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Description

Field Of The Invention

[0001] The invention relates to a method for producing
electronic devices containing a piezoelectric film com-
prising use of a rotating magnetron sputtering system.
The invention is particularly useful in fabricating acoustic
resonators and semiconductor devices.

BACKGROUND OF THE INVENTION

[0002] Communications systems typically include a
variety of devices (e.g., filters, mixers, amplifiers, inte-
grated circuits, and so forth). Communications systems
are useful for transmitting information (e.g., voice, video,
data) relayed by means of wireless links, twisted pair,
optical fibers, and so forth. As wireless communications
systems become more advanced, signals are being
transmitted at higher frequencies (e.g., PCS, ISM, etc).
As systems are continually developed in response to
market pressures, the demand for increased perform-
ance and reduced size intensifies. Market forces demand
increased integration and reduction of component size.
[0003] Resonators such as Bulk Acoustic Wave
(BAW) resonators are important components in the fab-
rication of bandpass filters and other related semicon-
ductor devices. The BAW resonator is a piezoelectric res-
onator that essentially comprises a film of piezoelectric
material (e.g., a crystalline AlN film), deposited between
at least two electrodes. Upon application of voltage to
such a structure, the piezoelectric material will vibrate in
an allowed vibrational mode at a certain frequency. Pie-
zoelectric resonators are thus useful in discriminating be-
tween signals based on frequency diversity (e.g., a band-
pass filter), and in providing stable frequency signals
(e.g., as in a frequency stabilizing feedback element in
an oscillator circuit).
[0004] Typically, the performance and resonant fre-
quency of the piezoelectric resonator will depend upon
the composition, thickness, and orientation of the piezo-
electric material. The resonant frequency of a piezoelec-
tric material is typically inversely proportional to its thick-
ness; thus, for piezoelectric resonators to operate at high
frequencies {e.g., frequencies greater than ~700 Mega-
hertz (MHz) up to 10 Gigahertz (10GHz)}, the thickness
of the piezoelectric film must be reduced to a thin film
(e.g., having a thickness ranging from about 500 nm to
about 10 Pm). The coupling between electrical and me-
chanical energy of a piezoelectric resonator is dependent
on the crystalline orientation of the atoms comprising the
piezoelectric film. The induced strain (i.e., stress wave)
in a piezoelectric film in response to applied voltage (i.e.,
electric field) can only occur from the advantageous
alignment of the crystalline axis within the piezoelectric
film. An example of an advantageous film orientation is
<002> of AlN perpendicular to the substrate.
[0005] Piezoelectric film quality may be affected by the

method used to form the film. Typically, sputter deposi-
tion or reactive sputter deposition techniques have been
used. Sputter deposition involves a vacuum deposition
process in which a sputtering target is bombarded with
ions, and the atoms of the target material are mechani-
cally ejected from the target and deposited onto a nearby
substrate. In reactive sputtering, a reactive gas is intro-
duced into the deposition chamber and reacts with the
target material to produce a film that is sputtered onto
the substrate, either directly or upon further reaction with
freed target material. In DC reactive sputtering, a direct
current electrical potential is applied within the sputtering
chamber in which a reactive sputtering process is carried
out. However, typical sputtering and reactive sputtering
techniques, including DC reactive sputtering, often do
not provide adequate deposition rates. A pulse DC sput-
tering method for efficiently depositing thin films of pie-
zoelectric materials such as aluminum nitride (AlN), e.g.,
with improved control over the direction and delivery of
the reactive gas, is described in U.S. patent application
Serial No. 09/175,323, to Miller et al., "Pulse DC Reactive
Sputtering Method for Fabricating Piezoelectric Reso-
nators," filed Sept. 1, 1998, assigned to the present as-
signee.
[0006] In Miller et al., the quality of the piezoelectric
films is improved with the techniques used to deposit the
films, i.e., the pulse width of the positive portion of the
applied voltage is adjusted based on its effect on the
desired film constituency, stress, and texture.
[0007] An application of pulsed DC reactive magnetron
sputtering to the fabrication process of piezoelectric de-
vices is described in Dubois, et al., BAW resonators
based on aluminium nitride thin films, 1999 IEEE Ultra-
sonics Symposium, 1999 IEEE Proceedings, Volume 2,
pages 907-910.
[0008] Magnetron sputtering systems are known in
which magnetically-enhanced targets are used to confine
the plasma discharge along a particular path and en-
hance the flow of target material. See, e.g., U.S. Pat.
5,830,327 to Kolenkow, "Methods and Apparatus for
Sputtering with Rotating Magnet Sputter Sources"; U.S.
Pat. No. 5,693,197 to Lal et al., "DC Magnetron Sputter-
ing Method and Apparatus": and U.S. Pat. No. 5,378,341
to Drehman et al., "Conical Magnetron Sputter Source."
Use of magnetron sputtering has been problematic, how-
ever, for depositing silicon dioxide films. Because silicon
dioxide is a good insulator, a film sufficiently thick to
cause arcing problems is rapidly formed at certain areas
of the target, i.e., splats or regions of silicon dioxide may
be deposited on the target surface so that it is not uni-
formly biased, and eventually, the target may become
coated to the point where it is no longer conductive and
the deposition may stop. Thus, magnetron reactive sput-
tering has not been conventionally used to deposit quality
silicon dioxide films. See, e.g., U.S. Pat. No. 5,683,558
to Sieck et al., "Anode Structure for Magnetron Sputter-
ing Systems," at col. 1, lines 53-55 ("The arcing associ-
ated with silicon dioxide has prevented planar magnetron
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reactive sputtering from being efficiently utilized to de-
posit quality silicon dioxide films"). Additionally, previous
methods of depositing insulating films (including piezo-
electric films) have involved use of RF sputtering utilizing
fixed magnets.
[0009] Further examples of the state of the art can be
found in JP 11 260835 which describes a method for
fabricating a piezoelectric film on a smooth insulating lay-
er. EP-A-0669412 describes a method of fabricating a
piezoelectric film on a smooth diamond surface. EP-A-
0963040 describes depositing a piezoelectric film on a
smooth sacrificial insulating layer.
[0010] As may be appreciated, those in the field of
communications systems and components continue to
search for new methods for increasing system perform-
ance and integration. In particular, it would be advanta-
geous to provide new methods for improving the quality
of piezoelectric films. A high-quality AlN piezoelectric film
deposited on a reflecting multi-layer acoustic mirror stack
is a method to produce high-quality, RF front-end filters
for GHz applications. These objectives and further ad-
vantages of this invention may appear more fully upon
considering the detailed description given below.

Summary Of The Invention

[0011] In accordance with the present invention there
is provide a method according to claim 1.
[0012] Summarily described, the invention embraces
a quality-assurance method for use in the fabrication of
piezoelectric films for electronic devices, particularly res-
onators. The method preferably comprises determining
the surface roughness of an insulating layer on which the
piezoelectric film is to be deposited and achieving a sur-
face roughness for the insulating layer that is sufficiently
low to achieve the high-quality piezoelectric film. Accord-
ing to the invention, the low surface roughness for the
insulating layer is achieved with use of a rotating magnet
magnetron system for improving the uniformity of the de-
posited layer. According to other embodiments the in-
vention, the high-quality piezoelectric film is assured by
optimizing deposition parameters or monitoring and cor-
recting for the surface roughness of the insulating layer
pre-fabrication of the piezoelectric film.

Brief Description Of The Drawings

[0013] For a better understanding of the invention, an
exemplary embodiment is described below, considered
together with the accompanying drawings, in which:

FIG. 1 is a perspective schematic illustration of an
acoustic resonator;

FIG. 2 is a schematic diagram of a reactive sputtering
arrangement with rotating magnetron for use in per-
forming the inventive method;

FIG. 3 is a representative graph illustrating determi-
nation of the cross-over point for AlN; and

FIG. 4 is a representative graph illustrating determi-
nation of the cross-over point for SiO2; and

FIG. 5 is a block diagram showing steps for perform-
ing an exemplary inventive method.

[0014] It is to be understood that these drawings are
for the purposes of illustrating the concepts of the inven-
tion and are not to scale.

Detailed Description Of The Invention

[0015] Although specific features and configurations
are discussed below, it should be understood that these
examples are for purposes of illustration only.
[0016] The invention pertains to a method for obtaining
high-quality piezoelectric films. FIG. 1 is a perspective
schematic illustration of an acoustic resonator, which
may be fabricated using the inventive method. The res-
onator 100 comprises a substrate 110, a film or layer 120
of piezoelectric material, and a means for retaining
acoustic energy in the piezoelectric film, such as a Bragg
reflecting region 125, between the substrate 110 and film
120. Alternative to the reflecting region 125, a layer of air
(not shown) may be used to suspend the film 120 above
the substrate 110. A bottom electrode 135 and top elec-
trode 130 are disposed on opposite surfaces of the pie-
zoelectric film 120.
[0017] The layer of piezoelectric material advanta-
geously comprises A1N, but may be made of any suitable
material that has piezoelectric qualities sufficient for the
particular resonator application. Typical piezoelectric
materials include, for example, quartz, zinc oxide (ZnO),
and ceramic materials such as lithium niobate (LiNbO3),
lithium tantalate (LiTaO3), paratellurite (TeO2), and lead
titanate zirconate (PZT). The substrate typically is com-
prised of silicon but may be fabricated with other mate-
rials such as quartz, sapphire, polysilicon, aerogel, and
aluminum oxide (Al2O3). Advantageously, with the inven-
tion, the electrodes and particularly the bottom electrode
135 may comprise aluminum (Al) or a metal stack using
titanium and Al. Besides use of Al and/or Ti/Al, other met-
als having a low sheet resistance and low surface rough-
ness may be used for fabricating the electrodes 130, 135.
Previous stacked metal electrodes often have comprised
Ti/TiN/Al as the composition of choice.
[0018] Notably, it would be advantageous to non-de-
structively predict and assure the quality of the piezoe-
lectric film 120 before the film is deposited. Traditionally,
methods for determining the quality of the piezoelectric
films have been applied after the piezoelectric films 120
are deposited (e.g., X-ray diffraction) but these methods
may destroy or damage the devices. Additionally, it would
be advantageous to avoid use of collimated metals (i.e.,
metals deposited with a collimator) in order to eliminate
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film thickness non-uniformity associated with collimated
depositions. To avoid such nonuniformities, this inven-
tion provides an inventive process to produce a high-
quality piezoelectric film without use of the collimator.
The inventive method is advantageous in that high-qual-
ity piezoelectric films can be fabricated when there is a
decrease in the process window for depositing textured
Ti-Al, and the quality of the piezoelectric film can be as-
sured pre-fabrication, i.e., before the piezoelectric film is
deposited. This is accomplished by fabricating insulating
layers 125 having a surface roughness that is suffciently
low to assure the high-quality piezoelectric film (e.g.,
<1nm), non-destructively evaluating these layers, and
further smoothing them, if necessary. This method also
reliably predicts the quality of the piezoelectric film before
it is deposited.
[0019] According to one aspect of the invention, a proc-
ess involving use of rotating magnet magnetrons and
pulsed DC power supplies is applied to deposit the insu-
lating layers and/or piezoelectric film. Rotating magnet
magnetrons are used to provide film thickness uniformity,
and such rotating magnet magnetrons are made possible
in that process parameters are optimized to achieve a
high deposition rate and correct index of refraction. Ac-
cording to another aspect of the invention, the process
comprises determination of a "cross-over point" such that
the target will remain effective in emitting atoms and re-
sisting the deposition of materials thereon. The "cross-
over point" is defined as the point at which a pressure
increase in the chamber 210 (see FIG. 2) becomes non-
linear with the flow of reactive gasses, and is further de-
fined below. Additionally, the process makes use of the
recognition that the quality of the piezoelectric film can
be improved by addressing the surface roughness of the
layers on which the piezoelectric film is deposited, i.e.,
providing an underlying insulating layer having a relative-
ly smooth surface produces a higher quality piezoelectric
film. Thus, according to another aspect of the invention,
the surface roughness of the insulating layers are mon-
itored and smoothed, if necessary, before the piezoelec-
tric film is deposited.
[0020] Notably, the contemporaneously-filed Bower
application referenced above (which is assigned to the
present assignee ), describes the recognition that the
surface roughness of the electrode underlying the piezo-
electric film (FIG. 1, 135) affects the quality of the piezo-
electric film 120. The Bower application thus describes
a method of making a device having a piezoelectric film
comprising controlling the surface roughness of the metal
layer, which may include controlling the surface rough-
ness of the insulating layers 125 underlying the metal
layer 135. The Bower method comprises use of textured
titanium (and a collimator in the deposition process),
which increases the system tolerance or process window
for surface roughness. In other words, when the collima-
tor is used, the insulating layers 125 do not have to be
as smooth as when the collimator is not used in order to
achieve a high-quality piezoelectric film. The collimator

also is known, however, for decreasing the thickness uni-
formity of the titanium layer.
[0021] With this invention, a process is described for
minimizing the surface roughness of the underlying in-
sulating layers on which the electrode and piezoelectric
films are deposited, and with the instant method, the use
of a collimator is not required. The surface roughness of
the underlying layers 125 may be reduced to achieve a
maximum texture for the piezoelectric films and optimal
operation of the resonator. For example, the insulating
layers should be fabricated so they have root mean
square (RMS) morphology reflecting a surface rough-
ness of about less than 1nm. The RMS value reflects a
true average, absolute value for the deviation or differ-
ence in the surface morphology from a mean value of
zero, the value of zero reflecting a completely smooth
surface. The RMS value is defined by the square root of
the difference between the mean square and the square
of the mean, or in other words, it is the normalized aver-
age value of the roughness relative to the median of the
measured roughness.
[0022] A "high-quality" piezoelectric film is defined
herein as a film having a texture reflecting a good crys-
talline orientation of atoms, low stress (less than about
50 megaPascals {MPa}), and appropriate index of refrac-
tion (approximately 2.0, more preferably 2.07� 0.005,
and more preferably 2.078�. 0.005). Film thickness uni-
formity advantageously is 0.4% one Sigma, with a more
preferred thickness uniformity of 0.2% one Sigma, with
an even more preferred thickness uniformity of 0.1%
three Sigma. Thus, the "quality" of a piezoelectric film as
that term is used herein relates to at least one of the
texture, stress, uniformity, and/or index of refraction of
the piezoelectric film. The term "texture" as used herein
is intended to describe the crystallographic alignment of
grains in a polycrystalline film wherein "maximum tex-
ture" denotes a film having an alignment (orientation) of
grains centered about a single direction at an angle sub-
tended from (relative to) the growth direction. The texture
and thus quality of the piezoelectric film can be defined
by reference to its "rocking curve." More specifically, ide-
ally crystallographic directions of the grains are centered
about a single direction; as mentioned above, the per-
formance of the piezoelectric film (e.g. in a piezoelectric
resonator), is dependent upon the crystalline orientation
of the atoms comprising the film. Typically, however,
there will be a gaussian distribution of directions about
which the grains are centered. The smaller the distribu-
tion, the closer the film is to maximum texture. The dis-
tribution of grain directions may be plotted to define a
peak, and the width of the peak at half its maximum height
(full-width at half maximum) (FWHM), i.e., the "rocking
curve" width, reflects a value for defining the quality of
the film texture. The "rocking curve" width is thus the
figure of merit for the film texture, i.e., the smaller the
distribution, the smaller the rocking curve, and the closer
the film is to maximum texture. The piezoelectric film ad-
vantageously is formed with a FWHM rocking curve of
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less than 3.5°, with a more preferred low rocking curve
being less than about 2.5°, and more preferably less than
1.5° (FWHM).
[0023] According to one aspect of the invention, a high-
quality piezoelectric film may be fabricated by applying
a rotating magnetron and pulse DC reactive sputtering
process to fabricate one or more layers of the piezoelec-
tric device, including the insulating layers (FIG. 1, 125),
and/or the piezoelectric film (FIG. 1, 120). FIG. 2 is a
simplified, schematic representation of a rotating magn-
etron sputtering apparatus for use in depositing the pie-
zoelectric 120, the insulating layers 125, and the elec-
trodes 130, 135 on the substrate 110. The apparatus
includes a chamber 210 (e.g., a plasma chamber), and
a pair of electrodes (the target 260 and anode ring 225)
within the chamber. The electric potential applied to the
electrodes may be controlled by a pulsed DC power
source 230 or other suitable source. Various sources are
provided for injecting gasses into the chamber. A first
flow control source 240 injects noble gasses into the
chamber (e.g., Ar, Ze, and Kr), and a second flow control
source 250 supplies a reactive gas (O2, N2, etc.) into the
chamber 210. The gasses are supplied via gas delivery
port 245.
[0024] A target material is positioned within the sput-
tering chamber. The substrate 110 is also positioned
therein, and disposed such that it is in communication
with the target and gasses within the chamber. The target
material 260 is mounted adjacent a rotating magnet as-
sembly 280 which includes a magnet array to produce a
magnetic field to penetrate the target material 260 and
form an arc over its surface facing the substrate 110. A
rotation motor 300 causes the rotating magnet assembly
to rotate about an axis of rotation with respect to the target
260. The magnetic field generated across target 260
helps to confine free electrons near the surface of the
target. The increased concentration of ions excited by
these electrons at the target surface increases the effi-
ciency of the sputtering process. The pressure within the
chamber can be regulated with pressure regulators 240,
250 and throttle valve 270. An RF power supply 235 ap-
plies a bias voltage to the substrate platen 115 to control
tensile film stress.
[0025] A high-quality film may be achieved with this
apparatus, and various parameters can be applied to op-
timize the processing conditions. Applicants have dis-
covered a method comprising optimization of the reaction
parameters to achieve a high-deposition rate and correct
index of refraction. The method includes a step of deter-
mining the "cross-over point" in the process. The "cross-
over point" is defined as the point at which a pressure
increase in the chamber 210 becomes non-linear with
the flow of reactive gasses, and this point reflects a re-
active gas flow rate that strongly effects a reaction with
the target material. For example, FIG. 3 is a represent-
ative graph illustrating determination of the cross-over
point in a process involving fabrication of an AlN piezo-
electric film, in which the reactive gas comprises nitrogen

and the target comprises aluminum. FIG. 4 is a repre-
sentative graph illustrating determination of the cross-
over point in a process involving fabrication of an SiO2
layer, in which the reactive gas comprises oxygen and
the target comprises silicon.
[0026] Referring to FIG. 3, the characteristic pressure-
flow curve shows two asymptotic regimes. At low flow of
reactive gas (to the left of the graph), all the nitrogen is
being reacted with metallic aluminum so introduction of
small amounts of nitrogen does not increase the chamber
pressure. As the gas flow is increased, gas is present in
the chamber that cannot react with metal, and the unre-
acted gas causes an increase in pressure in the chamber.
At a very high flow rate (to the right of the graph), the
target material becomes fully "poisoned" or coated with
the reaction product (AlN) such that any further gas ad-
mitted into the chamber will not react with target material
and will directly contribute to a pressure increase. The
plot of pressure versus reactive gas flow (as in FIGS. 3
and 4) shows a "crossover curve" from the behavior of a
metallic target fully consuming reactive gas to the behav-
ior of a fully poisoned target showing increasing pressure
with further admission of reactive gas.
[0027] FIG. 5 is a block diagram showing illustrative
steps of one aspect of the invention. The invention com-
prises use of the cross-over curve in optimizing the re-
active sputtering deposition process with use of rotating
magnet magnetrons and pulsed DC power. The method
includes a step of providing the target material within a
sputtering chamber, with the target material being orient-
ed on a rotating magnet assembly for producing a mag-
netic field across the target material. A substrate within
the sputtering chamber in open communication with the
target, and a pair of electrodes (target and anode ring)
are positioned within the sputtering chamber. As the
process begins, the magnet rotation begins and is stabi-
lized at a level sufficient to achieve uniform target erosion.
A suitable rotation speed is 282 rpms. The cross-over
point for the flow of a reactive gas into the sputtering
chamber is determined with appropriate settings to the
pulse frequency and pulse width. The noble gas is intro-
duced into the sputtering chamber, and then the reactive
gas is added so that it reacts with a portion of the target
material. The reactive gas is introduced incrementally
into the sputtering chamber so that the flow rate of the
reactive gas is maintained at a rate corresponding sub-
stantially to, but greater than, the flow rate at the cross-
over point. A film is thus deposited on the substrate as
the chamber is maintained just above the cross-over
point. Immediately below (less than 3 sccm) the cross-
over point will result in a metallic film. Above the cross-
over point, the deposition rate decreases for at least 20
sccm and until the target is totally poisoned, becomes an
insulator, and a plasma can no longer be maintained.
[0028] As the deposition process is carried out, a
pulsed DC voltage is applied across the pair of electrodes
(the target and anode ring) that are positioned within the
sputtering chamber so that ions from the noble gas im-
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pinge upon the target material and eject atoms therefrom.
Freed atoms of the target material react mostly at the
target with the reactive gas to form a coating on the sub-
strate. Maintaining the flow rate near the cross-over point
is effective in optimizing the deposition conditions; the
target will continue to be conductive while depositing a
coating on the substrate, and poisoning of the target itself
is controlled. Additionally, various other aspects of the
process may be managed to improve the deposition rate
and overall quality of the deposited films. For example,
the relevant parameters of the process may be monitored
and adjusted, considering that the deposition rate is in-
versely proportional to the amount of reactive gas, the
power supply pulse width, and the deposition pressure,
and is directly proportional to the power. The deposition
rate is unaffected by the power supply frequency. The
index of refraction is inversely proportional to both the
amount of reactive gas and the power supply pulse width.
[0029] According to one aspect of the invention, these
deposition parameters may be adjusted to achieve an
optimal deposition rate for producing substantially stress-
free piezoelectric films having the desired index of re-
fraction. Using monitor wafers, the index of refraction of
the deposited coating can be monitored and adjusted to
achieve a desired index of refraction for the coating. This
may comprise a coarse adjustment with reactive gas,
followed by a fine tuning with pulse width. The current
and/or voltage can be monitored and frequency adjusted
to achieve a stable waveform. The pulse width of the DC
voltage can be adjusted to improve the homogeneity of
the film or coating formed on the substrate. The DC power
can be increased or the pressure or flow rate reduced to
improve the surface roughness for the film.
[0030] The inventive process is advantageous for de-
positing piezoelectric films and also for optimizing the
processing conditions for depositing the insulating lay-
ers, which will impact upon the texture of the piezoelectric
films deposited thereon. As applied to the insulating lay-
ers, additional parameters to consider are that a reduc-
tion in the surface roughness of the resultant SiO2 films
is achieved by increasing the power and/or decreasing
the pressure. According to the invention, these parame-
ters may be adjusted and optimized to achieve the high-
est deposition rate that produces films having the desired
surface roughness and index of refraction. Applying this
evaluative process, films may be consistently produced
that have the desired index of refraction and a surface
texture of less than 2.5nm, and more preferably less than
1nm.
[0031] Applying the realization that the piezoelectric
film quality can be improved by providing a good-starting
platform for the piezoelectric film (i.e., by providing an
underlying insulating layer having a relatively smooth sur-
face texture), the surface roughness of the insulating lay-
er may be measured and if necessary, further processed
to achieve optimal quality piezoelectric films. The surface
roughness of an SiO2 film may be non-destructively
measured by an Acoustic Force Microscope (AFM) lo-

cated within the silicon laboratory in which the piezoe-
lectric device is produced, e.g., a class 10 clean room
where all silicon fabrication takes place or other Silicon
Fabrication Research Laboratory (SFRL). In other words,
the surface roughness of the insulating layer is measured
in-situ during the fabrication. Further smoothing can be
achieved by chemical mechanical polishing and to a less-
er extent with a hydrogen hot sputter etch process (HSE).
One such
[0032] process teaches a flow rate of hydrogen at 50
seem. However, applicants have discovered that a re-
duction in the flow rate of hydrogen gas provides signif-
icant advantages in producing films having the desired
texture. For example, a reduction in hydrogen flow rate
to 25 sccm (from the 50 sccm flow rate) has resulted in
an improved surface smoothing capability that does not
impact upon the overall thickness of the SiO2 film.
[0033] The following examples will serve to further typ-
ify the nature of the invention but should not be construed
as a limitation on the scope thereof, which is defined by
the appended claims.

EXAMPLE 1 - Deposition of an AIN Film

[0034] In operation, a first step comprises determining
the cross-over curve on a monitor wafer. This can be
accomplished by arbitrarily setting the pulse frequency
at 100 kHz and the pulse width at 25 ns.
[0035] Next, argon (the noble gas) is introduced into
the chamber, preferably at the lowest value at which a
plasma can be maintained. A suitable flow rate for Ar is
20 sccm and a resultant chamber pressure of 0.2Pa
(1.5mTorr). Initially, the nitrogen is introduced incremen-
tally (e.g., in 1 sccm steps), as the voltage, current and
chamber pressure are monitored to determine the flow
rate that corresponds to the cross-over point. (Any one
of the voltage, current, or chamber pressure plotted
against flow rate will indicate the cross-over point; any
one of these factors may be analyzed, or all three may
be analyzed for confirmation.) Nitrogen (the reactive gas)
is introduced into the chamber at a flow rate that corre-
sponds substantially to (e.g., about 3 sccm above) the
flow rate at the cross-over point, i.e., the point at which
the target becomes nitrided.
[0036] The film is then deposited at a gas ratio approx-
imately 3 sccm greater than the cross-over point. The
stress and index of refraction of the deposited material
are measured. The voltage-current of the magnetron
should be monitored and if necessary, the frequency
should be adjusted to achieve a stable waveform. The
frequency does not affect the film quality and may be
freely adjusted.
[0037] The amount of reactive gas and power supply
pulse width are adjusted to achieve the desired index of
refraction. The gas ratios may be varied to make coarse
corrections. The reverse-bias pulse width may be adjust-
ed for fine-tuning correction of the index-the more the
pulse width is increased (that is, the larger percentage
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of the selected frequency it covers), the higher the index
will be, but increasing the pulse width also lowers the
deposition rate.
[0038] RF bias is applied to the substrate to control
tensile stress. Monitor wafers are used to determine the
bias that results in zero � fifty MPa stress when the index
is fine tuned. The system should be monitored and cor-
rected for zero stress when the index is fine-tuned.
[0039] The pulsed DC power may be adjusted as de-
scribed in the above-referenced Miller application, incor-
porated herein, to enhance the desired film constituency,
stress, and texture through more efficient reaction by the
reactive gasses. Each power change requires re-optimi-
zation of the index of refraction and stress.

EXAMPLE 2 - Deposition of a Silicon Dioxide Insulating 
Film

[0040] A silicon dioxide (SiO2) film may be fabricated
using a silicon target doped with ≤2% boron. Oxygen is
used as the reactive gas to oxidize the silicon target and
form the SiO2. As with the AlN deposition, a first step in
the insulating layer deposition comprises determining the
cross-over point on a monitor wafer. The initial pulse fre-
quency is arbitrarily set at 100 kHz, the pulse width at 25
ns, and the argon flow adjusted to 30 sccm. Oxygen gas
is added in 1 sccm steps while the voltage, current and
chamber pressure are recorded. The flow rate is main-
tained at a gas ratio of approximately 3 sccm greater than
the cross-over point. A film is deposited onto a new mon-
itor wafer and the index is measured. Stress is ~125 MPa
(� 25MPa) compressive and cannot be corrected using
RF bias or chamber pressure. Accordingly, the stress
level may be addressed by controlling the A1N stress
(i.e. leaving AlN at 100 MPa tensile stress). The voltage-
current of the magnetron should be monitored and if nec-
essary, the frequency should be adjusted to achieve a
stable waveform. The frequency does not affect the film
quality and may be freely adjusted.
[0041] The amount of reactive gas and power supply
pulse width are adjusted to achieve the desired index of
refraction. The gas ratios may be varied to make coarse
corrections. The reverse-bias pulse width may be adjust-
ed for fine-tuning correction of the index-the more the
pulse width is increased (that is, the larger percentage
of the selected frequency it covers), the higher the index
will be, but increasing the pulse width also lowers the
deposition rate.
[0042] Next, the surface roughness is measured and
the power and pressure adjusted until the desired surface
roughness is achieved; the surface roughness of the re-
sultant SiO2 film improves with increasing power and de-
creasing pressure. A deposition power of 2kW and a
30/28 sccm Ar/ O2 ratio should result in a film having a
surface roughness of less than 1.5 nm (RMS). A surface
roughness of 1.5nm can be improved to less than 1nm
using the HSE. Roughness greater than 2nm needs CMP
to improve to less than 1nm. An advantageous aspect of

the invention comprises the ability to measure the SiO2
surface morphology and improve this surface to less than
1nm prior to the deposition of the piezoelectric layer,
which reduces the cost of piezoelectric film fabrication.
Previous fabrication methods have required X-ray dif-
fraction after the piezoelectric film deposition which de-
stroys the wafer. Present mask designs implement select
areas of the wafer for X-ray diffraction but these cannot
be invoked until the processing and deposition of the pi-
ezoelectric film is complete.

Claims

1. A method of fabricating a piezoelectric device (100)
comprising:

providing a substrate (110),
forming, overlying the substrate, at least one in-
sulating layer (125), wherein the forming of the
at least one insulating layer comprises deposit-
ing the insulating layer by a reactive sputtering
process using a pulsed DC magnetron and
depositing a film of piezoelectric material (120)
overlying the insulating layer;
CHARACTERIZED IN THAT:
the reactive sputtering process employs a rotat-
ing magnet magnetron and pulsed DC power
and the forming of the insulating layer compris-
es:
disposing, within a sputtering chamber (210), a
target material and the substrate (110); and in-
troducing a reactive gas into the chamber at a
flow rate corresponding substantially to the flow
rate at the reactive gas crossover point.

2. The method of claim 1 in which at least one metal
layer (135) is deposited between the insulating layer
(125) and the piezoelectric film (120).

3. The method of claim 1 wherein the depositing of the
film of piezoelectric material (120) comprises a re-
active sputtering process using a rotating magnet
magnetron and pulsed DC power for promoting the
thickness uniformity of the piezoelectric film (120).

4. The method of claim 1 comprising the steps of meas-
uring surface roughness of the at least one insulating
layer before the piezoelectric film is deposited and
achieving a desired surface roughness for the at
least one insulating layer of less than 1 nm.

5. The method of claim 4 in which the surface rough-
ness of the at least one insulating layer is non-de-
structively measured in situ by an acoustic force mi-
croscope.

6. The method of claim 4 in which the desired surface
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roughness is achieved with use of chemical mechan-
ical polishing or a hydrogen hot sputter etch process.

Patentansprüche

1. Verfahren des Herstellens einer piezoelektrischen
Vorrichtung (100), das Folgendes umfasst:

Bereitstellen eines Substrats (110);
Bilden, auf dem Substrat, mindestens einer Iso-
lierschicht (125), wobei das Bilden der minde-
stens einen Isolierschicht das Abscheiden der
Isolierschicht durch ein reaktives Sputterverfah-
ren unter Verwendung eines gepulsten Gleich-
strom-Magnetrons umfasst; und
Abscheiden eines Films aus piezoelektrischem
Material (120) auf der Isolierschicht;

DADURCH GEKENNZEICHNET, DASS:

das reaktive Sputterverfahren ein Magnetron
mit rotierendem Magneten und gepulste Gleich-
stromleistung nutzt und das Bilden der Isolier-
schicht Folgendes umfasst:
Anordnen eines Zielmaterials und des Substrats
(110) in einer Sputterkammer (210); und
Einführen eines reaktiven Gases mit einer im
Wesentlichen der Strömungsgeschwindigkeit
beim Crossover-Punkt des reaktiven Gases ent-
sprechenden Strömungsgeschwindigkeit in die
Kammer.

2. Verfahren nach Anspruch 1, wobei mindestens eine
Metallschicht (135) zwischen der Isolierschicht (125)
und dem piezoelektrischen Film (120) abgeschieden
wird.

3. Verfahren nach Anspruch 1, wobei das Abscheiden
des Films aus piezoelektrischem Material (120) ein
reaktives Sputterverfahren umfasst, das ein Magne-
tron mit rotierendem Magneten und gepulster
Gleichstromleistung verwendet, um die Dicken-
gleichmäßigkeit des piezoelektrischen Films (120)
zu fördern.

4. Verfahren nach Anspruch 1, umfassend die Schritte
des Messens der Oberflächenrauigkeit der minde-
stens einen Isolierschicht bevor der piezoelektrische
Film abgeschieden wird und Erreichen einer ge-
wünschten Oberflächenrauigkeit für mindestens ei-
ne Isolierschicht von weniger als 1 nm.

5. Verfahren nach Anspruch 4, wobei die Oberflächen-
rauigkeit der mindestens einen Isolierschicht zerstö-
rungsfrei in situ durch ein Schallkraftmikroskop ge-
messen wird.

6. Verfahren nach Anspruch 4, wobei die gewünschte
Oberflächenrauigkeit mit der Verwendung chemisch
mechanischen Polierens oder eines Wasserstoff-
Heißsputter-Ätzverfahrens erreicht wird.

Revendications

1. Procédé de fabrication d’un dispositif piézoélectri-
que (100) comprenant :

la fourniture d’un substrat (110) ;
la formation, par-dessus le substrat, d’au moins
une couche isolante (125), la formation de l’au
moins une couche isolante comprenant le dépôt
de la couche isolante par un processus de pul-
vérisation réactive utilisant un magnétron C.C.
pulsé ; et
le dépôt d’une couche de matière piézoélectri-
que (120) par-dessus la couche isolante ;

CARACTÉRISE EN CE QUE :

le processus de pulvérisation réactive emploie
un magnétron à aimants rotatif et une puissance
C.C. pulsée et la formation de la couche isolante
comprend :
la disposition, dans une chambre de pulvérisa-
tion (210), d’une matière cible et du substrat
(110) ; et l’introduction d’un gaz réactif dans la
chambre à un débit d’écoulement correspon-
dant sensiblement au débit d’écoulement au
point de croisement du gaz réactif.

2. Procédé selon la revendication 1, dans lequel au
moins une couche métallique (135) est déposée en-
tre la couche isolante (125) et la couche piézoélec-
trique (120).

3. Procédé selon la revendication 1, dans lequel le dé-
pôt de la couche de matière piézoélectrique (120)
comprend un processus de pulvérisation réactive
utilisant un magnétron à aimants rotatif et un puis-
sance C.C. pulsée pour promouvoir l’uniformité
d’épaisseur de la couche piézoélectrique (120).

4. Procédé selon la revendication 1, comprenant les
étapes de mesure de la rugosité de surface de l’au
moins une couche isolante avant le dépôt de la cou-
che piézoélectrique et l’obtention d’une rugosité de
surface souhaitée de l’au moins une couche isolante
de moins de 1 nm.

5. Procédé selon la revendication 4, dans lequel la ru-
gosité de surface de l’au moins une couche isolante
est mesurée de façon non destructive in situ par un
microscope à force acoustique.
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6. Procédé selon la revendication 4, dans lequel la ru-
gosité de surface souhaitée est obtenue par proces-
sus de polissage mécanique chimique ou processus
de gravure par pulvérisation à chaud d’hydrogène.
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