolar fie
lattice defects, layer imperfection, etc.

N¢: macroscopic demagnetizing factor
N, .: demagnetizing factorofa reversal unit
<Ms>: average saturation magnetization

Materials being investigated :
(1) hcp Co-Pt (2) Co/Pt (3) L1, CoPt (4) Hard/Soft stack

24



hcp Co-Pt Ryk&F

Crystalline size :~ 15 nm
c-axis dispersion  : A ,=2.8°

Magnetization : M, =1180 emu/cc
Magnetic anisotropy : K, = 1.24 X 107 erg/cc
Anisotropy field : H,= 20 kOe
1.5
) —~
£ =
> g 4
o] )
) )
w L
_< =
> L 05 1
L T ® 3=5nm, D =140 nm
E ¢ 06=20nm, D =140 nm
> . . A 5=20nm, D =245 nm
. . contlnpous film . 0 . .
-10 -5 0 5 10 0 30 60 90
H (kOe) ¢ (degree)

Each Co-Pt dot is bistable
*Nucleation type reversal

"H. << H, increases with reducing D
Somewhat broad SFD 25
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[ K. Mitsuzuka, et al. J. Magn. Soc. Jpn, 30, 100 (2006) ]

Effective H,
o 14 . ' ' ' ' '

9 ]_g e

H | =1 i

m Hdﬁ S 8t M i

I 6f O8=20nm -

H e = £ 4 05=10 nm -

Hk 4TCM N (r) f 2t A8 =5nm H¢ =27 kOe A

A —— = = ]

0.8'_ | I E ) 8 M _

Z 04 D(nm)= ! ' %i \-; 4 |

02F 245 140 80 S L 2 ]

@ 11 a8 -

0 0 : : .' .' .' :

20 | 3 ]

1‘8\ 15/ Dgl{g)‘ 1.40 8IO Tg 6 j

A2 [ I\ | = _

= 10_‘ iM‘E ~ 4 \D?&-\#E: i

°« gl | T 5 ]

T+ r (0 L i L b 1
—950 -100 -50 O 50 100 150 OO 50 100 150 200 250 300 350

Distance from dot center (nm) D (nm)

H & roughly explains the D dependence of H,, but H, decreases more rapidly than H e .
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[ K. Mitsuzuka, et al. J. Magn. Soc. Jpn, 30, 100 (2006) ]

450100 50 0 50 100 150
Distance from dot center (nm)

c-axis dispersion : | :
1 1 |

AOsy=2.8° : :

0, I [
: 5 :

1 |

| |

D= 140 nm, 6= 20 nm
-AB5,= 2.8 degree

=

ﬂ.BEU =28 erfﬁi HIJ_S;H
1 (degrees) (D =245 nm]; ( ::BD nrn}_

D =245 nm

o
P
I
Q
=

80 nm

=)
(4D)
= a
: Z
2 06 g 08
= o
% 0.4 a 0.6
Qo H H eff (r= i)
F 02 H & (r=0) N 0.4
= ©
= l l l £
- > Yy 5 0.2
Y 2 | & 8 10 S
H, " (kOe) .
r ® 24 6 8 10 12
For smaller dots, max H,%@ ~H, H,,, (kOe)
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[ K. Mitsuzuka, et al. J. Magn. Soc. Jpn, 30, 100 (2006) ]

0.5 10
i Hr hcp—CoPt
0.4 8 ~ 20 i
;: . T 3 ® 6 =20nm, 20Pt, Z e
=03 6 = B §=20nm, 17Pt, Z e
T . ~— JRe
q | - ® & =10nm, 20Pt, Z -
Lol g 2 15 ' m §=10nm, 25P¢, T e
alhe 2 = ® 5=3nm, 25Pt, T 7
o T e M §=23nm, 30Pt, T /-/
0.1 2 T+ = 10 | ® 8=23nm, 25Pt, TM .-
e I A m
. . ° ¢ Q& o
% 100 200 300 ~ {ov
D (nm) 5 o °
— |
D =140 ~
E I nm ///.
5 0
o 0 5 10 15 20
E:,J Hr(cal) (kOe)
=z
>
: » M-H loop shearing comes from SFD
> -
probably governed by c-axis
10 -5 0 5 10 dispersion
H (kOe)

Reduction of c-axis dispersion would be crucial for lowering SFD s



L1, CoPttb Y& F

[ H. Sato et al. JAP 103, 07E114 (2008) ; ibid (in press) ]

50 40
Ref. S.0kamofo.etal.,
I Phys.Rev.B, 66, ;44-13 (20p2) ‘a —Oo—O—O—O—
“c 40 | w_ 30l original film MgO(111)
S 5
2 30 5
| o T, e
> 20r g uchiginaI film Glass disk
Y | =
10¢ x 10t
0 L I L I L I . I L
0 0.2 04 06 0.8 1 0

0 50 100 150 200 250
Dot diameter, D (nm)

Order parameter, S

0 1rGlass disk ' —
&  loH=015 SFD = AH_/H_= 0.17 for L1, CoPt
L% 0.5 (0=80nm) - < 0.25 for hep CogyPt,,
T
<
0
*
£-05 - _
s | Mgo(t11) This lower SFD may be due to
< _qf (D=70nm) better c-axis dispersion.

60 —40 —20 0 20 40 60

Applied field, H (kOe) 29



1. BPMZEAW=TIE Y LERD A REMEIZ DWW CRE LIRS R, D 7<E5 Thpsi &
Wz D& AR ERIC AT REE T HISA. 72720, Ry NEfEEER DR ET - il
EINEERRA N THD.

2. BPMHMEIL T Y472k a A 9 5ColPd, Pt °L1, Co(Ni)PtABLIR Tl A<
EEZBID.

3. H73I/nrColPt Ry bW skER, W22 ESRIMFZHONI LTz, S LA
HRFEER 7 ED D, & O AR I REEE E AR BE O SR EZ AR i — R il CHEA T
T AHIENEFESNTZ. 5% 1%, BPMYAXGE (~ 10 nm)IZE TESAIA A, T H¥
PEARDIRIFNEFHARDMLERH 5.

4. hcp Co-Pt, L1, CoPt Ry M& D IEERD D, SFDITIEAE 2 D SR D b il 43 B

PRSI G-L VDI ENRRENTC. S&IT, SN LR DX A=, "TOE,
BER OB F K Kat & 60, JOESIMA TSRS B,
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