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Abstract: Multiferroic BFO/PZT(5/95) multilayer films were fabricated by spin-coating method on the
Pt/Ti/Si0»/Si substrate alternately using BFO and PZT(9/95) alkoxide solutions. The structural and
dielectric properties were investigated with variation of the solvent and the number of coatings. All films

showed the typical XRD patterns of the perovskite polycrystalline structure without presence of the

second phase such as Bi:FesOs.

BFO/PZT multilayer thin films showed the typical dielectric relaxation

properties with increase an applied frequency. The average thickness of 6-coated BFO/PZT multilayer

film was about 600 nm. The dielectric properties such as dielectric constant, dielectric loss and remnant

polarization were superior to those of single composition BFO film, and those values for BFO/PZT

multilayer film were 1199, 0.23% and 12 uC/cmZ.
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Fig. 1. XRD patterns of BFO thin films.
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Fig. 2. Surface and cross—sectional micrographs of BFO
thin films with variation of solvents.
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Fig. 3. Surface micrographs of BFO/PZT multilayer thin
films used HNOs as a solvent with variation of the

number of coatings.

AlT2E, acetic acids v = AREgh vhuto Al vl
A 2 AAY 548 JEJL ol &-Ae=
BFO A7A &S Az3te] 9lo] acetic acid &)
© HNO; Bt} & whgAdS 71A7] Wio= Alsy
th [8]. ¥ AFelA A H whakol] A H] a4
A AA-Y AVE 722 "AFRE YEe
u, BFO/PZT tt3 et dxg Al shFe] Fo] A
=29 AA3le] e nucleation site® #-& 3o u}
Aoz Ayzdn [9]. 63 Z¥3I BFO/PZT 4t
o] Hd A= ¢F 600 nmo] ATt

Ly
2=

2o o

V. Magn

Wp ————4 500
0000x 6.3

A

gt WO P2 b 0 =22 s
000x "84 s - 5 :

Fig. 4. Surface micrographs of BFO/PZT multilayer thin
films used acetic acid as a solvent with variation of the
number of coatings.
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Fig. 5. Relative dielectric constant and dielectric loss of
BFO/PZT multilayer thin films used HNO; as a solvent
with variation of the frequency and the number of coatings.
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Fig. 6. Relative dielectric constant and dielectric loss of
BFO/PZT multilayer thin films used acetic acid as a
solvent with variation of the frequency and the number
of coatings.
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Fig. 7. Hysteresis loop of 6-coated BFO/PZT multilayer
thin film used HNOj3; as a solvent with variation of the

applied field.

B 7lgol wExgel o8 W A ® o=
FHEd 548 el oz Aln®t. HNOsE
&z ARgste] 635 9 ¥ BFO/PZT HHehe] 1 kHz
el et FAEA2 44 1,1999F 0.23%°]
Fd 5S4 HEIT

a9 7% HNOsE &viz Abgstel 63 a9d
BFO/PZT < ®ehe] o] =i4dg yekdl Aol =

s

5 2 gAAE 7
17} AA 160 kV/cmoll
gAAE 27 12 uC/em’st 45
18]y} acetic
abubo] 9o = H]
YER Sl =

45 2= 7 AU

>
[N
rhu

oAM=
BFO t7alel 444 PZT B4& 4%
2 HFAZ BFO/PZT ths uits &-AHoz A
Zatgd o E3 BFO A4 &9 Ax Al

|1 ]
a3s #AFZE7] 98] HNOsF acetic acidE S0z
AFEE] g As A FE AZE BE Hubol A

AgHel tAggel wzn el £y
L}E}lﬁ%\qgtq, HNO%% %UHE A]——g—’é“_} \1]—\:11—0“/\135__ *]

)
U m A TZE, acetic acidE W& AFE-3 vkl



A7)V AAA 538 8] = A, #2438 A11E pp. 895-899, 20114 11

A Had & 24y 54 JEdAY. 63 ZH
BFO/PZT uratel s+t F70+ oF 600 nmo] o,
gufo] W oEAS AFHA gty BE "hulo]
A Q7 Faaert e SR AT AAske
AFAJ] FHZA A4S JYedidler, 29357}
S7bekel wel weke) {FANSIE FUlete AES
el Atk HNOsE |vlZ ARgste] 63 ="
BFO/PZT Htute] 1 kHzoll A9 #3449 fuEde
247}y 1,199, 0.23%°]19lo™, = 2 A= 42
12 uC/em*s} 45 kV/cmeo] itk
REFERENCES

[1] R. Ramesh and N. A. Spaldin, Nat. Matters, 6, 21
(2007).

4

S

offt

899

[2] S. Yakoviev, ]J. Zekonyte, C. H. Solterbeck, and M. E.
Souni, Thin Solid Films, 493, 24 (2005).

[3] J. R. Teague, R. Geason, and W. J. James, Solid
State Comm., 8, 1073 (1970).

[4] S. K. Singh, H. Ishiwara, K. Sato, and K. Maruyama,
J. Appl Phys., 102, 094109 (2007).

[5] T. Kawae, Y. Terauchi, H. Tsuda, M. Kumeda, and
A. Morimoto, Appl. Phys. Lett., 94, 112904 (2009).

[6] J. K. Kim, S. S. Kim, W. J. Kim, A. S. Bhalla, and
R. Guo, Appl. Phys. Lett., 88, 132901 (2006).

[71 Y. Wang, J. Hu, Y. Lin, and C. W. Nan, NPG Asia
Mater., 2, 61 (2010).

[8] D. H. Kim, J. S. Na, and S. W. Rhee, J. Electrochem.
Soc., 148, C668 (2001).

[9] S. P. Nam, S. G. Lee, and Y. H. Lee, Trans. Electr.
Electron. Mater., 11, 212 (2010).

[10] S. G. Lee and Y. H. Lee, Thin Solid Films, 353, 244

(1999).




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


