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Abstract

The conductive metal oxide of STR4QSRO) thin films were deposited on Si(1 00) substrate by spin-coating with a chemical solution
deposition (CSD). A stable precursor solution could be prepared fromsRG0 as a Ru source and Sr or SfGls a Sr source in
2-methoxyethanol. Highly (2 0 0)-oriented SRO films with a perovskite structure were obtained by the annealing at alovA$a80esult,
relatively good SRO thin films could be deposited from a precursor solution of Sr and-RidgD by annealing at 700C, showing a low

resistivity of 11 x 103 Qcm.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction

Ferroelectric thin films of Pb(4fi;—,)Os (PZT) have
attracted much attention for their wide applications for

a PZT with a morphotropic phase boundary composition:
a=4.036A, ¢ =4.146A; and the lattice parameters for a
SRO with a pseudo-cubic symmetry:= 3.93 A). There-
fore, SRO is mentioned as a candidate of electrode for the

memories and MEMS. Previous reports have indicated that pzT thin films, which shows a lattice matching with a PZT
the use of a metal electrode resulted in the serious fatigue ofand the low resistivity. SRO thin film is mainly prepared by

the PZT thin films at a relatively short number of switching
cycles[1-3]. The origins and mechanisms of fatigue are
still controversial. On the contrary, conductive metal oxide
such as SrRu® (SRO) [4-7], YBaxCuzO7_, [8,9], IrO2

[10], RuG [11], LaNiOs (LNO) [12], and LasSrp5Co03

(LSCO)[13,14]were found to be the effective candidates to
improve the fatigue property for PZT thin film capacitors.
All these materials show electrical resistivities of a few hun-
dredp.2 cm. In addition, the selection of an electrode mate-
rial will determine the microstructure and the properties of
ferroelectric thin films. The deposition of the lattice-matched

heterostructures of PZT film capacitors can be expected to

the chemical vapor deposition (CVD), and the SRO thin film
by the chemical solution deposition (CSD) have not been
reported. CSD from a homogeneous precursor solution can
give rise to deposit a thin film with a homogeneous compo-
sition and uniform microstructure as well as the preferred
orientation if the seeding layer is inserted between the pre-
cursor film and the substrate. In addition, processing is easy
and the processing temperature is relatively low. In this
study, we focused on the preparation and properties of the
SRO thin films deposited on Si(1 0 0) substrate with a CSD.

improve the electrical properties. Perovskite oxide electrode 5 Experimental procedure
such as SRO is one of the most promising candidate because

of their similar lattice parameters (the lattice parameters for
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RuCk-2H,0 and Sr or SrGlas a Sr source were used as
raw materials and 2-methoxyethanol was used as a solvent.

A stable SRO precursor solution of 0.1 M could be pre-

pared from RuG-2H,0 as a Ru source and Sr or S5G@ls
a Sr source in 2-methoxyethanol. The SRO thin films were
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deposited on Si(100) substrate by spin-coating of the pre-
cursor solution. The as-deposited thin films were dried at
150°C for 10 min. to remove residual organics, pre-annealed
at 420°C for 10 min and then finally annealed at temper-
atures ranging from 500 to 70C for 2h in an electric
furnace. The SRO thin films of the thick up to 300 nm
were obtained by repeating these operations. The crystalline
phases developed in the films were examined by X-ray
diffraction (XRD) with Cu Ka radiation. Microstructure
of the films was observed by a scanning electron micro-
scope (SEM). Resistivity of the films was measured by a
four-point probe resistivity measurement. I L L
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3. Resultsand discussion Fig. 2. TG-DTA curves for SRO powder derived from a Sr metal and

RuCk-2H,0.
3.1. Effect of S source on the crystallization and
microstructure
from a metal Sr and heat-treated at 3&0were SrC} and

SRO precursor solution (0.1 M) could be prepared from RUQ2, and the no RuGlpeak was identified, as shown in
RuCk-2H,O as a Ru source and Sr or SsChs a Sr Fig. 3. This indicated that the crystallization process was
source. SRO precursor powders were prepared from differ- different if the SRO precursor powder was prepared from
ent Sr source by drying the precursor solutions gradually different Sr source. Moreover, the weight loss for the SRO
at 150°C in air for 24 h.Fig. 1 shows the results of the ~Precursor powders was almost leveled off at above°450
thermogravimetry—differential thermal analysis (TG-DTA) The amount of the_welght loss in TG curves is ascribed to
for the SRO powders prepared from Sy@hd RuC4-2H,0. the loss of the chlorine from the SRO precursor powders dur-
Fig. 1shows two steps of weight loss up to 458, whereas ing heating or crystallization as well as the burn out of the
the TG curve for SRO precursor powder derived from a residual organics at relatively low temperatures. The only
metal Sr exhibited one-step weight loss as showfign 2 difference in the crystalline phases identified in the SRO
Therefore, the SRO precursor powders were heated at 350°recursor powders during annealing was Ruail 350°C,
or 450°C in order to investigate the origin of the two step 2S Shown inTable 1 although the difference in the peak
weight loss. The crystalline phases developed in the SROINteNsity was observed. However, the SRO powders and
precursor powder heated at different temperatures werethin films derived from different precursors were crystal-
identified by using X-ray diffractometer. The crystalline lized into a perovskite S_R(_) without any additional p_hase at
phases developed in the SRO precursor powder derivegabove 500C, as shown |rF_|g. 4. From these results_, it was
from SrCh and heat-treated at 35C were identified to ~ concluded that a perovskite SRO powders and films were
be SrCh, RuO, and RuC4, as listed inTable 1 However, crystallized by the reaction between Sy@nhd RuQ if the
the crystalline phases in the SRO precursor powder derivedPrécursor was prepared from a metal Sr and B@ELO.
On the other hand, a perovskite SRO was formed by the
reaction among Srg] RuCk and RuQ if the precursor
was prepared from a Srgland RuCs-2H,O. Therefore,
the amount of the chlorine burned out during annealing of
— the thin films at higher temperature should be large if the
precursor was prepared from a Sy@hd RuCs-2H,0.

For the orientation of the resulting SRO films, all the
diffraction peaks can be assigned to a perovskite SERuO

Two steps of

weight loss
20

30

Weight loss/%
Heat Flow/ uV

Table 1
Crystalline phases developed by the calcination of SRO precursor powders

40 Annealing temperature’C) Sr source

] | | STC|2 Sr
19.3 200.0 400.0 600. 0 800.0

250 SrCh, RuCh RrCl;,RuCk
Temperature/°C 350 SrCh, RuG,, RuChk SrCh, RuG,

. . 450 RuQ@, SrCh RuQ,, SrCh
Fig. 1. TG-DTA curves for SRO powder derived from SrCand >600 Perovskite SRO single phase
RuCk-2H,0.
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Fig. 3. X-ray diffraction patterns for the SRO powder calcined at°350
derived from SrGl+ RuCk-2H,0 (a), and S# RuCk-2H,0 (b), respec-

tively. Fig. 5. SEM image of the SRO thin film surface derived from Sr&id

RuCk-2H,0 annealed at 70CC.

with same peaks as those of the 25-0912 JCPDS card. In ad- ' T
dition, the as-deposited thin film was SRO single phase andthe SRO films deposited in this study were observed by the

. . . . . SEM. Figs. 5 and 6show the surface images of the SRO
g (200)orentec, S e ) ek LTS PS8 i repared rom Sland RUCh2HO or St
the SRO thin films deposited by a chemical vapor deposi- RuCh-2H20, annealed at 70, respectively, because the

tion [4,5,15} SRO films deposited through a CSD in this X_RD. intensity or the .crystalllmty of the films mcreasgd
with increased annealing temperatures and the annealing at

paper should have the same quality as those of the films de-_. : .
posited by the CVD if the microstructure of the film was higher temperature than this temperature is not good for

same. The peak intensity at around 2 32° for the per- the semiconductor processing. It is clear that many large

: . : L ; ; _pores existed in the SRO thin film prepared from Sréid
ovskite SRO films increased with increasing annealing tem RUCk-2H,0 in contrast to the SRO film derived from Sr
perature. Therefore, we observed the microstructure of the

resulting films by SEM to investigate the relation between and RuCt-2H,0 as shown irFigs. 5_anq 6This result is
. . X o reasonably explained by the crystallization process of a per-
film microstructure and the electrical conductivity.

ovskite SRO phase as already described above. Namely, the
. o SRO precursor derived from SeCand RuCs-2H,0 crys-
3.2. Electrical conductivity tallizes into a perovskite phase via reactions among-SrCl
) o o RuG, and RuC4, whereas a perovskite SRO formed by the
Electrical conductivity of the thin film is severely affected oaction between Sreghnd RuQ in the case of the precur-
by the microstructure of the film including the crystallinity, 5oy from Sr and RuGI2H,0. This difference of the crystal-
the crystal size, the grain boundary and so on. Therefore, jization into a perovskite phase will give rise to a difference
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Fig. 4. X-ray diffraction patterns for the SRO thin films annealed at
700°C derived from SrGl+ RuCk-2H,0 (a), and Si RuCk-2H,0 (b), Fig. 6. SEM image of the SRO thin film surface derived from a Sr metal
respectively. and RuC}-2H,0 annealed at 70CC.
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N 4. Conclusions

3 A single-phase SRO thin films were successfully de-
AN \ ) posited on a Si(100) substrate by a spin-coating with a
. CSD from strontium and ruthenium chlorides. The thin
AN N\ films deposited on a Si(100) substrate were strongly
N \ 3 (2 0 0)-oriented, which was suitable for a oxide electrode for
N\ a ferroelectric thin film capacitor. The resultant perovskite
N\ a SRO thin films exhibited different electrical conductivity,
\ depending upon a film microstructures. The difference in the
\ microstructure was ascribed to the crystallization process
5 or row materials for the precursors. As a result, relatively
107 - > - — good SRO film could be deposited from precursor solution
500550 600 650 0700 of Sr and RuG-2H,0 by annealing at 700C, showing the
Annealed Temperature (°C) resistivity of 1x 103Qm.
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Fig. 7. Resistivity for the SRO thin films annealed at different tempera-
tures.
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