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Reactive ion etching of sol-gel-derived BST thin film
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Abstract

Perovskite (Ba,Sr)Ti@(BST) thin film is promising dielectric and ferroelectric material for future generation integrated DRAMs, MEMS,
and other devices. The etching properties of BST films were widely concerned. The etching characteristics of sol-gel-derived BST films were
investigated in a reactive ion etching (RIE) setup using @AFplasma. The morphology and etching rate were measured by atomic force
microscopy (AFM). The surface states of each element in BST films were examined by X-ray photoelectron spectroscopy (XPS). The etching
mechanism of BST thin film in RIE was the cooperation of ion bombardment, ions assist chemical reaction and reaction etching effects. The
highest etching rate of BST films was 5.1 nm/min.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction the etching mechanisms had yet to be focused. Fabrication
of BST thin films had been reported by different techniques

Perovskite (Ba,Sr)Ti@ (BST) thin film was promising  such as radio frequency (RF) magnetron sputtefsiglig-
dielectric and ferroelectric material with the properties of uid source misted chemical depositifs], metal organic
high dielectric constant, low leakage current density, and low chemical vapor depositidi7], metal organic decomposition
dielectric loss. These properties gave a possibility to suit- [8], and sol-gel proceg8]. The sol—gel technique had been
able for future generation integrated dynamic random accesswidely accepted in the processing of thin films because of its
memories (DRAMSs)[1], nonvolatile ferroelectric random many advantages such as, easier composition control, bet-
access memories (NVFRAMZ2], and microelectromechan-  ter homogeneity, low processing temperature, fabrication of
ical systems (MEMS)3]. large area thin films, and low equipment cost.

In order to realize highly integrated devices involving BST In this paper, BST thin films were prepared on &iO
thin films, it was crucial to develop etching processes provid- Si(1 0 0) substrate by a modified sol-gel method. The films
ing simultaneously near vertical sidewall angle, fence-free were etched using CHFAr plasma in a reactive ion etching
profile, good selectivity over resist, no sidewall residues, and setup.
high etch rates. In this context, several studies of the etching
properties of the BST thin films had been conducted using )
high-density plasmas, such as electron cyclotron resonance? EXperiment

(ECR), helicon, or inductively coupled plasmas (ICP) in var- . . .

ious gas mixture$4]. However, it was not clear whether or The precursor sQIutlon was prepared by acetic ac_|d based

not these processes were really optimum. The etching mech-SOI_geI route. Barium acetate (Ba(GEDOR), stroptlum

anism of BST films was still not clear. ac_etate (Sr(CECOQ):1/2H,0), and tetrabgtyl “ta”"?‘te
Moreover, BST thin films were relatively new material (TI(CH3CHCH,CH,0)a) were used as starting materials.

involved in microelectronics technology. Therefore, the ma- Glacial acetic acid (CHOOH) was used as salvent. Lac-

o . . tic acid (CHCH(OH)COOH) was used as stabilizer agent.
jority of work was focused on technological aspects, while The composition of precursor was (B&Sro.30)TiO3 and

the concentration was 0.4 mol/l.
* Corresponding author. Fax:86-29-82668794. The precursor solution was spun onto the silicon substrate
E-mail address: spxjy@mailst.xjtu.edu.cn (P. Shi). at 3500 rpm for 30s. The wet film was baked at 4Q0for
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20 min before next deposition. Four deposition cycles were
repeated to prepare thick film. The films were annealed at
800°C for 1 h to form the perovskite phase.

BST films were etched in a reactive ion etching setup us-
ing CHRs/Ar plasma. The etching samples were patterned
using a conventional photoresists with the standard litho-
graphic process. The effects of the concentration of the etch-
ing gases and the RF power were researched.

The surface states of each element in BST film were ex-
amined by X-ray photoelectron spectroscopy (XPS). The
etching rate and morphology of the films were investigated
by atomic force microscopy (AFM).

3. Results and discussions
3.1. Etching rate

Fig. 1shows the effects of RF power on the etching rate of
BST thin film as a function of Ar/(Ar- CHF3) gas-mixing
ratio. The etching rate increased with the increase of RF
power when the gas flow rate was 30 sccm. Moreover, the
etching rate could be improved by adding Ar gas in plasma.
Collision of the reactive ions in the plasma could promote
the chemical reactions on the surface of the film.

Christophorous et a[10] had reported that neutral par-
ticles were produced by the attachment of electron and
molecules in the range of relative low RF power. With the
RF power increasing, the density of active ions and radicals
increased simultaneously. The more reactive radicals were
produced to improve the etching effects. Moreover, the elec-
tron impact and particle collision increased with the increase
of RF power. The etching rate increased as more ions drawn
onto the film surface. These effects could be explained by
the increasing efficiency of both physical and chemical etch-
ing. The etching process of BST films was the combination
of both physical and chemical effects, including bombard-
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Fig. 1. The etch of BST thin film as a function of Ar/(Af¥ CHF3)
gas-mixing ratio with the total flow rate as 30 sccm.
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Fig. 2. The etch of BST thin film as a function of Ar/(Af¥ CHFs3)
gas-mixing ratio with the RF power as 150 W.

ment, attaching on and removing off the surface layer. The
role of ion bombardment included physical sputtering of
main material, destruction of oxide bonds to promote chem-
ical reactions between Ba, Sr, and Ti with fluorine atoms,
and removing the low volatile Ba and Sr fluorides from the
surface. Chemical mechanism supported the interaction of
F radicals with metals in the surface buffer layer.

Fig. 2indicated that etching rate did not increase linearly
and continually with the increase of the flow rate of etching
gases. The collision of particles increased with increasing
of the flow rate of mixing gases. When excess etching gas
introduced, a thin passivation layer was formed on the film
surface, which lead to low etching rate. Furthermore, gas
pressure increasing usually caused the decrease of ion bom-
bardment due to the decrease of ion mean free path and en-
ergy. Therefore, it was not effective to increase the etching
rate by increasing the gas flow rate only.

As the low volatility of reaction products such as Ba and Sr
fluorides, the etching of BST thin film were dominated by ion
bombardment and ion assist reaction, while the contribution
of chemical mechanism could be negligible.

3.2. XPSanalysis

The surface states of each element in BST films before
and after etching were examined by XPS. The XPS data
were shown in th&ig. 3by comparing the four narrow-scan
spectra of Bgy, Staq, Tiop, and Qs, respectively.

Fig. 3ashows Bag narrow-scan spectra of BST films be-
fore and after etching. The main peaks at 783.1 and 798.5eV
were identified as a signal of binding energies from Ba—O
bonds. Nevertheless, the spectra showed a small shift to
higher energy region in comparison with as-deposited film.
This shift confirms the chemical reaction between Ba and F
[11].

Fig. 3bwas the narrow spectra of frbefore and af-
ter etching. There was a wide maximum in the spectra of
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Fig. 3. (a) Bag, (b) Siq, (c) Tizp, (d) Ors XPS narrow-scan spectra of BST surface etched unders@¥iKtotal flow rate: 30 sccm, Ar/(Ar- CHFs3)
ratio: 0.3, RF power: 150 W).

as-deposited film, which might be resolved in two peaks of tensity of Ti—O peaks sufficiently decreased, while no new
Sr3ds, and Sk, , at 137.3 and 138 eV. They were identified peaks appeared. It meant that Ti-O bonds were destroyed
as the binding energy of Sr—0. Sr—F peak with binding en- by chemical reaction as well as ion bombardment. The ion
ergy 136 eV appeared in spectra of BST film after etching. bombardment played a dominant role in etching mechanism.
This fact confirmed the chemical etching of BST thin films.

In Fig. 3¢ spectra of as-deposited film consisted of four 3.3. AFM images
peaks. The spectra curve was fitted by Gaussain multi-peaks
fit method. The two peaks of 5,1'3/2 and Tizpl/2 with ener- Fig. 4 shows the AFM images of BST film before and
gies 461.4 and 467 eV related to BiOrhe peaks of 'Iéips/2 after etching. The surface structure of as-deposited film was
and Tizpl/2 at 454 and 456 eV binding energy related to TiO. compact and the grain size of aggregation was about 200 nm
All peaks belonged to Ti—-O bond. After etching, the in- in diameter with the height about 20 nm. The roughness of

10.0 nm

Fig. 4. AFM image of BST: (a) before etching, (b) after etching (total flow rate: 30 sccm, A#(@HFs3) ratio: 0.3, RF power: 150 W).
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