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PbTiO; thin films on the Si substrates were prepared by plasma enhanced chemical vapor
deposition (PECVD) using Ti(O-i-C;H;),, Pb(C,H;),, and oxygen. The composition of
PECVD PbTiO; thin films was intensively influenced by the input flow rate ratio of precursors
while it was independent of the deposition temperatures. As-deposited PECVD PbTiO, thin film
showed a uniform distribution of the Pb, Ti, and C component throughout the bulk of film.
When an annealing process was performed at 750 °C under the O, ambient for 1 h, the Pb/
(Pb+-Ti) ratio of thin films was reduced from 0.567 to 0.509.

Ferroelectric materials such as PbTiO;,
Pb{(Zr,Ti;; _,,)O;, and La-doped Pb(Zr,Ti;_,)O; have
been applied to many useful electronic and optical devices
utilizing their excellent dielectric, piezoelectric, and optical
properties. High quality ferroelectric films with reproduc-
ible ferroelectric properties should be required for fabrica-
tion of these application devices. Sputtering,' chemical va-
por deposition (CV. D),>* sol-ge],5 and laser ablation®’
have been studied as the deposition methods for ferroelec-
tric thin films. Low pressure, metalorganic, and plasma
enhanced chemical vapor deposition (LPCVD, MOCVD,
and PECVD) methods are now developing because pre-
liminary results are very promising due to high deposition
rates, pinhole-free films, and stoichiometry control.
Among these, plasma enhanced chemical vapor deposition
{(PECVD) of ferroelectric thin films using metalorganic
precursors have been scarcely reported in spite of its po-
tential usefulness.

Reproducible fabrication of stoichiometric ferroelec-
tric thin films such as PbTiO; is difficult due to the high
volatility of PbO with respect to TiQ,. The stoichiometry
control of PbTiO; thin films is very important in that the
crystal structure of PbTiQ; thin films is changed from the
pyrochlore phase, to a perovskite one, and to a PbO phase
subsequently with increasing Pb/Ti atomic ratio.® There-
fore, the composition control of thin films should be con-
sidered as a matter of primary importance. In this letter,
we report the compositional control of novel PECVD
PbTiO; thin films.

PbTiO; thin films on Si substrates were deposited by
PECVD using Ti(0-i-C3H,), (TTIP, 5N purity),
Pb(GHs), (TEL, 5N purity), and oxygen. The PECVD
apparatus mainly consisted of a source delivery system
with bubblers for the metalorganic precursors, a vacuum
system and cold-wall reaction chamber equipped with par-
allel electrodes. The bubblers for TTIP and TEL were con-
trolled to 40 and 23 °C, respectively. Vapors of the metal-
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organic precursors were carried out by argon with 5N pu-
rity through the electropolished stainless steel tubing
heated up to 70 °C to prevent the condensation of TTIP
vapor during transfer. The vapors and oxygen were mixed
before flowing into the reaction chamber. Gas mixtures
were distributed through the upper electrode having a
shower head type structure. The total flow rate of carrier
gas was 80 sccm and oxygen flow rate was 8 scem. The
chamber pressure was 300 mTorr and substrate tempera-
ture was fixed at 250 °C unless otherwise indicated in the
text. rf power of 20 W at 13.56 MHz was delivered to the
upper electrode.

The susceptor electrode was heated with a shell-shaped
resistive heating element with a PID controller prior to the
deposition process. p-type Si substrates. (100) oriented,
4-5 £ cm, were cleaned in a hydrogen-peroxide-sulphuric
acid mixture, dipped in hydrofluoric acid, rinsed in deion-
ized water, and blown with nitrogen sequentially. Post-
deposition annealing of PECVD PbTiO; thin films was
performed using a horizontal furnace in the range of tem-
perature between 450 and 750 °C under O, ambient for 1 h.
Other experimental details are described elsewhere.’

The elemental component distribution of as-deposited
PECVD PbTiO; thin films using an input flow rate ratio of
precursors, Vypr/(Fren+ Vierp), of 0.038 was obtained
using Auger electron spectroscopy (AES, Perkin-Elmer
PHI 610) as shown in Fig. 1. Pb, Ti, O, and C elements
were detected by using the AES spectrum as shown in Fig,
1(a). Carbon as a contaminant originated from the meta-
lorganic precursors of TEL and TTIP. The AES signals for
each element were located at 93 eV for Pb (N;;0,0;,5)
383 eV for Ti (L;M;3M,3), 417 €V for Ti (L;M,;M, ),
510 eV for O (KL,3L,3), and 272 eV for C. The depth
profile as shown in Fig. 1(b) yields a uniform distribution
of the components throughout the bulk of the film. Calcu-
lating composition using formalism'® with relative sensitiv-
ity factors gives a Pb/(Pb--Ti) ratio of about 0.6 which is
in agreement with the result of energy dispersive x-ray
(EDX) measurements. The composition of PbTiO; thin
films was usually analyzed using EDX.
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FIG. 1. {a) Surface survey AES spectrum and (b) depth profile spectrum
of as-deposited PECVD PbTiO; thin film on silicon substrate.

Figure 2 shows the compositional variations of
PECVD PbTiO; thin films as a function of the Vyg/
(Vygr+ Vrrp) ratio. The composition ratio, Pb/(Pb
+Ti), for the thin film deposited at a Vrgpr/(VyeL
-+ Vo) ratio of 0.034 was equal to 0.5. Pb content
rapidly increases until the Vygy/(Vrgy + Vppe) ratio of
0.23. The bonding strengths of Pb-C,H; of TEL and Ti-O
of TTIP are 230 kJ/mol'! and 440 kJ/mol,"? respectively,
indicating that TEL can be dissociated more easily than
the TTIP in a plasma. Because PECVD is a thermally
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FIG. 2. Compositions of PECVD PbTiO; thin films as a function of
precursors input flow ratio. (Chamber pressure=2300 mTorr, substrate
temperature =250 °C, total gas flow rate=288 sccm and rf power=20 W).
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FIG. 3. Compositions of PECVD PbTiO; thin films as a function of
substrate temperatures. (Pygr/(Vypr+ Prpe) ratio=0.035, chamber
pressure = 300 mTorr, total gas flow rate=88 scem and rf power =20 W).

nonequilibrium process and the degree of participation of
reactive species into the thin film is controlled by the dis-
sociation rate of reactants, it is believed that Pb species of
TEL have more opportunities to participate in the forma-
tion of PECVD PbTiO; films than Ti species. On the con-
trary, it has been known that TiO, was produced by the
pyrolysis of TTIP and PbO by the oxidation of TEL for the
formation of PbTiO, by LPCVD.? The apparent activation
energy for the surface reaction controlling step was esti-
mated as 53.1 kJ/mol for TTIP pyrolysis and 77.8 kJ/mol
for TEL oxidation. Because pyrolysis of TTIP can take
place more easily than oxidation of TEL in LPCVD, par-
ticipation of Ti species in the LPCVD of PbTiO, thin films
is preferable.

Figure 3 shows the composition of PECVD PbTiO;
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FIG. 4. The dependence of compositions of PECVD PbTiQ; thin film on
annealing temperature. (@) and (O) show the composition of as-
deposited and annealed PECVD PbTiO; thin films, respectively. Anneal-
ing was performed under O, ambient for 1 h.
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thin films as a function of substrate temperatures. Vg /
(Vigr+ Frrp) ratio was kept constant at 0.035 while sub-
strate temperature was varied in the range between 150 and
400 °C. The composition of thin films was nearly indepen-
dent of the substrate temperature.

The composition of PbTiO; thin films subjected to
post-deposition annealing varied as shown in Fig. 4. An-
nealing was performed in the range of temperature between
450 and 730 °C under O, ambient for 1 h. The Pb/(Pb
+Ti) ratio of an as-deposited PbTiO; thin film was re-
duced from 0.567 to 0.509 after annealing at 750 °C due to
the high volatility of Pb compounds at high temperature.’

In summary, PbTiO; thin films on Si substrates were
deposited by PECVD using TTIP, TEL, and oxygen and
had the uniform distribution of Pb, Ti, and O elements
throughout the bulk of the film. The composition of
PbTiOj; thin films was highly influenced by the input flow
ratio of precursors. The composition of PECVD
PbTiO; thin films was nearly independent of the deposition

temperature. Annealing at 750 °C under O, ambient for 1 h -

reduced the Pb/(Pb+Ti) ratio of PbTiO; thin film from
0.567 to 0.509.
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