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Fig. 1 Variations of perpendicular anisotropy energy
constant K,, saturation magnetisation M, and coer-
civity H: of Tb 8A /Co as a function of thickness
ratio.
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Fig. 2 Changes of Hall hysteresis loops of Th 8A /Co
as a function of thickness ratio.
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Fig. 3 Variations of perpendicular anisotropy energy
constant K,, saturation Hall voltage Vus, and coe-
rcivity H. of Tb /Co with dn /de = 1.53 as a function
of modulation wavelength.
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Fig. 4 The range of the thickness ratio exhibiting a
perpendicular anisotropy in Tb /Co.
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Fig. 6 Variations of perpendicular anisotropy energy
constant K., Kerr rotation angle fx, and average spin
dospersion angle a of Tb/Co with dr, = 12A as a
function of thickness ratio.
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Fig. 7 Change of Hall hysteresis loops of Th/Co as a
function of aging temperature and time. (dr /de =
12/7.868) a) 100, b) 200, c) 300 T.
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Fig. 8 a) Observed abnormal hysteresis loop, b)
calculated hysteresis loop for Co-rich layer, c)
calculated hysteresis loop for Tb-rich layer, d)
calculated total hysteresis loop, €) schematic diagram
for H, variations as a function of composition.

&-22}7]83} 2] Volume 6, Number 3, June 1996

g z18lo|c}, Brillouin functiong o]&3& AlAtell o3}
H.7} #4402 % TM-richold=4 (b)e} H.7t
2 RE-richo|8334 (c)& #AsA oj=dF3A (d)7}
5 o) 2AE o|HTA (a)s B YAFt F ol
g ujg Al ol FAle] Fele B 29 AL
2e =Wz thazutatol A RE-rich 23 TM-rich %
7rel @z ztelz} AR 739 F 7ol magnetic
coupling w0l Yehts @atolch Alae|gel utah
Uehtbe AS F2% A Thael Astel o3 Fig.
8(e)ollat miulel o] & Thoko] Fadlel RAZ
A wako g ZASA ot wekd ToZe uAH2 3
7151z Coxe AL Z W3l glonz F &79 B
=zl e] zpol7} ARA =] (a)sh e Fehe] o|HFA
o A "}, Asl oS AAEE The 248 243
A o3tz o] F3le] AF o|HFAL Cozdl olHFA}
7ol A Al He},

v.a £

24 of AgFaYol o8] AAFez T2 22
ol e} A= Tb/Co =AWz thautete] A7) 9 2
713 Aol Batel adFste] o] AEE AUt
1) Tbel =77} 4, 8, 12, 16 Aal Tb/Co ttzwiute]

2R 27 oA Wl Frilwlzt 77 1.41~1.66,
1.06~1.8, 0.93~1.81, 1.14~1.8124 Tbel F#
7} 1249 w7} A 2 9ol sART oA T
Ban, Az 652 x 10° erg /ccg] AR oA
A= 3e Agict,

92) Thel =A7} 12 Aol 2eh 2770l E Rel
£ 22 Tb/Co Aol A el Th-CoolF Axpiul
oh2t Tb-Tb, Co-Co%%E UAAME F2 A7 o1
Aol 7437 Moz Azt

3) Kerr 3|A7H(0x)-2 2 A7]0]4A o= o} vz,
AFE 23 247 a) FE wEEE A5E 2He
w) Tbe] 577} 12 Aol F7u] 1550141 Kerr 3|
A7t 0.28°% ARt

4) AA)A dehtes wAAE o]¥FAL Tb3e
©Aql Alstz Tbe) FazAol Faste] 2ol
BAE 22 o|53A slo] Coxahe] 2AH el
7} AR A vebdet,

Ao 2

2 A7 9u: adsta SHATel o8 43



€ATEED Tb/Co 242 chiprtatel A7) 2 #2718 Aol B AF—F47) - 24Z - o))

Hglom olo] Aol S Fahe ukuch,

#2og

o

[1] P. Chaudhari, J. J. Cuomo and R. J.
Gambino, Appl. Phys. Lett,, 22, 337(1973).

[2] R. C. Taylor, J. Appl. Phys., 47, 1164 (1976).

[3]S. R Lee, A E. Miler, and H. A.
Blackstead, J. Appl. Phys., 60, 3982(1986). ;
J. D. Chung, D. Y. Lee, and S. R, Lee, New
Phys., 29, 570(1989).;J. D. Chung, S. Y
Hwang, D. Y. Lee, and S. R. Lee, New phys,
29, 765(1989). ;: J. D. Chung, S. Y. Hwang, S.
H. Lee, and S. R. Lee, New Phys., 30, 595
(1990).

[4] T. Chen and G. B. Charan, IEEE Trans.
Magn., MAG-16, 1194 (1980).

[5]J. D. Chung, S. R. Lee, H. J. Chung, S. Y.
Hwang, J. of Korean Inst, of Metals, 28, 1002
(1990).

[6]1F.J. A M. Greidanus, W. F. Godelieb and P.
M. L. O. Schoite, J. Appl. Phys., 63, 3841
(1988).

[7]S. R Lee and I. K. Kim, Korean J. Applied
Physics, 3(4) 555(1990); J. D. Chung, S. Y.
Hwang, H. J. Chung, and S. R. Lee, New
Phys., 30, 745(1990).

[8] M. Takahasi, T. Niihara and N. Ohta, J.
Appl. Phys,, 64, 262(1988).

[9] N. Sato, Y. Aoki and S. Miyacka, IEEE
Trans. Magn., MAG-20, 1022(1984).

[10] S. Yumoto, Y. Hidaka and O. Okada, J. Appl.
Phys., 67, 5730(1990).

[11] S. Tsunashima, S. Masui, K. Kobayashi and
S. Uchiyama, J. Appl. Phys., 53, 8175(1982).

[12] Y. Togami and R. Sato, Jap. J. Appl. Phys.,
24, 106(1985).

[13] D. K. Hairston and M. H. Kryder, J. Appl.
Phys., 63, 3261(1988).

[14] H. Takagi, S. Tsunashima, S. Uchiyama and
T. Fujii, J. Appl. Phys., 50, 1642(1979).

— 163 —

[15] T. Tsunashima, H. Takagi, K. Kamegaki, T.
Fujii and S. Uchiyama, IEEE Trans. Magn.,
MAG-14, 844(1978).

[16] R. Sato, N. Saito and Y. Togami, Jpn. J.
Appl. Phys., 24, 106(1985).

[17] T. K.suda, S. Honda and M. Ohkoshi, J.
Appl. Phys,, 52, 2298(1981).

(18] S. Yasugi, S. Honda and M. Ohkoshi, J.
Appl. Phys., 53, 2338(1982).

(191 C. T. Burillaa, W. R. Bekebrede, M.
Kesyigian, and A. B. Smith, J. Appl. Phys.,
49, 1750(1978).

[20] T. Katayama, M. Hirano, Y. Koizumi, and K.
Kawanishi, IEEE Trans. Magn.,, MAG-13,
1603(1977).

[21] H. Takagi, S. Tsunashima, and S. Uchiyama,
J. Appl. Phys., 50, 1642(1979).

[22] S. H. Gill, M. Chen, and J. H. Judy, J. Appl.
Phys., 49, 1741(1978).

[23] N. Sato, J. Appl. Phys., 59, 2514 (1986).

[24] Z. S. Shan and D. J. Sellmyer, Phys. Rev.
Lett., 63, 449(1989).

(25] Z214%, o)Al olgha<-3t8) ], 29, 839(1991).

[26] H. Miyajima, K. Sato and T. Mijiguchi, J.
Appl. Phys., 47, 466(1976).

(27] K. Okamoto, T. Shirakawa, S. Matsushita,
and Y. Sakurai, IEEE Trans. Magn., MAG-
10, 799(1974).

(28] M. Mansuripur and M. F. Ruane, 1EEE
Trans. Magn., MAG-22, 33(1986).

[29] N. Sato and K. Habu, J. App. Phys., §1, 4287
(1987).

[30] N. Sato and K. Habu, and T. Oyama, |EEE
Trans. Magn, MAG-23, 2614 (1987).

[31] S. Honda and M. Yoshiyama, Jpn. J. Appl.
Phys., 27, 1687 (1988).

[32] S. Honda and M. Yoshiyama, Jpn. J. Appl.
Phys., 27, 2073(1988).

[33] T. Niihara, IEEE Trans. Magn. MAG-22, 1215
(1986).



— 164 — 22} 7183 %] Volume 6, Number 3, June 1996

A Study on the Magnetic and Magneto-Optical Properties of Tb /Co
Composition Modulated Multilayer Films

Suckji Hong, Sangrok Kim and Seong-Rae Lee
Division of Materials Science and Engineeing University, Seoul 136-701

(Received 25 March 1996, in final form 17 July 1996)

The magnetic and magneto-optical properties of the Tb /Co multilayers as a funct10n of the layer thickness and
the ratio of Th /Co thicknesses were studied. When the thickness of Tb layer was 12A the maximum perpendicu-
lar anisotropy energy and the maximum thickness ratio which displays the perpendicular anisotropy were obtained.
This result indicated that the Th-Tb and Co-Co pairs as well as the Th-Co pairs contribute to the perpendicular
anisotropy. The Kerr rotation angle, @x was proportional to the perpendicular anisotropy energy and was 1nverse1y
proportional to the average spin dispersion angle, . The maximum O« of 0.28° was obtained in the film of 12A Tb
and the thickness ratio of 1.55. The abnormal hysteresis loops were appeared during the aging treatment because
the coercivity difference between the Co layer and the Tb layer was increased by the preferential oxidation of Th.



