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ABSTRACT
We successfully grown La0.755r0.25MnQO3/La0.75Ca0.25MnO3 multilayers thin films on SrTiO3(001) substrates using RF
magnetro sputtering. We used the photolithography and ion etching techniques to fabricate the thin film to a 20-y m wide
mircobridge for standard four-terminal measurement with a gold film evaporated onto electrical leads. In this article, we study the
temperature coefficient of restistance(TCR), and the metal-insulator transiyion temperature(Tp) in LSMO/LCMO multilayers. In
the LSMO/LCMO multilayers, we can find that the TCR and Tp ara larger than those in the mixed thin films. We also stude the
effects of oxygen annealing on maximum value of TCR (TCRMAX) and Tp. For the LSMO/LCMO (50 A /100 A)8 multilayer
with oxygen annealing at 800 [, the value of the Tp is increased from 271.6 K to 282.5 K, and TCRMAX is increased from 7.5
%K-1to 11.1 %K-1. Here the numbers in parentheses correspond, respectively, to the thicknesses of LSMO and LCMO layers in
unit of angstrom, and the subscript denotes the total repeated number of bilayers. Finally, the relationship between TCRMAX and
bipolaron binding energy (A 1) is deduced by the current-carrier-density-collapse model. It is found that the TCRMAX increases as
A 1is decreased.

Keywords : multilayers ; RF sputter ; temperature coefficient of restistance ; metal-insulator transiyion temperature ;
current-carrier-density-collapse ; bipolaron

Table of Contents

coooOoooOooOoOoU0OooQoUOUoOoOooUUobOOooUOUDODMODO0ODOOOO0ODOOOO0ODOOOODOO
OO0wvOOOOODOOoOUOOoOOoOU0OoOoOoOo0obOOooOovO0OoDOOOoUOOoDOOoUOOoDoOOoOoOoDoOoOOooOwvig
gOo00oooO000OOooOoUOoOoQoUOU0DOoodvid0DOoO0o0OoDOOO0ODODOoOOUOOoDOOUOUbODO xogooo
oO00oo00oo0U0oOooO0U0bOOoodU0OxwiOOOOoDOCO 110000000 0O0O00DbOOoOODboOoOoOoD1.20
gTcrROODODOODO0ODOO0ODO0ODOODOD 31210 00000000000 DLO0DLO0ObOODbD412200000
gbooobgobobboobodbel23CMROODDOAQUDDODOODOODODDO8124000000000
gboooboobobb1213gbogobgoboboooboobobbobLBoooboboobo 22000000
obooobooooboboobk100b0bo0ob0o0boobobo0obOooDb 1521220000000000
o00d0oO0obo0oO0ob 1821300b00oCMRUDODOOODOOOODOD 1922CcMROUOOODOODOOODOODO
oboo0dbdb21221000000000000000D00000D02122200000000000000000¢0O
0002123Lal-xAMNO3 (A=Ca, SN0 0000000002424 0000000000000000DO00O0O0O0O 25
2410000000000 00DLO0O0DO0OOO0ODbO2524200 0000000000 D0ODDODODOOD2624.300
oooobo0obobobobooobgoobzr2s5TCRODOOOOOODO0OOO0ODOOODODO300b0O0ObOn
ooodb 3100 0b0obb0oboo0obo0ooobobobo 23200booboobooooboobooboonass
3210 000000000000 00Db000Db0ODb0833220000b000b0ooDOo0obD0o0obOobobOoDse3s3gng
0oooboobobobooboooboobos37r3slpgnoooboobooboooboobooosr3sz2ngonoon
U000bO0bo0ooboobOobb40340000000000O0000DO0DOO0OOO 4334100 000000000
U000D0bo0o0oD4E342Ar+0 00 0000O00ODO0ODOOOOODOOODO46343000000DO00O0OODODO
O00000483440 00000000000 0O0O0ODOOOOODO49345 Xrayd 000 00oopbooooooon
0513460 0000000CGEMIOOOOOOOODO 5234700000 EDS) ODOOOOODOOOOODOO 533.4.80
Ubooobooboboboboobgoobgsss4ondo-pooboooTecrRUODDO0ODODOOsS8snoooDoon
U0 41000000000000000 000000 5411 XrayD OO OO0D0OO0DOOOODOOODOOS94.1.20
O0O0X-rayd OOOEDS DO DOOOOODOGS420000000(TCRUODODOODOOOODO 642100000
Uoo00bo0obobboobOodbes4220 00000000000 0OOOO0ODLDOODOG4230000000O0OO
gbooobdoobobbon43igboobobooboobuoobobboobo44310b00b0ob0bo0obDoon
gbooobogogobr44328000 0000000000000 000O00O0O078440000000000000D0OO0O DO
oo083450 0000000 TCROODOOODODOOODO0DUOODOODODOOODOODOODOODODD 88



oooobo0oboboboboooboooboonb oo

REFERENCES

[1loD0O,8501/85020 00 000.0000 20000000, 00000000.0000 [B]I000O,8051/805100000,00
00 @400b00O000,00000000D00,0000 [5]G.Urban, A, Tachimowvicz, F.Kohl, H. Kuttner, F.Olcaytug ,and H.Kamper,
Sensors and Actuators,A21-23,pp.650-654(1922) [6] C. M. Travers, A. Jahanzeb, D. P. Butler, and Z. Celik-Butler, J. Microelectromech. Syst. 6,
271 (1997) [7] A. P. Gruzdeva, V. Yu. Zerov, O. P. Konovalova, Yu. V. Kulikov, V. G. Malyarov, I. A. Khrebtov, and I. 1.0J

[8] C.Marshall, N. Butler, R. Blackwell, R. Murphy, and T. Breen, Proc. SPIE 2746, 23 (1996).00

[9] K. Chahara, T. Ohno, M. Kasai, and Y. Kozono, Appl. Phys. Lett. 63, 1990 (1993) [10] R. von Helmlot, J. Weckerg, B. Holzapfel, L. Schultz,
and K. Samwer, Phys. Rev. Lett. 71, 2331 (1993).00

[11] S. Jin, T. H. Tiefel, M. McCormack, R. A. Fastnacht, R. Ramesh, and L. H. Chen, Science 264, 413 (1994).00

[12] R. Shreekala, M. Rajeswari, S. P. Pai, S. E. Lofland, V. Smolyaninova, K. Ghosh, S. B. Ogale, S. M. Bhagat, M. J. Downes, R. L. Greene, R.
Ramesh, and T. Venkatesan, Appl. Phys. Lett. 74, 2857 (1999).00

[13] Chen, A. Goyal, M. Rajeswari, C. Kwon, R. Ramesh, T, Venlatesan, R. Shreekala, S. E. Lofland, S. M. Bhagat, Appl. Phys. Lett. 71, 2535
(1997).0

[14] A. Barman and G. Koren, Appl. Phys. Lett. 77, 1674 (2000).00

[15] Alvydas Lisauskas, S. I. Khartsev, and Alex Grishin , Appl. Phys. Lett. 77, 756 (2000) [16] S. Y. Wu, W. -H. Li, K. C. Lee, T. H. Meen, and
H. D. Yang, 79, p6571-6573 (1996) [17] "Cu Spin Rotation in TI(BaSr)PrCu207" W. -H. Li, Y. F. Lin, S. Y. Wu, K. C. Lee, J. W. Lynn, and H.
C. Ku Journal of Applied Physics, 79 , p6568-6570(1996) [18] "Crystal Structure, Superconductivity, and Magnetic Order in
TbSr2Cu2.7M00.307" W. -H. Li, W. Y. Chuang, S. Y. Wu, and K. C. Lee Japan Joint Seminar on Crystallograhpy p65-76 (1996) [19] W. -H. Li,
S.Y.Wuy, K. C. Lee, J. W. Lynn, R. S. Liu, J. B. Wu, and C. Y. Huang,Journal of Applied Physics, 85, p5588-5590 (1999) [20] L. M. Wang, H. C.
Yang, and H. E. Horng,” Electrical transport and carrier density collapse in doped manganite thin films” , Physical Review B 64, 224423 (2001)
[21] P. R. Broussard, S. B. Qadri, V. M. Browning, and V. C. Cestone, Appl. Phys. Lett. 71, 2535 (1997) [22] Alvydas Lisauskas, S. I. Khartsev,
and Alex Grishina, Appl. Phys. Lett. 77, 5 (2000) [23] A. Goyal, M. Rajeswari, R. Shreekala, S. E. Lofland, S. M. Bhagat, T. Boettcher,C. Kwon,
R. Ramesh, and T. Venkatesan, Appl. Phys. Lett. 71, 27 (1997) [24] M. Rajeswari, R. Shreekala, A. Goyal, S. E. Lofland, S. M. Bhagat, K.
Ghosh,R. P. Sharma, R. L. Greene, R. Ramesh, and T. Venkatesan, Appl. Phys. Lett. 73, 18 (1998) [25] R. Shreekala, M. Rajeswari, S. P. Pai, S.
E. Lofland, V. Smolyaninova, K. Ghosh,S. B. Ogale, S. M. Bhagat, M. J. Downes, R. L. Greene, R. Ramesh, and T.Venkatesan, Appl. Phys. Lett.
74,19 (1999) [26] A. Barman and G. Koren, Appl. Phys. Lett. 77, 11 (2000) [27] Whiley, “ Soshin Chikazumi,Physics of Ferromagnetism” , 1964,
p. 3.0

[28] Charles Kittel, "Introduction to Solid State Physics 4th ed.", John Wiley & Sons, New York, 2000, Chap. 14-15, 1996.00

[29] B.D. Cullity, “ Introduction to Magnetic Materials” , Addison-Wesley, Massachusetts, 1972, p. 85.00

[30] Robert C. O’ Handley,Modern Magnetic Materials Principles and Applications (John Wiley & Sons,New York,2000) [31] J. Baszynski , T.
Tolinski , B. Idzikowski , D.M. Tobbens , A. Hoser J . Baszynski et al . / Journal of Alloys and Compounds 345 (2002) 210— 213" Structural
effects of grinding on La0.7Sr0.3 MnO3 ceramic studied by neutron diffraction “ [32] C. Zener,Phys. Rev. 82 403(1951) [33] A. S. and A. M.
Bratkvsky, Phys. Rev. Lett. 82, 141 (1999) [34] Guo-meng Zhao, V. Smolyaninova, W. Prellier, and H. Keller,Phys. Rev. Lett. 84, 6086 (2000) [35]
G. J. Snyder, R. Hiskes, S. DiCarolis, M. R. Beasley, and T. H. Ge, Phys. Rev. B 53, 14 434 (1996).00

[36] 4T. Akimoto, Y. Moritomo, and A. Nakamura, Phys. Rev. Lett. 85, 3914 (2000) [37] L. Mechin, F. Yang, J.-M. Routoure, and D. Robbes, J.
Appl. Phys. Lett. 93, 8062 (2003) [38] Alvydas Lisauskas, S. I. Khartsev, and Alex Grishin, Appl. Phys. Lett. 77, 756 (2000) [39] C.Marshall, N.
Butler, R. Blackwell, R. Murphy, and T. Breen, Proc. SPIE 2746, 23 (1996) [40] 0 000,000,950 0000



