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Deposition of Mn-Co-Ni-O thin films on Y-Al-O garnet via chemical
solution method and its characterization
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Abstract: Mn, ,,Co, Ni, ,,O, thin films have been successfully deposited on Y-Al-O garnet( YAG) single crystal sub-

strate via chemical solution method. X-Ray diffraction shows the films are of single spinel phase. Infrared spectrum char-

acterization indicates the film has an obvious absorption band at 2.5 ~5 wm. Moreover, the resistance-temperature de-

pendence of the film was also studied. Using nearest-neighbor hopping model, we found that the characteristic tempera-
ture T, is about 2 530 K and the temperature coefficient at 300 K is about —3.66% K ~'. All these results demonstrate that
the MCN films deposited on YAG have potential applications in temperature sensors or near-infrared detectors under ex-

treme conditions.
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Fig.1 The X-Ray diffraction patterns of YAG substrate
and MCN film deposited on YAG
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Fig.2 The surface morphology of the MCN film
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Fig.3 The infrared absorption of MCN films in the
range of 2.5 ~25 wm. The overall absorption of the
films is not high due to the films thickness of about
550 nm, but the film possesses an obvious absorption
band between 2.5 ~5 pm
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Fig.4 (a) The temperature dependence of the resistance of
MCN films. (b) At the temperature range 200 ~ 320 K, the
variable range hopping of small polarons can describe the
transport behavior MCN films. (c¢) In 180 ~ 200 K, nearest
neighbor hopping is a better choice. ( The red lines in(b)and
(c)are linear fitting to the experimental data with VRH and
NNH models, respectively. )

(TH#HF% 59 W)



1 4] FET A M EDEIE R EAR B S

59

References

[1]Lucey P G, Williams T H, Mignard M, et al. AHI; an air-
borne long wave infrared hyperspectral imager[ J]. Proceed-
ings of SPIE , 1998, 3431, 36 —43.

[2]Tong Qing-Xi, Zhang Bing, Zhen Lan-Fen. Hyperspectral Re-
mote Sensing Principle, Technology and Application, [ M ] Bei-
jing: Higher Education Press (ZEPHE, jkis, 2205 Bk
BRI ARG A, JUat: SAEHE L) ,2006.

[3]Boltar K O, Bovina L. A, Saginov L D, et al. IR imager
based on a 128 x 128 HgCdTe staring focal arrays [ C ],
SPIE, 1999, 3819, 92 —95.

[4]Johnson W R, Hook S J, Mouroulis P Z,et al. QWEST:
Quantum well infrared earth science testbed[ J]. Proceed-
ings of SPIE, 2008 ,7086. 06 —1 —10.

[ 5] Wang Jian-Yu, Xu Wei-Ming, Yuan Li-Yin,et al. Opertional
Modular Imaging Spectrometer [ J ] J. Infrared Millim.
Waves ( F#EF , T, = Ar 4R, . AL A 6 1%
ARG E S H YRR L. A EEREFER),
2010, 29(6) : 419 —423.

[6 ] Shen Mang-Zuo, Ma Wen-Li, Liao Sheng,et al. Develop-

ment of a Cryogenic Optical System, [J] ACTA OPTICA
SINICA(TRATAE, Sy 3eal, BEE, 55, AR IEDOL % R G2 B
i, JeFEFH ) ,2001,21(2) : 202 - 205

[7 ]Mars LW K508 320 x 256/256 x 256 LW IR comos multi-
mode integrated detector dewar cooler assembly (iddca) with
microcooler type k508 technical specification[ Z]. Sofradir
Corp. 2004.

[8]Liu Yin-Nian,Xue Yong-Qi,Wang Jian-Yu,et al. Opertional
Modular Imaging Spectrometer [ J] J. Infrared Millim.
Waves , (XVEAF , B, £ A5, 45, 92 I RURE Ak L8
AL LIAM SRR FR) , 2002,21(1) : 9—14.

[9]Wang Jian-Yu, Wang Yue-Ming, Li Chun-Lai. Noise model
of hyperspectral imaging system and influence on radiation
sensitivity . [J] Journal of Remote Sensing ( E&TF, K
B, 220k, R i R AR G A MR 7 R ) 4 S
BERYRZI  BREEER ) ,2010, 14(4) : 614 —620.

[10]Li Chunlai, Lin Chun, ChenXiao wen, et al. Space-borne
LWIR FPA imaging system, J. Infrared and laser Engineer-
ing [J]. (FHER ME, /N, 5% BRERKILAMEF
TG RS, L9535 T2),2012,41(9) . 2253 —
2260.

O 5.5 5. 9. 5C_. 5. 5. 5C_.5C . 5. 5. 5C_. 5.5 . 5C_. 5 .5 .5 . 5C . 5C_. 5.5 .5 .5 . 5. 5C .5 .5 . 5C_ .5 .5 . 5.5 .5 .5 .5 .5 .5 .5 .9 .5 .5 .5 .5 .5 .o

(E#43 71)
3 it

b 2 R AE AL AR A IR A BRI T
il 7 HA —R A A MCN . e 1m 2y
S8 T ARHLRE FE 2 6. 2 nm, P2 SRR S
100 nm. 7£2.5 ~5 pm W B, AR HAA B T A £ AN
WAL 3 A Bt 5 G A BHL 38 L B O & I A 3l SR BR A
RIS IR A RRAE IR BE 290 2 530 K, EilR T
IR REA N -3.66% K™, 5B 44 4G
SAH Y.

References

[1]Hou Y, Huang Z M, Gao Y Q, et al. Characterization of
Mn, 4 Co, o6 Niy 450, films for infrared detection [J], Appl.
Phys. Lett. 2008, 92 202115.

[2] Yokoyama T, Abe Y, Meguro T, et al. Preparation and
Electrical Properties of Sintered Bodies Composed of
Monophase Spinel Mn,, _y, Co, Ni(;x, O, (0\LeqX\Leql)
Derived from Rock-Salt-Type Oxides [J], Jpn. J. Appl.
Phys. , Part 1 1996, 35. 5775.

[3]Shan P C, Celik-Butler Z, Buter D P, et al. Investigation
of semieonducting YBaCuO thin films: a new room tempera-

ture bolometer [ J]. J. Appl. Phys. 1996, 80. 7118 —

7123.

[4 ] Lavenuta G. Negative temperature coefficient thermistors
sensors [ J], Sensors, 1997, 14 . 46 —55.

[5]Suzuki M. A.c. hopping conduction in Mn-Co-Ni-Cu com-
plex oxide semiconductors with spinel structure [ J], Phys.
Chem. Solids. 1980, 41 1253 —1260.

[6]Parlak M, Hashemi T, Hogen M J, et al. Electron beam
evaporation of nickel manganite thin-film negative tempera-
ture thermistors [ J ] Journal of Materials Science Letters,
1998. 17 1995 —1997.

[7]Lai P T, Li B, Li G Q. Thin-film NTC resistor based on
StNb, Ti, _, O, [ C]. Hong Kong: 1999 IEEE Hong Kong
Electron Devices Meeting, 1999.

[8]Lee M H, Yoo M N. Detectivity of thin film NTC thermal
sensors [ J]. Sens Actuat A, 2002, 96(1) . 97 —104.
[9]Lee M H, Yoo M N. Detectivity of thin film NTC infrared

sensors [ J]. Proc SPIE, 2001, 4288 . 422 —429.

[10]He L, Lin Z Y. Studies of temperature dependent ac im-
pedance of a negtive temperature coefficient Mn-Co-Ni-O
thin film thermistor [ J], Appl. Phys. Lett. 2011, 98.
242112.

[11]Wu J, Huang Z M, Hou Y, et al. Structural, electrical,
and magnetic properties of Mn, 5, Co Nij 0, films [J],
J. Appl. Phys. 2010, 107 . 053716.

[12]Schmidt R, Basu A, Brinkman A W, et al. Electron-
hopping modes in NiMn, O, , dmaterials [ J], Appl. Phys.
Lett. 2005, 86 073501.



