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The field of chemical vapor deposition
(CVD) has grown very rapidly in the last
thirty years and applications of this ver-
satile fabrication process are now used in
many industrial products, such as semi-
conductors, optoelectronics and optics
[1]. In comparison to thermal evapora-
tion, sputtering and other physical vapor
deposition (PVD) approaches, CVD of-
fers excellent conformity to cover deep
recesses, holes, and other difficult three-
dimensional geometries [2]. In addition
to thin film applications, where an ultra
thin deposit is desired, CVD is also ap-
plicable for thick coatings due to its high
deposition rate [3]. Another advantage is
that CVD does not normally require ul-
trahigh vacuum unlike to state of the art
PVD methods [4].

Beside these unique process advantages
however, CVD has also some disadvant-
ages, such as the need of high deposition
temperatures, generally above 600 °C
[5]. Development of metal-organic mo-
lecular precursors partially solved this
problem and opened up new possibilities
to deposit crystalline thin films at much
lower temperatures [6]. As the material
of interest becomes increasingly complex,
the choice of the precursor also becomes
more difficult. In the deposition of such
multi-component complex materials, the
common approach is to use several dif-
ferent precursors simultaneously [7]. On
the other hand, the different volatilities
of the precursors and undesired side re-

actions between decomposed chemical

species affect the purity, composition,
homogeneity and microstructure of the
resulting materials [8]. In order to over-
come these difficulties, the single source
precursor (SSP) approach has been de-
veloped [9]. This is based on a molecu-
lar design which, instead of using several
precursors, contains all desired elements

in one molecule.

In the last years we have researched a
number of SSPs for the synthesis of dif-
ferent nanocrystalline and composite
materials. Recently, we have shown the
synthesis of Al/ALO, and Ga/Ga,O,
nanocomposite structures with precisely
controlled composition and microstruc-
ture [10]. The control of the composi-
tion, purity and homogeneity is especial-
ly critical for synthesis of electronic and
optical materials. Thus, we present the
use of the SSP concept for the synthe-
sis of ferroelectric and optical coatings.
First the synthesis of PZT coatings with a
precise stoichiometry (between lead, zir-
conate and titanate) is presented. Dielec-
tric properties of deposited PZT coatings
(dielectric constant & and dielectric loss
0) were measured with a precision LCR
Meter. The remnant polarization () was
also determined. The effectiveness of the
SSP method is also shown by presenting
transparent ITO layers with controlled
dopant concentration. The ITO layers
were characterized with the X-ray diffrac-
tion method. Electrical resistivity of the

deposited layers is also presented.
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Experimental

Synthesis and characterization of PZT

coatings

The combination of two bimetallic alkoxide
compounds,  (C,H,),Pb[O-C(CH,),],Ti
and (C,H,),Pb[O-C(CH,),].Zr a lead ti-
tanate and a lead zirconate source with
identical properties and complete mis-
cibility resulted in a new mixed single
source PZT precursor which evaporates
at a temperature of 25 °C and a pressure
of 0.13 mbar. The composition of the
precursor is adjusted to Pb:Zr:Ti = 2:1:1.

The precursor was deposited at tem-
peratures around 400 °C on (100) Pt/
Ti/SiO,/Si substrates using a vertical
cold-wall CVD chamber. Following the
deposition, the coatings were annealed at
650 °C. After sputtering the top electrode
with diameters from 100 pm to 400 pm,
the planar PZT-films were structured by
wet chemical etching using lithographi-

cal techniques.

The crystallization behaviour of the PZT
films was analyzed by X-Ray diffraction
(XRD, Bruker (AXS D8 Advance)). Sur-
face microstructures of the films were ob-
served using a FEI (Quanta 400 ESEM
FEG) field emission scanning electron

microscope (SEM).

The dielectric properties of the films (di-
electric constant € and dielectric loss 6)
were measured with a precision LCR Me-
ter (Agilent 4284A). To display the ferro-
electric hysteresis loop, a classical Sawyer-
Tower circuit [11] was used (A modified

PUND setup, as described by Veith et al.

[12] was employed for the determination

of the remnant polarization P.).

Synthesis and characterization of ITO coat-

ings

For the synthesis of the precursor, an
organometallic  indium
[(CH)),In-O-C(CH)),]

bonded to an organometallic tin-com-
pound Sn[OC(CH,),],. Through intra-

and intermolecular interactions, a quasi-

compound

is  chemically

SSP system can be formed, the source
material for ITO-coatings. The ratio of
In to Sn was adjusted to 9 to 1 to give a
doping concentration of 10 % of tin in

ITO.

Figure 1: SEM-Image of the deposited PZT-film on
a Pu/Ti/SiO,/Si-substrate.
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Figure 2: XRD-pattern of a deposited PZT film. The film shows a (100)-orientation.
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A cold-wall-CVD-apparatus was used to
deposit the ITO-films. 1g of the precur-
sor was placed in a reservoir-container and
connected to the CVD-reaction chamber.
Glass substrates (borosilicate, 2 mm thick)
of 15x15 mm in size were cut and placed
onto the graphite substrate holder. Both
the wall of the reaction chamber and the
precursor reservoir were heated to 80 °C.
The substrate was heated to 500 °C by a
HF-generator. After reaching the desired
temperature, the precursor-valve was
opened for five minutes to enable depo-

sition of the film from gaseous materials.

The composition and morphology were
analysed by X-ray diffraction, using Cu
K, radiation. Layer thickness was meas-
ured by ellipsometry. Post-treatment in
reducing atmosphere was performed for
30 minutes at 300 °C in forming gas
(95 %N,, 5 %H,). Measurements of
electrical resistivity have been performed
with a four point probe technique
(Hewlett-Packard 34401-A). SEM-im-
ages were taken by a JEOL JSM-7000 F

scanning electron microscope.

Results
PZT coatings

After the CVD-process, the deposited
films were thermally annealed at 650 °C
to obtain the desired perovskite-phase.
The SEM-images show a smooth 1 pm
thick film-surface with a grain-size of
about 500 nm (Figure 1). In XRD-
measurements, a pure (100)-oriented
perovskite-phase on the Pt/Ti/SiO,/Si-

substrate is observed (Figure 2).

The dielectric constant £ and dielectric loss
0 of the PZT-films were measured to be
412 and 0.025. The hysteresis loop (Figure
3) shows a remnant polarization of 25 pC/

cm? and a coercive field of 30 V/pm.
ITO Coatings

The deposited films appear transparent
and show a crystalline cubic tin-doped
indiumoxide phase in the SEM-image
(Figure 4) and in the diffractogram (Fig-
ure 5) with a crystallite size of approx.
100 nm. No other crystalline phases

could be observed.

The thickness of the ITO-layer is 23 nm.
The as-prepared transparent samples
show a sheet resistance of 1640 kQ/sq.
After post-treatment in reducing atmos-
phere, the value has slightly decreased to
1542 kQ/sq, corresponding to a specific
electrical resistivity of 3.55 x 10° Qcm.
This increase in electrical conductivity
can be explained by the creation of oxy-
gen vacancies in the oxide lattice during

reduction treatment.

Discussion

The synthesis of a quasi-SSP is a key issue
in the simplification of state-of-the-art
CVD processes. PZT-films with the de-
sired perovskite phase were deposited us-
ing only one source instead of three (lead,
zirconate and titanate). The film proper-
ties (£ = 30 V/pm, P = 25 nC/cm?) ex-
ceed those of sol-gel-PZT-coatings [13].
The properties are comparable with PZT-
films, produced by sputtering-techniques

[14]. In comparison to sputtered films
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Figure 3: Hysteresis-loop of the deposited PZT-
film.

Figure 4: SEM image of the transparent ITO coat-
ing.



our layers show a better coverage on com-

plex geometries.

CVD of a new SSP was shown for synthesis
of ultra thin films of ITO. After five min-
utes deposition, a 23 nm thick, crystalline
layer of tin-doped indiumoxide has grown
on the glass substrate. The electrical resistiv-
ity after post-annealing in reducing atmos-
phere is 3.55 x 10® Qcm. Further enhance-
ment of the layer growth might be achieved

when oxygen is added to a carrier gas.

Conclusion

Single-Source-Precursors have been used
to produce high performance coatings
of PZT and ITO using the CVD-pro-
cess. PZT-coatings from a single source
combining Pb, Zr and Ti in one metal-
organic precursor system show excellent
properties. ITO-CVD-coatings from a
SSP-system exhibit high transmission in
visible range and good electrical conduc-
tivity. The ITO-layer consists of densely
packed, cubic ITO-crystals.
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Figure 5: XRD-Pattern of the ITO-coating on glass substrate. Reference lines according to Indium Tin

Oxide (PDF-Nr. 01-089-4597).
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