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Abstract: (La1xBixSro3)FeOs ceramics exhibiting excellent magnetoresistance were synthesized via the conventional solid-state
reaction method. The structural and electrical properties were investigated as a function of Bi** content to evaluate their potential
application as temperature sensors. And the sintering temperature and time were 1,200°C and 4 h, respectively. The structural
and electrical properties were investigated as a function of Bi content. With increasing Bi substitution, a slight enhancement in
both average grain size and relative sintered density was observed. In particular, the specimen with x = 0.3 exhibited an average
grain size of approximately 0.82 um. All samples demonstrated negative temperature coefficient of resistance (NTCR) behavior,
and the electrical resistivity decreased with increasing Bi content. The resistivity of the (Lao4Bio.3Sro3)FeOs composition was
4.68 mQ-cm at 25°C. Additionally, the temperature coefficient of resistance (TCR) and the Bas/7s-value, which quantify the
sensitivity of resistivity to temperature variations, were found to increase with Bi content. (Lao.4Bio.3Sr03)FeOs sample exhibited
a TCR of 0.43%/°C and a Bas;s-value of 1,096 K at room temperature. The electrical conduction mechanism of the (Lai-
xBixSr03)FeOs system was well described by the small polaron hopping model, wherein thermally activated charge carriers hop

between localized Fe—O—Fe sites via electron—phonon interactions.
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Fig. 1. X-ray diffraction patterns of (LaixBixSro3)FeOs specimens.
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Fig. 2. Microstructure of (LaixBixSro3)FeOs specimens, (a) x =0, (b)
x=0.1,(c)x=0.2,and (d) x=0.3.
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Fig. 3. Density of sintered (Lai-xBixSro3)FeOs specimens.

—®Bi=0
6.5 | —®-Bi=0.1
—4—Bi=02
6.0 - —v Bi=03
L
N i
A e
=55} ~ 1\.\'\HF
E - —a
G‘.’ v \A\ ‘\o\ o
50 - ™ e
£ \ \ e o .
y v i LSNPy
245 AN \&
240 . e
OF A
3 )
2 '\v\ R S
351 v
v v _—
v
30
25 1 1 1 1 1 1 1
20 30 40 50 60 70 80
Temperature

Fig. 4. Resistivity of (Lai-«BixSro3)FeOs specimens with variation of
temperature.
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Fig. 5. (a) TCR and (b) Bas/7s-value of (LaixBixSro3)FeOs specimens.
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Fig. 6. In(R/T) vs 1/T curve of (LaixBixSro3)FeOs specimens.



J. Electr. Electron. Mater., Vol. 38, No. 6, pp. 645-649, November 2025: Kang ef al.

o
)
L2
ol
ol
4]
lo
x 2
=)
|—>+
° o

!
S0 LM RO S8
=417} 571950l wiet 20=32

emrt i

) B e 1o mo &

ot Blol AL ey
2t HA o] dashs ¥reAA 545 UErien,
Bi =787t S7tgoll met v A gl U 2Eof e

u]xa}e] 7h4-80] S7kshs S48 UERYSITE
ol H2YA7}0]E (La,Sr)FeOs9] A-Aj2]of o] 21k
dol o e F7Hdol w2t I AR 5o 9
3t small polaron TPXM & EGS Aol 4 9= 7o
= WU, 2Evsto] ne Al U e et
U= TCRHL Bos/75-78 5 247 0.43%/°C, 1,096 K2} &
ol Mg art2ol $go] 7}

2 yetjglon,

A

a2

ORCID

Sung-Gap Lee https://orcid.org/0000-0002-3216-0311

ZAtel 2

This research was supported by Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry
of Education (RS-2020-NR049575). This work was
supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government
(MSIT) (2021R111A3052426).

REFERENCES

M. Marezio and P. D. Dernier, Mat. Res. Bull., 6,23 (1971).
doi: https://doi.org/10.1016/0025-5408(71)90155-3

T. Lakshmana Rao, M. K. Pradhan, U. K. Goutam, V. Siruguri,
V. R. Reddy, and S. Dash, J. Appl. Phys., 126, 064104 (2019).
doi: https://doi.org/10.1063/1.5097981

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

649

W. Biao, Q. Xu, G. Wanbing, L. Zhijun, W. Fang, and Z. Qiuju,
Int. J. Hydrogen Energy, 48, 18744 (2023).

doi: https://doi.org/10.1016/j.ijhydene.2023.01.366

A. A. Alharbi, A. Sackmann, U. Weimar, and N. Barsan, J. Phys.
Chem. C, 124, 7317 (2020).

doi: https://doi.org/10.1021/acs.jpcc.0c01052

J.Ma, J.-Q. Yan, S. O. Diallo, R. Stevens, A. Llobet, F. Trouw,
D. L. Abernathy, M. B. Stone, and R. J. McQueeney, Phys. Rev.
B, 84,224115 (2011).

doi: https://doi.org/10.1103/PhysRevB.84.224115

Y. A. Lee, Y. C. Park, O. Kwon, S. J. Kim, S. Chung, and M.
W. Moon, Environ. Pollut., 308, 119668 (2022).

doi: https://doi.org/10.1016/j.envpol.2022.119668

H. Laysandra and D. Triyono, IOP Conf- Ser.: Mater. Sci. Eng.,
188, 012002 (2017).

doi: https://doi.org/10.1088/1757-899X/188/1/012002

X. G. Cao and S. P. Jiang, J. Mat. Chem. 4, 2, 20739 (2014).
doi: https://doi.org/10.1039/c4ta04616a

M. A. Gabal, F. Al-Solami, Y. M. Al Angari, A. Awad, A. A.
Al-Juaid, and A. Saeed, J. Mat. Sci.. Mater Electron, 31, 3146
(2020).

doi: https://doi.org/10.1007/s10854-020-02861-6

Z. Shi, F. Gao, J. Zhu, J. Xu, Y. Zhang, T. Gao, and M. Qin, J.
Materiomics, 5, 711 (2019).

doi: https://doi.org/10.1016/j.jmat.2019.04.007

Y. Jia, R. V. Chopdekar, E. Arenholz, A. T. Young, M. A.
Marcus, A. Mehta, and Y. Takamura, Phys. Rev. B, 92, 094407
(2015).

doi: https://doi.org/10.1103/PhysRevB.92.094407

W. Khan, A. H. Naqvi, M. Gupta, S. Husain and R. Kumar, J.
Chem. Phys., 135, 054501 (2011).

doi: https://doi.org/10.1063/1.3615720

D. R. Patil and B. K. Chougule, J. Alloys Compd., 470, 531
(2009).

doi: https://doi.org/10.1016/j.jallcom.2008.03.006

A. J. Millis, P. B. Littlewood, and B. I. Shraiman, Phys. Rev.
Lett., 74, 5144 (1995).

doi: https://doi.org/10.1103/PhysRevLett.74.5144

S. Ben Abdelkhalek, N. Kallel, S. Kallel, T. Guizouam, O. Pefia,
and M. Oumezzine, J. Supercond. Novel Magn., 26,3171 (2013).
doi: https://doi.org/10.1007/s10948-013-2291-4

W. H. Jung, Phys. B: Condens. Matter, 299, 120 (2001).

doi: https://doi.org/10.1016/S0921-4526(00)00590-1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


