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Abstract

(1 00)-and (1 0 1)-oriented PbTiO3 (PT) thin films on conductive LaNiO; (LNO)-coated Si(1 1 1) substrates were prepared by a metal-organic
decomposition method. It is found that the crystallization states of LNO thin films used as buffer layers have significantly effects on preferential
orientation of PT thin films. PT thin films with (1 0 0) orientation could be obtained not only on the crystalline LNO (1 0 0) film, but also on the
amorphous LNO thin film. The highly (1 0 0)-oriented PT films show high dielectric constant of 189.4 on LNO (1 0 0) films and 183.1 on
amorphous LNO films. The PT capacitors fabricated on the LNO buffer layers display good P—E hysteresis loops. The remnant polarization (P,)
and coercive field (E.) of PT films on amorphous, (1 0 0)- and (1 1 0)-oriented LNO films are 9.35 pLC/cm2 and 162.8 kV/cm, 10.03 ].LC/CI'I]Z and

163.3 kV/cm, 11.23 }LC/sz and 166.2 kV/cm, respectively.
© 2008 Published by Elsevier Ltd and Techna Group S.r.lL.
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1. Introduction

Oxide electrodes, prepared by chemical solution deposition
for ferroelectric thin films, have been studied by many research
groups [1-3]. As a typical member of this family, LaNiO;
(LNO) thin film exhibits good conductivity in room tempera-
ture. It has a pseudo-cubic lattice parameter of a =3.84 A,
which is close to the values of ferroelectric films such as
Pb(Zr,Ti,_,)O3, Pb;_,La(Zr,Ti;_,)O3 and so on [4,5]. As a
buffering layer, oriented LNO thin films can induce oriented
growth of ferroelectric thin films [6,7].

In the previous work, LNO thin films with high (1 0 0) and
(110) orientation on Si(100), Si(111), SiO,/Si(11 1),
SizN4/Si(1 1 1) substrates have been fabricated successfully
by different thermal annealing processes [8]. In this paper,
preferential orientation PbTiO; films deposited on amorphous
and oriented LNO films have been investigated. Generally,
(1 0 0)-oriented or (1 1 0)-oriented LNO films could induce
(1 0 0)-oriented or (1 1 0)-oriented PT thin films. At the same
time, it was also found that the amorphous LNO layer could
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induce the oriented growth of PT thin films. The effects of the
preferential orientations on dielectric and ferroelectric proper-
ties of PT films have been presented and discussed.

2. Experimental procedure

The precursors of LNO and PT thin films were prepared by a
modified MOD method. For LNO precursor, lanthanum nitrate
[La (NO3); (AR)] and equimolar amount of nickel acetate
[Ni(CH5;COO),-4H,0 (AR)] were used as raw materials and
glycol ether [C4H (O, (AR)] was used as the solvent. The PT
precursor was prepared using lead acetate trihydrate
[Pb(CH;CO0O),-3H,0 (AR)] and titanium n-butoxide
[C16H3604Ti (AR)] as raw materials and also glycol ether
[C4H,00; (AR)] as the solvent. Acetylacetone [CsHgO, (AR)]
was added in the PT precursor to make the solution stable. The
concentration of the LNO solution and PT precursor solution
was 0.3 mol/L and 0.5 mol/L, respectively. A spin-coating
technique was used to deposit the LNO and PT thin films. The
PT films were spin-coated on the various LNO-coated Si
substrates. After each coating, the films were thermally treated
at 650 °C for 3 min by RTA process. The PT thin films were
obtained by coating five times. Thickness of the PT thin films
was about 500 nm.
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The structures of the LNO and PT thin films were
analyzed by a Rigaku D/MAX2400 X-ray diffractometer
(XRD) with Cu Ka radiation. The morphologies were
observed by a JEOL JSM-6500FE field emission scanning
electron microscope (FESEM) and a Digital Instrument
atomic force microscope (AFM). The dielectric properties
and the ferroelectric P—E hysteresis loops of the PT films
were measured by an Agilent 4294A precision impedance
analyzer and aixACCT TF ANALYZER2000 instrument,
respectively.

3. Results and discussion

Fig. 1(a) shows XRD patterns of LNO thin films with (1 0 0)
and (1 1 0) orientation as well as amorphous state prepared on
Si(1 1 1) substrates by different annealing processes. Thick-
nesses of all LNO films are about 200 nm. In this paper, we
designate the amorphous LNO layer as ‘LNO (A)’, (1 1 0)- and
(1 0 0)-oriented LNO layers as ‘LNO(1 1 0)’ and ‘LNO(1 0 0)’,
respectively.

Fig. 1(b) shows XRD patterns of PT/LNO (A), PT/LNO
(1 00)and PT/LNO (1 1 0). The (1 0 0) and (1 1 O)orientation
ratios are defined here as a; g o=1(100)/[ZI(100)+ 100 1)]
and oy o1 =1(101)/[I(1 10)+1(10 1)], respectively. It can
be seen that both (1 00) orientation and amorphous LNO
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Fig. 1. XRD patterns of various LNO (a) and PT films on various LNO (b).

films can induce high (1 0 0)-oriented growth of the PT films.
PT(1 0 0)/LNO(A) films exhibit higher (1 00) orientation
than that of PT(1 0 0)/LNO(1 0 0). While LNO(1 1 0) films
induce (1 0 1)-oriented growth of the PT films. The value of
190 is 0.70 and 0.78 for PT(1 0 0)/LNO(A), PT(1 0 0)/
LNO(1 0 0), respectively. The «; o ; is around 0.69 for the
PT(10 1)/LNO(1 1 0) films. For PT(1 0 0)/LNO(1 0 0) and
PT(1 0 1)/LNO(1 1 0) thin films, it is easy to understand that
(1 00)- and (1 1 0)-oriented LNO films lead to the oriented
PT thin films with corresponding orientation due to the lattice
matching. However, it is slightly difficult to explain the
(1 0 0)-oriented PT thin films induced by the amorphous LNO
films. Further study to understand the crystallization
mechanism is under way.

The FESEM photos of PT(1 0 0)/LNO(A), PT(100)/
LNO(1 00) and PT(1 0 1)/LNO(1 1 0) are shown in Fig. 2.
All the films display crack-free surfaces. The PT(1 0 0)/
LNO(1 00) shows a compact surface and small grain
size. While the surfaces of PT(10 1)/LNO(110) and
PT(1 0 0)/LNO(A) films are looser and have larger grains.
The AFM analysis results suggest that the root-mean-surface
(RMS) roughness of the PT(1 0 0)/LNO(1 0 0), PT(10 1)/
LNO(1 10) and PT(100)/LNO(A) films are 3.648, 3.985
and 5.729 nm, respectively. The surfaces of LNO buffer
layers with different orientation and crystallization states
have significant effect on the morphologies of the PT thin
films, as reported by our previously work [8]. The cross-
section images of the PT thin films in Fig. 2 exhibit the
sharp boundaries between PT films and LNO films for
the PT(1 0 0)/LNO(1 00) and PT(1 0 1)/LNO(1 1 0). While
such a boundary of PT(1 0 0)/LNO(A) is not distinct. There
is the possible interface diffusion between PT film and LNO
film.

Fig. 3 shows the frequency dependence of dielectric
constant and dielectric loss of the PT thin films with a
configuration of Au/PT/LNO/Si. The orientation and
electrical properties of PT/LNO films are listed in
Table 1. It can be seen that PT(100)/LNO(A) and
PT(1 0 0)/LNO(1 0 0) have similar dielectric constants and
losses. The dielectric constant at 1 kHz is about 190, which is
much larger than that of the PT films with a random
orientation. It is attributed to the highly (1 0 0) orientation of
the PT films. Meanwhile, the PT(1 0 1)/LNO(1 1 0) shows
moderate value (110) due to its (101) preferential
orientation. The dielectric losses of PT(1 00)/LNO(A),
PT(1 0 0)/LNO(1 0 0) and PT(1 0 1)/LNO(1 1 0) are slightly
larger than that of the PT films deposited on Pt electrode
(~0.02) [9]. Otherwise, from 100kHz to 1MHz, the
dielectric constant curve has a drastic drop while loss
tangent curve rises strongly. It is caused by the measurement
equipment used (Agilent 4294A).

Fig. 4 gives the P—E hysteresis loops of the oriented PT
films. The values of remnant polarization (P,) and coercive
field (E.) of PT(100)/LNO(100), PT(1 0 0)/LNO(A) and
PT(1 0 1)/LNO(1 1 0) are very close, as seen in Table 1. It
can be also seen from Fig. 4, the breakdown field (E;,) of
PT(1 0 0)/LNO(A) is smaller than those of the PT(1 0 0)/
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Fig. 2. FESEM images of PT/LNO films.

LNO(1 00) and PT(1 0 1)/LNO(1 1 0), which may be due (1 10) samples because the larger dielectric loss makes
to thinner PT films caused by the diffusion between LNO the curves ‘fat’.

and PT. Meanwhile, at lower applied fields, the values of From the above discussion, we can suggest that the
E. and P, of PT(100)/LNO(A) samples are close with orientation of PT thin films have a significant effect on the
those of the PT(100)/LNO(100) and PT(10 1)/LNO dielectric constants.
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Fig. 3. Frequency dependence of dielectric constant and loss tangent of PT/
LNO films. Fig. 4. The polarization—voltage hysteresis loops of PT/LNO films.
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Table 1
The properties of oriented PT films
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Samples Orientation ratio & tan § P, (}LC/CII]Z) E. (kV/cm) E, (kV/cm)
PT(1 0 0)/LNO(A) a1 00=0.70 183.1 0.056 9.35 162.8 409.8
PT(1 0 0)/LNO(1 0 0) a100=0.78 189.4 0.043 10.03 163.3 688.3
PT(1 0 1)/LNO(1 1 0) ayo1=0.69 114.3 0.041 11.23 166.2 699.6

4. Conclusions

Highly (1 0 0)-oriented PT films were successfully prepared
using the LNO films with different orientation and crystallization
as buffer layers and electrodes. The PT thin films prepared on the
amorphous LNO films exhibit (100) highly preferential
orientation. The PT thin films possess good dielectric and
ferroelectric properties. The results suggest that LNO is a
promising electrode material and also a good buffer layer or seed
layer for highly oriented growth of ferroelectric thin films.
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