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Abstract

The effects of gold-particle incorporation on the structure of barium titanate (BaTiO3) thin films was
investigated. BaTiO3 thin films (110 nm thick) with different gold concentrations were prepared via
sol-gel processing and analyzed using X-ray diffractometry. The diffraction results showed that the
crystal structure of the thin films changed from predominantly the cubic phase to the tetragonal phase,
and the crystallite size increased as the gold concentration increased. Possible mechanisms for the
gold-enhanced crystallization have been discussed.
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Barium Titanate Prepared by the Sol-Gel Process
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The effects of gold-particle incorporation on the structure
of barium titanate (BaTiO ) thin films was investigated.
BaTiO; thin films (110 nm thick) with different gold con-
centrations were prepared via sol-gel processing and ana-
lyzed using X-ray diffractometry. The diffraction results
showed that the crystal structure of the thin films changed
from predominantly the cubic phase to the tetragonal
phase, and the crystallite size increased as the gold concen-
tration increased. Possible mechanisms for the gold-
enhanced crystallization have been discussed.

I. Introduction
BARIUM TITANATE (BaTiOs;) has been widely studied in sev-

eral different forms, including powdér? bulk,*¢ thin
film, ~12and multilayert>-15because of its excellent electronic
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dynamic random access memories, DRAMS). However, there
are few reports in the literature on this material to déte.

In this paper, we have used the sol—gel process for the for-
mation of gold-dispersed BaTi@dilms, and the effects of gold
addition on the structural properties are investigated via X-ray
diffractometry (XRD). Some interesting results of gold-
enhanced crystallization and a cubic—tetragonal phase transi-
tion are presented and then related to a kinetic model. Finally,
some possible mechanisms for the crystallization enhancement
are proposed.

Il. Experimental Procedure

The sample preparation was conducted in the following
manner, as was used by Kineet al!! First, 1 mol of
Ba(CH;COO), was dissolved in the mixed solution of 20 mol

and optical characteristics; these include high dielectric con- methanol (GHsOH), 25 mol CHCOOH, and 1 mol glycerol,
stant, transparency in visible wavelength, and high nonlinear and then the solution was stirred for 2 h. After stirring, 1 mol
optical susceptibility. To satisfy potential microelectronics ap- 0f Ti[O(CH,);CHs], was added to the solution, followed by
plications, thin films of BaTiQ with good electrical and/or  stirring for 2 h. Then, a mixed solution with various specified
electro-optical properties are required. Several methods arequantities of HAUC)xH,0%° and 1 mol of GHsOH was added
suitable for the formation of thin films. Among these methods, to the above-mentioned solution. Finally, to form the gold-
sol-geld-11 chemical vapor depositioh,and sputtering?13 dispersed BaTigQfilms, the final solution was spin coated onto
processes are most widely favored. The sol-gel approach istwo different types op-type Si (resistivitiesp, of 0.5-0.7 and
arguably one of the easiest methods to obtain good-quality 5—7 {2:cm) wafers that had been dipped into hydrofluoric acid
films. However, film structure and electrical properties are (HF) prior to spin coating, to remove the native silicon oxide.
greatly dependent on annealing and/or deposition temperature,The conditions for the spin coating were 2000 rpm for 45 s.
in addition to film thickness and grain size. It has been reported After the solution was spin coated, all the samples were an-
that, after annealing at a temperature of >500°C, the films are nealed at 170°C fol h in anitrogen-gas atmosphere, followed
crystalline, whereas they remain amorphous at temperaturesty two steps of successive annealing of 400°C Toh and
<500°C1? 700°C fa 1 hinair. The thickness of all the samples prepared
Noble-metal-dispersed dielectric materials have also beenusing this procedure wasl10 nm, as measured by arstep
intensively studied-16-1°because the noble-metal particles profilometer and by using cross-sectional field-emission scan-
create an electric field around the particles and, therefore, en-ning electron microscopy (SEM).
hanced electrical and electro-optical properties of these dielec- In this study, the highest annealing temperature (700°C) and
tric materials may be expected. Among the noble metals, gold thickness of the films (110 nm) were both fixed and only the
is most intensively studied, because of a special blend of char-gold concentration in the solution, and, hence, in the films, was
acteristics, including high polarizability, high electronegativity, varied. Table | summarizes the sample-preparation conditions.
and a relatively low tendency to react with other pertinent According to X-ray photoelectron spectroscopy (XPS) mea-
elements. surements, the gold concentration for sample 1107B MieS
From this perspective, gold-dispersed BaJitms are ex- at.%. Structural evaluation of the films was performed using
pected to exhibit a high dielectric constant and, therefore, be XRD (D5000 system, Siemens, Cherry Hill, NJ).
suitable for electronic and microelectronic applications (e.qg.,

Table I.  Summary of Sample-Preparation Conditions
- Sample HAuCl,xH,0 Annealing Thickness
S. B. Krupanidhi—contributing editor code content (mol) temperature (°C) (nm)
1107A 0 700 110
1107B 0.05 700 110
- 1107C 0.01 700 110
Manuscript No. 191165. Received March 4, 1997; approved December 29, 1997. 1107D 0.005 700 110

Supported by the National Science and Engineering Research Council (NSERC) of
Canada and Energenius.

TPer 1 mol of Ba(CHCOO),.
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lll. Results primary crystallization of BaTi@ films from the amorphous
. . phase should be considered.

Figure 1 shows the XRD results for the four different ™ nych work has been focused on the tetragonal—cubic phase
samples. In the sample with no gold (sample 1107A), only & ransition in this materiat2-28 |t is widely accepted that oxy-
small broad peak is observed, a 2 44.5°, which can be  gen yacancies and internal stress contribute to crystallite

assigned to the (200) plane of cubic BaZfOOn the other  grawih and phase transformation in Bagiénd that BaTiQ
hand, for the sample with the highest gold concentration in this \ith a |arge grain size has a tendency to be tetragonal. Al-

experiment (sample 1107B), two sharp peaks, tat222.3° though there is little information on the effects of adding gold
and @ = 45.5° are observed. These two peaks are due to theparticles to the structure of BaTiDthere are several possible
reflections from the (100) and (200) planes of BaJithe explanations why gold particles enhance crystallization; these
latter peak is, in fact, not from the cubic phase but the tetrag- jncjyde substitutional doping, oxidation of metal particle®

onal phase (or perovskite) of BaTi@°2*Also, from the XRD liquid-phase mediatiof! internal stres82 electric field32 and
pattern of sample 1107B, it is clear that the film has a larger peterogeneous nucleation. We will now examine whether these
average grain size and is highly oriented along the [100] di- sssible causes are likely to occur in our case.

rection, despite the use of a (100) Si wafer as a substrate, which” Fq, the case of substitutional doping, Hsiaigal 2° studied

has a substantially different crystal strucoture._ The film of he effects of lanthanum and manganese doping on the struc-
sample 1107B shows a small peak, @&28.8°, which hasnot e of BaTiQ, powders. These dopant atoms can be located in
yet been assigned. By adding a small amount of gold (0.005 g pstitutional sites and, consequently, create either oxygen or
mol, sample 1107D) to the BaTidilm, the peak intensity for  ¢ation vacancies. Their findings were that manganese doping
the (200) plane of cubic BaTidncreases; however, the peak  epnhances crystallite growth, because of the increase of oxygen
is still weak and broad. Further additions of gold (0.01 mol, yacancies, whereas lanthanum doping causes a decrease in the
sample 1107C) result in the appearance of an unknown peak atgncentration of oxygen vacancies and, therefore, crystallite
20 = 28.8°, asis observed in sample 11078, whereas the cubicgowth is inhibited at high temperatures. They also found that
(200) peak intensity seems to weaken. From the above- joning with lanthanum and manganese increases the internal
mentioned results, it may be concluded that adding gold to gtrain”In addition, it increases the crystallite size, under spe-
undoped BaTiQ@films enhances crystallization in these films.  ific conditions, from 30 nm to 100 nm, because of the pres-

ence of cation or oxygen vacancies. However, in the present
IV. Discussion case, substitutional doping by gold is less likely to occur.
A good example of the effects of oxidation of metal particles
In this section, we focus on why the presence of gold en- has been described by Emoto and H¥JoThey studied the
hances crystallization in the films. We also examine why gold effects of nickel particles that were dispersed in Ba[ow-
induces a phase transition from a cubic structure to a tetragonalders on dielectric characteristics. They also observed a de-
structure. crease in tetragonality with increases in nickel addition. Al-
Our sol—gel process is very similar to that used by Kim¢ri ~ though they did not mention the reason why the tetragonality
al.,** who examined the effects of heat treatment on the struc- decreased by adding nickel particles, their discussions that re-
tural and optical properties of BaTiCthin films after spin lated to oxidation of the nickel particles in the BaTi®atrix
coating, using XRD and infrared spectroscopy. Their results implied an increased oxygen vacancy concentration in the
showed that (i) most of the organic matter and water could be structural transformation.
removed from the films by annealing at 500°C, (ii) at 500°C, In the case of liquid-phase mediation, specific oxides that
the BaTiQ, films are still amorphous while the gold particles melt at relatively low temperatures are added mainly to permit
have already crystallized, and (iii) when annealed at 600°C, the resulting liquid phase to modify the microstructure. In the
BaTiO; films show crystallinity, although the kinetics of struc- case of gold additions to BaTilfilms, gold particles them-
tural changes in these films were not stated in their paper. In selves do not melt at 700°C, and no evidence of any eutectic
addition to the above-mentioned results obtained by Kiaeri  phases have been detected in this study. Therefore, this possi-
al.,!* our XPS results show that most of the chlorine ions bility is neglected.
brought into our BaTi@films with gold are removed from the The additional internal stress (probably compression due to
films (the detection limit for chlorine via XPS i8D.1 at.%). the addition of gold particles in the film) could be one contrib-
Hence, in our case, only the influence of gold particles on the uting factor in the enhancement that is observed in our case.
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Fig. 1. XRD results for the four samples given in Table I, showing a phase change from cubic to tetragonal and grain growth with increasing gc
concentration.
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The experimental results observed by Hwaatgal3? are in
contradiction to the results by Hsiarg al,2® in terms of the
role of oxygen vacancies. The Hwaagal. studies focused on
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