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Electrical Properties of Manganite Thin Films Prepared by Spin Spray Method
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Abstract: Effects of pH value and deposition time on the electrical properties of (NMC) Ni-Mn-Cu-O and (NMCC)
Ni-Mn-Cu-Co-O thin films were investigated. The NMC and NMCC films were prepared by spin spray method.

The crystal structure and thickness of the annealed films were changed by the pH value and deposition time,

respectively. A single phase of cubic spinel structure was confirmed for the annealed films deposited from solutions

with pH 7.6. The resistivity of the annealed films was affected by the crystal structure and microstructure. The

TCR (temperature coefficient of resistance) was dependent on the Mn**/Mn*". Typically, the resistivity of 70.5 Q- cm
and TCR of -3.56%/K at room temperature were obtained for NMCC films deposited from solutions with pH 7.6

for 5 min, and annealed at 450C for 3 h.
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Fig. 1. XRD patterns of NMC films deposited from solutions
with pH 6.8~7.6 for 7 min, and annealed at 450C for 3 h.
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Fig. 2. Cross-sectional images of NMCC films deposited from
solutions with pH 7.6 for 3~10 min, and annealed at 450C
for 3 h.
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Fig. 3. XPS spectra (Mn 2p;,) of NMC films deposited from
solutions with pH 7.6 for 7 min, and annealed at 450°C for 3 h.
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Table 1. The analysis of XPS spectra (Mn 2p;») for NMC
and NMCC films deposited from solutions with pH 7.4 and
7.6 for 7 min, and annealed at 450C for 3 h.

Mn** Mn** Mn* Mn*"/
Samples pH .
(%) (%) (%) Mn
7.4 3.14 90.9 5.96 15.25
NMC
7.6 4.58 73.88 21.54 343
NMCC 7.6 0.82 63.57 35.61 1.79
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Fig. 4. Resistivity of NMC and NMCC films deposited from
solutions with pH 7.4 and 7.6 for 3~10 min, and annealed at
450°C for 3 h.
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Fig. 5. Plots of In(p/T) versus 1/T for NMC and NMCC films
deposited from solutions with pH 7.4 and 7.6 for 3~10 min,
and annealed at 450C for 3 h.

Table 2. The characteristic temperature (7,), activation energy
(E) and TCR (a) of NMC and NMCC films deposited from
solutions with pH 7.4 and 7.6 for 3~10 min, and annealed at
450C for 3 h.

Deposition To E TCR
Samples pH . .
time (min) (K) (eV) (%/K)
7.4 1399 0.121 -1.52
NME 7.6 7 3378 0.291 -3.68
3 3494 0.301 -3.81
5 3267 0.282 -3.56
NMeC 76 7 3571 0.308 -3.89
10 3279 0.283 -3.57
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Fig. 6. Dependence of TCR on Mn’/Mn** of NMC and
NMCC films deposited from solutions with pH 7.4 and 7.6
for 7 min, and annealed at 450C for 3 h.
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