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Abstract We investigated the effect of substrate temperature, chemical composition and post-deposition heat-treat-
ment on the crystal structure and electrical transport of La;—,Sr,Mn0s-2(0.19< x<{.31) thin films. As-prepared La.—,
5rMnQ;,.ofilms grown at 500 by sputter techniques were found to have the pseudo-tetragonal system(a/c=047)
and a highly preferential <001>> crientation, The films were changed to be of the cubic system by post~deposition an-
nealing at around 900C. A main target of La, «Sro nMnQ; as well as auxiliary targets of Lag :Sro :;MnQs ceramics were
co-sputtered to control the chemical composition of the fiim, The Sr content(x) of the film ranged from 0.19 to 0.31,
depending on the number of the auxiliary target. When x increased from 0.19 to 0.31, the electrical resistivity of the
film decreased and the transition temperature between metal and semiconductor shifted to higher temperature, With a
magnetic field of 0.18 T, the magneto-resistance ratis(MR(%) = (.- £,/ P ) of the Lae ¢Sre « MnOs thin film was

about 390%.
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Table 1. Deposition condition of the La,—.Sr,MnQs-e.

Deposition Parameter Experimental Range
main target Lay 310 sMnO;
auxiliary target Lag 3Sre xMnQOs
if power density(watt/cm?} 9.84
sputter gas Ar
substrate temperature(C) 25~500
substrate Si wafer

o - Heating element
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o
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e ——
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Fig. 1. Schematic diagram of the rf magnetron sputter system.
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Fig. 2. Schematic diagram of the electrical conductivity mea-
surement system.
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Fig. 3. XRD patterns of the thin films, The thin films were de-
posited at (a) 500C, (b} 300¢C, and (¢) room temperature,
respectively.
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Fig. 4. RBS spectra of the thin films. The films were prepared
using (a) only the main target, and {b) the main target and 12
auxiliary targets, respectively.
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Fig. 5. {a} A bright-field TEM plane- view image and (b) a se-
lected area diffraction pattern of the thin films.
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Fig. 6. Variation of 001 XRD peak position with the film compo-
sition. The films were prepared using (a) only the main target,
and the main target with (b} 3, (c) 6, and (d) 12 auxiliary tar-
gets, respectively.
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Fig. 7. XRD patterns of the post-deposition heat-treated films.
The films were prepared at 500°C(a), and then annealed at 700
C(b), 800T(c), and S00T(d) in Q. atmosphere for 6 hrs,
respectively.

£ Sr @] 71T E AR Ao HaEe glew,
Sr gekel] oz}t 11.2~128%x107° K '9 gh& et
w2 Zabg el A <001> $AduiFAdE el
e AS 2P oF AR Sk St 99FA
4 (14.94X107° K- 249 ajolo) o8] £2F Wzha] 7]
BE el FHP PFo 2 hEFHo) BT Ao oA
A}
3.1.3 S&%F gA2| &nt

Fig. 7 %“Z}';‘T— ﬁi‘] E‘]TE_‘ 533} Lag ﬁBSrO,SanO:] B—]'E}'i
ERE 7158 X-4 A Zde|c}. 4747 T4 T
A <001> Ao kst A3z L2} &
7H5 {001} 3 A=27} $& A4L2 )5 o A
A g vehlglen, w3k Faigk 244 9] At
o] EHSIch ole FEF A FA d F)pte]
A} d@AS zbelod 2s) shutel] B AEHE &



H d- Q4P - 238 LaoSrM0s e (019<x<0.31) Wake] AFFEH g e 441

Table 2. Variation of lattice parameters depending on film fabrication methods and post-deposition heat- treatment.

fabrication method sputter spuiter sputter FLD'"
heat-treat.
lattice as- prepared 700C 9000 as-prepared
parameter
a 382 3.87 3.85 3.86
b 3.85 3.8 3.87 3.86
c 394 3.8% 3.89 3.86

sputter: the films were deposited on Si wafer by sputter.

PLD: the films were deposited on LaAlQ; by PLD techniques.'”
a, b, ¢ lattice parameters along the x, v, and z orthogonal axis, respectively.,

Fig. 8. A bright-field TEM image of the post-deposition heat-
treated thin films. It is noted that new grains indicated with let-
ters m, n, and s were formed during the heat-treatment proc-
ess.
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Fig. 9. RBS spectrum of the post-deposition heat-treated thin
films. The film was deposited at 500°C, and then annealed at
9007 in Q; atmosphere for & hrs.
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Fig. 10. Resistivity-temperature relation. The thin films were

deposited at 500°C and Sr content(x) of the films is {a) x=0.19,
(b} x=0.22, (c) x=0.26, and {d) x=0.31, respectively.
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Fig. 11. Valence band energy region of the XPS spectra of the
thin films with compositions (a) Lag eSre 5. MnQs, (b} Las 15510 22
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Fig. 12. Mn core electron energy region of the XPS spectra of the thin films. (a) raw spectra.
(b) fits for the Lag uSre :MnO; & spectra in (a). (c) fits for the Lao ssSre « MnOs spectra in (a).
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Fig. 13. Resistivity - temperature relation of the LageSrs
Mn0; thin films. The relation was obtained (a) without, and (b}
with a magnetic field of 0.18 T, respectively.
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Fig. 14. Resistivity - temperature relation of the post-deposi-

tion heat-treated Lag 570 »MnCh thin films. The relation was

obtained (a) without, and (b) with a magnetic field of 0.18 T,
respectively.
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