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(57) ABSTRACT 

A system 30 and method(s) 100 for thermal treatment of a 
selected target within a subject is disclosed. System 30 
includes RF source 10, phase shifter 14, impedance matching 
network 11 and resonator 13. Stationary water molecules 1, 
such as those infat cells, are heated. The invention is useful in 
selective heating of cellulite bodies as a means of treating 
cellulite. 
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Provide RF output signal Employ phase shifter to alter output signal So 
to applicator (102) that energy is concentrated in predetermined 

Zone at desired depth beneath surface of 
Vary phase shift (126) biological tissue (104) 

Convert impedance of biological tissue from 
nominal value to corrected value So that 

Employ feeding cable output signal passes through the Surface of 
(124) the biological tissue without being converted 

to a standing wave by means of IMN (106) 

Cyclically accumulate/release the desired 
amount of energy in RF resonator located in 
applicator (108) 

Concentrate desired amount of energy in RF 
barrier (120) resonator so that a significant portion thereof 

is concentrated in the predetermined zone 
upon release (110) 

Convey RF output signal through surface of 
o tissue to predetermined energy dissipation 

Volume of tissue beneath 
face is heated (114) Zone after the output has been processed by 
SC 1S means of the applicator (112) 

Cellulite reduced (128) 

F.G. 6 
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SYSTEMAND METHOD FOR HEATING 
BIOLOGICAL TISSUE VIA RF ENERGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent application is continuation of U.S. 
patent application Ser. No. 12/488,566 filed on Jun. 21, 2009 
which is a continuation of U.S. patent application Ser. No. 
10/562,135 filed on Dec. 23, 2005, which is a National Stage 
Entry of PCT/IL05/000314 filed on Mar 17, 2005, which 
claims the benefit of U.S. Provisional Patent Application 
60/644,037 filed on Jan. 18, 2005. All of the aforementioned 
patent applications are hereby incorporated by reference in 
their entirety. 

FIELD AND BACKGROUND OF THE 
INVENTION 

0002 The present invention relates to an improved system 
and method for heating biological tissue via RF energy and, 
more particularly, to a system and method which rely upon a 
single electrode. Control of phase and pulse width modula 
tion of applied RF waves obviates the need for cooling of the 
skin Surface, to facilitate efficient heating of underlying layers 
of tissue Such as dermis and Subcutaneous layers. Specifi 
cally, heating and contraction of adipose tissues as a means of 
cellulite reduction is achieved. 
0003) Adipose tissues, particularly cellulite, are typically 
treatable only with a strict regimen of diet and exercise. 
Patient compliance with these previously available regimens 
is poor. Cellulite occurs when fat cells Swell compressing the 
flow of blood and lymph. This leads to build-up of fluid and 
toxins. Connective tissue forms hard fibrous capsules around 
the fat cells. This results in a “lumpy” appearance. The fat 
cells involved are located primarily in the third and most deep 
(skin) layer, which has a variable by thickness depending on 
the amount fat in the subject. Thickness of this layer typically 
increases in areas such as abdomen, thighs and buttocks. 
0004 Previously proposed methods for cellulite treatment 
include Topical treatment, Teas and capsules, Cellulite wraps, 
Endermologie, Mesotherapy, Acthyderm and Ultrasonic and 
particularly focused ultrasonic treatment. These techniques 
have demonstrated various degrees of clinical efficacy in 
reducing the "lumpy' appearance associated with cellulite 
deposits. 
0005. In addition, thermotherapy using electromagnetic 
radiation or radio-frequency (RF) waves has been proposed. 
RF treatment is more effective than other available therapy 
regimens since it permits the body to heal itself. Non-invasive 
electromagnetic radiation, including radio-frequency waves, 
has been proposed in the prior art for treatment of fat and 
cellulite in addition to use for contraction of collagen, Such as 
involved in the treatment of wrinkles. 
0006. The typical RF technique for heating of biological 
tissues involves exposing the tissue to RF Voltage, which 
produces RF conductive current through the tissue at a level 
sufficient to overcome the tissue resistance. The current heats 
the tissue. This method causes uneven heat accompanied by 
burning of the outer layer(s) the skin. As a result, many of the 
conventional systems for implementation of this method 
share, as an inherent disadvantage, a strict requirement for a 
cooling mechanism to remove an excessive heat of the skin 
during the treatment. 
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0007. One example of a prior art system(s) is disclosed in 
U.S. Pat. No. 6,662,054 assigned to Syneron Medical Ltd. 
This patent teaches deforming the skin so that a region of skin 
protrudes from the Surrounding skin, and applying RF energy 
to the protruded skin. The system includes one or more RF 
electrodes, configured to apply conducted RF current to the 
skin, and a skin deformer, so that a region of skin protrudes 
out from Surrounding skin and is exposed to the conducted RF 
current, which follows the deforming act. Teachings of this 
include a strict requirement for cooling of the skin to prevent 
burning. 
0008 US Patent Application No. 2004.0002705 assigned 
to Thermage, Inc. also discloses a system that requires cool 
ing of skin to prevent burning. In particular, this published 
patent application teaches a method of creating a tissue effect 
by delivering electromagnetic energy through a skin Surface 
from an electromagnetic energy delivery device coupled to an 
electromagnetic energy source. 
0009 Further additional examples of prior art systems 
which require cooling of the skin to prevent burning include 
those disclosed in US Patent Application No. 200403.0332 
and U.S. Pat. No. 5,919,219 assigned to Thermage, Inc., 
which teach a system and method for providing treatment to 
a skin Surface by applying RF energy through the skin using 
a memory for gathering information. These systems include 
express requirements for a cooling lumen for receiving cool 
ing fluid and a number of RF electrodes. The RF electrodes 
are provided to transfer RF current to the skin and are con 
figured to be capacitive coupled to the skin Surface, thus 
creating a heating effect through RF conducted current. 
0010. In summary, the above-described prior art methods 
require the use of a separate cooling system to cool the outer 
skin layer throughout the RF treatment. Further, many of the 
previously available Solutions require a memory unit to store 
local information pertaining to the treated area throughout the 
treatment. Further, many of the previously available solutions 
require extensive preliminary adjustments, such as local 
impedance matching, prior to each treatment. Further, despite 
use of the phrase "one or more electrodes in many prior art 
documents, the above-described alternatives share, a strict 
requirement for a return electrode pad to be placed against the 
patient to receive the RF currents after passing tissue being 
treated. This return electrode for volumetric treatment of 
adipose tissue (e.g. cellulite) routes a majority of energy 
through blood and lymphatic vessels. Fat cells are heated only 
by heat dissipated from these non-target tissues as a result of 
their inherent resistance. 
0011. There is thus a widely recognized need for, and it 
would be highly advantageous to have, an improved system 
and method for heating biological tissue via RF energy that 
attempts to address one or more of the limitations of the 
above-described systems. 

SUMMARY OF THE INVENTION 

0012. According to one aspect of the present invention 
there is provided a system for RF (HF) energy treatment of 
deep layers of human tissue (e.g. dermis and/or hypodermis) 
to achieve adipose tissue contraction and/or cellulite reduc 
tion. 
0013 The system includes an RF-energy applicator (e.g. 
spherical shape) which serves as RF-energy coupling antenna 
that functions in combination with an adjacent tissue as a 
losses transmission line when contacted with epidermis of the 
tissue. 
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0014. The system further includes a treated area (part) of 
human tissue placed in direct contact with RF-energy appli 
cator whereas underlying Subcutaneous tissues acts as a dis 
sipative load of the said applicator and the transmission line. 
0015 The system further includes a parallel resonance 
circuit (RF-resonator) including inductor and capacitor and 
maximally closely contacted with the said applicator by its 
central point whereas merit factor of this resonant circuit must 
be sufficiently high that provides active losses determined by 
equivalent resistance, which is at least 20 times higher that 
modulus of impedance of a said area of attached human tissue 
0016. The system further includes impedance matching 
network (IMN) converting the impedance of treated area of 
human tissue into 50 Ohms in order to minimize reflected 
power from human tissue and provide a traveling wave 
through a human tissue. 
0017. The system further includes a phase shifting device 
at the input of the IMN providing an achievement of maxi 
mum of RF traveling-wave at a predetermined depth under 
the surface or on the surface. 
0018. According to another aspect of the present invention 
there is provided a method, which includes operation of the 
system. 
0019. According to further features in preferred embodi 
ments of the invention described below the applicator is made 
from Al. Ag., Au, copper, or copper and aluminum alloys and 
coated with dielectric material. 
0020. According to still further features in the described 
preferred embodiments the applicator is made from Alcoated 
by alumina. 
0021. According to still further features in the described 
preferred embodiments the applicator is moved on the surface 
of treated skin. 
0022. According to still further features in the described 
preferred embodiments the feeding cable connects RF-appli 
cator and RF-resonator with impedance matching systems. 
0023. According to still further features in the described 
preferred embodiments the feeding cable has resonance (n) / 
2) length, where w is a wavelength of RF-energy in the cable 
material and n is whole number 
0024. According to still further features in the described 
preferred embodiments the impedance matching system pro 
vides compensation of the reactance of the attached piece of 
human tissue. 
0025. According to still further features in the described 
preferred embodiments the impedance matching system is 
fixed L., T or L-shape structure. 
0026. According to still further features in the described 
preferred embodiments the impedance matching system is 
broadband impedance transformer. 
0027. According to still further features in the described 
preferred embodiments the impedance matching system is 
variable. 
0028. According to still further features in the described 
preferred embodiments the phase shifter is trombone type. 
0029. According to still further features in the described 
preferred embodiments the phase shifter is constructed of 
coaxial cable. 
0030. According to still further features in the described 
preferred embodiments the phase shift provided by the phase 
shifter is variable in time. 
0031. According to still further features in the described 
preferred embodiments the impedance meter (sensor) is 
inserted between matching system and RF-applicator. 
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0032. According to still further features in the described 
preferred embodiments the said impedance matching system 
is controllable by feedback system obtaining the signal from 
the said impedance meter (sensor) for the purpose of reaching 
the optimal impedance matching and maximal energy depo 
sition into human tissue. 
0033 According to still further features in the described 
preferred embodiments the coupled energy is delivered from 
RF-generator (amplifier). 
0034. According to still further features in the described 
preferred embodiments the delivered RF-power is coupled in 
continuous or pulsing mode. 
0035. According to still further features in the described 
preferred embodiments the control of the energy coupled to 
human tissue is achieved by variation of amplitude or duty 
cycle of RF-power in pulsing mode (PWM-control). 
0036. According to still further features in the described 
preferred embodiments the certain part of human body is in 
contact with second point of the said RF-resonator (for 
example ground). 
0037 According to still further features in the described 
preferred embodiments the operation is provided on the reso 
nance frequency of human body. 
0038 According to still further features in the described 
preferred embodiments the treatment with RF-applicator t is 
combined with the laser treatment. 
0039. According to still further features in the described 
preferred embodiments the treatment with RF-applicator t is 
combined with ultrasonic treatment 
0040. According to still further features in the described 
preferred embodiments the treatment with RF-applicator t is 
combined with UV-treatment 
0041 According to still further features in the described 
preferred embodiments the treatment with RF-applicator t is 
combined with plasma treatment 
0042. According to still further features in the described 
preferred embodiments the treatment with RF-applicator t is 
combined with flash-lamp treatment. 
0043. According to one aspect of the present invention 
there is provided an improved system forthermal treatment of 
a selected target within a Subject, the system includes: (a) an 
RF energy source capable of producing an output RF power 
signal directed to an applicator contactable with a surface of 
a biological tissue belonging to the Subject, the applicator 
capable of delivering a desired amount of energy to a prede 
termined energy dissipation Zone beneath the Surface of the 
biological tissue, the selected target positioned within the 
predetermined energy dissipation Zone; (b) a phase shifter, 
the phase shifter capable of shifting a phase of directed trav 
eling waves of the output signal so that energy therefrom is 
concentrated primarily in the predetermined energy dissipa 
tion Zone, which lies at a desired depth beneath the surface of 
the biological tissue; (c) an impedance matching network 
(IMN), the IMN capable of converting the impedance of the 
biological tissue belonging to the Subject from a nominal 
value to a corrected value, the corrected value matching an 
impedance characteristic of the RF transmission line so that 
the directed traveling wave may pass through the Surface of 
the biological tissue without being converted to a standing 
wave; (d) an RF resonator located in the applicator, the RF 
resonator capable of cyclically accumulating and releasing 
the desired amount of energy, the RF resonator further 
capable of concentrating the desired amount of energy so that 
a significant portion thereof is concentrated in the predeter 
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mined energy dissipation Zone; and (e) the applicator capable 
of conveying the output RF power signal from the RF energy 
source through the surface of the biological tissue to the 
predetermined energy dissipation Zone after the output has 
been processed by the phase shifter, the IMN and the resona 
tor. The absence of a ground electrode permits free propaga 
tion of the waves of the output RF power signal in the energy 
dissipation Zone. 
0044 According to another aspect of the present invention 
there is provided an improved method for thermal treatment 
of a selected target within a subject. The method includes: (a) 
providing an output RF power signal directed to an applicator 
contactable with a Surface of a biological tissue belonging to 
the Subject, (b) employing a phase shifter to shift a phase of 
directed traveling waves of the output RF power so that 
energy therefrom is concentrated primarily in a predeter 
mined energy dissipation Zone which lies at a desired depth 
beneath the surface of the biological tissue, wherein the 
selected target is positioned within the predetermined energy 
dissipation Zone; (c) converting the impedance of the biologi 
cal tissue belonging to the Subject from a nominal value to a 
corrected value, the corrected value matching an impedance 
characteristic of RF-transmission line so that the directed 
traveling wave may pass through the Surface of the biological 
tissue without being converted to a standing wave by means 
of an impedance matching network (IMN); (d) cyclically 
accumulating in an RF resonator located in the applicator, and 
releasing therefrom, the desired amount of energy, (e) con 
centrating the desired amount of energy in the RF resonatorso 
that a significant portion thereof is concentrated in the prede 
termined energy dissipation Zone upon release therefrom; and 
(f) conveying the output signal of RF energy through the 
Surface of the biological tissue to the predetermined energy 
dissipation Zone after the output has been processed by the 
phase shifter, the IMN and the resonator by means of the 
applicator. The absence of a ground electrode permits free 
propagation of the waves in the output signal in the energy 
dissipation Zone. 
0045. According to yet another aspect of the present 
invention there is provided an improved method for cellulite 
treatment. The method includes: (a) providing an output sig 
nal of RF energy directable to an applicator contactable with 
a surface of a biological tissue belonging to the Subject, (b) 
employing a phase shifter to shift a phase of directed traveling 
waves of the output RF power so that energy therefrom is 
concentrated primarily in a predetermined energy dissipation 
Zone which lies at a desired depth beneath the surface of the 
biological tissue, wherein the selected target is positioned 
within the predetermined energy dissipation Zone, the prede 
termined energy dissipation Zone including at least one cel 
lulite body; (c) converting the impedance of the biological 
tissue belonging to the Subject from a nominal value to a 
corrected value, the corrected value matching an impedance 
characteristic of RF-transmission line so that the directed 
traveling wave so that the output signal may pass through the 
surface of the biological tissue without being converted to a 
standing wave by means of an impedance matching network 
(IMN); (d) cyclically accumulating in an RF resonator 
located in the applicator, and releasing therefrom, the desired 
amount of energy, (e) concentrating the desired amount of 
energy in the RF resonator so that a significant portion thereof 
is concentrated in the predetermined energy dissipation Zone 
upon release therefrom; and(f) conveying the output power 
from the RF energy source through the surface of the biologi 
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cal tissue to the predetermined energy dissipation Zone after 
the output has been processed by the phase shifter, the IMN 
and the resonator by means of the applicator. The absence of 
a ground electrode permits free propagation of the waves in 
the output signal in the energy dissipation Zone. The at least 
one cellulite body is heated to a greater degree than a tissue 
adjacent thereto. 
0046 According to further features in preferred embodi 
ments of the invention described below, the system further 
includes a pulse width modulation (PWM)-controller, the 
PWM-controller capable of causing the RF energy source to 
deliver the output signal in pulses of a desired amplitude, a 
predetermined duration with a desired repetition frequency 
for average output power control. 
0047 According to still further features in the described 
preferred embodiments the system further includes a dielec 
tric barrier positionable between the applicator and the sur 
face of the biological tissue; the dielectric barrier preventing 
transmission of a conductive current. 
0048. According to still further features in the described 
preferred embodiments the applicator is made from at least 
one metal selected from the group consisting of aluminum, 
silver, gold, copper and alloys thereof. 
0049 According to still further features in the described 
preferred embodiments the dielectric barrier is supplied as a 
dielectric coating on the applicator. 
0050. According to still further features in the described 
preferred embodiments the applicator is constructed prima 
rily of aluminum and the dielectric barrier is supplied as an 
alumina coating. 
0051. According to still further features in the described 
preferred embodiments the applicator is movable on the sur 
face of the biological tissue as a means of altering a location 
of the energy dissipation Zone. 
0.052 According to still further features in the described 
preferred embodiments the system further includes a feeding 
cable, the feeding cable connecting the RF-applicator and the 
RF-resonator with the IMN. 
0053 According to still further features in the described 
preferred embodiments the feeding cable has a resonance 
length defined by nW2 length, where w is a wavelength of 
RF-energy in the cable material and n is a whole number. 
0054 According to still further features in the described 
preferred embodiments the IMN includes a fixed structure 
characterized by a shape selected from the group consisting 
of L shaped, T shaped and U-shaped structure. 
0055 According to still further features in the described 
preferred embodiments the IMN includes a broadband 
impedance transformer. 
0056. According to still further features in the described 
preferred embodiments the IMN is variable. 
0057 According to still further features in the described 
preferred embodiments the phase shifter includes a trombone 
type phase shifting mechanism. Trombone type phase shifters 
are well known to those of ordinary skill in the art and are 
described in detail at www.microwaves 101.com/encyclope 
dia/phaseshifters.cfm which is fully incorporated herein by 
reference (see Appendix A). 
0.058 According to still further features in the described 
preferred embodiments the phase shifter is at least partially 
constructed of coaxial cable. 
0059. According to still further features in the described 
preferred embodiments a phase shift provided by the phase 
shifter is variable. 
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0060 According to still further features in the described 
preferred embodiments the energy delivered to the predeter 
mined energy dissipation Zone is coupled in continuous or 
pulsing mode. The RF-energy is produced in the form of 
sinusoidal signal that can be modulated by rectangular pulses 
with lower frequency by PWM controller) 
0061 According to still further features in the described 
preferred embodiments the RF-energy is characterized by a 
resonance frequency which matches a known natural reso 
nance frequency of the selected target. 
0062 According to still further features in the described 
preferred embodiments the system further includes at least 
one additional component selected from the group consisting 
of a laser beam, an ultrasonic transducer, a UV light source, a 
plasma treatment device and a flash lamp. 
0063. According to still further features in the described 
preferred embodiments the providing indicates provision of 
the output signal in pulses of a predetermined duration with a 
desired frequency. 
0064. According to still further features in the described 
preferred embodiments the method further includes interpos 
ing a dielectric barrier between the applicator and the surface 
of the biological tissue. The dielectric barrier prevents trans 
mission of a conductive current. 

0065 According to still further features in the described 
preferred embodiments the method further includes con 
structing the applicator primarily of aluminum. More prefer 
ably, the dielectric barrier is Supplied as an alumina coating 
on an aluminum applicator. 
0066. According to still further features in the described 
preferred embodiments the method further includes moving 
the applicator with respect to the surface of the biological 
tissue as a means of altering a location of the energy dissipa 
tion Zone. 

0067. According to still further features in the described 
preferred embodiments the method further includes employ 
ing a feeding cable to connect the RF-applicator and the 
RF-resonator with the IMN. 

0068 According to still further features in the described 
preferred embodiments the method further includes varying 
the phase shift provided by the phase shifter. 
0069. The present invention successfully addresses the 
shortcomings of the presently known configurations by pro 
viding an improved system and method for heating biological 
tissue via RF energy, which relies upon a single electrode and 
does not require a cooling system to prevent burning of skin. 
0070 Implementation of the method and system of the 
present invention involves performing or completing selected 
tasks or steps manually, automatically, or a combination 
thereof. Moreover, according to actual instrumentation and 
equipment of preferred embodiments of the method and sys 
tem of the present invention, selected Steps could be imple 
mented by hardware or by Software on any operating system 
of any firmware or a combination thereof. For example, as 
hardware, selected steps of the invention could be imple 
mented as a chip or a circuit. AS Software, selected Steps of the 
invention could be implemented as a plurality of software 
instructions being executed by a computer using any Suitable 
operating system. In any case, selected Steps of the method 
and system of the invention could be described as being 
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performed by a data processor, such as a computing platform 
for executing a plurality of instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0071. The invention is herein described, by way of 
example only, with reference to the accompanying drawings. 
With specific reference now to the drawings in detail, it is 
stressed that the particulars shown are by way of example and 
for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented 
in the cause of providing what is believed to be the most 
useful and readily understood description of the principles 
and conceptual aspects of the invention. In this regard, no 
attempt is made to show structural details of the invention in 
more detail than is necessary for a fundamental understand 
ing of the invention, the description taken with the drawings 
making apparent to those skilled in the art how the several 
forms of the invention may be embodied in practice. 
(0072. In the drawings: 
0073 FIG. 1 is a simplified schematic diagram illustrating 
RF-power coupling to a treated tissue according to the present 
invention. 
0074 FIG. 2 is simplified schematic diagram of RF-sys 
tem according to the present invention illustrating the prin 
ciples of output power control with PWM and treating space 
control with phase shifting of incident RF-wave in accor 
dance with a preferred embodiment of the present invention 
0075 FIG. 3 illustrates an impedance matching system in 
accordance with the present invention. 
0076 FIG. 4 is a thermo-gram illustrating heat distribution 
resulting from operation of a system according to the present 
invention using a slice of an apple as a target. 
0077 FIG.5 is a thermo-gram illustrating heat distribution 
resulting from operation of a prior art system according to the 
present invention using a slice of an apple as a target. 
0078 FIG. 6 is a simplified flow diagram illustrating a 
sequence of events associated with performance of a method 
according to the present invention. 

BRIEF DESCRIPTION OF PREFERRED 
EMBODIMENTS 

007.9 The present invention is of an improved system and 
method for heating biological tissue via RF energy, which 
requires only a single electrode. 
0080 Specifically, control of phase and pulse width 
modulation (PWM)-control of applied RF waves through the 
single electrode of the present invention obviate the need for 
cooling of the skin Surface while facilitating efficient heating 
of underlying layers of tissue such as dermis and Subcutane 
ous layers. As a result, the desired heating and contraction of 
adipose tissues is achieved. This allows, for the first time, 
non-invasive cellulite reduction. 
I0081. The principles and operation of an improved system 
and method for heating biological tissue via RF energy 
according to the present invention may be better understood 
with reference to the drawings and accompanying descrip 
tions. 
I0082 Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried 



US 2012/0239 120 A1 

out in various ways. In addition, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
0083. The present invention offers several advantages 
with regard to previously available alternatives. 
0084. A single electrode, or applicator, employed without 
a ground electrode permits homogeneous application of RF 
energy, which is directed primarily towards rotation, and 
vibration of dipole molecules, especially water molecules, in 
the applied electromagnetic wave. 
0085 Phase shifting techniques provide the possibility of 
concentration of RF-energy at a predetermined location by 
variation of position of RF-wave maximum 
I0086 Preferably, an Alumina- ceramic-coated applicator 
minimizes energy losses and prevents unwanted conductive 
current through human tissue 
0087. A supporting parallel resonator attached in proxim 

ity to the applicator accumulates RF-energy and provides 
efficient excitation of the applicator and high RF-voltage on 
the application Surface. 
0088 Application of high RF-power in short-pulses pro 
vides fast and effective heating of cellulite capsules with 
relatively low average RF-power level. 
I0089. PWM-control of output RF-power and simple IMN 
techniques provide good matching and low RF-power reflec 
tion with all types of human tissues. The additional advantage 
of applied fixed IMN and PWM-control ensure good imped 
ance matching with variable types of human tissue without 
complicated impedance matching correction. The RF-appli 
cator can be moved on the treated Surface. 
0090. It will be appreciated that volumetric fatty tissue 
treatment requires deployment of a homogeneous RF-wave 
(through cross-section transversal to wave propagation) with 
maximum at a desired distance from the electrode-applicator. 
This homogeneous and high intensity RF-wave ensures effi 
cient heating of cellulite capsules and fat cells because they 
retain water molecules. In contrast, blood and lymphatic ves 
sels will not be subject to undesired heating because the 
natural circulation of water molecules in these vessels pro 
vides convective cooling. Further, blood and lymphatic ves 
sels provide conductive cooling for other non-target tissues 
Such as muscle, nerve tissue and connective tissue. 
0091 Referring now to the figures, principle components 
ofa system according to the present invention and their opera 
tion are explained in greater detail. 
0092. The present invention is primarily embodied by a 
system 30 (FIGS. 1-3) for thermal treatment of a selected 
target within a subject. System 30 includes an RF energy 
source 10 capable of producing an output RF power signal 17 
directed to an applicator 3 contactable with a surface 6 of a 
biological tissue 4 belonging to the Subject. Applicator 3 is 
capable of delivering a desired amount of energy to a prede 
termined energy dissipation Zone 5 beneath surface 6 of bio 
logical tissue 4. The selected target is positioned within the 
predetermined energy dissipation Zone 5 and is represented in 
the figures as water molecules 1. 
0093 System 30 further includes a phase shifter (e.g. 
trombone-type phase shifter 14). Phase shifter 14 is capable 
of shifting a phase of directed traveling waves of output power 
17 so that energy therefrom is concentrated primarily in the 
predetermined energy dissipation Zone 5, which lies at a 
desired depth beneath surface 6 of biological tissue 4. 
0094 System 30 further includes an impedance matching 
network 11 (IMN capable of converting the impedance of 
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biological tissue 4 belonging to the Subject from a nominal 
value (e.g. 250-350 Ohms) to a corrected value (e.g. 50 
Ohms). The corrected value matches an impedance charac 
teristic of RF energy source and RF transmission line includ 
ing phase shifter 14 and cable 11, so that output RF traveling 
wave 17 may pass through surface 6 of biological tissue 4 
without being converted to a standing wave. 
(0095 System 30 further includes an RF resonator 13 
located in applicator 3. RF resonator 13 is capable of cycli 
cally accumulating and releasing the desired amount of 
energy and is further capable of concentrating the desired 
amount of energy so that a significant portion thereof may be 
transmitted to predetermined energy dissipation Zone 5. 
(0096 System 30 further includes applicator 3 capable of 
conveying output RF power signal 17 from the RF energy 
source 10 through surface 6 of biological tissue 4 to prede 
termined energy dissipation Zone 5 after output 17 has been 
processed by the phase shifter 14, IMN 11 and resonator 13. 
0097. Typically, operation of system 30 results in 2 to 4% 
loss of energy from output signal 17 with an additional 2-4% 
reflection of energy from output signal 17. This means that 
system 30 can reliably deliver 90-95% of energy from output 
signal 17 into Zone 5. Neither concentration of energy from 
output signal 17 into a small Zone 5, nor this degree of effi 
ciency, were achievable with previously available alterna 
tives. IMN 11 reduces reflection of applied output signal 17 
from surface 6 thereby increasing efficiency of delivery of 
energy to energy dissipation Zone 5. 
I0098. Further, the absence of a ground electrode from 
system 30 permits free propagation of the waves of output RF 
power signal 17 in energy dissipation Zone 5. 
0099. These factors serve to greatly increase the degree of 
heating of water molecules 1 relative to the degree of heating 
of water molecules 1 achieved with prior art alternatives. 
0100. The inherent advantages of system 30 are clear from 
comparison of thermo-grams of energy dissipation Zone 5 
using system 30 (FIG. 4) and a prior art bipolar (i.e. 2 elec 
trode) system (FIG. 5). Each thermo-gram is accompanied by 
a key on the left which indicates that the colors white, yellow, 
orange, red, green, blue and violet represent concentrations of 
heat energy in decreasing order. In each figure, an apple slice 
is used as biological tissue 4. 
0101 FIG. 4 clearly shows that when applicator 3 of sys 
tem 30 is contacted with surface 6 of tissue 4, delivery of 
output energy 17 results in delivery of energy primarily to 
Zone 5. Line 26 passes through the center of Zone 5. 
0102. In sharp contrast, FIG. 5 clearly shows that when 
applicator 3 of a prior art bipolar system is contacted with 
surface 6 of tissue 4, delivery of output energy 17 results in 
delivery of energy primarily to a Zone 5 which is adjacent to 
surface 6 of tissue 4. This reduces the distance between line 
26, which passes through the center of Zone 5, and surface 6. 
In other words, the prior art bipolar system delivers heat 
energy primarily in proximity to Surface 6. The thermo-gram 
of FIG. 5 illustrates a distribution of heat energy observed 
when the prior art bipolar system is operated with a cooling 
system. 
(0103 Optionally, but preferably, system 30 further 
includes a PWM controller, the PWM controller 12 capable of 
causing the RF energy source to deliver the output power 
signal in pulses of a predetermined duration and amplitude 
with a desired frequency. For example, the operating RF 
frequency is 40.68 MHz, a PWM-frequency is 1 to 20 kHz 
and a duty cycle is 10 to 90%. 
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0104. According to some preferred embodiments of the 
invention, applicator 3 is made from metals such as, for 
example, aluminum, silver, gold, copper or alloys thereof. 
Alternately, or additionally, a dielectric barrier 2 may be 
positioned between applicator 3 and surface 6 of biological 
tissue 4. Dielectric barrier 2 prevents unwanted transmission 
of a conductive current to tissue 4. According to Some pre 
ferred embodiments of the invention, dielectric barrier 2 is 
Supplied as a dielectric coating on applicator 3. According to 
a most preferred embodiment, applicator 3 is constructed 
primarily of aluminum and dielectric barrier 2 is Supplied as 
an alumina coating. 
0105 Optionally, but preferably, applicator 3 is movable 
on Surface 6 of biological tissue 4 as a means of altering a 
location of energy dissipation Zone 5. 
0106 Optionally, but preferably, system 30 further 
includes a feeding cable 7, the feeding cable 7 connecting RF 
applicator 3 and the RF-resonator 13 with IMN 11. Option 
ally, but preferably, feeding cable 7 has a resonance length 
defined by nW/2 length, where w is a wavelength of RF 
energy in the cable material and n is a whole number. 
0107 Optionally, but preferably, IMN 11 includes a fixed 
structure characterized by a shape Such as, for example, L 
shaped, T shaped or L-shaped structure. Optionally, but pref 
erably, IMN 11 includes abroadband impedance transformer. 
Optionally, but preferably, IMN 11 is variable. 
0108 Optionally, but preferably, phase shifter 14 includes 
a trombone type phase shifting mechanism. 
0109 Alternately, or additionally, phase shifter 14 may be 
at least partially constructed of coaxial cable. 
0110 Optionally, but preferably, phase shifter 14 provides 
a variable phase shift. 
0111 Optionally, but preferably, RF-generator 10 delivers 
coupled energy. 
0112 Optionally, but preferably, the energy delivered to 
the predetermined energy dissipation Zone 5 is coupled in a 
continuous or a pulsing mode. RF-generator 10 produces 
output 17 in the form of a sinusoidal signal which may be 
modulated by rectangular pulses with lower frequency. This 
may be accomplished, for example, by PWM controller 12. 
0113. According to one most preferred embodiment of the 
invention, system 30 employs RF-energy 17 which is charac 
terized by a resonance frequency that matches a known natu 
ral resonance frequency of the selected target. 
0114 Optionally, but preferably, system 30 may further 
include additional components, such as, for example, a laser 
beam, an ultrasonic transducer, a UV light source, a plasma 
treatment device and a flash lamp. 
0115 The present invention is further embodied by an 
improved method 100 for thermal treatment of a selected 
target within a subject. Method 100 includes: 
providing 102 output RF power signal 17 directed to appli 
cator 3 contactable with surface 6 of biological tissue 4 
belonging to the Subject. 
0116 Method 100 includes employing 104 a phase shifter 
14 to shift a phase of RF-traveling waves of output RF power 
17 so that energy therefrom is concentrated primarily in pre 
determined energy dissipation Zone 5 which lies at a desired 
depth beneath surface 6 of biological tissue 4. The selected 
target is positioned within energy dissipation Zone 5. 
0117 Method 100 further includes converting 106 imped 
ance of biological tissue 4 belonging to the Subject from a 
nominal value to a corrected value. The corrected value 
matches a characteristic impedance characteristic of RF 
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energy source and RF transmission line including a cable 11 
and a phase shifter 14 so that output RF-traveling wave 17 
may pass through Surface 6 of biological tissue 4 without 
being converted to a standing wave by means of IMN 11: 
0118 Method 100 further includes cyclically 108 accu 
mulating/releasing in an RF resonator 13 located in applicator 
3 the desired amount of energy. 
0119 Method 100 further includes concentrating 110 the 
desired amount of energy in RF resonator 13 So that a signifi 
cant portion thereof is concentrated in the predetermined 
energy dissipation Zone 5 upon release from resonator 13. 
I0120 Method 100 further includes conveying 112 output 
17 from RF energy source 10 through surface 6 of biological 
tissue 4 to predetermined energy dissipation Zone 5 after 
output 17 has been processed by the phase shifter 14, the IMN 
11 and resonator 13 by means of applicator 3. 
I0121 The absence of a ground electrode permits free 
propagation of the waves in output signal 17 in energy dissi 
pation Zone 5. 
I0122) According to still further features in the described 
preferred embodiments the providing indicates provision 118 
of output signal 17 in pulses of a predetermined duration and 
an amplitude with a desired frequency as detailed herein 
above. 
I0123 Preferably, method 100 further includes interposing 
120 a dielectric barrier 2 between applicator 3 and surface 6 of 
biological tissue 4. Dielectric barrier 2 prevents transmission 
of a conductive current. Preferably, method 100 further 
includes constructing applicator 3 primarily of aluminum. 
More preferably, dielectric barrier 2 is supplied as an alumina 
coating on an aluminum applicator 3. 
0.124 Preferably, method 100 further includes moving 
122 applicator 3 with respect to surface 6 of biological tissue 
4 as a means of altering a location of energy dissipation Zone 
5. 
(0.125 Optionally, but preferably, method 100 further 
includes employing 124 a feeding cable 7 to connect appli 
cator 3, and resonator 13 with IMN 11. 
(0.126 Optionally, but preferably, method 100 further 
includes varying 126 the phase shift provided by phase shifter 
14. 
(O127 Method 100 is optimally employed for cellulite 
treatment by selecting a predetermined energy dissipation 
including at least one cellulite body which serves as a target 
which is heated to a greater degree than tissue adjacent 
thereto. As a result, cellulite is reduced 128. 
I0128. The present invention relies upon RF-heating of 
biological tissues via rotation of molecules of the water mol 
ecules 1 (FIG. 1), which are dipole structures, in an alternat 
ing electromagnetic field. In order to avoid a conductive HF 
current a dielectric barrier 2 provides insulation between the 
applicator 3 and a biological tissue surface 6. 
I0129. Preferably, applicator 3 is constructed from alumi 
num or an aluminum alloy covered by alumina coating with a 
thickness 40-50 um. 
0.130 Applicator 3 can be also described as an antenna 
coupler that irradiates the RF-wave into deep tissue 4. The 
resultant dissipation of the energy load can be described as 
irradiative coupling of RF-energy. 
I0131 The area through which applied RF energy is pri 
marily applied 5 is determined by the contact area between 
tissue surface 6 and applicator 3 and by the phase of incident 
electromagnetic wave pulses 17. The energy diverges from 
surface 6 and is effectively dissipated 5 through tissue 4. The 
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depth of RF-energy penetration depends on RF-power and 
area of applicator and phase shift of electromagnetic wave. 
By application of phase shifting device 14 it is possible to 
adjust a position of energy dissipation Zone 5 and to coincide 
with a selected target (e.g. cellulite lesions). 
0132) The applied oscillating RF-field stimulates all 
dipole molecules (mostly water molecules 1) to rotate and 
vibrate with consequent heating of energy dissipation Zone 5. 
Zone 5 may be controlled by phase shifting device 14 
between RF-generator 10 and applicator 3. Heating will be 
primarily in adipose tissue because it is rich in liquids but not 
Subject to convective cooling as blood vessels are. The pulse 
width modulation (PWM) control 12 of output RF-power that 
provide a possibility to keep a high peak RF-power with low 
average power level. 
0133. The absence of a second or ground electrode in the 
pictured configuration permits free propagation of RF waves 
inside tissue 4. 

0134. In order to maximize transmission of RF-energy 
from RF-source 10 (FIG. 2) through resonant cable 7 to 
applicator 3, it is connected to the central point of a parallel 
resonator 13 including a capacitor 8 and an inductor 9 con 
nected in parallel and characterized by very high-Q-factor for 
example more than 20. 
0135. The delivered oscillating RF-power (e.g. 25-300 
watts) is stored in the resonator 13 therefore an active (dissi 
pative) load of resonator 13 is only an adjacent tissue. 
0136. The active losses of resonator 13 are very low (20-50 
times less than energy dissipated inside tissue 4). The inter 
mittent discharges of capacitor 8 and the inductor 9 are 
coupled through applicator 3 to tissue 4. 
0137 RF-generator 10 capable of producing 200-400 
Watts full power at 40.68 MHz operating frequency demon 
strates an optimal performance at 50 Ohms resistive load. 
Optimal performance means minimal reflected RF-power 
with maximum RF-forward power dissipated by a load. Thus, 
the real load that includes treated volume 5 of tissue 4 is 
matched as 50 Ohms load. 

0.138. The used impedance matching network (IMN 11: 
see FIG.2) is fixed (the elements are not variable operatively): 
therefore operation occurs without RF-power amplitude 
changes. The control of output power is reached by PWM 
control (pulse width modulation). PMW achieves modulation 
of output power by rectangular power pulses applied with a 
frequency lower than that of the RF wave. In order to decrease 
RF-power coupling it is necessary to reduce a duty cycle of 
PWM. PWM-controller 12 produces rectangular pulses with 
a modulation frequency range of 2-10 kHz. The duty cycle 
may be varied from 5 to 100%. The shape of RF-power pulse 
17 is showed in FIG. 2. The PWM-control of output RF 
power permits high peak RF-power level in heating Zone 5 
with lower average power. This provides efficient heating of 
adipose capsules with minimal impact on blood vessels and 
other tissues. 

0.139. The reflected RF-power is 1-2% of output power 
therefore 98% of output power is dissipated in the treated 
Volume. Typically, we concentrate energy in adipose tissue 
therefore coupled RF-energy is dissipated by fat cells, cellu 
lite capsules and by blood and lymphatic liquids. The energy 
that produces a useful job in fat cells and cellulite tissue will 
reach 70-80% of total energy coupled to the volume. The rest 
energy is dissipated through diffusion of the heat to the Sur 
face and by convection of natural liquids of human body. 
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0140. Applicator 3 is connected to parallel resonator 13. 
Applicator 3 and resonator 13 are physically positioned 
inside of operating hand-piece 22 used for treatment proce 
dure. The IMN-system locates inside the main system 23. In 
order to avoid a mismatching phase shift between the appli 
cator 3 and the IMN 11, the length of cable 7 is equal to the 
whole number (n) of wavelength of RF-energy (w) in the cable 
material. 

0.141. In order to reach necessary amplitude under the 
Surface 6 of tissue 4, a phase shifting system (e.g. trombone 
type system 14) is inserted between output of RF-generator 
10 and an input of IMN 11. The position of the maximum of 
energy dissipation can be controlled by this phase shifting 
system. In order to control the depth of RF-energy penetration 
the length of trombone can be shortened that change a posi 
tion of dissipated electromagnetic wave in the tissue or an 
area of the maximum of RF-voltage. Consequently, RF-en 
ergy will be dissipated most efficiently in the volume around 
maximum of the RF-voltage. 
0142. The phase shifter 14 can be controlled automati 
cally, for example by motors 15. This change of phase could 
be linear or periodical that provides a displacement of maxi 
mal heating Zone inside the tissue or scanning of maximal 
heating Zone position. 
0143. The practical implementation of impedance match 
ing system 11 is illustrated by FIG. 3. The RF-power deliv 
ered from RF-generator 10 through coaxial cable 16 is modu 
lated by rectangular pulses 17. Because RF-generator 10 is 
matched to 50 Ohms and impedance of human tissue is close 
to 300 Ohms, it is necessary to convert 50 to 300 Ohms with 
compensation of electromagnetic reactance of tissue 4. This 
is achieved with impedance matching network 11. L-type 
simple fixed IMN consisting of RF-capacitor 18 and RF 
inductor 19 (FIG.3) were applied for this purpose. Half-wave 
cable 7 is applied for transmission of RF-energy from IMN 11 
to RF applicator 3 without phase shifting that is controllable 
by phase shifting system. The measured impedance in the 
point 20 is 50 Ohms and in the point 21 is 300 Ohms. Imped 
ance matching networks of various types may be employed 
without significantly altering performance of the present 
invention. Regardless of the exact IMN type employed, the 
IMN 11 can be variably and/or automatically controlled to 
trace an impedance changing. 
0144. It is appreciated that certain features of the inven 
tion, which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable subcombination. 

0145 Although the invention has been described in con 
junction with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be appar 
ent to those skilled in the art. Accordingly, it is intended to 
embrace all Such alternatives, modifications and variations 
that fall within the spirit and broad scope of the appended 
claims. All publications, patents and patent applications men 
tioned in this specification are herein incorporated in their 
entirety by reference into the specification, to the same extent 
as if each individual publication, patent or patent application 
was specifically and individually indicated to be incorporated 
herein by reference. In addition, citation or identification of 
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any reference in this application shall not be construed as an 
admission that such reference is available as prior art to the 
present invention. 
What is claimed: 
1. An improved system for thermal treatment of a selected 

target within a Subject, the system comprising: 
(a) an electromagnetic (EM) energy source capable of pro 

ducing an output EM power signal directed to an appli 
cator contactable with a Surface of a biological tissue 
belonging to the Subject, said applicator capable of 
delivering a desired amount of energy to a predeter 
mined energy dissipation Zone beneath said surface of 
said biological tissue, the selected target positioned 
within said predetermined energy dissipation Zone; 

(b) a phase shifter, said phase shifter capable of shifting a 
phase of directed traveling EM waves of said output EM 
signal so that energy therefrom is concentrated primarily 
in said predetermined energy dissipation Zone, which 
lies at a desired depth beneath said surface of said bio 
logical tissue; 

(c) an electromagnetic (EM) resonator, said EM resonator 
capable of cyclically accumulating and releasing said 
desired amount of energy, said EM resonator further 
capable of concentrating said desired amount of energy 
So that a significant portion thereof is concentrated in 
said predetermined energy dissipation Zone; and 

(d) said applicator capable of conveying said output EM 
power signal from said EM energy source through said 
surface of said biological tissue to said predetermined 
energy dissipation Zone after said output has been pro 
cessed by said phase shifter and said resonator, 

wherein the absence of a ground electrode permits free 
propagation of said waves of said output EM power 
signal in said energy dissipation Zone. 

2. The system of claim 1, further comprising a pulse width 
modulation controller, said pulse width modulation controller 
capable of causing said EM energy source to deliver said 
output signal in pulses of a predetermined duration and 
amplitude with a desired frequency. 

3. The system of claim 1 wherein said resonator is con 
nected to said applicator. 

4. The system of claim 1 wherein said resonator is located 
within said applicator. 

5. The system of claim 1 wherein the EM energy source is 
a radio frequency (RF) energy source and the EM power 
signal is an RF power signal. 

6. The system of claim 1 wherein: 
(i) the system further comprises an impedance matching 

network (IMN), said IMN capable of converting the 
impedance of said biological tissue belonging to the 
Subject from a nominal value to a corrected value, said 
corrected value matching an impedance characteristic of 
said EM energy source and said phase shifter so that said 
output traveling wave may pass through said Surface of 
said biological tissue without being converted to a stand 
ing wave; 

(ii) the system is configured such that said output EM 
power signal conveyed by said applicator from said EM 
energy source through said Surface of said biological 
tissue to said predetermined energy dissipation Zone is 
processed by said IMN. 

7. The system of claim 6, further comprising a feeding 
cable, said feeding cable connecting said applicator and said 
EM resonator with said IMN. 
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8. The system of claim 7, wherein said feeding cable has a 
resonance length defined by nW2 length, where w is a wave 
length of EM-energy in the cable material and n is a whole 
number. 

9. The system of claim 6, wherein the system is configured 
so that at least one of a first condition, a second condition and 
a third condition is true, and the first, second and third con 
ditions are defined as follows: 

i) according to said first condition, said IMN includes a 
fixed structure characterized by a shape selected from 
the group consisting of L shaped, T shaped and 
H-shaped structure; 

ii) according to said second condition, said IMN includes a 
broadband impedance transformer, and 

iii) according to said third condition, said IMN is variable. 
10. The system of claim 1, further comprising a dielectric 

barrier positionable between said applicator and said Surface 
of said biological tissue; said dielectric barrier preventing 
transmission of a conductive current, wherein the system is 
configured so that at least one of a first condition and a second 
condition is true and the first and second conditions are 
defined as follows: 

i) according to the first condition, said dielectric barrier is 
Supplied as a dielectric coating on said applicator; and 

ii) according to the second condition, said applicator is 
constructed primarily of aluminum and said dielectric 
barrier is supplied as an alumina coating. 

11. The system of claim 1, wherein said applicator is mov 
able on said surface of said biological tissue as a means of 
altering a location of said energy dissipation Zone. 

12. The system of claim 1, wherein the system is config 
ured so that at least one of a first condition, a second condition 
and a third condition is true, and the first, second and third 
conditions are defined as follows: 

i) according to said first condition, said phase shifter 
includes a trombone type; 

ii) according to said second condition, said phase shifter is 
at least partially constructed of coaxial cable; and 

iii) according to said third condition, a phase shift provided 
by said phase shifter is variable. 

13. The system of claim 1, said EM energy source is con 
figured to deliver coupled energy. 

14. The system of claim 1, wherein said system is config 
ured such that said energy delivered to said predetermined 
energy dissipation Zone is coupled in continuous or pulsing 
mode. 

15. The system of claim 1, wherein said EM-energy is 
characterized by a resonance frequency which matches a 
known natural resonance frequency of the selected target. 

16. The system of claim 1 wherein the system is configured 
to heat said Volume of said biological tissue beneath said 
Surface so that said Volume of said biological tissue is main 
tained at a lower temperature than said predetermined energy 
dissipation Zone without a cooling device. 

17. The system of claim 1 wherein said applicator is made 
from at least one metal selected from the group consisting of 
aluminum, silver, gold, copper and alloys thereof. 

18. The system of claim 1, further comprising at least one 
additional component selected from the group consisting of a 
laser beam, an ultrasonic transducer, a UV light source, a 
plasma treatment device and a flash lamp. 

19. An improved method for thermal treatment of a 
selected target within a Subject, the method comprising: 
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(a) providing an output EM power signal directed to an 
applicator contactable with a Surface of a biological 
tissue belonging to the Subject, 

(b) employing a phase shifter to shift a phase of traveling 
waves in said output EM power signal so that energy 
therefrom is concentrated primarily in a predetermined 
energy dissipation Zone which lies at a desired depth 
beneath said surface of said biological tissue, wherein 
the selected target is positioned within said predeter 
mined energy dissipation Zone; 

(c) cyclically accumulating in an EM resonator and releas 
ing therefrom, a desired amount of energy, 

(d) concentrating said desired amount of energy in said EM 
resonator so that a significant portion thereof is concen 
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trated in said predetermined energy dissipation Zone 
upon release therefrom; and 

(f) conveying said output signal of EM energy through said 
Surface of said biological tissue to said predetermined 
energy dissipation Zone after said output has been pro 
cessed by said phase shifter, and said resonator wherein 
the absence of a ground electrode permits free propaga 
tion of said waves in said output signal in said energy 
dissipation Zone. 

20. The method of claim 19, wherein said providing of said 
EM output signal includes provision of said output signal in 
pulses of a predetermined duration and amplitude with a 
desired frequency 


