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Abstract: Specular spin valves (SVs) containing nano-oxide layers (NOLs) structured as substrate/seed/AF/P
l/NOL/P2/Cu/F/NOL, have been fabricated. The NOLs were formed by natural oxidation in different
ambient atmospheres of pure oxygen, oxygen/nitrogen and oxygen/argon gas mixtures. The fabrication
conditions were optimized to enhance the magnetoresistance (MR) ratio, to suppress the interlayer coupling
fields (H f) between the free and pinned layers, to suppress the high interface density of the NOL, to ease the
control of the NOL thickness and to form a smooth NOL/P2 interface for promoting specular electron
scattering. The characteristics of our specular SVs are the MR ratio of 14.1%, the exchange bias field of 44-
45 mT, and H £ weaker than 1.0 mT. The optimal conditions for oxidation time, total oxidation pressure and
the annealing temperature were found to be 300 s, 0.14 Pa (oxygen/argon = 80/20) and 250?C, respectively.
Also, the origin of thermal stability of MMn-based (M = Fe, Pt, Ir, etc) specular SVs has been explained in
detail by chemical properties of NOL using secondary-ion mass spectroscopy and x-ray photoelectron
spectroscopy depth profile analyses. Thermal stability turns out to be caused by a decrease in MR ratios at
high temperatures (>250?C), which is a serious problem for device applications using the SV structure as a
high density read head device.

Index Keywords: Annealing; Argon; Electron scattering; Ferromagnetism; Giant magnetoresistance; High
temperature effects; Interfaces (materials); Oxidation; Secondary ion mass spectrometry; Thermodynamic
stability; X ray photoelectron spectroscopy; Ferromagnetic coupling; Interlayer coupling fields; Nano-oxide

layers (NOL); Specular spin valves; Nanostructured materials

Year: 2004

Source title: Journal of Physics D: Applied Physics
Volume: 37

Issue: 23

Page : 3290-3295

Cited by: 2

Link: Scorpus Link

Correspondence Address: Yu, S.C.; Department of Physics, Chungbuk National University, Cheongju 361-
763, South Korea; email: scyu@chungbuk.ac.kr
ISSN: 223727

CODEN: JPAPB

DOI: 10.1088/0022-3727/37/23/010

Language of Original Document: English


http://www.scopus.com/inward/record.url?eid=2-s2.0-10644268682&partnerID=40&md5=38ff15908d9bc0d33025b25c645427ee

Abbreviated Source Title: Journal of Physics D: Applied Physics

Document Type: Article

Source: Scopus
Authors with affiliations:

1. Quang, H.D., Department of Physics, Chungbuk National University, Cheongju 361-763, South Korea

2. Hien, N.T., Department of Physics, College of Natural Science, Vietnam National University, 334-Nguyen Trai Road, Hanoi,
Viet Nam

3. Oh, S.K., Department of Physics, Chungbuk National University, Cheongju 361-763, South Korea

4. Sinh, N.H., Department of Physics, College of Natural Science, Vietnam National University, 334-Nguyen Trai Road, Hanoi,
Viet Nam

5. Yu, S.C., Department of Physics, Chungbuk National University, Cheongju 361-763, South Korea

References:

1. Veloso, A., Freitas, P.P., Wei, W., Barradas, N.P., Soares, J.C., Almeida, B., Sousa, J.B., (2000) Appl. Phys. Lett., 77, p.

O 0 =N »n ok WD

—_ = = = =
2w b = o

15.
16.
17.
18.
19.

1020

Kools, J.C.S., (2001) IEEE Trans. Magn., 37, p. 1783

Sakakima, H., Satomi, M., Sugita, Y., Kawawake, Y., (2000) J. Magn. Magn. Mater., 210, pp. L20

Sant, S., Mao, M., Kools, J., Koi, K., Iwasaki, H., Sahashi, M., (2001) J. Appl. Phys., 89, p. 6931

Gillies, M.F., Kuiper, A.E.T., Leibbrandt, G.W.R., (2001) J. Appl. Phys., 89, p. 6922

Li, K., Wu, Y., Qiu, J., Han, G., Guo, Z., Xie, H., Chong, T., (2001) Appl. Phys. Lett., 79, p. 3663

Shen, F., Xu, Q.Y., Yu, G.H., Lai, W.Y., Zhang, Z., Lu, Z.Q., Pan, G., Al-Jibouri, A., (2002) Appl. Phys. Lett., 80, p. 4410
Wang, S.X., Bailey, W.E., Surgers, C., (1997) IEEE Trans. Magn., 33, p. 2369

Takiguchi, M., Ishii, S., Makino, E., Okabe, A., (2000) J. Appl. Phys., 87, p. 2469

Li, H., Freitas, P.P., Wang, Z., Sousa, J.B., Gogol, P., Chapman, J., (2001) J. Appl. Phys., 89, p. 6904

. Kim, Y.K., Lee, S.R., Song, S.A., Park, G.S., Yang, H.S., Min, K.I., (2001) J. Appl. Phys., 89, p. 6907

Anderson, G.W., Huai, Y., Pakala, M., (2000) J. Appl. Phys., 87, p. 5726

. Colis, S., Guth, G., Arabski, J., Dinia, A., Muller, D., (2002) J. Appl. Phys., 91, p. 2172

Egelhoff Jr., W.F., Chen, P.J., Powell, C.J., Stiles, M.D., McMichael, R.R., Judy, J.H., Takano, K., Berkowitz, E., (1997) J.
Appl. Phys., 82, p. 6142

Swagten, H.J.M., Strijkers, G.J., Bolemen, P.J.H., Willekens, M.M.H., De Jonge, W.J.M., (1996) Phys. Rev. B, 53, p. 9108
Sugita, Y., Kawawake, Y., Satomi, M., Sakakima, H., (2001) J. Appl. Phys., 89, p. 6919

Kools, J.C.S., Kula, W., Mauri, D., Lin, T., (1999) J. Appl. Phys., 85, p. 4466

Li, K., Wu, Y., Qui, J., Han, G., Guo, Z., Xie, H., Chong, T., (2001) Appl. Phys. Lett., 79, p. 3663

Moulder, J.F., Stickle, W.F., Sobol, P.E., Bomben, K., (1995) Handbook of X-ray Photoelectron Spectroscopy, , Eden Praire:

Perhin-Elmer



