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Fig. 1. X-ray diffraction patterns of [Ta/NdFeB/Ta] films
deposited from Nd12.1F630.4B7'5 target at Ts= 700 °C(a) and
deposited from the target with Nd chips at various substrate
temperatures, (b) 650 °C, (c) 700 °C and (d) 750 °C.
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Fig. 2. Cross sectional SEM image of [Ta/NdFeB/Ta] thin
film sputtered at 7, = 700 °C (Nd/Fe = 27/73).
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Fig. 3. Effect of substrate temperature on the hysterisis loop
of NdFeB thin films. Solid and dotted lines corresponds to
the loops measured perpendicular and parallel to the film
plane, respectively.

A A5t

Fig. 4= o] tiale] x]el lsko 2 249 AJ8.9]
WA A sl ARSAS BAR F Al AR
kg Yehd A elc}. Dubowik[7]e] 23] 2] € ZA
H, B3 ) viAR A N ol 8402 ZAAS)P)
7} olie}. dapA, B A )M Meo?} Daniel[§1] Al
okgl uhi & ARgslednt. &, EAAQ HAA A -H,

H12}7]33)%] Volume 10, Number 6, December 2000

15

a5 jof 5 °
H(kOe)

Fig, 4. Demagnetization curves of NdFeB films sputtered at
various substrate temperatures (after the demagnetizing
factor correction).
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Fig. 5. Variation of 4nM, and M,( || }M,( L) as a function of
substrate temperature.
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Fig. 6. Coercivity of NdFeB thin films as a function of
substrate temperature.
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Fig, 7. (BH),, of NdFeB thin films as a function of substrate
temperature.

o] 2g=y] WjEel Aoz AR M (|l VM (Lye Al
2kl whute] S|z} oWbAS delir] H5le] AL
22X NdFesBS c-Fe] el 43t whefez A
e AXr} FE5E 00l 7Pk 3k BolA "o 2™
AN Ml ML Ye 7157t F7Hel wet Zhast
o} T,=750°CollA 0.14% 3t& 7Rl e= A 714 st
AYEE Jepd S o 4~ 9ler, o] 72 HAI= Fig.
1@y xA3H AgAFAE & AR5

Fig. 6= 7|%e] 2= sl ufe} 2ol tjsle] 53]
9 ulgko 2 2% TR A (H S vERd Zlelo
TFolA Bz ule} gol 7\ghewv} F7Ijhe) ulel
g pAulgro 2 o] B2 Fylsled 700 °ColA 22t
12.5k0e, 189k0ed] Z#HZ-& 714 F Fag+.

—283 -

T,= 650 °CollA] BAl o] 2k 7-& Ardepe] dapd A
o] EANa}7) Wl Eel™ T,="750 °CollA EAlHe] Zhadh=
A& A Eell 23] NdFe B 24 27171 $7k6P7] 9
el Ao FAEd,

Fig. 72 7 2hexe] w2 FjeluixH (BH),.2) 3}
E vl A2 AR |dAHL T,= 650 °CoIA 20
MGOeZ 9 2t 79 719227} 5713l vlel A
£ 74asict, o)9} Zeo] T,=650°C ¥ (BH),”’t 41
A= AL Fig. 490M F3E wie} 2bo] &, A Aol
coupling®|7] W&l o2 Algge a=h}, i 2=
7} 713l wle} BAp o] 13l ET8RT (BH)ma
7} RolAl = AL 7o 7l wet coupling® A
A Ato] Zhasle] A 2Elgke] 2febA]7] W]l AL
2 Atageh

vd £

RF-DC v} | EE AFEIRAAE 0831 7194 si
715 $)6ll [(300 nm)Ta/(500 nm)NdFeB/(300 nm)Ta] 2}t
& S PR WA Zhe AR ke Alxs)
A=} T;= 650 °CollA} A=}8} [Ta/NdFeB/Taab a2 =hsie]]
F2gE wgko 2 27| ol o] HAEIN™ (BH)par= 20
MGOe®] 9 <AAHE el =3t T,=700°C
ol A=kt uhake] RX}2e H. =189 kOeZ ¥2%k&
7.

M

I EH#

[1] M. Sagawa, S. Fujimura, H. Yamaoto, Y. Matsuura and K.
Hirag, IEEE Trans. Magn., 20(5), 1584(1984).

{2] J.J. Croat, J. F. Herbst, R. W. Lee and F. E. Pinkerton, J.
Appl. Phys., 55(6), 2078(1984).

[3] E J. Cadieu, T. D. Cheung, L. Wickramasekara and N.
Kamprath, IEEE Trans. Magn. 22(5), 752(1986).

[4] H. Lemke, T. Lang, T. Goddenhenrich and C. Heiden, J.
Magn. Magn. Mater., 148, 426(1995).

[5] S. Yamashita, J. Yamasaki, M. Ikeda and N. Iwabuchi, J.
Appl. Phys. 70, 662(1991).

[6] T. M Liakopoulos, W. Zhang, C. H. Ahn, IEEE Trans.
Magn., 32, 5154(1996).

[7] J. Duowik, Phys. Rev. B, 54, 1088(1996).

[8] C. D. Mee, E. D. Daniel, Magnetic Recording handbook,
McGraw-Hill Publishing Company(1989) pp. 405.



284 — 3=217183) ] Volume 10, Number 6, December 2000

Magnetic properties of NdFeB thin films with perpendicular anisotropy
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[(300 nm)Ta/(500 nm)NdFeB/(300 nm)Ta] thin films were deposited at 5 mTorr Ar gas pressure by RF-DC magnetron
sputtering, and their magnetic properties were investigated. The [Ta/NdFeB/Ta] films deposited on heated Si substrates
showed high perpendicular anisotropy and excellent hard magnetic properties. The films sputtered at the substrate
temperature of T;= 650 °C and 700 °C showed (BH),..,= 20 MGOe and ;H, = 18.9 kOe along the perpendicular direction to
the film plane, respectively.



