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Abstract

The dielectrical properties (B,Si) doped barium strontium titanate (BSTS) thin films were investigated. Thin films of BSTS were fabricated
on Pt/Ti/SiQ/Si substrate by spin coating. The multicomponent precursor solutions were prepared using sol-gel method. The relative dielectric
constant of a 400 nm BSTS thin film fired at 7@ decreased with the increasing content of tributyl borate (B) and TEOS (Si). The leakage
current of the BST films decreased as the content of (B,Si) dopant wasdb@mniol%), while it increased as the content of (B,Si) dopant
was high &15 mol%).
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction sintering aids and BST cause the formation of a secondary
phase with a low dielectric constafm,8]. It is easy to con-

In the recent years, thin film perovskite materials with trol the composition and to synthesize high quality thin film
high dielectric constant such as Srgi@nd (Ba,Sr)TiQ by using sol-gel method, thus, the sol-gel process coupled
(BST) have been investigated as dielectric materials for fu- with the use of sintering aids are particularly attractive in
ture dynamic random access memory (DRANB-6]. The the fabrication of dense and uniform BST thin films.
best suited dielectric material would have a low leakage In this article, we report the influence of the sintering
current and a high dielectric constant. BST thin films are temperatures and dopant concentration of tributyl borate (B)
being widely investigated as alternative dielectrics for ultra and TEOS (Si) on the dielectric properties 0jB&0.3TiO3
large-scale integrated circuits (ULSI) due to their high di- thin films.
electric constant and low leakage current.

Due to high sintering temperature of BST, the inner elec-
trode must be a noble metal, and a barrier layer to block
the oxygen penetration is needed between Pt electrode an

plugged poly-silicon. Studies of BST thin films have focused  garium acetate Ba(C4COO), (purity >99%, Shanghai
on decrea_tsing the sinteriqg temperature t_)y adding sintt_aringChemicm Reagent Co.), strontium acetate SHCEO)-1/
aids gnd improving the dlelect.rlc properties by controlling 2H,0 (purity >99.5%, Shanghai Chemical Reagent Co.),
the sintering conditions aqd mlcros'truc'Fure. ~titanium butoxide Ti(GHoO)s (purity >98%, Shanghai
One method of decreasing the sintering temperature is tochemical Reagent Co.), tetraethyl orthosilicate (TEOS, pu-
_add s_lntenng aids that _h_ave_ low melting points. The sinter- rity >99%, Shanghai Chemical Reagent Co.), and tributyl
ing ald_s promote densmcatlo_n at Iqw temperatures. How-_ borate B(OGHg)3 (CP, Shanghai Chemical Reagent Co.)
ever, sintering aids degrade dielectric properties due to theiryere ysed as starting materials. Glacial acetic acid was
low dielectric constants. Furthermore, reactions between the ;sed as a solvent. Barium acetate and strontium acetate
in the ratio of 7:3 were dissolved into heated acetic acid
* Corresponding author. Fax:86-21-65985179. in a reflux condenser to get clear solution; then, titanium
E-mail address: yangxiaojing@fmrl.ac.cn (X. Yang). butoxide and Acetylacetone (AcAc) were dropped into the
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solution in proper molar ratio to get a precursor solution.
The 0, 5, 10, 15, and 20 mol% (tributyl borate (B)-tetraethyl
orthosilicate(Si)) doped BST, respectively, clear yellowish
solutions were prepared, which were stored in sealed bot-
tles for several months without precipitation. The BSTS
thin films were prepared as follows: at first, BSTS thin film
were deposited by spin coating at 3000rpm for 30s on
Pt/Ti/SiG,/Si substrates, and then the wet films were dried
in air at 200°C for 30 min and pre-baked at 40C for

30 min in @ atmosphere. This coating process was repeated
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five times. At last, the samples were annealed at 600, 650, BST
and 700°C, respectively, for 60 min in @atmosphere, and 20 30 20 P 50
the BSTS thin films were obtained. 2 Theta(degree)

To investigate the thermal behavior, the sol was analyzed
by DSC and TG (DSC/TG NETZSCH STA449C) in air with  Fig. 2. X-ray diffraction patterns of the (B,Si) doped (0-20 mol%) BST
a heating rate of 10C/min. Dielectric measurements were hin films annealed at 65 for 1 h.
carried out using the metal-insulator-metal (MIM) capacitor
configuration. Au top electrode having a diameter of 1 mm (g|ated to the pyrolysis of organic compound (to produce
was deposited by direct current sputtering to measure elec—co2 and HO). The exothermic peak at near 5@ results
trical properties. A D8 Advanced X-ray diffractometer with  from the formation of TieO—Ti—O— - [TiO5]. The exother-
Cu Ka radiation is used to analyze the microstructure of the mijc peaks at 607.7, 625.3, and 689CG3are associated with
films. Dielectric constant and loss were measured using anthe formation temperature of BSTS. The formation temper-
HP4284 impedance analyzer. The leakage current was meagtyre of BSTS10 film is lower than that of pure BST film
sured using a Keithley 6517A source measurement unit.  gpout 60°C.
Fig. 2shows the XRD patterns of BST, BSTS5, BSTS10,
BSTS15, and BSTS20 thin films on the PU/Ti/SISi sub-
3. Results and discussion strate annealed at 65Q. It can be seen frorRig. 2that the
strongest peak at (110) for the BSTS10 and BSTS15 thin
The 0, 5,10, 15 and 20 mol% (tributyl borate (B)-tetraethyl films is stronger than that in other films. All films have no
orthosilicate (Si)) added films were subsequently abbre- secondary phase except for BSTS20.
viated as BST, BSTS5, BSTS10, BSTS15, and BSTS20, Fig. 3 show XRD patterns of the 10 mol% (B,Si) added
respectively. BST (BSTS10) thin films annealed at 550, 600, 650, and
Fig. 1shows DSC data of three BSTS (BST, BSTS10, and 700°C, respectively, for 1 h. The diffraction peak of the thin
BSTS20) xerogels dried at 8C for 3h. In BST, BSTS10, films increases with annealing temperature.
and BSTS20 gel curves, most parts of the two curves are es- Fig. 4 shows the dielectric constant and the dielectric
sentially alike. The endothermic peak at neaf80n BST loss of the BST thin films as a function of the®;-SiO;
curve mainly results from the rapid volatilization of wa-
ter. The exothermic peaks at 388.2, 362.9, and 382 .8re

DSC (uV/mg)
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Fig. 1. DSC curves of three BST-based xerogels heat-treated with a Fig. 3. X-ray patterns of the 10 mol% (B,Si) added BST thin films annealed
heating rate of 10C/min. at different temperatures for 1 h.
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Fig. 4. Dielectric constant and the dielectric loss of the thin films as a
function of the (B,Si) content added at a frequency of 100 kHz.
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Fig. 5. The leakage current characteristics of five BST thin films with
different amount of (B,Si) addition fired at 70Q for 1 h.

content at a frequency of 100kHz. The thin films with a
thickness of 400 nm were fired at 700 for 1 h. Both the
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4, Conclusions

In this study, we have studied dielectric properties of
BST thin films doped with (B,Si). Our results demonstrated
that (B,Si) dopant concentration has a strong influence on
the sintering behavior of BST thin films, dielectric con-
stant, and dielectric loss. WhenB83-SiO, was added, the
sintering temperature was decreased. Both the relative di-
electric constant and dielectric loss decreased with the in-
creasing BO3—SiO, content. The leakage current of the
BST films decreased as the content of (B,Si) dopant was
low (<10 mol%), while it increased as the content of (B,Si)
dopant was highx15 mol%).
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