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METHOD FOR PRODUCING ORIENTED
PIEZOELECTRIC FILMS

TECHNICAL FIELD

This invention relates to thin films and, more particularly,
to a method for forming thin piezoelectric films.

BACKGROUND OF THE INVENTION

In a variety of applications of practical importance, filters
comprising thin films of a piezoelectric material constitute
an attractive alternative to other conventional miniature
filters. This is particularly true, for example, in handset
applications for telecommunications where reducing both
the size and cost of filters is critical.

Compared to other filter techniques, thin-film piezoelec-
tric filters have the potential for superior performance, lower
cost and substantial reduction in size. Until now, however, it
has been exceedingly difficult to produce the requisite thin
films of piezoelectric material in a reproducible low-cost
manufacturing process.

To make a high-quality thin-film piezoelectric filter, it is
necessary that a film of piezoelectric material be deposited
in a prespecified oriented manner. Heretofore, efforts to
produce such films have relied on various techniques such as
collimation, long source-to-substrate distances (long-throw
technique) and controlling the nature and condition of the
substrate on which the film is formed. But even such
measures have not been successful in consistently producing
films having the required piezoelectric characteristics. In
particular, collimation and long-throw techniques substan-
tially reduce deposition rates, thereby making the deposition
times significantly longer than desired.

Accordingly, efforts have continued by workers skilled in
the art directed at trying to devise improved ways of
producing oriented thin films of piezoelectric material for
filter applications. It was recognized that such efforts, if
successful, would improve the quality and lower the cost of
thin-film piezoelectric filters.

SUMMARY OF THE INVENTION

In accordance with the principles of the present invention,
particles of a piezoelectric material are ionized in a reaction
chamber and then deposited on an electrically biased sub-
strate in the chamber. In that way, a thin layer exhibiting
good piezoelectric characteristics is formed.

BRIEF DESCRIPTION OF THE DRAWING

A complete understanding of the present invention and of
the above and other features and advantages thereof may be
gained from a consideration of the following detailed
description presented hereinbelow in connection with the
accompanying drawing, not drawn to scale, in which:

FIG. 1 is a side-view depiction of a specific illustrative
thin-film filter structure as heretofore proposed;

and FIG. 2 shows in simplified schematic form an illus-
trative way in which to carry out the inventive method to
form a thin-film piezoelectric layer for inclusion in a filter of
the type represented in FIG. 1.

DETAILED DESCRIPTION

Ilustratively, the conventional thin-film piezoelectric fil-
ter depicted in FIG. 1 is formed on a substrate 10 made of
silicon or other suitable material such as quartz or sapphire.
The substrate 10 may comprise a standard twenty-
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centimeter-diameter wafer having a Y-direction thickness of
about 600 micrometers (um). In that case, multiple filter
devices are advantageously formed on the substrate 10 at the
same time in a standard batch-fabrication process. Herein,
only one such device is explicitly shown in FIG. 1 and
described in detail below. By way of example, the X and Z
dimensions of the single depicted filter are each approxi-
mately 200-t0-500 uMm. The actual dimensions will depend
on the particular design of the filter, as is well known.

In a conventional manner, an acoustic Bragg reflector
comprising alternating layers of high- and low-acoustic-
impedance material is typically deposited on the top surface
of the substrate 10 of FIG. 1. Thus, for example, four pairs
of such layers, each pair comprising a layer of silicon
dioxide (Si0,) and a layer of tantalum oxide (Ta,Os), are so
formed. As is well known, the thickness of each such layer
is selected to be equal to a quarter wavelength of the center
frequency of the bandwidth of the indicated filter. Layers 12
(Ta,05), 13 (Si0,) and 14 (Ta,0,), 15(Si0,) in FIG. 1
constitute two pairs of the layers of the noted acoustic
reflector.

Next, a layer 18 constituting a bottom electrode of the
herein-considered filter is formed overlying the afore-
described multi-layer acoustic reflector. The layer 18 is
made of a material that exhibits low electrical resistance and
low acoustic loss. Illustratively, the layer 18 comprises
aluminum (Al) or molybdenum (Mo) having, for example, a
Y-direction thickness of about 1000 Angstrom units. An
electrical lead 19 is shown connected to the bottom electrode
layer 18.

Subsequently, in a conventional illustrative filter of the
type shown in FIG. 1, a layer 22 of a suitable piezoelectric
material is formed on the electrode 18. Thus, for example, a
layer 22 of aluminum nitride (AIN) or zinc oxide (ZnO)
having a Y-direction thickness of half the wavelength of the
desired center frequency is deposited overlying the bottom
electrode 18. Lastly, a second or top electrode 24, also made,
for example, of a 1000-Angstrom unit-thick layer of Al or
Mo, is formed on the top surface of the piezoelectric layer
22. In turn, an electrical lead 25 is connected to the top
electrode layer 24.

It is well known that the electromechanical coupling
constant of the piezoelectric layer 22 is a function of the
crystalline orientation of the layer 22. Thus, for example, for
a layer 22 made of low-stress stoichiometric AIN, the
piezoelectric properties thereof are optimized if the layer is
deposited such that its (002) crystalline axis is parallel to the
depicted Y axis.

Heretofore, various techniques have been employed to
impose a desired orientation on the piezoelectric material
constituting the layer 22 of FIG. 1. One known technique
involves depositing a thin layer (not shown) of collimated
titanium nitride (TiN) on the top-most layer 15 of SiO,
shown in FIG. 1. Such a structurally ordered TiN layer tends
to impose a corresponding orientation on an overlying
electrode layer 18 made of Al. In turn, it has been found that
such an oriented Al layer causes a subsequently formed
piezoelectric layer made of AIN to be deposited with an
(002) crystalline orientation. But, at best, piezoelectric films
formed in this particular way exhibit an X-ray diffraction
rocking curve of greater than 1.2 degrees.

In accordance with the principles of the present invention,
a film of piezoelectric material having a predetermined
crystalline orientation is deposited in a simple, robust and
reliable manner that is consistently reproducible. Such a film
exhibits good piezoelectric characteristics suitable for, for
example, a variety of thin-film filter applications.
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FIG. 2 shows in simplified schematic form a specific
illustrative apparatus of the type employed for depositing
piezoelectric films in accordance with the invention. The
apparatus comprises a reaction chamber 22 that is electri-
cally connected to a point of reference potential such as
ground. A substrate 24 whose top surface is to be coated with
a thin piezoelectric film is shown mounted on a base member
26 within the chamber 22. Further, a target 28 comprising a
constituent of the material to be deposited on the substrate
24 is shown affixed to a member 30 in the chamber 22.

In accordance with the invention, gases are introduced
into the reaction chamber 22 of FIG. 2 via inlet pipe 32, as
indicated by arrow 34. For the particular case in which the
piezoelectric material to be deposited on the surface of the
substrate 24 comprises AIN, the gases introduced into the
chamber 22 comprise, for example, nitrogen (a constituent
of the piezoelectric material to be deposited) and an inert gas
such as argon. In that case, the target 28 is made of
aluminum.

In a conventional manner, the gases introduced into the
chamber 22 of FIG. 2 are ionized. This is done by estab-
lishing a relatively high potential between the target 28 and
the grounded chamber 22. As is known, this potential can be
a constant direct-current (d-c) voltage. a pulsed d-c voltage
or an alternating-current voltage. By way of example,
assume that a constant d-c voltage is utilized for this

purpose.

[lustratively, assume that the target 28 (made, for
example, of aluminum) is maintained at a constant negative
d-c potential of about 1000 volts relative to the chamber 22.
As a result, for the case in which nitrogen and argon are
introduced into the chamber 22, a plasma comprising posi-
tively charged nitrogen and argon ions is thereby formed in
the chamber. These ions are attracted to the negatively
charged target 28. At the target, the nitrogen ions combine
with aluminum to form a surface layer of AIN. In turn, the
resulting AIN layer is impacted by argon ions. Particles of
AIN are thereby dislodged from the target and propelled
downward within the chamber 22.

In accordance with the invention, particles of a piezoelec-
tric material (for example, AIN) dislodged from the target 28
of FIG. 2 are ionized by establishing an electric field within
the chamber 22. Illustratively, this is done by placing a coil
36 around the chamber 22. In turn, the coil is connected to
a radio-frequency (r-f) generator 38 which operates, for
example, at a frequency of 13.56 megaHertz and supplies
power in the range of 10-t0-300 Watts.

In response to such an r-f field, neutral particles of AIN
dislodged from the target 28 are transformed in the chamber
22 into positive ions of AIN. In turn, these positive ions are
attracted to and deposited on the surface of the substrate 24,
which, for example, is connected to a negative d-c potential
of about 100 volts. At the substrate surface, the attracted AIN
ions are neutralized and form a layer of AIN.

It has been found that a layer of a piezoelectric material
such as AIN deposited in the unique manner described above
assumes a highly ordered crystalline orientation. In
particular, AIN is deposited such that its (002) crystalline
axis is highly parallel to the Y axis indicated in FIG. 1.
Consequently, the deposited material exhibits good piezo-
electric characteristics such as a coupling constant close to
the theoretical maximum of 6.5% and an advantageous
rocking curve characteristic.
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In accordance with the principles of the present invention,
other known piezoelectric materials can be deposited in a
prespecified oriented manner. In each such case, the piezo-
electric material to be deposited is first ionized and then
electrostatically attracted to the substrate to be coated.

Thus, for example, a piezoelectric material such as ZnO
can be deposited by following the techniques specified
above. Illustratively, in that case the target 28 of FIG. 2 is
made of zinc, and the gases introduced into the chamber 22
via the inlet pipe 32 comprise oxygen (a constituent of the
piezoelectric material to be deposited) and an inert gas such
as argon. A layer of ZnO is thereby formed on the surface of
the target 28. In turn, particles of this layer are dislodged by
argon ions. Subsequently, dislodged particles are ionized by
the aforementioned r-f field and deposited on the surface of
the negatively charged substrate 24 in a highly oriented way.
In particular, the resulting deposited film of ZnO exhibits a
strong (002) crystalline orientation and good piezoelectric
properties.

In some cases, it is advantageous to direct the ionized
piezoelectric material at a substrate that is specially prepared
to further enhance the crystalline orientation that inherently
results from depositing ionized material. Thus, for example,
if the substrate comprises an aluminum electrode overlying
a thin collimated layer of titanium nitride, the aluminum
electrode layer assumes a highly ordered orientation dictated
by the titanium nitride. In that case, the subsequently depos-
ited piezoelectric film assumes an even more highly ordered
(002) crystalline orientation.

Finally, it is to be understood that the various above-
described arrangements are only illustrative of the applica-
tion of the principles of the present invention. In accordance
with these principles, numerous other arrangements may be
devised by those skilled in the art without departing from the
spirit and scope of the present invention. Thus, for example,
other ways of supplying ions of a piezoelectric material to be
deposited on an electrostatically charged substrate are fea-
sible. By way of example, a standard hollow-cathode mag-
netron gun can be utilized to supply the requisite ions.
Further, it is apparent that the invention also includes such
techniques as rf sputtering of a ceramic target comprising
AIN or ZnO, with subsequent ionization of dislodged par-
ticles. Also, although emphasis herein has been directed to
depositing AIN and ZnO, it is to be understood that the
principles of the present invention are also applicable to
forming oriented films of other known piezoelectric mate-
rials such as gallium nitride, lithium niobate and lithium
tantalate.

What is claimed is:

1. A method for depositing a film of a piezoelectric
material, said method comprising the steps of

ionizing particles of a piezoelectric material that is to be

deposited on the surface of a substrate,
and electrostatically attracting said ionized particles to the
surface of said substrate to form a film thereon,

wherein said steps occur in a reaction chamber into which
are introduced an inert gas and a gas that comprises a
constituent of said piezoelectric material,

wherein said introduced gases are ionized and electro-

statically attracted to a target that comprises a constitu-
ent of said piezoelectric material,

wherein said constituent gas ions combine with the mate-

rial of said target to form a piezoelectric material,
wherein said inert gas ions dislodge particles of said
piezoelectric material,

and wherein said dislodged particles are ionized by an r-f

electric field established within said chamber.
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2. A method as in claim 1 wherein said target comprises
aluminum, said inert gas comprises argon, said constituent
gas comprises nitrogen and said piezoelectric material com-
prises aluminum nitride.

3. A method as in claim 2 wherein dislodged particles of
aluminum nitride are ionized by said r-f electric field estab-
lished within said chamber.

4. A method as in claim 3 wherein the aluminum nitride

piezoelectric film formed on the surface of said substrate 10

exhibits an (002) crystalline orientation.
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5. A method as in claim 1 wherein said target comprises
zinc, said inert gas comprises argon, said constituent gas
comprises oxygen and said piezoelectric material comprises
zinc oxide.

6. A method as in claim § wherein dislodged particles of
zinc oxide are ionized by said r-f electric field established
within said chamber.

7. A method as in claim 6 wherein the zinc oxide
piezoelectric film formed on the surface of said substrate
exhibits an (002) crystalline orientation.
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