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Fig. 1. The basic scheme in our work, with regions calcu-
lated from —¢° to ¢" when ¢% + t' 4+ ¢" = 15 nm. Fig. 1(a)
and (b) show the model for the calculation of the easy axis

parallel and perpendicular to the film plane, respectively.
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Fig. 2. Demagnetization curves of SmCo(5 nm)/Fe(10-¢ nm)
bilayers for various interface layer thicknesses ¢. Fig. 2(a)
and 2(b) show the demagnetization curves of the easy axis
parallel and perpendicular to the film plane, respectively.
The inset shows the change curves of the Hy, Hp and Hc as
functions of #.
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Fig. 3. Spin distributions in the thickness direction for the
SmCo(5 nm)/Fe(10— t' nm) bilayer with ¢ = 4 nm under
various applied magnetic fields. Fig. 3(a) and (b) show the
spin distributions of the easy axis parallel and perpendicu-
lar to the film plane, respectively. The inset shows the evol-
ution of four key angles, i.e., 6%, 61, #2 and 6" as func-

tions of the applied magnetic field.
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Fig. 4. The spin distributions within some film planes for
the parallel SmCo(5 nm)/Fe(10— ¢\ nm) bilayer with ¢ =
4 nm under various applied magnetic fields: (a) H =
-5.3 kOe, the soft layer surface; (b) H = 8.7 kOe, the soft
layer surface; (¢) H = -10.7 kOe, the second interface
between the hard and interface layers; (d) H = —11.3 kOe,
the hard layer surface. The adopted ratio 1:12 for presenta-
tion. This means that one displayed magnetic moment at

the figure stands for 12 x 12 calculated moments.

Pl 4 57 142 2 Bl A T B A R AR — o MG
Yy T HRESEIEHIN Y A e . 18] 4(a) A H =
-5.3 kOe T Y HHE)Z LT (6° = 9.5°) H g/ A
K, B 4(a) Hral LUE G, s b HA55MiE07
o] (VAT BT ELKF- )4 ) = 50 I E e TT 46 i
e, WWRTARBL)Z 5 R R - R (00 =
5.5°) H BRIz 5 AR AR (60 =
1.5°%) A EaR o A7 B R i) i , 3 IS T THT I g
Pl WA 5 R S22 3 T L e O e LR ZRAR, - A e v
AR flower 7% PSSR, I RS/ 22 3R 1 g
(6" = 0.3°) JLPAMS.. B 4(b) o~ H=-8.7 kOe
WM WEZ R (08 = 47.9°) 76 5 4Nk 3 7 H 5 1)

A FC T 1 E I T e D 2 A TR DB eT LA
E i, 55ME T R BRI EEREG A R
5 SR (1] 4(a)) XL, SNG4 5 Y
e B TET PN P R R D B B TS 2 R IR PN P R
Dy Tt —2K, BEHRERE 555 — St i e (0 =
27.6°) #E C PSS SR, HEETFLA H = -10.7
kOe i, ifi )25 F1m 255 — Stimab (0 = 18.3°)
5307 ) 2 H o Bl B BT AR R R A I e
(&1 4(c)), Hom, BERAHZRT (6" = 1.7°) FBEISR
WA AW AW, WEWEREE (95.4°) K. 5THL)E,
KRR T ARG, 25 H= -11.3 kOe B}, £
FNFTA HE SN 7 m19efah 180°. K] 4(d) &
AN R AR AT FLS H = —11.3 kOe HIREH.

(a) [» - < - . - . - (b) * * + * * * +* * *
W = v I ¢ + L S e e
A - I S . P T T S
N+ & ¢4 & K K K ¢ > 4+ ¥ s K A o« *
Pr 3 1 e T T O |
Py ¥ % 4 2 T T [ K
i LT <) oy Gl + LR g > 4 4 P S
e 4 I T S 1 o &+ &+ 4 4 P Y
111111111 o * L 3 * * L]

(@QF T (d) ]

5 i =4 nm S E R EUA) SmCo(5 nm)/Fe(10-
¢ nm) WUZ AR ] S8 RE S T 00 A5G 5 Ff 7 B 1T P 9

WEsM (a) H=10.7 kOe B IY##EZFRIE; (b) H=10.7 kOe
IRF A AR 22 55 5 T2 55— VTS (¢) H = 2.7 kOe IR F B8 7
BES5RMEES " FH; (d) H= -14.0 kOe B FY B %2 %
. o by 112, BEE i — RGN R 12 x 124
T ARG

Fig. 5. The spin distributions corresponding to four key
angles within the film plane for the perpendicular
SmCo(5 nm)/Fe(10— ¢ nm) bilayer with ¢ = 4 nm under
various applied magnetic fields: (a) H = 10.7 kOe, the soft
layer surface; (b) H = 10.7 kOe, the first interface between
the soft and interface layers; (¢) H = 2.7 kOe, the second
interface between the hard and interface layers; (d) H =
-14.0 kOe, the hard layer surface. The adopted ratio

1:12 for presentation. This means that one displayed mag-
netic moment at the figure stands for 12 x 12 calculated

moments.
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Fig. 6. Energy products (BH) of SmCo(5 nm)/Fe(10 — #

nm) bilayers for various interface layer thicknesses ti: (a)

and (b) show the energy products of the easy axis parallel

and perpendicular to the film plane, respectively.
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Fig. 7. Energy products (BH) in parallel SmCo(20 nm)/
Fe(20 — ¢ nm) bilayers for various interface layer thick-
nesses ti: (a) The experimental measurement?’; (b) the

theoretical calculation.
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Abstract

In this paper, based on three-dimensional micromagnetic numerical simulation, the influences of the
interface layer formed by the atomic diffusion at the interface on magnetic properties in parallel SmCo/Fe
bilayer and perpendicular SmCo/Fe bilayer are investigated. For the parallel system, whose nucleation occurs in
the second quadrant, as the interface layer thickness increases, the nucleation field and the pinning field
increase gradually though the remanence decreases gradually, hence the maximum energy product first goes up
and then comes down. As a result, in the system there occurs the transition from the exchange-spring to the
rigid magnet. For the perpendicular system, with the increase of the interface layer thickness, a gradual
transition from the first quadrant to the second quadrant happens to its nucleation. Although the pinning field
experiences the changes from decreasing to unchanging and to increasing, the nucleation field and remanence
both rise gradually. Therefore, the energy product is enhanced gradually. During the demagnetization, there
appears a spin deviation within the film plane: the parallel system shows a progress of generation and
disappearance of the flower and C states; however, the perpendicular system shows a progress of generation and
disappearance of the vortezr state. With the increase of the ratio of the SmCo atomic diffusion in the interface
layer of parallel SmCo/Fe bilayers, the nucleation and pinning field go up, but the remanence decreases, and
hence the maximum energy product first rises and then drops. For the two easy axis orientations and any
interface layer thickness, the nucleation field rises with the increase of interface exchange energy constant,
indicating that the existence of an interface layer between the soft layer and hard layer enhances the exchange
coupling interaction between them. The model in this paper well simulates the relevant experimental results
[ 2007 Appl. Phys. Lett. 91 072509].
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