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Abstract

The Ba7Srp3TiO3 (BST) thin films were prepared by sol-gel processing using barium acetate (Bg(#tcdntium acetate (Sr(Ag)
and titanium-tetrabutoxide as starting materials. Acetic acid and 2-methoxyethanol were selected as solvents, respectively. The single layer
thickness of the films was about 200 nm determined by F20 filmetrics. The surface morphology of the film was observed using an atomic
force microscope (AFM). X-ray diffraction (XRD) results show that the film exhibits a pure perovskite phase. The film has good dielectric
properties. The dielectric constant and dielectric loss are 260 and 0.036 at 100 kHz, respectively.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction of BST thin films, the sol-gel method has been extensively
employed. In this paper, we report a BST single layer with
Thin films of perovskite BgSr_,TiOz system are  the thickness of 200 nm prepared by sol-gel processing.
promising candidates for microelectronic devices that can The microstructure and electrical properties of the films are
be integrated to semiconductor circuits. The lead-free solid studied.
solution BaSr;_, TiO3 (BST) is a high permittivity dielec-
tric material with low loss and is suitable for use in dynamic
random access memory (DRAM) cells, tunable microwave 2. Experimental methods
devices, by-pass capacitors and infrared deteg¢fig83. In
particular, the dielectric constant of films decreases when In this experiment, barium acetate Ba(§EOO),
the thickness of the films is reduc§8i4]. Recently, there (purity > 99%, Shanghai Chemical Reagent Co.) stron-
has been a great deal of interest in the application of fer- tium acetate Sr(CkCOO)-1/2H,O (purity > 99.5%,
roelectric thin films for tunable microwave devices, such Shanghai Chemical Reagent Co.) and titanium butoxide
as electrically tunable mixers, delay lines, filters, capaci- Ti(OC4Hg)4 (purity > 98%, Shanghai Chemical Reagent
tors, oscillators, resonators and phase shiffers]. The Co.) were used as starting materials. Glacial acetic acid and
electrical properties such as dielectric constant, dielectric 2-methoxyethanol were selected as solvents, respectively.
loss, and leakage current of BST thin films depend upon To completely eliminate the water associated with stron-
the deposition method, composition, dopant, electrode, mi- tium acetate, 99.5% pure Sr(GBOOY-1/2H,O was dried
crostructure, interfacial quality, and thickness of the films at about 70C for 24 h. The barium acetate and the stron-
[7,8]. sol-gel method offers significant advantages over tium acetate were dissolved in a heated acetic acid with a
other film fabrication methods such as purity, homogeneity, ratio of 7:3. The solutions were then mixed and stirred. The
stoichiometry control, the ability to coat large and complex titanium butoxide was added into the mixture with addi-
area substrates and ease of processing. In the preparatiotion of moderate acetylacetone (AcAc), 2-methoxyethanol,
1,4-dioxane and adipic. The high boiling point of acetylace-
tone (AcAc) and 1,4-dioxane or adipic acid retain the atom
* Corresponding author. Fax:86-21-659-5179. mobility and significantly reduce the tendency to crack. pH
E-mail address: yangxiaojing@fmrl.ac.cn (X. Yang). value was adjusted using glacial acetic acid to remain in
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Fig. 2. X-ray diffraction pattern of BST thin film annealed at different

Fig. 1. DSC curve of BgySrp3TiO3 xero-gel precursor. temperatures.

the range of 2—4. The solutions were refluxed in a reflux Fig. 2shows the XRD patterns of the films ppst-annealed
condenser at a temperature of about6(or 3h to obtain &t different temperatures. It can be seen frbig. 2 that

clear solution. The resultant solution was filtered to form a Partially crystallized films were obtained after annealing at
clear yellow solution. And the solution was stored in sealed 6°0°C, and as the annealing temperature increased, the peak

bottles for several months without precipitation. The pre-
cursor solution was coated on the Pt/Ti/&i8i substrates.
Spin coating was performed using a spinner rotated at a
rate of 3000 rpm for 20s. The as-deposited BST thin films
were heated by a three-step heating procedure: first heated
at a low temperature of 20@ for 30 min to dry the gel,
then pyrolyzed at 400C in air for 60 min and crystallized

at about 700C in air for 60 min. DSC and TG (DSC/TG
NETZSCH STA449C ) analyses were carried out in air
with a heating rate of 10C/min. A F20 filmetrics was used

to measure the thickness of the thin film. X-ray diffrac-
tion (XRD) profiles were obtained using a D8 advance
diffractometer with Cu K radiation. To determine the
phase formation, the crystallinity, and the orientation of the
films, the surface morphology of the film was analyzed by
atomic force microscope (AFM). Dielectric measurements
were carried out using the metal-insulator—-metal (MIM)
capacitor configuration. Au top electrode (1 mm diameter)
was deposited on the film by direct current sputtering. Di-
electric constant—voltage, dielectric constant, and loss were
measured using an HP4284 impedance analyzer.

3. Results and discussion

The result of the differential thermal analysis of the
Bag.7Sr.3TiO3 gel is shown inFig. L It can be seen from
Fig. 1that there is an endothermic peaks at 8@2here are
four exothermic peaks at 372.5, 426.4, 516.2 and 690,7
respectively. The endothermic peak at 8@2an DSC curve
mostly results from the rapid volatilization of water. The
exothermic peaks at 372.5 and 428 are related to the
pyrolysis of organic compound (to produce £énd HO).
The exothermic peak at 5162 results from the forma-
tion of Ti-O-Ti—O - - [TiO2]. The end exothermic peak at  Fig. 3. AFM images of the surface of the g1 3TiOs thin film annealed
690.7°C is associated with the formation of BST. at 700°C.
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Fig. 4. Dielectric constant-voltage characteristics of the A% 3TiO3
thin film at frequency of 100 kHz.
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nigue. From XRD studies, it was confirmed that pre-fired
films were amorphous and well-crystallized films were ob-
tained after annealing at 70Q for 1 h. The phase forma-
tion and structure of the deposited films were also confirmed
by using an atomic force microscopy (AFM). The dielectric
constant and dielectric loss of the single layer of BST films
are 260 and 0.036 at 100 kHz, respectively.
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intensity increased. As the annealing temperature increaseRefer ences

from 650°C to 700°C, all major peaks in its X-ray diffrac-

tion patterns are corresponding to the cubic perovskite. This

is consistent with the result of DSC analysis §ég 1

Thickness of the films are found to be 200 nm determined
by F20 filmetrics. And the refractive index for the BST an-
nealed at 700C is about 2.26, which approaches the refrac-
tive index (2.3) of microcrystalline BST film®-11].

Fig. 3 shows the AFM images of the surface morphol-
ogy of a Ba7Srp3TiO3 thin film synthesized by sol-gel
method and annealed at 78D. The film was fully crys-
tallized, dense and crack-free. ThegB&1p 3TiO3 thin film
has a well microstructure.

The dielectric and pyroelectric behavior of @& 3TiO3
thin film annealed at 700C were measured in a metal-BST—
metal configuration with the film sandwiched between the
bottom platinum and top Au electrodes. The dielectric con-
stant and dielectric loss for BaSry3TiO3 thin film at a
frequency of 100kHz were 260 and 0.036, respectively.
Fig. 4 shows the dielectric constant—voltage characteristic
of the Bg 7Srp 3TiO3 thin film at room temperature. Di-
electric constant of the thin film was calculated from the

capacitance measured at 100kHz with bias voltage. The

dielectric constant was measured while a dc field wag/
— 0V — 5V. The dielectric constant decreased rapidly
from 260 to 130 as the voltage increased from 0 to 5V.

4. Conclusions

Well crystallized single layer BST film with the thickness

of about 200 nm was successfully fabricated by sol-gel tech-
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