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METHOD FOR HEAT TREATING BIOLOGICAL TISSUES

USING PULSED ENERGY SOURCES

DESCRIPTION

BACKGROUND OF THE INVENTION

[Para 1] The present invention is generally directed to a method for heat
treating biological tissues. More particularly, the present invention is directed
to a method for applying a pulsed energy source to biological tissue to
stimulate activation of heat shock proteins and facilitate protein repair without
damaging the tissue.

[Para 2] The inventors have discovered that there is a therapeutic effect to
biological tissue, and particularly damaged or diseased biological tissue, by
controllably elevating the tissue temperature up to a predetermined
temperature range while maintaining the average temperature rise of the tissue
over several minutes at or below a predetermined level so as not to
permanently damage the target tissue. It is believed that raising the tissue
temperature in such a controlled manner selectively stimulates heat shock
protein activation and/or production and facilitation of protein repair, which
serves as a mechanism for therapeutically treating the tissue.

[Para 3] Heat shock proteins (HSPs) are a family of proteins that are produced
by cells in response to exposure to stressful conditions. Production of high

levels of heat shock proteins can be triggered by exposure to different kinds of
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environmental stress conditions, such as infection, inflammation, exercise,
exposure of the cell to toxins, starvation, hypoxia, or water deprivation.

[Para 4] It is known that heat shock proteins play a role in responding to a
large number of abnormal conditions in body tissues, including viral infection,
inflammation, malignant transformations, exposure to oxidizing agents,
cytotoxins, and anoxia. Several heat shock proteins function as intra-cellular
chaperones for other proteins and members of the HSP family are expressed or
activated at low to moderate levels because of their essential role in protein
maintenance and simply monitoring the cell's proteins even under non-
stressful conditions. These activities are part of a cell's own repair system,
called the cellular stress response or the heat-shock response.

[Para 5] Heat shock proteins are typically named according to their molecular
weight. For example, Hsp60, Hsp70 and Hsp80 refer to the families of heat
shock proteins on the order of 60, 70 and 80 kilodaltons in size, respectively.
They act in a number of different ways. For example, Hsp70 has peptide-
binding and ATPase domains that stabilize protein structures in unfolded and
assembly-competent states. Mitochondrial Hsp60s form ring-shaped
structures facilitating the assembly of proteins into native states. Hsp90 plays a
suppressor regulatory role by associating with cellular tyrosine kinases,
transcription factors, and glucocorticoid receptors. Hsp27 suppresses protein
aggregation.

[Para 6] Hsp70 heat shock proteins are a member of extracellular and

membrane bound heat-shock proteins which are involved in binding antigens
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and presenting them to the immune system. Hsp70 has been found to inhibit
the activity of influenza A virus ribonucleoprotein and to block the replication
of the virus. Heat shock proteins derived from tumors elicit specific protective
immunity. Experimental and clinical observations have shown that heat shock
proteins are involved in the regulation of autoimmune arthritis, type 1 diabetes,
mellitus, arterial sclerosis, multiple sclerosis, and other autoimmune reactions.
[Para 7] Accordingly, it is believed that it is advantageous to be able to
selectively and controllably raise a target tissue temperature up to a
predetermined temperature range over a short period of time, while
maintaining the average temperature rise of the tissue at a predetermined
temperature over a longer period of time. It is believed that this induces the
heat shock response in order to increase the number or activity of heat shock
proteins in body tissue in response to infection or other abnormalities.
However, this must be done in a controlled manner in order not to damage or
destroy the tissue or the area of the body being treated. The present invention

fulfills these needs, and provides other related advantages.

SUMMARY OF THE INVENTION

[Para 8] The present invention is directed to a method for heat treating
biological tissues by applying a pulsed energy source to the target tissue to
therapeutically treat the target tissue. The pulsed energy source has energy
parameters including wavelength or frequency, duty cycle and pulse train

duration. The energy parameters are selected so as to raise a target tissue
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temperature up to 11°C to achieve a therapeutic effect, wherein the average
temperature rise of the tissue over several minutes is maintained at or below a
predetermined level so as not to permanently damage the target tissue.

[Para 9] The energy source parameters may be selected so that the target
tissue temperature is raised between approximately 6°C to 11°C at least during
application of the pulsed energy source to the target tissue. The average
temperature rise of the target tissue over several minutes is maintained at 6°C
or less, such as at approximately 1°C or less over several minutes.

[Para 10] The pulsed energy source energy parameters are selected so that
approximately 20 to 40 joules of energy is absorbed by each cubic centimeter
of the target tissue. Applying the pulsed energy source to the target tissue
induces a heat shock response and stimulates heat shock protein activation in
the target tissue without damaging the target tissue.

[Para 11] A device may be inserted into a cavity of the body in order to apply
the pulsed energy to the tissue. The pulsed energy may be applied to an
exterior area of a body which is adjacent to the target tissue, or has a blood
supply close to a surface of the exterior area of the body.

[Para 12] The pulsed energy source may comprise a radiofrequency. The
radiofrequency may be between approximately 3 to 6 megahertz (MHz). It may
have a duty cycle of between approximately 2.5% to 5%. It may have a pulsed
train duration of between approximately 0.2 to 0.4 seconds. The
radiofrequency may be generated with a device having a coil radii of between

approximately 2 and 6 mm and approximately 13 and 57 amp turns.
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[Para 13] The pulsed energy source may comprise a microwave frequency of
between 10 to 20 gigahertz (GHz). The microwave may have a pulse train
duration of approximately between 0.2 and 0.6 seconds. The microwave may
have a duty cycle of between approximately 2% and 5%. The microwave may
have an average power of between approximately 8 and 52 watts.

[Para 14] The pulsed energy source may comprise a pulsed light beam, such
as a laser light. The light beam may have a wavelength of between
approximately 530 nm to 1300 nm, and more preferably between 800 nm and
1000 nm. The pulsed light beam may have a power of between approximately
0.5 and 74 watts. The pulsed light beam has a duty cycle of less than 10%, and
preferably between 2.5% and 5%. The pulsed light beam may have a pulse train
duration of approximately 0.1 and 0.6 seconds.

[Para 15] The pulsed energy source may comprise a pulsed ultrasound. The
ultrasound has a frequency of between approximately 1 and 5 MHz. The
ultrasound has a train duration of approximately 0.1 and 05 seconds. The
ultrasound may have a duty cycle of between approximately 2% and 10%. The
ultrasound has a power of between approximately 0.46 and 28.6 watts.

[Para 16] Other features and advantages of the present invention will become
apparent from the following more detailed description, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the

principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[Para 17] The accompanying drawings illustrate the invention. In such
drawings:

[Para 18] FIGURES 1A and 1B are graphs illustrating the average power of a
laser source compared to a source radius and pulse train duration of the laser;
[Para 19] FIGURES 2A and 2B are graphs illustrating the time for the
temperature to decay depending upon the laser source radius and wavelength;
[Para 20] FIGURES 3-6 are graphs illustrating the peak ampere turns for
various radiofrequencies, duty cycles, and coil radii;

[Para 21] FIGURE 7 is a graph depicting the time for temperature rise to
decay compared to radiofrequency coil radius;

[Para 22] FIGURES 8 and 9 are graphs depicting the average microwave
power compared to microwave frequency and pulse train durations;

[Para 23] FIGURE 10 is a graph depicting the time for the temperature to
decay for various microwave frequencies;

[Para 24] FIGURE 11 is a graph depicting the average ultrasound source
power compared to frequency and pulse train duration;

[Para 25] FIGURES 12 and 13 are graphs depicting the time for temperature
decay for various ultrasound frequencies;

[Para 26] FIGURE 14 is a graph depicting the volume of focal heated region
compared to ultrasound frequency;

[Para 27] FIGURE 15 is a graph comparing equations for temperature over

pulse durations for an ultrasound energy source;
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[Para 28] FIGURES 16 and 17 are graphs illustrating the magnitude of the
logarithm of damage and HSP activation Arrhenius integrals as a function of
temperature and pulse duration;

[Para 29] FIGURE 18 is a diagrammatic view of a light generating unit that
produces timed series of pulses, having a light pipe extending therefrom, in
accordance with the present invention;

[Para 30] FIGURE 19 is a cross-sectional view of a photostimulation delivery
device delivering electromagnetic energy to target tissue, in accordance with
the present invention;

[Para 31] FIGURE 20 is a diagrammatic view illustrating a system used to
generate a laser light beam, in accordance with the present invention;

[Para 32] FIGURE 21 is a diagrammatic view of optics used to generate a laser
light geometric pattern, in accordance with the present invention;

[Para 33] FIGURE 22 is a diagrammatic view illustrating an alternate
embodiment of the system used to generate laser light beams for treating
tissue, in accordance with the present invention;

[Para 34] FIGURE 23 is a diagrammatic view illustrating yet another
embodiment of a system used to generate laser light beams to treat tissue in
accordance with the present invention;

[Para 35] FIGURE 24 is a cross-sectional and diagrammatic view of an end of
ah endoscope inserted into the nasal cavity and treating tissue therein, in

accordance with the present invention;
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[Para 36] FIGURE 25 is a diagrammatic and partially cross-sectioned view of
a bronchoscope extending through the trachea and into the bronchus of a lung
and providing treatment thereto, in accordance with the present invention;
[Para 37] FIGURE 26 is a diagrammatic view of a colonoscope providing
photostimulation to an intestinal or colon area of the body, in accordance with
the present invention;

[Para 38] FIGURE 27 is a diagrammatic view of an endoscope inserted into a
stomach and providing treatment thereto, in accordance with the present
invention:

[Para 39] FIGURE 28 is a partially sectioned perspective view of a capsule
endoscope, used in accordance with the present invention;

[Para 40] FIGURE 29 is a diagrammatic view of a pulsed high intensity
focused ultrasound for treating tissue internal the body, in accordance with the
present invention,;

[Para 41] FIGURE 30 is a diagrammatic view for delivering therapy to the
bloodstream of a patient, through an earlobe, in accordance with the present
invention:

[Para 42] FIGURE 31 is a cross-sectional view of a stimulating therapy device
of the present invention used in delivering photostimulation to the blood, via an

earlobe, in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[Para 43] As shown in the accompanying drawings, and as more fully
described herein, the present invention is directed to a system and method for
delivering a pulsed energy source, such as laser, ultrasound, ultraviolet
radiofrequency, microwave radiofrequency and the like, having energy
parameters selected to cause a thermal time-course in tissue to raise the tissue
temperature over a short period of time to a sufficient level to achieve a
therapeutic effect while maintaining an average tissue temperature over a
prolonged period of time below a predetermined level so as to avoid permanent
tissue damage. It is believed that the creation of the thermal time-course
stimulates heat shock protein activation or production and facilitates protein
repair without causing any damage.

[Para 44] The inventors of the present invention have discovered that
electromagnetic radiation, in the form of various wavelengths of laser light, can
be applied to retinal tissue in a manner that does not destroy or damage the
retinal tissue while achieving beneficial effects on eye diseases. It is believed
that this may be due, at least in part, to the stimulation and activation of heat
shock proteins and the facilitation of protein repair in the retinal tissue. This is
disclosed in United States patent application serial numbers 14/607,959 filed
January 28, 2015, 13/798,523 filed March 13, 2013, and 13/481,124 filed May
25, 2012, the contents of which are hereby incorporated by reference as if
made in full.

[Para 45] The inventors have found that a laser light beam can be generated

that is therapeutic, yet sublethal to retinal tissue cells and thus avoids
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damaging photocoagulation in the retinal tissue which provides preventative
and protective treatment of the retinal tissue of the eye. Various parameters of
the light beam must be taken into account and selected so that the combination
of the selected parameters achieve the therapeutic effect while not permanently
damaging the tissue. These parameters include laser wavelength, radius of the
laser source, average laser power, total pulse duration, and duty cycle of the
pulse train.

[Para 46] The selection of these parameters may be determined by requiring
that the Arrhenius integral for HSP activation be greater than 1 or unity.
Arrhenius integrals are used for analyzing the impacts of actions on biological
tissue. See, for instance, The CRC Handbook of Thermal Engineering, ed. Frank
Kreith, Springer Science and Business Media (2000). At the same time, the
selected parameters must not permanently damage the tissue. Thus, the
Arrhenius integral for damage may also be used, wherein the solved Arrhenius
integral is less than 1 or unity. Alternatively, the FDA/FCC constraints on
energy deposition per unit gram of tissue and temperature rise as measured
over periods of minutes be satisfied so as to avoid permanent tissue damage.
The FDA/FCC requirements on energy deposition and temperature rise are
widely used and can be referenced, for example, at
www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocument
s/ucm073817.htm#attacha for electromagnetic sources, and Anastosio and P.
LaRivero, ed., Emerging Imaging Technologies. CRC Press (2012), for

ultrasound sources. Generally speaking, tissue temperature rises of between
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6°C and 11°C can create therapeutic effect, such as by activating heat shock
proteins, whereas maintaining the average tissue temperature over a prolonged
period of time, such as over several minutes, such as six minutes, below a
predetermined temperature, such as 6°C and even 1°C or less in certain
circumstances, will not permanently damage the tissue.

[Para 47] The inventors have discovered that generating a subthreshold,
sublethal micropulse laser light beam which has a wavelength greater than 532
nm and a duty cycle of less than 10% at a predetermined intensity or power and
a predetermined pulse length or exposure time creates desirable retinal
photostimulation without any visible burn areas or tissue destruction. More
particularly, a laser light beam having a wavelength of between 550 nm-1300
nm, and in a particularly preferred embodiment between 810 nm and 1000 nm,
having a duty cycle of approximately 2.5%-5% and a predetermined intensity or
power (such as between 100-590 watts per square centimeter at the retina or
approximately 1 watt per laser spot for each treatment spot at the retina) and a
predetermined pulse length or exposure time (such as between 100 and 600
milliseconds or less) creates a sublethal, "true subthreshold" retinal
photostimulation in which all areas of the retinal pigment epithelium exposed
to the laser irradiation are preserved and available to contribute therapeutically.
In other words, the inventors have found that raising the retinal tissue at least
up to a therapeutic level but below a cellular or tissue lethal level recreates the

benefit of the halo effect of the prior art methods without destroying, burning
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or otherwise damaging the retinal tissue. This is referred to herein as
subthreshold diode micropulse laser treatment (SDM).

[Para 48] As SDM does not produce laser-induced retinal damage
(photocoagulation), and has no known adverse treatment effect, and has been
reported to be an effective treatment in a number of retinal disorders (including
diabetic macular edema (DME) proliferative diabetic retinopathy (PDR), macular
edema due to branch retinal vein occlusion (BRVO), central serous
chorioretinopathy (CSR), reversal of drug tolerance, and prophylactic treatment
of progressive degenerative retinopathies such as dry age-related macular
degeneration, Stargardts’ disease, cone dystrophies, and retinitis pigmentosa.
The safety of SDM is such that it may be used transfoveally in eyes with 20/20
visual acuity to reduce the risk of visual loss due to early fovea-involving DME.
[Para 49] A mechanism through which SDM might work is the generation or
activation of heat shock proteins (HSPs). Despite a near infinite variety of
possible cellular abnormalities, cells of all types share a common and highly
conserved mechanism of repair: heat shock proteins (HSPs). HSPs are elicited
almost immediately, in seconds to minutes, by almost any type of cell stress or
injury. In the absence of lethal cell injury, HSPs are extremely effective at
repairing and returning the viable cell toward a more normal functional state.
Although HSPs are transient, generally peaking in hours and persisting for a few
days, their effects may be long lasting. HSPs reduce inflammation, a common

factor in many disorders.
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[Para 50] Laser treatment can induce HSP production or activation and alter
cytokine expression. The more sudden and severe the non-lethal cellular stress
(such as laser irradiation), the more rapid and robust HSP activation. Thus, a
burst of repetitive low temperature thermal spikes at a very steep rate of
change (~ 7°C elevation with each 100us micropulse, or 70,000°C/sec)
produced by each SDM exposure is especially effective in stimulating activation
of HSPs, particularly compared to non-lethal exposure to subthreshold
treatment with continuous wave lasers, which can duplicate only the low
average tissue temperature rise.

[Para 51] Laser wavelengths below 550 nm produce increasingly cytotoxic
photochemical effects. At 810 nm, SDM produces photothermal, rather than
photochemical, cellular stress. Thus, SDM is able to affect the tissue without
damaging it. The clinical benefits of SDM are thus primarily produced by sub-
morbid photothermal cellular HSP activation. In dysfunctional cells, HSP
stimulation by SDM results in normalized cytokine expression, and
consequently improved structure and function. The therapeutic effects of this
“low-intensity” laser/tissue interaction are then amplified by “high-density”
laser application, recruiting all the dysfunctional cells in the targeted tissue
area by densely / confluently treating a large tissue area, including all areas of
pathology, thereby maximizing the treatment effect. These principles define the
treatment strategy of SDM described herein.

[Para 52] Because normally functioning cells are not in need of repair, HSP

stimulation in normal cells would tend to have no notable clinical effect. The
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“patho-selectivity” of near infrared laser effects, such as SDM, affecting sick
cells but not affecting normal ones, on various cell types is consistent with
clinical observations of SDM. SDM has been reported to have a clinically broad
therapeutic range, unique among retinal laser modalities, consistent with
American National Standards Institute “Maximum Permissible Exposure”
predictions. While SDM may cause direct photothermal effects such as entropic
protein unfolding and disaggregation, SDM appears optimized for clinically safe
and effective stimulation of HSP-mediated repair.

[Para 53] As noted above, while SDM stimulation of HSPs is non-specific with
regard to the disease process, the result of HSP mediated repair is by its nature
specific to the state of the dysfunction. HSPs tend to fix what is wrong,
whatever that might be. Thus, the observed effectiveness of SDM in retinal
conditions as widely disparate as BRVO, DME, PDR, CSR, age-related and
genetic retinopathies, and drug-tolerant NAMD. Conceptually, this facility can
be considered a sort of “Reset to Default” mode of SDM action. For the wide
range of disorders in which cellular function is critical, SDM normalizes cellular
function by triggering a “reset” (to the “factory default settings”) via HSP-
mediated cellular repair.

[Para 54] The inventors have found that SDM treatment of patients suffering
from age-related macular degeneration (AMD) can slow the progress or even
stop the progression of AMD. Most of the patients have seen significant
improvement in dynamic functional logMAR mesoptic visual acuity and

mesoptic contrast visual acuity after the SDM treatment. It is believed that SDM
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works by targeting, preserving, and “normalizing” (moving toward normal)
function of the retinal pigment epithelium (RPE).

[Para 55] SDM has also been shown to stop or reverse the manifestations of
the diabetic retinopathy disease state without treatment-associated damage or
adverse effects, despite the persistence of systemic diabetes mellitus. On this
basis it is hypothesized that SDM might work by inducing a return to more
normal cell function and cytokine expression in diabetes-affected RPE cells,
anhalogous to hitting the “reset” button of an electronic device to restore the
factory default settings. Based on the above information and studies, SDM
treatment may directly affect cytokine expression via heat shock protein (HSP)
activation in the targeted tissue.

[Para 56] As heat shock proteins play a role in responding to a large number
of abnormal conditions in body tissue other than eye tissue, it is believed that
similar systems and methodologies can be advantageously used in treating
such abnormal conditions, infections, etc. As such, the present invention is
directed to the controlled application of ultrasound or electromagnetic radiation
to treat abnormal conditions including inflammations, autoimmune conditions,
and cancers that are accessible by means of fiber optics of endoscopes or
surface probes as well as focused electromagnetic/sound waves. For example,
cancers on the surface of the prostate that have the largest threat of
metastasizing can be accessed by means of fiber optics in a proctoscope.
Colon tumors can be accessed by an optical fiber system, like those used in

colonoscopy.
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[Para 57] As indicated above, subthreshold diode micropulse laser (SDM)
photostimulation has been effective in stimulating direct repair of slightly
misfolded proteins in eye tissue. Besides HSP activation, another way this may
occur is because the spikes in temperature caused by the micropulses in the
form of a thermal time-course allows diffusion of water inside proteins, and
this allows breakage of the peptide-peptide hydrogen bonds that prevent the
protein from returning to its native state. The diffusion of water into proteins
results in an increase in the number of restraining hydrogen bonds by a factor
on the order of a thousand. Thus, it is believed that this process could be
applied to other diseases advantageously as well.

[Para 58] As explained above, the energy source to be applied to the target
tissue will have energy and operating parameters which must be determined
and selected so as to achieve the therapeutic effect while not permanently
damaging the tissue. Using a light beam energy source, such as a laser light
beam, as an example, the laser wavelength, duty cycle and total pulse train
duration parameters must be taken into account. Other parameters which can
be considered include the radius of the laser source as well as the average laser
power. Adjusting or selecting one of these parameters can have an effect on at
least one other parameter.

[Para 59] FIGS. 1A and 1B illustrate graphs showing the average power in
watts as compared to the laser source radius (between 0.1 cm and 0.4 cm) and
pulse train duration (between 0.1 and 0.6 seconds). FIG. 1A shows a

wavelength of 880 nm, whereas FIG.1B has a wavelength of 1000 nm. It can be
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seen in these figures that the required power decreases monotonically as the
radius of the source decreases, as the total train duration increases, and as the
wavelength decreases. The preferred parameters for the radius of the laser
source is 1 mm-4 mm. For a wavelength of 880 nm, the minimum value of
power is 0.55 watts, with a radius of the laser source being 1T mm, and the total
pulse train duration being 600 milliseconds. The maximum value of power for
the 880 nm wavelength is 52.6 watts when the laser source radius is 4 mm and
the total pulse drain duration is 100 milliseconds. However, when selecting a
laser having a wavelength of 1000 nm, the minimum power value is 0.77 watts
with a laser source radius of 1 mm and a total pulse train duration of 600
milliseconds, and a maximum power value of 73.6 watts when the laser source
radius is 4 mm and the total pulse duration is 100 milliseconds. The
corresponding peak powers, during an individual pulse, are obtained from the
average powers by dividing by the duty cycle.

[Para 60] The volume of the tissue region to be heated is determined by the
wavelength, the absorption length in the relevant tissue, and by the beam
width. The total pulse duration and the average laser power determine the total
energy delivered to heat up the tissue, and the duty cycle of the pulse train
gives the associated spike, or peak, power associated with the average laser
power. Preferably, the pulsed energy source energy parameters are selected so
that approximately 20 to 40 joules of energy is absorbed by each cubic

centimeter of the target tissue.
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[Para 61] The absorption length is very small in the thin melanin layer in the
retinal pigmented epithelium. In other parts of the body, the absorption length
is not generally that small. In wavelengths ranging from 400 nm to 2000 nm,
the penetration depth and skin is in the range of 0.5 mm to 3.5 mm. The
penetration depth into human mucous tissues in the range of 0.5 mm to 6.8
mm. Accordingly, the heated volume will be limited to the exterior or interior
surface where the radiation source is placed, with a depth equal to the
penetration depth, and a transverse dimension equal to the transverse
dimension of the radiation source. Since the light beam energy source is used
to treat diseased tissues near external surfaces or near internal accessible
surfaces, a source radii of between 1 mm to 4 mm and operating a wavelength
of 880 nm yields a penetration depth of approximately 2.5 mm and a
wavelength of 1000 nm yields a penetration depth of approximately 3.5 mm.
[Para 62] It has been determined that the target tissue can be heated to up to
approximately 11°C for a short period of time, such as less than one second, to
create the therapeutic effect of the invention while maintaining the target tissue
average temperature to a lower temperature range, such as less than 6°C or
even 1°C or less over a prolonged period of time, such as several minutes. The
selection of the duty cycle and the total pulse train duration provide time
intervals in which the heat can dissipate. A duty cycle of less than 10%, and
preferably between 2.5% and 5%, with a total pulse duration of between 100
milliseconds and 600 milliseconds has been found to be effective. FIGS. 2A and

2B illustrate the time to decay from 10°C to 1°C for a laser source having a
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radius of between 0.1 cm and 0.4 cm with the wavelength being 880 nm in FIG.
2A and 1000 nm in FIG. 2B. It can be seen that the time to decay is less when
using a wavelength of 880 nm, but either wavelength falls within the acceptable
requirements and operating parameters to achieve the benefits of the present
invention while not causing permanent tissue damage.

[Para 63] It has been found that the average temperature rise of the desired
target region increasing at least 6°C and up to 11°C, and preferably
approximately 10°C, during the total irradiation period results in HSP activation.
The control of the target tissue temperature is determined by choosing source
and target parameters such that the Arrhenius integral for HSP activation is
larger than 1, while at the same time assuring compliance with the conservative
FDA/FCC requirements for avoiding damage or a damage Arrhenius integral
being less than 1.

[Para 64] In order to meet the conservative FDA/FCC constraints to avoid
permanent tissue damage, for light beams, and other electromagnetic radiation
sources, the average temperature rise of the target tissue over any six-minute
period is 1°C or less. FIGS. 2A and 2B above illustrate the typical decay times
required for the temperature in the heated target region to decrease by thermal
diffusion from a temperature rise of approximately 10°C to 1°C as can be seen
in FIG. 2A when the wavelength is 880 nm and the source diameter is 1
millimeter, the temperature decay time is 16 seconds. The temperature decay
time is 107 seconds when the source diameter is 4 mm. As shown in FIG. 2B,

when the wavelength is 1000 nm, the temperature decay time is 18 seconds
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when the source diameter is 1 mm and 136 seconds when the source diameter
is 4 mm. This is well within the time of the average temperature rise being
maintained over the course of several minutes, such as 6 minutes or less. While
the target tissue’s temperature is raised, such as to approximately 10°C, very
quickly, such as in a fraction of a second during the application of the energy
source to the tissue, the relatively low duty cycle provides relatively long
periods of time between the pulses of energy applied to the tissue and the
relatively short pulse train duration ensure sufficient temperature diffusion and
decay within a relatively short period of time comprising several minutes, such
as 6 minutes or less, that there is no permanent tissue damage.

[Para 65] The parameters differ for the individual energy sources, including
microwave, infrared lasers, radiofrequency and ultrasound, because the
absorption properties of tissues differ for these different types of energy
sources. The tissue water content can vary from one tissue type to another,
however, there is an observed uniformity of the properties of tissues at normal
or near normal conditions which has allowed publication of tissue parameters
that are widely used by clinicians in designing treatments. Below are tables
illustrating the properties of electromagnetic waves in biological media, with
Table 1 relating to muscle, skin and tissues with high water content, and Table

2 relating to fat, bone and tissues with low water content.

[Para 66] Table 1. Properties of Electromagnetic Waves in Biological Media:
Muscle, Skin, and Tissues with High Water Content

Reflection Coefficient

Conductivity Wavelength Air-Muscle Interface Muscle-Fat Interface
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aoH AH P P
(mho/m)  (cm) o @

1 30000 2000 0.400 436 91.3 0.982 +179

10 3000 160 0.625 118 21.6 0.956 +178
27.12 1106 113 0.612 68.1 14.3 0.925 +177 0.651 -11.13
40.68 738 97.3 0.693 51.3 11.2 0.913 +176 0.652 -10.21
100 300 71.7 0.889 27 6.66 0.881 +175 0.650 -7.96
200 150 56.5 1.28 16.6 4.79 0.844 +175 0.612 -8.06
300 100 54 1.37 11.9 3.89 0.825 +175 0.592 -8.14
433 69.3 53 1.43 8.76 3.57 0.803 +175 0.562 -7.06
750 40 52 1.54 5.34 3.18 0.779 +176 0.532 -5.69
915 32.8 51 1.60 4.46 3.04 0.772 +177 0.519 -4.32
1500 20 49 1.77 2.81 2.42 0.761 +177 0.506 -3.66
2450 12.2 47 2.21 1.76 1.70 0.754 +177 0.500 -3.88
3000 10 46 2.26 1.45 1.61 0.751 +178 0.495 -3.20
5000 6 44 3.92 0,89 0.788 0.749 +177 0.502 -4.95
5800 5.17 43.3 4.73 0.775 0.720 0.746 +177 0.502 -4.29
8000 3,75 40 7.65 0.578 0.413 0.744 +176 0.513 -6.65
10000 3 39.9 10.3 0.464 0.343 0.743 +176 0.518 -5.95

[Para 67] Table 2. Properties of Electromagnetic Waves in Biological Media:
Fat, Bone, and Tissues with Low Water Content

Reflection Coefficient

Wavelength  Dielectric  Conductivity Wavelength PeDneepttrgt?gn Air-Fat Interface Fat-Muscle Interface
Frequency in Air Constant al, AL
(MHZz) (cm) €L (mmho/m) (cm (cm) r @ r 7]
1 30000
10 3000

27.12 1106 20 10.9-43.2 241 159 0.660 +174 0.651 +169
40.68 738 14.6 12.6-52.8 187 118 0.617 +173 0.652 +170
100 300 7.45 19.1-75.9 106 60.4 0.511 +168 0.650 +172
200 150 5.95 25.8-94.2 59.7 39.2 0.458 +168 0.612 +172
300 100 5.7 31.6-107 41 32.1 0.438 +169 0.592 +172
433 69.3 5.6 37.9-118 28.8 26.2 0.427 +170 0.562 +173
750 40 5.6 49.8-138 16.8 23 0.415 +173 0.532 +174
915 32.8 5.6 55.6-147 13.7 17.7 0.417 +173 0.519 +176
1500 20 5.6 70.8-171 8.41 13.9 0.412 +174 0.506 +176
2450 12.2 5.5 96.4-213 5.21 11.2 0.406 +176 0.500 +176
3000 10 5.5 110-234 4.25 9.74 0.406 +176 0.495 +177
5000 6 5.5 162-309 2.63 6.67 0.393 +176 0.502 +175
5900 5.17 5.05 186-338 2.29 5.24 0.388 +176 0.502 +176

8000 3.75 4.7 255-431 1.73 4.61 0.371 +176 0.513 +173 -

10000 3 4.5 324-549 1.41 3.39 0.363 +175 0.518 +174,-

[Para 68] The absorption lengths of radiofrequency in body tissue are long
compared to body dimensions. Consequently, the heated region is determined
by the dimensions of the coil that is the source of the radiofrequency energy
rather than by absorption lengths. Long distances r from a coil the magnetic
(near) field from a coil drops off as 1/r3. At smaller distances, the electric and
magnetic fields can be expressed in terms of the vector magnetic potential,

which in turn can be expressed in closed form in terms of elliptic integrals of
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the first and second kind. The heating occurs only in a region that is
comparable in size to the dimensions of the coil source itself. Accordingly, if it
is desired to preferentially heat a region characterized by a radius, the source
coil will be chosen to have a similar radius. The heating drops off very rapidly
outside of a hemispherical region of radius because of the 1/r3 drop off of the
magnetic field. Since it is proposed to use the radiofrequency the diseased
tissue accessible only externally or from inner cavities, it is reasonable to
consider a coil radii of between approximately 2 to 6 mm.

[Para 69] The radius of the source coil(s) as well as the number of ampere
turns (NI) in the source coils give the magnitude and spatial extent of the
magnetic field, and the radiofrequency is a factor that relates the magnitude of
the electric field to the magnitude of the magnetic field. The heating is
proportional to the product of the conductivity and the square of the electric
field. For target tissues of interest that are near external or internal surfaces,
the conductivity is that of skin and mucous tissue. The duty cycle of the pulse
train as well as the total train duration of a pulse train are factors which affect
how much total energy is delivered to the tissue.

[Para 70] Preferred parameters for a radiofrequency energy source have been
determined to be a coil radii between 2 and 6 mm, radiofrequencies in the
range of 3-6 MHz, total pulse train durations of 0.2 to 0.4 seconds, and a duty
cycle of between 2.5% and 5%. FIGS. 3-6 show how the humber of ampere
turns varies as these parameters are varied in order to give a temperature rise

that produces an Arrhenius integral of approximately one or unity for HSP
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activation. With reference to FIG. 3, for an RF frequency of 6 MHz, a pulse train
duration of between 0.2 and 0.4 seconds, a coil radius between 0.2 and 0.6 cm,
and a duty cycle of 5%, the peak ampere turns (NI) is 13 at the 0.6 cm coil
radius and 20 at the 0.2 cm coil radius. For a 3 MHz frequency, as illustrated in
FIG. 4, the peak ampere turns is 26 when the pulse train duration is 0.4
seconds and the coil radius is 0.6 cm and the duty cycle is 5%. However, with
the same 5% duty cycle, the peak ampere turns is 40 when the coil radius is 0.2
cm and the pulse train duration is 0.2 seconds. A duty cycle of 2.5% is used in
FIGS. 5 and 6. This yields, as illustrated in FIG. 5, 18 amp turns for a 6 MHz
radiofrequency having a coil radius of 0.6 cm and a pulse train duration of 0.4
seconds, and 29 amp turns when the coil radius is only 0.2 cm and the pulse
train duration is 0.2 seconds. With reference to FIG. 6, with a duty cycle of 2.5%
and a radiofrequency of 3 MHz, the peak ampere turns is 36 when the pulse
train duration is 0.4 seconds and the coil radius is 0.6 cm, and 57 amp turns
when the pulse train duration is 0.2 seconds and the coil radius is 0.2 cm.

[Para 71] The time, in seconds, for the temperature rise to decay from
approximately 10°C to approximately 1°C for coil radii between 0.2 cm and 0.6
cm is illustrated for a radiofrequency energy source in FIG. 7. The temperature
decay time is approximately 37 seconds when the radiofrequency coil radius is
0.2 cm, and approximately 233 seconds when the radiofrequency coil radius is
0.5 cm. When the radiofrequency coil radius is 0.6 cm, the decay time is
approximately 336 seconds, which is still within the acceptable range of decay

time, but at an upper range thereof.
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[Para 72] Microwaves are another electromagnetic energy source which can
be utilized in accordance with the present invention. The frequency of the
microwave determines the tissue penetration distance. The gain of a conical
microwave horn is large compared to the microwave wavelength, indicating
under those circumstances that the energy is radiated mostly in a narrow
forward load. Typically, a microwave source used in accordance with the
present invention has a linear dimension on the order of a centimeter or less,
thus the source is smaller than the wavelength, in which case the microwave
source can be approximated as a dipole antenna. Such small microwave
sources are easier to insert into internal body cavities and can also be used to
radiate external surfaces. In that case, the heated region can be approximated
by a hemisphere with a radius equal to the absorption length of the microwave
in the body tissue being treated. As the microwaves are used to treat tissue
hear external surfaces or surfaces accessible from internal cavities, frequencies
in the 10-20 GHz range are used, wherein the corresponding penetration
distances are only between approximately 2 and 4 mm.

[Para 73] The temperature rise of the tissue using a microwave energy source
is determined by the average power of the microwave and the total pulse train
duration. The duty cycle of the pulse train determines the peak power in a
single pulse in a train of pulses. As the radius of the source is taken to be less
than approximately 1 centimeter, and frequencies between 10 and 20 GHz are
typically used, a resulting pulse train duration of 0.2 and 0.6 seconds is

preferred.
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[Para 74] The required power decreases monotonically as the train duration
increases and as the microwave frequency increases. For a frequency of 10
GHz, the average power is 18 watts when the pulse train duration is 0.6
seconds, and 52 watts when the pulse train duration is 0.2 seconds. For a 20
GHz microwave frequency, an average power of 8 watts is used when the pulse
train is 0.6 seconds, and can be 26 watts when the pulse train duration is only
0.2 seconds. The corresponding peak power are obtained from the average
power simply by dividing by the duty cycle.

[Para 75]  With reference now to FIG. 8, a graph depicts the average
microwave power in watts of a microwave having a frequency of 10 GHz and a
pulse train duration from between 0.2 seconds and 0.6 seconds. FIG. 9 is a
similar graph, but showing the average microwave power for a microwave
having a frequency of 20 GHz. Thus, it will be seen that the average microwave
source power varies as the total train duration and microwave frequency vary.
The governing condition, however, is that the Arrhenius integral for HSP
activation in the heated region is approximately 1.

[Para 76]  With reference to FIG. 10, a graph illustrates the time, in seconds,
for the temperature to decay from approximately 10°C to 1°C compared to
microwave frequencies between 58 MHz and 20000 MHz. The minimum and
maximum temperature decay for the preferred range of microwave frequencies
are 8 seconds when the microwave frequency is 20 GHz, and 16 seconds when

the microwave frequency is 10 GHz.
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[Para 77]  Utilizing ultrasound as an energy source enables heating of surface
tissue, and tissues of varying depths in the body, including rather deep tissue.
The absorption length of ultrasound in the body is rather long, as evidenced by
its widespread use for imaging. Accordingly, ultrasound can be focused on
target regions deep within the body, with the heating of a focused ultrasound
beam concentrated mainly in the approximately cylindrical focal region of the
beam. The heated region has a volume determined by the focal waist of the
airy disc and the length of the focal waist region, that is the confocal
parameter. Multiple beams from sources at different angles can also be used,
the heating occurring at the overlapping focal regions.

[Para 78] For ultrasound, the relevant parameters for determining tissue
temperature are frequency of the ultrasound, total train duration, and
transducer power when the focal length and diameter of the ultrasound
transducer is given. The frequency, focal length, and diameter determine the
volume of the focal region where the ultrasound energy is concentrated. It is
the focal volume that comprises the target volume of tissue for treatment.
Transducers having a diameter of approximately 5 cm and having a focal length
of approximately 10 cm are readily available. Favorable focal dimensions are
achieved when the ultrasound frequency is between 1 and 5 MHz, and the total
train duration is 0.1 to 0.5 seconds. For example, for a focal length of 10 cm
and the transducer diameter of 5 cm, the focal volumes are 0.02 cc at 5 MHz

and 2.36 cc at 1 MHz.
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[Para 79]  With reference now to FIG. 11, a graph illustrates the average
source power in watts compared to the frequency (between 1 MHz and 5 MHz),
and the pulse train duration (between 0.1 and 0.5 seconds). A transducer focal
length of 10 cm and a source diameter of 5 cm have been assumed. The
required power to give the Arrhenius integral for HSP activation of
approximately 1 decreases monotonically as the frequency increases and as the
total train duration increases. Given the preferred parameters, the minimum
power for a frequency of 1 GHz and a pulse train duration of 0.5 seconds is
5.72 watts, whereas for the 1 GHz frequency and a pulse train duration of 0.1
seconds the maximum power is 28.6 watts. For a 5 GHz frequency, 0.046
watts is required for a pulse train duration of 0.5 seconds, wherein 0.23 watts
is required for a pulse train duration of 0.1 seconds. The corresponding peak
power during an individual pulse is obtained simply by dividing by the duty
cycle.

[Para 80] FIGURE 12 illustrates the time, in seconds, for the temperature to
diffuse or decay from 10°C to 6°C when the ultrasound frequency is between 1
and 5 MHz. FIG. 13 illustrates the time, in seconds, to decay from
approximately 10°C to approximately 1°C for ultrasound frequencies from 1 to
5 MHz. For the preferred focal length of 10 cm and the transducer diameter of
5 cm, the maximum time for temperature decay is 366 seconds when the
ultrasound frequency is 1 MHz, and the minimum temperature decay is 15
seconds when the microwave frequency is 5 MHz. As the FDA only requires the

temperature rise be less than 6°C for test times of minutes, the 366 second

Page 27 of 58



WO 2017/074532 PCT/US2016/046043

decay time at 1 MHz to get to a rise of 1°C over the several minutes is
allowable. As can be seen in FIGS. 12 and 13, the decay times to a rise of 6°C
are much smaller, by a factor of approximately 70, than that of 1°C.

[Para 81] FIGURE 14 illustrates the volume of focal heated region, in cubic
centimeters, as compared to ultrasound frequencies from between 1 and 5
MHz. Considering ultrasound frequencies in the range of 1 to 5 MHz, the
corresponding focal sizes for these frequencies range from 3.7 mm to 0.6 mm,
and the length of the focal region ranges from 5.6 cm to 1.2 cm. The
corresponding treatment volumes range from between approximately 2.4 cc
and 0.02 cc.

[Para 82] Examples of parameters giving a desired HSP activation Arrhenius
integral greater than 1 and damage Arrhenius integral less than 1 is a total
ultrasound power between 5.8-17 watts, a pulse duration of 0.5 seconds, an
interval between pulses of 5 seconds, with total number of pulses 10 within the
total pulse stream time of 50 seconds. The target treatment volume would be
approximately 1 mm on a side. Larger treatment volumes could be treatable by
an ultrasound system similar to a laser diffracted optical system, by applying
ultrasound in multiple simultaneously applied adjacent but separated and
spaced columns. The multiple focused ultrasound beams converge on a very
small treatment target within the body, the convergence allowing for a minimal
heating except at the overlapping beams at the target. This area would be
heated and stimulate the activation of HSPs and facilitate protein repair by

transient high temperature spikes. However, given the pulsating aspect of the
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invention as well as the relatively small area being treated at any given time, the
treatment is in compliance with FDA/FCC requirements for long term (minutes)
average temperature rise <1K. An important distinction of the invention from
existing therapeutic heating treatments for pain and muscle strain is that there
are no high T spikes in existing techniques, and these are required for
efficiently activating HSPs and facilitating protein repair to provide healing at
the cellular level.

[Para 83] The pulse train mode of energy delivery has a distinct advantage
over a single pulse or gradual mode of energy delivery, as far as the activation
of remedial HSPs and the facilitation of protein repair is concerned. There are
two considerations that enter into this advantage:

[Para 84] First, a big advantage for HSP activation and protein repair in an
SDM energy delivery mode comes from producing a spike temperature of the
order of 10°C. This large rise in temperature has a big impact on the Arrhenius
integrals that describe quantitatively the number of HSPs that are activated and
the rate of water diffusion into the proteins that facilitates protein repair. This
is because the temperature enters into an exponential that has a big
amplification effect.

[Para 85] It is important that the temperature rise not remain at the high
value (10°C or more) for long, because then it would violate the FDA and FCC
requirements that over periods of minutes the average temperature rise must

be less than 1°C (or in the case of ultrasound 6°C).
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[Para 86] An SDM mode of energy delivery uniquely satisfies both of these
foregoing considerations by judicious choice of the power, pulse time, pulse
interval, and the volume of the target region to be treated. The volume of the
treatment region enters because the temperature must decay from its high
value of the order of 10°C fairly rapidly in order for the long term average
temperature rise not to exceed the long term FDA/FCC limit of 6°C for
ultrasound frequencies and 1°C or less for electromagnetic radiation energy
sources.

[Para 87] For a region of linear dimension L, the time that it takes the peak
temperature to e-fold in tissue is roughly L2/16D, where D = 0.00143 cm?2/sec
is the typical heat diffusion coefficient. For example, if L = 1 mm, the decay
time is roughly 0.4 sec. Accordingly, for a region 1 mm on a side, a train
consisting of 10 pulses each of duration 0.5 seconds, with an interval between
pulses of 5 second can achieve the desired momentary high rise in temperature
while still not exceeding an average long term temperature rise of 1°C. This is
demonstrated further below.

[Para 88] The limitation of heated volume is the reason why RF
electromagnetic radiation is not as good of a choice for SDM-type treatment of
regions deep with the body as ultrasound. The long skin depths (penetration
distances) and Ohmic heating all along the skin depth results in a large heated
volume whose thermal inertia does not allow both the attainment of a high

spike temperature that activates HSPs and facilitates protein repair, and the
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rapid temperature decay that satisfies the long term FDA and FCC limit on
average temperature rise.

[Para 89] Ultrasound has already been used to therapeutically heat regions of
the body to ease pain and muscle strain. However, the heating has not
followed the SDM-type protocol and does not have the temperature spikes that
are responsible for the excitation of HSPs.

[Para 90] Consider, then, a group of focused ultrasound beams that are
directed at a target region deep within the body. To simplify the mathematics,
suppose that the beams are replaced by a single source with a spherical surface
shape that is focused on the center of the sphere. The absorption lengths of
ultrasound can be fairly long. Table 3 below shows typical absorption
coefficients for ultrasound at 1 MHz. The absorption coefficients are roughly
proportional to the frequency.

[Para 91] Table 3. Typical absorption coefficients for 1 MHz ultrasound in

body tissue:
Body Tissue Attenuation Coefficient at 1 MHz (cm-1)
Water 0.00046
Blood 0.0415
Fat 0.145
Liver 0.115-0.217
Kidney 0.23
Muscle 0.3-0.76
Bone 1.15
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[Para 92] Assuming that the geometric variation of the incoming radiation
due to the focusing dominates any variation due to attenuation, the intensity of
the incoming ultrasound at a distance r from the focus can be written
approximately as:

I(r) = P/(41r2) [1]
where P denotes the total ultrasound power.
The temperature rise at the end of a short pulse of duration t, at r is then

dT(tp) = Patp / (4TTCyr2) [2]
where o is the absorption coefficient and C, is the specific volume heat
capacity. This will be the case until the r is reached at which the heat diffusion
length at t, becomes comparable to r, or the diffraction limit of the focused
beam is reached. For smaller r, the temperature rise is essentially independent
of r. As an example, suppose the diffraction limit is reached at a radial distance
that is smaller than that determined by heat diffusion. Then

rait = (4Dtp)1/2 [3]
where D is the heat diffusion coefficient, and for r<rgir, the temperature rise at
tp is

dT(rgif, tp) = 3Px/(8TIC\D) when r< rqif [4]
Thus, at the end of the pulse, we can write for the temperature rise:

dTp(r) = {Patp/(4TTCH(6/ rair?)U{rdic=1) +(1/r2)U(r-radis)] [5]
On applying the Green’s function for the heat diffusion equation,

G(r1) = (4QD1)-3/2 exp[-r2/(4Dv)] [6]
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to this initial temperature distribution, we find that the temperature dT(t) at the
focal point r=0 ata time tis

dT(t) = [dTo/{(1/2)+(m'/2/6)}[(1 /2)(tp/1)3/2 + (T11/2/6)(tp/ V)] [7]
with

dTo = 3Pa/(8TC,D) [8]
[Para 93] A good approximation to eq. [7] is provided by:

dT(t) = dTo (tp/1)3/2 [9]
as cah be seen in FIG. 15, which is a comparison of egs. [7] and [9] for dT(t)/
dT, at the target treatment zone. The bottom curve is the approximate
expression of eq [9].
The Arrhenius integral for a train of N pulses can now be evaluated with the
temperature rise given by eq. [9]. In this expression,

dTn(t) = 2 dT(t-nty) [11]
where dT(t-nt) is the expression of eq. [9] with t replaced by t-ntrand with t
designating the interval between pulses.
[Para 94] The Arrhenius integral can be evaluated approximately by dividing the
integration interval into the portion where the temperature spikes occur and the
portion where the temperature spike is absent. The summation over the
temperature spike contribution can be simplified by applying Laplace’s end
point formula to the integral over the temperature spike. In addition, the
integral over the portion when the spikes are absent can be simplified by noting

that the non-spike temperature rise very rapidly reaches an asymptotic value,
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so that a good approximation is obtained by replacing the varying time rise by
its asymptotic value. When these approximations are made, eq. [10] becomes:

Q = AN[{tp(2ksTo2/(3EdTo)}exp[-(E/ke)1/(To + dTo+ dTn(Nt))]

+exp[-(E/ke)1/(To + dTn(Nt))]] [12]

where

dTn(NT) =~ 2.5 dTo (tp/t)3/2 [13]
(The 2.5 in eq. [13] arises from the summation over n of (N-n)-3/2 and is the
maghnitude of the harmonic number (N,3/2) for typical N of interest.)
[Para 95] It is interesting to compare this expression with that for SDM applied
to the retina. The first term is very similar to that from the spike contribution
in the retina case, except that the effective spike interval is reduced by a factor
of 3 for this 3D converging beam case. The second term, involving dTn(Nt) is
much smaller than in the retina case. There the background temperature rise
was comparable in magnitude to the spike temperature rise. But here in the
converging beam case, the background temperature rise is much smaller by the
ratio (tp/t))3/2. This points up the importance of the spike contribution to the
activation or production of HSP’s and the facilitation of protein repair, as the
background temperature rise which is similar to the rise in a continuous
ultrasound heating case is insignificant compared to the spike contribution. At
the end of the pulse train, even this low background temperature rise rapidly
disappears by heat diffusion.
[Para 96] FIGURES 16 and 17 show the magnitude of the logarithm of the

Arrhenius integrals for damage and for HSP activation or production as a
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function of dT, for a pulse duration t, = 0.5 sec, pulse interval ti = 10 sec, and
total number of pulses N = 10. Logarithm of Arrhenius integrals [eq. 12] for
damage and for HSP activation as a function of the temperature rise in degrees
Kelvin from a single pulse dT,, for a pulse duration t, = 0.5 sec., pulse interval
ti = 10 sec., and a total number of ultrasound pulses N = 10. FIG. 16 shows
the logarithm of the damage integral with the Arrhenius constants A =
8.71x1033 sec! and E = 3.55x10-'2ergs. FIG. 17 shows the logarithm of the
HSP activation integral with the Arrhenius constants A = 1.24x1027 sec’! and E
= 2.66x10-12 ergs. The graphs in FIGS. 16 and 17 show that Qdamage does not
exceed 1 until dT, exceeds 11.3 K, whereas Qnsp is greater than 1 over the
whole interval shown, the desired condition for cellular repair without damage.
[Para 97] Equation [8] shows that when o« = 0.1 cm-1, a dT, of 11.5 K can be
achieved with a total ultrasound power of 5.8 watts. This is easily achievable.
If « is increased by a factor of 2 or 3, the resulting power is still easily
achievable. The volume of the region where the temperature rise is constant
(i.e. the volume corresponding to r=rq = (4Dtp)1/2 ) is 0.00064 cc. This
corresponds to a cube that is 0.86 mm on a side.

[Para 98] This simple example demonstrates that focused ultrasound should be

usable to stimulate reparative HSP’s deep in the body with easily attainable

equipment:
Total ultrasound power: 5.8 watts - 17 watts
Pulse time 0.5 sec
Pulse interval 5 sec
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Total train duration (N=10) 50 sec
To expedite the treatment of larger internal volumes, a SAPRA system can be
used.
[Para 99] The pulsed energy source may be directed to an exterior of a body
which is adjacent to the target tissue or has a blood supply close to the surface
of the exterior of the body. Alternatively, a device may be inserted into a cavity
of a body to apply the pulsed energy source to the target tissue. Whether the
energy source is applied outside of the body or inside of the body and what
type of device is utilized depends upon the energy source selected and used to
treat the target tissue.
[Para 100] Photostimulation, in accordance with the present invention, can be
effectively transmitted to an internal surface area or tissue of the body utilizing
ah endoscope, such as a bronchoscope, proctoscope, colonoscope or the like.
Each of these consist essentially of a flexible tube that itself contains one or
more internal tubes. Typically, one of the internal tubes comprises a light pipe
or multi-mode optical fiber which conducts light down the scope to illuminate
the region of interest and enable the doctor to see what is at the illuminated
end. Another internal tube could consist of wires that carry an electrical current
to enable the doctor to cauterize the illuminated tissue. Yet another internal
tube might consist of a biopsy tool that would enable the doctor to snip off and
hold on to any of the illuminated tissue.
[Para 101] In the present invention, one of these internal tubes is used as an

electromagnetic radiation pipe, such as a multi-mode optical fiber, to transmit
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the SDM or other electromagnetic radiation pulses that are fed into the scope at
the end that the doctor holds. With reference now to FIG. 18, a light generating
unit 10, such as a laser having a desired wavelength and/or frequency is used
to generate electromagnetic radiation, such as laser light, in a controlled,
pulsed manner to be delivered through a light tube or pipe 12 to a distal end of
the scope 14, illustrated in FIG. 19, which is inserted into the body and the
laser light or other radiation 16 delivered to the target tissue 18 to be treated.
[Para 102] With reference now to FIG. 20, a schematic diagram is shown of a
system for generating electromagnetic energy radiation, such as laser light,
including SDM. The system, generally referred to by the reference number 20,
includes a laser console 22, such as for example the 810 nm near infrared
micropulsed diode laser in the preferred embodiment. The laser generates a
laser light beam which is passed through optics, such as an optical lens or
mask, or a plurality of optical lenses and/or masks 24 as needed. The laser
projector optics 24 pass the shaped light beam to a delivery device 26, such as
an endoscope, for projecting the laser beam light onto the target tissue of the
patient. It will be understood that the box labeled 26 can represent both the
laser beam projector or delivery device as well as a viewing system/camera,
such as an endoscope, or comprise two different components in use. The
viewing system/camera 26 provides feedback to a display monitor 28, which
may also include the necessary computerized hardware, data input and
controls, etc. for manipulating the laser 22, the optics 24, and/or the

projection/viewing components 26.
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[Para 103] With reference now to FIG. 21, in one embodiment, the laser light
beam 30 may be passed through a collimator lens 32 and then through a mask
34. In a particularly preferred embodiment, the mask 34 comprises a
diffraction grating. The mask/diffraction grating 34 produces a geometric
object, or more typically a geometric pattern of simultaneously produced
multiple laser spots or other geometric objects. This is represented by the
multiple laser light beams labeled with reference number 36. Alternatively, the
multiple laser spots may be generated by a plurality of fiber optic waveguides.
Either method of generating laser spots allows for the creation of a very large
humber of laser spots simultaneously over a very wide treatment field. In fact,
a very high number of laser spots, perhaps numbering in the hundreds even
thousands or more could be simultaneously generated to cover a given area of
the target tissue, or possibly even the entirety of the target tissue. A wide array
of simultaneously applied small separated laser spot applications may be
desirable as such avoids certain disadvantages and treatment risks known to be
associated with large laser spot applications.

[Para 104] Using optical features with a feature size on par with the
wavelength of the laser employed, for example using a diffraction grating, it is
possible to take advantage of quantum mechanical effects which permits
simultaneous application of a very large number of laser spots for a very large
target area. The individual spots produced by such diffraction gratings are all
of a similar optical geometry to the input beam, with minimal power variation

for each spot. The result is a plurality of laser spots with adequate irradiance to
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produce harmless yet effective treatment application, simultaneously over a
large target area. The present invention also contemplates the use of other
geometric objects and patterns generated by other diffractive optical elements.
[Para 105] The laser light passing through the mask 34 diffracts, producing a
periodic pattern a distance away from the mask 34, shown by the laser beams
labeled 36 in FIG. 21. The single laser beam 30 has thus been formed into
hundreds or even thousands of individual laser beams 36 so as to create the
desired pattern of spots or other geometric objects. These laser beams 36 may
be passed through additional lenses, collimators, etc. 38 and 40 in order to
convey the laser beams and form the desired pattern. Such additional lenses,
collimators, etc. 38 and 40 can further transform and redirect the laser beams
36 as needed.

[Para 106] Arbitrary patterns can be constructed by controlling the shape,
spacing and pattern of the optical mask 34. The pattern and exposure spots
can be created and modified arbitrarily as desired according to application
requirements by experts in the field of optical engineering. Photolithographic
techniques, especially those developed in the field of semiconductor
manufacturing, can be used to create the simultaneous geometric pattern of
spots or other objects.

[Para 107] FIG. 22 illustrates diagrammatically a system which couples
multiple light sources into the pattern-generating optical subassembly
described above. Specifically, this system 20" is similar to the system 20

described in FIG. 20 above. The primary differences between the alternate
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system 20' and the earlier described system 20 is the inclusion of a plurality of
laser consoles, the outputs of which are each fed into a fiber coupler 42. The
fiber coupler produces a single output that is passed into the laser projector
optics 24 as described in the earlier system. The coupling of the plurality of
laser consoles 22 into a single optical fiber is achieved with a fiber coupler 42
as is known in the art. Other known mechanisms for combining multiple light
sources are available and may be used to replace the fiber coupler described
herein.

[Para 108] In this system 20' the multiple light sources 22 follow a similar
path as described in the earlier system 20, i.e., collimated, diffracted,
recollimated, and directed to the projector device and/or tissue. In this
alternate system 20' the diffractive element must function differently than
described earlier depending upon the wavelength of light passing through,
which results in a slightly varying pattern. The variation is linear with the
wavelength of the light source being diffracted. In general, the difference in the
diffraction angles is small enough that the different, overlapping patterns may
be directed along the same optical path through the projector device 26 to the
tissue for treatment.

[Para 109] Since the resulting pattern will vary slightly for each wavelength, a
sequential offsetting to achieve complete coverage will be different for each
wavelength. This sequential offsetting can be accomplished in two modes. In
the first mode, all wavelengths of light are applied simultaneously without

identical coverage. An offsetting steering pattern to achieve complete coverage
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for one of the multiple wavelengths is used. Thus, while the light of the
selected wavelength achieves complete coverage of the tissue, the application
of the other wavelengths achieves either incomplete or overlapping coverage of
the tissue. The second mode sequentially applies each light source of a varying
wavelength with the proper steering pattern to achieve complete coverage of
the tissue for that particular wavelength. This mode excludes the possibility of
simultaneous treatment using multiple wavelengths, but allows the optical
method to achieve identical coverage for each wavelength. This avoids either
incomplete or overlapping coverage for any of the optical wavelengths.

[Para 110] These modes may also be mixed and matched. For example, two
wavelengths may be applied simultaneously with one wavelength achieving
complete coverage and the other achieving incomplete or overlapping coverage,
followed by a third wavelength applied sequentially and achieving complete
coverage.

[Para 111] FIG. 23 illustrates diagrammatically yet another alternate
embodiment of the inventive system 20". This system 20" is configured
generally the same as the system 20 depicted in FIG. 20. The main difference
resides in the inclusion of multiple pattern-generating subassembly channels
tuned to a specific wavelength of the light source. Multiple laser consoles 22
are arranged in parallel with each one leading directly into its own laser
projector optics 24. The laser projector optics of each channel 44a, 44b, 44c
comprise a collimator 32, mask or diffraction grating 34 and recollimators 38,

40 as described in connection with FIG. 21 above - the entire set of optics
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tuned for the specific wavelength generated by the corresponding laser console
22. The output from each set of optics 24 is then directed to a beam splitter
46 for combination with the other wavelengths. It is known by those skilled in
the art that a beam splitter used in reverse can be used to combine multiple
beams of light into a single output. The combined channel output from the
final beam splitter 46¢ is then directed through the projector device 26.

[Para 112] In this system 20" the optical elements for each channel are tuned
to produce the exact specified pattern for that channel's wavelength.
Consequently, when all channels are combined and properly aligned a single
steering pattern may be used to achieve complete coverage of the tissue for all
wavelengths.

[Para 113] The system 20" may use as many channels 44a, 44b, 44c, etc. and
beam splitters 46a, 46b, 46¢, etc. as there are wavelengths of light being used
in the treatment.

[Para 114] Implementation of the system 20" may take advantage of different
symmetries to reduce the number of alignment constraints. For example, the
proposed grid patterns are periodic in two dimensions and steered in two
dimensions to achieve complete coverage. As a result, if the patterns for each
channel are identical as specified, the actual pattern of each channel would not
heed to be aligned for the same steering pattern to achieve complete coverage
for all wavelengths. Each channel would only need to be aligned optically to

achieve an efficient combination.
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[Para 115] In system 20", each channel begins with a light source 22, which
could be from an optical fiber as in other embodiments of the pattern-
generating subassembly. This light source 22 is directed to the optical
assembly 24 for collimation, diffraction, recollimation and directed into the
beam splitter which combines the channel with the main output.

[Para 116] It will be understood that the laser light generating systems
illustrated in FIGS. 20-23 are exemplary. Other devices and systems can be
utilized to generate a source of SDM laser light which can be operably passed
through to a projector device, typically in the form of an endoscope having a
light pipe or the like. Other forms of electromagnetic radiation may also be
generated and used, including ultraviolet waves, microwaves, other
radiofrequency waves, and laser light at predetermined wavelengths. Moreover,
ultrasound waves may also be generated and used to create a thermal time-
course temperature spike in the target tissue sufficient to activate or produce
heat shock proteins in the cells of the target tissue without damaging the target
tissue itself. In order to do so, typically, a pulsed source of ultrasound or
electromagnetic radiation energy is provided and applied to the target tissue in
a manner which raises the target tissue temperature, such as between 6°C and
11°C, transiently while only 6°C or 1°C or less for the long term, such as over
several minutes.

[Para 117] For deep tissue that is not near an internal orifice, a light pipe is

hot an effective means of delivering the pulsed energy. In that case, pulsed low
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frequency electromagnetic energy or preferably pulsed ultrasound can be used
to cause a series of temperature spikes in the target tissue.

[Para 118] Thus, in accordance with the present invention, a source of pulsed
ultrasound or electromagnetic radiation is applied to the target tissue in order
to stimulate HSP production or activation and to facilitate protein repair in the
living animal tissue. In general, electromagnetic radiation may be ultraviolet
waves, microwaves, other radiofrequency waves, laser light at predetermined
wavelengths, etc. On the other hand, if electromagnetic energy is to be used
for deep tissue targets away from natural orifices, absorption lengths restrict
the wavelengths to those of microwaves or radiofrequency waves, depending on
the depth of the target tissue. However, ultrasound is to be preferred to long
wavelength electromagnetic radiation for deep tissue targets away from natural
orifices.

[Para 119] The ultrasound or electromagnetic radiation is pulsed so as to
create a thermal time-course in the tissue that stimulates HSP production or
activation and facilitates protein repair without causing damage to the cells and
tissue being treated. The area and/or volume of the treated tissue is also
controlled and minimized so that the temperature spikes are on the order of
several degrees, e.g. approximately 10°C, while maintaining the long-term rise
in temperature to be less than the FDA mandated limit, such as 1°C. It has been
found that if too large of an area or volume of tissue is treated, the increased
temperature of the tissue cannot be diffused sufficiently quickly enough to

meet the FDA requirements. However, limiting the area and/or volume of the
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treated tissue as well as creating a pulsed source of energy accomplishes the
goals of the present invention of stimulating HSP activation or production by
heating or otherwise stressing the cells and tissue, while allowing the treated
cells and tissues to dissipate any excess heat generated to within acceptable
limits.

[Para 120] It is believed that stimulating HSP production in accordance with
the present invention can be effectively utilized in treating a wide array of
tissue abnormalities, ailments, and even infections. For example, the viruses
that cause colds primarily affect a small port of the respiratory epithelium in the
nasal passages and nasopharynx. Similar to the retina, the respiratory
epithelium is a thin and clear tissue. With reference to FIG. 24, a cross-
sectional view of a human head 48 is shown with an endoscope 14 inserted into
the nasal cavity 50 and energy 16, such as laser light or the like, being directed
to tissue 18 to be treated within the nasal cavity 50. The tissue 18 to be
treated could be within the nasal cavity 50, including the nasal passages, and
hasopharynx.

[Para 121] To assure absorption of the laser energy, or other energy source,
the wavelength can be adjusted to an infrared (IR) absorption peak of water, or
an adjuvant dye can be used to serve as a photosensitizer. In such a case,
treatment would then consist of drinking, or topically applying, the adjuvant,
waiting a few minutes for the adjuvant to permeate the surface tissue, and then
administering the laser light or other energy source 16 to the target tissue 18

for a few seconds, such as via optical fibers in an endoscope 14, as illustrated
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in FIG. 24. To provide comfort of the patient, the endoscope 14 could be
inserted after application of a topical anesthetic. If necessary, the procedure
could be repeated periodically, such as in a day or so.

[Para 122] The treatment would stimulate the activation or production of heat
shock proteins and facilitate protein repair without damaging the cells and
tissues being treated. As discussed above, certain heat shock proteins have
been found to play an important role in the immune response as well as the
well-being of the targeted cells and tissue. The source of energy could be
monochromatic laser light, such as 810 hm wavelength laser light,
administered in a manner similar to that described in the above-referenced
patent applications, but administered through an endoscope or the like, as
illustrated in FIG. 24. The adjuvant dye would be selected so as to increase the
laser light absorption. While this comprises a particularly preferred method and
embodiment of performing the invention, it will be appreciated that other types
of energy and delivery means could be used to achieve the same objectives in
accordance with the present invention.

[Para 123] With reference now to FIG. 25, a similar situation exists for the flu
virus, where the primary target is the epithelium of the upper respiratory tree,
in segments that have diameters greater than about 3.3 mm, namely, the upper
six generations of the upper respiratory tree. A thin layer of mucous separates
the targeted epithelial cells from the airway lumen, and it is in this layer that

the antigen-antibody interactions occur that result in inactivation of the virus.
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[Para 124] With continuing reference to FIG. 25, the flexible light tube 12 of a
bronchoscope 14 is inserted through the individual's mouth 52 through the
throat and trachea 54 and into a bronchus 56 of the respiratory tree. There the
laser light or other energy source 16 is administered and delivered to the tissue
in this area of the uppermost segments to treat the tissue and area in the same
manner described above with respect to FIG. 24. It is contemplated that a
wavelength of laser or other energy would be selected so as to match an IR
absorption peak of the water resident in the mucous to heat the tissue and
stimulate HSP activation or production and facilitate protein repair, with its
attendant benefits.

[Para 125] With reference now to FIG. 26, a colonoscope 14 could have
flexible optical tube 12 thereof inserted into the anus and rectum 58 and into
either the large intestine 60 or small intestine 62 so as to deliver the selected
laser light or other energy source 16 to the area and tissue to be treated, as
illustrated. This could be used to assist in treating colon cancer as well as
other gastrointestinal issues.

[Para 126] Typically, the procedure could be performed similar to a
colonoscopy in that the bowel would be cleared of all stool, and the patient
would lie on his/her side and the physician would insert the long, thin light
tube portion 12 of the colonoscope 14 into the rectum and move it into the
area of the colon, large intestine 60 or small intestine 64 to the area to be
treated. The physician could view through a monitor the pathway of the

inserted flexible member 12 and even view the tissue at the tip of the
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colonoscope 14 within the intestine, so as to view the area to be treated. Using
one of the other fiber optic or light tubes, the tip 64 of the scope would be
directed to the tissue to be treated and the source of laser light or other
radiation 16 would be delivered through one of the light tubes of the
colonoscope 14 to treat the area of tissue to be treated, as described above, in
order to stimulate HSP activation or production in that tissue 18.

[Para 127] With reference now to FIG. 27, another example in which the
present invention can be advantageously used is what is frequently referred to
as "leaky gut” syndrome, a condition of the gastrointestinal (Gl) tract marked by
inflammation and other metabolic dysfunction. Since the Gl tract is susceptible
to metabolic dysfunction similar to the retina, it is anticipated that it will
respond well to the treatment of the present invention. This could be done by
means of subthreshold, diode micropulse laser (SDM) treatment, as discussed
above, or by other energy sources and means as discussed herein and known in
the art.

[Para 128] With continuing reference to FIG. 27, the flexible light tube 12 of
an endoscope or the like is inserted through the patient's mouth 52 through
the throat and trachea area 54 and into the stomach 66, where the tip or end
64 thereof is directed towards the tissue 18 to be treated, and the laser light or
other energy source 16 is directed to the tissue 18. It will be appreciated by
those skilled in the art that a colonoscope could also be used and inserted
through the rectum 58 and into the stomach 66 or any tissue between the

stomach and the rectum.
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[Para 129] If necessary, a chromophore pigment could be delivered to the Gl
tissue orally to enable absorption of the radiation. If, for instance, unfocused
810 nm radiation from a laser diode or LED were to be used, the pigment would
have an absorption peak at or near 810 nm. Alternatively, the wavelength of
the energy source could be adjusted to a slightly longer wavelength at an
absorption peak of water, so that no externally applied chromophore would be
required.

[Para 130] It is also contemplated by the present invention that a capsule
endoscope 68, such as that illustrated in FIG. 28, could be used to administer
the radiation and energy source in accordance with the present invention. Such
capsules are relatively small in size, such as approximately one inch in length,
so as to be swallowed by the patient. As the capsule or pill 68 is swallowed and
enters into the stomach and passes through the Gl tract, when at the
appropriate location, the capsule or pill 68 could receive power and signals,
such as via antenna 70, so as to activate the source of energy 72, such as a
laser diode and related circuitry, with an appropriate lens 74 focusing the
generated laser light or radiation through a radiation-transparent cover 76 and
onto the tissue to be treated. It will be understood that the location of the
capsule endoscope 68 could be determined by a variety of means such as
external imaging, signal tracking, or even by means of a miniature camera with
lights through which the doctor would view images of the Gl tract through
which the pill or capsule 68 was passing through at the time. The capsule or

pill 68 could be supplied with its own power source, such as by virtue of a
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battery, or could be powered externally via an antenna, such that the laser
diode 72 or other energy generating source create the desired wavelength and
pulsed energy source to treat the tissue and area to be treated.

[Para 131] As in the treatment of the retina in previous applications, the
radiation would be pulsed to take advantage of the micropulse temperature
spikes and associated safety, and the power could be adjusted so that the
treatment would be completely harmless to the tissue. This could involve
adjusting the peak power, pulse times, and repetition rate to give spike
temperature rises on the order of 10°C, while maintaining the long term rise in
temperature to be less than the FDA mandated limit of 1°C. If the pill form 68
of delivery is used, the device could be powered by a small rechargeable battery
or over wireless inductive excitation or the like. The heated/stressed tissue
would stimulate activation or production of HSP and facilitate protein repair,
and the attendant benefits thereof.

[Para 132] From the foregoing examples, the technique of the present
invention is limited to the treatment of conditions at near body surfaces or at
internal surfaces easily accessible by means of fiber optics or other optical
delivery means. The reason that the application of SDM to activate HSP activity
is limited to near surface or optically accessibly regions of the body is that the
absorption length of IR or visible radiation in the body is very short. However,
there are conditions deeper within tissue or the body which could benefit from
the present invention. Thus, the present invention contemplates the use of

ultrasound and/or radio frequency (RF) and even shorter wavelength
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electromagnetic (EM) radiation such as microwave which have relatively long
absorption lengths in body tissue. The use of pulsed ultrasound is preferable
to RF electromagnetic radiation to activate remedial HSP activity in abnormal
tissue that is inaccessible to surface SDM or the like. Pulsed ultrasound sources
can also be used for abnormalities at or near surfaces as well.

[Para 133] With reference now to FIG. 29, with ultrasound, a specific region
deep in the body can be specifically targeted by using one or more beams that
are each focused on the target site. The pulsating heating will then be largely
only in the targeted region where the beams are focused and overlap.

[Para 134] As illustrated in FIG. 29, an ultrasound transducer 78 or the like
generates a plurality of ultrasound beams 80 which are coupled to the skin via
an acoustic-impedance-matching gel, and penetrate through the skin 82 and
through undamaged tissue in front of the focus of the beams 80 to a target
organ 84, such as the illustrated liver, and specifically to a target tissue 86 to
be treated where the ultrasound beams 80 are focused. As mentioned above,
the pulsating heating will then only be at the targeted, focused region 86 where
the focused beams 80 overlap. The tissue in front of and behind the focused
region 86 will not be heated or affected appreciably.

[Para 135] The present invention contemplates not only the treatment of
surface or near surface tissue, such as using the laser light or the like, deep
tissue using, for example, focused ultrasound beams or the like, but also
treatment of blood diseases, such as sepsis. As indicated above, focused

ultrasound treatment could be used both at surface as well as deep body tissue,
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and could also be applied in this case in treating blood. However, it is also
contemplated that the SDM and similar treatment options which are typically
limited to surface or near surface treatment of epithelial cells and the like be
used in treating blood diseases at areas where the blood is accessible through a
relatively thin layer of tissue, such as the earlobe.

[Para 136] With reference now to FIGS. 30 and 31, treatment of blood
disorders simply requires the transmission of SDM or other electromagnetic
radiation or ultrasound pulses to the earlobe 88, where the SDM or other
radiation source of energy could pass through the earlobe tissue and into the
blood which passes through the earlobe. It would be appreciated that this
approach could also take place at other areas of the body where the blood flow
is relatively high and/or near the tissue surface, such as fingertips, inside of the
mouth or throat, etc.

[Para 137] With reference again to FIGS. 30 and 31, an earlobe 88 is shown
adjacent to a clamp device 90 configured to transmit SDM radiation or the like.
This could be, for example, by means of one or more laser diodes 92 which
would transmit the desired frequency at the desired pulse and pulse train to the
earlobe 88. Power could be provided, for example, by means of a lamp drive
94. Alternatively, the lamp drive 94 could be the actual source of laser light,
which would be transmitted through the appropriate optics and electronics to
the earlobe 88. The clamp device 90 would merely be used to clamp onto the
patient's earlobe and cause that the radiation be constrained to the patient's

earlobe 88. This may be by means of mirrors, reflectors, diffusers, etc. This
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could be controlled by a control computer 96, which would be operated by a
keyboard 98 or the like. The system may also include a display and speakers
100, if needed, for example if the procedure were to be performed by an
operator at a distance from the patient.

[Para 138] The proposed treatment with a train of electromagnetic or
ultrasound pulses has two major advantages over earlier treatments that
incorporate a single short or sustained (long) pulse. First, the short (preferably
subsecond) individual pulses in the train activate cellular reset mechanisms like
HSP activation with larger reaction rate constants than those operating at longer
(minute or hour) time scales. Secondly, the repeated pulses in the treatment
provide large thermal spikes (on the order of 10,000) that allow the cell’s repair
system to more rapidly surmount the activation energy barrier that separates a
dysfunctional cellular state from the desired functional state. The net result is a
“lowered therapeutic threshold” in the sense that a lower applied average power
and total applied energy can be used to achieve the desired treatment goal.
[Para 139] Although several embodiments have been described in detail
for purposes of illustration, various modifications may be made without
departing from the scope and spirit of the invention. Accordingly, the invention

is not to be limited, except as by the appended claims.
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What is claimed is:

[Claim 1] A method for heat treating biological tissues, comprising the steps
of:

providing a pulsed energy source having energy parameters including
wavelength or frequency, duty cycle and pulse train duration, the energy
parameters selected so as to raise a target tissue temperature up to eleven
degrees Celsius to achieve a therapeutic effect, wherein the average
temperature rise of the tissue over several minutes is maintained at or below a
predetermined level so as to not permanently damage the target tissue; and

applying the pulsed energy source to the target tissue to therapeutically

treat the target tissue.

[Claim 2] The method of claim 1, wherein the applying step comprises the

step of stimulating heat shock protein activation in the target tissue.

[Claim 3] The method of claim 1, including the step of selecting the pulsed
enhergy source energy parameters so that the target tissue temperature is raised
between approximately six degrees Celsius to eleven degrees Celsius at least

during application of the pulsed energy source to the target tissue.

[Claim 4] The method of claim 1, wherein the average temperature rise of the

target tissue over several minutes is maintained at six degrees Celsius or less.
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[Claim 5] The method of claim 4, wherein the average temperature rise of the
target tissue is maintained at approximately one degree Celsius or less over

several minutes.

[Claim 6] The method of claim 1, wherein the pulsed energy source energy
parameters are selected so that approximately 20 to 40 joules of energy is

absorbed by each cubic centimeter of the target tissue.

[Claim 7] The method of claim 1, wherein the applying the pulsed energy
source step comprises inserting a device into a cavity of a body to apply the

pulsed energy source to the target tissue.

[Claim 8] The method of claim 1, wherein the applying the pulsed energy
step comprises directing the pulsed energy source to an exterior of a body
which is adjacent to the target tissue or has a blood supply close to the surface

of the exterior area of the body.

[Claim 9] The method of claim 1, wherein the pulsed energy source

comprises laser light, microwave, radio frequency, or ultrasound.

[Claim 10] The method of any of claims 1-4 or 6, wherein the pulsed

energy source comprises a radio frequency between approximately three to six
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megahertz, a duty cycle of between approximately 2.5% to 5%, and a pulse train

duration of between approximately 0.2 to 0.4 seconds.

[Claim 11] The method of claim 10, wherein the radio frequency is
generated with a device having a coil radii of between approximately 2 and 6

mm and between approximately 13 and 57 amp turns.

[Claim 12] The method of any of claims 1-4 or 6, wherein the pulsed
enhergy source comprises a microwave frequency of between approximately 10
to 20 GHz, a pulse train duration of approximately between 0.2 and 0.6

seconds, and a duty cycle of between approximately 2% to 5%.

[Claim 13] The method of claim 12, wherein the microwave has an average

power of between approximately 8 and 52 watts.

[Claim 14] The method of any of claims 1-4 or 6, wherein the pulsed
energy source comprises a pulsed light beam having a wavelength of between
approximately 530 nm to 1300 nm, a duty cycle of less than 10%, and a pulse

train duration between approximately 0.1 and 0.6 seconds.

[Claim 15] The method of claim 14, wherein the pulsed light beam has a
wavelength of between 800 nm and 1000 nm and a power of between

approximately 0.5 and 74 watts.
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[Claim 16] The method of any of claims 1-4 or 6, wherein the pulsed
energy source comprises pulsed ultrasound having a frequency of between
approximately TMHz and 5MHz, a train duration of between approximately 0.1

and 0.5 seconds and a duty cycle of between approximately 2% to 10%.

[Claim 17] The method of claim 16, wherein the ultrasound has a power of

between approximately 0.46 and 28.6 watts.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/46043

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl'  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following species of the generic invention which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid

Group I: Claims 1-11, directed towards methods of applying RF energy between 3-6 MHz, 2.5%-5% duty cycle with pulse train duration
of 0.2-0.4 seconds, with a specific coil radii and amp turns.
Group lI: Claims 1-9, 12-13 directed towards methods of applying Microwave energy between 10-20 GHz, 2-5% duty cycle with pulse
train duration of 0.2-0.6 seconds with an average power of 8-52 Watts.
Group IlI: Claims 1-9, 14-15 directed towards methods of applying pulsed light beamns with. 530-1300nm wavelength, less than 10% duty
cycle, and pulse train duration of 0.1-0.6 saconds with power between 0.5-74 watts.
Group IV: Claims 1-9, 16-17 directed towards methods of applying pulsed ultrasound having a frequency between 1-5MHz, 2-10% duty
cycle and train duration between 0.1-0.5 seconds with a power between 0.46 and 28.6 watts.

*Claims 1-9 are generic to groups |-V
------ See Extra Sheet -------

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

N

. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I___I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1N 5/02, A61N 5/067, AG1N 7/02 (2016.01)

CPC - AB1IN 5/025, AB1N 1/403, A61N 5/0625, A61N 7/02, A61N 7/022
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification s¥’stem followed by classification symbols)
IPC(8) - A61N 5/02, A61N 5/067, A61N 7/02 (2016.01

CPC - A61N 5/025, A61N 1/403, AB1N 5/0625, A61N 7/02, A61N 7/022

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
(UPC) 601/3; 607/96, 100-102 (CPC) A61N 5/02, 5/02%, 2005/02*, 5/04, 5/045; A61N 5/06, 5/06*, 2005/06*, 2005/073; A61N 7/02, 7/022,
2007/02*; A61N 7/*, 2007/* (Search term limited; see below)

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PubWest (PGPB, USPT, EPAB, JPAB); Google; Search Terms Used: Rf, radiofrequency, radio, frequency, mega hertz, MHz, hertz,
kilohertz, KHz, pulse width, duty cycle, duration, time, length, seconds, milliseconds, microseconds, sec, millisec, joule, watt, energy,
heat shock protein, without, no, low damage, non-injuring, injury, heat*, thermal*

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0364924 A1 (DUNLEAVY et al.) 11 December 2014 (11.12.2014) Entire document, 1-6, 8-9
especially Abstract, para[0005}, para[0050], para[0083]- para[0085], para[0121]- para[0124} and
FIGS. 6-7.
X US 2010/0100162 A1 (PEYMAN) 22 April 2010 (22.04.2010) Entire document, especially 1-4,7,9
Abstract, para[0026), para[0029], para[0035]}- para[0040].
X US 6,259,952 B1 (SLUITER et al.) 10 July 2001 (10.07.2001) Entire document, especially 1-4, 6,10
- Abstract, col 2,In 29-col 4,InS9and F¥IG. 2. | .
Y 11
Y US 4,825,880 A (STAUFFER et al.) 02 May 1989 (02.05.1989) Entire document, especially col | 11
6, line 13-15. ]
A US 2014/0121631 A1 (BEAN et al.) 01 May 2014 (01.05.2014) Entire document. 1-11
A US 2010/0049180 A1 (Wells et al.) 25 February 2010 (25.02.2010), Entire document. 1-11
A US 2008/0076958 A1 (Britva et al.) 27 March 2008 (27.03.2008) Entire document 1-11
A US 6,156,028 A (Prescott) 05 December 1998 (05.12.1998) Entire document 1-11
A US 2010/082024 A1 (Brannan et al.) 01 April 2010 (01.04.2010) Entire document 1-11

[

[:] Further documents are listed in the continuation of Box C.

* Special categories of cited documents:

“T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited o understand
to be of particular relevance the principle or theory underlying the invention
“E”  carlier application or patent but published on or after the international  “X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
gltegatlor::;ﬁgh(i ;hec;i)ggclil)catlon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
o pe - pe . L considered to involve an inventive step when the document is
O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means : being obvious to a person skilled in the art
P document published prior to the international filing date but later than “&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

27 DEC 2016

28 November 2016

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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The inventions listed as Groups I-IV do not relate to a single inventive concept under PCT Rule 13.1 because under PCT Rule 13.2 they
lack the same or corresponding technical features for the following reasons:

Special Technical Features
The special technical feature of each species (Groups I-1V) is provided in the group descriptions above. None of these special technical
features are required in any other group.

Common Technical Features

Groups I-IV generally share the technical features of providing pulsed energy having parameters to produce a temperature increase
without damaging tissue, to provide a therapeutic effect. Specifically, the contents of generic claim 1: A method for heat treating
biological tissues, comprising the steps of: providing a pulsed energy source having energy parameters including wavelength or
frequency, duty cycle and pulse train duration, the energy parameters selected so as to raise a target tissue temperature up to eleven
degrees Celsius to achieve a therapeutic effect, wherein the average temperature rise of the tissue over several minutes is maintained
at or below a predetermined level so as to not permanently damage the target tissue; and applying the pulsed energy source to the
target tissue to therapeutically treat the target tissue. However, these common technical features are anticipated by US 2014/0364924
A1 to Dunleavy et al. (hereinafter: Dunleavy). Dunleavy discloses a method for heat treating biological tissues (Abstract), comprising the
steps of: providing a pulsed energy source having energy parameters (para[0005)) including wavelength or frequency (para[0005]), duty
cycle and pulse train duration (para[0121]-{0124], FIG. 7: note inherent to all pulsed waves), the energy parameters selected so as to
raise a target tissue temperature up to eleven degrees Celsius to achieve a therapeutic effect (para[0123]), wherein the average
temperature rise of the tissue over several minutes is maintained at or below a predetermined leve! (FIGS. 6-7, para[0121]-[0124): pain-
threshold level) so as to not permanently damage the target tissue (non-injuring para[0005]; see para[0083]-[0085]); and applying the
pulsed energy source to the target tissue to therapeutically treat the target tissue (para[0005]).

Accordingly, Groups |-IV lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (January 2015)
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(00291 J&] 1852 AR i A= o W 7™ A S I FR Jik e e UKD Dl 7 2B B e iR s A O AR s By
MR SEARROLE

(00301 [&] 192 HR4fE AT WY (1 8 L R FE B A% 36 21 F A AL 1 D6 SR A 3285 L 1) s AL
[0031] K202 Bl 7 ARFEA A I T A ORI RS A

[0032]  [E|21/2 R4 A< W H T~ 7 AR SO TUART L S8 16 D 2 e AR ) s e

[0033] P22 Hilon 1 ARIE A AW A F 77 A2 F iR T H MO R R GEH 55— sk
Tt s A

[0034] P23 Hilon 1 AR A AW A F 77 A2 F 6 T H ORI R GE 3Lk
Tt s A

[0035] [ 24 /& R4l A< i W i N S Jls I ¥ 7 SEL i (10 2L KD P 80 B 1) i #0814 R 8 T A2
KE

[0036] P 252 MR A A W ) SCUVE B s B SR R AL iSOV B AR o 1 U O
BEN IR S8 IR AR AT

[0037] P& 262 MR ¥ A i B FD ] 3 AR fi Bt o DX 3 (B T ) 45 P S s i 1
[0038] P27 RARYEAL WIHEAN B A X H AT IR A BB I 7S =

[0039] P28 MR ¥f A i B A€ FH ) IS 38 PN S8 B 1) Jmg Ao 1 T AL A

[0040] P29 R ARHEAS A B FK FH T I0T7 14 Py AL Jok o v i B2 2R A P ) s TR

[0041] 302 MRHE A WA A T3 i B ) JE 5 i Lt S (e T i o e

[0042] [ 312 R4 AN i W Y 368 I - i 300 ' 0 i 3K 2 I V1) A 6 B 0 R o 2 B
RIEIALA o

i}

B A

[0043]  4npft B Pl , FF H A0 AR S5 78 70 L IR 10 RS, AR BRI I A& 3 ik b 1) e 2=
VSR B AT, IO BB P I SRS B S s, H R IR B Re 2 S E L 5
A A R S [A] 1 FE (thermal time—course) , 1% #A [A] b F5 28 58 0 (8] Py T i 2H 205
2 e LR R IT AR B K, 8] £E A I TR] CRARE T~ 351 2H 2 BEAK T Fl 1 7K ~F- DL EE B 7Kk A 1
TG 2R o AEAS B 1% R Ta] e R PR o B A A B AR B, R B B i T A
I8 AT AR 45247

[0044] AR BN C 2RI, BT LA CAAS B IR B A58 493 400 100 S 2 23 5 [ s S 6k HR 5 1)
A 78 R E 7 2 TR M R SO T U F G AR ST S TR AL 2 A E X A RE 2 2
D843 1 B T AR b i %) REORE A6 DA S AR R A 23 () B B X AE 20155
1 A28 H #2522 [ £ F H i 7 5155 14/607, 959, 201343 A 13 H #2281 13/798, 52304 K&
201245 25 H 4252 [1)13/481 , 124 A JF , N 251 5] FHFF AL, R 23400,
[0045]  J BN 28 3, T DA 7= A 56 400 19 6 2H 23 40 e v 97 2 v L BUOPE O 6 G I, el
L T B 45343 A0 ) 2L 23R ) ' gt 5 JFL R S o) AR B L DO B 2 2R B A TS 1 AN LR AP VR T o
WA B AN RO R I & Fh 24, DL P Ie 2 3 46 08 BINE 7 /R A S TR IS AS 23 7 A Hi 437
P 2R X S H A FEHOC A BOGIEI AT PSSO D 28 L S KRR 252 I8 18] Rk v
HI S
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[0046] XL Z: %y (1) 1k £ 0] LUdE i ZRHSPIE AL I Arrhenius 43 K T-1 (or unity) KA
5E o ArrheniusF 4y H T 20 A i s AE A 2R 52 o 5 a0 2 WFrank KreithZm#ECRC
Handbook of Thermal Engineering,Springer Science and Business Media (2000) . [d]
B R S HL A R K A M 2L 23 DR 0L, tm] DL Ad A 4540 1 Arrhenius f343 , Horp sk
15HArrheniusFi4r/NT1 (or unity) o AN , Vi 2 FDA/FCCIR T-BF B A7 v 2H 2 ) e == T AR
DA S AR5 B 31 P 045 () 38 7 10 PR fi1) DA T 2 4 7k A 1453493 2H 23 s FDA/FCCS 8 7 Yl %
T e EPURUNIER T 00 R A )iz s s AN 5|, 402 Wawww . fda . gov/medicaldevices/
deviceregulationandguidance/guidancedocuments/ucm073817.htm#
attachaforelectromagneticsources, Pl &AnastosioflIP.LaRiveroZm4sfJEmerging
Imaging Technologies.CRC Press (2012) . —f%3Kin, T 6 CE11°C B H ARG T rT LA
3@ 3 A AR S B T R AR YR T AR L T AR AN TR, 5 Ao g B, A an N g, PREE Y
AR FERT PRI, infE R 50 N6 C B2 1 Co AR, AN 2K At i 41,

[0047] B NS Z I, 777 A S A PR SV B3 AU AUNK 80" TR RS P e 180 1L WA B SR8 T
WA ATAR ] DL a4 X 38l A 2R , 12 0 1L %) IV B E AR o s SRR T4 1) 52 B2 B Ty
LA S T ik G B B 2 % 6 18] R B R 153 2nm A S K AN/ T-10 %6 1 o5 S L o B4 il
Hh, HAA 2 T-550nm—1300nm [8] (1) 38 K O R, I HAE e A 0% 1) SE Tt 5, /T-810nm
21000nm 8], B K Z)2.5% 5% Z [A ) 5 73 b AN & 1) 52 B B Bh 28 (91 Gn 1 7 JE K A
WA JEE R A2 100-590 BL 2 (7], Bl A i b B AN VR T AL s AN EOG LI TEL) BA S TR Y
Jok K B 2 = B ] (51 4T 100 22 600ms 2 7] B 5E 55 i A 1 VBB« “EC 1) IE BRI AE” A0
W B RS, L ORAF T AU € 25 Bz 4 R I 3 B T80 MRS B P X 3809 AT F 9897 -
e tgid i, KN BRI, A IR ZH 23 T v 31 2 203k BRI 7K SPARAS T 40 i Bl 2H 2L
FEIKF BRI T BE BRI RGN 1 2 A, T ASBR IR | Joe 45 5 DA HAth 77 2045245 40 19 fi
M TKAEAR SO RR O BE A& bk o iR 97 (SDW) .

[0048]  HH T-SDMASF=AEBOE 51 KR BSR4 CtEe) , I HxA S A AR MEIT1ER,
I H.O AR 3E Jyxd 178 2 P B i CELFE Bl PR3 14 26 D 7K i (DME) 164 5 4 4% ks 12 4 D)
JEE A (PDR) AR 4 553 St IOk BHL ZE (BRVO) 5| A2 ) 2 BRE 7K T H oo 12k S VR A ik 2% HBE AR D) B2 T
A% (CSR) « 25 Wit 52 1 LA S adh 47 14 3B AT M A0 199 5 5 A8 (3 o 1 1% =2 4 14 2 3 A8 12k
StargardtsiiE HRHEE FRAN R AN (2 3 A1) (1R300 5%) 28 BRI - SDMI) 22 4 1 4
AT LLAE20/ 2000 B R AR IR PR 2 v e [ A Y, DAl D el T30 Kb s [T ) L JEHDME T -5 2
WA NN

[0049]  SDMAJ Hef shiEe A FHI B ML A B A iR e B B (HSP) SR AR AE ) LT TG IR
FRORT BE () 20 0 5 5 P A 2R 2R 4 i S S R ) O v R R A e AL R e B B
(HSP) o JU-FAERAT SR AL 1 40 i I ) Bl A 2 J L SE R b, 76 T LAD = 85000 N, 5 AZHSP . £
WA SIS  E 0 , HSPAEAS & 175 41 g N4 3 40 o Pk 2 8 B 1B 5 IR ThREIR S T
T AF 5 A /0 EARHSPA2 58 B 1, — AR AE BN Pk B AR - Rr 2 LR, HOUR vl R & fr 48
TR 7]  HSPYd /> 90 , 111 28 i A VF 22 B i I S [RI [R 3%

[0050]  WOGIBYT FI 51 A HSPAE BBl A I el A 40 ML IR 1 3R 34 - AR EAE 1 40 i & 77 (o'
HELR) R 5 SR RN ™ E, JUIHSP ) v Ak e ol FT s 27 o DRI L, AR 0l 2 5 2 e T LY e I AR 3
SEMEE BB VR T (FL R Re BRI~ 4 2R T AHEE , BRI SDMAE £5 7= A= 11 A8 A0 T B A1
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2RI (B 10O sk i 1 297 °C , 570,000°C /s) — i £f B 43 (AR FA QU 78 T 0 AL
HSPJ7 THI 5 791 25

[0051]  550nmPA T BB AS 7 A 39 I 4 A 25 P 1) D6 A0 22 RN o 7E810nm , SDMF™ A= S F iy
AT AR R 77 o Rk, SDMBE % 7E AN 14 2L 2R 0 1B 4 52 2 23 R ot , SDMIR Il IR
i A 32 B pl IV A ' A R O HS PG Ak 72 26 . ZE Th RS S I ) 41 i A , 38 3 SDMAY HSP I 5
BIEH AL I AIHL R 73Rk, F DR b e 38 45 A RN Th RE o AR e i 3k I P 18 28 B O SR UK IX
Pl Mo FE” ok /A UM AR F IR 7 AR L @ i 2548 / il Hhoya 7 KM A 23X 38, 36 B
AR A, DA AT A 2 2R X 35 1 BT T R 2 VR PR 40 PRV O (R RE L AT AR VR 9T 8K
SRR A o IX L i PR 58 1 A SC TR I SDMART VR 7 SRS

[0052] T IOREIEH MI4IBEA T ZAEE , R ) IE ¥ 41 B T HS PRI A2 3% A 58 1 I
PREGCHR I 20 AN (AnSDM) 75 2% Fh 4 i 2 2 - AE FHI 9S-I B ME” 5 SDMITTIf PR W 5%
b R — B0, oA 3 2T AN 2 M 9 2 (AN 2 ) 1 8 4 - 5 58 [ R AR TE P2 “ e VRN
B KRR () T00 — S50, 45 i 18 SDMAE AR P e A 2 B — T8 1T iz IR PRV T3
Fl . B AR SDM T g 518 B4 E #E F, Wi 8 1 SR F AR 40 A, 6 T I IR b 22 4 A0 R0
HSPA S HIME S , SOMALL T2 S AL 1T o

[0053]  fu1 LA ids , ST HSP ) SDMBIEUR 2 o i 72 11 55 2 AR RE PR 10 HSPAY S B R I 45
T T BE S (R S BT A 1 I SR R 5E 1R o HSPAH 7] 48 AT AR A8 = i 3 7 o ], W0 %2
FI SDMTE K A [7] 1) A WX FEEHR 35, A (14 A R4 5 451 IBRVO L DME  PDR \ CSR « 5 4F- % AH S 1 Al st 4%
PRI DX J65955 R 28 NAMD o MHBE 22 33, TT LI A i st it A2 SDMY B 1 — Fob “ B B O BRI A
2o X5 T 2 Th B8 17 % & Rz 0 , SDMIE S HSP A S i 40 i s &2 ik BB B (& “H ) BRIA
WHE”) LS4 IhRE IE R L.

[0054]  RHINC A RO, X BA ZEMETBRAR M (AMD) (1) 82 (1 SDMIG I ] LA 2% 13t g
215 1E AMDI 3E 8 o K 22 B0 88 35 7E SDMVA YT J5 B &S THRE 1 ogMAR H (] A8 2 AT [) %of bb MR
A R UG M SDMIE R A0 ) € 25 1 7 4B (RPE) 88 ) SR 4 A IE w4k (B 1m) 1)
DhaerieelEH,

[0055]  JRUA R A7 F 4 B MW bR U5 , SDMAR 26 B AT LA 452 11 B 3 4 i bR s 1 400 W) B2 75 3% £
I PRI, A 5697 A BOA B A FH o 72 b LAl b, 4B 152 SDM AT e ad it 75 0% SR i
s B RPEZH A H 5] 4 5 1) B 1 (%) 40 B Tl e AN 4 B IR 20k 10 Pk 00 3R L 2R AT
MU RS EE I DR E B E R T RS BRI AL, SDMYG YT R e id it
H AR 2 (1) #R 58 B2 1 (HSP) 35 Ak 10 B B R2 i 4i IR 73Rk

[0056]  Hy T #A R o B 1 78 M S ok FIR 2H 2 DA A0 (1) LAt B Rk 2 20 b 1 R B S 1 1 Hp RS A
FH ABAE 2RAL I R 48 AN 7 30 0] LAAG R sth TV 97 IR RE ) S 15 0 B GR&5 . Ttk , A o B
T AT s b R S G S e VA T R Y B B B R T IR T DL R R BRI e R/
A ik e B S O LS SE B S B FEE o 5, B B R RS U O AT A R R
THT P 8 2 ] 3 3o B i 5% 1 D' 2T i % o 45 i B v DLOE Ik e 4F R Gtk %, T B e A 2 v
{5 B A F

[0057]  4n BRIk , 75 R 20 2 b R i iR 3T B 0 B 1 N EL S T T, W R R
B UK IO (SDM) 6RO A R - BRHSPIG AL 2 A1, AT RE R A2 18 55— Fi s 30 IR A DA #4
B[]t R T 2 UK v 5 2 PR iR P R A A5 /K AR B 1 B 3 3, AT A A5 FE 1 8 1 U &R

8
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RN BE- IR S B R K S E BT B SRR AR EE N 7 — T .
It ABAE 20 R A o] DL RS T B

[0058] 4 b Jrid , WAZBUAA E Ak Bt N 2 H ARl 23 se BRI Re B Mis 4T S48, DLk 3
IR, [FI S AN 22 7k A M5 20 21 LIS SRR SR (B an o B0 ), 06 0% FE IO I
o 2 b AR K i BRI (8] (1) S 40 oAt nT DL FE ) SRS O R IR 2 DL R CF 8
BOCTIZR AR BRI L S i Hoh — N AT e sg e 22 0 — AN HAh 24

[0059]  E1AFIIBHIIR T Sos  HEOEIRFEAAE (I T0. LemZ0. dem [8]) FOfK o 7 1 #5452
i) (A F0. 1220, 6802 [8]) AHEL F-F 35 5% (BL) 1 il 2614 - B 1A S5 7R 880nm 1) % K, 1T &I 1B
B A 1000nmf 4 o WX EEE i mT LUt Jr 75 DI 23 BE A5 VR AR08/ S 7 B 4 2L ) (] 3
INCA B 8 K98/ IN T B T B o OB YR A2 1 0% 2 5002 Tmm—4mm o 406 YR 4209 Tmm, 2K
M HI R SEIS (8] 9600ms i, % T-880nmf) i+ , Dy & i /IMEL N0 . 55 BL o 406 YR 48 9 4mm
H BB P 51 RS20 8] R 100ms B, X -F-880nmit K , TR i KAH M52 6 FL . R T 243k Ff i K
J91000nmf OGN, 24306 2 42 0 Tmm H 8k e 2145 425 /] J9600ms s, ) Th 2 /M
0. TTEL, T 24306 IR 48 9 Amm HLE TR P e B2 18] 9 100ms i, W D26 5 KAE RT3 . 6 FL o R
ATk e A TE] 5 A R s T 24 2 d sk S 3 D3 Bk DA o 23 B TR 1S 1

[0060]  4=¢ fim 4 1) 2H £ IX 358 1) AR E 8 K A 5 2H S HR R IR ST 88 D R 6 TR 5 A o o
ik v 2 1) AT SO TR B 8 1 AR Ik 4 AL AR S RE B, T ik ok PR B ) S EE A Y
T 5O Th IR A O A IS AR | BRI AE L Th R AL b, 5 B BRI e B TR I e R S AL
DAASE A5 B 37 7 JEOK I B AR ZH 2R SOR 2920 2140 H I RE & o

[0061] AL IWHI B 2 25 b Rz 4 B v 8 £ 3R 3 23 R IR ARG B AR /) o 8 B A 1) e Ath 3 A, R i
& — M A4/  AEA00nm 2] 2000nm [ 3 K e [ N, 28 328 PR B AN 3R B 1) Va0 . Smm 2]
3. 5mm. % 3 HEN N AR AL 2R TR VS 0 . SmmZE6 . 8mmo K], J0 A AR 44 RRUKs A PR o 2
TRUE A S I ) A R T BN R T, LR BESE T A B IR, I LA n) RS &5 T S e A ) R
1o BE SR AR RE TR FH T YR T 40 3 T P 30 B ] fi B 1) P9 SR TP A 1 BB ZH 24, AR T 1mm
Z4mm [AITYR , 241847 3K 9880nmi 2 A2 K £2 . Smmif) ZF i IR L, 11 243847 9 9 1000nm
INF U] 77 A2 K 243 . Smmif) 2 3B VR S

[0062] & HiE, H AR L 0] LAAERERT [ N (407N T 1s) MFAE EHE KA 11°C, Al 7R
1] (A 238 8 H A2 2357 S50 5 AR R PR ARG B VE ] (1 i T 6 C L& 2K T 1 CEk
FEAR) , L= AE A R B VAR T7 1 F o e 438 2 B R ik o e 20 45 S8t ] DA 2 (3 A ) i 1] i)
B LRI S /ANF10% , H HAREANF2.5% 5% 2 ], [F] i & ik i e s ) 1] A F
100ms Z22600ms 2 [A] & 2T - B 2AF2BHI 7R T % T2F42 /1 T0. LemZ0 . dem [A] (3G IR A
10°C ZE P 2 1 °C Ay B Ta] , Hod B 2AH K /2 880nm , 78 B 2BH % 4K /2 1000nm. 1] PLE H
48 FH880nmI1) I K, ZE RN ()55 /b, T 7R A A VA N D SEEILAR i B 1) 2 Ak 1T P 482 52 11
BRSBTS HTCE N, A2 51k K AR H R 53145

[0063] L2275 AR S SIA] , SHER (1) H A5 X I~ 353 T 38 n %2 /b6 °C 9F Kk 11
CLLEZI10°C, FEHSPIELL o H b4 200 B (1) 3% il 2 i 1 B0 A B br S 5ok #fe 1, LA
{FAFHSPIE AL I Arrhenius AR 53 KT1, [RI B B PR AT A FDA/FCCIEE b 45349 ) £R < 1) 22 3R B i A
HJArrheniusfi 7 /NF 1.

(00641 Stof s TR RH H: Ay L T S0 U, O 1 35 2 O < IRIFDA/ FCC PR | LA 38 B 7Kk A i 45 7 2




CN 108136195 A W OB P 7/18 W

S ARAT 7S 43 B AR AR 2R SR T 91 C AR . AT B 2A R 2B T AR AR IR T T
SNMZIL0°C R 1°C , 38 i #d™ H0TT AR I AR ) B AR X 3374 5 58 B 75 1 i 25 5 g [, )
2AFT 78 » 23K S 880nm Ho YR B A2 A Immi , I B 32 P (8] 16 o 29 J5 ELAR N Ammi , 5 5
PRI TR 107 s o AN B 2B 7~ » 24 % K 9 1000nm HL 5 B A% 9 LmmisF , 35 5 2 ) 18] 18, 11 24
PR EL AR Ammit] , 5 FE TP [B] A 136 o 1K 58 4 7E 003 P I 18] Y R F5 ~1 29 3 T A s 8] Py, 45
W65 Bh Bl FE A FEFE AR SRS T SO ], R B AR SRR R R PR (1 dn e L
R T (B K Z910°C) , AR o 25 b A 75 it in 21 25 231 i 5 ok v 2 a] 0 e
V) B X A K 5 I EL R X A5 R P ik v 3 71 el 482 5 T ik o 7 AR 0 8 6 D ) T BB O (L 504y
B, W06 7 B EEE /D) A2 8 I EET BRI SR ek, DRI R AR A AR 2 A

[0065]  [R] Ayst -3 Lo AN [R) SR 1 R YR 1 2 SRS PE AN TR 15 5N RE BRI S 50h
FRASIE » 6 S IR AL RGO 20 A0 S AT 75 0 o R AN TR A LR T (R K & E T RE AN
SR AE 1E W BUBET 15 A 26 2F 1, WS 2 240 21 o) — 351k, iR S8 26 1F AU VR I IR 15 2R 75 1
THAITE 2 A A RSB KSR NIRRT AP 5 R R PR () e b, 3R 10
K& K BRI HLA B2 SR FNLL 21, 2088 AR &K B RGBSk AnZH 41

[0066]  ZR1. @& /K EMINLIAL Bk RN ZH 211 o R v R 1

LIRS TAPHE N EE RRREK FERE ST
(MHz) K el cHAH (cm) -V S WLA-JE T S
(cm) €H (mho/m)(cm) i)
r o r 2
1 30000 2000 0.400 436 91.3 0982  +179
10 3000 160 0.625 118 21.6 0.956  +178
[0067] 27.12 1106 113 0.612 68.1 14.3 0.925  +177 0.651 -11.13
40.68 738 973 0.693 513 11.2 0913  +176 0.652 -10.21
100 300 71.7 0.889 27 6.66 0.881  +175 0.650 -7.96
200 150 56.5 1.28 16.6 4.79 0.844  +175 0.612 -8.06
300 100 54 1.37 11.9 3.89 0.825 +175 0592 -8.14
433 69.3 53 1.43 8.76 3.57 0.803  +175 0.562 -7.06
750 40 52 1.54 5.34 3.18 0.779  +176 0.532 -5.69
915 32.8 51 1.60 4.46 3.04 0.772  +177 0.519 -4.32
1500 20 49 1.77 2.81 2.42 0.761  +177 0506  -3.66
2450 12.2 47 2.21 1.76 1.70 0.754  +177 0.500 -3.88
3000 10 46 2.26 1.45 1.61 0.751  +178 0495 -3.20
[0068] 5000 6 44 3.92 0.89 0.788  0.749  +177 0.502 -4.95
5800 5.17 433 473 0.775 0.720  0.746  +177 0.502 -4.29
8000 3.75 40 7.65 0.578 0413  0.744  +176 0.513  -6.65
10000 3 39.9 10.3 0.464 0.343  0.743  +176 0.518 -5.95

10
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(00691 22 AR K E I HE R 1 Sk A2 S i g R 1k

el B TR i
LIRS WK NHEE EFEL AL FBIRRE AR A BRI S
(MHz) (cm) €L (mmho/m) (cm) (cm) r o r 2}
1 30000
10 3000
27.12 1106 20 10.9-43.2 241 159  0.660 +174  0.651 +169
40.68 738 146  12.6-52.8 187 118 0.617 +173  0.652 +170
100 300 7.45 19.1-75.9 106 60.4 0.511 +168  0.650 +172
200 150 595  25.8-942 59.7 39.2 0458 +168  0.612 +172
[0070] 300 100 5.7 31.6-107 41 32.1 0438 +169  0.592 +172
433 693 5.6 37.9-118 28.8 262 0427 +170 0.562 +173
750 40 5.6 49.8-138 16.8 23 0415 +173  0.532 +174
915 328 5.6 55.6-147 13.7 17.7 0417 +173  0.519 +176
1500 20 5.6 70.8-171 8.41 13.9 0412 +174  0.506 +176
2450 122 55 96.4-213 5.21 112 0.406 +176  0.500 +176
3000 10 5.5 110-234 4.25 9.74 0.406 +176  0.495 +177
5000 6 5.5 162-309 2.63 6.67 0393 +176  0.502 +175
5900 517 5.05 186-338 2.29 524 0.388 +176  0.502 +176
8000 375 47 255-431 1.73 461 0371 +176  0.513 +173-
10000 3 4.5 324-549 1.41 339 0363 +175  0.518 +174,-

[0071] 5 &k RSFAHEG , B A4 2 23 (1) SRR WAL K R K o DRL ke, mabd X s e A D S5 A e
YR 1 2 B 1) RS T AN S B R UK JE T A A o 7 IR 2 P IR S Dl ) 2 R R A L R 2R Tl 1Y)
GI) W37 R/ 07 AR BEES AL, 37 RO 37 ] DA AR BB A SR 3R 5 1 R i 34 SUT
A FH 25— RN 56 SRR AR o B PR A T X3 o I U KN I T 55 26 B AR 5 RSH AH S
) X5 A A o DRk, SR 7 A S I DA - 45 R A ) DX 05, D 3 356 5L A A A 2 A2 1 5 2%
o FH TGS TR/ 12, INFALE AR 2 BRIX IR 2 ARG T [ o bl T U0 T L RE M AM T Bk
MNP T fih B S8 2L 2R 1) S A3, R % PR 2 | - A2 T K 202 22 6mm ]2 5 BRI

[0072] Y5 4k Bl 11 22 A% DA S U 4k el 1) 22 £ [ B0 (N &t 1 13 ) R/ IN R 2 T) 5 L i S5 A4
FE AL I KN 5 G 3 0 DR /NI 8k R 1 DR . i 5 4% T 232 A E 3 P 7 B SR B L
1] o %o TR A0 THI 5% PN R T ) B R 11 H bR 2, A% 5 3008 J7 I RRG R 2H 2 1 A% 3 25 ik
T FI o 23 b DA R K B 1) e T B R SR ] S AR 2% % /D i Re R H R S [ 25
[0073]  SpAliRE BRI S50 O e N - R R EAR A T2 2 6mm [A] , S0 FE 3-6MHzZ , &t
Jok 7 B R SN (R] 0. 2820 4s, BL A B/ T°2.5% 225 % 18] o B 3-6 s 1 22 15 M AR 1)
T AT i 5 X L S AR AL T AR AL R PR AN IR T S %R T P A A1 FIHSPYE AL I Arrhenius Y
7y B B3, % T MUz BURFA R , /1 0. 2420 4s 2 [A] i ik o 7 ) B SR 16 8], A 0. 2%

11
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0. 6cm [H] 1 B2 Pl A2 DA J2 5% () o 23 bl , WA 2 35 [T (NT) 751420 . 6cm) 22l 13, T
TEA20. 2emf 26 B T 220 558 T 3MHz B A2, an AR , A kit 2 B RE 4L (8] 250 . 4s 3
H 2R 24270 6cm. (5 25 H 5 %6 I, W6 A 2235 [ 5 926 . SR T, ZE B REI5 % 1R 5 2T,
Y 2 B 242 N0 . 2em BTk i B4 SRS 1] A0 . 25N, WA A 22 3% [ %5 M40 o 76 ] 5 AR 61 %
2.5% M A XA T RIS TR , 6 T6MHz ) 545, 2R P81 2142 0 . 6em HL ik vk 5 1 48
18] A0 . 4sh), 22 G5 BN 18 T 24 2R 18 420N 0 . 2em ELIK i e 51358 4L 8] 240 . 28, 22
3% M 29 i 6 s, W12, 5% ) o5 25 HL 5 3MHz (9 S, 24 ik vt e 2043 42 i) 1) 90 . 45 H.
2R BB 42 N0 . 6emiN , W 22 K5 M 20N 36 , 10 24 ik b 7 Z1 3 SR N R] R0 . 2s HLZR T8 142 8
0. 2cmihf , VAR 22 55 ML ECA5T

[0074]  E|T/RH T 0T ZR B A2 T°0. 2emZ0 . 6em 7] (1) 5 A5 R 85, 515 FH M Z110°C
TEUR BN L1 C IR (D) o 24 5 428 B 24290 . 2emit) , T B B 18] 29 937 s, T 24 56 S 2%
Pl 4290 . SemB , 3 e 8] 29582335 o 24 56 2k Bl 1 42 9.0 . 6emb , 3 el [B] 2943365, 1X
ATYSRAE T 4252 1 S IR () 3 Rl P (L7 L v (D Y L

[0075]  fii Se AR 4 AR 5 BH v LAASE R A o — bbb i e S0 o P PR B e o 1 AL 2R ) % 08
PEES o 55 A AH L 5 (50 B T2 St Rl WA ) 38 2 45K, R E X LB L T, B i 2 EAR AT 7
A (1) T 1) A7 A8 o 8, AR A A B A P ) e U B A JBE K B B B /N ) e 1 RS, TR
TREC AN FEIX TG DL T Sl s AT DA AL A AR IR IR 45 o T At /N Rl i 0 B 25 2 i N 5 A
P AT 4R S AN R TH o FE RIS B0 T 5 InF X ImT DL A e BR A, FL 12 5 T iR
I 1 B A 2H 2R ) A R W SR P o |l T A FH TR 9T A SR T BROM P s T i % 1) 2 T R 30
AH 2, DRI A FH 10-20GHzZ Yo Rl P9 (R A5, e R A 2 1Y) 5 385 R S AN A T K 292 8 Amm 2 (1]
[0076] {5 I Tisk e = YR 2H 20U TP At 1D T 359 T 20 LA Jok vl 2 1) 4 482 T A 2 o ik ot
FF B o 2 LU Tk o 2 B R SRS Jok o R DA AL Dh 26 o ]l T8 A/ TR 2l em iR 42, 9 B
15 FH B A 2638 A T 1022 20GHz 2 (8], By DA BT 45 14 Jik v e B e 82 TR) 42 3% 590 2320 . 65
[0077] P 75 DO 2B 55 3 51 3o SR ] (149 356 o AR A0 246 (1) 364 it B9 R B o XS T 10GHz (1)
B, 2 Jik o P B R S 8] 0 . 6 s, P35 D2 18 BL , T 24 Jik it 7 51 g B2 8] 290 . 2sH
SPIYIHER S22 T KT 20GHZ IR A AT, 2 ik 7 510 M0 . 6s I, 458 FHS LIV ~F 3 T 5 1M 24
ik v 7 B 5 S B ACA0 . 25, AT DA 26 FC T 28 T 38 o R o2 i e {1 Th 3 S P 1 Th R
fa] B b Bk DA 5 25 L T 3R A

[0078]  ILTEZSH KIS, LM & EIHEL: T A2 N 10GH I FLITK i /7 F1 R 220 1] A~ F-0. 2s &
0. 652 8] B R P 3 Th 2 (FL) o« B9 23 ABLir) il 28 1), L L S 7 it 8t A7 % R 20GH2 [
SIS D2 TR RT DA HY , S 3 As D) ZE B S5 5 471 e S I ) RO i 22 AR 4K T AR A
SR, 32 1) 2 A A A X 45 HH HSPYE A Arrhenius B3 £ M 1

[0079] &K 10, ZH KR H T 5T 58MHz 2 20000MHz 2 [8] f) e A2 AR EL , T K
ZIMT10°CIEIE 1 C HIEF B (FP) o % T Fultdple A2 1 A0 328 Y PR, 24 Bl A% SR 20GHZ I B /1N
T B TEYR N8 , T 4B SR 10GHzZIN , B R B I BT 8 I 16

[0080]  I| FHHE 75 AT N A B IR SO VR IR T H ZA DL % By Ak b AN[RIR FE R ZH 23, (04 AH 24
DRI LR o IE QAR BG4 B BT e B B TR, 8 7 38 20 AR A R I K FE AR 2o
DRI i, 8 75 8 1T DA S AR AR AR N TR AL 1 B A DX 3k, JHE o SR AR 10 R 75 R ) I 32 R AR R
0I5 A T 1 R 5 A DX dak o A X3 A AR R E ATy BRI A A A X ) K B P e v, B
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DX IR AR AR A Z AR B AR R EL B B AR TR IT H LU AR B 20 5em B AR 29 91 0em i) # 58 25
TR T AT ) o 248 AT R AE 1 B 5MHz 2 8] H SR 45 4215 18] 50 . 180 . 5si, i LAREH
I £E SURSTE o i, X T 10emf) £E BE AN S em ) 4 BE 28 ELAT , £ s AR AR AESMHZ IR 290 02¢c, 1Tl
1EIMHZ B N2 . 36¢c.

[0082]  HNIESHPE11, LRt T AR (£ 1MHz = 5MHz 22 [8]) Bk 7 5] 5 20 8] (£8
0.1H10.5s 2 [8]) FHI-FIE I Z (FL) R pe 28 TR 10em, Y8 B AR N5em. A 1 £5HSP
TG Arrhenius R 4r 29081, B i 16 Th 2 58 A0 25 386 0 A0 S 3 51 45 S e 1) 38 0 B2 8 sk /s
45 TE ML S 4, X T LGHZ A ZE N0 . 5s ik 72 FIRF ST 8], Bz /N D26 5. T2 L , T X T 1GHz A3
N0 sk Ih T FI RS 6] , B KT H28 . 6 FL o X T-5GHZ %, % T-0 . 5 ik i 5 51 458
I 18] 75 220 . 046 L , M e HR X -0 . Ls PRIkt 5 41 45 B2 () 75 220 . 23 B o ad Ik 17 B i ok DA o =%
B SR SR 75 B A Bk v J ) 71 A R DG (L 1) 26

[0083]  [&|127H T 4B FE A5 A T 1 28 BMHz 2 [ , 360 FE AN 10 C A sl 22 98 3116 C (1 ) [1A]
(FP) o 137t 7 5% Tl A AR AT 1 2 5MHz 2 8], INZI10°CFEIRFN L1 °C I Ta] (BP) o %-F
M2 19 10em ) £ FE RIS em ) # 58 8% B4R, 20 75 A% 8 IMHZ B, 35 B 52 ek 0 B K BN ]
366 , M 4TI A0 28 A BMHZ I 5 B /)Nl B % ok N [8] 24 158 o FH T-FDAAN ZE SR AE 0 5 B ) Il iy
B8] PR TH N TF-6°C , IRt IMHZ B 78 55000 b T 15 1 °C 1 3665 T Y 8] 2% e VR - an P 12 F0 13
N6 C IR T SR B EG 1 C /M3 22, PR M2 2 N T045 .

[0084] |14/~ H T 5 A5 A T 1 22 5MHz 2 8] I 8 i X S iy A AR (S5 B oK)

AR A XA K VS B A F5.6em%E 1. 2emZ [8] « ¥ N VAT B FTEE A T 412 . 4cc &
0.02ccZ ],

[0085] 45t P 7 FUHSPIE AL Arrhenius 2y KT 13F H A Arrhenius B0/ T 112
BB F A& 5. 8- 1T L Z (B H RSB A TN, 0. 5s I KR S0 18] , 5s e Jik v 2 18] ) 1) B, 7E
50 [ ik e 18] A ik b s B0 10 H FRTEIT AR R AR K 2978 Tmm o R VG IT AR FA AT A
I R THOLRTH 5 RGN 75 R4, il 78 2 A [R5 A 1A A1E 43 55 R0 18] B ) 44
I FHEE 75 SRAIGIT - 2 TR AR I 75 B R R AR SR N AR /NIRRT B bR b SR 1R B
H FrAb B S G R 2 AR IR R /1N o 12 DX 330K B 0 4 I IS HS P AV 3 Ak L 3 ik %6 38 vy i 0
R EE B A 2 SR, %5 T AR BH B K b 77 T DA S AEATART 25 78 I TR) YR T 1R T AR ARG 4L /0N
ZIRTT FF B FDA/FCCIR T 1 (43 8) 3438 UK 3K o A R B 55 T4 9i AULIA R 493 1)
A VR IT T INFAGE T B B X A T, A BOR A = TR, 13X X6 T8 R0E AL HSP AT
et | e S DAR AL B KPR G R L /R 1

[0086]  FLiEH AL ARMEHSP AR 1 2 I BB E M 5 5 AHRE T B A ik BT A2 ) R B A 16 A5
A Bk pe EAA R B A B B A AR A S R %

[0087] 5%, SDMAE B A& 1% X iyl AL HSP AR [ IS R 1) — Kok B Fr=E RZ10°C
HI QIR B o 3 P, B 1 R B X Arrhenius R0 1R K520 , Arrhenius 43 5 &l
IR T E AL RIHSPE & K 0 3 B R R B B R R K P B S E Rk TR e R
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B8 I 2 NI B 3 N B B A R R ORI B3

[o088]  HE MR T A KT AR FEAE S E Q0 CEE &) , KN R 2238 R FDAFIFCCEE
3K, FDAFIFCCHEE 3K 2E$ 43 bt 1] P ~F- X3 T+ 25N F1°C (B A8 A B s R /N F6°C) «
[0089]  J ok A B Hh I 5 Ty % | ik ph et 160 < ik o 1) B RD A5 ¥ T 1A B A DX SR I A B, SDMAE H
FEIERE A — TC bl /& R AN FE IR R - 2 BT LAIR B VR 97 XS P AR AR, 2 (R A i b
LA R 2510 °CAH 24 PR3 b M i B T 06K, DA ASEAS 6 T 8 7 A%, K P 3R T AN Rk FDA/
FCC¥6°C (14 HARR il , 1 % T H R S R Y05, AN Ik 1°C B3 BRI ) A A R i

[0090] St - 28 P R ~F LI X 45, 20 43 F W AR 3R B e i FIT AR A B 18] K 29 L% /16D, HorfiD=
0.00143cm*/sec /& HL 74 (1) P B R 50 B 40, QR L= 1mm, FEYRI AR 2980 . 4s 0 (R, X F
A Imm ) DX 358, RN R R 8] 290 . 5 ka2 18] 5 (A1 BE S 5:s 41 10N ik i 2EL B 1 1) el LA
SEIA AT 5 AR R B B = KT T v TRV S 3 K BRI AR AR 1°C o LA 3 — 25 i B &
(00911 JInAVPAC AR 6 BIR H) A2 RIF R 0 08 S S QU 75 % A 5 A R 38 IX A SDMPR Y5 97 1 e 34
PRI SRR o R B BRI IR B (28 325 B ) ARV o5 6 K R B8 ) IR 1 445 38 R PR I AR AR, LA
AN RIS Fo V3R 4578 AL HSPANMIE 1 2 1 A& 55 00 v (P W R R B, DA s /R FDARIFCCX
SIS S5705 T 49 B st 4 PR s Ok

[0092] 8 73 © FH T VR I7 PRI F By AR X 35k DL 2% 2 AT LR 575 457 o SR 1T, 3 P #& &
THAESDMEY MM, H HI& A B ST HSPI R FE AR UG

[0093] SR )5, B RE—d IR M SRR B AR X3 5 AR 0088 75 B ol O 1 A= s 5
i 6 FHER TR IR 1 B — YR AR G R, 123K T IR 5 AR AR R AR 19 H O o 368 75 93 1T IR AL 5 T
AEAH . I AR 3N HY T IMHzZ 68 75 35 1 S R IR A SR 8 ML R 0 S5 A3 K SR L 81

[0094] 3. B fAcH - b IMHZ 8 75 i 1) i R i g 228

Bk A 1 MHz(cm™ )i 55 5k 2251
7K 0.00046
BilIRZT 0.0415
00951 JIig 13 0.145
JH 0.115-0.217
(=413 0.23
LA 0.3-0.76
Bk 1.15

[0096]  fRist FH SR AR SIS I NS ARSI J LA A2 4k 325 1 FH 3080 5 | R AR AR A4k , R AR SR
ERY PN A E AR Sl VS SF

[0097] I(r) =P/ (nr®) [1]

[0098] HAPEIREEAEINZE,

[00991  F8 2 15 r b 15 65 (10 Fik e e G2 F 1) £ 225 ST 11 4L T A2

[0100]  dT (tp) =Pat,/ (@dnCr?  [2]

[0101]  Hrba @I R, Co 2 AR FRIAE . B3 r ik BIE S 7E € oI P B B S Al 2411
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FEBE  BOA BL B R AR AT IR, 52 X AME I T BN B A B 5Tk AR
= AT AR AEAR ) PR B Ak BTSSR IR , e AR A2 i) R B /N T30 Bl e IR BE 5 o TR 4
[0102]  raie= (4Dt,) /% [3]

[0103]  HADRIHAY B REL, Yr<rair, 7E o R T

[0104]  dT (rair, tp) =3Pa/ (8nC\D) Hr<rair [4]

[0105] PRIk, 7E Rk & RIS, ATTAT LS H R T

[0106]  dT, (r) = {Paty/ (4nCy} [ (6/air?) U{rais—r) +(1/r5) U @-rair) ] [5]

[0107]  JE#Y BT RERI A AR R 2L

[0108] G (r,t) = (4QDt) *2exp[-r®/ (4Dt)] [6]

[0109] & FH B AN WIUETRE 73 A5 , A TR DAL 18] 9 tisf 76 42 s r = 0AL iR AT () &
[0110]  dT (t) =[dTo/ {(1/2)+ (@"2/6) } [ (1/2) (tp/t)**+ ("2/6) (t,/t)] [7]

(01111 T

[0112]  dT,=3Pa/ (8nCD) [8]

01131 JFRE LTI — MR EFREALA -

[0114]  dT (t) =~dT, (tp/t)*? [9]

[0115] 4Bl 15FTR , B 152 7E B briGy7 XA 5 2 (7] AT L9T 5t F-d T (v) /dToff b 552 o JiG 3B
Hi 28 A2 R (9] LRIk

[0116]  IRAE RS LA A7 2 [9] 45 tH I T 2K 3R HENAN Bk v ) /7 Z10 T Arrhenius B 43  EIX A
FikH,

[0117]  dTw(t) =XdT (t-ntr) [11]

[0118]  HAHdT (t-nto) & HFE[9] I FRIAZ, t Ht-nt BAR, Forb ¢ R Bk 2 8] i 1) B
(0119w DA i FE AR 49 IX 1) Kl 20 S B3 S 06 (1) 358 3 N A I S 06 1) 35 0 >R K 2K
3K Arrhenius 55 o AT DU H b7 R 00 28 A N B iR A0 B Ry, AL
IV b1 DTHR A SR o S A, vE R B E SR I B AR IR b s BT AE , AT AR
A4 17 B 1) T 5 AR L T AT A R R4S R A (R 3 AL, AT AT LA T A0 B8 A R U 11 358 4 b () AR
93 o AT IX LEA T AT, T FE[10] AR A«

[0120] Q@ =AN[{t, (2ksTo?/ (3EdT,) } exp [~ (E/kp) 1/ (To+dTo+d Ty (Nt1)) ]

[0121]  +exp[- (E/kp) 1/ (To+dTy (Nt1)) 11 [12]

[0122] Hrp

[0123]  dTy (Nty) ~2.5dT, (t,/t1) ¥ [13]

[0124] (5 FE[13] 2. 552 i (N-n) ~> e ffn il SR AR 1, 9 ELR IR LR S RINTR) it
WH(N,3/2) [ KN.)

[0125] A5 0 ) 2 FE 0% 3Rk 55 W B T PR 0 B (1) SDMF) R I8 BEAT LU o 38 — 00 5 40 X i 15 0.
HH A R BT R 1 55— TR ARACL, B T 0T IX AR 3DV SR SR A 1, A R 4R 0 TR B ik /b T3
% AERL A LA, 5 Jed Ty (Nt) B9 58 TN /INSR 22 o b 35 St S IR A /ME S .
EAEICBRIE T, B SIR T (tp/t) Y2 R, NME £ X5 H T 206 TTRR AT HSPRI I AL
BUAE ORI 18R 1 5 As B 00 B B, DR D AL T S 75 I B DL T SR T 59
W T TR R L S RS AL T P o £ K 51 8 TR, T e ) Y iR T 3 B B o
EPNE
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[0126]  E16AIE1TRH T, X F Ik ph 4L IN 18] £, =10 5s ik v 2 1B ) TRT B £ 1 = 10s LA & bk
MUBEIN=100 261 , X5 T F 45 10 AT HSPA 3 AL B AR B Arrhen i us U B0 BRI, 1
AT BRE . 5 T Bk e 42 8] £, = 0. 5, ik R B t 1= 10s LA K2 8 75 Jik i B BN = 107 4%
S5 T 35455 1 R T-HSPIIVE AL I Arrhenius B4 % 80 (5 F2 [12]) AR HE B AN ik phd T,
T OF ) B R% . B 16 on & A Arrhenius B 3iA=8.71x10**sec ' FIE=3.55x10
Lorgs IR HI A B K 1T B8 & F ArrheniusHHA=1.24x10%"sec ' fIE=
2.66x10 2ergsTHSPIFH AV A 23 11 X6 5 o &1 16 R0 & 1700 1 il 26 1] S s AR d Toi it 11 . 3K LA B
Q danage NHEIL L, T Q nsp FEAEAN 2715 (Y I5F 18] [B] BR P K T-1, 3% 72 A A 2 1T % A 45349 i = 1)
%A

[0127]  J5FE[8] KB, Ma=0.1cm 'If,5. SFL LR T AT LLSEI 11 . 5KFIdTo . X 225 5
SEILE o a0 S adG 288365 , 84 B AT 2 8 Th 23R AT SR 25 2y S I o e B2 b TR 1) DX 3] A AR
(BP A4 Fr=rs= (ADt,) V2MIHEFD $40.00064cc . 3% A4 F— A8 K 0 . 86mmir) ST 7 44 o
[0128] X A fiaj A 1 451 -~ i B 5 A58 75 U T FH T 380 25 2 3R A9 (1) 2 B R Tl B A VR Ak 1)
&5 PEHSP:

S R TR 58-17 L

Jok e s [ 0.5
[o129]

Jik o ) i 5

AR K (IN=10) 50 b
[0130] 5 /Rakva T B8 KA AR AR, mT LU FISAPRA R 4t
[0131]  Jik ity B &I nl DAFa o) B A4 (1) 403, o 5 H AR SV AL, BCE A ST 5 AR 70
T ) IR L B o T e L AT DA B O\ B A A s e DU Rk b ) e B YR B T H AR
2, T Re VR AT B FTE B AR SN0 A2 A 1A 5 LA B A FH AR ot 24 28 1y 2 B B e T e 438 10 AT
697 B ARSI e R IR
[0132] AR A & WA 1 e gl T AR N B Be (B an <8 5, B, 45 B 55) A st it
15 B B AR I R T DX IR R BT R B — A EE R R, FHEE A S E A
BEZ NN B, R — AN E AR BB L E B BT S R
DA HR S IO ) DX 3 LA = AR e W 7 21 E RR S i b PR 2R 7 o 5 — PO T DA Bl T FRL U
P B 2 A i, DA 5 2B RE A e b PR S A 2L 2 0 59— AN PN B T A TS 4L UG A T LR,
XA TR AT PALE R A BTt T AR AT e ) 2H 21
[0133]  FEAJZ B, 1% 6 P 34 v 1) — > AR R A 8 1 a0 2 16 41, DA AR 18 SDMER
S At A N 1) 125 A A w50 P4 B %) P R i ik RAE 2 5 (18, Dl = AR BT 10, 3 AN LA B
T B AN/ BT R OB 88, F T LA RT3 0 bk ib 7 20 A 1 Ao e i) L A o PR A o
T I B 1 2% 1K BB 140z v , W 19F 7, BE L A4 A B B O s AR R 16
FEIRBIRHG YT B AR2H 2118,
[0134]  ITESH K20, Hon T HF A B iR 24585 10 KRG MR SR, B iR =5
Bl A2 WOk, L5 SDM. % RG0SR AR IC20R 7R , BIFEBOGIE #1622, ) /4 i S e 471]
(¥ 8 10nmi/T 21 4 ) Aok ik ivh — AR B IO 2% WO 2% 77 AR O R, WO AR R E il o
P, BN — AN B Z N 6228 B B 24 . ORI RSO F Jo A 2438 BT 1) 6 R AR 16 21
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B BE I AR 1525 B 26, DME TR0 RO 80 BB 10 B AR 4 E K 3R, FRid 9261
FET] DL RN WO RIS A AL 16 25 B UL RWE R4t/ A8 (B B 6%) , B0 B 48 FH
I ASE TCAE - WHE RS/ IRAINL2617) 7R WAL A8 28 FE (1 S 10 , 27 MR PR #5283 1T LA AL 3%
BT SR NLACRE AR B s S N A 158, DU TR O #8226 2 o R 2480/ B s A/
M HA26 .

[0135]  IFEZH K21, fE— ALl , WOt R 30m) L 28 i e BE 5232, 48 )5 28 i HE At
34 o FERE ML St , FEASESACLHEAT I Yt o FEAL/ AT S Y34 7™= A LT 0 G, B8 it
PR b [ 7= A 1R 22 AN B0 B AL AR S LA BT 56 - 3K F AR e 36 1) 2 IR BOG R o
AT, ZANEOE A AT U 2 N AT I S A PR AR O AT — TR R VR AR T2
{OREEES: A il W oE |y N A1 6 o = W=l ST DN i e O | Sy == N = = S
T EUE 2 M0 s, DUE R B bR 2R 45 08 X3, B0 T R EE BB B AR 2R v Re R 2
[ BT it 10 7N 250 3 85 BRI R P 5 B2 1) g b B 15 DR B 0 R I AR DR S 2 e )
s RIS AR o

[0136]  {ii FIRFAE X ~F 5 it FHBOGI0 K [F 25 K Ie 22 25 B 9 s B AT 5 e i, A mr
RE I FH &1 70 52 R, B 77 25 RN Fo V5 3 ORI B s DX 3 ] B it i Al 3 K &= ot
Lo FH X AT SR S = A 1 AN B 0 5 0 N 6 R B A AR LU 6 2 LA 25 4, [ I A B
U D225 f N o 45 B LR R SRR A FE I 2 AN B0t RIS K B AR X 3= A2 TE 3 1
A RIE YT N o A R B 1 AR FH E AT S 6 o th = AR ) Ho At LT R R &R
[0137] G MERE3AMWO R AERTH, P A SHEB34AHEE — e BE & 1) B IR E R &, 21
H bR N 36 IO R TR o BN SO S0 IR e B & T8 BN B0 5 B 50T B 0% R
36, NI 7= A2 BT 7 (R B0 st B At TLART S5 SR ] 56 o X S0 36 0] LA 2 it B N i 82 38 L 1
B A40%5E , DUMEAL B WO SR T BT 75 10 B 8 o S S B N 1) 3% 52 38 1 L 34025 T AR 4 75 22
Bt — 20 X SR 36 AT AN L E T 1)

[0138] A DAL 4 1l e 2A FEA 3 A FER 1] B A0 R R A AT R R o AR e 2 R AT
L R B R TR 3K, T AR 75 22T = ) i A B o B R AN 2 5 15 B ZIBR, U
SRS ST K B A ZIE A, v] F T R e s A S LA R

[0139]  [KI22/5E HhoR T 2 AR A B LR A s E RO T A R 88 BRI
XA RS20 5 EHE20 R I R G202 B A R G520° AIRTIR 245202 R 3 H
X A2 2 A RO R G, WOt G i % B A ZDEA R G 8429 ARG R
PR FL IR R L AOAE T T I R G BT R g A\ RO BRSO S u R 24
AAIE ORI S AR S 2R 4258 I 2 AN O i Il G 22 B BN A R & A T E 2
AR AL ] B, BLaT DR SRARE AR SRR e 4T f A 3 o

[0140]  FEIXANRG020° H, 2 AN F6UR 2238 1) a0 7E Hi T 1 R 4820 7 i (1) A 1 SR AL iy i
12, BV SR 3 P HE AR 5 51 T BB DR B/ B AR AN B R RS20 1, T4 T
o 0 Z5AR H 88 3 R G IR AR T AS [R] T 1 iR M R DI RE X AEAS 2 1A AR A B B 5 .
ARG ATH IR A RV DG &R B ATH A 2 R R /N R A F B E SR
ZENT AV AR A D o 1 4 s A e B 261 51 T B AR T I 424

[0141] |y T3 TR Fh sl K AT 45 2 1) 8 52 W8 A AN [, BT DO T P A S B 58 4 78 75 11
HE LW (sequential offsetting) W& A A X P g2 nl LALE PR AP BT 52 1. 78
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P, BT 1 WK R R B S 1R 9 A A TR 1 7 5 e L A R R R s A
(steering pattern) ASEILNS 2 My K i Hrb 2 — 1) 58 2 78 75 - Rt , e B0 KOl
ST SE B R, HAR B KA N S T A A e e B R ESE S
AR T 252 3 1) FH O 22 1 2 A A R A AR A A B S RS FH T SE BN TFHZR5 7E I 2
U 5878 5 o PO SCHERR 1450 FH 2 P K R B YR T7 I AT Be v (2 RV 6 2 5 V8 0 B
K SEHAR A ) 78 o5 - X TR KA T 2B R S B .

[0142] et X th m] DAVE & ATIGIC o 49 4, m DA [) B RS2 FH P Bl 4, — sl s B 58 42 78
w5, T3 MR SEIAN 58 A4 78 1 nl SR A, B Ak S N FH AR = MK IR e e

[0143] PR 23MEmE Hhos HE T AR R B R 80207 1 53— AN B ARSL it ] . 1IX AN R 55207 18 % S5 K
20M R FE 25 1) R B0 20 A R M B o = X AE 60 25 RS B 6 YR I R i K I 2 AR RRUE &
() 2H A TE - 2 MO G 22 AT HES, BN OGRS G 22 B2 51 R 2 H B S B0k
BReAOobF o4, i BT E 21 AT IR , B4k iEiE 44a . 44b A4 IO I O 2 o U F
VHE B PR32  HE AR B AT ST M 34 NS T B8 38 L 40— %oF E KH N [T O 4 ) £ 22777 A [
BRKHATHIERN 2B o AR E IR B BB u n 240 i 51 F 20 A6 LU 5
HARPE KA G  ARGUIREARN T, S n {8 40 R a8 ] TR 2 A R H A B AN
H o ARG ML A SR AR 46 ¢ 2 A i H 4 5| B PO AR B 26,

[0144]  FEIXASRG0207 H , A 25 08 T8 (1) 56 2 o AR DL P= A 1 o) 12 38 3 1 8 K 1 1) Fia
ER R, LT W IE A A 5 HIE s HER, a] DUE B s e dao i ok SE BT T BT A
K H L e AT 5

[0145]  F%i20” v] LU H 5097 Hh Al DGR —FE 2 1@ 1E (44a.44b . 44c55) Mo R
2 (46a.46b.46¢%) .

[0146] R %5207 H I 77 20 T A B AS ) TR FR 1 5K 9k 2 o) #E 240 SR R 0 49, BT HE 2
(100 DX 6 P R AE 1 N R T AR 1, I BLAE AN B AT R\ DA S IR 58 47 5 ALk
U IR 2B TE ) B 2R 5 45 5 1 B S AH D, D) A 6 3 3 1) < o 1] 5 T 75 1 0 AH ) ) R 4 A =X
HEAT XS 55, LS BT B A 1 58 4 78 5 - T 2080 R 7R B0 S5 R aT si il s A &
[0147]  7E R5020” o, B 258 TE M SCIR22FF 48 , 3l a7 o Ath 25 s 11 1 74 A4 14 S it 437 R
HEFE, eI 220 LK HOGET %0t 2295 DG 2 Jo 243047 HE B VAT B HE , R J5 51 3 3l
Iy AR, oy R AR EIEE 5 e A AR

[0148]  RIZIRARM) A, B 20-23 M B s IO 42 R G0 A2 7w 14 1 o T DS FH HC A 25 B AN
FRG0 7 A SDMIR OB , SDM O YR I8 H LLEAG G S5 10 N BB T8 3K mT DL T Rtk 2 0 3]
BERAANEE B o A AT DL A R LA T 200 A A, /B0 46 8 A - et At S A R i
WA IBOG o AL, I8 AT DA A A FH B 75 0 DA AE H AR 20 23 rh 7= A JE DU FE H b4 23 40 i
A B AR B A R A AN 35405 H AR 22 B ) SR TA) Rk AR R AR O T IR A A
T H B LR 7 B R O e SR I KRR, SR DA i H AR 2 SO I 5 RN T H AR A
S, BN K B H A = 6 CZ11°C, K B HE , 91 e oy Bh o, AAN 2 =16 °C 31 C B R i

[0149]  SF TANAE N FLB 3 (IR IR A 23, D8 AN AR IR Ik i ) e B 1A ke & A2 ISP I
BN S BT LAASE FH Bk e AR A0 FE, A 8 B P 1 ik v 0 R 75 R AE H bR AL 2R 51— R AR
FE 4RI

(01501 DAt , AR 8 AR 5 1Y, S8 Pk o ) 7 e L e S D 2 P 1 L B .23, DA BHS P
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B REGE A IR RS R S L AR (B B B R B, L RAAR A AT DL KA Bl
b S AR L T A WO S8 5% o — D5 Tl W RAE L e T & R AR FLIIR R A 4 H
s WARFE F AR 2 S TR L S WSO PR BIR i) D ol 5 B AR PR B o PR T, o 328 1
RIRSLETARZ LI b 5 P A R 1) FL R A ) 3

(01511 i 75 Jpi sl R T A ) A2 K I 5 CAAE A 23 77 A R T A, 122 At () 3 75 ) S HS P
AR B A T2 1t H 1 SR A2 T A SR AEIG T B A0 B AN 2R B0 45475 3 4 ) R e /M
TR I AL XA/ BAR R, DL AR A8 T LB (I BB 4 B, B K 49 10°C L [RI £k
R R TS T FDARL E IR IR , an1°C . E 2 B, 4RI 7 i K HY H 2 X IR A7, 21 44
o T e (R AN i R A0 PR A7 B DA T R FDASE K o SR, PR #6100 v o7 2L 4 ) IX s R / B A4 AR
DA K B Ik b i) i B RSB 1 AR B E I, B S sl DA H At 77 =000 40 i AN ZH 20K
S P AR A= F B A » (R B A 440 360 T 440 M AL 237 A (AR T 2 SR VR Y O T 232 1Y)
HEAEE T

[0152]  FHAEHR H A A W RISHS PR A B mT A 280 F iR 7 B AL 25 0 i 2 20
Geo 1, 51 IS A 93 7 1 LR M) 5 T N S WA FS e B S Rz 4T 6 P /) S 11 o 5 400 R A
AL, PR B 20 A T IR T K 4123 2 5 8 24, HoR T AR Sk #4811 AL, Horr iy
B LA B 250, JF HACRE 16 (Bl niEo'sss) 515 2I4E S 50 N AF IR T 42118
FHAIT AL G 8 W] AAE L 50 A, B4 S5 38 A 5

[0153] Dy T PRIEHOE g s A BE B IR AR, AT AR A K I Z0 4 (TR) R i e
{6, B AT AAE R 7 G R D S G o £E IR DL R 5 V6 97K Fh 0T B =3 o ke P A 7 2%
RO BRUAE B E R I, UL A AEHOL B e R IR 164 dnidd A BT Be 14 7P (K 62T
it FHF B AR U SRR JURD Bl TR B, W1 2407 o N T N B SR AL 673E , vl LA 7E it F R0
JRIETR 2 JEdi N A B BT 140 A 2, XA PR ATEUE IR &, it — R 244

[0154] %R 77 R 2 RIBHAR T 8 A s A B AR SO 3t B B s 2 i A5 IR 4R 7
IR ORIE AR T 1w R e o3 B A ks == R S B R a1t ORI AT R SR VA
it e rh % 2 B . RE R YR AT DA SOt , B an8 10nmis K A9 B0 » LLZ 1/ 51 HIK & A
FH AR P R (1 2R A8 2, (B I8 I A BB S 30 AT It P S B 2471 o g e B e 7RV A DAY
IO o A8 TX A EIRAT A S B R ) DIC 308 1) D3k ARSIt 91 5 L LA PR S AR AR
I AT LAfS FH HLAth S 1) B B A% 38 2 B R SEILAHTR] IR H A

[0155]  BUAES 25 25, X T 33 10 5 AFAE SR D0 » Fo b 32 22 H b B iiaE i)
ER, RERBKEAKT 3. 3nm, B EPFIRER £ (the upper six
generations) . JORSIRUZIE H br B AN 5B K OT , IF HAEIZE R A SUR-PUA AR
TEH, SEUR R

[0156]  4k&8: 252518125, T8 B 14K RN EE 1 238 el ik & AU 5438 AN AR E 529 i3k
NI S PR 527U 56 o A28 Lt PO BCH: B RE R YR 16 97 A% 14 2112 X 38 rh f b & 70 A9 21
23, AT LA i 24 F ik 16 A [ 7 2006 77 2 200 DX 3 e AR e B0 B A e B R B, B
i 55 55 B AE RS (mucous) FRZK AR TRIBHSCUEE DT A , AN FAZEL 2R I HS PR 376 A0 B AR BRI ie
BEERE REE, IS R a4t

(01571 BAES 18126, 4 i 14 7] LLEAT Sl AT TRV E 5891 1k AN K608/ 621K 5%
PESEE 12, DU HE AT B O B A B B VR 1644328 BRI YT 10 X I ANZH 2, i o o 1
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AT LA IR A Blie T 4 et LA R oAl B i i e

[0158] %, % T AR DL T 45 o Bl B R BEAT , Ho b xt B il Bk BT A 1 3648, iy /8
Cfln/Be) R b , I HLES 2B FE 45 BB 1 4R A0 KK D08 A 23 1248 N LI B sh 246 i K
1608 /I 76 4 149 X 45 LA 2135 455 6 97 R IX 3880 B2 A T DLE R S 7 i WL 4 N ) SR A - 12
AR I HLAEL S R i A I 45 P B 14 10 R i AR R AL 23, DAREU SR AR ¥ 7 11 X 3o 1568 FH HL At Y
FEOtE I A, Sl SN R im64 EAHEIT VS, I HIEE 45 I8 140008 2 Kl
JGER A AR S IR 168538 2R T Rp VR T AL G 35, an B i , DRI 4H 2318 1 THS P
A

(01591 BUAE S5 K27, ] LLAT AMAE FIAS W) 53— A0, s B AR O8 “Ms i ™ 45
E 1% ZR EOIE LA B 78 (G tract) B ZOREANFARACHT ThRE 5% UL T B il 5l A=
AL AR A D RE S IR S DRl e T R 2 06 AR A B (R 7 S L R 4 o X RT B 2 i
VIR AT , 383 0 R ) — AR BBk 0t (SDM) ¥R 7 » B I I AR SCIT R ) AN Ak 2
R HAth BE B YRR 2R K 58 Ao

[0160]  4kE: 25127, N BTHE A I SR L 1 238 S Wk B AN U X Sk 44 N\ 83 1 Jl 529
BEN 66 , 75 8 HL e i AR s B #1864 51 5 AR T R S8, T HOC B ERE &R 1R 16
5153 B8 ATIHS AN GUR 2 B AE , 0] DL A 45 5 0 8 8 B 58 #E\ B 665L
H B Z [ AR 4 2

[0161] QR 2, m DA A A1 Bk} 1 Al 53 25 1 i i 4 2, LA At EL e 8 TR AU A8
an, AR AE FOK B O A8 BRLED I R JE£R A8 10nmAR 4 » U/ BURAE8 1 0nmAk B I B AWK
AT UEE A o PTG  , WT DA B s A R 1 D 7 R R S e Ak ) R R R B , AT AN 75 Z2 48
A .

[0162] AR HEEAR T — P HE N B Bi68, B 4N B 28 B 7 , I FH T it FHAR 948 A< % W 114
5k AN RE Y o I P RS AR, B IR A — T, US4 B A W o 4 JIR Bl 2 AL
68 AR MR 1T 3k N B Il B e, 2 e iE 2 i BN, R B2 FL68 R LRI Th AR ANE
5 (BaniEE R L70) , LUE LR EIET2 (G Wnios — A0 A SR B , & @ r @743t
PR R PO B S e A S B W 1 12 T6 SR AR BRI T AL 2 B NAZ PR Y L IR
BGE68 A AL B AT DLl & F s SR E , B AN SR SR 15 5 BR IR B H B AT B B AT 1Y
Tl HEARBIL , 2 2B 38 1 1205 2Un] DOV ER 24 4L B 368 I AL 8 L 1Y) B BiE i) B 4R - e 3E el 2y
HL6SH LLIE IS F B 5 REYR (1 i B - W vtls) B e , B AT LB R R AP ERBEBE , LAEAS
Wolt AR T2u AR RE B AR AR B R K B AR ) BE IR AR T ARIR T AL SURN
X35

(01631 L[] #£ LA HI (¥ B35 HH Va7 DL IR — A, e 2 Bk b £ DA AR o 2 O 0
AFE R 2 4, OF BT BLR B T, DU SR WL 458 0 H - X W R S i e
Th2e Rkt (] A S AT, DAER HE 2495 10°C Zc A5 (1 SR UG T, ) B DR 47 4 iR T FDA
FUE A 1°C AIARBR o an A FI 245 AL68 1K Fc st 2 2K, 12228 B T DA /N RE R 78 Fie i vl 3t o i
I T LRIE LI AR AL o 323/ T 77 B AL SR RIS P& AL BAE SOF (it s B g &
AT FERE Y 2 Ak o

(01641 M _E 37 Bl o, AR 5 W I S50 AR BIR 5 B % (10 28 T 30 P 382 18 PR3 14038 3 e 2T i At
A 1% 2 % T i B ) AR L A YR o it SDM A T5 AL HS Py 1 BIR T 3 4 1) 3% T B 0T 580/ 2
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AT i e DX 3P JER AT TR v D0 A8 S A A 0 RS P2 AR o R T A7 A S A AR 2 S B
PR SEIRAR BIREAR e A B3R 2 o PR 1 A i B B AL I AE B AR 2 23 rp B HERH R K
MRVAT K 2 PR P 95 A/ B A (RIF) DA B il A 4 BE R ey HL A CEMD) 5, B el . 9 1 i Ak
R THI SDMAEAN ] i A2 (1 57t 5 2L 23 rb (P 4ROt HSP IR 375 A28 , A5 FH ik e 140 78 7 B A0 T A FHRF FAL
SRS o Mok yof ) 7S Y AR AT P S T R o PR ST S

[0165]  HLAES 2 K129 , A AT A e, AT LAIE IS (8 I — A el 2 A% B AR AR H AR Az _E 1)
ORI AR X B AR PR A B JH AR X35 AT et ) T 28R 32 B AR R A L B 1 H A
XL

[0166] U297 , 75 P e RE 45 7855 7 A6 2 AN 5 R80, FITid 2 /Ml 7 B R 801 1T

Bk H bR 28 B 84, BN BT~ i FF AR , I ELEL A 208 75 i SR80 TR A2 1 A5 AT H A2 2186
RTIR Fik R B IR AKX TR SR A SR80 FE B I AE N H AR I R AR X Ik86 4k - 5 £ X 45886 2 Rl
FZ JE I 2H LA 252 B0 (1) n#hak g2 .

[0167] AR BHANAN 15 AELYA 7 3R THT B3R 1T PR 0 (1) 2H 23 (481 A IO 55) L 16 97 IR E 4 41
(fi FE 3] 4 58 £ P 7 0 SR A%, i LR ARV 7 BRI . () e I E) » Gn b i , 3R 2
(1) 768 75 3 36 97 B T FH T By AR T DA B R B A2 2, b m] B T X AR 9T IR A 1B - AR
T 1] LS AR 38 3 SR R T 7 441 o S5 1 2% THI B2 T B 30 190 96 7 S5 10 SDMAT ZRALL R ¥ 97 3k
0] FH T o] @ AR R 2 2 2 (91 T ) ik B2 %) DX 3P IR 5 1 VR 9T

[0168]  IULAEZ 5 B 30R131 , ML v4 i 1) ¥ T AN 75 B2 HE SDMEl HAth Ha, 4 S B 75 9 ik o
&1 22 B 388, H A1 SDMBLFL & 8 1 (14 4 S I ] 2 3b 2 2H 25 gk N\t ik B 2 (19 1f 9« ] LA
HRAA A A2 IR Fh 7 v 0 0T DAk AR T IR0 AE O] ¢ v 0/ BUEE 0T 4H 23 39 T 149 B Ak 1y L Ath [X 3k, 5
PRI AT

[0169]  FRRZHE30 131, H 0 7R B 188 5 L B 4 A4 125 SDMAR 5 25 110 55 [i] 25 B 90 AH 46 - 1%
i hne] LLE i — AN B 2 AN A 92K S B, 10 AR 923 BT 7 AR ik b A bk v R A7
1) BT 75 P03 A% 326 ) HE 88 451 v D@ b AT BK Bl 28 94K R AL AR Y v izt Hb , KT OK #5941 A
72 SEBR O IR S e RE A% 8 I & I S o R R HL T oo AR A% 2 B 5 3E 88 . SR [ 2% E 90K
T ICE BB H W HIE FI B FBURS AR T 8 1 B HE88 . axX ] L i 85 1 R 2%
P HUER SR SE I o X AT DLE I 3 HT T AL96 R 35 ], iZ s Hil T AL 96K i i i A 98 Sk #
Vo A B 55 B AE , 4, 40 B XA T A K B BE B SR — s BE B R R T, U R Gl ]
PLELHE ST~ 88 F147 75 43 100

[0170]  Fiy & UL 10 e FH b R ik v 806 75 9 Jok v 2 2 I 96 7 5 0 BN R B 2R 1 (K
(10) Rk R F IR AR LG, B WA 3 AL A e, R A I (DL A S FD 1) SR ik
S T A LKL, WIHSPYE AL, A5 15 S S 28 BUR T AE A (O BhEs/INe) F2 PR (8]
)45 AR B 11 s O T 236 o LI, YR T P B B R W Bk At T K R #A R (R ON 10,
000) , IX AN HIIE E KRG REN B PRI V5 1 BE 22 , Z S 1L g 22 JE ThRE 2% VR Y 40 bR
ST HE R IIRERE X I« e 445 B2 “HARM A B ERE” , 2= 2 n] LS R 1 P 35
Jite FH Th 2 0 A it FH 8 K SE B BT 78 10 YR T H AR o

[0171] RN T UK H T2 FERR 1 LS htfs] , (22 n] DLAEAS 55 Ak B 3
Rl ARE AR B L T AT 3PS ERLE , BR T BT AR ZE SRk 2 A6, AR R B AN SZ FR il .
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