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Composition control of manganite perovskites in metalorganic chemical
vapor deposition with  in situ spectroscopic monitoring

Toshihiro Nakamura,® Ryusuke Tai, Takuro Nishimura, and Kunihide Tachibana
Department of Electronic Science and Engineering, Kyoto University, Kyotodaigaku-Katsura, Nishikyo-ku,
Kyoto 615-8510, Japan

(Presented on 8 November 2004; published online 11 May 2005

Using in situ infrared absorption spectroscopy, the behavior of the film precursors,
tris(dipivaloylmethanatpanthanum [La(DPM)4], tris(dipivaloylmethanatpmanganese
[Mn(DPM)3], and bigdipivaloylmethanatistrontium[ S{DPM),], in the gas phase was investigated
under actual chemical vapor deposition conditions of manganite perovskites. The temperature
dependence of the infrared absorption indicates thaDPM);, Mn(DPM)5, and S(DPM), differ
significantly in the decomposition temperature. The atomic composition of the deposited film can be
controlled on the basis of the precursor densities obtained by inheitu spectroscopic
measurements. The composition control based orirttsgtu monitoring technique is expected to
improve the reproducibility of the magnetic property of the deposited filnR@®5 American
Institute of physicgDOI: 10.1063/1.1853895

I. INTRODUCTION drofuran(THF, C4HgO) at a concentration of 0.1 mol/I. Af-

. . .. ter each dissolved source was introduced into a vaporizer by
Recently, half-metallic materials have been receiving : .
4 S : ‘N, carrier gas at 200 sccm, the vaporized source was trans-
much attention due to the keen technological interest in their . .
. . . o : ported into the MOCVD reactor and subsequently mixed
application to electronic devices utilizing spin degree of free-" : . . ;
. : .~ with O, oxidant gas. The pressure in the reactor was main-
dom of conducting charge carriers. Compared to tunneling_. I . N
) . . . ined at 10 Torr. Thin films were deposited on 6 in. diam-
junctions based on the conventional ferromagnetic meta : i,
. . ; . -~ “eter S{100 substrates. The atomic composition of the de-
electrodes, magnetoresistance in the tunneling Junct|onsosit(_}d flm was evaluated bv  x-ra hotoelectron
made of manganite perovskites, such @dsa,SHMnO; b y y p

(LSMO), is expected to be larger. The physical property c)fspectroscopYXPS) after etching of the film surface. We ob-

LSMO is closely connected with its atomic composition. As served IR absorption spectra under actual CVD conditions.

for the film deposition method of LSMO, metal-organic Details of theln situ mfrar(_ed4 absorption measurements have
been described elsewherd’

chemical-vapor depositiotMOCVD) is particularly suited

for the device applications due to the ease in changing the
atomic composition, its applicability to the large area depo-”l' RESULTS AND DISCUSSION
sition, and its excellent step coverage. The good reproduc- \We carried ouin situ measurements of the infrared ab-
ibility of the magnetic property of the deposited film is sorption spectra of L@PM);, Mn(DPM);, and S(DPM)s.
strictly required for the practical use of MOCVD. Although

intensive works have been performed for the film ®

characterizatiori;® the deposition chemistry is still not well
understood. Recently, we investigated gas phase reactions |
MOCVD of (Ba, SyTiO; films by in situ infrared absorption
spectroscopfi?” and microdischarge optical emission

&
E] MFC

spectroscopy>*®In this work, in situ spectroscopic monitor- % 0t

ing was carried out to improve the reproducibility of the vent —~'.«—+—Q LaOPMTHF |||
. s . % % &
atomic composition of LSMO films. I Sr(DPM)yTHF [| ]
= O, %

Mn(DPM)zTHF [| |

gas nozzle

Il. EXPERIMENT

Figure 1 shows a schematic diagram of the liquid-source
MOCVD apparatus. The experimental setup for the liquid-
source CVD was the same as that described previGusly.
We used tridipivaloylmethanatpanthanum[La(DPM);],
tris(dipivaloylmethanatpmanganes¢ Mn(DPM);], and bis-
(dipivaloylmethanatstrontium [SHDPM),]| as the source % substrate

[(

materials. These source materials were dissolved in tetrahy (®) pressure gauge
0 vacuum pump

dElectronic mail: tosihiro@kuee.kyoto-u.ac.jp FIG. 1. Schematic diagram of the liquid-source CVD apparatus.
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[ ’
ol i
2L | perature. It is desirable that the flow rate of each CVD source
- - is controlled on the basis of the relative precursor densities
Takl | | | A obtained by then situ spectroscopic measurements.
1600 1400 1200 1000 800 We deposited lanthanum manganite films by changing
© Wavenumber (cm’) the source mixing ratio of L(eE)_PM)gl[La(_[_)PM)g
+Mn(DPM);]. Figure 4 shows the atomic composition of the
FIG. 2. In situinfrared absorption spectra (g La(DPM)s, (b) Mn(DPM)s, lanthanum manganite films deposited at the substrate tem-
and(c) S{DPM),. perature of 560 °C. When the (@PM);/[La(DPM);

+Mn(DPM);] ratio was below 50%, no incorporation of car-
. . bon was detected by XPS measurements. The atomic com-
The observed infrared spectra in the absorbance mode at tlﬂ%sition ratio of La:Mr=1:1 wasobtained by setting the

substrate temperatgre of 240 °C were shown in Fig. 2. Thgsfa(DPM)3/[La(DPM)3+Mn(DPM)3] ratio to be about 33%.
spectra were obtained by subtracting the THF absorpuonrhe obtained film with the atomic composition ratio of

from the observed spectra. Infrared spectral assignmeana:anl:l wasconfirmed to be polycrystalline by x-ray
were carried out on the basis of the density functional theor}ﬁiﬁraetometry

calculations® The infrared absorption in the regions of

1700-700 crmt is considered to be due to the DPM ligands. dop
Based on the temperature dependence of the infrared ab-

sorption spectra, we compared the decomposition mecha-

Figure 5 shows the atomic composition of the strontium-
ed lanthanum manganite films deposited at the substrate

nisms of LADPM)s, Mn(DPM)s, and S(DPM),. Figure 3 100 ' |

shows the temperature dependence of the infrared absorption %0 —-Lla| 7
at the substrate temperature between 240 °C and 640 °C. 80 i L‘)"” .
The vibrational spectral peak of BPM);, Mn(DPM), and 70k = c | 4

Si(DPM), at 865 cm* is assigned to C-(CH,); stretching

mode with the in-plane DPM ring deformation. As the sub-
strate temperature increased, the absorbance derived from
these source molecules decreased. This decrease is due to the
thermal decomposition of the source molecule. The absor-
bance of MiDPM); decreases rapidly in comparison with
that of L&DPM), while the absorbance of MBPM); de-
creases at a higher temperature than that DBK),. The 101 X
temperature dependence of the absorption indicates that 0 Ly | L 3
La(DPM)3;, Mn(DPM)5, and S(DPM), differ significantly in 0 20 40 60 80 100
the decomposition temperature. Therefore, the La, Sr, and La(DPM); / (La(DPM); + Mn(DPM);) (%)
Mn contents in the deposited film may be different fromgig 4. Atomic composition in lanthanum manganite films as a function of
those of the liquid source, depending on the deposition teme flow rate ratio of LEDPM); and Mi{DPM)s.
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FIG. 5. Atomic composition in strontium-doped lanthanum manganite films
as a function of the flow rate of @PM),. The flow rates of LEDPM); and
Mn(DPM); were fixed at constant values of 0.1 sccm and 0.2 sccm,
respectively.

temperature of 480 °C. The flow rate offBPM),/ THF so-
lution was changed from 0.2 to 0.7 sccm, while the flow
rates of the LADPM)5/ THF and MDPM),/ THF solutions

were fixed at constant values of 0.1 and 0.2 sccm, respea

tively. The lanthanum manganite film with the appropriate
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