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Abstract

Perovskite LaNi@ (LNO) thin films with a strong (1 0 0)-orientation were fabricated on yttrium-stabilized-zirconia (Y SZ)-buffered silicon
substrates using a sol-gel method. The YSZ buffer layer showed a stable tetragonal phase, and proved to be effective to suppress inter-diffusior
between the Si substrates and the LNO films. Our obtained LNO films on the YSZ buffer layer exhibited a homogenous and smooth surface, with
an average grain size below Quin. The resistivity of the LNO films was in the magnitude order of1Q cm. The crystallographic orientation
and low resistivity make the sol-gel derived LNO films very attractive as the bottom electrode layer for perovskite oxide ceramic thin films.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction (100)-oriented LNO films could be grown on amorphous
SiOy/Si and polycrystalline Pt/Ti/SigSi substrates using
Ferroelectric thin films have been receiving great atten- a sputtering methoff]. In Miyake et al.’s report, the LNO
tion due to their many applications in various functional de- films prepared on the SiOglass and Ce&covered (1 00)
vices. Selection of a suitable electrode is critical to integrat- Si substrates through a sol-gel method also had a strong
ing quality films into devices. It has been noted that many (1 00)-orientatior{12].
conductive perovskite oxides, for examples, ¥BagOg_; In this paper, we report the preparation of the (10 0)-
(YBCO), (Lags5Srps5)Co0s—s (LSCO) and SrRug have oriented LNO films on a YSZ-buffered Si substrate. Both
great potentials as the electrode for the improvement of the LNO and YSZ films were deposited using a sol-gel
the fatigue and aging of ferroelectric memor|és3]. The method. The YSZ buffer layer was used to suppress inter-
LaNiO3 (LNO), which is a perovskite-type metallic oxide, facial chemical diffusion. Compared with other buffer layer
has also attracted attention as a conducting frg]. LNO materials, YSZ has superior chemical stability and mechan-
has a lattice parameter of 3.84 A, which matches well with ical property.[13] Epitaxial YSZ films can be grown using
many ferroelectric compositions, such as Pl{®T) and pulsed laser frequency (PLF) or metal organic chemical va-
Pb(Zr.Ti1_,)O3 (PZT) perovskite oxide$6,7]. Therefore, por deposition (MOCVD) techniqug 4,15] However, few
LNO film can function not only as a bottom electrode but results were reported on the sol-gel derived YSZ film as the
also as a template to control the structure and orientation ofbuffer layer for oriented LNO. As is well known, sol-gel

the perovskite oxide films on it. processing possesses many attractive advantages in thin film
The orientation in the LNO film can be controlled with preparation, such as low cost, large area uniformity, precise
single crystal substrates such as Lalénd SrTiQ, or composition control, etc.

by an oriented buffer layer such as yttrium-stabilized-ZrO
(YSZ) and MgO deposited by pulsed laser deposition

method (PLD)[8-11]. Yang et al. also reported that the
2. Experimental procedure

* Corresponding author. Tel+65-68745160; fax:+65-68720785. To prepare the YSZ buffer layer, Zr-propoxide was dis-
E-mail address: k-yao@imre.a-star.edu.sg (K. Yao). solved in acetic acid to obtain a 0.2 M solution. The zirco-
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nia was doped with yttrium oxide by adding 8 mol% yttrium
nitrate hexahydrate in order to stabilize its tetragonal phase.
The precursor solution was deposited on a (100) Si sub-
strate by spin-coating, followed by annealing at 650-850

for 30 min. The film had a thickness 6f50 nm.

To prepare the LNO film, lanthanum nitrate and nickel
acetate were used as the starting chemicals; both were dis-
solved in acetic acid with a molar ratio of La:MNi 1:1. The
LNO solution of 0.3 M was deposited on the YSZ coated
Si substrates by repeating the spin-coating cycles to achieve
a thickness of 0.a@m. The annealing was carried out at
650-800°C.

X-ray diffraction analysis (Bruker GADDS, D8-AD- 0] 200 200 500 300
VANCED) was carried out to determine the structure of Sputter time (s)
the films annealed at different temperatures. The morphol-
ogy of the LNO films was examined using Field Emission
Scanning Electron Microscopy (JSM-6700F). Secondary
lon Mass Spectrometry (ION-ToF GmbH, ToF-SIMS-IV) 10°
was used to investigate the inter-diffusion. The resistivity
of the LNO electrode was measured with a 4-point probe
system (MCP-T360).

Intensity (Counts)

Fig. 2. Composition depth profiles of the LNO film deposited on a Si
substrate, obtained by secondary ion mass spectrometryCrair 1 h.

3. Results and discussion

Intensity (Counts)

3.1. YZ buffer layer

A stable single phase is desired in the Zrfdms as the
buffer layer.Fig. 1 shows the XRD patterns of the undoped
ZrO, and YSZ films annealed at different temperatures. As
shown inFig. 1A, both tetragonal and monoclinic phases
exist in the undoped ZrPthrough various annealing tem-
peratures from 650 to 85@. In contrast, the YSZ film ex-  Fig. 3. composition depth profiles of the LNO film deposited on a YSZ/Si
hibits a single tetragonal phase through all the examined substrate, obtained by secondary ion mass spectrometryC7afr 1 h.
temperatures range, as showrFig. 1B.

SIMS analysis confirmed that the YSZ layer suppressed As revealed irFig. 2, for the LNO grown directly on the Si
diffusion of LNO, especially lanthanum, towards the Si sub- substrate, both the La and Ni concentrations at the LNO-Si
strate Figs. 2 and 3how SIMS depth profiles of LNO films interface are relatively high, indicating a strong interaction
grown on Si and YSZ-buffered Si substrates, respectively. between the LNO and Si. It is also apparent that La dif-

fuses into the Si substrate. In contrast, for the LNO grown
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Fig. 1. XRD patterns of the Zr9(A) and YSZ (B) layers annealed at (a) 63D, (b) 700°C, (c) 750°C, (d) 800°C, and (e) 850C for 30 min.
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Fig. 4. XRD patterns of the LNO films annealed at different temperatures: Fi9- 6- Resistivity of the LNO films grown on a YSZ/Si substrate, annealed
(a) 65C°C, (b) 700°C, (c) 750°C, and (d) 800C for 1h. at different temperatures for different time.

on the YSZ-coated Si substrate, the concentration of La and3,3, Resistivity of LNO on YSZ
Ni at the LNO-YSZ/Si interface is substantially reduced,

and the diffusion of La into Si is suppressed, as shown in |n order to achieve good conductivity, the LNO films

Fig. 3 deposited on the YSZ/Si substrates were annealed at dif-
ferent conditions. The resistivity of the LNO films, depen-
3.2. Structure and morphology of LNO on Y&Z dent on the annealing temperature and time, is presented

in Fig. 6. In general, lower resistivity can be obtained in

Although the tetragonal phase of the YSZ layer ex- the films annealed for a longer time than 30min. How-
hibits random orientation, the LNO films grown on the ever, a high temperature above 7@ is not favorable
YSZ layer have the perovskite structure with a strong for obtaining a good conductivity. As shown ifig. 6,
(100)-orientation, as shown fRig. 4. It has been reported when the LNO film is annealed above 7D, resistivity
that the (100)-plane of LNO, which has the smallest sur- increases with the annealing temperature. The resistivity
face energy, can develop parallel to the substrate surfaceat room temperature for the LNO film annealed at 700
when adhesive bonding between the film and substrate isfor 1h shows the lowest resistivity of.& x 1074 cm,
strong[12,16] Therefore, the (1 00)-oriented nuclei might which is consistent with the good crystallization as shown
tend to grow more rapidly than the others. in Fig. 4 The resistivity value is comparable to those of

SEM picture reveals that the morphology of the LNO film LNO films obtained by physical techniques, such as radio
is homogeneous with an average grain size belowwthl frequency magnetron sputtering and pulsed laser ablation
The thickness of the film is around Qutn (Fig. 5). [4,17].
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Fig. 5. SEM images of the LNO film grown on a YSZ/Si substrate: surface (A) and cross-section (B), anneale@CGafaf0Dh.
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4, Conclusions

Highly (1 0 0)-oriented LaNi@thin films were fabricated

on YSZ-buffered Si substrates through a sol—-gel method.
The YSZ buffer layer exhibits a stable single tetragonal
phase through the annealing temperature from 650 t6850
and it has proved to be effective in suppressing the interfa-
cial diffusion between the LNO film and the Si substrate.
The LNO film annealed at 70@ for 1 h shows a low resis-
tivity of 7.6 x 10~4 Q cm. The low resistivity and the strong
(10 0)-orientation make the sol—gel derived LNO film an at-

tractive candidate for the bottom electrode and the seeding

layer as well in the fabrication of the perovskite-type ferro-
electric thin films.
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