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Chemical Vapor Deposition of Electroceramic Thin Films Chemice

(PZT) by conventional OMCVD, as first
described by Okada in 1988, will be
treated. Attention will be given to alter-
native ways of CVD that have been de-
veloped mainly to handle precursors
with extremely low vapor pressures.

Chemical Vapor Deposition

On the topic of chemical vapor deposi-
tion, useful textbooks are available.” If
organometallic compounds are used as
precursors, the technique is referred to
as organometallic chemical vapor depo-
sition (OMCVD). Organometallic com-
pounds tend to have relatively high
vapor pressures and decompose readily
at elevated temperatures.

Basically an (OM)CVD system consists
of three parts: (1) a gas-mixing system
(the gas system) connected to (2) the re-
actor cell and (3) a pumping system with
gas exhaust. (See Figure 1.) The main pa-
rameters controlling the composition of
the deposit and deposition rate are the
partial pressures of the precursors in the
reactor and the deposition temperature.
Therefore accurate control of these pa-
rameters is essential. Vapors of the pre-
cursors are transported to the reactor by
leading an inert carrier gas through or
over the precursor.

Since the vapor pressures of precur-
sors for electroceramic thin films gener-
ally are low, they must be evaporated at
elevated temperatures (typically 50—
150°C). In order to prevent the condensa-
tion of precursors in the gas system, all
parts have to be heated to or above the
evaporation temperature. A way to
achieve this is by making use of coaxial
tubing of the gas system. The inner tube
is used for transport of the carrier gas
containing the precursors and through
the outer tube flows hot oil heating the
inner tube. (See Figure 1.) Uniform heat-
ing of transport lines is accomplished,
and it excludes the occurrence of hot
spots where the precursor might, prema-
turely, decompose. (Hot spots easily oc-
cur when the heating is by electrical
heater tapes.) When heating of the gas
system is not critical, the use of simple
electrical heater tapes will do. The occur-
rence of hot spots may be prevented by
using tapes with a negative temperature
resistance coefficient. Such an approach
would link well with existing commer-
cially available CVD systems.

Alternative ways of precursor trans-
portation are being explored. One way is
to dissolve a suitable precursor in an or-
ganic liquid. This solution then is trans-
ported to the reaction chamber. Accurate
control of the solution’s flow rate is es-
sential. In a multicomponent system, in
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Chemical Vapor Deposition of Electroceramic Thin Films

are suppressed. Ceneraily, low-pressure
operation improves the uniformity in
thickness and composition of the thin
film.

The Deposition of Lead
Zirconate Titanate

In the following, we present results
from our experiments to deposit PZT by
conventional OMCVD. A number of typi-
cal problems associated with the deposi-
tion of electroceramic thin films (control
of composition, hardware issues) are en-
countered in this materials system.

Details of the deposition system built
for the deposition of electroceramic thin
films are described in Reference 11. In
short, it is equipped with a horizontal,
rectangular reactor cell containing a ro-
tating silicon-carbide-coated graphite
susceptor supporting one 150-mm or
100-mm wafer. Precursors used are
tetraethyllead (TEL), zirconiumtetra-
tertiarybutoxide (ZTB), and titanium-
tetrafertiarybutoxide (TTB). Identical
alkoxide groups on the zirconium and ti-
tanium precursor suppress undesirable
effects of the exchange of ligands. Spe-
cial care has to be taken for handling the
TEL since it is rather unhealthy. An ad-
vantage of this set of precursors is that it
only calls for a moderate heating (<50°C)
of the gas system. The substrates were
oxidized 100-mm silicon wafers pro-
vided with a platinum electrode.

An important issue for CVD of elec-
troceramic thin films is the control of the
composition. A useful, nondestructive
technique to determine composition is x-
ray fluorescence (XRF). To electrically
characterize the films, a blanket plati-
num layer was deposited by sputtering
and patterned into electrodes with well-
defined areas. Generally it is advanta-
geous to also pattern the PbZr,Ti, O,
and the platinum bottom electrode. Fer-
roelectric properties were measured at a
typical frequency of 1 kHz. The capacitor
area used for the measurements de-
scribed here was 10* wm® in all cases. In
future devices such as nonvolatile fer-
roelectric memories the capacitor areas
may be well under 1 pm®

Deposition Temperature

The deposition temperature is a major
parameter in a (chemical vapor) deposi-
tion process. It determines the decompo-
sition rate of the precursors and has a
strong influence on the crystallinity and
structure of the deposit.

For the deposition of PbZr,Ti, ,Os, the
deposition temperature was systemati-
cally varied between 550 and 775°C. The
partial pressures of the TTB (p ) and
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Figure 6. X-ray-diffraction patterns of PbZr, Ti, Oy films on P1/Si0O,/Si with
x =0, 0.8 and 1. Only reflections of Si, Pt, and PbZr,Ti; O are observed.
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Chemical Vapor Deposition of Electroceramic Thin Films

1 ym381kVU 208E4 227890

Figure 9. Scanning-electron-microscopy image of a PbZr,Ti; Oj film deposited
over a trench in a silicon wafer provided with a Pt electrode.

value for x, = psis/(p718 + prrs) was
varied by changing both the partial pres-
sures of the ZTB and the TTB. The total
of the prp and pyrp was kept at 5 X 10 °
mbar so (A/B), = 1. In all cases, the films
have the correct cation stoichiometry,
A/B = 1. In Figure 4, the values for x as
measured with XRF for films deposited
at 700°C are plotted against x,. A nonlin-
ear relation between x and x,, is observed.

The surface morphology was exam-
ined by scanning electron microscopy
(SEM). A representative image of the sur-
face morphology of a film with x = 0.8

and a thickness of 150 nm is presented in
Figure 5. Individual crystallites of a few
tenths of a micrometer are observed. The
crystallites seem to be rather densely
packed. No large influence of the zirco-
nium to titanium ratio on the surface
morphology has been observed. Neither
the temperature nor the partial pressure
of the TEL, provided the stoichiometry of
the films is maintained, have a large in-
fluence on the morphology. As a rule, a
significant change in the morphology
points at an off-stoichiometry of the films.

In Figure 6, representative XRD pat-

terns of films on Pt/SiO,/Si with x = O‘f
0.8, and 1.0 are presented. Only reflec-
tions due to the PbZr,Ti;- O3 Pt, and S
are observed. The PbZr,Ti; ,O; hasa
(111) preferential orientation. This is at-
tributed to a seeding effect of the (11
Pt-electrode. This preferential orienta-
tion is less pronounced for higher values
of x. The diffraction pattern can be
indexed by a tetragonal structure for
x = 0. For x = 0.8 and 1, the diffraction
pattern is indexed by a pseudocubic
structure.

Ferroelectric Properties

The hysteresis loops of the films de-
posited using different values for p g are
presented in Figure 7. The zirconium
fraction x was 0.3. The lead-deficient film
has a low remanent polarization (see Fig-
ure 7a). The off-stoichiometry of this film
does not prevent it from being ferroelec-
tric. The ferroelectric performance im-
proves with increasing pre.. The value
for remanent polarization P, increases,
and the hysteresis loops saturate at lower
field strengths (see Figures 7b and 7).
For the higher values of pyg, the loops
have a more rounded shape (see Fig-
ure 7d). This shows that the quality of the
film drops. Obviously the process win-
dow as determined by the ferroelectric
properties is somewhat smaller than was
found based on the XRF analysis. How-
ever, the ferroelectric properties are also
invariant to the TEL partial pressure
within a certain (smaller) process win-
dow. The observation that the films
slowly become rich in lead seems to cor-
relate with a degradation of the ferroelec-
tric properties.

Representative hysteresis loops for
three values of x are presented in Fig-
ure 8. For x = 0.1 (see Figure 8a), the loop
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Figure 10. Hysteresis loops of ferroelectric capacitors (PbZr,sTiosO5 thickness is 300 nm) at three stages of processing. Immediately
after structuring (a), after an anneal for 5 minutes at 500°C (b), and after isolation and metallization of the ferroelectric capacitor (c).
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