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Ferroelectric PbTiOs thin films were grown on Si(100) substrates by metalorganic chemical vapor 
deposition via thermal pyrolysis at relatively low temperature (-500 “C) using Pb(tmhd),, 
Ti(OCsH&, and NaO. Transmission electron microscopy results suggested that the grown PbTiO, 
films were polycrystalline layers. Auger depth protiles indicated that the compositions of the 
as-grown films consisted of lead, titanium, and oxygen uniformly distributed throughout the films 
and that the films exhibited smooth interfaces. These results indicate that the growth of 
polycrystalline PbTiO, layers instead of epitaxial films originated from the formation of an 
interfacial amorphous layer prior to the creation of the films. Further, a mechanism for the formation 
of an interfacial layer between the PbTiOs thin films and the p-Si substrates is presented. 

Rapid advancements in film-growth technology have 
made possible the fabrication of metal-insulator- 
semiconductor structures with Si0,,rW4 Si,N4,5* A1203,7-10 
and BaTi0s11,12 insulator gates. In recent years, the growth 
of epitaxial insulator films on Si has been particularly attrac- 
tive due to their many promising applications such as Si on 
insulator structures and three-dimensional circuits,i3 and the 
formation of a buffer layer prior to the growth of 
YBa,Cu,07-,.‘4 More recently, ferroelectric thin tilms have 
attracted attention for nonvolative memories and electro- 
optic devices.r5 Among many ferroelectric materials, lead ti- 
tanate (PbTiO,) has been particularly interesting for a wide 
variety of applications such as pyroelectric infrared 
sensors.16-22 The growth of the PbTi03 by metalorganic 
chemical vapor deposition (MOCVD) has been reported in 
recent years, XX’ however, the interfacial layer properties 
and formation mechanisms between the PbTiO, insulator 
gate and the Si substrates have not been investigated yet. 

This letter reports data for PbTiOs thin films which were 
grown on p-type (100) Si substrates in the temperature range 
between 300 land 800 “C! by low-pressure MOCVD. Auger 
electron spectroscopy (AES) was performed to characterize 
the stoichiometry of the grown lilms, and transmission elec- 
tron microscopy (TEM) was carried out in order to investi- 
gate the atomic structure of the PbTiOs/Si interface. Further, 
a possible interfacial layer formation during the initial stage 
of the PbTi03 films growth on a Si substrate is presented on 
the basis of the results of the AES and TEM measurements. 

The P-diketonate complex of Pb(tmhd), (tmhd=2, 2, 6, 
6-tetramethyl3, 5-heptanedionate), Ti(OC3H7)4, and NaO 
were used as sources, and argon as the carrier gas. The tem- 
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peratures of the oil baths for the Pb(tmhd)a and the 
Ti(OCsH7)4 were maintained at 125 and 15 “C, respectively. 
The flow rates of the argon carrier gas for the Pb(tmhd), and 
the Ti(OCaH7)4 were 15 and 10 seem, respectively. Heating 
tape was wrapped around the metalorganic-source vapor- 
transport line, which was at 250 “C, to prevent condensation 
from the source bath to the growth chamber. N,O gas was 
supplied through a separate line into a resistively heated, 
vertical, cold-wall reaction chamber at a system pressure of 1 
Torr. The carrier concentration of the B-doped p-Si sub- 
strates with (100) orientation used in this experiment was 
1 X lOI5 cmm3. The substrates were degreased in trichloroet- 
hylene (TCE), rinsed in de-ionized water, etched in a solu- 
tion of N&OH, HaOa, and Ha0 (5:l:l) at 40 “C for 5 min, 
etched in a mixture of HF and H,O (1:l) at room temperature 
for 5 min, and rinsed in TCE again. As soon as the chemical 
processing of the Si wafers was finished, the substrates were 
mounted onto a molybdenum susceptor. A typical deposition 
was carried out for 60 min and was followed by a slow 
cooling to room temperature, at a rate of 100 “C/h in an 
oxygen atmosphere, to prevent strain-induced microcracks. 
In order to reduce the problem of vapor-pressure reduction 
caused by surface melting of the lead precursor, the source 
was changed for every experimental run.” 

The PbTiO, film as grown by MOCVD had mirrorlike 
surfaces without any indications of pinholes, which was con- 
firmed by using Normarski optical microscopy. Although the 
growth of the PbTiO, films was performed in the tempera- 
ture range between 400 and 800 “C, only the physical prop- 
erties of the film grown at 500 “C are reported because it had 
the best surface morphology. The growth temperature of 
500 “C is much lower than that used for the mirror-smooth 
PbTiOs hlms obtained by Keijser et aLz4 

The composition of the PbTiO, thin layer and the 
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FIG. 1. Auger depth profiles for the PbTiO,/Si structure. 

PbTiO,/Si interface were investigated by AES. The results 
showed that the film consisted of lead, titanium, and oxygen 
at the 50 w depth of the PbTiO, layer. The ratios of the 
peak-to-peak intensities among the lead, titanium, and oxy- 
gen peaks from the Iilm were similar to those for PbTiO, 
grown by chemical vapor deposition.25 In addition, the inter- 
face between the PbTiOs and Si was abrupt, and Si atoms 
had diffused into the PbTiO, layer. An interfacial layer had 
also formed between the PbTiO, and Si as shown in Fig. 1. 
However, a gradual decrease of lead was observed after 34 
min of the sputter time while the titanium increased. A pre- 
vious report on BaTiO, deposition on Si by MOCVD 
showed a similar behavior.‘r 

In addition to AFS measurements, TEM measurements 
were performed to demonstrate the formation of an interfa- 
cial layer in the PbTiO,/Si structure. These measurements 
were performed on adjacent pieces of the same sample which 
had been used for the AES measurements. The electron~dif- 
fraction pattern taken from a plan view of the sample is 
shown in Fig. 2. The spots and the ring in the pattern indicate 
the Si substrate and the PbTiOs polycrystalline layer, respeo 
tively. The diffusion of the ring corresponding to the (110) 

FIG. 2 Electron diffraction pattern Tom transmission electron microscopy 
of the PbTiOpi structure. 

FIG. 3. High-resolution transmission electron microscopy image of the 
PbTiO,/Si structure. 

peaks originates from the PbTiO, polycrystalline and the in- 
terfacial amorphous layers. ~When the electron diffraction 
pattern was taken from only the Si substrate, the ring in Fig. 
2 did not appear. A high-resolution TEM image of the 
PbTiO,/Si structure is shown in Fig. 3. The results of the 
TEM measurements indicate that an interfacial layer is 
formed in the PbTiO,/Si interface as shown in Fig. 3 and that 
the PbTiO, thin film is polycrystalline as shown in Fig. 2. 
The thickness of the interfacial layer determined from the 
TEM measurements was approximately 60 A. Even though 
our main purpose was the growth of PbTiO, epitaxial layers 
on Si substrates, the formation of the polycrystalline PbTiO, 
provides important information because it indicates the ex- 
istence of an interfacial layer prior to the growth of the 
PbTiO, layer. 

It is impossible to explain unambiguously from the mea- 
surements why this interfacial layer is formed. Even though 
all metalorganic sources contribute to a probably quite com- 
plicated growth process, a qualitative idea of the growth 
mechanism can be suggested. After the Si substrates were 
mounted onto the molybdenum susceptor, the substrate tem- 
perature was increased. When the substrate temperature was 
increased, SiO, passive layers were formed due to a reaction 
between the N,O organic source and the Si substrate, as 
shown in Fig. 4(a).26 The Pb(DPM), and TI’IP precursors 
were adsorbed subsequently on the Si substrate, as shown in 
Fig. 4(b). The DPM and TIP organic regents separated during 
pyrosis and evaporated: the ionized Pb+’ and Ti++” met- 
als then reacted with the oxygen and silicon. Thus, TiOZ, 
PbO, and silicides were created on the surface.” Since the 
affinity between Ti and 0 is much stronger than that between 
Si and 0, the SiOZ decomposed. Since the vapor pressure of 
the PbO is much larger than that of TiO, at low temperature, 
the PbO compounds preferentially evaporated, as shown in 
Fig. 4(~).~s The reactions at the surface were dominant by 
surface diffusion of the ionized meta1.28 Thus, the formation 
of the TiO, occurred as an interfacial layer, as shown in the 
Fig. 4(d). However, the partial formation of the SiOa at the 
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FIG. 4. An interfacial layer formation mechanism for PbTi03 thin films grown on Si substrates. 

interface due to thermal oxidation during the initial growth 
stage could not be neglected totally. 

In summary, AES measurements showed that a PbTiO, 
thin film on a Si substrate was grown by low-pressure 
MOCVD at a relatively low temperature. TEM measure- 
ments showed that an interfacial layer was grown during 
MOCVD and that the interfacial layer was formed between 
the PbTi03 and the Si. A possible mechanism for the forma- 
tion of the interfacial layer between the PbTiO, and the Si 
was introduced. 

The work at Kwangwoon University was supported in 
part by the -Korea Science and Engineering Foundation 
through the SPRC at Jeonbuk National University. 
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