
Deposition of Perovskite and Other Compound Ceramic
Films for Dielectric Applications FIELD OF THE
INVENTION [001] The present invention is related to
production and application of dielectric thin-films
and, in particular, the deposition of perovskites such
as Barium Strontium Titanate (BST) films and other
ceramic oxides for dielectric applications. DISCUSSION
OF RELATED ART [002] Perovskite films, for example
Barium Strontium Titanate (BST) films, are one of the
attractive materials to use in capacitors for high
density device applications because of its relatively
high dielectric constant, low leakage current density,
high dielectric breakdown strength, and ferroelectric
perovskite phase that does not exhibit fatigue.
However, electric properties of the perovskite films
are greatly dependent on the deposition process, the
substrate, the post-processing, and the related film
structure. For all of the potential, thin film
perovskites have rarely been utilized in manufacture
primarily because of difficulties in controlling
physical and chemical properties of the crystalline
and amorphous phases of perovskite thin-film materials
and their interactions with metallic and conductive
electrodes. [003] Solid-state thin-film devices are
typically formed by stacking thin films of metal and
dielectric on a substrate. The thin films typically
include two metallic electrodes with a dielectric
layer in between. The thin films can be deposited
utilizing a number of deposition processes, including
sputtering, electroplating, chemical vapor deposition,
sol gel, or oxidation. Substrates suitable for these
applications have conventionally been high temperature
materials capable of withstanding at least one high
temperature anneal process to at least 650-750 C so as
to crystallize the perovskite dielectric film in order
to increase itsdielectric constant. Such a substrate
can be any suitable material with appropriate
structural and material properties, for example a
semiconductor wafer, refractory metallic sheet (e.g.,
titanium, zirconium, or stainless steel), ceramic such
as alumina, or other material capable of withstanding
subsequent high temperature processing. [004] However,
conventional materials and production processes can
limit the types of materials that can be used in
device manufacture. Typically, the dielectric material
is deposited in amorphous form and then the material
is heated in an anneal process to form the crystalline
material. Conventional formation of perovskite layers,
for example, require an anneal at or above 65O0C to
transform the deposited amorphous film to a
crystalline form. Such a high temperature anneal,
however, severely limits the materials that can be
utilized as the substrate, and often requires the use
of expensive noble metals such as platinum to protect
the substrate from reaction with the electrode
material. Such high heat-treat temperatures are
incompatible with standard semiconductor or MEM device
processing, and limit the choice of substrate
materials on which the layers can be formed,
increasing the cost, and decreasing the yield of such
devices formed with the layers. [005] Therefore, there
is a need for a low temperature process for depositing
crystalline material, for example perovskite material
and other ceramic oxides, onto a substrate. SUMMARY
[006] In accordance with the present invention,
deposition of layers in a pulsed-DC physical vapor
deposition process from a conductive ceramic target is
presented. In some embodiments, the deposition can
provide a low-temperature, high deposition-rate
deposition of a dense amorphous layer of BST from a
conductive BST target, which can be annealed at much
lower temperature to yield crystalline BST. Some
embodiments of the deposition address the need for low
temperature, high rate deposition of perovskite films,
for exampleBST films, which can be utilized as the
dielectric layer in high specific capacitance devices
as, for example, de-coupling capacitors, energy
storage devices, voltage tunable capacitors, or other
micro-electronic devices. [007] A method of depositing
a perovskite or ceramic oxide layer according to some
embodiments of the present invention includes placing
a substrate in a reactor; flowing a gaseous mixture,
for example argon and oxygen, through the reactor; and
applying pulsed- DC power to a target formed of
conductive perovskite or ceramic oxide material, such
as BST, positioned opposite the substrate. [008] In
'some embodiments the perovskite layer can be formed
utilizing radio frequency (RF) sputtering. The
perovskite is deposited by RF sputtering of a wide
area target in the presence of a sputtering gas under
a condition of uniform target erosion. The substrate
is positioned opposite a planar target formed of
perovskite, for example BST, the area of the target
being larger man the area of the substrate. A central
area of the target of the same size 



as the substrate and overlying the substrate is
exposed to a uniform plasma condition, which provides
a condition of uniform target erosion. A uniform
plasma condition can be created without magnetic
enhancement, termed diode sputtering, or by providing
a time-averaged uniform magnetic field by scanning a
magnet across the target in a plane parallel to the
plane of the target. [009] A film produced utilizing a
pulsed dc, bias PVD process with a conductive ceramic
target can be deposited at much higher rates than an
insulating ceramic process, which requires an RF
sputtering process. Further, deposition occurs with
much less oxygen present in the gas flow to provide a
fully oxidized film as opposed to a metallic target.
The resulting film is much higher density than the low
rate films. The films can be stoichiometric, uniform,
highly dense, with low sintering temperatures and
resulting high dielectric properties.[010] In some
embodiments, the substrate is preheated. The substrate
can be heated to a temperature of about 4000C or below
during deposition for low temperature perovskite
deposition, or to higher temperatures for perovskite
deposition on substrates capable of withstanding such
temperature regime. Substrates suitable for low
temperature perovskite deposition include glass,
plastic, metal foil, stainless steel, and copper. A
perovskite layer of thickness up to several microns
thick can be deposited, although layers of any
thickness can be formed. [011] In some embodiments the
perovskite layer formed on the substrate is later
annealed. The anneal temperature can be as low as
4000C for low temperature anneal, and higher for
perovskite deposition on substrates capable of
withstanding such higher temperature regime. In some
embodiments the perovskite target can be doped with
transition metal dopants, for example manganese,
transition elements, lanthanides (including the rare
earth ions) and/or amphoteric elements. [012] In some
embodiments, a stacked capacitor structure can be
formed. The stacked capacitor structure includes one
or more capacitor stacks deposited on a thin
substrate, wherein each capacitor stack includes: a
bottom electrode layer, a perovskite, for example BST,
dielectric layer deposited over the bottom electrode
layer; and a top electrode layer deposited over the
dielectric layer. A top conducting layer can be
deposited over the capacitor stacks. [013] In some
embodiments, a capacitor structure can be formed in a
cluster tool. An exemplary method of producing a
capacitor in a cluster tool includes loading a
substrate into the cluster tool; depositing an
electrode layer over the substrate in a first chamber
of the cluster tool; depositing a perovskite
dielectric layer over the electrode layer in a second
chamber of the cluster tool; depositing a second
electrode layer over the dielectric layer in athird
chamber, In some embodiments the first and the second
electrode layers can be deposited in the same chamber.
[014] A fixture for holding a thin substrate can
include a top portion; and a bottom portion, wherein
the thin substrate is held when the top portion is
attached to the bottom portion. [015] In some
embodiments, the ceramic layer can be deposited on a
substrate coated with iridium or other refractory
conductive material to provide a low temperature
anneal processed capacitive structure. [016] These and
other embodiments of the invention are further
discussed below with reference to the following
figures. It is to be understood that both the
foregoing general description and the following
detailed description are exemplary and explanatory
only and are not restrictive of the invention, as
claimed. Further, specific explanations or theories
regarding the deposition or performance of materials
according to the present invention are presented for
explanation only and are not to be considered limiting
with respect to the scope of the present disclosure or
the claims. BRIEF DESCRIPTION OF THE DRAWINGS [017]
Figures IA and IB illustrate a pulsed-DC biased
reactive deposition apparatus that can be utilized in
the methods of depositing according to the present
invention. [018] Figure 1C illustrates an RF
sputtering deposition apparatus. [019] Figure 2 shows
an example of a target that can be utilized in the
reactor illustrated in Figures IA, IB, and 1C. [020]
Figures 3A and 3B illustrate a thin-film capacitor
design according to some embodiments of the present
invention.[021] Figures 4A, 4B, 4C, and 4D illustrate
a thin substrate mount and mask arrangement that can
be utilized in the deposition of dielectric perovskite
layers, for example BST films, deposited according to
some embodiments of the present invention. 



[022] Figure 5 illustrates a cluster tool that can be
utilized to form batteries with dielectric perovskite
layers deposited according to some embodiments of the
present invention. [023] Figure 6 illustrates an
example of stacked capacitor structure with dielectric
perovskite layers deposited according to some
embodiments of the present invention. [024] In the
figures, elements having the same designation have the
same or similar functions. DETAILED DESCRIPTION [025]
In accordance with embodiments of the present
invention, dielectric perovskite films or other
ceramic oxide films are deposited on a substrate by a
pulsed-DC physical vapor deposition (PVD) process
utilizing a conductive ceramic target. In some
embodiments, the film can be deposited by RF
sputtering. [026] In some embodiments, a dielectric
perovskite layer, for example BST material, is
deposited directly on the substrate with only low
temperature anneal, eliminating the need of a
subsequent high temperature anneal to crystallize the
film. Removing the high temperature anneal allows for
formation of capacitor structures on light-weight, low
temperature, and low cost substrates such as copper
foil and plastic sheet, reducing both the weight and
the cost of capacitors while maintaining the high
dielectric constant of the perovskite, for example
BST, high-density dielectric film. [027] Deposition of
materials by pulsed-DC, RF biased reactive ion
deposition is described in U.S. Patent Application
Serial No. 10/101,863, entitled "Biased Pulse DC
Reactive Sputtering of Oxide Films," to Hongmei Zhang,
et al., filed on March 16, 2002.Preparation of targets
is described in U.S. Patent Application Serial No.
10/101,341, entitled "Rare-Earth Pre-Alloyed PVD
Targets for Dielectric Planar Applications," to
Vassiliki Milonopoulou, et al., filed on March 16,
2002. U.S. Patent Application Serial No. 10/101,863
and U.S. Patent Application Serial No. 10/101,341 are
each assigned to the same assignee as is the present
disclosure and each is incorporated herein in their
entirety. Deposition of oxide materials by RF
sputtering has also been described in U.S. Patent No.
6,506,289, which is also herein incorporated by
reference in its entirety. Transparent oxide films can
be deposited utilizing processes similar to those
specifically described in U.S. Patent No. 6,506,289
and U.S. Application Serial No. 10/101,863. [028]
Figure IA shows a schematic of a reactor apparatus 10
for sputtering material from a target 12 according to
the present invention. In some embodiments, apparatus
10 may, for example, be adapted from an AKT-1600 PVD
(400 X 500 mm substrate size) system from Applied
Komatsu or an AKT-4300 (600 X 720 mm substrate size)
system from Applied Komatsu, Santa Clara, CA. The
AKT-1600 reactor, for example, has three deposition
chambers connected by a vacuum transport chamber.
These AKT reactors can be modified such that pulsed DC
power is supplied to the target and RF power is
supplied to the substrate during deposition of a
material film. [029] Apparatus 10 includes target 12,
which is electrically coupled through a filter 15 to a
pulsed DC power supply 14. In some embodiments, target
12 is a wide area sputter source target, which
provides material to be deposited on a substrate 16.
Substrate 16 is positioned parallel to and opposite
target 12. Target 12 functions as a cathode when power
is applied to it from the pulsed DC power supply 14
and is equivalently termed a cathode. Application of
power to target 12 creates a plasma 53. Substrate 16
is capacitively coupled to an electrode 17 through an
insulator 54. Electrode 17 can be coupled to an RF
power supply 18. A magnet 20 is scanned across the top
of target 12.[030] For pulsed reactive DC magnetron
sputtering, as performed by apparatus 10, the polarity
of the power supplied to target 12 by power supply 14
oscillates between negative and positive potentials.
During the positive period, the insulating layer on
the surface of target 12 is discharged. To obtain arc
free deposition, the pulsing frequency exceeds a
critical frequency that can depend on target material,
cathode current and reverse time. High quality films
can be made using reactive pulse DC magnetron
sputtering as shown in apparatus 10. [03 1] Pulsed DC
power supply 14 can be any pulsed DC power supply, for
example an AE Pinnacle plus 1OK by Advanced Energy,
Inc. With this DC power supply, up to 10 kW of pulsed
DC power can be supplied at a frequency of between 0
and 350 kHz. The reverse voltage can be 10% of the
negative target voltage. Utilization of other power
supplies can lead to different power characteristics,
frequency characteristics and reverse voltage
percentages. The reverse time on this embodiment of
power supply 14 can be adjusted between 0 and 5 ms. 



[032] Filter 15 prevents the RF bias power from power
supply 18 from coupling into pulsed DC power supply
14. In some embodiments, power supply 18 can be a 2
MHz RF power supply, for example a Nova-25 power
supply made by ENI, Colorado Springs, Co. [033] In
some embodiments, filter 15 can be a 2 MHz sinusoidal
band rejection filter. In some embodiments, the band
width of the filter can be approximately 100 kHz.
Filter 15, therefore, prevents the 2 MHz power from
the bias to substrate 16 from damaging power supply 14
while allowing the full bandwidth of the pulsed DC
power supply to pass filter 15. [034] Pulsed DC
deposited films are not fully dense and may have
columnar structures. Columnar structures can be
detrimental to thin film applications such as barrier
films and dielectric films, where high density is
important, due to the boundaries between thecolumns.
The columns act to lower the dielectric strength of
the material, but may provide diffusion paths for
transport or diffusion of electrical current, ionic
current, gas, or other chemical agents such as water.
[035] In the AKT-1600 based system, for example,
target 12 can have an active size of about 675.70 X
582.48 by 4 mm in order to deposit films on substrate
16 that have dimension about 400 X 500 mm. The
temperature of substrate 16 can be adjusted to between
-50 0C and 500 0C. The distance between target 12 and
substrate 16 can be between about 3 and about 9 cm.
Process gas can be inserted into the chamber of
apparatus 10 at a rate up to about 200 seem while the
pressure in the chamber of apparatus 10 can be held at
between about .7 and 6 milliTorr. Magnet 20 provides a
magnetic field of strength between about 400 and about
600 Gauss directed in the plane of target 12 and is
moved across target 12 at a rate of less than about
20-30 sec/scan. In some embodiments utilizing the AKT
1600 reactor, magnet 20 can be a race-track shaped
magnet with dimensions about 150 mm by 600 mm. [036]
In some embodiments of the present invention a
perovskite layer is deposited by RF sputtering with a
wide area target and a condition of uniform target
erosion. An example apparatus 30 for RF sputtering is
illustrated schematically in FIG. 1C. Apparatus 30
includes an RF power supply 60 coupled to wide area
sputter source target 12 which provides material to be
deposited on substrate 16. Substrate 16 is positioned
parallel to and opposite target 12. Target 12
functions as a cathode when RF power is applied to it
and is equivalently termed the cathode. In the present
disclosure, target 12 can be formed from a perovskite
material, for example BST, for deposition of
dielectric perovskite film. Substrate 16 is a solid,
smooth surface. Substrate 16 typically is supported on
a holder or carrier sheet 17 that may be larger than
substrate 16. [037] In some embodiments, a feature of
the RF sputtering method is that the area of wide area
target 12 is greater than the area on the carrier
sheet on which physically andchemically uniform
deposition is accomplished. Secondly, a central region
on target 12, overlying the substrate 16, can be
provided with a very uniform condition of sputter
erosion of the target material. Uniform target erosion
is a consequence of a uniform plasma condition. In the
following discussion, all mention of uniform condition
of target erosion is taken to be equivalent to uniform
plasma condition. Uniform target erosion is evidenced
by the persistence of film uniformity throughout an
extended target life. A uniform deposited film is
defined as a film having a nonuniformity in thickness,
when measured at representative points on the entire
surface of a substrate wafer, of less than about 5%.
Thickness nonuniformity is defined, by convention, as
the difference between the minimum and maximum
thickness divided by twice the average thickness. If
films deposited from a target from which more than
about 20% of the weight of the target has been removed
under constant process conditions continue to exhibit
thickness uniformity, then the sputtering process is
judged to be in a condition of uniform target erosion
for all films deposited during the target life. [038]
Thus, a uniform plasma condition can be created in the
region between the target and the substrate overlying
the substrate. The region of uniform plasma condition
is indicated in the exploded view of FIG. IB. A plasma
is created in the region denoted 51, which extends
under the entire target 12. The central region of the
target 52 experiences the condition of uniform sputter
erosion. As discussed further below, a layer deposited
on a substrate placed anywhere below central region 52
will have uniform film thickness. [039] In addition,
the region in which deposition provides uniform film
thickness is larger than the area in which deposition
provides a film with uniform physical or optical
properties such as chemical composition or index of
refraction. In the present invention the target can be
planar or approximately planar for the formation of a
film on a planar substrate which is to be coated with
the material of the target, hi practice, planarity of
the target meansthat all portions of the target
surface in region 52 are within a few millimeters of
an ideal 



planar surface, typically within 0.5 mm. [040] Figure
2 illustrates an example of target 12. A film
deposited on a substrate positioned on carrier sheet
17 directly opposed to region 52 of target 12 has good
thickness uniformity. Region 52 is the region shown in
Figure IB that is exposed to a uniform plasma
condition. In some implementations, carrier 17 can be
coextensive with region 52. Region 24 shown in Figure
2 indicates the area below which both physically and
chemically uniform deposition can be achieved, for
example where physical and chemical uniformity provide
refractive index uniformity. Figure 2 indicates region
52 of target 12 that provides thickness uniformity,
which is, in general, larger than region 24 of target
12 providing thickness and chemical uniformity to the
deposited film. In optimized processes, however,
regions 52 and 24 may be coextensive. [041] In some
embodiments, magnet 20 extends beyond area 52 in one
direction, for example the Y direction in Figure 2, so
that scanning is necessary in only one direction, for
example the X direction, to provide a time averaged
uniform magnetic field. As shown in - - - Figures IA
and IB, magnet 20 can be scanned over the entire
extent of target 12, which is larger than region 52 of
uniform sputter erosion. Magnet 20 is moved in a plane
parallel to the plane of target 12. [042] The
combination of a uniform target 12 with a target area
52 larger than the area of substrate 16 can provide
films of highly uniform thickness. Further, the
material properties of the film deposited can be
highly uniform. The conditions of sputtering at the
target surface, such as the uniformity of erosion, the
average temperature of the plasma at the target
surface and the equilibration of the target surface
with the gas phase ambient of the process are uniform
over a region which is greater than or equal to the
region to be coated with a uniform film thickness. In
addition, the region of uniform film thickness is
greaterthan or equal to the region of the film which
is to have highly uniform optical properties such as
index of refraction, density, transmission, or
absorption. [043] In the present disclosure, target 12
can be formed from perovskite material, such as BST,
for deposition of dielectric perovskite film. In some
embodiments of the present invention the perovskite
target is doped with transition metal dopants, for
example Manganese, transition elements, lanthanides
(including the rare earth ions) and/or amphotaric
elements. In some embodiments of the present invention
the percentage of the dopant in the perovskite target
is from 0.1 to several percent. [044] In some
embodiments of the invention, material tiles are
formed. These tiles can be mounted on a backing plate
to form a target for apparatus 10. A wide area sputter
cathode target can be formed from a close packed array
of smaller tiles. Target 12, therefore, may include
any number of tiles, for example between 2 and 20
individual tiles. Tiles can be finished to a size so
as to provide a margin of non-contact, tile to tile,
less than about 0.010" to about 0.020" or less than
half a millimeter so as to eliminate plasma processes
that may occur between adjacent ones of tiles 30. The
distance between tiles of target 12 and the dark space
anode or ground shield 19 in Figure IB can be somewhat
larger so as to provide non contact assembly or to
provide for thermal expansion tolerance during process
chamber conditioning or operation. [045] As shown in
Figure IB, a uniform plasma condition can be created
in the region between target 12 and substrate 16 in a
region overlying substrate 16. A plasma 53 can be
created in region 51, which extends under the entire
target 12. A central region 52 of target 12 can
experience a condition of uniform sputter erosion. As
discussed further below, a layer deposited on a
substrate placed anywhere below central region 52 can
then be uniform in thickness and other properties
(i.e., dielectric, optical index, or material
concentrations). In addition, in region 52 the
deposition provides uniformity of deposited film that
can be largerthan the area in which the deposition
provides a film with uniform physical or optical
properties such as chemical composition or index of
refraction. In some embodiments, target 12 is
substantially planar in order to provide uniformity in
the film deposited on substrate 16. In practice,
planarity of target 12 can mean that all portions of
the target surface in region 52 are within a few
millimeters of a planar surface, and can be typically
within 0.5 mm of a planar surface. [046] Reactive
gases that provide a constant supply of oxygen to keep
the target surface oxidized can be provided to expand
the process window. Some examples of the gases that
can be utilized for controlling surface oxidation are
O2, water vapor, hydrogen, N2O, fluorine, helium, and
cesium. Additionally, a feedback control system can be
incorporated to control the oxygen partial pressure in
the reactive chamber. Therefore, a wide range of
oxygen flow rates can be controlled to keep a steady
oxygen partial pressure in the resulting 



plasma. Other types of control systems such as target
voltage control and optical plasma emission control
systems can also be utilized to control the surface
oxidation of the target. In some embodiments, power to
target 12 can be controlled in a feedback loop at
supply 14. Further, oxygen partial pressure controller
20 can control either oxygen or argon partial
pressures in plasma 53. In some embodiments of the
present invention, oxygen flow or partial pressure can
be utilized to maintain a constant voltage of
discharge from target 12. [047] Figures 3A and 3B show
a capacitor structure with a dielectric perovskite
layer deposited according to some embodiments of the
present invention. As shown in Figure 3A, a dielectric
perovskite layer 302 is deposited on a substrate 301 .
In some embodiments, the dielectric layer 302 can be
patterned in various ways before deposition of a
substrate 301 . In some embodiments, a first electrode
layer 303 can be deposited on the substrate and the
dielectric layer 302 is deposited over the first
electrode layer. The second electrode layer 304 is
then deposited over the dielectric layer 302. In some
embodiments ofthe invention, the dielectric perovskite
layer 302 is crystalline and has sufficiently high
dielectric constant without the necessity of a high
temperature anneal. Therefore, substrate 301 can be a
silicon wafer, titanium metal, alumina, or other
conventional high temperature substrate, but may also
be a low temperature material such as plastic, glass,
or other material that may be susceptible to damage
from the high temperature anneal. This feature can
have the great advantage of decreasing the expense and
weight of capacitor structures formed by the present
invention. The low temperature deposition of
perovskite material allows for successive depositions
of perovskite and electrode layers, one upon another.
Such a process would have the advantage that
successive layers of capacitor structure would be
obtained in a stacked condition without the inclusion
of a substrate layer. The stacked layered capacitor
would provide higher capacitance and higher energy
storage than single layer devices with a smaller
surface area. Additionally, a capacitor with a lower
inductance can be obtained. [048] In accordance with
the present invention, perovskite films can be
deposited on substrate 302 with a pulsed-DC biased PVD
system as was described above. In particular, an AKT
1600 PVD system can be modified to provide an RP bias
and an Advanced Energy Pinnacle plus 1OK pulsed DC
power supply can be utilized to provide power to a
target. The pulsing frequency of the power supply can
vary from about 0 to about 350 KHz. The power output
of the power supply is between 0 and about 10 kW.
[049] A target of Barium Strontium Titanate with
resistivity in the range of less than about megaohms
can be utilized with high rate pulsed-dc sputtering.
As discussed above, the target can be mounted on a
monolithic backing plate as described in U.S.
Provisional Application {Attorney Docket No.
09140.6013},, filed on August 26, 2005, which is also
herein incorporated by reference in its entirety.
[050] In general, target 12 can be a dielectric
material having a resistivity of less than about a
megaohm, and therefore can be described as a
conducting ceramic target. Target12, which is formed
of a dielectric perovskite material that may not be
inherently conducting, is made conducting by
formulation so as to contain an excess of metallic
composition or by addition of a dopant that provides
sufficient conductivity. Examples of suitable dopants
include boron, antimony, arsenic, phosphorous, or
other dopants. In the example of a BST target, the
sintering process can be conducted in the presence of
a reducing ambient to achieve a sufficiently
conductive target material. Utilization of a
conducting ceramic target material can be sputtered at
high rates utilizing reactive pulsed-DC techniques so
as to form dense stoichiometric dielectric films. [05
1] Gas flows containing Oxygen and Argon can be
utilized hi some embodiments, the Oxygen to Argon
ratio ranges from 0 to about 50% with a total gas flow
of between about 60 to about 80 seem. The pulsing
frequency ranges from about 200 kHz to about 350 kHz
during deposition. RF bias can also be applied to the
substrate. In many trials, the deposition rates varied
from about 2 Angstrom/(kW sec) to about 1 Angstrom/(kW
sec) depending on the O /Ar ratio as well as substrate
bias. [052] Figure 3A illustrates a layer of
perovskite material 302 deposited on a thin substrate
301 according to some embodiments of the present
invention. Substrate 301 can be formed of a thin
metallic sheet (e.g., copper, titanium, stainless
steel, or other suitable thin metallic sheet), can be
formed of a high temperature plastic material, or may
be formed of a ceramic, glass, or polymer material.
[053] Depositing materials on a thin substrate
involves holding and positioning the substrate during
deposition. Figures 4A, 4B, 4C, and 4D illustrate a
reusable fixture 400 for holding a thin film
substrate. As shown in Figure 4A, reusable fixture 400
includes a top portion 401 and a bottom portion 402
that are fastened together to secure the substrate.
Thin 



substrate 301 is positioned between top portion 401
and bottom portion 402. As shown in Figure 7B, top
portion 701 and bottom portion 702 are such that
substrate 301 is brought intoa planar condition and
subsequently clamped as top portion 401 is closed into
bottom portion 402. Substrate 301 can be easily held
by fixture 400 so that substrate 301 can be handled
and positioned. In some embodiments, the corners of
substrate 301, areas 403, are removed so that
substrate 301 is more easily stretched by avoiding
"wrap-around" corner clamping effects when top portion
401 is closed into bottom portion 402. [054] As shown
in Figure 4C, a mask 412 can be attached to fixture
400. In some embodiments, fixture 400 includes guides
in order to align fixture 400 with respect to mask
412. hi some embodiments, mask 412 may be attached to
fixture 400 and travel with fixture 400. Mask 412 can
be positioned at any desired height above substrate
301 in fixture 400. Therefore, mask 412 can function
as either a contact or proximity mask. In some
embodiments, mask 412 is formed of another thin
substrate mounted in a fixture similar to fixture 400.
[055] As shown in Figure 4C and 4D, fixture 400 and
mask 412 can be positioned relative to mount 410.
Mount 4 10, for example, can be a susceptor, mount, or
an electrostatic chuck of a processing chamber such as
that shown in Figures IA and IB. Fixture 400 and mask
412 can have features that allow for ready alignment
with respect to each other and with respect to mount 4
10. In some embodiments, mask 412 is resident in the
processing chamber and aligned with fixture 400 during
positioning of fixture 400 on mount 410, as shown in
Figure 4D. [056] Utilizing fixture 400 as shown in
Figures 4A, 4B 4C, and 4D allows processing of a thin
film substrate in a processing chamber. In some
embodiments, thin film substrates can be about 1 mm or
more. Further, thin film substrate 301, once mounted
within fixture 400, can be handled and moved from
process chamber to process chamber. Therefore, a
multiprocessor chamber system can be utilized to form
stacks of layers,including one or more layers of
perovskite film deposited according to embodiments of
the present invention. [057] Figure 5 illustrates a
cluster tool 500 for processing thin film substrates.
Cluster tool 500 can, for example, include load lock
502 and load lock 503, through which mounted thin film
substrate 301 is loaded and a resultant device is
removed from cluster tool 500. Chambers 504, 505, 506,
507, and 508 are processing chambers for depositions
of materials, heat treatments, etching, or other
processes. One or more of chambers 504, 505, 506, 507,
and 508 can be a pulsed-DC or RF PVD chamber such as
discussed above with respect to Figures IA, IB, and 1C
and within which a dielectric perovskite film may be
deposited according to embodiments of the present
invention. [058] Processing chambers 504, 505, 506,
507, and 508 as well as load locks 502 and 503 are
coupled by transfer chamber 501. Transfer chamber 501
includes substrate transfer robotics to shuttle
individual wafers between processing chambers 504,
505, 506, 507, and 508 and load locks 502 and 503.
[059] In production of a thin-film capacitor,
substrates are loaded into load lock 503. An electrode
layer can be deposited in chamber 504, followed by a
perovskite deposition performed in chamber 505. The
substrate can then be removed through load lock 503
for an in-air heat treatment external to cluster tool
500. The treated wafer can then be reloaded into
cluster tool 500 through load lock 502. The wafer can
then again be removed from cluster tool 500 for
deposition of a second electrode layer, or sometimes
chamber 506 can be adapted to deposition of the second
electrode layer. The process can be repeated to form a
capacitor stack. The finished capacitor structure is
then off-loaded from cluster tool 500 in load lock
502. Wafers are shuttled from chamber to chamber by
robotics in transfer chamber 501 . [060] A capacitor
structure produced according to the present invention
could utilize thin film substrates loaded in a fixture
such as fixture 400. Fixture 400 is then loaded
intoload lock 503. Chamber 504 may still include
deposition of the electrode layer. Chamber 505 then
includes deposition of a perovskite layer according to
embodiments of the present invention. A second
electrode layer can then be deposited in chamber 506.
In this process, only low temperature anneal is
utilized to increase crystallinity and the dielectric
constant of the perovskite layer. [061] Another
advantage of a thin film capacitor process is the
ability to stack capacitor structures. In other words,
substrates loaded into cluster tool 500 may traverse
process chambers 504, 505, 506, 507, and 508 multiple
times in order to produce multiply stacked capacitor
structures. Figures 6A and 6B illustrate such
structures. [062] Figure 6A illustrates a parallel
coupled stacking. As shown in Figure 6A, a substrate
301, which for example can be a high temperature
plastic substrate, such as 



polyimide, is loaded into load lock 503. Electrode
layer 303, for example, can be deposited in chamber
504. A dielectric perovskite layer 302 is then
deposited on electrode layer 303. Perovskite layer 302
can be about 0.1 to 1 mm and can be deposited in
chamber 505 according to embodiments of the present
invention. The wafer can then be moved to chamber 506
where the next electrode layer 304 of thickness of
about 0.1 mm or more is deposited. A second capacitor
stack can then be deposited over the first capacitor
stack formed by first electrode layer 303, perovskite
layer 302, and second electrode layer 304. This
capacitor stack includes second perovskite layer 305
and third electrode layer 306. In some embodiments,
further stacks can be formed. In some embodiments,
metal layers 303, 304, and 306 differ in the mask
utilized in deposition so that tabs are formed for
electrical coupling of layers. [063] As discussed
above, any number of individual capacitor stacks can
be formed such that parallel capacitor formations are
formed. Such a parallel arrangement of
capacitorstacking structure can be formed of
alternating layers of electrode and perovskite
dielectric layers and can have any number of
dielectric layers. [064] To form the structures shown
in Figure 6, substrates are rotated again through the
chambers of cluster tool 500 in order to deposit the
multiple sets of capacitors. In general, a stack of
any number of capacitors can be deposited in this
fashion. [065] Tables I and II illustrate some
examples depositions of perovskite material, for
example BST, according to the present invention. In
these examples, the BST film is deposited using an
AKT- 1600 PVD (400 X 500 mm substrate size) system
from Applied Komatsu. The power supply is an ENI 13.56
MHz RF power supply with a ENI matchbox. The target
material is BST with resistivity in the range of kWs
or less. The target material can, for example, be
sintered. Silicon wafers are used for initial
experiments. 0.1-1 microns of BST films are deposited
on Si wafers with various bottom electrode materials
such as: n++ Si, Ir, Pt, IrO and also Ti4O7, Ti O5,
Nb, Os. The Oxygen to Argon ratio ranges from 0 to
50%. Process pressure ranges from 3-10 mT. RF bias is
applied to substrates for some of the examples. The
dielectric constant of as deposited film range from 13
to 123 and increases after post-deposition anneal to
more than 1000. [066] One skilled in the art will
recognize variations and modifications of the examples
specifically discussed in this disclosure. These
variations and modifications are intended to be within
the scope and spirit of this disclosure. As such, the
scope is limited only by the following claims.TABLE 1
OTable II toMETHODS FOR TREATMENT AND PREVENTION OF
OTITIS MEDIA USING CHEMICAL PENETRATION ENHANCERS TO
FACILITATE TRANSMEMBRANE DRUG DELIVERY INTO THE MIDDLE
EAR FIELD OF THE INVENTION [0001] The present
invention relates to non-invasive methods for treating
otitis media (middle ear infection). More
particularly, the invention relates to methods for
administering medicament useful in treating otitis
media to the middle ear by delivery thereof across the
tympanic membrane (eardrum). BACKGROUND [0002]
Millions of children are affected each year with
otitis media; i.e., infection of the middle ear.
Although adults are also susceptible to middle ear
infections, children are particularly at risk, because
their relatively short auditory canals can more easily
be closed by inflammation. Fluid can then become
trapped behind the tympanic membrane (eardrum), which
can cause severe pain as well as provide microbes with
an inviting environment in which to reproduce. [0003]
The tympanic membrane is a formidable barrier against
introduction of drugs into the middle ear, and so
antibiotics prescribed to treat middle ear infections
are nearly always taken orally. However, a variety of
bacteria and viruses can be responsible for causing
middle ear infections, and it is frequently not
possible to distinguish which is the cause of a
particular infection, or whether it is susceptible to
treatment with oral antibiotics. Further, the impact
of orally administered antibiotics on the middle ear
may be diluted by the systemic distribution of the
drug, which may also place the patient at risk for
side effects associated with systemic delivery (e.g.,
yeast infections- in female patients). [0004] Children
who suffer from repeated infections may require
surgery to relieve the fluid pressure on the tympanic
membrane. In more severe cases, drainage tubes may be
placed within the tympanic membrane. The tubes
themselves don't prevent reoccurrences of infection 



(to the contrary, they can serve as conduits for entry
of additional pathogens into the middle ear), but they
can relieve pressure and reduce the extent to which
fluid becomes trapped behindthe eardrum. The tubes
also offer a potential conduit for antibiotics to be
introduced directly into the middle ear; e.g., by
applying antibiotic drops and allowing them to flow
into the drainage tube. However, this method is both
invasive and painful, suggesting a strong need for an
alternative route for introducing antibiotics into the
middle ear. SUMMARY OF THE INVENTION [0005] The
invention provides methods for treating and preventing
otitis media through administration of medicaments
useful in prophylaxis or treatment of middle ear
infections and their sequelae in a transmembrane
carrier composition. The invention derives from the
surprising discovery that, in a carrier comprised of
one or more chemical penetration enhancers,
medicaments can be delivered across an intact tympanic
membrane; i.e., one without tears (e.g., from bursting
under pressure) or punctures (e.g., from insertion of
tubes or injection). [0006] According to the
invention, the medicament is supplied as an active
ingredient of a transmembrane carrier composition
applied to the ear so as to put the composition into
contact with an intact tympanic membrane (eardrum).
The transmembrane carrier composition is further
comprised of a chemical penetration enhancer, such as
propylene glycol or a mixture of propylene glycol and
other penetration enhancers. The penetration enhancer
makes up less than 50% v/v of the transmembrane
carrier composition, most preferably from about 2% to
15% of the composition. [0007] Preferred medicaments
for delivery into the middle ear according to the
invention are those that are useful in the treatment
or prevention of otitis media (middle ear infection)
and its sequelae. The invention is particularly
well-suited to the delivery of medicaments such as
antibiotics or anti-viral agents (depending on the
source of the infection present), anti-fungal agents,
and anti-inflammatory agents or other painkillers. For
prevention of chronically recurring middle ear
infections, the methods of the invention may also be
utilized between active infections to deliver
prophylactic agents to the middle ear.[0008] The
summary of the invention described above is not
limiting and other features and advantages of the
invention will be apparent from the following detailed
description of the preferred embodiments, as well as
from the claims. DETAILED DESCRIPTION OF THE INVENTION
A. Penetration Enhancers For Use In Transmembrane
Treatment of Otitis Media [0009] The use of chemical
penetration enhancers in the ear has not, to the
inventors' knowledge, been successfully applied to
deliver drugs across the tympanic membrane. However,
otic compositions containing such agents as vehicles
have been delivered to the middle ear through
tympanostomy tubes, and have been found to be ototoxic
at concentrations typically utilized in topical
preparations. [0010] For example, at concentrations at
or in excess of 50% v/v, propylene glycol applied to
the middle ear produces inflammation-related damage to
the middle ear, such as cholesteatoma and middle ear
adhesions (see, e.g., Vassalli, et al., Am J
Otolaryngol., 9(4): 180-8, 1988). Propylene glycol has
also been implicated in inner ear ototoxicity; e.g.,
to the round window membrane of the inner ear and
cochlea (see, e.g., Marsh and Tom, Otolaryngol Head
Neck Surg., 100(2):134-6, 1989). Other common
penetration enhancing solvents have also been
demonstrated to be ototoxic at concentrations present
in common otic preparations (see, e.g., Jinn, et al,
Laryngoscope, 111(12):2105-8, 2001 [in vitro toxicity
of acetic acid on cochlear outer hair cells]). [0011]
The present invention derives from the inventor's
discovery that (1) penetration enhancers can
facilitate delivery of drugs across the tympanic
membrane barrier into the middle ear; and (2) they can
do so when used in sub-ototoxic concentrations. [0012]
Chemical penetration enhancers suitable for topical
use are known in the art and include low molecular
weight alcohols (e.g., ethanol, oleyl alcohol), alkyl
methanol sulphoxides, N-methyl-2-pyrrolidone, fatty
amines (e.g., oleylamine), fatty acids (e.g.,
oleicacid, palmitoleic acid, linoleic acid, myristate
acid), azone and propylene glycol, singly or in
combination. At present, a particularly preferred
penetration enhancer for use in the invention is
propylene glycol, either alone or in up to a 1:1 ratio
with another enhancer, such as oleic acid or ethanol.
[0013] Where ototoxicity is a concern, the penetration
enhancer utilized is less than 50% v/v of the
transmembrane composition. Ototoxic reactions to
chemical penetration enhancers may be dose-dependent,
and can be reduced or substantially avoided at
concentrations of about 10% v/v or less. Surprisingly,
such relatively low concentrations of penetration
enhancers are sufficient to effect delivery of drugs
across an intact tympanic membrane and into the middle



ear. Therefore, the transmembrane carrier compositions
of the invention will preferably comprise about 25%
v/v or less of any one or more chemical penetration
enhancer(s), most preferably from about 2% to 15% v/v,
although the exact formulation will vary depending on
the presence and amounts of excipients, preservatives,
water, pH modulators, and the like included therein.
[0014] In addition to the penetration enhancer and
medicament, the transmembrane compositions of the
invention may contain conventional pharmaceutical
excipients and preservatives. In this respect,
'preservative' refers to an ingredient added to the
transmembrane carrier composition that prevents
microbes from substantially growing and multiplying in
the formulation. Preferred preservatives include those
that are water-soluble and can function as an
antimicrobial, such as a benzethonium salt; e.g.,
benzethonium chloride. [0015] In general, the amount
of the preservative ingredient will range from about
0.005- 2.0%. Buffers or acids will be added as
necessary to adjust the pH of the composition to the
preferred range of 3-6, most preferably 4.5 pH. Other
preservatives and excipients that may be present in
the transmembrane carrier compositions at less than 2%
w/w or less than 1% or even 0% include alkanolamine
chloride, sulfate, phosphate, salts of benzoic acid,
acetic acid, salicyclic acid, oxalic acid phthalic
acid, gluconic acid, 1-naphthalenesulfonic acid, 2-
naphthalenesulfonic acid, tartaric acid, maleic acid,
malonic acid, succinic acid, fumaric acid, propionic
acid, ascorbic acid, mandelic acid, malic acid, citric
acid, triethanolammonium chloride, triethanolammonium
dihydrogen phosphate, triethanolammonium sulfate,
sodium benzoate, potassium benzoate, ammonium
benzoate, sodium acetate, potassium acetate,ammonium
acetate, sodium salicylate, potassium salicylate,
ammonium salicylate, sodium oxalate, potassium
oxalate, ammonium oxalate, sodium phthalate, potassium
phthalate, ammonium phthalate, sodium gluconate,
potassium gluconate, ammonium gluconate, ammonium
1-naphthalenesulfonate, potassium
2-naphthalenesulfonate, ammonium 2-
naphthalenesulfonate, sodium 2-naphthalenesulfonate,
potassium tartarate, sodium maleate, potassium
maleate, sodium malonate, sodium succinate, sodium
fumarate, sodium propionate, triethanolammonium
propionate, sodium ascorbate, triethanolammonium
ascorbate, potassium ascorbate, sodium mandelate,
sodium malate, sodium citrate, potassium citrate, and
triethanolammonium citrate. Chelating agents may also
be utilized; e.g., disodium ("EDTA"); edetate
trisodium, edetate tetrasodium, or diethyleneamine
pentaacetate. [0016] The composition may also contain
other active ingredients, such as ant i
inflammatories, analgesics, and steroidal compounds
(e.g., hydrocortisone, dexamethasone). Those of
ordinary skill in the art will be able to identify
suitable compounds and dosages thereof for use in
treating pain or inflammation associated with otitis
media, such as 0.01-0.5% dexamethasone (e.g.,
dexamethasone alcohol (preferred), dexamethasone
acetate or dexamethasone phosphate). [0017] The
compositions are preferably administered with the
transmembrane carrier composition itself as a carrier,
but in various embodiments the transmembrane carrier
may be administered in a carrier gel or other suitable
carrier. Buffers or acids; e.g., sodium hydroxide or
hydrochloric acid, may be added for adjustment of pH.
B. Useful Medicaments for Treatment and Prophylaxis of
Otitis Media [0018] By "medicament" is meant any
biologically active compound useful in the treatment
and/or prevention of middle ear infections and their
sequelae, as well as associated pain and inflammation.
In this respect, therefore, particularly preferred
medicaments are antibiotics useful in the treatment or
prevention of middle ear infections in mammals,
especially humans. Depending on the severity of the
infection and its cause, such antibiotics include,
without limitation, amoxicillin (and other
penicillins), ciprofloxacin (and other quinolone
antibiotics, such as ofloxacin), clavulanate (and
other beta-lactamase inhibitors), cefaclor (and other
cephalosporins, such as cefixime), azithromycin (and
other macrolideantibiotics, such as clarithromycin),
and sulfisoxazole (as well as other sulfa drugs, such
as sulfamethoxazole). Of the antibiotics useful in the
invention, ciprofloxacin is presently preferred.
[0019] Sulfisoxazole and amoxicillin are the principal
antibiotics that are also accepted for use in
prophylaxis of recurring middle ear infections. Broad
spectrum antibiotics such as amoxicillin and
ciprofloxacin are especially preferred for use in
treating middle ear infections, especially in persons
in whom an antibiotic-resistant infection is
suspected. [0020] Useful anti-inflammatory compounds
for co-administration or use independent of antibiotic
therapy include those that are sometimes less
effective or well-tolerated in oral administration;
e.g., non-steroidal anti-inflammatory compounds, such
as naproxen, ketoprofen, celecoxib and indomethacin.
Anti-viral compounds, such as acyclovir, may be 



administered in lieu of, or as an adjunct to,
antibiotic compounds when clinically indicated, as may
anti-fungal compositions. Other medicaments for use in
the treating and preventing middle ear infections and
their sequelae may also be administered by application
of the transmembrane carrier compositions of the
invention to the tympanic membrane. [0021] In some
embodiments, the transmembrane carrier compositions of
the present invention contain more than one
medicament. For example, CLAMOXYL(r) and AUGMENTIN(r)
are both combination agent compositions for oral
administration that are commonly prescribed for
treatment of otitis media. Each composition contains
two active antibiotic ingredients, amoxicillin and
clavulanate. Transmembrane carrier compositions
providing such multiple agents are particularly
preferred for use in appropriate indications. [0022]
Overall, the medicament is present in whatever
concentration is desirable to treat the condition
presented. Generally, concentrations of between 0.1
and 10% w/w will be useful, with most useful
concentrations falling within the range of 0.2 to 0.5%
w/w; i.e., 0.3% to 0.4% w/w will be a typical choice.
C. Methods for Treating Otitis Media Using the
Transmembrane Carriers of the Invention[0023] Although
the invention shall not be limited by any theory as to
the mechanism of action for such delivery, it is
presently believed that the chemical penetration
enhancers present in the transmembrane compositions of
the invention stimulate permeation to an extent
sufficient to allow the drug to pass into and through
the tympanic membrane. [0024] To this end, a
transmembrane composition of the invention is
delivered, by transmembrane administration, into the
middle ear. By "transmembrane administration" is meant
that application of a transmembrane carrier
composition including a medicament to the outer ear
side of the tympanic membrane results in delivery of
the medicament to the middle ear. Thus, the invention
provides methods for preventing and/or treating
infections of the middle ear and their sequelae by
transmembrane administration of a medicament to the
tympanic membrane of the affected individual. [0025]
Transmembrane administration is achieved via, for
example, applying the transmembrane carrier
composition of the invention to the tympanic membrane
via any medically acceptable means for application of
a pharmaceutical composition to the tympanic membrane;
e.g., by applying the carrier composition to the
membrane by insertion of a needleless syringe or
dropper into the auditory canal. Care will be taken to
avoid piercing or puncturing the intact tympanic
membrane. [0026] Administration is repeated as
required to achieve the therapeutically effective
dosage level for the antibiotic compound and/or other
medicament(s) given. Pain may be treated by
administration in the same general manner of pain
killing and/or anti-inflammatory containing
transmembrane carrier compositions of the invention.
[0027] Based on current protocols utilized to
introduce antibiotics into the middle ear through an
in-situ tympanic drainage tube, a suitable regimen of
dosing with the exemplary formulation described in
Example 1 below (having 0.3% w/w of antibiotic) would
be 5 drops/twice a day for a child under age 12, and
10 drops/twice a day for a child of age 12 or older.
[0028] Prophylactic treatment against recurrence of a
middle ear infection may be provided in the same
manner, utilizing a transmembrane carrier composition
of the invention containing a prophylactically
effective antibiotic or other medicament.[0029] Those
of ordinary skill in the art will be familiar with,
and readily able to select, dosing regimens suitable
for following to treat a particular infection. The
dosing regimen selected will be in accord with
established clinical protocols for delivery and use of
the particular carrier and medicaments provided
according to the invention. [0030] The invention
having been fully described, its practice is
illustrated by the examples below. The invention shall
not, however, be limited by the examples, but shall
instead be defined in scope by the appended claims.
EXAMPLE l EXEMPLARY FORMULATION This section provides
an example of the a transmembrane carrier composition
of the present invention containing ciprofloxacin and
a mixture of propylene glycol and ethyl alcohol, as
follows (the composition is sterilized and placed in a
pharmaceutically acceptable container until use):
EXAMPLE 2 ANIMAL (CHINCHILLA) MODEL OF OTITIS MEDIA
[0031] Chinchilla longer is ideally suited as an
animal species for studying the efficacy of 



treatment for otitis media in humans. Chinchillas are
small, have auditory capabilities quite similar to
those of humans, have a cochlea with membranous
architecture similar to the humancochlea, do not
manifest presbycusis in long-term studies, and lack
susceptibility to naturally occurring middle ear
infections, which are common to the guinea pig and
rabbit. See, e.g., Hajek DM, Yuan Z, Quartey MK,
Giebink GS., Otitis Media: The Chinchilla Model in:
Zak O, Sande M, editors, Handbook of Animal Models of
Infection. San Diego, CA: Academic Press (1999), at
pages 389-403, the contents of which are incorporated
herein by reference to illustrate the nature and
acceptance in the art of this animal model. [0032] To
establish and evaluate the animal model, each
chinchilla was inoculated with Haemophilus influenzae
directly into the middle ear of each ear by
transbullar injection at a concentration of 100 cfu in
a volume of 0.2 mL. Each chinchilla was given an
otoscope ear exam prior to being placed on study.
Dosing with a composition of the invention or control
oral amoxicillin began approximately 48 hours after
the bacterial inoculation. All animals were
administered Buprenorphine 0.05mg/kg twice a day
subcutaneously for analgesia for the duration of the
study. [0033] At the end of the dosing period (8 days
after bacterial inoculation), each animal was
euthanized, their ear canals washed with saline, and
examined. In particular, samples from the middle ear
from each chinchilla were collected. One ear sample
was cultured overnight per laboratory procedures.
Approximately 24 hours after the samples plated out,
they were counted and the colony forming units (cfu)
recorded. EXAMPLE 3 TREATMENT OF OTITIS MEDIA IN
CHINCHILLA MODEL [0034] The formulation described in
Example 1 was administered orally by gavage to three
chinchillas twice per day for 6 days, approximately 8
hours apart. 2, 4 or 6 drops of the formulation was
administered to two groups of three chinchillas each
as a maximal feasible dose for these animals. The
animals were examined, and samples were taken from the
middle ear of each as described in Example 2. The
following results were obtained:Group Concentration
(ng/ml) of Number ears ciprofloxacin infected / total
detected in middle ear number ears 2 1031 L 1801.39
Oof 10 (Treated) R 3251.27 1032 L 1036.93 R 6295.08
1033 L 3393.74 R 6001.52 1034 L 6060.4 R 5209.15 1035
L 1205.3 R 4746.68 [0035] These results demonstrate
the efficacy of the present invention in treating
middle ear infection in a relevant animal model.
[0036] The invention illustratively described herein
may be practiced in the absence of any element or
elements, limitation or limitations which is not
specifically disclosed herein. The terms and
expressions which have been employed are used as terms
of description and not of limitation, and there is no
intention that in the use of such terms and
expressions of excluding any equivalents of the
features shown and described or portions thereof, but
it is recognized that various modifications are
possible within the scope of the invention claimed.
Thus, it should be understood that although the
present invention has been specifically disclosed by
preferred embodiments and optional features,
modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the
art, and that such modifications and variations are
considered to be within the scope of this invention as
defined by the appended claims. [0037] The contents of
the articles, patents, and patent applications, and
all other documents and electronically available
information mentioned or cited herein, are hereby
incorporated by reference in their entirety to the
same extent as if each individual publication was
specifically and individually indicated to be
incorporated by reference. Applicants reservethe right
to physically incorporate into this application any
and all materials and information from any such
articles, patents, patent applications, or other
documents. [0038] The inventions illustratively
described herein may suitably be practiced in the
absence of any element or elements, limitation or
limitations, not specifically disclosed herein. Thus,
for example, the terms "comprising", "including,"
containing", etc. shall be read 



expansively and without limitation. Additionally, the
terms and expressions employed herein have been used
as terms of description and not of limitation, and
there is no intention in the use of such terms and
expressions of excluding any equivalents of the
features shown and described or portions thereof, but
it is recognized that various modifications are
possible within the scope of the invention claimed.
Thus, it should be understood that although the
present invention has been specifically disclosed by
preferred embodiments and optional features,
modification and variation of the inventions embodied
therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and
variations are considered to be within the scope of
this invention. [0039] The invention has been
described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling
within the generic disclosure also form part of the
invention. This includes the generic description of
the invention with a proviso or negative limitation
removing any subject matter from the genus, regardless
of whether or not the excised material is specifically
recited herein. Other embodiments are set forth within
the following claims. [0040] In addition, where
features or aspects of the invention are described in
terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described
in terms of any individual member or subgroup of
members of the Markush group.That which is claimed is:
1. A method for treating or preventing a middle ear
infection and sequelae thereof by transmembrane
administration of a medicament thereto, said method
comprising: applying a transmembrane carrier
composition to the outer surface of the tympanic
membrane, said transmembrane carrier composition
comprising a medicament useful in treating or
preventing infections of the middle ear and sequelae
thereof. 2. The method according to claim 1, wherein
the transmembrane carrier is a chemical penetration
enhancer. 3. The method according to claim 2, wherein
the chemical penetration enhancer is selected from the
group of chemicals consisting of low molecular weight
alcohols, alkyl methanol sulphoxides,
N-methyl-2-pyrrolidone, fatty amines, fatty acids,
azone and propylene glycol, singly or in combination.
4. The method according to claim 3, wherein the
chemical penetration enhancer is propylene glycol. 5.
The method according. to claim 3, wherein the chemical
penetration enhancer is propylene glycol and at least
one other chemical pentration enhancer. 6. The method
according to claim 1, wherein said medicament is an
antibiotic. 7. The method according to claim 6,
wherein the antibiotic is selected from the group
consisting of quinolone antibiotics, penicillin
antibiotics, macrolide antibiotics, cephalosporin
antibiotics, sulfa antibiotics, and beta-lactamase
inhibitors. 8. The method according to claim 7,
wherein said antibiotic comprises ciprofloxacin, and
is administered to treat or prevent a middle ear
infection.9. The method according to claim 7, wherein
said antibiotic comprises ofloxacin, and is
administered to treat or prevent a middle ear
infection. 10. The method according to claim 7,
wherein said antibiotic comprises sulfsoxazole, and is
administered to treat or prevent a middle ear
infection. 11. The method according to claim 7,
wherein said antibiotic comprises amoxicillin, and is
administered to treat or prevent a middle ear
infection. 12. The method according to claim 7,
wherein the antibiotic is provided in a concentration
of 0.1% to 10% w/w of the composition. 13. The method
according to claim 12, wherein the antibiotic is
provided in a concentration of 0.3% w/w of the
composition. 14. The method according to claim 2,
wherein the total concentration of chemical
penetration enhancer is provided is about 1.0 to 25%
v/v. 15. The method according to claim 14, wherein the
nonionic polymer surfactant is provided in a
concentration of about 2% to about 15% v/v. 16. The
method according to claim 1, wherein said medicament
is an anti-viral agent. 17. The method according to
claim 14, wherein the anti-viral agent is acyclovir.
18. The method according to claim 1, wherein the
transmembrane carrier composition is applied to the
tympanic membrane during an acute phase of middle ear
infection. 


