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ABSTRACT In this study, the effects of oxygen gas plasma
treatment on the surface of Ba(Zr0.1Ti0.9)O3 (BZT) films are
investigated. The influence of oxygen plasma treatment on the
crystal structure is developed by X-ray diffraction patterns and
on the electrical characteristics are measured by the Al/BZT/Pt
capacitor (metal–dielectric–metal) structure. Experimental re-
sults show that the capacitance increases and the leakage current
density decreases as the oxygen plasma is treated on the BZT
films. These results clearly indicate that the electrical character-
istics of BZT films have effectively improved by means of the
oxygen plasma surface treatment process.

PACS 77.84.-s; 81.15.Cd; 73.40.Qv; 77.22.Ej; 51.50.+v

1 Introduction

Recently, several memory devices such as dynamic
random access memory, flash memory, SONOS, FRAM,
MRAM, etc., have been developed. Among volatile and non-
volatile memories, the nondestructive readout feature of high-
density nonvolatile memories is expected to play an important
role in the future [1–3]. The excellent quality insulator of vari-
ous oxide materials results from defects and oxygen vacancies
of the grain boundary. Their electrical and physical charac-
teristics are also affected with regard to their applications in
integrated circuits. Thus, the defects and oxygen vacancies
existing in conventional oxide films are usually filled and
compensated by oxygen gas using different thin film depo-
sition methods in the semiconductor manufacturing process.
The crystal structure and grain growth of oxide films can be
improved with an increase of deposition temperature. How-
ever, the oxygen atoms in the crystal structure of the grain
boundary would be destabilised and lost at higher deposition
temperatures [4–7].

Several ferroelectric thin films with higher remnant po-
larizations and lower coercive fields, such as Pb(Zr, Ti)O3
(PZT), SrBi2Ta2O9 (SBT), SrTiO3 (ST), and (Ba, Sr)TiO3
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(BST), have been widely studied and discussed for appli-
cations to higher storage capacity FRAM devices [8–11].
Ferroelectric materials such as (Ba, Sr)TiO3 (BST) and
Ba(Ti, Zr)O3 (BZT) films are expected to be an improve-
ment over common PZT or SBT memory materials because
of lower pollution problems, lower deposition temperatures,
and lower leakage current densities as compared to the those
of conventional PZT perovskite films. In this study, we will
report and investigate the correlation between the variations in
the physical and electrical characteristics of as-deposited BZT
films during oxygen plasma treatment.

2 Experimental

In this study, the BZT films were deposited on
a Pt/Ti/SiO2/Si substrate by means of radio frequency (rf)
magnetron sputtering using a 2-inch Ba(Zr0.1Ti0.9)O3 ce-
ramic target. The target was placed 8 cm away from the sub-
strate. The BZT films deposited in the process for 1 h under
the optimal sputtering parameters, namely, an rf power of
160 W, a substrate temperature of 580 ◦C, a chamber pres-
sure of 10 mTorr and an oxygen concentration of 25%. To
complete the metal–ferroelectric–metal (MFM or MFMIS)
structure as shown in Fig. 1, an array of circular top contacts
with a diameter of 0.1 cm was formed by depositing an Al
film, which had a 500 nm thickness and resulted from ther-
mal evaporation. The deposited BZT films were inductively
coupled plasma using oxygen as the source gas for differ-
ent durations. The substrate temperature and total gas pres-
sure in the inductively coupled plasma were maintained at
300 ◦C and 25 mTorr, respectively. The dielectric constants

FIGURE 1 The configuration of a MFM structure
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and leakage currents of deposited BZT films were measured
by using an impendence analyzer (HP 4194A) and a semi-
conductor parameter analyzer (HP 4156). In addition, the
polarization–electrical field (P–E) curves of BZT films were
measured using Sawyer–Tower circuits at 100 Hz–1 MHz. X-
ray diffraction (SIEMENS D5000) using Cu Kα radiation and
Ni filter was used to determine the crystal phase of deposited
BZT films. Moreover, the thickness and the surface morph-
ology of films were verified by field effect scanning electron
microscopy (FESEM).

3 Results and discussion

Figure 2 shows the (001), (011), (111), (002),
and (112) peaks observed from the X-ray diffraction pat-
terns of the deposited BTZ thin films. As the XRD patterns
shown in Fig. 2 are compared, the crystal intensities of the
oxygen-plasma-treated BZT films are greater than those of
the non-plasma-treated ones. We have demonstrated that the
oxygen vacancy in of the perovskite structure BZT films
would be filled during the oxygen plasma treatment pro-
cess. From the FESEM observations, the thickness of as-
deposited BZT films are about 450–490 nm (not shown here).

FIGURE 2 Variations in the peak intensities of the oxygen-plasma-treated
BZT films

FIGURE 3 The SEM surface images of BZT films

Based on the surface image shown in Fig. 3 and the SEM
cross-section, the grain size and the deposition rate of the
BZT films are calculated to be approximately 30–60 nm and
7.5–8.2 nm/min, respectively. Figure 3 also shows that the
deposited BZT films reveal a denser structure and almost
no pores are observed. The thickness and grain size of the
BZT films is not changed by the oxygen plasma treatment
used.

Figure 4 compares the change of the capacitance versus
the applied voltage (C–V ) for the non-plasma-treated and
oxygen-plasma-treated BZT films. Based on Fig. 4, the capac-
itances increase from 1.85 to 2.45 nF as the oxygen-plasma-
treated time increases from 0 min to 6 min. As suggested by
Fig. 2, the improvement in the dielectric constants of BZT
films can be attributed to the compensation of the oxygen va-
cancy and the improvement in the crystallization of the ABO3
phase in the BZT films.

Figure 5 shows the leakage current density versus applied
voltage (J–V ) curves of the BZT films. For non-plasma-
treated BZT films, the leakage current density increases
slightly as the applied field increases from 0 MV/cm to
0.12 MV/cm and increases critically as the applied field in-

FIGURE 4 The capacitance versus applied voltage curves of the non-
plasma-treated and plasma-treated BZT films

FIGURE 5 The leakage current density versus electrical field of non-
plasma-treated and plasma-treated BZT films
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FIGURE 6 The polarization versus electrical field of non-plasma-treated
and plasma-treated BZT films

creases from 0.12 MV/cm to 0.27 MV/cm. As shown in
Fig. 5, since the applied field is higher than 0.13 MV/cm, the
leakage current densities of the oxygen-plasma-treated BZT
films have a lower value than that of the non-plasma-treated
ones. At an electric field of 0.25 MV/cm, the oxygen-plasma-
treated films exhibit a leakage current density two orders of
magnitude lower than those of the non-plasma-treated ones.
As mentioned above, the oxygen plasma treatment decreases
the oxygen vacancies and the leakage current density and
then increases the capacitances of the BZT films. The current-
field curves shown in Fig. 5 are fit to Schottky emission and
Poole–Frankel transport models to determine the reason for
the observed decrease in leakage current of the oxygen plasma
treated films [12, 13]. Smyth et al. reported that as the dielec-
tric films had a longer oxygen-plasma-treated process, the
excess O2 will escape during plasma processing according
to (1)

Oo ←→ V++
o +2e− + 1

2
O2 . (1)

Here Oo, V++
o , and e− are, the oxygen ion at its normal site,

an oxygen vacancy, and an electron, respectively [14]. The
oxygen vacancies will increase after 9 min oxygen plasma
treatment and that will cause the slight increase in the leakage
current density.

Figure 6 shows P–E curves of the BZT films observed
at a frequency of 100 kHz under an applied electrical field of

0–0.28 MV/cm. After oxygen plasma treatment, the coercive
field has no apparent change; however, the remnant polariza-
tion increases from 6 to 9 µC/cm2. As shown in Fig. 6, the
saturation polarization decreases slightly when an electrical
field of 0.280 MV/cm is applied. This effect can be caused
by the higher leakage current density under larger electrical
fields.

4 Conclusion

In this report, the crystal intensities of ABO3 phase
in BZT films have been improved after the oxygen plasma
treatment. In addition, the oxygen-plasma-treated BZT films
have a higher capacitance (dielectric constant) of 2.45 nF and
a lower leakage current density of 10−7 MV/cm, respectively.
The improvement in the remnant polarization of the BZT
films by oxygen plasma treatment is also observed. There-
fore, the superior electrical characteristics of BZT films can
be obtained by the oxygen-plasma-treated process. Addition-
ally, the oxygen-plasma-treated process is expected to play
an important role for their future applications in nonvolatile
memory devices.

ACKNOWLEDGEMENTS This study is partly supported by the
National Science Council under contract Nos. NSC 95-2221-E-110-029 and
NSC 95-2221-E-390-009.

REFERENCES

1 S.Y. Wu, IEEE Trans. Electron. Dev. 21, 499 (1974)
2 S.Y. Wu, Ferroelectrics 11, 379 (1976)
3 H. Buhay, S. Sinharoy, W.H. Kasner, M.H. Francombe, D.R. Lampe,

E. Stepke, Appl. Phys. Lett. 58, 1470 (1991)
4 S.R. Shannigrahi, H.M. Jang, Appl. Phys. Lett. 79, 1051 (2001)
5 S. Kamiyama, H. Suzuki, H. Watanabe, A. Sakai, M. Oshida, T. Tatsumi,

T. Tanigawa, N. Kasai, A. Ishitani, IEEE Int. Electron Devices Meet.
(1993), p. 49

6 S.C. Sun, T.F. Chen, IEEE Electron. Dev. Lett. 17, 355 (1996)
7 Y. Fukuda, K. Numata, K. Aoki, A. Nishimura, G. Fujihashi, Japan. J.

Appl. Phys. 37, 453 (1998)
8 S.K. Hong, C.W. Suh, C.G. Lee, S.W. Lee, E.Y. Hang, N.S. Kang, Appl.

Phys. Lett. 77, 76 (2000)
9 S.B. Xiong, S. Sakai, Appl. Phys. Lett. 75, 1613 (1999)

10 J.S. Kim, S.G. Yoon, J. Vac. Soc. Technol. B 18, 216 (2000)
11 T.B. Wu, C.M. Wu, M.L. Chen, Appl. Phys. Lett. 69, 2659 (1996)
12 S. Fleischer. P.T. Lai, Y.C. Cheng, J. Appl. Phys. 73, 8353 (1994)
13 P. Hesto, in Instabilities in Silicon Devices: Silicon Passivation and

Related Instabilities, ed. by G. Barbottin, A. Vapaille (Elsevier, North
Holland, 1986), p. 263

14 D.M. Smyth, M.P. Harmer, P.J. Peng, J. Am. Ceram. Soc. 72, 2276
(1989)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


