
gas. For example, by taking a leakage current density of 1 �
10±6 A cm±2 as a reference of dielectric breakdown, the film
deposited from the TEOS (15 sccm)/C4F8 (16 sccm)/Ar
mixture exhibits a breakdown strength of 9.5 MV cm±1

compared to 5.1 MV cm±1 for the film deposited from the
TEOS (15 sccm)/Ar mixture. In addition, the SiO2:C,F
films have characteristics such as excellent thermal stability
and water resistance.

Experimental

SiO2:C,F films were deposited on clean Si substrates by using a conven-
tional parallel plate electrode PE-CVD system. In the present study, the
plasma was enhanced by a radio frequency (RF) of 13.56 MHz. The RF
power was fixed at 160±200 W. The diameters of the top and bottom elec-
trodes were 280 mm, the distance between them being adjustable in the
range 13±27 mm. Water at about 25 �C was circulated through the reaction
chamber in order to maintain the reaction at room temperature. The Si
wafers were placed on the bottom electrode plate, which rotated at about
10 rpm in order to improve the temperature distribution on the bottom elec-
trode, and promote uniform thickness in the deposited film. All the films
with a thickness of about 150 nm were deposited under a total pressure of
80 Pa, and the substrate was kept at room temperature. C4F8 and TEOS
were used as the reactant gases, and introduced into the reaction chamber
through mass flow controllers. The C4F8 flow rate was varied from 0 sccm to
27 sccm, TEOS vapor flow rate was kept at 15 sccm, and Ar was used as the
balance gas. The TEOS liquid source was stored in a stainless steel contain-
er, and due to the relatively low process pressure, no carrier gas was used. In
order to measure the capacitance±voltage (C±V) and current±voltage (I±V)
characteristics, the films were deposited on the p-type Si(111) wafers with a
resistivity of 10±3 X cm, and aluminum electrodes with an area of 1.5 mm2

were evaporated on the deposited film to form a metal±insulator±semicon-
ductor (MIS) structure. Another thin layer of aluminum was deposited on
the back of the silicon substrate to assure ohmic contact between the back
of the Si substrate and the stage of the prober.

Film thickness was measured using an ellipsometer with a He:Ne laser
(k = 632.8 nm). The FTIR spectra of the films were measured on an Ava-
tar-360 IR spectrometer (Nicolet Co.). XPS measurements were made
using a Perkin-Elmer PHI 5000c ESCA system with standard Al Ka radia-
tion (1486.6 eV) at 93.90 eV of pass energy, and low magnification. The
base pressure of the test chamber was 10±9 torr. All the binding energies
were calibrated by using C1s = 284.6 eV as a reference point. Raman spec-
tra were collected on an FT-Raman spectrometer (760 E.S.P.). The C±V
and I±V characteristics of the films were measured with an LCR meter
(Hewlett Packard Company, HP 4284A).
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Liquid Source-MOCVD of BaxSr1±xTiO3 (BST)
Thin Films with a N-alkoxy-b-ketoiminato
Titanium Complex

By Yo-Sep Min,* Young Jin Cho, Daesig Kim,
Jung-Hyun Lee, Byong Man Kim, Sun Kwon Lim,
Ik Mo Lee, and Wan In Lee

Owing to its high dielectric constant and low leakage cur-
rent density, BaxSr1±xTiO3 (BST) is one of the promising
dielectric materials for use in a capacitor in giga-bit dy-
namic random access memories (DRAMs).[1] For the suc-
cessful fabrication of BST thin films by the liquid source
metal±organic (LS-MO) CVD method, each precursor
should have high volatility and an extended chemical or
thermal stability at the vaporization temperature. In addi-
tion, precursors should decompose completely at the
deposition temperature in order to avoid carbon contami-
nation in the film.

Conventional Ti precursors for BST film deposition have
been mainly alkoxides or b-diketonates, such as Ti(OiPr)4,
Ti(thd)2(OiPr)2 (thd = 2,2,6,6-tetramethyl-3,5-heptanedio-
nate), and Ti(mpd)(thd)2 (mpd = 2-methyl-2,4-pentane-
dioxy). However, these precursors are not compatible with

Communications

146 Ó WILEY-VCH Verlag GmbH, D-69469 Weinheim, 2001 0948-1907/01/0407-0146 $ 17.50+.50/0 Chem. Vap. Deposition 2001, 7, No. 4

±

[*] Y.-S. Min, Y. J. Cho, Dr. D. Kim, Dr. J.-H. Lee, Dr. B. M. Kim
Microelectronics Lab, Samsung Advanced Institute of Technology
San #24, Nongseo-Ri, Kiheung-Eup,
Yongin-City, Kyungki-Do, 449-900 (Korea)
E-mail: ysmin@sait.samsung.co.kr

S. K. Lim, Prof. I. M. Lee, Prof. W. I. Lee
Department of Chemistry, Inha University
#253, Yonghyun-Dong
Nam-Gu, Inchon, 402-751 (Korea)



Ba or Sr precursors, such as Ba(thd)2 and Sr(thd)2, in the
preparation of BST films by LS-MOCVD. In a general
semiconductor process, BST films are deposited at or
below 430 �C to obtain good step coverage and surface uni-
formity for use in DRAM capacitors. At this low deposi-
tion temperature, however, Ti is poorly incorporated into
BST films. It is possible that the b-diketonate ligands are
not fully dissociated from the Ti metal ions, forming still-
volatile varieties of partially decomposed Ti complexes,
such as TiO(thd)2, due to the large charge-to-radius ratio
of Ti (unlike the Ba or Sr precursors).[2] Thus, an excess
amount of titanium precursor should be used to control the
stoichiometry of BST thin films, however this often results
in humps or a hazy appearance on the surface of BST films,
(considered to be Ti-rich clusters).[3]

Recently, b-ketoimine compounds with aminoalkyl or
polyether lariats have been utilized as a ligand of ±1 charge
for group 2 or transition metals.[4±6] Even though the
central metal ions of metal b-ketoiminate compounds,
[Mn+(b-ketoiminate)n], are coordinated with b-ketoimi-
nates by chelation, such complexes are still sensitive to
hydrolysis because the neutral amine or ether groups
branched from b-ketoiminates are labile, due to rather
weak bonds. For example, barium b-ketoiminate complexes
with appended polyether lariats sublime with significant
thermal decomposition.[7] In this study, N-alkoxy-b-ketoi-
minates were used as terdentate ligands, of ±2 charge, for
Ti metals in order to strengthen the metal±lariat bonds, and
their application to the LS-MOCVD of BST thin films was
investigated.

One N-alkoxy-b-ketoiminato titanium complex, Ti(4-(2-
methylethoxy)imino-2-pentanoate)2, [Ti(2meip)2], was
synthesized by the route reported by Doherty et al.,[8] and
successfully utilized as a metal±organic precursor of tita-
nium for BST thin film deposition. As shown in Figure 1,
since the vacant coordination sites of the central titanium

ion of Ti(2meip)2 are filled with terdentate ligands, show-
ing enhanced chelate effect over bidentate ligands, this pre-
cursor has excellent chemical and thermal stability to such
an extent that it remains structurally unchanged, even
when left to stand in air for three months or more.

As demonstrated by thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC), Ti(2meip)2

melts at 199 �C and evaporates intact at around 290 �C in a
one-step event under an N2 atmosphere (Fig. 2a). The
exothermic peak due to the decomposition of Ti(2meip)2 in

air appears to be sharp at 315 �C. This indicates that the de-
composition mechanism of Ti(2meip)2 is simple, and the
complex easily decomposes, possibly due to the presence of
a rather weak Ti±N bond and the homoleptic structure of
the precursor (Fig. 2b). On the other hand, according to the
TG-DSC thermogram (under an O2 atmosphere) analyzed
by Lee and Rhee, Ti(mpd)(thd)2 shows a broad exothermic
peak in the temperature range 300±380 �C, and Ti(thd)2

(OiPr)2 decomposes in a two-step manner, showing exother-
mic peaks at around 275 �C and 356 �C.[9] In Figure 3, the
sublimation rates of several Ti precursors are compared
with Ba(methd)2 [methd = 1-(2-methoxyethoxy)-2,2,6,6-tet-
ramethyl-3,5-heptanedionate] and Sr(methd)2, employed in
this work as the Ba and Sr precursors.[10] The sublimation
rate of Ti(2meip)2 is still higher than that of the Ba and Sr
precursors, but appreciably lower than that of other con-
ventional Ti precursors. Accordingly, the relatively low
volatility of Ti(2meip)2 may induce similar vaporization
behavior in the Ba, Sr, and Ti precursors used in the
deposition of a multi-component metal oxide such as BST
thin film.

Figure 4 shows the morphology of the BST thin film
deposited on Pt (1000 �)/SiO2 (1000 �)/Si substrate with
Ba(methd)2, Sr(methd)2, and Ti(2meip)2 using LS-MOCVD.
There are no humps and no hazy appearance on the surface
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Fig. 1. Molecular structure of Ti(2meip)2.

Fig. 2. Ambient pressure TGA (thick lines) and DSC (thin lines) of com-
pound Ti(2meip)2, at a heating rate of 10 �C min±1: a) under a nitrogen
atmosphere at a flow rate of 20 mL min±1, and b) under an air atmosphere
at a flow rate of 30 mL min±1.



of the film grown at 430 �C, and the root mean square (rms)
roughness is only 17 �. Moreover, the X-ray diffraction
(XRD) patterns, denoted as (110) and (200) planes of the
BST phase in Figure 5, indicate that the deposited films are
beginning to crystallize at 430 �C.

The temperature dependency of the titanium composi-
tion in the BST films is shown in Figure 6. When Ti(2me-
ip)2 was used as a Ti precursor, the composition of Ti in the
BST film was not strongly dependent on the deposition

temperature, unlike for Ti(mpd)(thd)2. It is believed that
the relatively easy and simple decomposition of Ti(2meip)2

leads to an efficient incorporation of Ti into the BST film.
This broadens the process window in terms of deposition
temperature, and allows easy control of the titanium com-
position for the BST films, either over a large area, or in
steps with a high aspect ratio.

In summary, an N-alkoxy-b-ketoiminato titanium com-
plex, Ti(2meip)2, shows excellent properties as a metal±or-
ganic precursor in terms of volatility, chemical and thermal
stability, and decomposition behavior at around the deposi-
tion temperature. The BST films obtained from this precur-
sor have an ultra-smooth surface without humps or hazy
appearance, and relatively low dependency (compared with
other titanium precursors) of the titanium composition on
the deposition temperature.

Experimental

BaxSr1±xTiO3 thin films were deposited on Pt (1000 �/SiO2 (1000 �)/Si
substrate by LS-MOCVD, using Ba(methd)2, Sr(methd)2, and Ti(2meip)2.
Ba, Sr, and Ti precursors were dissolved in n-butyl acetate with the ratio
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Fig. 3. TGA volatility comparison between Ti(2meip)2, n, Ti(thd)2(OiPr)2,
^, Ti(mpd)(thd)2, l, Ba(methd)2, ~, and Sr(methd)2, t. Data were
obtained under the following conditions: heating rate 10 �C min±1 in vacuo
(~ 1 torr).

Fig. 4. a) Tilted SEM image and b) 2 � 2 lm2 AFM image, of the surface
morphology of a 450 � thick BST thin film grown on Pt (1000 �)/SiO2

(1000 �)/Si at 430 �C. The rms roughness is 17 �.

Fig. 5. XRD pattern of the as-deposited BST film grown on Pt (1000 �)/
SiO2 (1000 �)/Si at 430 �C.

Fig. 6. Substrate temperature dependency of titanium composition defined
as Ti/(Ba + Sr + Ti). n and the solid line indicate the variation of titanium
composition in BST films deposited with Ti(2meip)2, and l and dotted line
indicate that of Ti(mpd)(thd)2.



Ba/Sr/Ti = 1:1:8.6. The concentrations of Ba, Sr, and Ti precursors were
9.3 mM, 9.3 mM, and 80.0 mM, respectively. An input flow of the precursor
solution was maintained at a rate of 0.05 mL min±1 during the deposition.
For the study of titanium incorporation as a function of substrate tempera-
ture, the depositions were carried out in a temperature range 400±500 �C,
using the solution of Ba(methd)2, Sr(methd)2, and Ti(2meip)2 (or Ti(thd)2

(OiPr)2) with the ratio Ba/Sr/Ti = 1:1:4.3. Deposition conditions for this
study are summarized as follows; deposition pressure 1 torr, flow rate of car-
rier gas (N2) 100 sccm, flow rate of reaction gas (O2) 100 sccm and (N2)
100 sccm, vaporizer temperature 280 �C, deposition rate 30 � min±1 at
430 �C.

To analyze the atomic concentrations of barium, strontium, and titanium,
the BST thin films were etched with hydrofluoric acid and then quantita-
tively analyzed by inductively coupled plasma-atomic emission spectroscopy
(ICP-AES).
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