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15 2008, and entitled "SYSTEMS AND METHODS FOR CREATING AN EFFECT USING
MICROWAVE ENERGY TO SPECIFIED TISSUE." All of the above priority
applications are expressly incorporated by reference in their entirety.
Field of the Invention 20The present application relates to methods,
apparatuses and systems for non-invasive delivery of microwave therapy. In
particular, the present application relates to methods, apparatuses and
systems for non-invasively delivering energy, such as, for 25 example,
microwave energy, to the epidermal, dermal and sub-dermal tissue of a
patient to achieve various therapeutic and/or aesthetic results.
Description of the Related Art It is known that energy-based therapies can
be 30 applied to tissue throughout the body to achieve numerous therapeutic
and/or aesthetic results. There remains a continual need to improve on the
effectiveness of these energy-based therapies and provide enhanced
therapeutic results with minimal adverse side effects or discomfort.  BRIEF
DESCRIPTION OF THE DRAWINGS 



The invention will be understood from the following detailed description of
preferred embodiments, taken in conjunction with the accompanying drawings,
5wherein:              Figure 1 is an illustration of a system including a
generator, applicator and the disposable according to one embodiment of the
invention.                 Figure 2 is a perspective view of an 10
applicator and the disposable according to one embodiment of the invention.
Figure 3 is an end on view of the distal end of the applicator and the
disposable illustrated in Figure 2. 15Figure 4 is an exploded perspective
view of the applicator and the disposable illustrated in Figure 2.
Figure 5 is a perspective view of a the disposable according to one
embodiment of the present 20 invention.              Figure 6 is a cutaway
view along E-E of the disposable illustrated in Figure 5.
Figure 7 is a perspective view of a antenna cradle according to one
embodiment of the invention. 25Figure 8 is a cutaway view along K-K of the
antenna cradle illustrated in Figure 7.              Figure 9 is a
perspective view of an antenna array and the disposable according to one
embodiment of the invention. 30Figure 10 is a cutaway view along A-A of the



antenna array and the disposable illustrated in Figure 9. Figure 11 is a
cutaway view along B-B of the antenna array and the disposable illustrated
in Figure 9. Figure 12 is a perspective view of an antenna 35 array
according to one embodiment of the invention.               Figure 13 is a
cutaway view along C-C of the antenna array illustrated in Figure 12.
Figure 14 is a cutaway view along D-D of the antenna array illustrated in
Figure 12. 5Figure 15 is a cutaway view along C-C of the distal portion of
the antenna array illustrated in Figure 12.                 Figure 16
illustrates a cooling plate and thermocouples according to one embodiment
of the 10invention.              Figure 17 is a cutaway view along J-J of a
portion of the cooing plate and thermocouples illustrated in Figure 16.
Figure 18 is a cutaway view along J-J of a 15 portion of the cooing plate
and thermocouples illustrated in Figure 16.              Figure 19 is a
perspective end view of an antenna array, coolant chamber, separation ribs
and scattering elements according to one embodiment of the 



20 invention.              Figure 20 is an end view of the antenna array,
coolant chamber, separation ribs and scattering elements illustrated in
Figure 19.                 Figure 21 is a perspective view of an 25
applicator and disposable according to one embodiment of the invention
Figure 22 is an end on view of the distal end of the applicator and the
disposable illustrated in Figure 21. 30Figure 23 is an exploded perspective
view of the applicator illustrated in Figure 21.              Figure 24 is
a cutaway view of the applicator illustrated in Figure 21.
Figure 25 is a view of the distal end of a the 35 disposable according to
one embodiment of the invention.               Figure 26 is a is a view of
the proximal side of the disposable illustrated in Figure 25.
Figure 27 is a view of a first section of the proximal side of the
disposable illustrated in Figure 26. 5Figure 28 is a view of a second
section of the proximal side of the disposable illustrated in Figure 26.
Figure 29 is a cutaway view along H-H of the disposable illustrated in
Figure 25. 



Figure 30 is a view of a section of the 10disposable illustrated in Figure
29.              Figure 30A is a view of a section of the disposable
illustrated in Figure 29 according to an alternate embodiment of the
present invention.                 Figure 30B is a view of a section of the
15 disposable illustrated in Figure 29 according to an alternate embodiment
of the present invention. Figure 31 is a perspective view of an antenna
cradle according to one embodiment of the invention. Figure 32 is a
perspective cutaway view along 20F-F of the antenna cradle illustrated in
Figure 31. Figure 33 is a side cutaway view along F-F of the antenna cradle
illustrated in Figure 31.                 Figure 34 is a perspective
cutaway view along I-I of a section of the antenna cradle illustrated in
25Figure 31. Figure 35 is a perspective view of an antenna array according
to one embodiment of the invention.              Figure 36 is a cutaway
view along I-I of the antenna array illustrated in Figure 35. 



30Figure 37 is a view of a first section of the cutaway view of the antenna
array illustrated in Figure 36.                 Figure 38 is a is a
perspective view of a second section of the cutaway view of the antenna
array 35 illustrated in Figure 36               Figure 39 is a is a view of
a third section of the cutaway view of the antenna array illustrated in
Figure 36 Figure 40 is an end view of the antenna array 5 illustrated in
Figure 35 without a cooling plate. Figure 41 is a perspective view of a
waveguide assembly according to one embodiment of the invention. Figure 42
is a side view of the waveguide assembly illustrated in Figure 41. 10Figure
43 is a cutaway view along G-G of the waveguide assembly illustrated in
Figure 41.               Figure 44 is a view of a section of cutaway view
of the waveguide assembly illustrated in Figure 43. Figure 45 is a is a
side view of an alternate 



15 embodiment of a waveguide assembly according to an embodiment of the
invention.               Figure 46 is a is a cutaway view of the waveguide
assembly illustrated in Figure 45.                    Figure 47 is a
schematic diagram of a system 20 according to one embodiment of the
invention.               Figure 48 is a schematic diagram of a microwave
chain according to one embodiment of the invention. Figure 49 is a
schematic diagram of a 25 controller according to one embodiment of the
invention. Figure 50 is a schematic diagram of a back panel according to
one embodiment of the invention. Figure 51 is a schematic diagram of a
front panel according to one embodiment of the invention. 30Figure 52 is a
schematic diagram of vacuum source according to one embodiment of the
invention.               Figure 53 is a schematic diagram of a microwave
control circuit according to one embodiment of the invention. 35Figures 54
to 50 are schematic diagrams of a 



patient positioning apparatus according to one embodiment of the invention.
Figure 59 is a schematic diagram of a treatment template according to one
embodiment of the 5invention.               Figure 60 is simplified cutaway
view of a medical treatment device with tissue engaged according to one
embodiment of the invention.                 Figure 61 illustrates a tissue
profile and 10 simplified view of a medical treatment device according to
one embodiment of the invention.               Figure 62 illustrates a
tissue profile and simplified view of a medical treatment device according
to one embodiment of the invention. 15Figure 63 illustrates a tissue
profile and simplified view of a medical treatment device according to one
embodiment of the invention.                 Figure 64 illustrates a tissue
profile simplified view of a medical treatment device according 20 to one
embodiment of the invention. DESCRIPTION OF EMBODIMENTS OF THE INVENTION
Although the disclosure hereof is detailed and exact to enable those
skilled in the art to practice the invention, the physical embodiments
herein disclosed 25 merely exemplify the invention which may be embodied in
other specific structures. While the preferred embodiment has been
described, the details may be changed without departing from the invention,
which is defined by the claims. 30Figure 1 is an illustration of a system
2309 



including a generator 2301, applicator 2320 (which may also be referred to
as re-usable) and disposable 2363 according to one embodiment of the
invention. According to one embodiment of the invention generator 2301 will
35 operate in the ISM band of 5.775 to 5.825 GHz. According  to one
embodiment of the invention generator 2301 includes circuitry for setting
and controlling output power; measuring forward and reverse power and
setting alarms. According to one embodiment of the invention 5 generator
2301 may have a Frequency centered at 5.8 GHz. According to one embodiment
of the invention generator 2301 may have a power output of between 40 and
100 Watts measured into a 50 ohm load. According to one embodiment of the
invention generator 2301 may have a power accuracy 10 of plus or minus 3
Watts. According to one embodiment of the invention disposable 2363 and
applicator 2320 may be formed into two separable units. According to one
embodiment of the invention disposable 2363 and applicator 2320 may be
formed into a single unit. 15 According to one embodiment of the invention
when combined disposable 2363 and applicator 2320 may form a medical
treatment device 2300. According to one embodiment of the invention
generator 2301 may be a microwave generator. According to one embodiment of
the 20 invention may be a disposable 2363 tissue head. According to one
embodiment of the invention in system 2309 applicator 2320 may be connected
to generator 2301 by applicator cable 2334. According to one embodiment of
the invention in system 2309 applicator cable 2334 may 25 include coolant
conduit 2324, energy cable 2322, coolant thermocouple wires 2331, cooling
plate thermocouple wires 2330 and antenna switch signal 2481. According to
one embodiment of the invention in system 2309 coolant conduit 2324 may be
connected to a coolant source 2310 30  (which may be, for example, a
Nanotherm industrial recirculation chiller with 8 psi pump available from
ThermoTek, Inc). According to one embodiment of the invention in system
2309 energy cable 2322 may be connected to generator 2301 by microwave
output connector 35 2443. According to one embodiment of the invention in 



system 2309 antenna switch signal 2481 may be connected to generator 2301
by antenna switch connector 2480. According to one embodiment of the
invention in system 2309 disposable 2363 may be connected to generator 2301
5 by vacuum tubing 2319 which may include generator biobarrier 2317, which
may be, for example, a hydrophobic filter. According to one embodiment of
the invention in system 2309 vacuum tubing 2319 may be connected to
generator 2301 by vacuum port connector 2484. According 10 to one
embodiment of the invention in system 2309 front panel 2305 of generator
2301 may include power control knob 2454, vacuum control knob 2456, antenna
select switch 2462 (which may include both display elements and selection
switches), vacuum meter 2486, antenna 15 temperature display 2458, coolant
temperature display 2460, pre-cool timer 2468 (which may include both
display elements and time set elements), energy timer 2470 (which may
include both display elements and time set elements) and post-cool timer
2472 (which may include both display 20 elements and time set elements).
According to one embodiment of the invention an error signal is sent to
controller 2302 of generator 2301 if a measured signal is outside of the
specification for the requested power set by the power control knob 2454 on
front panel 2305. 25 According to one embodiment of the invention an error
signal is sent to controller 2302 if the measured reverse power is greater
than a preset limit on measured reverse power. According to one embodiment
of the invention an error signal is sent to controller 2302 if the measured
30 reverse power is greater than approximately twenty-five watts. According
to one embodiment of the invention vacuum tube 2319 may include a flexible
vacuum hose 2329 and a generator bio-barrier 2317. According to one
embodiment of the invention flexible vacuum hose 2329 is 35 adapted to
collect fluids, such as, for example sweat or  - 10 - blood, which may
escape disposable 2363 so that such fluids do not reach generator 2301.
According to one embodiment of the invention generator bio-barrier 2317 may
include a hydrophobic filter to keep fluids out of 5 vacuum port connector
2484 of generator 2301. According to one embodiment of the invention
generator bio-barrier 2317 may include a hydrophobic filter, such as, for
example, a Millex FH Filter made of 0.45 micrometer hydrophobic PTFE which
is available from Milipore. 10 According to one embodiment of the invention
generator bio-barrier 2317 may be positioned in the flexible hose.
According to one embodiment of the invention applicator cable 2334 may
connect generator 2301 to applicator 2320. According to one embodiment of
the invention applicator 



15 cable 2334 may include a coolant conduit 2324, energy cable 2322,
antenna switch signal 2481, cooling plate thermocouple wires 2330 and
coolant thermocouple wires 2331. According to one embodiment of the
invention applicator cable 2334 may further include a thermocouple 20 array
cable. According to one embodiment of the invention coolant conduit 2324
may convey cooling fluid from a coolant source 2310 to applicator 2320.
According to one embodiment of the invention applicator cable 2334 may
convey microwave switch selection data to applicator 25 2320 and
temperature data from thermocouples in applicator 2320 to generator 2301.
According to one embodiment of the invention applicator cable 2334 may
comprise one or more separate cables and connectors. According to one
embodiment of the invention a generator 30 connector may be designed and
adapted to connect applicator cable 2334 to the generator 2301, including
connections for the cooling fluid conduit, antenna switch control,
thermocouples and main microwave connector. Figure 2 is a perspective view
of applicator 35 2320 and disposable 2363 according to one embodiment of
the invention.According to one embodiment of the invention applicator 2320
may be attached to disposable 2363 by latching mechanism 2365.According to
one embodiment of the invention applicator 2320 may include 5 applicator
cable 2334. According to one embodiment of the invention disposable 2363
may include vacuum tubing 2319, tissue chamber 2338 and tissue interface
surface 2336. According to one embodiment of the invention tissue chamber
2338 may be a cavity where target tissue 10 may be localized for focused
treatment. According to one embodiment of the invention tissue interface
surface 2336 may include tissue bio-barrier 2337, vacuum ports 2342 and
vacuum channel 2350. According to one embodiment of the invention vacuum
ports 2342 may be positioned around 15 an outer edge of tissue interface
surface 2336. According to one embodiment of the invention vacuum ports
2342 may be arranged to be substantially equidistant from each other.
According to one embodiment of the invention vacuum ports 2342 may be
arranged evenly around the 



20 interface surface. According to one embodiment of the invention vacuum
ports 2342 may surround tissue biobarrier. According to one embodiment of
the invention vacuum ports 2342 may be positioned a predetermined distance
from the chamber walls 2354. According to one 25 embodiment of the
invention vacuum ports 2342 may have a total opening area and positioning
sufficient to acquire and hold tissue in tissue chamber 2338. According to
one embodiment of the invention vacuum ports 2342 may be evenly distributed
around tissue chamber 2338 to 30facilitate the equal acquisition of tissue
across tissue chamber 2338.According to one embodiment of the invention
vacuum ports 2342 may be symmetrically distributed around tissue chamber
2338 to facilitate the symmetrical acquisition of tissue.According to one
35 embodiment of the invention there may be, for example,  - 12 -
approximately 28 vacuum ports 2342 in tissue interface surface 2336.
According to one embodiment of the invention vacuum ports 2342 may contact
vacuum channel 2350. According to one embodiment of the invention 5 vacuum
ports 2342 connect tissue chamber 2338 to a vacuum circuit 2341. According
to one embodiment of the invention vacuum channel 2350 may be positioned
around tissue bio-barrier 2337 in flow contact with at least one of the
vacuum ports 2342. According to one embodiment of 10 the invention vacuum
channel 2350 assists in holding the tissue in place when the vacuum
pressure is applied. According to one embodiment of the invention vacuum
channel 2350 assists in creating suction marks on the patients skin (such
suction marks may be referred to as 15 hickey marks). According to one
embodiment of the invention suction marks may be used by a physician or
user to identify regions which have been treated. According to one
embodiment of the invention laser or other light sources integrated into
the disposable 2363 



20 may be used to provide the user with a guide to indicate the treatment
region before the applicator is applied to tissue. According to one
embodiment of the invention vacuum circuit 2341 may split the vacuum
pressure applied through, for example vacuum tubing 2319, between tissue 25
chamber 2338 applicator chamber 2346. According to one embodiment of the
invention vacuum circuit 2341 may be adapted to equalize air pressure on
either side of tissue bio-barrier while or inhibiting the movement of
fluids from tissue chamber 2338 into applicator chamber 2346. 30 According
to one embodiment of the invention vacuum channels 2350 in tissue interface
surface 2336 may assist in holding tissue and preventing tissue from
peeling away from tissue interface surface 2336 during treatment. According
to one embodiment of the invention vacuum 35 sounds in tissue chamber 2338
may provide the user with  - 13 - an audio indication of proper tissue
acquisition. According to one embodiment of the invention so long as the
user is able to hear vacuum sounds, the tissue is not positioned properly
in tissue chamber 2338. 5Figure 3 is an end on view of the distal end of
applicator 2320 and disposable 2363 illustrated in Figure 2. According to
one embodiment of the invention disposable 2363 may include tissue
bio-barrier 2337, which may be, for example, a flexible film. According to
10 one embodiment of the invention disposable 2363 may include tissue
bio-barrier 2337, which may be, for example, a polyethylene film. According
to one embodiment of the invention applicator 2320 may include cooling
plate 2340, which may be, for example, positioned 15 behind bio-barrier
2337. According to one embodiment of the invention disposable 2363 may
include vacuum ports 2342 and vacuum channels 2350. According to one
embodiment of the invention vacuum ports 2342 may be, for example, holes in
the distal end of disposable 2363 which 20 may be connected directly or
indirectly to vacuum tubing 2319 and to vacuum channels 2350, which may be
formed by grooves in disposable 2363. According to one embodiment of the
invention disposable 2363 may include a chamber opening 2339. According to
one embodiment of the 25 invention chamber opening 2339 may be oval shaped.
According to one embodiment of the invention chamber opening 2339 may be
approximately 35 millimeters wide by 50 millimeters long. According to one
embodiment of the invention tissue chamber 2338 may be approximately 7 30
millimeters deep. 



According to one embodiment of the invention tissue bio-barrier 2337 may be
positioned to provide a seal when disposable 2363 is attached to applicator
2320. According to one embodiment of the invention tissue bio- 35 barrier
2337 may be adapted to prevent skin and any  bodily fluids on skin from
contacting applicator 2320 including cooling plate 2340. According to one
embodiment of the invention tissue bio-barrier 2337 may be positioned to
stretch across cooling plate 2340 as 5 disposable 2363 is attached to
applicator 2320. According to one embodiment of the invention tissue
biobarrier 2337 is designed, at least in part, to minimize the loss of
thermal conductivity of the combined cooling plate 2340 / tissue
bio-barrier 2337 combination. 10 According to one embodiment of the
invention tissue biobarrier 2337 may be a flexible film having a thickness
of approximately .0005 inches and may vary between approximately .0001
inches and approximately .030 inches. According to one embodiment of the
invention tissue bio- 15 barrier 2337 may be impermeable to fluid and
substantially impermeable to air. According to one embodiment of the
invention tissue bio-barrier 2337 may be a dielectric material which may be
substantially transparent to microwave energy. According to one 20
embodiment of the invention tissue bio-barrier 2337 may be a material which
does not perturb microwave fields passing through tissue bio-barrier 2337.
According to one embodiment of the invention tissue bio-barrier 2337 may be
a low loss material. According to one embodiment 25 of the invention tissue
bio-barrier 2337 may have a dielectric constant of between two and 15 and
preferably between 3 and 3.5. According to one embodiment of the invention
tissue bio-barrier 2337 may have a Young's Modulus of between approximately
0.1 GPa and 30 approximately 5 GPa. According to one embodiment of the
invention tissue bio-barrier 2337 may have a Young's Modulus of between
approximately 0.1 and approximately 3.1 GPa. According to one embodiment of
the invention tissue bio-barrier 2337 may have a Young's Modulus of 35
between approximately 0.1 and 1.5 GPa. According to one 



- 15 - embodiment of the invention tissue bio-barrier 2337 may be a
flexible film, such as polyethylene or PET which may form all or a portion
of tissue interface surface 2336. According to one embodiment of the
invention tissue bio- 5 barrier 2337 may be a rigid, solid ceramic material
with a high thermal conductivity at room temperature of between
approximately one watt per meter degree Kelvin and approximately 100 watts
per meter degree Kelvin TS. In an alternate embodiment, tissue bio-barrier
2337 may 10 be a rigid, solid ceramic material with a high thermal
conductivity at room temperature of between approximately one watt per
meter degree Kelvin and approximately 100 watts per meter degree Kelvin TS.
According to one embodiment of the invention a rigid tissue bio-barrier 15
2337 may eliminate the need for the vacuum circuit 2341 in applicator 2320.
According to one embodiment of the invention a solid ceramic tissue
bio-barrier 2337 may have a microwave permittivity selected for use at 5.8
GHz. According to one embodiment of the invention a 20 rigid tissue
bio-barrier 2337 may consist of a material with a dielectric constant that
matches or approximately matches the dielectric constant of cooling plate
2340, such as, for example a dielectric constant of approximately 10.
According to one embodiment of the 25 invention materials suitable for use
as a rigid tissue bio-barrier may include materials having a dielectric
constant having values of between 1 and 80 may also be acceptable if the
thickness of tissue bio-barrier 2337 is minimized sufficiently to ensure
that microwave 30 transparency of tissue bio-barrier 2337 is not impacted
by the variation in dielectric constant. According to one embodiment of the
invention tissue bio-barrier 2337 may have a thickness of less than
approximately .001 inches to maximize microwave transparency. According to
35 one embodiment of the invention a rigid tissue bio-  - 16 - barrier 2337
may consist of a material with a dielectric constant that does not add an
additional dielectric discontinuity between cooling plate 2340 and tissue
engaged in tissue chamber 2338. According to one 5 embodiment of the
invention rigid tissue bio-barrier 2337 may be chosen to minimize the
overall effective thickness of the cooling plate bio-barrier combination
According to one embodiment of the invention a combined thickness of
cooling plate 2340 and tissue bio-barrier 2337 may be 



10 chosen to minimize a reduction in peak SAR over a cooling plate 2340
alone. According to one embodiment of the invention a combined thickness of
cooling plate 2340 and tissue bio-barrier 2337 may be chosen to be less
than .018" to minimize a reduction in peak SAR over a cooling 15 plate 2340
alone. According to one embodiment of the invention a combined thickness of
cooling plate 2340 and tissue bio-barrier 2337 may be chosen to be less
than .020" to minimize a reduction in peak SAR over a cooling plate 2340
alone. 20Figure 4 is an exploded perspective view of applicator 2320 and
disposable 2363 illustrated in Figure 2. According to one embodiment of the
invention, applicator 2320 may include a cooling plate 2340, which may
include one or more thermocouples attached to cooling 25 plate thermocouple
wires 2330. According to one embodiment of the invention applicator 2320
may include separation ribs 2393, antenna cradle 2374, coolant supply
tubing 2312, coolant return tubing 2313, waveguide antennas 2364(a-d),
antenna switch 2357 and applicator 30 cable 2334. According to one
embodiment of the invention, applicator cable 2334 may include antenna
switch signal 2481, energy cable 2322 and coolant conduit 2324. According
to one embodiment of the invention applicator cable 2334 may include
cooling plate 35 thermocouple wires 2330 and coolant thermocouple wires  -
17 - 2331.According to one embodiment of the invention, disposable 2363 may
include vacuum tubing 2319. According to one embodiment of the invention
energy cable 2322 (which may be referred to as microwave cable) 5 conveys
microwave energy from generator 2301 to applicator 2320. According to one
embodiment of the invention energy cable 2322 conveys microwave energy to
an antenna switch 2357 (which may be referred to as a microwave switch) in
applicator 2320. According to one 



10 embodiment of the invention energy cable 2322 may be designed to match
the output of generator 2301 to applicator 2320 at the frequency of
interest. According to one embodiment of the invention energy cable 2322
may be designed to match the output of generator 2301 to 15 applicator 2320
at 5.8 GHz. According to one embodiment of the invention energy cable 2322
has less than 2dB of loss into a 50 ohm load. According to one embodiment
of the invention energy cable 2322 may be a six foot coaxial cable with
less than 2 dB of loss. According to one 20 embodiment of the invention
energy cable 2322 may be a flexible cable to maximize the overall
flexibility of applicator cable 2334. According to one embodiment of the
invention interconnect cables 2372 leading to waveguide antennas 2364 in
antenna array 2355 are 25 preferably balanced and matched such that the
output of each waveguide antenna 2364 has the same power. According to one
embodiment of the invention interconnect cables 2372 leading to waveguide
antennas 2364 in antenna array 2355 are preferably balanced and matched
such that 30 the output of each waveguide antenna 2364 has the same power
by selecting appropriate lengths and cable types to ensure balanced output
between waveguide antennas 2364 and applicator 2320. According to one
embodiment of the invention interconnect cables 2372 leading to waveguide
35 antennas 2364 are low loss coaxial cables. According to  - 18 - one
embodiment of the invention interconnect cables 2372 leading to waveguide
antennas 2364 have losses of less than one dB. According to one embodiment
of the invention variations in matching may be compensated by 5 adjusting
generator output power or energy delivery time. According to one embodiment
of the invention antenna cradle 2374 may include thermocouple guide holes
(not shown), which may be sealed to allow thermocouple wires to pass inside
the vacuum seal between disposable 2363 10 and applicator 2320 to prevent
vacuum leaks. According to one embodiment of the invention antenna cradle
2374 includes cradle channels 2389 which cooling fluid passes through as
part of the coolant circuit. According to one embodiment of the invention
alternative antennas may 15 include horn antennas, multi-dielectric fill
waveguide antennas, slot antennas, micro-strip antennas, patch antennas and
Vivaldi antennas. According to one embodiment of the invention antenna
switch 2357 may be adapted to receive a microwave signal and control
signals 20 from the generator and, based upon the control signal received,
switch the microwave signal between waveguide antennas 2364 in antenna
array 2355. According to one embodiment of the invention antenna switch
2357 may be a electro-mechanical coaxial microwave relay, which may be 25
available from, for example, RealComm Technologies. According to one
embodiment of the invention one or more of the antennas in applicator 2320
may be activated (e.g. sequentially) via antenna select switches, such as
for example antenna select switches which are part of antenna 



30 select switch 2462 on generator 2301. According to one embodiment of the
invention antenna switch 2357 (which may be referred to as a distribution
element) may be adapted to split power from energy cable 2322 between
waveguide antennas 2364 powering two or more of waveguide 35 antennas 2364
simultaneously.According to one  - 19 - embodiment of the invention antenna
switch 2357 may be a power splitter adapted to split microwave energy
between one or more waveguide antennas 2364 simultaneously. According to
one embodiment of the invention energy cable 5 2322 conveys microwave
energy to antenna switch 2357. According to one embodiment of the invention
feed cables convey microwave power from antenna switch 2357 to individual
waveguide antennas 2364. According to one embodiment of the invention
cables used to convey 10 microwave energy may be flexible low loss cables.
According to one embodiment of the invention cables used to convey
microwave energy may have between zero and 2 dB of loss at the frequency of
interest. According to one embodiment of the invention cables used to
convey 15 microwave energy may have between zero and 2 dB of loss at a
frequency of approximately 5.8GHz. According to one embodiment of the
invention cables used to convey microwave energy may have an impedance of
approximately 50 ohms. 20Figure 5 is a perspective view of disposable 2363
according to one embodiment of the present invention. According to one
embodiment of the invention, disposable 2363 may include tissue bio-barrier
2337, applicator vacuum port 2327 and applicator chamber 2346, 25 which may
also be referred to as a re-usable chamber. 



According to one embodiment of the invention applicator chamber 2346 may be
adapted to receive a distal end of applicator 2320, including cooling plate
2340. According to one embodiment of the invention, disposable 2363 may 30
include applicator interface 2344 (which may also be referred to as
re-usable interface). According to one embodiment of the invention
applicator interface 2344 includes applicator chamber 2346, vacuum seal
2348, a compression ledge 2325 and latching elements 2359. 35 According to
one embodiment of the invention a applicator  - 20 - chamber 2346 may be
adapted to receive the distal end of applicator 2320 and to facilitate
engagement between the distal end of the applicator 2320 and tissue
bio-barrier 2337. According to one embodiment of the invention 5 vacuum
seal 2348 may be a gasket, which may be arranged around the outside of the
applicator chamber 2346 and may be adapted to engage the distal end of
applicator 2320 to seal the applicator chamber 2346 and prevent vacuum
leaks when disposable 2363 is attached to applicator 2320. 



10 According to one embodiment of the invention when engaged, vacuum seal
2348 may be compressed between approximately twenty percent and
approximately fifty percent to ensure good vacuum seal and prevent vacuum
leaks. According to one embodiment of the invention 15 vacuum seal 2348 may
be compressed a distance sufficient to ensure a good vacuum seal and
prevent leaks. According to one embodiment of the invention compression
ledge 2325 may be arranged around at least a portion of the applicator
chamber 2346. According to one embodiment 20 of the invention compression
ledge 2325 may be arranged and positioned to prevent the vacuum seal from
being compressed beyond a predetermined point when disposable 2363 is
attached to applicator 2320. According to one embodiment of the invention
compression ledge 2325 may be 25 arranged and positioned to prevent the
vacuum seal from being compressed beyond twenty percent when disposable
2363 is attached to applicator 2320. According to one embodiment of the
invention compression ledge 2325 may be arranged and positioned to prevent
the vacuum seal from 30 being compressed beyond fifty percent when
disposable 2363 is attached to applicator 2320. According to one embodiment
of the invention latching elements 2359 may be adapted to facilitate
engagement between disposable 2363 and applicator 2320. According to one
embodiment of the 35 invention latching elements 2359 on disposable 2363
may  - 21 - be latch keepers, adapted to engage latches on applicator 2320.
Figure 6 is a cutaway view of disposable 2363 along E-E in Figure 5.
According to one embodiment of 5  the invention, disposable 2363 includes
tissue interface surface 2336, tissue chamber 2338, tissue bio-barrier
2337, applicator chamber 2346, chamber wall 2354 and vacuum ports 2342.
According to one embodiment of the invention vacuum ports 2342 may be
connected to a vacuum 10 circuit 2341 which may be connected to applicator
chamber 2346 by applicator vacuum port 2327 and to a source of vacuum
pressure (not shown) by vacuum connector 2328. According to one embodiment
of the invention chamber walls 2354 may be transparent or translucent to
allow a 15 physician or other user to see into tissue chamber 2338 and to
confirm tissue acquisition.              According to one embodiment of the
invention chamber walls 2354 may form an angle of between approximately 5
and 20 degrees with tissue interface 



20 surface 2336. According to one embodiment of the invention chamber walls
2354 may form an angle of approximately twenty degrees with tissue
interface surface 2336. According to one embodiment of the invention
chamber walls 2354 may be formed of a rigid 25 polycarbonate or plastic
material. According to one embodiment of the invention chamber walls 2354
may be coated with a thin layer of lubricant, such as, for example,
silicone oil, Teflon, paralene or other suitable coating material to ease
acquisition of tissue. 30 According to one embodiment of the invention
tissue interface surface 2336 may be coated with a thin layer of lubricant,
such as, for example, silicone oil, Teflon, paralene or other suitable
coating material to ease acquisition of tissue. According to one embodiment
of 35 the invention surface coatings, such as, for example  - 22 - silicone
oil, Teflon, paralene or other suitable coating material applied to tissue
chamber 2338, including waveguide walls 2366 and tissue interface surface
2336, facilitate the easy acquisition of tissue and prevent 5 tissue from
shifting as it is being acquired. According to one embodiment of the
invention waveguide walls 2366 may consist of waveguide tubing with a short
at one end or direct plating of the dielectric fill material. According to
one embodiment of the invention waveguide 10 walls 2366 may have a
thickness of at least 5 times the electric skin depth of the material
making up waveguide walls 2366. According to one embodiment of the
invention aveguide walls 2366 may be copper plated over dielectric filler
2368. According to one embodiment of the 15 invention waveguide walls 2366
may have thickness of between approximately .0002" and .040" and preferably
a thickness of approximately .003 inches. According to one embodiment of
the invention waveguide walls 2366 may be formed from solid conductive
material. According to one 20 embodiment of the invention waveguide walls
2366 may be formed from a waveguide tube which is cut to a predetermined
length and fitted with a conductive short on a side opposite the waveguide
antenna aperture. According to one embodiment of the invention waveguide 25
antenna 2364 may have an aperture of approximately .62 inches by .31
inches. According to one embodiment of the invention dielectric filler 2368
may have a dielectric constant selected for use at 5.8GHz. According to one
embodiment of the invention dielectric filler According 30 to one
embodiment of the invention temperature measured at cooling plate
thermocouple 2395 may be indicative of the temperature of the skin surface
underlying the tissue bio-barrier 2337 adjacent cooling plate thermocouple
2395. may have a dielectric constant of approximately 10. 35 According to
one embodiment of the invention dielectric 



- 23 - filler 2368 should be a low loss material. According to one
embodiment of the invention dielectric filler 2368 may have a length of
between approximately 20 and 80 millimeters and preferably a length that is
approximately 5 an integer multiple of one-half of one guided wavelength at
a frequency of interest. According to one embodiment of the invention
dielectric filler 2368 may have a length of between approximately 20 and 80
millimeters and preferably a length that is approximately 28.5 10
millimeters for a short waveguide antenna 2364 and approximately 48
millimeters for a long waveguide antenna 2364. According to one embodiment
of the invention dielectric filler 2368 in the longer waveguide antenna
2364 may have a length which may be one or more guided 15 wavelengths
longer than the dielectric in the shorter waveguide antenna 2364. According
to one embodiment of the invention- dielectric filler 2368 in the longer
antenna may have a length which is approximately 20 millimeters longer than
dielectric filler 2368 in the 20 shorter antenna.              Figure 7 is
a perspective view of an antenna cradle 2374, which may also be referred to
as a waveguide holder, according to one embodiment of the invention.
According to one embodiment of the invention antenna 25 cradle 2374
includes cradle channels 2389 and antenna chamber 2377. Figure 8 is a
cutaway view of antenna cradle 2374 along K-K in Figure 7. According to one
embodiment of the invention, antenna cradle 2374 includes antenna 30
chamber 2377 and cradle circuit 2385. According to one embodiment of the
invention cradle circuit 2385 includes 



cradle channels 2389 and coolant chambers 2360. According to one embodiment
of the invention, cradle circuit 2385 may be used to convey cooling fluid
through 35 the antenna cradle. According to one embodiment of the  - 24 -
invention, cradle channels 2389 may be connected in parallel, allowing
cooling fluid to flow through each cradle channel 2389 and coolant chamber
2360 of cradle circuit 2385 in parallel. According to one embodiment of 5
the invention cradle channels 2389 may be connected in series through, for
example, coolant distribution tubing 2314 (illustrated in Figure 4)
allowing cooling fluid to flow through each cradle channel 2389 and coolant
chamber 2360 of cradle circuit 2385 sequentially. 10Figure 9 is a
perspective view of antenna array 2355 and disposable 2363 according to one
embodiment of the invention. According to one embodiment of the invention
antenna array 2355 may include antenna cradle 2374 and waveguide assembly
2358. According to 15 one embodiment of the invention, antenna cradle 2374
may include cradle- 'channels 2389. According to one embodiment of the
invention waveguide assembly 2358 may be'positioned in antenna chamber 2377
of antenna cradle 2374 to form antenna array 2355. According to one 20
embodiment of the invention waveguide assembly 2358 may include one or more
waveguide antennas 2364. According to one embodiment of the invention
waveguide assembly 2358 may include first waveguide antenna 2364a, second
waveguide antenna 2364b, third waveguide antenna 2364c 25 and fourth
waveguide antenna 2364c. According to one embodiment of the invention
waveguide assembly 2358 may include a plurality of tuning elements 2390
(which may be tuning screws) and a plurality of feed connectors 2388, which
may be a custom panel mount SMA connector. 30 According to one embodiment
of the invention each waveguide antenna 2364 may include a tuning element
2390 and a feed connector 2388. According to one embodiment of the
invention microwave energy may be supplied to each waveguide antenna by a
interconnect cable 2372. According 



35 to one embodiment of the invention tuning element 2390  - 25 - may
include tuning screws which pass through the waveguide walls 2366, forming
electrical contact with the waveguide walls 2366, and into the dielectric
filler 2368. According to one embodiment of the invention tuning 5 elements
2390 may be positioned approximately k of the guided wavelength from a back
wall (such as, for example, shorting element 2373) of waveguide antenna
2364. According to one embodiment of the invention the depth of tuning
elements 2390 may be adjusted to tune waveguide 10 antenna 2364 to the
frequency of interest. According to one embodiment of the invention the
depth of tuning 



elements 2390 may be adjusted to tune waveguide antenna 2364 to have a
center frequency of approximately 5.8 GHz. Figure 10 is a cutaway of
antenna array 2355 15 and disposable 2363 view along A-A in Figure 9.
According to one embodiment of the invention waveguide assembly 2358 is
positioned in antenna chamber 2377 of antenna cradle 2374. According to one
embodiment of the invention waveguide assembly 2358 includes one or more
waveguide 20 antennas 2364. According to one embodiment of the invention
signals may be fed into waveguide antenna 2364 through feed connectors 2388
which may include antenna feeds 2370. According to one embodiment of the
invention waveguide antennas 2364 may include a dielectric filler 25 2368,
waveguide walls 2366 (which may be, for example 



waveguide tubing or conductive walls and, more particularly, may be WR62
waveguide tube), a tuning element 2390 and a shorting element 2373, which
may be, for example a metal shim. According to one embodiment of 30 the
invention waveguide antennas 2364 may be manufactured by, for example,
press fitting dielectric filler 2368 into waveguide walls 2366 made from
waveguide tubing and brazing shorting element 2373 across one open end of
the waveguide tubing. According to one embodiment of the 35 invention
disposable 2363 may include tissue chamber  - 26 - 2338, tissue interface
surface 2336, which may be, for example, a tissue bio-barrier 2337, vacuum
ports 2342 and chamber wall 2354. According to one embodiment of the
invention bio-barrier 2337 may be, for example a 5 hydrophobic membrane
available from GE Osmotics. According to one embodiment of the invention,
cooling plate 2340, scattering element 2378 and separation ribs 2393 may be
positioned in antenna chamber 2377 between antenna array 2355 and
disposable 2363. According to one 



10 embodiment of the invention scattering element 2378, which may be
referred to as a field spreader, may be, for example, an extension of
dielectric filler 2368. According to one embodiment of the invention
scattering elements 2378 may be, for example, an absorptive element. 15
According to one embodiment of the invention scattering element 2378 may be
an absorptive element which, at least partially mutes the microwave energy
radiated from an aperture of waveguide antenna 2364. According to one
embodiment of the invention scattering element 2378 may 20 be an absorptive
element which, at least partially mutes the microwave energy radiated from
an aperture of waveguide antenna 2364 increasing the effective field size
of waveguide antenna 2364. According to one embodiment of the invention
scattering element 2378 may 25 be an absorptive element which, at least
partially mutes the microwave energy radiated from an aperture of waveguide
antenna 2364 spreading the SAR pattern in tissue underlying waveguide
antenna 2364. According to one embodiment of the invention antenna feed
2370 may be 30 a center conductor of feed connector 2388 which extends into
dielectric filler 2368 of waveguide antenna 2364. According to one
embodiment of the invention antenna feed 2370 may be positioned such that
the microwave signal transitions from feed connector 2388 into waveguide 35
antenna 2364 with minimal reflection resulting from  - 27 - reactive
coupling between antenna feed 2370 and a back wall of waveguide antenna
2364, creating impedance matching conditions at a frequency of interest,
such as, for example 5.8 GHz. According to one embodiment of the 5
invention antenna feed 2370 may be positioned such that the microwave
signal transitions from the feed connector into the waveguide antenna with
minimal reflection via reactive coupling between the feed and back wall
that creates a 50 ohm matching conditions at 5.8 GHz. 10 According to one
embodiment of the invention antenna feed 2370 may be positioned
approximately two millimeters from back waveguide wall 2366. According to
one embodiment of the invention antenna feed 2370 may be positioned
approximately two millimeters from the junction between 15 the shorting
element 2373 and the waveguide tube.              Figure 11 is a cutaway
view of antenna array 2355 and disposable 2363 along B-B in Figure 9.
According to one embodiment of the invention waveguide antenna 2364 may be
positioned in antenna chamber 2377 of antenna 20 cradle 2374. According to
one embodiment of the invention waveguide antenna 2364 may include
dielectric filler 2368, waveguide walls 2366 and shorting element 2373.
According to one embodiment of the invention antenna cradle 2374 may
include antenna chamber 2377 and cradle 



25 channels 2389. According to one embodiment of the invention disposable
2363 may include tissue chamber 2338, tissue interface surface 2336, which
may be, for example, a tissue bio-barrier 2337 and chamber wall 2354.
According to one embodiment of the invention scattering 30 element 2378,
scattering elements 2378 and separation ribs 2393 may be positioned in
antenna chamber 2377 between antenna array 2355 and disposable 2363.
Figure 12 is a perspective view of antenna array 2355 according to one
embodiment of the invention. 35 According to one embodiment of the
invention waveguide  - 28 - assembly 2358 may include a plurality of tuning
elements 2390, which may be tuning screws and a plurality of feed
connectors 2388. According to one embodiment of the invention microwave
energy may be supplied to each 5 waveguide antenna by a interconnect cable
2372.              Figure 13 is a cutaway view of antenna array 2355 along
C-C in Figure 12. According to one embodiment of the invention waveguide
assembly 2358 may be positioned in antenna chamber 2377 of antenna cradle
10 2374. According to one embodiment of the invention waveguide antennas
2364 may include a dielectric filler 2368, waveguide walls 2366, a tuning
element 2390 and a shorting element 2373, which may be, for example a metal
shim. According to one embodiment of the invention 15 separation ribs 2393,
scattering elements 2378 and cooling plate 2340 may be positioned at a
distal end of antenna array 2355.              Figure 14 is a cutaway view
of antenna array 2355 along D-D in Figure 12. According to one embodiment
20 of the invention scattering element 2378, cooling plate 2340 and
separation ribs 2393 may be positioned at a distal end of antenna array
2355 and disposable 2363.              Figure 15 is a cutaway view of a
distal portion of antenna array 2355 along C-C in Figure 12. 



25 According to one embodiment of the invention waveguide assembly 2358
includes one or more waveguide antennas 2364(a-d). According to one
embodiment of the invention waveguide antennas 2364 may include a
dielectric filler 2368, waveguide walls 2366 and a tuning element 2390. 30
According to one embodiment of the invention scattering elements 2378 and
separation ribs 2393 may be positioned in coolant chamber 2360. According
to one embodiment of the invention coolant chamber 2360, which may also be
referred to as heat exchange channels, may include 35cooling fluid 2361.  -
29 -               Figure 16 illustrates a cooling plate and thermocouples
according to one embodiment of the invention. According to one embodiment
of the invention cooling plate thermocouples 2395 may be positioned in 5
cooling plate grooves 2394. According to one embodiment of the invention
cooling plate 2340, cooling plate thermocouples 2395 and cooling plate
grooves 2394 may be positioned under tissue bio-barrier 2337. Figure 17 is
a cutaway view of a portion of 10 cooing plate 2340 and cooling plate
thermocouple 2395 along J-J in Figure 16. Figure 18 is a cutaway view of a
portion of cooing plate 2340 and cooling plate thermocouple 2395 along J-J
in Figure 16. According to one embodiment of the invention cooling plate 15
thermocouple 2395 may be flattened to ensure that tissue bio-barrier 2337
lies flat against a surface of cooling plate 2340. According to one
embodiment of the invention cooling plate 2340 may be located at the distal
end of applicator 2320. According to one embodiment of the 20 invention
cooling plate 2340 may be glued to the distal end of antenna cradle 2374.
According to one embodiment of the invention cooling plate 2340 may be
positioned to stretch tissue bio-barrier 2337 when disposable 2363 is
connected to applicator 2320. According to one 25 embodiment of the
invention cooling plate 2340 may be positioned to extend between .001
inches and .020 inches and preferably .010" inches into tissue chamber 2338
when disposable 2363 is attached to applicator 2320. According to one
embodiment of the invention cooling 30 plate 2340 may be chosen to have a
thickness of between approximately .010 inches and .014 inches and
preferably .014 inches. According to one embodiment of the invention
cooling plate 2340 may be chosen from a material having rigidity, high
thermal conductivity and a 35 dielectric constant chosen to increase
coupling of 



- 30 - microwave energy into tissue.According to one embodiment of the
invention cooling plate 2340 may be a ceramic. According to one embodiment
of the invention cooling plate 2340 may be alumina between 90 and 99 5
percent and preferably of 96 percent. According to one embodiment of the
invention cooling plate 2340 may have a thermal conductivity at room
temperature of between approximately one watt per meter degree Kelvin and
approximately 75 watts per meter degree Kelvin and 10 preferably
approximately 30 Watts per meter degree Kelvin TS. According to one
embodiment of the invention cooling plate 2340 may have a dielectric
constant of between 4 and 15 and preferably 10. According to one embodiment
of the invention cooling plate 2340 may be a material which 15 minimizes
the microwave energy trapped in cooling plate 2340 in the form of surface
waves. According to one embodiment of the invention a distal surface of
cooling plate 2340 may include a plurality of thermocouple channels, such
as, for example, 20 cooling plate grooves 2394. According to one embodiment
of the invention cooling plate grooves 2394 may have a 



depth of between approximately .003 inches and .007 inches and preferably
approximately .005 inches. According to one embodiment of the invention
cooling 25 plate grooves 2394 may have a width of approximately .014
inches. According to one embodiment of the invention cooling plate grooves
2394 may be positioned such that they pass directly under the center of the
aperture of waveguide antenna 2364. According to one embodiment of 30 the
invention cooling plate grooves 2394 may be positioned such that cooling
plate thermocouples 2395 are positioned directly under the center of the
aperture of waveguide antenna 2364. According to one embodiment of the
invention cooling plate grooves 2394 may be 35 positioned such that they
pass directly under the center 



- 31 - of scattering elements 2378. According to one embodiment of the
invention cooling plate grooves 2394 may be positioned such that cooling
plate thermocouples 2395 are positioned directly under the center of
scattering 5 elements 2378. According to one embodiment of the invention
cooling plate grooves 2394 may be positioned such that they cross the
portion of the acquired tissue with the highest SAR. According to one
embodiment of the invention cooling plate grooves 2394 may be positioned 10
such that cooling plate thermocouples 2395 are positioned above the portion
of the acquired tissue with the highest SAR. According to one embodiment of
the invention cooling plate grooves 2394 may be positioned such that they
are perpendicular to the E-field component of the 15 output of waveguide
antenna 2364. According to one embodiment of the invention cooling plate
grooves 2394 may be positioned such that the wires of cooling plate
thermocouples 2395 lie perpendicular to the E-field component of the output
of waveguide antenna 2364. 20 According to one embodiment of the invention
cooling plate grooves 2394 may be positioned such that the portion of the
wires of cooling plate thermocouples 2395 under the aperture of waveguide
antenna 2364 lie perpendicular to the E-field component of the output of 25
waveguide antenna 2364.              According to one embodiment of the
invention a proximal surface of cooling plate 2340 may be positioned to
contact the distal end of each scattering element 2378. According to one
embodiment of the invention 30 cooling plate 2340 may be chosen to have a
surface which minimizes the voids or imperfections in the interface between
cooling plate 2340 and the distal end of scattering element 2378. According
to one embodiment of the invention the interface between cooling plate 2340
35 and scattering element 2378 interface may be designed to  - 32 -
minimize the presence of materials, including air and cooling fluid which
may cause perturbations or hot spots at that interface when microwave
energy is emitted from waveguide antenna 2364. According to one embodiment
of 



5 the invention cooling plate 2340 may be substantially flat. According to
one embodiment of the invention cooling plate 2340 may have a flatness of
less than approximately .0002 inches of variability across the surface.
According to one embodiment of the invention an 10  adhesive, such as, for
example, a dielectric epoxy (e.g. Eccosorb epoxy) may be used to attach
cooling plate 2340 to each scattering element 2378.              According
to one embodiment of the invention cooling plate thermocouples 2395 may
provide feedback 15 indicative of the temperature of tissue adjacent the
distal side of cooling plate 2340. According to one embodiment of the
invention cooling plate thermocouples 2395 may provide feedback indicative
of the temperature of tissue engaged in tissue chamber 2338. According to
20 one embodiment of the invention cooling plate thermocouples 2395 may be
positioned in cooling plate grooves 2394 on a distal side of cooling plate
2340. According to one embodiment of the invention cooling plate
thermocouples 2395 may be TYPE T, made by laser 25 welding .39 gage copper
and constantan. According to one embodiment of the invention cooling plate
thermocouples 2395 may be printed onto the distal side of cooling plate
2340. According to one embodiment of the invention cooling plate
thermocouples 2395 may be oriented such 30 that perturbations in the
microwave field caused by cooling plate thermocouples 2395 including
cooling plate thermocouple wires are minimized. According to one embodiment
of the invention cooling plate thermocouples 2395 may be oriented such that
the effect of cooling 35 plate thermocouples 2395 including the cooling
plate  - 33 - thermocouple wires on the SAR patterns of applicator 2320 are
minimized. According to one embodiment of the invention cooling plate
thermocouples 2395 may be oriented such that the effect of cooling plate 5
thermocouples 2395 including thermocouple wires on the creation of lesions
within the tissue engaged in tissue chamber 2338 are minimized. According
to one embodiment of the invention cooling plate thermocouples 2395 may be
oriented such that cooling plate thermocouple lead wires 10 lie
perpendicular to the E-field radiated by waveguide antenna 2364. According
to one embodiment of the invention, in order to minimize perturbation of
the microwave field while maintaining mechanical integrity of cooling plate
thermocouple 2395 lead wires, cooling plate 15 thermocouple 2395 lead wires
may be chosen to be between approximately 30 gage and approximately 40
gauge and preferably approximately 39 gage. According to one embodiment of
the invention cooling plate thermocouples 2395 may be positioned on the
distal side of cooling 



20 plate 2340 under each waveguide antenna 2364 such that the thermocouple
weld lies in the middle of the aperture of waveguide antenna 2364.
According to one embodiment of the invention cooling plate thermocouples
2395 may be positioned under each waveguide such that the 25 thermocouple
weld lies in the middle of scattering element 2378. According to one
embodiment of the invention cooling plate thermocouples 2395 may be
positioned in a groove on the surface of cooling plate 2340 such that
neither the weld, nor the thermocouple 30 wires extend out of cooling plate
groove 2394. According to one embodiment of the invention cooling plate
thermocouples 2395 may be positioned in cooling plate grooves 2394 on the
surface of cooling plate 2340 such that neither the weld, nor the
thermocouple wires push 35 againsttissuebio-barrier2337by morethan  - 34 -
approximately .003 inches when disposable 2363 is attached to applicator
2320. According to one embodiment of the invention cooling plate
thermocouples 2395 may be positioned in cooling plate grooves 2394 on the
surface 5 of cooling plate 2340 such that neither the thermocouple weld,
nor the thermocouple wires push against tissue biobarrier 2337 to create
air pockets between tissue biobarrier 2337 and the distal side of cooling
plate 2340 when disposable 2363 is attached to applicator 2320. 10
According to one embodiment of the invention cooling plate thermocouple
2395 welds may be flattened to ensure that they fit within cooling plate
groove 2394. According to one embodiment of the invention cooling plate
thermocouple 2395 welds may be flattened from a 15 cross section of
approximately .008 inches to create a weld having at least one cross
section of approximately .004 inches to ensure that cooling plate
thermocouple 2395 weld does not extend outside cooling plate groove 2395.
According to one embodiment of the invention the 20 number of cooling plate
thermocouples 2395 may be generally equal to the number of waveguide
antennas 2364 in antenna array 2355. According to one embodiment of the
invention the number of cooling plate thermocouples 2395 may be four, one
for each waveguide antenna 2364a 25 through 2364d in antenna array 2355.
According to one embodiment of the invention cooling plate thermocouples
2395 function to provide feedback to generator 2301 indicative of the
temperature of tissue engaged in tissue chamber 2338. According to one
embodiment of the 30 invention cooling plate thermocouples 2395 function to
provide feedback to generator 2301 indicative of the temperature of tissue
underlying each waveguide antenna 2364.  



- 35 - ribs 2393 and scattering elements 2378 according to one embodiment
of the invention. According to one embodiment of the invention waveguide
assembly 2358 may include a plurality of tuning elements 2390 and a
plurality of feed 5 connectors 2388. According to one embodiment of the
invention cradle channels 2389 may be connected to coolant chamber 2360.
Figure 20 is an end view of antenna array 2355, coolant chambers 2360,
separation ribs 2393 and 10 scattering elements 2378 according to one
embodiment of the invention. According to one embodiment of the invention
waveguide assembly 2358 may include one or more waveguide antennas 2364a,
2364b, 2364c and 2364d. According to one embodiment of the invention
waveguide 15 assembly 2358 may include a plurality of feed connectors 2388.
According to one embodiment of the invention waveguide antennas 2364 may
include dielectric fillers 2368 and waveguide walls 2366. According to one 



embodiment of the invention cradle channels 2389 may be 20 connected to
coolant chambers 2360. According to one embodiment of the invention coolant
channel 2360a may be located beneath waveguide antenna 2364a. According to
one embodiment of the invention coolant channel 2360b may be located
beneath waveguide antenna 2364b. According to 25 one embodiment of the
invention coolant channel 2360c may be located beneath waveguide antenna
2364c. According to one embodiment of the invention coolant channel 2360d
may be located beneath waveguide antenna 2364d. According to one embodiment
of the invention scattering element 2378a 30 may be positioned in coolant
chamber 2360a. According to one embodiment of the invention scattering
element 2378b may be positioned in coolant chamber 2360b. According to 



one embodiment of the invention scattering element 2378c may be positioned
in coolant chamber 2360c. According to 35 one embodiment of the invention
scattering element 2378d  - 36 - may be positioned in coolant chamber
2360d. According to one embodiment of the invention cradle channels 2389
may be adapted to supply cooling fluid to coolant chambers 2360. According
to one embodiment of the invention 5 separation ribs 2393 may be positioned
on either side of coolant chambers 2360a through 2360d.              Figure
21 is a perspective view of an applicator 2320 and disposable 2363
according to one embodiment of the invention. According to one embodiment
10 of the invention, applicator 2320 may be attached to disposable 2363 by
latching mechanism 2365. According to one embodiment of the invention,
applicator 2320 may include applicator cable 2334. According to one
embodiment of the invention disposable 2363 may include 15 vacuum tubing
2319, tissue chamber 2338, alignment feature 2352 and tissue interface
surface 2336. According to one embodiment of the invention alignment
features 2352 may be positioned at a distance which facilitate appropriate
placement of applicator 2320 20 during treatment. According to one
embodiment of the invention alignment features 2352 may be positioned
approximately 30.7 millimeters apart. According to one embodiment of the
invention alignment features 2352 may be further positioned and may be
designed to assist a 25 physician in positioning applicator 2320 prior to
the application of energy. According to one embodiment of the invention
alignment features 2352 on disposable 2363 assist the user in properly
positioning the applicator prior to treatment and in moving the applicator
to the 30 next treatment region during a procedure. According to one
embodiment of the invention alignment features 2352 on disposable 2363,
when used with marks or landmarks in a treatment region facilitate the
creation of a continuous lesion. 35Figure 22 is an end on view of the
distal end 



- 37 - of applicator 2320 and disposable 2363 illustrated in Figure 21.
According to one embodiment of the invention, disposable 2363 may include
tissue bio-barrier 2337. According to one embodiment of the invention
applicator 5 2320 may include cooling plate 2340, which may be, for
example, positioned behind tissue bio-barrier 2337. According to one
embodiment of the invention tissue biobarrier 2337 may form a portion of
tissue interface surface 2336. According to one embodiment of the 10
invention, disposable 2363 may include vacuum ports 2342 and vacuum
channels 2350. According to one embodiment of the invention vacuum ports
2342 may be, for example, holes in the distal end of disposable 2363 which
may be connected directly or indirectly to vacuum tubing 2319 15 and to
vacuum channels 2350, which may be formed by grooves in disposable 2363.
According to one embodiment of the invention latching mechanism 2365 may be
used to  facilitate applicator applicator    the connection of disposable
2363 to 2320. Figure 23 is an exploded perspective view of 2320 and
disposable 2363 illustrated in Figure 



21.According to one embodiment of the invention, applicator 2320 may
include a cooling plate 2340, separation ribs 2393, antenna cradle 2374,
waveguide 25 assembly 2358 and antenna switch 2357. According to one
embodiment of the invention waveguide assembly 2358 may include antennas
2364(a-d). According to one embodiment of the invention disposable 2363 may
include vacuum tubing 2319, alignment features 2352, latching elements 30
2359, top vacuum cap 2345 and vacuum seal 2348. According to one embodiment
of the invention top vacuum cap 2345 covers and seals at least a portion of
main vacuum passage 2335 (Figure 27).                    Figure 24 is a
cutaway view of applicator 2320 35 and disposable 2363 illustrated in
Figure 21. According  - 38 - to one embodiment of the invention applicator
2320 may include antenna array 2355, antenna switch 2357 and applicator
cable 2334. According to one embodiment of - the invention applicator cable
2334 may include cooling 5 plate thermocouple wires 2330, coolant
thermocouple wires 2331, coolant supply tubing 2312, coolant return tubing
2313, antenna switch signal 2481, energy cable 2322. According to one
embodiment of the invention cooling plate thermocouple wires 2330 may
include one or more 10 thermocouple wires which may be attached to one or
more thermocouples positioned opposite an output of antenna array 2355.
According to one embodiment of the invention coolant thermocouple wires
2331 may include one or more thermocouple wires attached to one or more
cooling path 15 thermocouples 2326 which may be positioned to measure
coolant fluid, sueli-ds;-Tor example, in coolant return tubing 2313.
According to one embodiment of the invention one or more cooling path
thermocouples 2326 may be positioned to measure the temperature of cooling
fluid 20 2361 after it passes through coolant chamber 2360. According to
one embodiment of the invention one or more cooling path thermocouples 2326
may be located in coolant return tubing 2313. According to one embodiment
of the invention cooling path thermocouples 2326 function to 25 provide
feedback to the generator 2301 indicative of the temperature of cooling
fluid 2361 after passing through coolant chamber 2360. According to one
embodiment of the invention disposable 2363 may include latching element
2359. 



30Figure 25 is a view of the distal end of disposable 2363 according to one
embodiment of the invention. According to one embodiment of the invention
disposable 2363 may include tissue interface surface 2336, tissue chamber
2338 and alignment features 2352. 35 According to one embodiment of the
invention tissue  - 39 - interface surface 2336 may form a back wall of
tissue chamber 2338. According to one embodiment of the invention tissue
interface surface 2336 may include tissue bio-barrier 2337, vacuum channel
2350 and vacuum 5 ports 2342. According to one embodiment of the invention
disposable 2363 includes alignment features 2352 and vacuum tubing 2319.
Figure 26 is a is a view of the proximal side of disposable 2363
illustrated in Figure 25. According 10 to one embodiment of the invention
disposable 2363 includes applicator chamber 2346. According to one
embodiment of the invention applicator chamber may include an applicator
chamber 2346 which may be formed, at least in part, by tissue bio-barrier
2337. According 15 to one embodiment of the invention disposable 2363
includes alignment features 2352 and vacuum tubing 2319. According to one
embodiment of the invention disposable 2363 may include top vacuum cap
2345. Figure 27 is a view of a first section of the 



20 proximal side of disposable 2363 with illustrated in Figure 26 with top
vacuum cap 2345 removed. According to one embodiment of the invention
disposable 2363 may include applicator chamber 2346 (which may include
tissue bio-barrier 2337), side vacuum cap 2347 and vacuum seal 25 2348.
According to one embodiment of the invention side vacuum cap 2347 covers
and seals at least a portion of main vacuum passage 2335. According to one
embodiment of the invention disposable 2363 may include applicator
biobarrier 2332 (which may be, for example, a polyethylene 30  film,
available from Fisher Scientific) TS, vacuum passages 2333 and vacuum
baffles 2343. According to one embodiment of the invention vacuum passages
2333 may connect vacuum connector 2328 to vacuum ports 2342 in tissue
chamber 2338 and to applicator bio-barrier 2332. 35 According to one
embodiment of the invention vacuum  - 40 - passages 2333 form a direct path
to tissue interface surface 2336 and an indirect or circuitous route to
applicator bio-barrier 2332. According to one embodiment of the invention
vacuum passages 2333 may be adapted to 5 restrict the movement of fluids
from tissue chamber 2338  to applicator bio-barrier 2332. According to one
embodiment of the invention vacuum connector 2328 may be positioned on the
opposite side of disposable 2363 from applicator bio-barrier 2332 to create
a long, circuitous 10 path for air to travel as vacuum is applied.
According to one embodiment of the invention an indirect path from vacuum
connector 2328 to applicator bio-barrier 2332 may be designed to make it
harder to pull fluids from tissue chamber 2338 toward applicator
bio-barrier 2332, 15 particularly when there is back pressure in vacuum
passages 2333, caused by, for example, opening vacuum solenoid 2315 between
disposable 2363 and vacuum pump/drive 2307 in the generator or, by a vacuum
created in tissue chamber 2338 as tissue is pulled away from  20 tissue
interface surface 2336. According to one embodiment of the invention a
vacuum pump 2450 and a vacuum solenoid 2315 may be used to support tissue
acquisition applicator 2320. According to one embodiment of the invention
main vacuum passage 2335 may extend from 25 vacuum connector 2328 to vacuum
passages 2333 and applicator bio-barrier 2332. According to one embodiment
of the invention vacuum passages 2333 may connect main vacuum passage 2335
to vacuum ports 2342 in tissue interface surface 2336. According to one
embodiment of 30 the invention vacuum baffles 2343 may be positioned in
main vacuum passage 2335 between vacuum passages 2333 and applicator
bio-barrier 2332. According to one embodiment of the invention vacuum
baffles 2343 may be adapted to help keep the air pressure in the applicator
chamber 2346 35 and tissue chamber 2338 substantially equal during tissue 



acquisition by providing a pressure drop between the vacuum passages 2333
and applicator bio-barrier 2332. According to one embodiment of the
invention vacuum baffles 2343 may be positioned and adapted to help 5
equalized the pressure between the applicator chamber 2346 and a higher
volume of air in tissue chamber 2338 during acquisition of skin. According
to one embodiment of the invention vacuum baffles 2343 may be adapted to
restrict the amount of backflow pressure which reaches_ 10 applicator
bio-barrier 2332. According to one embodiment of the invention vacuum
baffles 2343 may be adapted to restrict the amount of biological fluids
which reach applicator bio-barrier 2332 when backflow pressure is applied,
as immediately after the vacuum is turned off or 15 as skin is pulled out
of tissue chamber 2338 or away from tissue interface surface 2336.
According to one embodiment of the invention vacuum baffles 2343 may be
positioned and adapted to create a pressure drop so that a majority of any
backflow pressure is released through 20 the vacuum passages 2333 into
tissue chamber 2338. According to one embodiment of the invention vacuum
baffles 2343 may be adapted to provide a mechanical barrier in the
circuitous path of vacuum circuit 2391 which increases the pressure on one
side of the vacuum 25 baffles 2393 as air flows through main vacuum passage
2335. According to one embodiment of the invention baffles may be adapted
to provide a mechanical barrier which increases the length of a circuitous
path as air travels through main vacuum passage 2335. According to 30 one
embodiment of the invention applicator bio-barrier 2332 may be positioned
between vacuum passages 2333 and applicator chamber 2346. According to one
embodiment of the invention applicator bio-barrier 2332 may be a membrane
which may be adapted to be permeable to air but 35 substantially
impermeable to biological fluids such as,  - 42 - for example, blood and
sweat.According to one embodiment of the invention applicator bio-barrier
2332 may be a hydrophobic membrane filter. According to one 



embodiment of the invention applicator bio-barrier 2332 5 may be made of
polyethylene film nylon or other suitable materials. According to one
embodiment of the invention applicator bio-barrier 2332 may include pores
having sizes sufficient to pass enough air to equalize the vacuum without
passing biological fluids. According to 10 one embodiment of the invention
applicator bio-barrier 2332 may include pores having sizes of approximately
.45 micrometers. According to one embodiment of the invention when the
vacuum is turned on, and before pressure is equalized, applicator
bio-barrier 2332 may 15 induce a minimal pressure drop between vacuum
passages 2333 and the applicator chamber 2346.              Figure 28 is a
view of a second section of the proximal side of disposable 2363
illustrated in Figure 26 with top vacuum cap 2345 removed. According to one
20 embodiment of the invention disposable 2363 may include applicator
chamber 2346 (which may include tissue biobarrier 2337), and vacuum seal
2348. According to one embodiment of the invention disposable 2363 may
include, vacuum passages 2333 and vacuum connector 2328. 25 According to
one embodiment of the invention vacuum connector 2328 may connect vacuum
passages 2333 to vacuum tubing 2319.              Figure 29 is a cutaway
view of disposable 2363 along H-H in Figure 25. According to one embodiment
of 30 the invention disposable 2363 includes applicator chamber 2346 and
tissue chamber 2338. According to one embodiment of the invention
applicator chamber 2346 and tissue chamber 2338 may be separated, at least
in part, by tissue bio-barrier 2337. According to one embodiment 35 of the
invention tissue chamber 2338 may include tissue  - 43 - interface surface
2336 and chamber wall 2354. According to one embodiment of the invention
tissue interface surface 2336 may be formed, at least in part, by tissue
bio-barrier 2337. According to one embodiment of the 5 invention disposable
2363 may include a vacuum circuit 2341. According to one embodiment of the
invention vacuum circuit 2341 may include vacuum tubing 2319, vacuum
connector 2328, vacuum baffle 2343, vacuum passages 2333 and applicator
bio-barrier 2332. According 



10 to one embodiment of the invention vacuum circuit 2341 may connect
tissue chamber 2338 to vacuum tubing 2319 through vacuum passages 2333.
According to one embodiment of the invention vacuum circuit 2341 may
connect applicator chamber 2346 to vacuum tubing 2319 15 through applicator
bio-barrier 2332. According to one embodiment of the invention disposable
2363 may include top vacuum cap 2345 and side vacuum cap 2347. According to
one embodiment of the invention top vacuum cap 2345 and side vacuum cap
2347 may seal vacuum circuit 2341. 20Figure 30 is a view of a section of
disposable 2363 illustrated in Figure 30.According to one embodiment of the
invention disposable 2363 includes applicator chamber 2346 and tissue
chamber 2338. According to one embodiment of the invention applicator 25
chamber 2346 and tissue chamber 2338 may be separated, at least in part, by
tissue bio-barrier 2337. According to one embodiment of the invention
tissue chamber 2338 may include tissue interface surface 2336 and chamber
wall 2354. According to one embodiment of the invention 30 tissue interface
surface 2336 may be formed, at least in part, by tissue bio-barrier 2337.
According to one embodiment of the invention disposable 2363 may include a
vacuum circuit 2341. According to one embodiment of the invention vacuum
circuit 2341 may include vacuum baffle 35 2343, vacuum passages 2333 and
applicator bio-barrier  - 44 - 2332.According to one embodiment of the
invention vacuum circuit 2341 may be connected to tissue chamber 



2338 by vacuum passages 2333.According to one embodiment of the invention
vacuum circuit 2341 may 5 connect applicator chamber 2346 to vacuum circuit
2341 through applicator bio-barrier 2332. According to one embodiment of
the invention disposable 2363 may include top vacuum cap 2345 and side
vacuum cap 2347. Figure 30A is a view of a section of 10 disposable 2363
illustrated in Figure 29 according to an alternate embodiment of the
present invention. Figure 30B is a view of a section of disposable 2363
illustrated in Figure 29 according to an alternate embodiment of the
present invention. According to one embodiment of the 15 invention chamber
walls 2354 may include a compliant member 2375. According to one embodiment
of the invention compliant member 2375 may be formed from a compliant
material, such as, for example, rubber, coated urethane foam (with a
compliant plastic or rubber seal 20 coating), silicone, polyurethane or
heat sealed open cell foam. According to one embodiment of the invention
compliant member 2375 may be positioned around the outer edge of tissue
chamber 2338 to facilitate the acquisition of tissue. According to one
embodiment of the invention 25 compliant member 2375 may be positioned
around the outer edge of chamber opening 2339 to facilitate the acquisition
of tissue. According to one embodiment of the invention compliant member
2375 may facilitate the engagement of tissue which is not flat, such as,
for 30 example tissue in the axilla. According to one embodiment of the
invention compliant member 2375 may facilitate the engagement of tissue
which is not flat, such as, for example tissue in the outer regions of the
axilla. According to one embodiment of the invention 35 compliant member
2375 may provide improved sealing  - 95 - characteristics between the skin
and tissue chamber 2338, particularly where the skin is not flat. According
to one embodiment of the invention compliant member 2375 may speed the
acquisition of tissue in tissue chamber 2338, 5 particularly where the skin
is not flat. According to one embodiment of the invention compliant member
2375 may have a height of between approximately .15 inches and
approximately .40 inches above chamber opening 2339 when compliant member
2375 is not compressed. According to 



10 one embodiment of the invention compliant member 2375 may have a height
of approximately .25 inches above chamber opening 2339 when compliant
member 2375 is not compressed. Figure 31 is a perspective view of antenna
15 cradle 2374 according to one embodiment of the invention. According to
one embodiment of the invention antenna cradle 2374 may include antenna
chamber 2377 and cradle circuit 2385. According to one embodiment of the
invention cradle circuit 2385 may be adapted to circulate 20 cooling fluid
thorough antenna cradle 2374. According to one embodiment of the invention
cradle circuit 2385 may include at least one cradle reservoir 2387.
According to one embodiment of the invention cradle circuit 2385 may
include inlet and outlet cradle reservoirs 2387. 25  Figure 32 is a
perspective cutaway view of antenna cradle 2374 along F-F in Figure 31.
According to one embodiment of the invention antenna cradle 2374 may
include antenna chamber 2377 and cradle circuit 2385. According to one
embodiment of the invention cradle 30 circuit 2385 may be adapted to
circulate cooling fluid thorough antenna cradle 2374 as part of cooling
fluid path 2381. According to one embodiment of the invention cooling fluid
path 2381 may be a part of cooing circuit 2376. According to one embodiment
of the invention 35 cradle circuit 2385 may include inlet and outlet cradle
- 46 - reservoirs 2387 and cradle channels 2389. According to one
embodiment of the invention the elements of cradle circuit 2385 and cooling
fluid path 2381 may be designed to facilitate the smooth flow of fluid
through cradle 5 circuit 2385 and cooling fluid path 2381. According to one
embodiment of the invention the elements of cradle circuit 2385 and cooling
fluid path 2381 may be rounded and smoothed to facilitate the smooth flow
of fluid through cradle circuit 2385 and cooling fluid path 2381. 10
Figure 33 is a side cutaway view of antenna cradle 2374 along F-F in Figure
31. According to one embodiment of the invention cradle circuit 2385 may be
adapted to circulate cooling fluid thorough antenna cradle 2374 as part of
cooling fluid path 2381. 15 According to one embodiment of the invention
cooling fluid path 2381 may include cradle circuit 2385 and coolant
chambers 2360. According to one embodiment of the invention coolant
chambers 2360 may be formed by affixing cooling plate 2340 to a distal end
of antenna 20 cradle 2374. According to one embodiment of the invention
cooling plate 2340 may be affixed to antenna cradle 2374 by, for example,
gluing cooling plate 2340 to antenna cradle 2374. According to one
embodiment of the invention cooling fluid path 2381 may be a part of 



25 cooling circuit 2376. According to one embodiment of the invention
cradle circuit 2385 may include cradle reservoir 2387 and cradle channels
2389. According to one embodiment of the invention the elements of cradle
circuit 2385 and cooling fluid path 2381 may be designed 30 to facilitate
the smooth flow of fluid through cradle circuit 2385 and cooling fluid path
2381. According to one embodiment of the invention the elements of cradle
circuit 2385 and cooling fluid path 2381 may be rounded and smoothed to
facilitate the smooth flow of fluid 35 through cradle circuit 2385 and
cooling fluid path 2381. - 47 -              Figure 34 is a perspective
cutaway view of a section of antenna cradle 2374 along I-I in Figure 31.
According to one embodiment of the invention antenna cradle 2374 may
include cradle circuit 2385. According 5 to one embodiment of the invention
cradle circuit 2385 may include cradle reservoir 2387 and cradle channels
2389.              Figure 35 is a perspective view of antenna array 2355
according to one embodiment of the invention. 10 According to one
embodiment of the invention, antenna cradle 2374 may include reservoir
inlet 2384 and antenna chamber 2377. According to one embodiment of the
invention waveguide assembly 2358 may include one or more isolation
elements 2391 (which may be, for example, 15 ECCOSORB MF-190 microwave
absorber material, available from Emerson & Cuming Microwave Products)
positioned between waveguide antennas 2364. According to one embodiment of
the invention microwave energy may be supplied to each waveguide antenna
through feed 20 connectors 2388. According to one embodiment of the
invention waveguide assembly 2358 may be held together by a waveguide
assembly frame 2353. According to one embodiment of the invention waveguide
assembly frame 2353 may include feed brackets 2351 and assembly bolts 2349.
25 According to one embodiment of the invention antenna array 2355 may
include an antenna cradle and lease one waveguide antenna 2364. According
to one embodiment of the invention antenna array 2355 may include one or
more isolation elements 2391. According to one embodiment of 30 the
invention antenna array 2355 may include four waveguide antennas 2364.
According to one embodiment of the invention the heights of waveguide
antennas 2364 in antenna array 2355 may be staggered to facilitate access
to feed connectors 2388. 35Figure 36 is a cutaway view of antenna array  



- 48 - 2355 along L-L. in Figure 35. According to one embodiment of the
invention waveguide assembly 2358 includes one or more waveguide antennas
2364, one or more feed brackets 2351 and one or more isolation elements
2391. According 5 to one embodiment of the invention waveguide assembly
2358 includes waveguide antennas 2364a, 2364b, 2364c and 2364c. According
to one embodiment of the invention waveguide antennas 2364 may include a
dielectric filler 2368, waveguide walls 2366 and tuning element 2390. 10
According to one embodiment of the invention waveguide antennas 2364 may be
manufactured by plating dielectric filler 2368 with an appropriate plating
material such as, for example, copper, gold, silver. According to one
embodiment of the invention waveguide walls 2366 may be 15 formed by
plating or electroplating dielectric fill material such as, for example,
dielectric filler 2368. According to one embodiment of the invention
waveguide walls 2366 may be formed by plating or electroplating dielectric
fill material directly, covering all faces 20 except a radiating aperature.
According to one embodiment of the invention copper may be a preferred
plating material. According to one embodiment of the invention scattering
element 2378 may also be a separate element. According to one embodiment of
the invention 25 scattering element 2378 may also be a separate element
formed from, for example, polycarbonate or alumina. According to one
embodiment of the invention scattering element 2378 may also be a separate
element positioned in coolant chamber 2360. According to one embodiment of
the 30 invention scattering element 2378 may also be a separate element
positioned in coolant chamber 2360 and centered in an aperture of waveguide
antenna 2363.                 Figure 37 is a view of a first section of the
cutaway view of antenna array 2355 illustrated in Figure 35 36.According to
one embodiment of the invention  - 49 - waveguide assembly 2358 may include
one or more waveguide antennas 2364(a-d) and one or more isolation elements
2391. According to one embodiment of the invention isolation elements 2391
may be positioned between 5 waveguide antennas 2364 and on either side of
waveguide assembly 2358. According to one embodiment of the invention
coolant chamber 2360, which may also be referred to as heat exchange
channels, may be adapted to receive cooling fluid (not shown). 10Figure 38
is a is a perspective view of a 



second section of the cutaway view of antenna array 2355 illustrated in
Figure 36. According to one embodiment of the invention waveguide assembly
2358 may include one or more waveguide antennas 2364(b-d) and one or more
15 isolation elements 2391. According to one embodiment of the invention
waveguide antennas 2364 may include a dielectric filler 2368 and waveguide
walls 2366. According to one embodiment of the invention coolant chamber
2360, which may also be referred to as heat 20 exchange channels, may be
adapted to receive cooling fluid (not shown).               Figure 39 is a
is a view of a third section of the cutaway view of antenna array 2355
illustrated in Figure 36. According to one embodiment of the invention 25
coolant chamber 2360, which may also be referred to as heat exchange
channels, may be adapted to receive cooling fluid (not shown). According to
one embodiment of the invention separation ribs 2393 may be supported by
rib holder 2396. According to one embodiment of the 30 invention scattering
element 2378 may be designed, positioned and dimensioned to spread the
power loss density pattern (or SAR pattern created in tissue engaged in
tissue chamber 2388. According to one embodiment of the invention
scattering element 2378 may be formed of 35 the same material as dielectric
filler 2368. According  - 50 - to one embodiment of the invention
scattering element 2378 may be a low loss dielectric material having a
dielectric constant of approximately 10. According to one embodiment of the
invention scattering element 2378 5 may be a low loss dielectric material
with a dielectric constant approximately equal to the dielectric constant
of filler material 2368. According to one embodiment of the invention
scattering element 2378 preferably has a ,dielectric constant different
from the dielectric 10 constant of the cooling fluid. According to one
embodiment of the invention scattering element 2378 is preferably low loss
such that it does not attenuate or dissipate energy emitted from the
aperture of waveguide antenna 2364. According to one embodiment of the 15
invention scattering element 2378 may have a loss of less than
approximately 1 at the frequency of interest, such as, for example 5.8 GHz.
According to one embodiment of the invention scattering element 2378 with a
low loss cooling fluid it may be preferable to have a higher loss 20
scattering element to spread the effective field size (EFS) which may be
defined as the ration between the fifty percent SAR contour in a cross
section of target tissue and a radiating aperture of the antenna).
According to one embodiment of the invention scattering 



25 element 2378 may be formed of alumina or Eccostock material. According
to one embodiment of the invention scattering element 2378 may be shaped to
facilitate laminar flow of coolant around scattering element 2378.
According to one embodiment of the invention scattering 30 element 2378 may
be shaped to minimize the creation of air bubbles in coolant flowing
through cooling chamber 2360. According to one embodiment of the invention
scattering element 2378 may be shaped and positioned to optimize the
cooling and microwave characteristics of the 35 system. According to one
embodiment of the invention  - 51 - scattering element 2378 may be shaped
and positioned to minimizing the area of the cooling plate covered by
scattering element 2378. According to one embodiment of the invention
scattering element 2378 may be shaped and 5 positioned to maximizing the
cross-sectional area of peak SAR within the target region at the target
depth in tissue engaged by tissue chamber 2338.               According to
one embodiment of the invention scattering element 2378 may be located in
the center of 10 the aperture of waveguide antenna 2364. According to one
embodiment of the invention scattering element 2378 may be rectangular,
having dimensions proportional to the dimensions of an aperture of
waveguide antenna 2364. According to one embodiment of the invention
scattering 15 element 2378 may be oblong. According to one embodiment of
the invention scattering element 2378 may be racetrack shaped with
elongated sides parallel to the longest sides of the aperture of waveguide
antenna 2364. According to one embodiment of the invention scattering
element 2378 20 may have a length of between approximately 1 millimeter and
a length of approximately 7 millimeters. According to one embodiment of the
invention scattering element 2378 may have a length of approximately as
long as the long side of the aperture of waveguide antenna 2364. 25
According to one embodiment of the invention scattering element 2378 may
have a width of between approximately 1 millimeter and approximately 4
millimeters. According to one embodiment of the invention scattering
element 2378 may have a width as long as the short side of the 30 aperture
of waveguide antenna 2364. According to one embodiment of the invention
scattering element 2378 may have a height of approximately one-half
millimeter. According to one embodiment of the invention scattering element
2378 may have a height approximately equal to the 35 depth of the coolant
chamber 2360.According to one 



- 52 - embodiment of the invention scattering element 2378 may an area
which is proportional to the area of the aperture of waveguide antenna
2364. According to one embodiment of the invention 5 scattering element
2378 may be positioned between dielectric filler 2368 of waveguide antenna
2364 and a proximal side of cooling plate 2340. According to one embodiment
of the invention scattering element 2378 may be positioned to contact both
dielectric filler 2368 and 10 a proximal surface of cooling plate 2340.
According to one embodiment of the invention scattering element 2378 may be
positioned against cooling plate 2340 in a manner which minimizes or
eliminates air gaps or other discontinuities at the junction between
scattering 



15 element 2378 and cooling plate 2340. According to one embodiment of the
invention scattering element 2378 may - be attached to the cooling plate
using for example a dielectric epoxy. According to one embodiment of the
invention scattering element 2378 may be positioned such 20 that fields
generated by waveguide antenna 2364 do not re-converge while propagating
through cooling plate 2340. According to one embodiment of the invention
scattering element 2378 may be positioned in the center of the coolant
chamber 2360, with equal flow paths on either 25 side of scattering element
2378. According to one embodiment of the invention scattering element 2378
may be oriented such that the longest dimension of scattering element 2378
is aligned along the path taken by cooling fluid through coolant chamber
2360. According to one 30 embodiment of the invention scattering element
2378 may be positioned in the center of the region of maximum E-field
strength radiated by waveguide antenna 2364.               Figure 40 is an
end view of the antenna array 2355, coolant chambers 2360, separation ribs
2393 and 35 scattering elements 2378 according to one embodiment of  - 53 -
the invention.According to one embodiment of the invention coolant channel
2360c may be located beneath waveguide antenna 2364c. 



According to one embodiment of the invention 5 cooling circuit 2376 may
include cooling fluid 2361, coolant conduit 2324, cooling fluid path 2381,
coolant supply tubing 2312, coolant return tubing 2313 and coolant
distribution tubing 2314. According to one embodiment of the invention
cooling fluid path 2381 may 10 include cradle circuit 2385, cooling plate
2340 and coolant chamber 2360. According to one embodiment of the invention
cooling fluid path 2381 may include cradle circuit 2385, cooling plate
2340, coolant chamber 2360 and coolant distribution tubing 2314. According
to one 15 embodiment of the invention coolant distribution tubing 2314 is
used to provide serial flow through cradle circuit 2385 and coolant
chambers 2360. According to one embodiment of the invention cooling fluid
2361 may include water, de-ionized water or other suitable fluid. 20
According to one embodiment of the invention cooling fluid 2361 circulates
from a coolant source 2310 outside applicator 2320, through applicator 2320
and back to coolant source 2310. According to one embodiment of the
invention cooling fluid 2361 may enter cooling fluid path 25 2381 through
coolant supply tubing 2312 and exits cooling fluid path 2381 through
coolant return tubing 2313. According to one embodiment of the invention
coolant return tubing 2313 may include a thermocouple, such as, for example
cooling path thermocouple 2326, to measure 30 the temperature of cooling
fluid 2361 leaving cooling circuit 2376. According to one embodiment of the
invention elements in cooling fluid path 2381 may be held in place using
water sealing adhesives. According to one embodiment of the invention
elements in cooling fluid 35 path 2381 may be held in place using adhesives
having low  - 54 - water absorption. According to one embodiment of the
invention elements in cooling fluid path 2381 may be held in place using
epoxy, Tr-Bond FDA-16 (From TraCon) or UV curable adhesives. According to
one embodiment of the 5 invention curved surfaces and rounded edges may be
used throughout cooling fluid path 2381 to reduce or eliminate turbulence.
According to one embodiment of the invention curved surfaces and rounded
edges may be used throughout cooling fluid path 2381 to reduce or eliminate
air 10 bubbles. According to one embodiment of the invention hydrophilic
coatings may be used on selected surfaces in the cooling fluid path 2381 to
reduce or eliminate turbulence. According to one embodiment of the
invention hydrophilic coatings may be used on selected surfaces in 15
cooling fluid path 2381 to reduce or eliminate air bubbles. According to
one embodiment of the invention cradle circuit 2385 includes pathways for
the transmission of cooling fluid 2361 through antenna cradle 2374.
ACcording to one embodiment of the .invention 



20 cradle circuit 2385 may be arranged either as a series circuit or a
parallel circuit. According to one embodiment of the invention all or a
portion of cradle circuit 2385 may be coated with a hydrophilic material to
facilitate the smooth flow of coolant and minimize the 25 buildup of
bubbles, particularly in coolant chambers 2360. According to one embodiment
of the invention, such as, for example where cooling fluid 2361 flows
through coolant chambers 2360 in parallel, cradle circuit 2385 may include
cradle reservoirs 2387, including, a feed 30 cradle reservoir 2387 and a
return cradle reservoir 2387. According to one embodiment of the invention
cradle reservoirs 2387 may act as fluidic capacitors, smoothing the flow of
cooling fluid 2361 between coolant supply tubing 2312 and coolant chamber
2360. According to one 35 embodiment of the invention cradle reservoirs
2387 may  - 55 - hold a volume of cooling fluid sufficient to ensure
pressure is substantially equalized across all coolant chambers 2360.
According to one embodiment of the invention cradle reservoirs 2387 may
hold a volume of 5 cooling fluid sufficient to ensure flow rate is
substantially equalized across all coolant chambers 2360. According to one
embodiment of the invention the volume cradle reservoirs 2387 may be
selected to equalize pressure across cradle channels 2389. According to one
10 embodiment of the invention the volume cradle reservoirs 2387 may be
selected to equalize flow rates across cradle channels 2389. According to
one embodiment of the invention a return cradle reservoir 2387 may be
designed with equidistant cradle channels 2389 to equalize 15 pressure
across cradle channels 2389. According to one embodiment of the invention,
wherein cooling fluid 2361 flows through each cooling chamber 2360 in
series, the flow through cradle circuit 2385 each cradle channel 2389 is
connected directly to a cooling chamber 2360 with a 20 return cradle
channel 2389 on the opposite side of cooling chamber 2360. According to one
embodiment of the invention inlet and return cradle channels are connected
by coolant distribution tubing 2314. According to one embodiment of the
invention wherein cooling fluid 2361 25 flows through each cooling chamber
2360 in parallel, cradle channels 2389 extend in parallel cradle reservoir
2387 to coolant chambers 2360. According to one embodiment of the invention
the size, shape and positioning of cradle channels 2389 may be selected to
30 ensure that the flow rate through each coolant chamber is the same.
According to one embodiment of the invention the size and shape of cradle
channels 2389 may be the same for all cradle channels 2389. According to
one embodiment of the invention the inputs to cradle channels 35 2389 may
be spaced equally across the bottom of cradle 



- 56 - reservoirs 2387.According to one embodiment of the invention the
size, shape and positioning of cradle channels 2389 may be selected to
minimize turbulence and air bubbles in coolant chambers 2360. According to
one 5 embodiment of the invention the inputs to cradle channels 2389 from
cradle reservoirs 2387. According to one embodiment of the invention a
cross-section of the section of cradle channels 2389 between cradle
reservoir 2387 and the inputs to coolant chambers 2360 may be 10 formed in
a wineglass or nozzle shape with the input to coolant chambers 2360 being
flared to the width of coolant chamber 2360. According to one embodiment of
the invention the opposite cross section of cradle channels 2389 may be
formed with flat walls. According to one 15 embodiment of the invention a
transition from the cradle channel 2389 to coolant chamber 2360 may be
rounded. According to one embodiment of the invention coolant chamber 2360
may include separation ribs 2393. According to one embodiment of the
invention cooling fluid flowing 20 through the coolant chamber 2360 may
have a flow rate of between TS 200 milliliters per minute and 450
milliliters per minute and preferably 430 milliliters per minute. According
to one embodiment of the invention coolant chamber 2360 may be designed to
ensure that the flow rate 25 through each coolant chamber 2360 is
substantially the same. According to one embodiment of the invention
cooling fluid flowing through coolant chamber 2360 may have a temperature
of between 8 degrees centigrade and 22 degrees centigrade and preferably
approximately 15 30 degrees centigrade. According to one embodiment of the
invention coolant chambers 2360 may be positioned between an aperture of
waveguide antenna 2364 cooling plate 2340. According to one embodiment of
the invention scattering elements 2378 may extend into at least a portion
of 35 coolant chamber 2360. According to one embodiment of the  



- 57 - invention scattering elements 2378 may extend through coolant
chamber 2360. According to one embodiment of the invention elements of
coolant chamber 2360 may be smoothed to promote laminar fluid flow through
coolant 5 chamber 2360. According to one embodiment of the invention
elements of coolant chamber 2360 may be smoothed to reduce the generation
of air bubbles in coolant chamber 2360. According to one embodiment of the
invention scattering elements which extend into coolant 10 chamber 2360 may
be rounded to promote laminar flow and prevent the buildup of bubbles in
coolant chamber 2360. According to one embodiment of the invention square
edges or sharp corners in coolant chamber 2360 may result in undesirable
flow characteristics, including the 15 generation of air bubbles, as
cooling fluid moves through coolant chamber 2360. According to one
embodiment of the invention separation ribs 2393 may be used to separate
individual coolant chambers 2360. According to one embodiment of the
invention separation ribs 2393 may be 20 placed to ensure that each coolant
chamber 2360 has a . substantially identical cross section. According to
one embodiment of the invention separation ribs 2393 may have a square
cross section and be approximately .030 inches by .030 inches in size.
According to one embodiment of 25 the invention larger or smaller
separation ribs 2393 may be used to ensure that the cross sectional area of
each coolant chamber 2360 is the same. According to one embodiment of the
invention separation ribs 2393 may be positioned such that they do not
contact either the 30 cooling plate or any portion of waveguide antennas
2364. According to one embodiment of the invention separation ribs 2393 may
be positioned such that they facilitate equalized cooling across cooling
plate 2340. According to one embodiment of the invention separation ribs
2393 35 may be sized such that they have a width which is equal  - 58 - to
or less than the separation distance between apertures of waveguide
antennas 2364. According to one embodiment of the invention separation ribs
2393 may be sized and positioned such that they are not positioned an
aperture 5 of waveguide antenna 2364. According to one embodiment of the
invention separation ribs 2393 may be sized and positioned such that they
minimize perturbation of a microwave field as it travels through coolant
chamber 2360. According to one embodiment of the invention 10 separation
ribs 2393 may be sized and positioned such that they minimize disruption of
a microwave field as it travels through coolant chamber 2360. According to
one embodiment of the invention separation ribs 2393 may be positioned by
placing them in rib holders 2396 at either 



15 end of coolant chamber 2360. According to one embodiment of the
invention separation ribs 2393 may be positioned such that they do not
touch scattering element 2378. According to one embodiment of the invention
separation ribs 2393 may be positioned an appropriate distance from 20 a
proximal surface of cooling plate 2340 and preferably a distance of
approximately .010 inches from a proximal surface of the cooling plate
2340. According to one embodiment of the invention separation ribs 2393 may
be made of materials which minimize disruption or 25 perturbation of the
microwave field. According to one embodiment of the invention separation
ribs 2393 may be made of materials which will not rust or degrade in
cooling fluid. According to one embodiment of the invention separation ribs
2393 may be made of 30 polycarbonate materials. According to one embodiment
of the invention separation ribs 2393 may be made of materials which
increase the isolation between waveguide antennas. According to one
embodiment of the invention separation ribs 2393 may be made of materials
which 35 improve the SAR pattern in tissue.According to one  - 59 -
embodiment of the invention separation ribs 2393 may be made of Eccosorb.
According to one embodiment of the invention separation ribs 2393 may be
made of Eccosorb and coated to prevent separation ribs 2393 from rusting 5
in the cooling fluid.              Figure 41 is a perspective view of
waveguide assembly2358 according to one embodiment of the invention.
According to one embodiment of the invention waveguide assembly 2358 may
include one or more isolation 10 elements 2391 positioned between waveguide
antennas 2364a through 2364d. According to one embodiment of the invention
waveguide assembly 2358 may include a plurality of tuning elements 2390 and
a plurality of feed connectors 2388. According to one embodiment of the 15
invention microwave energy may be supplied to each waveguide antenna
through feed connectors 2388. According to one embodiment of the invention
waveguide assembly 2358 may be held together by a waveguide assembly frame
2353. According to one embodiment of the 20 invention waveguide assembly
frame 2353 may include feed brackets 2351 and assembly bolts 2349.
Figure 42 is a side view of waveguide assembly illustrated in Figure 41.
According to one embodiment of the invention scattering elements 2378 are
positioned at 



25 an output of waveguide antennas 2364. According to one embodiment of the
invention an output of waveguide antenna 2364 may also be referred to as an
aperture of antenna 2364. According to one embodiment of the invention
scattering element 2378a may be positioned at 30 an output of waveguide
antenna 2364a. According to one embodiment of the invention scattering
element 2378b may be positioned at an output of waveguide antenna 2364b.
According to one embodiment of the invention scattering element 2378c may
be positioned at an output of waveguide 35 antenna 2364c.According to one
embodiment of the  - 60 - invention scattering element 2378d may be
positioned at an output of waveguide antenna 2364d.               Figure 43
is a cutaway view along G-G of waveguide assembly 2358 and scattering
elements 2378 5 illustrated in Figure 41. According to one embodiment of
the invention waveguide assembly 2358 includes one or more waveguide
antennas 2364, one or more feed brackets 2351 and one or more isolation
elements 2391. According to one embodiment of the invention waveguide
assembly 10 2358 includes waveguide antennas 2364. According to one
embodiment of the invention waveguide antennas 2364 may include a
dielectric filler 2368, waveguide walls 2366 and tuning element '2390.
According to one embodiment of the invention waveguide antennas 2364 may be
manufactured 15 by plating dielectric filler 2368 with an appropriate
plating material. According to one embodiment of the invention feed shims
2397 may be used to match feed connectors 2388 to waveguide antennas 2364
when waveguide walls 2366 are plated over dielectric filler 2368, 20
ensuring appropriate contact between center insulator 2398 and dielectric
filler 2368.               Figure 44 is a view of a section of cutaway view
of waveguide assembly 2358 illustrated in Figure 43. According to one
embodiment of the invention waveguide 25 assembly 2358 includes one or more
waveguide antennas 2364, one or more feed brackets 2351 and one or more
isolation eleMents 2391. According to one embodiment of the invention
waveguide assembly 2358 includes waveguide antennas 2364. According to one
embodiment of the 30 invention waveguide antennas 2364 may include a
dielectric filler 2368, waveguide walls 2366 and tuning element 2390.
According to one embodiment of the invention feed shims 2397 may be used to
match feed connectors 2388 to waveguide antennas 2364 when waveguide 



35 walls 2366 are plated over dielectric filler 2368,  - 61 - ensuring
appropriate contact between center insulator 2398 and dielectric filler
2368.               According to one embodiment of the invention isolation
elements 2391 may be designed to isolate the 5 interactions between
waveguide antennas 2364 and to balance the loading conditions seen by inner
waveguide antennas (such as, for example waveguide antennas 2364a and
2364d) and outer waveguide antennas (such as, for example waveguide
antennas 2364b and 2364c). According 10 to one embodiment of the invention
isolation elements 2391 may absorb a portion of the microwave energy which
is not coupled into tissue engaged by tissue chamber 2338. According to one
embodiment of the invention isolation elements 2391 may absorb fringing
fields 15 present a the Metallic edges of an aperture of waveguide antenna
2364. According to one embodiment of the invention isolation elements 2391
may be designed and positioned to ensure that each waveguide antenna 2364
sees the same loading characteristics on each side of the 20 waveguide
antenna 2364.               According to one embodiment of the invention,
such as the embodiment illustrated in Figure 13, the need for isolation
elements 2391 may be eliminated where the outer conductive walls of
waveguide antennas 2364 are 25 machined to ensure that the width of
conductive material (such as, for example, waveguide walls 2366) between
the dielectric fillers 2368 of adjacent waveguide antennas 2364 may be the
same for all waveguide antennas 2364 in antenna array 2355. According to
one embodiment of the 30 invention waveguide walls 2366 of the outer
waveguide antennas 2364a and 2364d may be machined such that such wave
guide walls 2366 are as thick as the distance between adjacent waveguide
antennas 2364 in antenna array 2355. According to one embodiment of the
invention 35 waveguide antennas 2364 may be carefully constructed such  



- 62 - that the thickness of waveguide walls 2366 are equal on all sides,
eliminating the need for isolation elements 2391. According to one
embodiment of the invention 5 isolation elements 2391 may be positioned
between antennas and on the outside of outer waveguide antennas 2364a and
2364d in antenna array 2355 to isolate waveguide antennas 2364. According
to one embodiment of the invention isolation elements 2391 may be
positioned 10 to provide symmetric microwave loading conditions for all
waveguide antennas 2364 in the antenna array 2355. According to one
embodiment of the invention Isolation elements 2391 may be made from a
material which absorbs microwave energy. According to one embodiment of the
15 invention isolation elements 2391 may be made fromEccosorb. According to
one embodiment of the invention isolation elements 2391 which rust may be
isolated from the cooling fluid. According to one embodiment of the
invention 20 isolation elements 2391 may be designed and positioned to
minimize interaction between adjacent waveguide antennas 2364 and balance
the load seen by adjacent waveguide antennas 2364. If waveguide antennas
are too close together, the SAR patterns they generate may not be 25
symmetrical or of equal strength. If waveguide antennas 2364 are too far
apart, the lesions will not be contiguous. According to one embodiment of
the invention the space between the dielectric filler 2368 in antenna array
2355 may be made up of the thickness of waveguide 30 walls 2366 of
waveguide antenna 2364 and the thickness of the isolation element or
elements positioned between microwave antennas. According to one embodiment
of the invention the space between dielectric fillers 2368 in antenna array
2355 may be between approximately .012 35 inches and .080 inches and
preferably approximately .030  - 63 - inches. According to one embodiment
of the invention antenna array 2355 may have waveguide walls 2366 with a
plating thickness of approximately .003 inches, isolation elements 2391 may
have a thickness of approximately .024 



5 inches. According to one embodiment of the invention wherein the
frequency of interest is approximately 5.8 GHz, isolation elements 2391 may
have a dielectric constant of between approximately 25 and approximately 40
and preferably of approximately 27. According to one 10 embodiment of the
invention wherein the frequency of interest is approximately 5.8 GHz,
isolation elements 2391 may have a loss tangent (tan6) of between
approximately .02 and approximately .07 and preferably of approximately
.04. According to one embodiment of the 15 invention wherein the frequency
of interest is approximately 5.8 GHz, isolation elements 2391 may have a
complex permeability of between approximately 1.5 + j3.4 and approximately
7 + j5.6 and preferably of approximately 2.7 + j3.4. 20Figure 45 is a is a
side view of an alternate embodiment of a waveguide assembly according to
an embodiment of the invention. Figure 46 is a is a cutaway view the
wavegnide assembly illustrated in Figure 45. According to one embodiment of
the invention microwave 25 chokes 2386 may also be used as isolation
elements 2391. According to one embodiment of the invention microwave
chokes 2386 may be formed using short metallic shims (set at a fixed
distance back from the waveguide aperture) between waveguide antennas 2364
and metal flanges on 30 outside microwave antennas 2364. According to one
embodiment of the invention microwave chokes 2386 may be utilized in
waveguide assembly 2358 to achieve isolation and SAR consistency among
waveguide antennas 2364 in waveguide assembly 2358. According to one
embodiment of 35 the invention in the spaces between waveguide antennas  -
64 - 2364, microwave chokes 2386 are created by separating waveguide
antennas 2364 with metallic shims of a certain thickness set at a certain
distance from the aperture of waveguide antennas 2364. According to one
embodiment of 5 the invention on the outer sides of the outer waveguide
antennas 2364 microwave chokes 2386 are achieved using a flange consisting
of the same size metallic shim set at the same distance from the aperture
and a metal plate going from the shim to the face of the waveguide. 10
According to one embodiment of the invention microwave chokes 2386 create a
propagation path for fringing fields existing at the long edges of the
radiating face of the ..aperture of waveguide antennas 2364. According to
one embodiment of the invention the microwave choke structure 



15 allows this fringing signal to be coupled into the microwave chokes 2386
in a symmetric way for both the inner and outer microwave antennas 2364 in
waveguide assembly 2358. Thus, the microwave chokes 2386 may enhance the
isolation within waveguide assembly 2358 by 20 reducing the interaction
between adjacent waveguide antennas 2364, as well as enhance the
consistency of the SAR pattern among waveguide antennas 2364 by introducing
symmetric loading conditions at the aperture of waveguide antennas 2364.
25Figure 47 is a schematic diagram of system 2309 according to one
embodiment of the invention. According to one embodiment of the invention
system 2309 may include an isolation transformer 2316, a coolant source
2310 a generator 2301 and applicator 2320. 30 According to one embodiment
of the invention isolation transformer 2316 may be connected to AC power
supply 2318. According to one embodiment of the invention isolation
transformer 2316 may supply power to generator 2301 and coolant source
2310. According to one 35 embodiment of the invention generator 2301 may
include DC  - 65 - power supply 2303, controller 2302, microwave chain 2403
(which may be, for example a series of microwave components) and vacuum
source 2308. According to one embodiment of the invention controller 2302
may manage 5 all system level inputs and controls such as: power and timer
settings from the front panel 2305; input from start button 2464; input
from stop button 2466; hardware errors from the microwave circuit (reverse
power error, amplifier fault); temperature and installation errors 10 from
the applicator; and sending measured data to interface 2420 for recording
reverse power, forward power and tissue temperature and coolant temperature
at discrete times. According to one embodiment of the invention controller
2302 may also control antenna switch 15 2357, vacuum pump 2450 and the
vacuum solenoid 2315. According to one embodiment of the invention vacuum
source 2308 may include vacuum pump/drive 2307 and vacuum solenoid 2315.
According to one embodiment of the invention DC power supply 2303 may
supply power to 20 microwave chain 2403 and to controller 2302. According
to one embodiment of the invention controller 2302 may ensurethat microwave
chain 2403 operates to 



specification.According to one embodiment of the invention microwave chain
2403 may be connected to 25 controller 2302. According to one embodiment of
the invention controller 2302 may be connected to vacuum pump/drive 2307 by
vacuum power signal 2323 and to vacuum solenoid 2315 by solenoid control
signal 2321. According to one embodiment of the invention DC Power supply
2303 30 may be, for example, a medical 650 Watt, +12 Volt switching power
supply, model PM650-12C, available from Tumbler Technologies. According to
one embodiment of the invention vacuum pump 2450 may be, for example, a
rotary vane pump, model number 15988, available from Clark Flow 35
Solutions. According to one embodiment of the invention  - 66 - vacuum
solenoid 2315 may be, for example, a solenoid valve, three way, normally
closed, exhaust to atmosphere model LW53KK8DGBG12/DC available from Peter
Paul Electronics Co. According to one embodiment of the 5 invention
applicator 2320 may be connected to generator 2301 by applicator cable
2334. According to one embodiment of the invention applicator cable 2334
may include coolant conduit 2324, energy cable 2322, coolant thermocouple
wires 2331, cooling plate thermocouple wires 10 2330 and antenna switch
signal 2481. According to one embodiment of the invention coolant conduit
2324 may be connected to a coolant source 2310. According to one embodiment
of the invention coolant conduit 2324 may include coolant supply tubing
2312 and coolant return 15 tubing 2313. According to one embodiment of the
invention coolant may be supplied to applicator 2320 through coolant supply
tubing 2312. According to one embodiment of the invention coolant is
returned to coolant source 2310 thought coolant return tubing 2313. 20
According to one embodiment of the invention energy cable 2322 may be
connected to generator 2301 by microwave output connector 2443. According
to one embodiment of the invention energy cable 2322 may connect antenna
switch 2357 in applicator 2320 to microwave chain 2403 in 25 generator 2301
through microwave output connector 2443. According to one embodiment of the
invention coolant thermocouple wires 2331 and antenna thermocouple wires
2330 may be connected to generator 2301 by temperature connector 2482.
According to one embodiment of the 30 invention coolant therMocouple wires
2331 may connect cooling path thermocouple 2326 in applicator 2320 to
controller 2302 in generator 2301 through temperature connector 2482.
According to one embodiment of the invention cooling plate thermocouple
wires 2330 may 



35 connect cooling plate thermocouples 2395 in applicator  - 67 - 2320 to
controller 2302 in generator 2301 through temperature connector 2482.
According to one embodiment of the invention antenna switch signal 2481 may
be connected to generator 2301 by antenna switch connector  5 2480.
According to one embodiment of the invention antenna switch signal 2481 may
connect antenna switch 2357 in applicator 2320 to controller 2302 in
generator 2301 through antenna switch connector 2480. According to one
embodiment of the invention disposable 2363 may be 10 connected to
generator 2301 by vacuum tubing 2319 which may include generator
bio-barrier 2317. According to one embodiment of the invention in system
2309 vacuum tubing 2319 may be connected to generator 2301 by vacuum port
connector 2484. According to one embodiment of the 15 invention vacuum
tubing 2319 may connect disposable 2363 to vacuum solenoid 2315 through
vacuum port connector  2484. According to one embodiment of the invention
coolant source 2310 supplies cooling fluid 2361 (not shown) to applicator
2320. According to one embodiment 20 of the invention coolant source 2310
may be a NanoTherm Chiller, available from ThemoTek, Inc. According to one
embodiment of the invention cooling fluid 2361 from coolant source 2310 has
a temperature range of between approximately 5 and 40 degrees centigrade
and preferably 25 a temperature of approximately fifteen degrees
centigrade. According to one embodiment of the invention coolant source
2310 may have a flow rate of between approximately two hundred and one
thousand milliliters per minute and preferably of approximately five
hundred 30 millimeters per minute. According to one embodiment of the
invention coolant source 2310 may be a solid-state chiller designed to
chill cooling fluid 2361 and pump the chilled cooling fluid 2361 through
applicator 2320 and coolant chamber 2360 to protect the skin engaged in 35
tissue chamber 2338 from thermal damage. According to  - 68 - one
embodiment of the invention coolant source 2310 may be a solid-state
chiller designed to chill cooling fluid 2361 and pump the chilled cooling
fluid 2361 through applicator 2320 and coolant chamber 2360 to protect a 



5 first layer of skin engaged in tissue chamber 2338 from thermal damage.
Figure 48 is a schematic diagram of microwave chain 2403 according to one
embodiment of the invention. According to one embodiment of the invention
oscillator 10 2304 may be connected to isolator 2401a which may be
connected to switch 2402 (which may be, for example, a Single Pole Single
Throw SPST reflective pin diode switch) which may be connected to
attenuator 2408a (which may be, for example, a fixed attenuator) which may
be 15 connected to bandpass filter 2404 which may be connected to amplifier
2306 which may be connected to isolator 2401b which may be connected to
directional coupler 2406. According to one embodiment of the invention
oscillator 2304 may have an output frequency of approximately 5.8 20 GHz.
According to one embodiment of the invention oscillator 2304 providing a
stable 5.8GHz low power signal. According to one embodiment of the
invention isolators 2401a may be used to protect oscillator 2304 from
reflected power signals from amplifier 2306. 25 According to one embodiment
of the invention filtering circuitry includes bandpass filter 2404 having a
center frequency at the frequency of interest. According to one embodiment
of the invention filtering circuitry includes bandpass filter 2404 having a
center frequency at 30 approximately 5.8 GHz. According to one embodiment
of the invention filtering circuitry includes bandpass filter 2404 may be a
waveguide cavity filter which eliminates out of band inputs into the power
amplifier. According to one embodiment of the invention filtering 35
circuitry includes bandpass filter 2404 may have a 3dB  - 69 - bandwith of
approximately 25 MHz.According to one embodiment of the invention amplifier
2306 may be an amplifier adapted to amplify signals at the frequency of
interest. According to one embodiment of the invention 



5 amplifier 2306 may be an amplifier adapted to amplify signals at 5.8 GHz.
According to one embodiment of the invention amplifier 2306 may be an
S51500-05 amplifier available from Locus Microwave. According to one
embodiment of the invention amplifier 2306 may include 10 internal biasing
circuitry, matching circuitry and control circuitry adapted to maintain the
stability and provide appropriate matching and power output at the
frequency of interest. According to one embodiment of the invention
amplifier 2306 may be adapted to amplify 15 incoming signals by 54 dB.
According to one embodiment of the invention isolator 2401b may be used to
protect amplifier 2306 from reflected power signals. According to one
embodiment of the invention energy cable 2322 may carry the microwave
energy out from directional coupler 20 2406 out of microwave chain 2403.
According to one embodiment of the invention directional coupler 2406 may
further be connected to attenuator 2408b which may be connected be
connected to power detector 2409b. According to one embodiment of the
invention an output of 25 power detector 2409b may be forward power signal
2415. According to one embodiment of the invention directional coupler 2406
may further be connected to attenuator 2408c which may which may be
connected to power detector 2409a. According to one embodiment of the
invention a pair of 30 power detectors 2409b and 2409a may be used to
measure forward and reverse power. According to one embodiment of the
invention an output of attenuator 2409a may be reverse power signal 2417.
According to one embodiment of the invention microwave chain 2403 may be
connected to 35 microwave control signals 2413.According to one  - 70 -
embodiment of the invention microwave control signals 2413 may include PWM
control signal 2405, fault signal 2407, mute signal 2411, forward power
signal 2415 and reverse power signal 2417. According to one embodiment 5 of
the invention PWM control signal 2405 may be connected to switch 2402.
According to one embodiment of the invention fault signal 2407 may be
generated by amplifier 2306. According to one embodiment of the invention
mute signal 2411 may be connected to amplifier 2306. 10 According to one
embodiment of the invention power detectors 2409 may be, for example, a
coaxial tunnel diode detector. According to one embodiment of the invention
power control works by comparing forward power signal 



15 2415 measured at directional coupler 2406 to the requested power from
power control knob 2454. According to one embodiment of the invention power
may be sampled from the output of amplifier 2306 by directional coupler
2406 which is connected to poiger detector 2409b. 20 According to one
embodiment of the invention directional coupler 2406 may be used to route
forward and reflected power to power detectors 2409a and 2409b (which may
be, for example, coaxial tunnel diode detectors). According to one
embodiment of the invention the output of power 25 detectors 2409a and
2409b may be read by converter circuitry in controller 2302 and fed back to
switch 2402 which controls the input to amplifier 2306. According to one
embodiment of the invention the duty cycle of switch 



2402 may control the output power level from microwave 30 chain 2403 with
the percent time on of switch 2402 proportional to the percent of max
output power generated from microwave chain 2403. According to one
embodiment of the invention a microwave chain with a 100 watt maximum
output would may provied a 40 watt output from 35 microwave chain 2403 when
switch 2402 is driven at a 40%  - 71 - duty cycle. According to one
embodiment of the invention switch 2402 may be operated at a modulation
frequency where the output of the pin diode is linear. According to one
embodiment of the invention switch 2402 may be 5 operated at a modulation
frequency of approximately 7.2 kHz.              Figure 49 is a schematic
diagram of controller 2302 according to one embodiment of the invention.
According to one embodiment of the invention conditioning 10 circuitry
2410a may be connected to analog to digital converter 2412a which may be
connected to forward power lookup table 2414 which may be connected to
multiplexer and UART (Universal Asynchronous Receiver/Transmitter) state
machine 2418 which may be connected to interface 15 2420 (which may be, for
example, an isolated RS232 interface). According to one embodiment of the
invention forward power lookup table 2414 may also be connected to
comparator 2424 (which may be, for example, a digital compartor) which may
be connected to pulse width 



20 modulation state machine 2422 which may be connected to logic 2438.
According to one embodiment of the invention a duty cycle circuit,
including logic 2438 may be used to provide a pulse width modulation (PWM)
control signal 2405 to control the level of output power through energy 25
cable 2322. According to one embodiment of the invention conditioning
circuitry 2410b may be connected to analog to digital converter 2412b which
may be connected to reverse power lookup table 2416 which may be connected
to multiplexer and UART state machine 2418 and fault logic 30
2434.According to one embodiment of the invention reverse power look-up
table 2416 and conditioning circuit  2410b conditions the voltage from
power detector 2409a in order to produce a characteristic measurement of
reverse power. According to one embodiment of the invention 35 reverse
power look-up table 2416 and conditioning circuit  - 72 - 2410b outputs a
signal for downstream circuitry to either record the measured reverse
power, or to make safety decisions. According to one embodiment of the
invention conditioning circuitry 2410c may be connected to analog 5 to
digital converter 2412c which may be connected to multiplexer and UART
state machine 2418 and fault logic  2434. According to one embodiment of
the invention conditioning circuitry 2410d may be connected to analog to
digital converter 2412d which may be connected to 10 multiplexer and UART
state machine 2418 and fault logic  2434. According to one embodiment of
the invention multiplexer 2426 may be connected to antenna select state
machine master controller 2442 which may be connected to timer state
machine 2440 which may be connected to logic  15 2438. According to one
embodiment of the invention circuitry antenna select state machine master
controller 2442 is provided to control antenna switching in an appLicator
2320 employing a multiple antenna array 2355. According to one embodiment
of the invention multiplexer 20 2426 may be connected to conditioning
circuitry 2410d. According to one embodiment of the invention antenna
select state machine master controller 2442 may be connected to logic 2438.
According to one embodiment of the invention analog to digital converter
2412e may be 25 connected to comparator 2424 and multiplexer and UART state
machine 2418 and fault logic 2434. 



According to one embodiment of the invention microwave control signals 2413
connects microwave chain 2403 to switch 2402. According to one embodiment
of the 30 invention forward power signal 2415 may be an input to
conditioning circuitry 2410a. According to one embodiment of the invention
reverse power signal 2417 may be an input to conditioning circuitry 2410a.
According to one embodiment of the invention coolant temperature 35 signal
2431 may be an input to conditioning circuitry  - 73 - 2410c.According to
one embodiment of the invention antenna thermocouple cable 2433 may be an
input to multiplexer 2426. According to one embodiment of the invention
foot pedal signal 2437 may be an input to 5 timers state machine 2440.
According to one embodiment of the invention power control signal 2453 may
be an input to analog to digital converter 2412e. According to one
embodiment of the invention filtered coolant temperature signal 2461 may be
an output from 10 conditioning circuitry 2410c. According to one embodiment
of the invention filtered antenna temperature signal 2459 may be an output
from conditioning circuitry 2410d. According to one embodiment of the
invention antenna select signal 2463 may be an input to and output 15 from
antenna select state machine master controller 2442. According to one
embodiment of the invention stop signal 2467 may be an input to and output
from timers state machine 2440. According to one embodiment of the
invention start signal 2465 may be an input to and output 20 from timers
state machine 2440. According to one embodiment of the invention post-cool
timer signal 2473 may be an input to and output of timers state machine
2440. According to one embodiment of the invention energy timer signal 2471
may be input to and an output of 25 timers state machine 2440. According to
one embodiment of the invention pre-cool time signal 2469 may be an input
to and output of timers state machine 2440. According to one embodiment of
the invention buzzer signal 2479 may be an output of logic 2438. According
to 



30 one embodiment of the invention ready signal 2477 may be an output of
logic 2438. According to one embodiment of the invention solenoid control
signal 2321 may be an output of logic 2438. According to one embodiment of
the invention antenna switch signal 2481 may be an output of 35 logic 2438.
According to one embodiment of the invention  - 74 - PWM control signal
2405 may be an output of logic 2438. According to one embodiment of the
invention mute signal 2411 may be an output of logic 2438. According to one
embodiment of the invention antenna switch signal 2490 5 may be an input to
fault logic 2434. According to one embodiment of the invention fault signal
2475 may be an output of fault logic 2434. According to one embodiment of
the invention fault signal 2475 may be an input to logic 2438 and timers
state machine 2440. According to 10 one embodiment of the invention serial
signal 2445 may be connected to interface 2420.              According to
one embodiment of the invention controller 2302 and microwave chain 2403
may include a pulse width modulation (PWM) servo providing feedback to 15
control the power output of amplifier 2306. According to one embodiment of
the invention a pulse width modulation servo may control switch 2402 (which
may be a pin diode swich), attenuators 2408b and 2408c, power detectors
2409a and 2409b and converter circuitry in controller 20 2302. According to
one embodiment of the invention power output may be controlled by
controlling the duty cycle of signal input to amplifier 2306. According to
one embodiment of the invention the input power to amplifier 2306 may be
maintained through the delivery cycle to 25 ensure stability and linearity
in amplifier 2306.              According to one embodiment of the
invention controller 2302 generates PWM control signal 2405 to switch 2402
for the purpose of controlling power out of microwave chain 2403. According
to one embodiment of the 30 invention controller 2302 works by taking power
control signal 2453 (which may be, for example an input reference voltage)
from power control knob 2454 on front panel 2305. According to one
embodiment of the invention when the user initializes power by pressing
start button 2464, 35 power control signal 2453 is used by controller 2302
to 



- 75 - generate the requested forward power. According to one embodiment of
the invention after a short time the duty cycle circuit will operate
according to measured feedback from forward power detector 2409b. According
to one 5 embodiment of the invention a comparison of the actual measured
forward power signal 2415 against the requested forward power will be
carried out. According to one embodiment of the invention controller 2302
shall make small adjustments to PWM control signal 2405 in order to 10
maintain the forward power out of microwave chain 2403 within specification
to the requested forward power setting. According to one embodiment of the
invention of PWM control signal 2405 may be between approximately 7.0 KHz
and approximately 7.5 KHz and preferably 15 approximately 7.2 KHz.
According to one embodiment of the invention of PWM control signal 2405 may
be approximately 100 percent.               According to one embodiment of
the invention forward power look-up table 2414 and conditioning 20
circuitry 2410a (which may include filtering and amplification circuitry)
conditions the voltage from power detector 2409b in order to produce a
characteristic measurement of forward power. According to one embodiment of
the invention forward power look-up table 25 2414 and conditioning
circuitry 2410a outputs a signal for downstream circuitry to either record
the measured forward power, or to make control and safety decisions.
According to one embodiment of the invention forward power look-up table
2414 and conditioning circuitry 2410a 30 to produce an output voltage
signal representing the measured forward power. According to one embodiment
of the invention forward power look-up table 2414 may be calibrated to
compensate for the characteristics of individual power detectors 2409b and
amplifiers 2306. 35 According to one embodiment of the invention reverse  -
76 - power look-up table 2416 may be specifically calibrated to compensate
for the characteristics of individual power detector 2409a and amplifier
2306. 



Figure 50 is a schematic diagram of back panel 5 2311 according to one
embodiment of the invention. According to one embodiment of the invention
back panel 2311 includes foot switch connector 2436 and serial interface
connector 2444. According to one embodiment of the invention foot switch
connector 2436 may be connected 10 to foot pedal signal 2437. According to
one embodiment of the invention serial interface connector 2444 may be
connected to serial signal 2445.              Figure 51 is a schematic
diagram of front panel 2305 according to one embodiment of the invention.
15 According to one embodiment of the invention front panel 2305 may
include power control knob 2454, vacuum control knob 2456, temperature
connector 2482, antenna switch connector 2480, vacuum meter 2486, vacuum
port connector 2484, antenna select switch 2462, temperature display 20
2457, start button 2464, stop button 2466, microwave output connector 2443,
pre-cool timer 2468, energy timer 2470, post-cool timer 2472, fault
indicator 2474, ready indicator 2476 and buzzer 2478. According to one
embodiment of the invention temperature connector 2482 25 may include
coolant temperature connector 2430 and one or more antenna temperature
connector 2429. According to one embodiment of the invention antenna
temperature connector 2429 may include antenna temperature connector 2429a
through antenna temperature connector 2429d. 30 According to one embodiment
of the invention temperature display 2457 may include antenna temperature
display 2458 and coolant temperature display 2460. According to one
embodiment of the invention a user interface may be a generator front panel
2305 35 including user input controls (such as, for example power  - 77 -
control knob 2454, vacuum control knob 2456, start button 2464 and stop
button 2466, antenna select switch 2462, pre-cool timer 2468, energy timer
2470 and post-cool timer 2472), user feedback (such as, for example vacuum 



5 meter 2486, antenna select switch 2462, temperature display 2457,
pre-cool timer 2468, energy timer 2470 and post-cool timer 2472) and
connectors (such as, for example, temperature connector 2482, vacuum port
connector 2484, antenna switch connector 2480 and 10 microwave output
connector 2443). According to one embodiment of the invention tissue
temperature is measured for each selected waveguide antenna 2364 and
displayed on front panel 2305 by antenna temperature display 2458 during
energy delivery. According to one 15 embodiment of the invention coolant
temperature is continuously measured and displayed on front panel 2305 by
coolant temperature display 2460 during energy delivery. According to one
embodiment of the invention waveguide antennas 2364 may be selected for
microwave 20 energy delivery from front panel 2305 by engaging the
appropriate antenna select buttons, such as, for example, energy select
buttons associated with antenna select switch 2462. According to one
embodiment of the invention energy may be delivered to each selected 25
waveguide antenna 2364 for a predetermined energy timer period. According
to one embodiment of the invention a user interface, such as, for example,
generator front panel 2305 may provide user feedback. According to one 30
embodiment of the invention user feedback may include a display of cooling
plate temperature (which may be indicative of skin temperature, for each
waveguide antenna in the waveguide array using, for example antenna
temperature display 2458. According to one embodiment of 35 the invention
user feedback may include a display of 



- 78 - cooling fluid temperature in the applicator at the output of the
cooling fluid path using, for example, coolant temperature display 2460.
According to one embodiment of the invention user feedback may include an
indication of 5 the vacuum pressure at the vacuum output using, for
example, vacuum meter 2486. According to one embodiment of the invention
user feedback may include a ready indicator, indicating when the system is
ready to use, such as, for example ready indicator 2476. According to 10
one embodiment of the invention user feedback may include a fault
indicator, indicating when a fault has occurred, such as, for example,
fault indicator 2474. According to one embodiment of the invention antenna
temperature display 2458 reports the temperature at the cooling plate 15
thermocouple 2395 positioned under the first active connected waveguide
antenna 2364 prior to initiating a therapy cycle. According to one
embodiment of the invention temperature measured at cooling plate
thermocouple 2395 may be indicative of the temperature of 20 the skin
surface underlying the tissue bio-barrier 2337 adjacent cooling plate
thermocouple 2395. According to one embodiment of the invention temperature
measured at cooling plate thermocouple 2395 may be proportional to the
temperature of the skin surface underlying the tissue 25 bio-barrier 2337
adjacent cooling plate thermocouple 2395. According to one embodiment of
the invention once a therapy cycle is initiated, antenna temperature
display 2458 reports the temperature of the tissue under each waveguide
antenna 2364 as it is activated and, once the 30 therapy cycle is complete,
the antenna temperature display 2458 continues to show the tissue
temperature under the last active waveguide antenna 2364. According to one
embodiment of the invention power control signal 2453 may be an output from
power 35 control knob 2454. According to one embodiment of the  - 79 - 



invention vacuum control input signal 2455 may be an output from vacuum
control knob 2456. According to one embodiment of the invention coolant
thermocouple wires 2331 may be an input to coolant temperature connector 5
2430. According to one embodiment of the invention coolant temperature
signal 2431 may be an output from coolant temperature connector 2430.
According to one embodiment of the invention cooling plate thermocouple
wires 2330 may be an input to antenna temperature 10 connector 2429.
According to one embodiment of the invention antenna thermocouple cable
2433 may output from antenna temperature connector to one embodiment of the
signal 2481 may be an input connector 152480.According to one invention
antenna switch signal 2490 may be an output from antenna switch connector
2480. According to one embodiment of the invention antenna select signal
2463 may be an input to and output from antenna select switch 20 2462.
According to one embodiment of the invention filtered antenna temperature
signal 2459 may be an input to antenna temperature display 2458. According
to one embodiment of the invention filtered coolant temperature signal 2461
may be an input to coolant temperature 25 display 2460. According to one
embodiment of the invention start signal 2465 may be an input to and output
from start button 2464. According to one embodiment of the invention stop
signal 2467 may be an input to and output from stop button 2466. According
to one 30 embodiment of the invention energy cable 2322 may be an input to
microwave output connector 2443. According to one embodiment of the
invention pre-cool time signal 2469 may be an input to and output from
pre-cool timer 2468. According to one embodiment of the invention energy
timer 35 signal 2471 may be an input to energy timer 2470.  - 80 -
According to one embodiment of the invention post-cool timer signal 2473
may be an input to and output from post-cool timer 2472. According to one
embodiment of the invention fault signal 2475 may be an input to fault 



5 signal 2474. According to one embodiment of the invention ready signal
2477 may be an input to ready indicator 2476. According to one embodiment
of the invention buzzer signal 2479 may be an input to buzzer 2478.
10Figure 52 is a schematic diagram of vacuum source 2308 according to one
embodiment of the invention. According to one embodiment of the invention
vacuum source 2308 may include vacuum solenoid 2315 and vacuum pump/drive
2307. According to one embodiment of the 15 invention vacuum pump/drive
2307 may include variable voltage drive 2452 and vacuum pump 2450.
According to one embodiment of the invention vacuum control input signal
2455 may be an input to variable voltage drive 2452 and solenoid control
signal 2321 may be an input to 20 vacuum solenoid 2315. According to one
embodiment of the invention solenoid control signal 2321 may be an input to
vacuum solenoid 2315. According to one embodiment of the invention vacuum
pump/drive 2307 may be connected to vacuum solenoid 2315 by tubing 2427.
25Figure 53 is a schematic diagram of a microwave control circuit 2419
according to one embodiment of the invention. According to one embodiment
of the invention microwave control circuit may be a pulse width modulation
(PWM) control circuit adapted to control 30 energy output at 2322.
According to one embodiment of the invention microwave control circuit 2419
may include oscillator 2304, isolator 2401a, switch 2402, attenuator 2408a,
bandpass filter 2404, amplifier 2306, isolator 



2401b and directional coupler 2406. According to one 35 embodiment of the
invention mute signal 2411 may be an  - 81 - input to amplifier 2306.
According to one embodiment of the invention microwave control circuit 2419
may have an output energy cable 2322 which may carry microwave energy to an
applicator 2320. According to one embodiment of the invention microwave
control circuit 2419 may include attenuators 2408b and 2408c, power
detectors 2409a and 2409b. According to one embodiment of the invention an
output of power detector 2409a may be reverse power signal 2417. According
to one embodiment of the 10 invention an output of power detector 2409b may
be forward power signal 2415. According to one embodiment of the invention
reverse power signal 2417 may be an input to reverse power lookup table and
conditioning circuitry 2423. According to one embodiment of the 15
invention reverse power lookup table and conditioning circuitry 2423 may
output reverse power error signal 2428. According to one embodiment of the
invention reverse power lookup table and conditioning circuitry 2423 may
output reverse power reading 2435. According to 20 one embodiment of the
invention forward power signal 2415 may be an input to forward power lookup
table and conditioning circuitry 2421. According to one embodiment of the
invention energy delivery on/off signal 2439 may be an input to forward
power look-up table and 25 conditioning circuitry 2421. According to one
embodiment of the invention power control signal 2453 may be an input to
forward power look-up table and conditioning circuitry 2421. According to
one embodiment of the invention forward power look-up table and
conditioning 30 circuitry 2421 may have an input to reverse power lookup
table and conditioning circuitry 2423. According to one embodiment of the
invention forward power look-up table and conditioning circuitry 2421 may
output forward output power error 2441. According to one embodiment of the
35 invention forward power look-up table and conditioning  - 82 - circuitry
2421 may output forward output power error 2441. According to one
embodiment of the invention forward power look-up table and conditioning
circuitry 2421 may output forward power signal 2446. According to 



5 one embodiment of the invention forward power look-up table and
conditioning circuitry 2421 may output forward power signal 2446 to duty
cycle circuit 2425. According to one embodiment of the invention power
control signal 2453 and start signal 2465 may be inputs to duty cycle 10
circuit 2425. According to one embodiment of the invention two modules,
using forward power look-up table and conditioning circuitry 2421 and
reverse power look-up table and conditioning circuitry 2423 to convert
forward and reverse power readings to usable control signals and 15 fault
signals. According to one embodiment of the invention a look-up table is
included in reverse power look-up table and conditioning circuit 2423 to
produce the output voltage signal representing the measured reverse power.
According to one embodiment of the 20 invention each look-up table in
reverse power look-up table and conditioning circuit 2423 is calibrated to
the diode and amplifier in the circuit.               Figures 54 to 58 are
schematic diagrams of a patient positioning apparatus 2492 according to one
25 embodiment of the invention. According to one embodiment of the
invention patient positioning apparatus 2492 includes arm supports 2493.
According to one embodiment of the invention patient positioning apparatus
2492 includes center support 2494. According to one 30 embodiment of the
invention patient positioning apparatus 2492 includes base 2495. According
to one embodiment of the invention patient positioning apparatus 2492
includes head rest 2496. According to one embodiment of the invention
patient positioning apparatus 2492 may be used 35 to properly position the
patient.According to one  - 83 - embodiment of the invention, according to
one embodiment of the invention arm supports 2493 may form an angle (A) of
between approximately 15 degrees and approximately 35 degrees with center
support 2494. According to one 5 embodiment of the invention, according to
one embodiment of the invention arm supports 2493 may form an angle of
approximately twenty-five degrees with center support 2494. According to
one embodiment of the invention, according to one embodiment of the
invention patent 10 positioning apparatus 2492 may have a dimension (B) of
approximately 22 centimeters between arm supports 2493. According to one
embodiment of the invention patient positioning apparatus 2492 may further
include a disposable cover (not shown) which may be changed for 15each
patient. 



Figure 59 is a schematic diagram of a treatment template 2483 according to
one embodiment of the invention. According to one embodiment of the
invention treatment template 2483 may be a flexible, 20 transparent base.
According to one embodiment of the invention a suitable treatment template
2483 may include a number of openings arranged in a predetermined pattern.
According to one embodiment of the invention each opening or group of
openings may be used to identify a particular 25 treatment element.
According to one embodiment of the invention an opening or group of
openings, such as, for example, device position sites 2487, may be used to
mark an area of the treatment region where applicator 2320 is to be placed.
According to one embodiment of the 30 invention an opening or group of
openings, such as, for example applicator placement marks 2489, may be used
to mark the skin where the applicator alignment features 2352 may be to be
positioned. According to one embodiment of the invention an opening or
group of 35 openings, such as, for example, anesthesia injection  - 84 -
marks 2485 may be used to mark the skin where the anesthesia is to be
injected. According to one embodiment of the invention injecting anesthesia
under the center of the antenna aperture may increase 5 predictability of
the outcome and reduce the amount of fluid needed for each treatment.
According to one embodiment of the invention marks on the template may also
be used to indicate how many of the antennas in an array may be used
according to the position of the 10 applicator on the axilla. According to
one embodiment of the invention holes in the template, such as, for
example, landmark alignment marks 2491 may also be used to align treatment
template 2493 with landmarks (such as, for example tattoos, temporary
tattoos, skin tags, skin 15folds, hair patterns, sharpie marks or moles) on
the patient.               Figure 60 is simplified cutaway view of a
medical treatment device 2300 with tissue engaged according to one
embodiment of the invention. In the 20 embodiment of the invention
illustrated in Figure 60 skin 1307 is engaged in tissue chamber 2338. In
the embodiment of the invention illustrated in Figure 60 dermis 1305 and
hypodermis 1303 are engaged in tissue chamber 2338. In the embodiment of
the invention 



25 illustrated in Figure 60, skin surface 1306 is engaged in tissue chamber
338 such that skin surface 1306 is in contact with at least a portion of
chamber wall 2354 and in thermal contact with at least a portion of cooling
plate 2340. In the embodiment of the invention 30 illustrated in Figure 60,
skin surface 1306 is engaged in tissue chamber 2338 such that skin surface
1306 is in contact with at least a portion of tissue interface 2336. As
illustrated in Figure 60, a vacuum pressure may be used to elevate dermis
1305 and hypodermis 1303, 35 separating dermis 1305 and hypodermis 1303
from muscle  - 85 - 1301. As illustrated in Figure 60, vacuum pressure may
be used to elevate dermis 1305 and hypodermis 1303, separating dermis 1305
and hypodermis 1303 from muscle 1301 to, for example, protect muscle 1301
by limiting or 5 eliminating the electromagnetic energy which reaches
muscle 1301.               Figures 61 through 64 illustrate tissue profiles
and a simplified diagram of a medical treatment device 2300 according to
embodiments of the invention. 10 According to one embodiment of the
invention waveguide assembly 2358 may include waveguide antenna 2364.
According to one embodiment of the invention electromagnetic energy, such
as, for example, microwave energy may be radiated into dermis 1305 through
tissue 15 head 2362 which may be, for example an integrated or attached
disposable 2363. According to one embodiment of the invention medical
treatment device 2300 may include coolant chamber 360 and cooling plate
2340. In the embodiment of the invention illustrated in Figures 61 20
through 64, a peak which may be, for example, a peak SAR, peak power loss
density or peak temperature, is generated in first tissue region 1309. In
the embodiment of the invention illustrated in Figures 61 through 64, a
reduced magnitude which may be, for example, a reduced SAR, 25 reduced
power loss density or reduced temperature, is generated in second tissue
region 1311 with further reduced magnitudes in third tissue region 1313 and
fourth tissue region 1315. As illustrated in Figures 61 through 64 dermis
1305 is separated from hypodermis 1303 by 30 interface 1308. As illustrated
in Figures 61, 63 and 64 interface 1308 may be idealized as a substantially
straight line for the purposes of simplified illustration, however, as
illustrated in Figure 64, in actual tissue, interface 1308 may be a
non-linear, non 35 continuous, rough interface which may also include many 



- 86 - tissue structures and groups of tissue structures which cross and
interrupt tissue interface 1308. As illustrated in Figures 61 through 64,
hypodermis 1303 lies over muscle tissue 1301. According to one 5 embodiment
of the invention electromagnetic radiation may be radiated at a frequency
of, for example, between 5 and 6.5 GHz. According to one embodiment of the
invention electromagnetic radiation may be radiated at a frequency of, for
example, approximately 5.8 GHz. According to one 10 embodiment of the
invention field spreader 2379 (which may be, for example a scattering
element 2378) may be located in coolant chamber 360. In embodiments of the
invention, such as, for example, the embodiment illustrated in Figure 64
field spreader 2379 may be used 15 to, for example, spread and flatten
first tissue region 1309. In the embodiment of the invention illustrated in
Figure 64 field spreader 379 may be used to, for example, spread and
flatten lesions formed in first tissue region 1309. According to one
embodiment of the invention the 20 creation of lesions, such as, for
example, the lesions illustrated in Figures 61 through 64 may be used to
treat the skin of patients. According to one embodiment of the invention
the creation of lesions, such as, for example, the lesions illustrated in
Figures 61 through 64 may be 25 used to damage or destroy structures, such
as, for example, sweat glands in the skin of a patient.
According to one embodiment of the invention disposable 2363 includes a
number of advantageous features. According to one embodiment of the
invention 30 vacuum pressure may be evenly distributed to either side of
tissue bio-barrier 2337. According to one embodiment of the invention
vacuum pressure may be evenly distributed to tissue chamber 2338 and the
applicator chamber 2346 when equilibrium is achieved. According to 35 one
embodiment of the invention use of a stretchable  - 87 - tissue bio-barrier
2337 and vacuum balance ensures that tissue bio-barrier 2337 will conform
to the distal end of applicator 2320 to prevent air bubbles from forming
between tissue bio-barrier 2337 and the distal end of 



5 applicator 2320. According to one embodiment of the invention use of a
stretchable tissue bio-barrier 2337 and vacuum balance ensures that tissue
bio-barrier 2337 will conform to the distal side of cooling plate 2340 to
prevent air bubbles from forming between tissue bio- 10 barrier 2337 and
the distal side of cooling plate 2340. According to one embodiment of the
invention vacuum balance ensures that tissue bio-barrier 2337 is sealed to
both the distal end of applicator 2320 and the surface of skin engaged in
tissue chamber 2338, reducing or 15 eliminating air pockets which can cause
unwanted perturbations in the microwave field. According to one embodiment
of the invention vacuum balance ensures that tissue bio-barrier 2337 is
sealed to both the distal side of cooling plate 2340 and the surface of
skin engaged in 20 tissue chamber 2338, reducing or eliminating air pockets
which can cause unwanted perturbations in the microwave field.
According to one embodiment of the invention stretching tissue bio-barrier
2337 ensures that it lies 25 flat against the distal end of applicator
2320. According to one embodiment of the invention tissue biobarrier 2337
stretches to form a substantially wrinkleless interface with the distal end
of applicator 2320. According to oneS embodiment of the invention 30
stretching tissue bio-barrier 2337 creates an interference fit between
tissue bio-barrier 2337 and the distal end of applicator 2320. According to
one embodiment of the invention extending the distal end of applicator 2320
into tissue chamber 2338 stretches tissue 35 bio-barrier 2337 and ensures
an interference fit between  - 88 - tissue bio-barrier 2337 and the distal
end of applicator 2320. According to one embodiment of the invention
applicator 2320 may be recessed into the applicator chamber by up to
approximately .020 inches. According to 5 one embodiment of the invention
the distal end of applicator 2320 may extend between zero and .030 and
preferably approximately .010 inches into tissue chamber 2338 to stretch
tissue bio-barrier 2337 and create an interference fit between the distal
end of applicator 10 2320 and tissue bio-barrier 2337. According to one
embodiment of the invention the combination of an interference fit and
vacuum in the applicator chamber 2346 minimizes air pockets, folds and
wrinkles which might otherwise occur in stretchable tissue bio-barrier
152337. 



According to one embodiment of the invention biological fluids may be
isolated from the generator 2301 by generator bio-barrier 2317. According
to one embodiment of the invention biological fluids may be 20 isolated
from applicator 2320 by applicator bio-barrier 2332. According to one
embodiment of the invention biological fluids may be isolated from
applicator 2320 by tissue bio-barrier 2337. According to one embodiment of
the invention applicator bio-barrier 2332 provides 25 isolation between
tissue chamber 2338 and applicator 2320, allowing air to pass but
preventing biological or other (e.g. KY Jelly) fluids from reaching
applicator 2320. According to one embodiment of the invention vacuum
baffles 2343 and circuitous path in vacuum circuit 30 2341 help to isolate
biological or other fluids from applicator bio-barrier 2332. According to
one embodiment of the invention the combination of applicator biobarrier
2332, a circuitous path in vacuum circuit 2341, vacuum baffles 2343 and the
placement of vacuum passages 35 2333 before the vacuum baffles 2343 prevent
back pressure  - 89 -  (which may happen, for example, when the vacuum is
terminated by venting the vacuum tube to atmospheric pressure) from forcing
biological or other fluids into the applicator chamber 2346. According to
one embodiment 5 of the invention applicator bio-barrier 2332 may be a
hydrophobic filter available from Harrington Plastics with a pore size of
between approximately 0.1 micrometer and 1.0 micrometers of approximately
.45 micrometers. According to one embodiment of the invention 10 Applicator
2320 includes a number of advantageous features. According to one
embodiment of the invention antenna array 2355 facilitates the creation of
a large lesion or lesion region with a single placement of applicator 2320.
According to one embodiment of the 15 invention antenna array 2355
facilitates the creation of a lesion of up to approximately thirty
millimeters by approximately eight millimeters in cross section. According
to one embodiment of the invention the creation of contiguous lesions may
be facilitated by rapidly 20 switching microwave energy between waveguide
antennas 2364 in antenna array 2355. According to one embodiment of the
invention the creation of non-contiguous lesions may be facilitated by the
application of microwave energy to selected waveguide antennas 2364 in
antenna array 25 2355. According to one embodiment of the invention the
creation of lesions under a portion of tissue interface surface 2336 may be
facilitated by the application of microwave energy to selected waveguide
antennas 2364 in antenna array 2355. According to one embodiment of the 



30 invention antenna array 2355 may be used to selectively develop lesions
where the user wants them. According to one embodiment of the invention
generator 2301 includes a number of advantageous features. According to one
embodiment of the invention 35 generator 2301 will not initiate or will
discontinue  - 90 - treatment when it detects fault conditions such as, for
example, when: energy cable 2322 is not connected, one or more cooling
plate thermocouples 2395 or cooling path thermocouple 2326 are not
connected; temperature measured 5 at one or more of cooling plate
thermocouples 2395 exceeds a predetermined limit such as, for example 45
degrees centigrade; the temperature measured at cooling path thermocouple
2326, which may be indicative of the temperature of coolant chamber 2360
exceeds a 10 predetermined limit such as, for example 45 degrees
centigrade; there is fault in amplifier 2306; reflected power exceeds a
predetermined limit, such as, for example, 19.5 Watts. According to one
embodiment of the invention generator 2301 will not initiate or will 15
discontinue treatment when it detects fault conditions in the PWM servo
circuit such as, for example, when: power out of microwave chain 2403 is
not maintained within a predetermined window; power out of microwave chain
2403 is not set within 400ms of command; power out of 20 microwave chain
2403 is not maintained within a predetermined range such as, for example
plus or minus 13 Watts of requested power; the ratio of reflected to
forward power measured at directional coupler 2406 exceeds a predetermined
limit. According to one 25 embodiment of the invention generator 2301 will
not initiate or will discontinue treatment when it detects fault conditions
such as, for example, when: the rate of temperature increase or decrease
measured at one or more of cooling plate thermocouples 2395 or cooling path
30 thermocouple 2325 exceeds a predetermined limit; the rate increase or
decrease of temperature measured at one or more of cooling plate
thermocouples 2395 or cooling path thermocouples 2325 exceeds a
predetermined limit. According to one embodiment of the invention generator



35 2301 may be capable of delivering output power in the  - 91 - range of
40 to 100 Watts. According to one embodiment of the invention generator
2301 may be capable of increasing or decreasing output power in increments
of 5 Watts. According to one embodiment of the invention generator 5 2301
may be capable of maintaining an accuracy of plus or minus 3 Watts within
the output power range. According to one embodiment of the invention
generator 2301 may be capable of maintaining an output frequency of 5.8GHz
plus or minus approximately 25 KHz. According to one 10 embodiment of the
invention chiller 2310 may be capable of controlling the temperature of
cooling fluid 2361 within a range of approximately -5 to approximately 600C
with an accuracy of approximately plus or minus 2.50C. According to one
embodiment of the invention 15 the invention includes a patient positioning
procedure According to one embodiment of a procedure according to the
invention a patient may be positioned in a supine position, using, for
example, patient positioning apparatus 2492. According to one embodiment of
a 20 procedure according to the invention a patient may be positioned by
positioning the patient's arm to expose the axilla, by, for example raising
the patient's arm and placing the patient's hand under their head.
According to one embodiment of a procedure according to the 25 invention
the user may identify, or generate, landmarks on the patient's axilla.
According to one embodiment of a procedure according to the invention such
landmarks may be, for example, moles, freckles scars or other individual
characteristics. According to one embodiment 30 of a procedure according to
the invention such landmarks may be generated using, for example, a pen,
permanent marker, a tattoo or small sterile India ink mark.
According to one embodiment of the invention the invention includes a
treatment roadmap. According to 35 one embodiment of a procedure according
to the invention  



- 92 - once the patient is positioned and suitable landmarks are identified
or generated, the landmarks may be used to create a treatment roadmap.
According to one embodiment of the invention a treatment roadmap may be
created 5 using, for example, a template such as, for example, treatment
template 2483. According to one embodiment of a procedure according to the
invention treatment template 2483 may be used to identify the position of
various roadmap elements of the treatment regimen. According to 10 one
embodiment of a procedure according to the invention treatment template
2483 may be used to mark roadmap elements in the treatment region, such as,
for example, the axilla with various elements of the treatment region.
According to one embodiment of a procedure according to 15 the invention
such elements may include, for example, one or more anesthesia injection
sites 2485 and one or more device position sites 2487. According to one
embodiment of a procedure according to the invention such elements may
include, for example, one or more anesthesia 20 injection sites 2485 and
one or more applicator placement mark 2489. According to one embodiment of
a procedure according to the invention such elements may include, for
example, one or more anesthesia injection sites 2485 and one or more
landmark alignment marks 2491 (which may be, 25 for example tattoo
alignment marks). According to one embodiment of a procedure according to
the invention treatment template 2483 may be positioned using identified or
created landmarks in the treatment region prior to marking the position of
the roadmap elements on 30 the patient's skin. According to one embodiment
of a procedure according to the invention marks identifying the roadmap
elements may be used to by the physician to guide the treatment regimen.
According to one embodiment of a procedure 35 according to the invention in
some instances, there may  - 93 - be a time period, such as, for example
several weeks, between treatments, sufficient to require the provision of
additional anesthesia prior to continuing to treat a treatment region.
According to one embodiment of a 5 procedure according to the invention
where there has been an event or a passage of time sufficient to remove or
obliterate previously generated marks identifying the roadmap elements, it
may be necessary to re-establish those marks, by, for example, aligning
treatment template 10 2483 with previously identified or generated
landmarks and re-marking the skin using treatment template 2483. According
to one embodiment of a procedure according to the invention photographs of
the treatment region may be used to help generate or align treatment
template 2483 



15 for subsequent treatments.              According to one embodiment of a
procedure according to the invention once the entire treatment region has
been treated, areas which require touch ups may be treated by, for example
using a touch-up tool 20 which treats only the areas which require touch
up. -              According to one embodiment of the invention the
invention includes an anesthesia procedure. According to one embodiment of
a procedure according to the invention treatment regimen may include
anesthetizing 25 at least a portion of the treatment region. According to
one embodiment of a procedure according to the invention where the
treatment regimen includes anesthetizing the area to be treated, anesthesia
injection sites 2485 on treatment template 2483 may be used to identify and
mark 30 locations in the treatment region where anesthesia is to be
injected. According to one embodiment of a procedure according to the
invention suitable anesthesia might include lidocaine or lidocaine with
epinephrine. According to one embodiment of a procedure according to 35 the
invention anesthesia may be injected into the  - 94 - subcutaneous layer.
According to one embodiment of a procedure according to the invention
suitable lidocaine concentrations may include 2%, 3%, 4% or 5% solutions of
lidocaine. According to one embodiment of a procedure 5 according to the
invention suitable epinephrine concentrations may include a 1 to 100,000
solution. According to one embodiment of a procedure according to the
invention suitable injection patterns may include ring block or
infiltrative patterns. According to one 10 embodiment of a procedure
according to the invention in one treatment, anesthesia consisting of 2%
lidocaine with epinephrine in 1:100,000 concentration may be injected into
the treatment region at maximum concentrations of approximately .4 cc per
square centimeter (1.2 cc per 3 15 square centimeters) of skin surface in
the treatment region. According to one embodiment of a procedure according
to the invention a suitable volume of anesthesia may be approximately .3 cc
per injection site for an applicator with an antenna array 2355 including
20 four waveguide antennas 2364. According to one embodiment of a procedure
according to the invention anesthesia injection sites may be positioned
under the center of the aperture of waveguide antennas 2364. According to
one embodiment of a procedure according to 



25 the invention approximately 10 cc of anesthesia may be used per axilla.
According to one embodiment of a procedure according to the invention
approximately 20 cc of anesthesia may be used per axilla. According to one
embodiment of a procedure according to the invention a 30 minimum
concentration of anesthetic may be approximately .2 cc per square
centimeter or approximately .15 cc per injection site. According to one
embodiment of a procedure according to the invention in order to minimize
the amount of fluid injected and, thus the changes to the 35 tissue
dielectric properties caused by the anesthesia, it  - 95 - may be necessary
to utilize specialized anesthesia concentrations, such as, for example 4%
lidocaine with 1 to 100,000 concentration of epinephrine, which may reduce
the total amount of anesthetic fluid used by, for 5 example, half.
According to one embodiment of a procedure according to the invention using
additional anesthesia may spread the energy more evenly across the target
tissue, and may reduce the selectivity of the energy by reducing the energy
density in a given tissue 10region.              According to one
embodiment of the invention the invention includes a procedure for properly
positioning an applicator 2320. According to one embodiment of a procedure
according to the invention the 15 treatment regimen may further include
positioning the treatment apparatus such as, for example, applicator 2320
an disposable 2363 over an area to be treated in the treatment region,
acquiring tissue in, for example tissue chamber 2338, using, for example,
vacuum acquisition, 20 treating the acquired tissue, by, for example,
exposing it to microwave energy from applicator 2320, and releasing the
acquired tissue, by, for example removing vacuum pressure from tissue
chamber 2338. According to one embodiment of a procedure according to the
invention 25 the treatment apparatus may, thereafter be moved to a new
treatment area within the treatment region and the procedure repeated as
required until the area to be treated, or a defined subset thereof, has
been treated. According to one embodiment of the invention as the 30
treatment apparatus is moved from position to position, the roadmap
treatment marks may be used to align the treatment apparatus over untreated
tissue. According to one embodiment of the invention roadmap treatment
marks may also be used to ensure that tissue in the treatment 35 region is
treated in a predetermined sequence. 



- 96 - According to one embodiment of the invention the invention includes
a procedure for creating a lesion in a patient's skin. According to one
embodiment of a procedure according to the invention proper positioning 5
of applicator 2320 may be important to obtaining the desired tissue effect
when energy is applied. According to one embodiment of a procedure
according to the invention when applicator 2320 and disposable 2363 is
placed against the skin surface, tissue may be acquired 10 by pulling
tissue into a tissue chamber 2338. According to one embodiment of a
procedure according to the invention tissue acquisition may be accomplished
by, for 



example, creating a vacuum in tissue chamber 2338. According to one
embodiment of a procedure according to 15 the invention once tissue is in
tissue chamber 2338, microwave energy may be radiated into the tissue from
the distal end of the treatment apparatus. According to one embodiment of a
procedure according to the invention at least a portion of the radiated
microwave energy may pass 20 through the epidermis and dermis and, at least
a portion of that microwave energy may reflect off of a critical interface
in the skin, such as, for example, the dermal- hypodermal interface or an
interface between the dermis and a glandular region. According to one
embodiment of a 25 procedure according to the invention as microwave energy
is radiated into the acquired tissue and reflects off of 



the critical interface, a standing wave may be created which results in a
peak SAR region in the dermis adjacent the critical interface. According to
one embodiment of a 30 procedure according to the invention tissue in the
peak SAR region will be dielectrically heated, damaging or destroying
tissue in the peak SAR region and generating heat which may be transmitted,
through, for example, conduction or radiation, to surrounding tissue,
including 35 tissue which underlies the critical interface. According  - 97
- to one embodiment of a procedure according to the invention his
transmitted heat may act to damage or destroy structures, including, for
example, sweat glands or hair follicles located in the path of the
transmitted 5 heat. According to one embodiment of a procedure according to
the invention the damage created by the transmitted heat may be augmented
by direct dielectric heating caused by transmission of microwave energy
into the damaged tissue. According to one embodiment of a 10 procedure
according to the invention tissue damage in the epidermis and upper layers
of the dermis resulting from, for example, the transmitted heat, may be
reduced or eliminated by, for example, controlling the temperature at the
surface of the acquired tissue. According to one 



15 embodiment of a procedure according to the invention the temperature of
the acquired tissue may be controlled by, for example, passing a cooling
fluid 2361 through the distal end of applicator 2320 adjacent the surface
of the acquired tissue. According to one embodiment of a 20 procedure
according to the invention the temperature at the surface of the acquired
tissue may be controlled by, for example, cooling the skin surface prior to
applying microwave energy, cooling the skin surface as microwave energy is
applied or cooling the skin surface after 25 microwave energy has been
applied.              According to one embodiment of a procedure according
to the invention the present procedure may be effective in creating
desirable tissue effects in many types of skin, including human, porcine
and mammalian. 30 According to one embodiment of a procedure according to
the invention when treating mammals other than humans or when treating
different diseases, conditions or treatment regions, the procedure may be
modified by using a modified treatment template to create a treatment 35
roadmap.  - 98 -              According to one embodiment of the invention
the invention includes a procedure for using a system according to the
present invention. According to one embodiment of a procedure according to
the invention in 5 treatments using the present system, various power, time
and cooling temperature settings and algorithms, as well as other
variables, e.g. bio-barrier configurations, may be used to generate
acceptable clinical outcomes. According to one embodiment of a procedure
according to 10 the invention unacceptable clinical outcomes could include
severe skin damage. According to one embodiment of a procedure according to
the invention there should be no clinically relevant long term damage to
the epidermis or upper dermis of the treatment subject (e.g. human or 15
animal). According to one embodiment of a procedure according to the
invention severe skin damage may include severe burns and blistering of the
skin. According to one embodiment of a procedure according to the invention
unacceptable clinical outcomes could include loss of 20 physical integrity
(i.e. ulcers or open sores which could lead to infection) or visible
scarring of the epidermal layer. According to one embodiment of a procedure
according to the invention unacceptable clinical outcomes could include
aesthetic alteration of the skin which may 25 include: displeasing
appearance or texture changes to the treated sites which are a direct
result of the application of microwave energy, including, permanent
aesthetically displeasing changes in coloration to treatment sites and
permanent aesthetically displeasing 



30 palpable changes in skin texture. According to one embodiment of a
procedure according to the invention aesthetic changes which appear at the
time of treatment or thereafter which resolver with time may not be
undesirable aesthetic alterations. According to one 35 embodiment of a
procedure according to the invention in  - 99 - treatments using the
present system damage to fat is expected but not at levels that will be
detrimental to a treatment subject. According to one embodiment of a
procedure according to the invention unacceptable 5 clinical outcomes could
include damage to large blood vessels and muscle.              According to
one embodiment of a procedure according to the invention after treatments
using the present system, apocrine glands (when present) in the 10
dermal/subdermal interface region of the treatment site should appear
abnormal when compared to control tissue samples. According to one
embodiment of a procedure according to the invention after treatments using
the present system, eccrine glands (when present) in the 15
dermal/sub-dermal interface region of the treatment site should appear
abnormal when compared to control tissue samples. According to one
embodiment of a procedure according to the invention after treatments using
the present system, gland structure should be structurally 20 modified.
According to one embodiment of a procedure according to the invention after
treatments using the present system, damage to hair follicles may be a
desirable result as it may aid in permanent hair removal. According to one
embodiment of a procedure 25 according to the invention treatment is
initiated by positioning applicator 2320 over tissue to be treated.
According to one embodiment of a procedure according to the invention
treatment is continued by clicking start button 2464 to initiate suction.
According to one 30 embodiment of a procedure according to the invention
treatment is continued by acquiring tissue in chamber 2338. According to
one embodiment of a procedure according to the invention treatment is
continued by passing cooling fluid 2361 through applicator 2320, 35 cooling
tissue engaged in tissue chamber 2338. According 



- 100 -  to one embodiment of a procedure according to the invention
treatment is continued by delivering power for a predetermined time.
According to one embodiment of a procedure according to the invention
treatment is 5 continued by cycling microwave energy through waveguide
antennas 2364 (including, in one embodiment. waveguide antennas 2364a,
2364b, 2364c and 2364d). According to one embodiment of a procedure
according to the invention treatment is continued by continuing to cool
tissue 10 engaged in tissue chamber 2338 for a predetermined post- cool
period after power delivery is stopped. According 



to one embodiment of a procedure according to the  invention pressure
finished. according removing treatment procedure continued treatment
treatment is continued by releasing the vacuum in tissue chamber 2338 after
post-cool is  According to one embodiment of a procedure to the invention
treatment is continued by applicator 2320 and disposable 2363 from the
site.According to one embodiment of a  according to the invention treatment
is by, where a procedure calls for additional sites, moving applicator 2320
to the next site  and repeating one or more of the previous steps.
According to one embodiment of a procedure according to the invention
treatment is continued all intended sites 25 have been treated.
According to one embodiment of the invention the invention includes
proceduraly elements. According to one embodiment of a procedure according
to the invention key elements of the procedure may include the 30
anesthesia used, the energy applied, the cooling applied, and the vacuum
pressure applied. According to one embodiment of a procedure according to
the invention procedural elements including, for example, anesthesia used,
the energy applied, the cooling applied, and the 



35 vacuum pressure applied may be modified based upon  - 101 - patient
characteristics such as, for example, skin thickness.
According to one embodiment of the invention the invention includes a
procedure for applying energy to 5 a treatment region within a patient.
According to one embodiment of a procedure according to the invention
energy applied to tissue may be a function of the power radiated into the
tissue and the amount of time the power is on. According to one embodiment
of a procedure 10 according to the invention the maximum energy radiated
into the tissue may be the amount of energy necessary to create a desired
lesion size without damaging other tissue. According to one embodiment of a
procedure according to the invention the minimum energy radiated 15 into
the tissue may be the amount of energy necessary to create the desired
lesion. According to one embodiment of a procedure according to the
invention tissue effects, including unwanted tissue effects, may be a
function of energy per unit area. According to one embodiment of a 20
procedure according to the invention the more the energy is spread out, the
less the tissue effect. According to one embodiment of a procedure
according to the invention the maximum energy delivered to the skin may be
that energy which results in a lesion which does not extend 25 into the
epidermis. According to one embodiment of a procedure according to the
invention the maximum energy delivered to the skin may be that energy which
results in a lesion extending into the upper half of the dermis. According
to one embodiment of a procedure according to 30 the invention the maximum
energy delivered to the skin may be that energy which results in a lesion
extending into the upper two-thirds of the dermis. According to one
embodiment of a procedure according_ to the invention power radiated into
the tissue is a function of the power 35 at the output generator and the
applicator loss,  - 102 - 



including loss in applicator cables. According to one embodiment of a
procedure according to the invention the applicator loss may be, for
example approximately fifty percent, such that only approximately fifty
percent of 5 the power emitted by generator 2301 is actually coupled into
the skin (in an ideal or lossless applicator, the power radiated into the
tissue is substantially equal to the power at the generator output).
According to one embodiment of the invention in an applicator 2320 10
according to the present invention, loss is a function of many factors,
such as, for example, cooling fluid 2361 composition, coolant chamber 2360
thickness, cooling plate 2340 composition and cooling plate 2340 thickness.
In a system 2309 according to an embodiment of the 



15 invention where the loss in applicator 2320 is approximately 50 percent,
a generator radiating 80 Watts of microwave power for a period of between
2.5 and 3.5 seconds would be expected to couple approximately 100 joules
into the dermis of tissue held in the distal end 20 of the applicator.
According to one embodiment of the invention when in one embodiment of the
invention that microwave energy is radiated at a frequency of approximately
5.8 Gigahertz through applicator 2320 with cooling fluid 2361 cooled to a
temperature of 25 approximately 15 degrees centigrade and circulated
through coolant chamber 2360 the treatment would be expected make a
desirable lesion in the axilla of a human patient. In an embodiment of a
procedure according to 



the invention such a treatment would be expected to 30 damage or destroy at
least the sweat glands, such as, for example apocrine glands or eccrine
glands of a human patient without doing significant damage to skin outside
a treatment zone. According to one embodiment of the invention in a
procedure using an applicator 2320 with a 35 four antenna array 2355 and a
post cool period of  - 103 - approximately twenty seconds, a one by three
centimeter area may be treated in approximately thirty five seconds.
According to one embodiment of the invention in a system 2309 where there
is 2dB of loss in the 5 applicator cabling (which may consist of, for
example a long, e.g. six foot, energy cable 2322, a antenna switch 2357 and
interconnect cables 2372), the signal from generator 2301 would be expected
to be reduced by approximately 37% before reaching waveguide antenna 2364.
10 According to one embodiment of the invention in a system 2309 where
there is 2dB of loss from the input of waveguide antenna 2364 to the tissue
engaged by tissue chamber 2338 as a result of, for example, absorption by
cooling fluid 2361 and stray emissions, the signal from 



15 the input to waveguide antenna 2364 is reduced approximately 37% between
the input to waveguide antenna 2364 and the skin surface. According to one
embodiment of the invention in a system 2309 with 2dB of cable loss and 2dB
of applicator antenna to tissue loss, the signal 20 power is reduced
approximately 60% between the generator 2301 output and the tissue load.
According to one embodiment of the invention, in a system 2309 a generator
2301 output of 80 Watts would result in approximately 32 Watts of microwave
power being coupled into the tissue 25 while a generator 2301 output of 60
Watts would result in approximately 24 Watts of microwave power being
coupled into the tissue and a generator output of 55 Watts would result in
approximately 22 Watts of microwave power being coupled into the tissue. In
a system 2309 according to 30 one embodiment of the invention the power
reaching the tissue may be adjusted by modifying the elements, e.g. the
cabling, in the microwave circuit. According to one embodiment of the
invention the invention includes a procedure for applying a vacuum 35 to
acquire tissue in a tissue chamber 2338. According to  - 109 - one
embodiment of the invention vacuum applied to disposable 2363 should be
sufficient to engage skin in tissue chamber 2338 of the applicator such
that the tissue is flat against tissue interface surface 2336 5 without
damaging the tissue. According to one embodiment of the invention, for a
tissue chamber 2338 having a volume of approximately one cubic inch TS and
a tissue interface surface 2336 having an area of approximately 3.8 square
inches, a suitable vacuum pressure may be 10 between approximately twelve
and twenty-seven and preferably approximately twenty inches of mercury,
measured at the output of the vacuum pump. According to one embodiment of
the invention in order to ensure full acquisition of the tissue prior to
application of energy 15 to the applicator, the vacuum may be applied for a
vacuum acquisition period prior to energy application. According to one
embodiment of the invention a suitable vacuum acquisition period may be,
for example between two and three seconds. According to one embodiment of
the 20 invention a successful acquisition may be signaled by the absence of
vacuum sounds at the distal end of applicator 2320. According to one
embodiment of the invention successful vacuum acquisition may be indicated
by an audible or visual signal from generator 2301. According 



25 to one embodiment of the invention vacuum acquisition may further be
used to create suction marks on the skin which will assist the user in
identifying regions which have been treated. According to one embodiment of
the invention, 30 after applicator 2320 stops delivering energy to tissue,
vacuum pressure may be maintained to hold the tissue in tissue chamber 2338
for a predetermined period of time. According to one embodiment of the
invention the period of time may, for example, be a post treatment cooling
35 period where the tissue is held against the cooling plate  - 105 - while
cooling fluid continues to circulate through the applicator. According to
one embodiment of the invention a suitable post cooling period may be
between approximately zero and sixty seconds and preferably 5 approximately
twenty seconds. According to one embodiment of the invention a suitable
post cooling period may be dictated by the amount of energy delivered  to
the tissue. According to one embodiment of the invention the generator may
also generate an audible or 10 visual signal when the applicator is in the
post cool phase so that the applicator is not removed prematurely.
According to one embodiment of the invention the invention includes a
procedure for delivering anesthesia prior to using a microwave treatment
apparatus 



15 on a patient. According to one embodiment of the invention delivery of
anesthesia may affect decisions on how much energy to deliver to tissue
since the anesthesia may absorb some of the radiated energy, preventing it
from reaching the treatment zone. According to one 20 embodiment of the
invention while anesthesia may be delivered using, for example, injections
with a syringe, alternative methods of delivering anesthesia may include
micro-needle arrays or iontophoretic devices. According to one embodiment
of the invention anesthesia may also be 25 injected into the fat layer or
in a manner which blocks all nerve sensations in the treatment area, such
as, for example, the axilla of a human patient.              According to
one embodiment of the invention the invention includes a method of
measuring skin 30 thickness. According to one embodiment of the invention
skin thickness in the treatment region may also effect the amount of energy
which should be delivered to get the required tissue effect. According to
one embodiment of the invention thicker skin may require more energy to 35
treat properly.According to one embodiment of the  - 106 - invention one
way to measure the thickness of the skin in a particular region is to apply
microwave energy through the skin surface and monitor the temperature at
the skin surface. According to one embodiment of the invention in 5
particular, the slope of the increase in temperature may provide an
indication of the thickness of the skin underlying the applicator.
According to one embodiment of the invention for example, a short burst of
microwave energy prior to treating tissue may be used to provide an 10
indication of skin thickness by looking at the skin temperature response to
that burst and the skin temperature response may be used to modify the
amount of energy delivered by, for example, increasing the amount of
treatment energy delivered if the skin temperature 15response is relatively
slow.               According to one embodiment of the invention the
invention includes a treatment template. In performing a procedure
according to one embodiment of the invention the user may create the
roadmap using, for 20 example, treatment template 2483. According to one
embodiment of the invention when treating the axilla, for example, the user
may employ a treatment template 2483 designed for use in the axilla region.
According to one embodiment of the invention such a template would be 



25 selected to fit the axilla of the patient, the approximate size of the
axilla and may be selected from an assortment of templates by, for example,
using the length and width of the axilla or hair bearing area of the axilla
as a selection criteria. According to one 30 embodiment of the invention
suitable template for use in the axilla may be oval or pear shaped.
According to one embodiment of the invention in addition to using the
axilla size and shape to select appropriate treatment templates 2483, the
characteristic 35 of the axilla or any treatment region may be used to  -
107 - select appropriate applicators 2320 or to select appropriate firing
algorithms for waveguide antennas 2364 in a particular applicator or
antenna array. According to one embodiment of the invention 5 the invention
includes a method of using a lubricant on the skin of a patient to
facilitate the acquisition of tissue. According to one embodiment of the
invention a procedure may include the use of a lubricant (such as, for
example K-Y Jelly) on the skin to assist in  10 acquisition. According to
one embodiment of the invention a procedure may include use of lubricants
to reduce friction as the skin is pulled into tissue chamber 2338.
According to one embodiment of the invention a procedure may include use of
lubricants to equalize force 15 on tissue around tissue chamber 2338.
According to one embodiment of the invention a procedure may include use of
lubricants to assist in ensuring that targeted tissue is acquired in a
manner which appropriately positions the target tissue in tissue chamber
2338. According to one 20 embodiment of the invention a procedure may
include use of lubricants may reduce the size and duration of suction
marks. According to one embodiment of the invention a procedure may include
use of lubricants to reduce the size of air pockets between the surface of
skin 



25 positioned in tissue chamber 2338 and tissue interface surface 2336.
According to one embodiment of the invention the invention includes the
treatment of a number of  indications. According to one embodiment of the
30 invention a method of reducing sweat is described. According to one
embodiment of the invention a method of reducing sweat production in a
patient is described. According to one embodiment of the invention a method
of treating axillary hyperhidrosis is described. According 35 to one
embodiment of the invention a method of treating  - 108 - hyperhidrosis is
described. According to one embodiment of the invention a method of
removing hair is described. According to one embodiment of the invention a
method of preventing the re-growth of hair is described. According 5 to one
embodiment of the invention, a method of treating osmidrosis is described.
According to one embodiment of the invention, a method of denervating
tissue is described. According to one embodiment of the invention, a method
of treating port wine stains is described. 10 According to one embodiment
of the invention, a method of treating hemangiomas is described. According
to one embodiment of the invention, a method of treating psoriasis is
described. According to one embodiment of the invention, a method of
reducing sweat is described. 15 According to one embodiment of the
invention, a method of reducing sweat is described. In embodiments of the
invention, electromagnetic energy is used to treat acne. According to one
embodiment of the invention, a method of treating sebaceous glands is
described. According to 20 one embodiment of the invention, a method of
destroying bacteria is described. According to one embodiment of the
invention, a method of destroying propionibacterium is described. According
to one embodiment of the invention, a method of treating reducing
inflammation is 25 described.               According to one embodiment of
the invention electromagnetic energy may be used to reduce sweat. According
to one embodiment of the invention electromagnetic energy may be used to
reduce sweat 30 production in a patient. According to one embodiment of the
invention electromagnetic energy may be used to treat axillary
hyperhidrosis. According to one embodiment of the invention electromagnetic
energy may be used to treat hyperhidrosis. According to one embodiment of
the 



35 invention electromagnetic energy may be used to remove  - 109 -
hair.According to one embodiment of the invention electromagnetic energy
may be used to prevent the re- growth of hair.According to one embodiment
of the invention electromagnetic energy may be used to treat 5 osmidrosis.
According to one embodiment of the invention, electromagnetic energy may be
used to denervate tissue. According to one embodiment of the invention
electromagnetic energy may be used to treat port wine stains. According to
one embodiment of the 10 invention electromagnetic energy may be used to
treat hemangiomas. According to one embodiment of the invention
electromagnetic energy may be used to treat psoriasis. According to one
embodiment of the invention electromagnetic energy may be used to reduce
sweat. In 15 embodiments of the invention, electromagnetic energy may be
used to treat acne. In embodiments of the invention, electromagnetic energy
may be used to treat sebaceous glands. In embodiments of the invention,
electromagnetic energy may be used to destroy bacteria. In embodiments 20
of the invention, electromagnetic energy may be used to destroy
propionibacterium. In embodiments of the invention, electromagnetic energy
may be used to clear sebum from a hair follicle. In embodiments of the
invention, electromagnetic energy may be used to clear 25 obstructed hair
follicles. In embodiments of the invention, electromagnetic energy may be
used to reverse comedogenesis. In embodiments of the invention,
electromagnetic energy may be used to clear blackheads. In embodiments of
the invention, electromagnetic energy 30 may be used to clear whiteheads.
In embodiments of the invention, electromagnetic energy may be used to
reducing inflammation.In embodiments of the invention, 



electromagnetic energy may be used to heat fat.In      embodiments of the
invention, electromagnetic energy may 35 be used to reduce cellulite.  -
110 -              According to one embodiment of the invention a
disposable medical apparatus is described which includes: a tissue chamber
positioned at a distal end of the disposable member; an applicator chamber
positioned at a 5 proximal end of the disposable member; a tissue
biobarrier separating the tissue chamber and the applicator interface; and
a vacuum circuit connecting the tissue chamber and the applicator chamber.
According to one embodiment of the invention a tissue chamber may include:
10 a tissue interface surface, the tissue interface surface comprising:
vacuum channels surrounding the tissue biobarrier; vacuum ports in flow
communication with the vacuum channels and the vacuum circuit; and chamber
walls surrounding the tissue chamber. According to one 15 embodiment of the
invention chamber walls further include a compliant member. According to
one embodiment of the invention the compliant member has a height of
between approximately .15 inches and approximately .25 inches. According to
one embodiment of the invention the 20 compliant member has a height of
approximately .25 inches. According to one embodiment of the invention the
chamber walls further include a lubricant coating at least a portion of the
chamber walls. According to one embodiment of the invention the lubricant
is selected 25 from the group consisting of: silicone oil, Teflon, paralene
or other suitable coating material to ease acquisition of tissue. According
to one embodiment of the invention the applicator chamber includes: an
applicator interface surface wherein the applicator 30 interface surface
surrounds the tissue bio-barrier; applicator interface walls surrounding
the applicator interface surface; and a vacuum seal at a proximal end of
the applicator chamber, the vacuum seal being positioned to hermetically
seal the applicator chamber when an 35 applicator is positioned in the
applicator chamber  According to one embodiment of the invention the
applicator chamber has a depth sufficient to receive and engage an
applicator such that a distal end of the applicator contacts the tissue
bio-barrier, creating an 



5 interference fit between the distal end of the applicator and the tissue
bio-barrier. According to one embodiment of the invention the applicator
chamber has a depth sufficient to ensure that an applicator positioned in
the applicator chamber moves the bio-barrier between 10 approximately .001
inches and approximately .030 inches into the tissue chamber. According to
one embodiment of the invention the applicator chamber has a depth
sufficient to ensure that an applicator positioned in the applicator
chamber moves the bio-barrier approximately 15 .010 inches into the tissue
chamber. According to one embodiment of the invention the applicator
chamber has a depth sufficient to receive and engage an applicator such
that a distal end of the applicator contacts the tissue bio-barrier,
creating an interference fit between the 20 distal end of the applicator
and the tissue bio-barrier when tissue is positioned in the tissue chamber.
According to one embodiment of the invention the tissue bio-barrier is
flexible. According to one embodiment of the invention the tissue
bio-barrier is a film. 25 According to one embodiment of the invention the
tissue bio-barrier has a thickness of between .0001 inches and
approximately .030 inches. According to one embodiment of the invention the
tissue bio-barrier has a thickness of approximately .0005 inches. According
to one 30 embodiment of the invention the vacuum circuit includes: a main
vacuum channel, the main vacuum passage being in flow communication with
the applicator chamber; vacuum ports in flow communication with both the
main vacuum channel and the tissue chamber. According to one 35 embodiment
of the invention the vacuum circuit further  - 112 - includes: a vacuum
connector in flow communication with the main vacuum channel; an applicator
bio-barrier positioned between the main vacuum channel and the applicator
chamber. According to one embodiment of the 5 invention the applicator
bio-barrier is positioned on a first side of the disposable medical
apparatus and the vacuum connector is positioned on a second side of the
disposable medical apparatus. According to one embodiment of the invention
the main vacuum channel 10 includes a tortuous path between the vacuum
connector and the applicator bio-barrier. According to one embodiment of
the invention the main vacuum channel further includes vacuum baffles
positioned adjacent the applicator biobarrier. According to one embodiment
of the invention 15 the vacuum ports contact the main vacuum channel
between the vacuum connector and the vacuum baffles.              According
to one embodiment of the invention, the invention includes a method of
balancing vacuum pressure in a medical treatment device, wherein the 



20 medical treatment device includes an applicator and a disposable, the
disposable comprising a tissue chamber and an applicator chamber separated
by a flexible tissue bio-barrier, the method comprising the steps of:
positioning an applicator in the applicator chamber such 25 that the
applicator seals an applicator chamber opening; positioning tissue adjacent
the tissue chamber such that the tissue at least partially seals a tissue
chamber opening; drawing air from the tissue chamber; and drawing air from
the applicator chamber. According to one 30 embodiment of the invention a
method of balancing vacuum pressure in a medical treatment device the
method further including the step of positioning the applicator in the
applicator chamber such that a distal end of the applicator forms an
interference fit with the tissue bio- 35 barrier. According to one
embodiment of the invention a  - 113 - method of balancing vacuum pressure
in a medical treatment device method further including the step of:
positioning the applicator in the applicator chamber such that a distal end
of the applicator stretches the tissue 5 bio-barrier into the tissue
chamber. According to one embodiment of the invention a method of balancing
vacuum pressure in a medical treatment device further including the step of
stretching the tissue bio-barrier into the tissue chamber a distance of
between approximately .001 10 inches and approximately .030 inches.
According to one embodiment of the invention a method of balancing vacuum
pressure in a medical treatment device further including the step of
stretching the tissue bio-barrier into the tissue chamber a distance of
approximately .010 inches. 15 According to one embodiment of the invention
a method of balancing vacuum pressure in a medical treatment device wherein
the step of drawing air from an applicator chamber includes the step of
drawing air through a biobarrier. 20According to one embodiment of the
invention a method of creating a lesion in a region of skin tissue below a
first region of the dermis using a medical treatment device, wherein the
medical treatment device 



includes an applicator, the applicator including a 25 cooling plate, and a
disposable, the disposable including a tissue chamber and an applicator
chamber separated by a flexible tissue bio-barrier, the method including
the steps of: positioning the applicator in the applicator chamber such
that the applicator seals an applicator 30 chamber opening; positioning the
skin tissue adjacent the tissue chamber such that the tissue at least
partially seals a tissue chamber opening; drawing air from the tissue
chamber; drawing air from the applicator chamber to pull the tissue into
the applicator chamber; 35 transmitting electromagnetic energy through the
cooling  plate and the tissue bio-barrier.According to one 



embodiment of the invention a method of balancing vacuum pressure in a
medical treatment device the method further including the step of
positioning the applicator in the 5 applicator chamber such that a distal
end of the applicator forms an interference fit with the tissue biobarrier.
According to one embodiment of the invention a method of balancing vacuum
pressure in a medical treatment device the method further including the
step of 10 positioning the applicator in the applicator chamber such that a
distal end of the applicator stretches the tissue bio-barrier into the
tissue chamber. According to one embodiment of the invention a method of
balancing vacuum pressure in a medical treatment device further including
15 the step of stretching the tissue bio-barrier into the tissue chamber a
distance of between approximately .001 inches and approximately .030
inches. According to one embodiment of the invention a method of balancing
vacuum pressure in a medical treatment device further including 20 the step
of stretching the tissue bio-barrier into the tissue chamber a distance of
approximately .010 inches. According to one embodiment of the invention a
method of balancing vacuum pressure in a medical treatment device the
method further including the step of positioning the 25 applicator in the
applicator chamber such that a distal end of the applicator forms an
interference fit with the tissue bio-barrier. According to one embodiment
of the invention a method of balancing vacuum pressure in a medical
treatment device wherein the step of drawing air 30 from an applicator
chamber includes the step of drawing air through a bio-barrier. According
to one embodiment of the invention an energy transmission applicator is
described including: a disposable interface at a distal end of the
applicator, 35 the disposable interface including a disposable  



- 115 - engagement mechanism; an antenna structure including at least one
antenna aperture arranged to transmit energy through the distal end of the
applicator; and a cooling circuit including a cooling plate, wherein at
least a 5 portion of the cooling circuit is positioned between the antenna
and the distal end of the applicator. According to one embodiment of the
invention the antenna includes:  a plurality of antennas; a distribution
element arranged to transmit the energy to the plurality of antennas. 10
According to one embodiment of the invention the distribution element
includes a microwave switch. According to one embodiment of the invention
the distribution element includes a power splitter. According to one
embodiment of the invention the energy 15 transmission applicator further
includes a scattering element positioned between the aperture and the
distal end of the applicator. According to one embodiment of the invention
the cooling circuit further includes a cooling chamber positioned between
the antenna aperture 20 and a proximal side of the cooling plate. According
to one embodiment of the invention at least a portion of the cooling
circuit is positioned between the antenna and the distal end of the
applicator. According to one embodiment of the invention the waveguide
assembly 25 includes: a plurality of waveguide antennas positioned in an
antenna cradle; a distribution element arranged to transmit the energy to
the plurality of antennas. According to one embodiment of the invention the
distribution element includes a microwave switch. 30 According to one
embodiment of the invention the distribution element includes a power
splitter. According to one embodiment of the invention the energy
transmission applicator further includes a plurality of scattering elements
positioned between the apertures and 35 the distal end of the
applicator.According to one  - 116 - embodiment of the invention the
cooling circuit further includes cooling chambers positioned between the
antenna apertures and a proximal side of the cooling plate. According to
one embodiment of the invention the 5 waveguide assembly includes: a
plurality of waveguide antennas positioned in an antenna cradle; a
distribution element arranged to transmit the energy to the plurality of
antennas. According to one embodiment of the invention the cooling circuit
further includes cooling 



10 passages in the antenna cradle, the cooling passages being connected to
the cooling chambers. According to one embodiment of the invention the
waveguide assembly includes: a plurality of waveguide antennas; and a
plurality of isolation elements positioned between the 15 antennas.
According to one embodiment of the invention the waveguide assembly further
includes a first isolation element positioned at a first end of the
waveguide assembly and a second isolation element positioned at a second
end of the waveguide assembly. According to one 20 embodiment of the
invention the isolation elements comprise a shim of microwave absorption
material. According to one embodiment of the invention the isolation
elements comprise a microwave choke. According to one embodiment of the
invention the waveguide antenna 25 includes: an inner dielectric; an outer
shell surrounding the inner dielectric on every side except the aperture.
According to one embodiment of the invention the cooling plate includes: a
proximal surface a distal surface; one or more thermocouple grooves in the
distal surface; and 30 one or more thermocouples positioned in the
thermocouple grooves. According to one embodiment of the invention the
thermocouple grooves are arranged parallel to an E-Field emitted by the
waveguide assembly when the transmitted energy is microwave energy.
According to one 35 embodiment of the invention the microwave energy is  -
117 - transmitted in a TE10 mode.               According to one embodiment
of the invention a method is described for cooling tissue using an energy
transmission applicator including an antenna aperture and 5 a cooling
plate, the cooling plate having a proximal surface and a distal surface and
being positioned at a distal end of the energy transmission applicator and
the antenna aperture being positioned in the energy transmission applicator
proximal to the cooling plate, 10 the method including the steps of:
engaging tissue in the energy transmission applicator adjacent the cooling
plate; applying energy to the tissue, the energy passing through the
cooling plate; and passing cooling fluid between the antenna aperture and a
proximal surface of 15 the cooling plate.              According to one
embodiment of the invention method of distributing electromagnetic energy
to tissue is described, the method including the steps of: radiating energy
from an antenna aperture; radiating 



20 energy through cooling fluid wherein the cooling fluid flows through a
cooling chamber beneath the aperture; radiating energy past scattering
elements positioned in the cooling chamber; radiating energy through a
cooling plate positioned opposite the aperture; radiating energy 25 through
a tissue bio-barrier on a distal side of the cooling plate.
According to one embodiment of the invention a method of supplying energy
to an antenna array is described, the method including the steps of:
supplying 30 electromagnetic energy to a switch positioned in the
applicator wherein the switch is connected to one or more waveguide
antennas; supplying the electromagnetic energy through the switch to a
first waveguide antenna for a predetermined period of time; supplying the
35 electromagnetic energy through the switch to a second  - 118 - waveguide
antenna for a predetermined period of time without repositioning the
applicator. According to one embodiment of the invention a method of
supplying energy to an antenna array wherein the first and the second 5
waveguide antennas are adjacent to each other. According to one embodiment
of the invention a method of supplying energy to an antenna array is
described, the method including the steps of: supplying electromagnetic
energy to an applicator including a power splitter wherein the 10 power
splitter is connected to one or more waveguide antennas; continuously
connecting the power splitter to at least two of the one or more waveguide
antennas; without repositioning the applicator; maintaining the energy
supply to a single antenna for a predetermined 15 period of time.
According to one embodiment of the invention microwave chain control
circuitry for use in a medical device microwave generator is described the
control circuitry including: a directional coupler coupled to an 20 output
of the microwave chain; power detectors coupled to the directional coupler,
the power detectors including a forward power detector and a reverse power
detector, the power detectors including a attenuators and detector diodes;
a forward power lookup table coupled to the 25 forward power detector, the
forward lookup table including data correlated to the characteristics of
the forward power detector; a reverse power lookup table coupled to the
reverse power detector, the reverse power lookup table including data
correlated to the 



30 characteristics of the reverse power detector; a duty cycle circuit
coupled to the forward power lookup table wherein the duty cycle circuit is
coupled to a switch in the microwave chain, the switch being adapted to
control the duty cycle of an input signal to an amplifier in the 35
microwave chain.  - 119 -               According to one embodiment of the
invention a method of controlling output power from a microwave chain in a
medical device microwave generator is described, the method including the
steps of: detecting a forward power 5 signal at an output of the microwave
chain; feeding the forward power signal into a forward power lookup table,
the forward power lookup table including correlation data based upon the
electrical characteristics of the forward power detector; modifying the
forward power signal 10 according to the correlation data; feeding the
modified forward power signal to a duty cycle circuit wherein the duty
cycle circuit is adapted to control the duty cycle of an input signal to an
amplifier in the microwave chain. 15According to one embodiment of the
invention a patient support apparatus is described including: a center
support; first and second arm supports connected to the center portion at a
first predetermined angle of between approximately fifteen degrees an
approximately 20 thirty-five degrees. According to one embodiment of the
invention the first predetermined angle is approximately twenty-five
degrees.               According to one embodiment of the invention a
treatment template is described including: a flexible 25 transparent base,
the flexible transparent base including: one or more treatment region
outlines printed on the base; a plurality of anesthesia equally spaced
injection sites printed on the base; a plurality of template positioning
marks printed on the base; a 30 plurality of applicator placement marks
printed on the base. According to one embodiment of the invention the one
or more treatment region outline According to one embodiment of the
invention a 



method of treating hyperhidrosis in a patient is 35 described including:
positioning the patient on a patient  - 120 - support apparatus; aligning a
treatment template to land marks on the patients axilla; marking anesthesia
injection sites on the patients axilla; marking applicator positioning
sites on the patients axilla; 5 aligning an applicator with the applicator
positioning sites; applying cooling to the patients axilla; applying energy
to the patients axilla; switching energy through a plurality of antennas in
the applicator; removing the applicator and moving the applicator to a
second 10 treatment site using the alignment markings. The foregoing is
considered as illustrative only of the principles of the invention.
Furthermore, since numerous modifications and changes will readily occur to
those skilled in the art, it is not desired to 15 limit the invention to
the exact construction and 20 operation shown and described.While the 



embodiment has been described, the details may without departing from the
invention, which is the claims.  preferred be changed defined by  -121-
Claims:  1. A disposable medical apparatus for use with an applicator which
radiates microwave energy, said disposable medical apparatus comprising:
a tissue chamber at a distal end of said disposable medical apparatus, a
distal end of said tissue chamber being adapted to form a vacuum seal when
positioned against skin; an applicator chamber at a proximal end of said
disposable member;      a flexible film forming a tissue bio-barrier, said
tissue bio-barrier separating said tissue chamber and said applicator
chamber, said tissue bio-barrier being a material which is substantially
transparent to microwave energy, and substantially impermeable to air and
biological fluids;      a filter forming an applicator bio-barrier
separating air in said tissue chamber from air in said applicator chamber,
said applicator bio-barrier being substantially permeable to air but
substantially impermeable to biological fluids;      a vacuum circuit
connecting said tissue chamber and said applicator chamber, wherein said
applicator bio-barrier is positioned in said vacuum circuit; and      a
vacuum seal disposed on said applicator chamber, said vacuum seal being
positioned to engage the applicator and seal said applicator chamber when
said applicator is positioned in said applicator chamber.  2. A disposable
medical apparatus according to claim 1, wherein said tissue bio-barrier
does not perturb microwave fields passing through said tissue bio-barrier.
3. A disposable medical apparatus according to claim 3, wherein said
frequency of interest is between approximately 5 GHz and 6.5 GHz 



4. A disposable medical apparatus according to claim 1, wherein said tissue
bio-barrier has a Young's modulus of between approximately 0.1 GPa and 1.5
GPa.  5. A disposable medical apparatus according to claim 1, wherein said
vacuum circuit provides a substantially free flow of air from said
applicator chamber to said tissue chamber.  - 122 -  6. A disposable
medical apparatus according to claim 1, wherein said tissue bio-barrier is
less than approximately 0.001 inches thick.  7. A disposable medical
apparatus according to claim 1, wherein the tissue b o-barrier comprises a
dielectric material.  8. A disposable medical apparatus according to claim
1, wherein said vacuum circuit is adapted to split vacuum pressure between
said tissue chamber and said applicator chamber.  9. A disposable medical
apparatus according to claim 1, wherein said vacuum seal comprises a gasket
around said applicator chamber.  10. A disposable medical apparatus
according to claim 1 wherein said filter comprises a hydrophobic membrane
filter.  11. A disposable medical apparatus according to claim I wherein
said tissue chamber further comprises a compliant member positioned at a
distal end thereof. 








