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Abstract

Highly textured lead lanthanum titanate (Pl a,)TiO3z (PLT) thin films have been grown on fused quartz substrates by metalorganic
chemical deposition (MOCVD). A series of PLT with differenbetween 0 and 0.32 were prepared and studied by Raman scattering. Raman
spectra, measured at 300 K and 80 K, showed the features from the PLT film and quartz substrate. By using a “difference Raman” technique,
more PLT modes are shown. The variations of the PLT Raman modes with the La composition and the measurement temperature are studied,
and related physical phenomena and problems are discussed.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction tion (MOD) [1] and Pt/TiQ/SiO,/Si by pulsed laser depo-
sition [2,3].
Lead lanthanum titanate (Rb.La,)TiO3 (PLT) is an im- MOCVD is a useful technique for the deposition of var-

portant ferroelectric ceramic material that attracts much re- ious electronic and optoelectronic materials, and has been
search interest current[—3]. It is also a necessary partner successfully applied by us to the growth of a series of fer-
of lead lanthanum zircinate titanate (PLZ[#)-6] and lead roelectric thin films of BaTiQ@ [15], PbTiG; [16,17] and
lanthanum stannate zircinate titanate (PLZ$A]) These PbZrTiOs (PZT)[18] on various substrates. We have also re-
PLT and related materials possess various novel propertiesported on the deposition and investigation of highly textured
such as piezoelectricity, pyroelectricity, elasto-optic effect, (Pb—_,La,)TiO3 (PLT) thin films on Si(100) by MOCVD
linear or quadratic electro-optic effect, which are useful in [13]. These ferroelectric films have been characterized and
applications for nonvolatile memory devices, detectors, sen-investigated by X-ray diffraction (XRD]16—18] scanning
sors, and optical switchegd—-8]. Efforts have been made electron microscopy (SEM)16], Rutherford backscatter-

to deposit PLT thin films on sapphif@], MgO [10], and ing spectroscopy (RBS)13,16,17]and Raman scattering
Pt/MgO [11] substrates by rf magnetron sputtering tech- [13,17]

nigque, on Si by excimer laser ablatifi?] and by metalor- In this paper, we report on the deposition of a series of
ganic chemical vapor deposition (MOCV[)3],on (000 1) (Pbi—,La,)TiO3 (0 < x < 0.32) thin films on fused quartz
sapphire by the sol-gel procedgl], and recently on com- by MOCVD and characterizations by Raman scattering.
posite substrates of ZgIBiO,/Si by metalorganic deposi-

2. Experiment

* Corresponding author. Tel4886-2-2363-5251x445; L
fax: +886-2-2367-7467. The MOCVD growth of PLT on fused quartz was similar

E-mail address: zcfeng@cc.ee.ntu.edu.tw (Z.C. Feng). to the case of PLT deposition on Si substrj1&s. Tetraethyl

0272-8842/$30.00 © 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
doi:10.1016/j.ceramint.2003.12.098



1562 Z.C. Feng et al./Ceramics International 30 (2004) 1561-1564

lead [Pb(GHs)4], titanium isopropoxide [Ti(OGH7)4], and

lanthanum diketonate [La(thgl)thd = C11H1902] were -300 K (Pb1.xLax)T'03IQuartz 7
metalorganic sources for PLT. Argon was used as the car- x=0 ]
rier gas with the flow rates of 800, 100, and 200 sccm for | @
Ti-, Pb-, and La-sources, respectively. Temperatures for Pb- I !
and La-sources were between 12<=C4and 120-140C, -0‘054/\/\M
respectively, while Ti-source temperature was in 2831 5t ;

The substrate temperature was set at €50The reactor
)
,_
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E(2TO)
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A, (2TO)
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pressure was 70 Torr. An oxygen flow of 50 sccm was used
to enhance the pyrolysis, and more importantly, to eliminate
the carbon incorporation in the film. The film thickness in [ 0.212
this study ranging between 1500 and 3000A, and the La I
compositions ranging from 0 up to 0.32 were determined by I (&Y
RBS (not shown here). L 0.319 ]
All PLT thin films were first examined by XRD. Results B T
are briefly described below. The 2liffraction patterns are 0 100 200 300 400
obtained for all samples with peaks corresponding to (00 1), Raman Shift (em”)
(100),(101),(110), (111), (002), and (200 crystalline Fig. 1. Raman spectra taken at 300K under excitation of 457.9nm and
planes, indicating that the films are polycrystalline in na- 100mw, showing the major PLT phonon bands below 400%nirom
ture. The separation between (001) and (100) peaks de-MOCVD-grown (Ph_.La,)TiOs/quartz forx values of: (a) 0, (b) 0.054,
creases with increasing This demonstrates that the degree () 0.167, (d) 0.212, and (e) 319.
of tetragonality in these films decreases as the lanthanum
concentration increases. This is consistent with the changes . .
seen in PLT films grown on MgO by rf magnetron sput- mode near 330-340 cm is seen and assigned ta @TO)
tering [11], and our MOCVD-grown PLT films on SiL3]. [14,19} . . .
Detailed calculation of these PLT lattice constaatslong We.have previously used the difference quan scattering
the a-axis parallel to the surface amdalong thec-axis nor- technique 1o treat Raman spectra of PLgiliin films grown
mal to the surface for various La-concentrations as well as °" substrates of KTapand quartz by MOCVD(17], by

their tetragonalityg/a, will be given elsewhere together with way of Wh'.Ch’ Raman modes from the ferroglectnf: film can
XRD scan patterns. be recognized clearly. We are now employing this method

Raman scattering measurements were performed in ato further study the PLZ films grown on quargigs. 3 and

near-backscattering geometry with the excitation source4 show the Rar_nan spectra for a typical (P aX).T'O3
of 457.9nm lines from an Ar laser, using a triple (x = 0.10) thin film grown on quartz by MOCVD, its bare
spectrometer-optical multichannel analyzer (OMA) sys-
tem [13,17] Two gratings were used to achieve different
scanning range and resolution ability.

Intensity (a.u.)
E(1TO)

(
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3. Results and discussion

Figs. 1 and Zhow Raman spectra from five PLT/quartz
samples withx = 0, 0.054, 0.167, 0.212, and 0.319 mea-
sured at 300K and 80K, respectively, in the spectral range
below 400 cnl. Three major bands below 400 cthchar-
acterize PLT mode§l3]: the lowest frequency mode is a
so-called soft mode, i.e. a transverse optical (TO) mode
with the E symmetry E(1TO) at 78 cm, the secondary E
symmetry TO mode E(2TO) is located at 197cinand
a silent mode at 283cmt. These three major modes of
E(1TO), E(2TO), and silent can be seen in all four sam- .
ples, although they are weak for the= 0.319 PLT film, o 100 200
and also almost unrecognized for the= 0.212 PLT film, Raman Shift (cm™)

indicating the poor qua"ty of this sample. An additional Fig. 2. Raman spectra taken at 80K under excitation of 457.9nm and
A1(1TO) mode at 150cm" is seen for PLT withx < 100 mW, showing the major PLT phonon bands below 400%nirom
0.167 and sharper at 80 K than 300 K. The E(1LO) mode at (Pbi_.La,)TiOg/quartz forx values of: (a) 0, (b) 0.054, (c) 0.167, (d)
125cnt! is observed at 80 K measurements only. Also, a 0.212, and (e) 0.319.
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Fig. 3. Raman spectra (300K) under excitation of 4579 A and 100 mw,
from (a) x = 0.10 (Ph_,La,)TiO3 quartz, (b) bare quartz region, and (c)
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had been observed for powder P|TB] and can be assigned
as E(1LO) and A(1TO), respectively, following the assign-
ments for PbTiQ [20].

Beyond 400 cm?, the spectrum of PLT/quartFigs. 3a
and 43 consists of contributions from both PLT and quartz,
which can not be distinguished simply. In comparison with
the spectrum from bare quartgigs. 3b and 4} it is seen
that the Raman feature at 1060chfrom quartz does not
appear from the difference spectfigs. 3c and 4cThe
quartz mode at 800 ct does not appear iRigs. 3¢ and 4c
also, leaving a broad band between 650 and 950'cand
with the peak at about 730 cth. This band is recognized
to be a PLT longitudinal optical (LO) phonon mode with an
A1 symmetry and assigned as A(3LO) from PLT.

Between 400 and 650 cm, there exist a small bump
slightly below 500 cm® and band at 600 crt which are
from the quartz substrate. In the difference spectrum of
Fig. 4¢g these two features still exist. But a third band ex-
hibits clearly between these two modes located at 515'cm
which is assigned as E(3TO) from PLT film. At the RT dif-
ference spectrunfig. 3¢ this E(3TO) mode and a quartz
mode in its lower frequency side appear not so sharp as they

substrate and the difference between them in the frequencyappear at LT spectrurfjg. 4c LT (80 K) measurements can
range of 100-1200cnt and measured between 300 and Produce better results.

80K, respectively. The secondary E(2TO) at 197¢rand
the silent mode at 283 cm are seen directly from the Ra-

The dependence of the mode frequenciesxdor our
PLT/quartz samples can be obtained from above Raman

man spectrum without subtracting the contributions from Spectra. The data are consistent with that for PLT/Si(1 0 0)
substrate Figs. 3a and 4a They are superposed upon the [13] and that from Katiyaf14]. All modes except for the
low frequency side of a broad Raman band, peaked nearSO-Ca”ed “silent mode” show some systematic changes as
400 cn, from quartz, and this is same also for the soft @ function of the composition and temperature. The “silent
mode when we changed a grating to scan (not shown here)mode”, which is not Raman or infrared actifi], exhibits

Two weak bands located at 123 and 148¢prespectively,
can bee seen from the LT difference spectrkig, 4¢ which

Intensity (a.u.)

Fig. 4. Raman spectra (80K) under excitation of 4579 A and 100 mWw,
from (a) x = 0.10 (Ph-,La,)TiO quartz, (b) bare quartz region, and (c)
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a unique compositional and temperature dependence where
the position (287—288 crit) almost does not vary with ei-
ther the La composition or temperature. Its appearance in
Raman spectra might be due to the disorder in samples.
The frequency of the E(TO) soft mode decreases in
wavenumber with an increasefor both 300K and 80K,
which is consistent with the results of PbTiGhin films
[17] and PLT/SI[13].

4. Conclusion

In summary, we have successfully grown lead lanthanum
titanate (PLT) thin films on fused quartz substrates by met-
alorganic chemical vapor deposition. Films with the La
composition less than 0.32 were characterized by X-ray
diffraction, Raman spectroscopy, and Rutherford backscat-
tering. X-ray diffraction showed the polycrystalline nature
of these films. Raman spectra were studied and compared
with that from our MOCVD-grown PLT on Si(100). Dif-
ference Raman technique was used to exhibit better the
features from PLT films by subtracting the contributions
from quartz substrates. More features from PLT films can
be recognized or distinguished at low temperature (80K)
measurements. The composition and temperature dependent
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behaviors of the Raman modes of PLT with<Ox < 0.32

are obtained. Some empirical trends can be seen that the
TO-like and LO-like modes decrease and increase, respec-

tively, with increasingx, and that the silent mode does not
depend orxin the range studied. The success of the growth
of the complex PLT ferroelectric films on the widely avail-
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