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ABSTRACT

Lay ,Cag ;MnO, powders were prepared by solution combustion method and electrical and magnetic properties of its thin films were
imvestigated for colossal magnetoresistance (CMR) applications. Compositional and structural characterization were carried out using
X-ray diffractometer (XRD) and scanning electron microscope (SEM). The calcination temperature of powders was decided from
thermogravimetric analysis (TGA). Also sintering characteristics were investigated using a dilatometer and powder characteristics were
also investigated by the BET method. Sputter target was made of powders with good sintering characteristics. Lag,Cag ;MnQj3 thin
films have been deposited by RF magnetron sputter on SiO, buffer layered Si substrate directly. Their temperature dependent MR
properties and m'lgneh?atlon (M) are briefly observed with four point probe measurement and VSM (Vibrating Sample Magneto-
meter). Average particle size was sub-micron and their specific surface area is 49.44 m /g It was easy to get perovskite structured high
purity Lag;Cag3MnO; powder. Resistance changes dependent of temperature was investigated with four point probe measurement,
the maximum MR ratio was observed at 96 K. Ferromagnetic transition temperature at 240 K. was showed in thenmally activated
magnetization behaviour.
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Fig. 1. TGA graph of Lag;Cap3sMnO; powder prepared by
solution combustion method.
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Fig. 2. XRD pattern of Lag;CagsMnO,; powder prepared by
solution combustion method and calcined at 650°C for
lh
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Fig. 3. SEM photograph of Lag7CagsMnO; powder prepared
by solution combustion method.
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Fig. 5. Target photograph for sputtering made of Lag-Cap;z
MnQ; powder prepared by solution combustion method.
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Fig. 7. Dependence of Lag,CagsMnO; thickness on Ar gas
flow rate.

600 — -
0

EAE Ar gas®] FUF MR gEES 4 5 U
th. Ar gas7} 10 scem?d Ui" o] Al 71 kEEigle
o I ooz U AYele AT B AIO] wom
e 038 ~HEHTE AxEe] Ar AL FESS F
ol w7t Heol A | ol e Ao® AlEErh
o] TA7F AT AL DA Ae] WErhE A olel=
7B F3Etzke] HPA o] o AR ALREM F
Zate] Tl wE A7)E 5S4 HIT f94 A
A 4 9l7] MEo|vl. I LaAlOo; 7)) 735 =f
£ F7}olx 71&2] Si-based process lined ©]-€317] 3]
A LaAlOySi 71%hg AME-she Zlo] A9Fo= o uiE
z 5]“:]'37— AJZr Tt

HHE Si0y/Si 71 el FHE Lag;CagsMnO; e
800 C AxellA C‘JZ{EL']*G]- 5 A7 - A7) A FRL 2AKE
aAck B AL JEE W JEFA @l e g
= MR ME AT 907, MR UE SRR

R)Ry & L]-E)r ,JJZ]- Fig. 89~ four point probe
ERoZ dg °1] w2 AgHsE Yepliict Fig
8(a)°] B9= 2}7]7‘]'2' 7EENA sk e 7‘1“"%}4 A3}
o5 Fig. 8(b)2] A& 12T A71AS 7102 =] A3zt

3
2.4
o
(=)
* 18
<
g
c 1.2
@
B
i3}
o
06 }
0

50 100 150 200 250 300
Temperature (°C)
Fig. 8. Dependence of the resistance on temperature in Lagy
Cag ;Mn0-/8i0,/81 multilayers.
(a) without applied magnetic field and (b) with applied
magnetic field.

100

80

60

MR Ratio (%)

40

20

50 100 150 200 250 300

Temperature ( C)

Fig. 9. Dependence of the MR rate on temperature in Lags
Cag sMn0+/S10,/Si multilayer.

o] W32 vehd ZAolt). Fig 8b)E EA ¢ 104 KoM
resistance Zto] 2.18x10°0 2 HTUL & 5 9} 14K
Z 730z 7 olAke] LndAME dira|A ] A sEs
Holx I o5le] EEolME B4 Lo] L4 wel A
Bgro] Z7tela Qe AL € 4 Yk Fig. 92 A
o) 7% MR HE verd Aolvt. ALt 23t FHt MR
72 97 KA 96%E WERNZ 2le™, metallic behavior
& Eole 99 ALdA HulFIAeH, 240K o]l
AE MR #teol YA ’a}i 7Wke] ZFE MR B0l
A5 FalEl= AL ¢ 5 )k

Fig. 10> VSM(Vibrating Sample Magnetometer) & o]

A 387 Al 63(2001)



556

600

480 |

360 |

M (emu/em®)

240 |

120

150 200 250 300

Temperature ( C)

50 100 350

Fig. 10. Dependence of magnetization on temperature in
LEIO 7Ca0.3MnO3/SiOZ/Si multi]ayer.

B3] o] 2}8lE (magnetization)S £33 Aoz Ak
M ALLE 2xF WESE ARG AR A
ojF = Zg FIEY F slon, o] wo HojLx
T.(ferromag-netic transition temperature) = dM/dT7}
d Ho= ARE 4 e H71M T e 240K A=)
o} 50 KollA4] 500 M(emwem®) ©]4te] =& Asle-s BS
on, 4GB0 K)NAE 2F 50 Memu/om®) A=) AR
AL A 5 ASUTh

4.2

AALYL o g3}

& Lagy
Ca0.3MIlO3 _E' s \—_Oi- Z‘"

2% £ 1 A7
Lag ;Cag;MnO; E22 HaF Y=L =77} sub-micron ©]5-E
ZUMBIE 4944 m%ge] HIERH e 4L § ggeH
I %2] perovskite TEE ZH= Lay,CagsMn0O, 2E-&
8L 4= 31Tk £ dilatometer SPAIRRE] AAA o]
W B 2ReA e 2de] 7hsEe & F Tk o]
of me} §HALHL= AZF Lay,CagsMnO; LS ©]
&3 sputter targetS AZ3HS W 27 A=ol olfH
271992ke] =717} 2PAE] W] AZA] 2@ 24
FEHF R AF BT BYHS 48 targeto] AT
T AT
5_].':5 )‘é ‘34'%1 La0_7Ca0_3MnO3 g‘l]_EJl-Oﬂ/\-] CLF 104 KC’"H
resistance 7to] 2.18X10°0.2 H3AL & & I} 104
g 7lEe R I oY EdME BEAAe AHEs)
S HolX 2 o3l 2&elME &3 o] 2% ujt
A@zre]l S/ A Ae & F IT A MR g
97 KollA 96%E ERNS Y metallic behaviorS H.©)
F93] AodlA HFo|PLr 240K ol gedE MR

i rle

AFAeke stx)

g 4
ol YAHAL A Tl Z4E MR SAo] HAF]
THEE AL ¢ F I

FeA Aeor 2EE LS ARMIA 1A 7R
AZ dolHe 2g 891 5 3low, o] fe Holw

T.(ferromagnetic transition temperature) = = 240K &
solth. 50KelAl 500 Memwem®) ©]Are] =& Ajstee
Blom 42300 KN ok 50 Memuwem®) FE 4
AN BT 4 A

HARl =

2 A7E HW1ey 2R 54 Aues]
3827 L A2 SEge

REFERENCES

. C. N. R. Rao and B. Raveau (Eds.) in Colossal Magne-
toresistance, Charge Ordering and Related Properties of
Manganese Oxides, World Scientific, Singapore, 1998.

. 8. 1, “Colossal Magnetoresistance in La-Ca-Mn-O,” J. of
Magnetics, 2(1), 28-33 (1997).

. Y H. Li, K. A. Thomas, P. S. 1. P. N. de Silva, L. F. Cohen,
A. Goyal, M. Rajewari, N. D. Mathur, M. G, Blamire, J. E.
Evetts, T. Venkatesan and J. L. MacManus-Driscoll, “Trans-
mission Electron Microscopy and X-ray Structural Inves-
tigation of Lay,Cag3MnO; Thin Films,” J. Mater Res.,
13(8), 2161-2169 (1993),

. R. Mahesh, R. Mahendiran, A. K. Raychaudhuri and C. N.
R. Rao, “Effect of Particle Size on the Gaint Magnetore-
sistance of Lag;CaysMnQs,” Appl. Phys. Lett., 68(16),
2291-2293 (1996).

. X. L. Wang, S. X. Dou, H. K. Liu, M. Jonescu and B.
Zeimetz, “Large Low-field Magnetoresistance over a Wide
Temperature Range Induced by Weak-link Grain Boundaries
in Lag;CagsMnOs,” Appl. Phys. Lett., 73(3), 396-398
(1998).

. J. Z. Sun, L. Krusin-Elbaum, S. S. P. Parkin and G. Xiac,
“Transport and Magnetic Properties of in Situ Grown Thin-
film La-Y-Ca-Mn-O,” Appl. Phys. Lett., 67(18), 2726-2723
(1995).

. R. Mahesh, R. Mahendiran, A. K. Raychaudhuri and C. N,
R. Rao, “Effect of the Internal Pressure due to the A-sjte
Cations on the Giant Magnetoresistance and Related Prop-
erties of Doped Rare Earth Manganates, Ln; A, MnO,
(Ln=La, Nd, Gd, Y; A=Ca, S1, Ba, Pb),” J. Solid State
Chem., 120, 204-208 (1995).

. R. Shreekala, M. Rajeswari and K. Ghosh, “Effect of Crys-
tallinity on the Magnetoresistance in Perovskite Manganese
Oxide Thin Films,” Appl. Phys. Lett., 71, 282-284 (1997).

. L. Ranno, A. Llobet, M. B. Hunt and J. Pierre, “Influence
of Substrate Temperature on Magnetotransport Properties of
Thin Films of Lay;SrysMnQs,” Appl. Surf. Sci., 138-139,
228-232 (1999).



LollgdiHel] 2)3k CMR & Lay,CapsMnQ; £ A= 2

10. A, P. Ramirez, P. Schiffer, S-W. Cheong, C. H. Chen, W.

11.

12.

Bao, T. T. M. Palstra, P. L. Gammel, D. J. Bishop and B.
Zegarski, “Thermodynamic and Electron Diffraction Sig-
natures of Charge and Spin Ordering in La; ,Ca,MnOs,”
Phys. Rev. Lert., 76(17), 3188-3191 (1996).

S. Jin. “Colossal Magnetoresistance in Perovskite-like La-
Ca-Mn-0,” Mar. Trans. JIM, 137(4), 888-892 (1996).
K. Dorr, K. H. Muller, E. S. Viakhov, R, A. Chakalov, R. 1.
Chakalova, K. A. Nenkov, A. Handstein, B. Holzapfel and
L. Schultz, “Magnetoresistance Effects of Lag7Cag sMnQs.5

13.

14.

A7) - A7 54 557

for Below the Curie Temperature (M=Ca, Pb),” J. Appl
Phys., 83(11), 7079-7081 (19983).

A, B4, AAA|, B, “IEE ZAMEE dad
A e AE ApERHAL PTG TS A
Lag;8r0sMn0; %3 A8 Az 2 B4 33 d7» &
RN FAAAZES A, 10(2), 141-149 (1997).

OV, £A, ¥, SABAYS IANSYOE A
d CMRE LagsCapsMnO; 8 54,7 341298814,
38(5), 461-465 (2001).

A 38 E A 62.(2001)



