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(57) Abstract

\

An ablation catheter system with dual temperature sensors is disclosed for actively sensing the temperature of a catheter during
operation. The sensors detect temperature substantially simultaneously but with varying response times and degrees of accuracy. The
relative strengths of the sensors are maximized while relative weaknesses are diminished by utilizing the sensors at the same time and
through a method of comparing system variables over time to derive an accurate gauge of actual catheter temperature.
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DUAL SENSOR ABLATION CATHETER

FIELD OF THE INVENTION
The present invention generally relates to ablation catheters. More particularly, the
present invention relates to an ablation catheter having dual sensors for monitoring

temperature.

BACKGROUND OF THE INVENTION

Ablation catheters are well recognized and important tools for conveying an
electrical stimulus to selected locations within the human body. Ablation catheters have
been used for many years for the treatment of certain types of cardiac arrhythmia. For
example, ablation catheters have been used to interrupt or modify existing conduction
pathways associated with arrhythmias within the heart. Ablation procedures are also used
for the treatment of atrial ventricular (AV) nodal reentrant tachycardia. Accepted
treatments of this condition include ablation of the fast or slow AV nodal pathways.
Known cardiac ablation procedures focus on the formation of lesions within the chambers
of the heart at selected locations which will either prevent the passage of electrical signals
associated with atrial premature contractions or prevent the formation of improper
electrical pathways within the heart which can result in atrial arrhythmia.

Radio frequency (RF) catheter ablation has become increasingly popular for many
symptomatic arrhythmias such as AV nodal reentrant tachycardia, AV reciprocating
tachycardia, idiopathic ventricular tachycardia, and primary atrial tachycardias. Nath, S.,
et al, “Basic Aspects Of Radio Frequency Catheter Ablation,” J Cardiovasc
Electrophysiol, Vol. 5, pgs. 863-876, October 1994. RF ablation is also a common
technique for treating disorders of the endometrium and other body tissues including the
brain.

A typical RF ablation system in its most basic form comprises an RF generator
which feeds current to a catheter containing a conductive tip electrode for contacting
targeted tissue. The system is completed by a return path to the RF generator, provided
through the patient and a large conductive plate, which is in contact with the patient’s
back.

The standard RF generator used in catheter ablation produces an unmodulated sine

wave alternating current at frequencies of approximately 500 to 1000 kHz. The RF energy
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is typically delivered into the patient between the conductive tip electrode of the catheter
and the large conductive plate in contact with the patient’s back. During the delivery of
the RF energy, alternating electrical current traverses from the conductive tip through the
intervening tissue to the back plate. The passage of current through the tissue results in
electromagnetic heating. Heating tissue to temperatures above 500 C is required to cause
irreversible myocardial tissue injury. However, heating tissue to temperatures above
approximately 1000 C at the electrode/tissue interface can result in boiling of plasma and
adherence of denatured plasma proteins to the ablation electrode. The formation of this
coagulum on the catheter tip causes a rapid rise in electrical impedance and a fall in the

thermal conductivity, resulting in loss of effective myocardial heating. Nath, S., et al,,

“Basic Aspects Of Radio Frequency Catheter Ablation,” J Cardiovasc Electrophysiol, Vol.
5, pgs. 863-876, October 1994. Moreover, such extreme heating of the tissues can damage
healthy tissue surrounding the targeted lesion.

Because of the dangers of overheating tissue with ablation catheters, systems for
controlling the temperature at the ablation site are necessary. Such systems have been in
use for many years. Common ablation systems for controlling the temperature at the
ablation site contain an electrode as well as a thermocouple or thermistor at the tip of the
catheter. In these systems, a pair of wires from the thermocouple extend back through the
body of the catheter to an amplifier in an electrical control portion of the system. An
output from the amplifier, is indicative of the temperature of the heated tissue and is used
by a control unit to control the duty cycle or power level of the RF generator. This
arrangement permits regulating the amount of RF energy delivered to the tissue to control
the temperature at the target tissue. An example of a system in which the duty cycle of the
ablation catheter is controlled by a temperature sensor is disclosed in U.S. Patent No.
5,122,137 entitled “Temperature Controlled RF Coagulation.”

Known RF ablation systems that use temperature control mechanisms have
numerous disadvantages. For example, known systems using thermocouples suffer from
voltage and current noise problems. The transmission of a low voltage signal from the
thermocouple to the amplifier, which is indicative of the temperature, must be transmitted
accurately over a long distance in order to appropriately limit the temperature.
Maintaining an accurate transmission is very difficult because the low voltage signals
from the thermocouple are being transmitted by wires directly adjacent the wire used to

provide the high voltage signal for ablating. The low voltage signals from the
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thermocouple are typically swamped by the high voltages and high frequencies used for
the ablation, thereby causing temperature signals to be very noisy and less likely to give
accurate temperature readings. Additionally, accuracy of thermocouple systems are not
perfect. Typically, accuracy for a standard thermocouple is on the order of one degree
Celsius. Systems using thermistors, while having greater accuracy than those using
thermocouples, suffer from slow response times.

Other devices have attempted to address the above-listed disadvantages by
utilizing a thermocouple and a thermistor within a single assembly. Two attempts to make
such improvements are found in U.S. Patent No. 5,066,140, to Shigezawa et al. and U.S.
Patent No. 5,161,892, to Beran. Therein, thermocouple temperature sensing devices
employ the passive use of a thermistor. In the devices of the ‘140 Patent and the ‘892
Patent, the thermocouple actively senses temperature at a first location. The thermistor is
placed adjacent the “cold-junction” of the thermocouple at a second location removed
from the thermocouple. The thermistor does not actively sense temperature, but rather,
assists in compensating and correcting the measurements sensed by the thermocouple by
subtracting the room temperature signal. The thermistor, thus, merely functions in a
passive state, assisting in the determination of temperature based solely upon the
thermocouple temperature readings. Such devices fail to properly address the underlying
accuracy shortcomings of thermocouple temperature sensing, and fail to fully utilize the
strengths of a thermistor. Thus, there remains an acute need for a device that combines the
strengths of both a thermocouple and a thermistor while at the same time compensating for

the weaknesses of each of the devices alone.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and method for accurately sensing the
temperature of a catheter during operation. According to one embodiment, a plurality of
temperature sensors are utilized to substantially simultaneously sense the temperature of
the catheter during operation. From the sensed temperatures, a control signal is generated
with which to communicate data to the operator or to an automated frequency generator to
facilitate the more efficient and safe use of the catheter. Temperature sensing within the
catheter is done on a substantially continual basis during operation.

According to an embodiment of the invention, a thermistor and a thermocouple are

utilized as the temperature sensors. The relative strengths of each of the different sensors
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is combined and taken advantage of to more accurately detect the operating temperature of
the catheter through a substantially continuous comparison of temperature readings and
other system parameters. Thus, the respective weaknesses of the thermocouple and the
thermistor are minimized. The comparison and monitoring of the system results in a more
accurate and dependable determination of catheter temperature at any given moment in
time.

According to a further embodiment of the invention, a method is employed
wherein the temperature data sensed by a thermistor and a thermocouple are compared,
calibrated, and analyzed to take advantage of their respective strengths and to minimize
their respective weaknesses. The circuitry located in the catheter performs an algorithm to
determine, based on temperature reading and design constraints, whether to utilize the
thermistor, thermocouple or both to gauge the temperature at a tip electrode of the
catheter. The algorithm is performed during operation of the catheter, thus, minimizing

the likelihood of overheating tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a known ablation catheter system.

Figure 2 is a cross-sectional view of a distal end of a catheter according to an
embodiment of the present invention.

Figure 3 is a schematic diagram of the circuitry utilized in an embodiment of the
present invention.

Figure 4 is a schematic diagram of the circuitry utilized in an alternative
embodiment of the present invention.

Figure S is a diagram comparing a sine wave versus an input signal from the circuit
depicted in Figure 4.

Figure 6 is a diagram depicting the actual and detected temperatures about the
distal end of a catheter according to an embodiment of the present invention.

Figure 7 is a flowchart illustrating the operation of an embodiment of the present

Invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention provides an ablation catheter having dual sensors for

monitoring temperature. Ablation catheters are well recognized and important tools for
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conveying an electrical stimulus to selected locations within the human body. Figure 1
illustrates a schematic drawing of a known basic RF ablation catheter system 10. System
10 includes an RF signal generator 12, a catheter 14, a tip electrode 16 and a backplate 18.
An electrical conductor 20 within catheter 14 extends between and electrically connects
electrode 16 to RF generator 12. In operation, RF generator 12 feeds a current to catheter
14 via conductor 20. During the delivery of RF energy, alternating electrical current
traverses from tip electrode 16 through the intervening tissue 19 of the patient to backplate
18. The passage of current through the tissue results in resistive (joule) heating. When
using an ablation system, the targeted tissue must be heated to temperatures above
approximately 50° C for effective ablation. However, temperatures at and above
approximately 100° C at the electrode/tissue interface can result in boiling of plasma and
adherence of denatured plasma proteins to the ablation electrode. The formation of the
coagulum on the catheter tip causes a rapid rise in electrical impedance and a fall in the
thermal conductivity resulting in loss of effective myocardial heating. Because of the
dangers of overheating tissue with ablation catheters, systems for controlling the
temperature at the ablation site are necessary and such systems have been in use for many
years. Embodiments of the present invention are particularly useful when used as or in
combination with temperature and/or current limiting ablation catheters.

The present invention provides an ablation catheter which utilizes two or more
different types of temperature sensors to detect the temperature of the catheter. Referring
now to Figure 2, a dual sensor catheter 100 according to the present invention is illustrated
having a tip electrode 110 at a distal end 105. Electrode 110 is electrically connected via
conductors (not shown) to a power source at the proximal end of catheter 100.
Thermocouple 130 and thermistor 120 are positioned within catheter 100 as illustrated in
Figure 2. Thermistor 120 has a slower relative response time than thermocouple 130, thus,
thermistor 120 is advantageously positioned distally of thermocouple 130.

In an alternate embodiment, Resistance Temperature Detector (RTD) sensors
utilizing metals such as platinum, tungston, nickel, nickel alloys, or similar material can be
used in place of thermistor 120 and/or thermocouple 130. RTD sensors provide
significant benefits in that they are the most stable, accurate, and linear sensors currently
available. Disadvantages of RTD sensors include increased expense, the requirement of a

current source, the propensity to self-heat, and the generation of a relatively small output

signal.
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In yet a further embodiment, integrated circuit (IC) sensors are contemplated in
place of thermistor 120 and/or thermocouple 130. Use of IC sensors yields high accuracy
and output at a relatively low cost. IC sensors, however, are limited in their configuration
and limited by a maximum temperature range, require a power supply and provide
relatively slow response.

Copper wire 140 and constantan wire 150 complete a circuit between thermistor
120 and thermocouple 130 which extends to a power source at a connector (not shown) as
described above. While copper and constantan wires 140, 150 are the preferred types of
wires for the present invention, other types of non-matching wires may also be used
without departing from the spirit or scope of the present invention. For example, a copper
wire and a platinum alloy wire could be used. Thermistor 120 and thermocouple 130 are
electrically isolated from tip electrode 110 at distal end 105 of catheter 100 by an
insulation barrier or casement 160. Casement 160 is preferably comprised of microtubing
170 and thermally conductive epoxy 180. Thus, as tip electrode 110 is heated,
thermocouple 130 and thermistor 120 are positioned to sense the temperature of catheter
100 at the selected location in the human body.

The circuitry of one embodiment of catheter 100 is depicted in Figure 3. The
circuitry is located substantially in RF generator 12 or an adaptor cable system. In this
embodiment, thermocouple 130 is connected across the input terminals of amplifier 190.
In the preferred embodiment of the present invention, amplifier 190 is a “cold junction
compensating” amplifier which subtracts the parasitic voltage introduced at the input of
amplifier 190. It should be noted that other types of amplifiers may also be used without
departing from the spirit or scope of the present invention.

Thermistor 120 is connected to resistors R1, R2, and R3. The combination of
thermistor 120 and resistors R1, R2, and R3 are configured as a bridge circuit 121 having
a differential output V, connected to amplifier 210. If (R1):(R3) = (R2)"(Rperm), Where
Riherm 18 the resistance of thermistor 120, then the differential output of bridge 121 equals
zero. However, as thermistor 120 varies, the current flowing through the legs of bridge
121 will vary, thus creating a differential voltage at the input of amplifier 210.

According to the embodiment illustrated in Figure 3, thermocouple 130 produces a
voltage that is linearly related to the temperature. The voltage difference is amplified by
amplifier 190, which produces a thermocouple voltage signal V¢, representative of the

voltage of thermocouple 130. Constantan wire 150 eventually contacts copper wire 140
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again at amplifier 190. This second junction of wire 140 with wire 150, in a sense, creates
a second thermocouple which contributes a parasitic voltage.  "Cold-junction
compensating" is performed at amplifier 190 to remove the parasitic voltage, that is
introduced at near-room temperatures, from the thermocouple voltage, resulting in Vyc.

Thermistor 120 comprises a variable resistor where resistance is determined by the
temperature. As previously described, a differential voltage is provided to amplifier 210
by bridge circuit 121 which results in a thermistor voltage signal Vy, representative of the
thermistor voltage.  According to the embodiment illustrated in Figure 3, both
thermocouple 130 and thermistor 120 actively detect and communicate the temperature of
catheter 100 with the use of three wires.

According to a further embodiment of the present invention, a more sophisticated
circuit, as depicted in Figure 4, may be used in which only two wires are necessary to read
the temperature of catheter 100. As shown in Figure 4, thermocouple 130 is connected on
one side to thermistor 120 and on the other side to node 231. A signal generator 232 is
provided and is connected to node 231 through resistor R4. Node 231 is also connected to
input terminal 233. An amplifier 240 is provided having one input connected to node 231
and the other input connected to ground. The output of amplifier 240 is the thermocouple
output voltage Vrc.

Thermistor 120 is connected between thermocouple 130 and ground. Amplifier
245 is provided with one input connected to input terminal 233 and the other input
connected to ground. A high pass filter circuit 250 is provided and is connected to the
output of amplifier 245. High pass filter circuit is comprised of capacitor C1 and resistor
RS. An amplifier 260 is provided having one input connected to filter circuit 250 and a
second input connected to ground. Rectifying diode D1 is provided having its anode
connected to the output of amplifier 260 and its cathode connected to filter circuit 270.
Filter circuit 270 is comprised of resistor R6 and capacitor C2. The output of filter 270 is
connected to amplifier 280 which is connected as a voltage follower having one input
connected to filter circuit 270 and the other input connected to its output. The output of
amplifier 280 is the thermistor output V.

In operation, current is introduced into the circuit through signal generator 232.
The thermocouple voltage, Vrc, is not significantly influenced by resistor Ry, nor by the

series resistance of thermistor 120 and in essence acts as a DC signal. The thermocouple
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voltage is directed into amplifier 240, thereby producing Vic . As previously stated,
"cold-junction compensation” is performed at amplifier 240, or elsewhere.

With respect to the operation of thermistor 120, AC generator 232 impresses an
alternating current onto thermistor 120. The voltage drop across thermistor 120 1s affected
by the thermistor resistance which is affected by the temperature. As can be seen in
Figure 5, an AC signal 300 from AC generator 232 is a conventional, balanced, non-
distorted sine wave. An input signal 310, is applied to input terminal 233 which is fed to
amplifier 245. As can also be seen in Figure 5, input signal 310 has a similar curve as AC
signal 300, however, it has a smaller amplitude, and wavelength, which is partly as a result
of the voltage division between thermistor 120 and resistor R4. Additionally, the DC
voltage from thermocouple 130 tends to “lift” up signal 310 such that it is asymmetrical
with the x-axis.

Referring again to Figure 4, input signal 310 is directed through first amplifier 245
and high-pass filtered by filter circuit 250 to remove the DC offset imparted by
thermocouple 130 and to restore the symmetry of signal 310 about the x-axis. The
resultant signal is then amplified by amplifier 260 and rectified by diode D1. The signal is
then filtered by filter circuit 270 which senses the peak level. The signal is then passed
through voltage follower 280 to produce the thermistor voltage signal Vy.

By using the circuit illustrated in Figure 4, both the thermistor voltage signal, Vy,
and thermocouple voltage signal, V¢ are generated through the use of a common pair of
wires. This reduces the cost of the catheter because the manufacturing time is reduced and
also allows for a narrower and more flexible catheter by reducing the number of wires
required.

Referring now to Figure 6, the actual temperature of catheter 100 versus the sensed
temperatures by thermistor 120 and thermocouple 130 are shown. Figure 6 is broken
down into segments which represent temperature during periods of non-operation 500,
temperature during warm up and cool down processes 510, and temperature during
operation 520, of catheter 100. Actual temperature is depicted by piece-wise linear curve
320 depicting temperature before and during an ideal ablation catheterloperation. Jagged
curve 340 depicts the temperature sensed by thermocouple 130. Curve 340 assumes its
jittery formation because the thermocouple voltage signal is relatively small and is highly
sensitive to voltage and current noise which is typical during RF ablation. The need for

the previously mentioned cold-junction compensation precludes use of an amplifier at
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thermocouple 130, thus, the design of catheter 100 exposes the full length of thermocouple
wiring 140, 150 to such noise and other interference which account for the noisy signal.
As depicted, the inaccuracy of curve 340 results in an error shift below the actual
temperature shown by curve 320. Typical accuracy for a standard thermocouple 130 is on
the order of one degree Celsius. Smooth curve 330, depicting the temperature sensed by
thermistor 120, is more accurate, however, it possesses a significantly slower response
time as shown by the longer slope of signal 330 in segments 510 and 520 of Figure 6.

As previously stated, an important object of the present invention is to combine the
above-mentioned relative strengths of thermocouple 130 and thermistor 120 and to
minimize their respective weaknesses. One method of combining the strengths of
thermistor 120 and thermocouple 130 is depicted in Figure 7. Operation of the circuit
begins initially at block 400, wherein the standard deviation, or sigma (0), of
thermocouple voltage signal, V¢, and thermistor voltage signal Vry are calculated over a
trailing ten-second time interval. Next, as shown at decision block 410, it is determined
whether the sigmas of Vrc and Vry are less than one degree Celsius. If the answer is
"yes," the system has reached a substantially stable state and some system calibration can
be undertaken. If stable, the system determines if both Viy and V¢ are less than 41
degrees Celsius as shown at decision block 420. In an alternate embodiment of the present
invention, the inquiry could be whether both signals are greater than 35 degrees Celsius, a
typical temperature within a living human body where the ablation occurs.

If the answer to the question posed in decision block 420 is "no," a control signal is
calculated by averaging Vrc and Voy in block 430. In the situation where V¢ and Viy
are greater than 41 degrees Celsius, the control signal is derived by averaging Vrc and
Vru Dbecause the situation suggests that catheter 100 is at a very high, yet stable,
temperature, thus, the averaging of two stable readings provides a good estimate of the
actual temperature.

Alternatively, if the temperature in decision block 420 is less than 41 degrees
Celsius, then a corrected thermocouple voltage signal V’y, is calibrated from Viy as
depicted in block 440. V’yc is calculated by using the smooth thermistor signal Vy and
calculating the error between Vg and Vrc. The error is then added to V¢ to derive V’y,
which is a faster responding thermocouple voltage that has its offset error removed. As
depicted in block 450, V’1c is used as the control signal for the system and the system then

returns to the beginning of the routine at block 400.
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If the system lacks stability, as is the case if the sigmas of Vr¢ and V1y are not
less than one degree Celsius, as asked in decision block 410, the system must determine
which signal is more accurate to derive an appropriate control signal. If sigma V¢ and
sigma V1y are greater than one degree Celsius, then the system determines whether the
sigma Vy is greater than one degree Celsius in block 460. If yes, this suggests that there
is either a rapid temperature increase due to RF heating or a rapid temperature decrease
due to a sudden loss of RF which is depicted within segment 510 of the temperature curve
of Figure 6. Accordingly, V’1c is then used as the control signal for the system because of
the faster response time and greater accuracy of thermocouple 130.

Alternatively, if sigma Vg is less than one degree Celsius, Vry is used as the
control signal as shown in block 470. Use of V1 as the control signal occurs when
thermistor voltage curve 330 is not changing rapidly, for example, after the ablation
procedure has reached its normal operating temperature, as depicted in segment 520 of
Figure 6.

The control signal generated by the circuit, through the performance of the
algorithm, is utilized to limit the temperature at tip electrode 110 beneath a predetermined
limit such as 100° C, thus, preventing the formation of coagulum on electrode 110 and/or
tissue overheating. The control signal acts as an input signal to a frequency generator, or
other suitable device connected to catheter 100, to perform the temperature limiting
function. Typically, the frequency generator is designed to have an operator controllable
automatic shutoff in relation to the temperature.

The positioning of thermistor 120 and thermocouple 130 or other temperature
sensors, including resistance temperature detectors, and IC sensors, within catheter 100 as
well as the amount of insulation provided by casement 160 and the mass of thermocouple
130 and thermistor 120, respectively, will significantly impact the determination of
response times of the temperature sensors. The present invention contemplates an
embodiment wherein, by manipulation of the aforementioned variables, the response time
of thermocouple 130 is made slower than the response time of thermistor 120. In such a
situation, the preceding discussion centered around Figure 7 is still applicable.

While the present invention has been described and illustrated with reference to
particular preferred embodiments, the invention is not limited to the specific temperature
sensors or examples given. For example, an RTD or IC sensor may be combined with a

thermistor or thermocouple in a variety of configurations to obtain desired manufacturing
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and performance benefits. Various other modifications will occur to those of ordinary

skill in the art, and other embodiments and modifications can be made without departing

from the spirit and scope of the invention as defined in the following claims.
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CLAIMS:

1. An ablation catheter having a proximal end and a distal end, the catheter
comprising:
a flexible conductor extending from the proximal end of the catheter to the
distal end of the catheter;
an electrode attached about the distal end of the catheter, the electrode
being electrically connected to the conductor; and
a plurality of temperature sensors communicatively coupled adjacent the

proximal end of the catheter.

2. The ablation catheter of claim 1, wherein the plurality of temperature sensors
comprises:
a first temperature sensor electrically connected to the conductor; and
a second temperature sensor electrically connected to the conductor;
wherein the second temperature sensor is a different type of temperature

sensor than the first temperature sensor.

3. The ablation catheter of claim 2, wherein the first temperature sensor is a
thermistor.

4, The ablation catheter of claim 3, wherein the second temperature sensor is a
thermocouple.

5. The ablation catheter of claim 2, wherein the first temperature sensor is a
thermocouple.

6. The ablation catheter of claim 2, further comprising a casement positioned about

the first and second temperature sensors.

7. The ablation catheter of claim 6, wherein the casement is substantially thermally

conductive and electrically isolating.
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8. The ablation catheter of claim 1, wherein the plurality of temperature sensors

substantially simultaneously measure temperature.

9. The ablation catheter of claim 1, wherein an at least one of the temperature sensors

comprises an integrated circuit sensor.

10.  The ablation catheter of claim 1, wherein at least one of the temperature sensors

comprises a resistance temperature detector.

11.  An ablation catheter comprising:

a housing having a proximal end and a distal end;

a plurality of conductors extending from the proximal end of the housing to
the distal end of the housing;

an electrode located at the distal end of the housing, the electrode being
electrically connected to the plurality of conductors; and

a plurality of temperature sensors electrically connected to the plurality of
conductors and the electrode for substantially simultaneously measuring

temperature data of the catheter.

12.  The ablation catheter of claim 11, wherein the plurality of temperature sensors
comprises:
a thermocouple; and

a thermistor, the thermistor being electrically connected to the

thermocouple.
13.  The ablation catheter of claim 12, wherein the plurality of conductors comprise
two wires.

14.  The ablation catheter of claim 12, wherein the plurality of conductors comprise

three wires.
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15. The ablation catheter of claim 12, wherein the thermocouple is substantially
adjacent the electrode and wherein the thermistor is connected in series with the

thermocouple.

16.  The ablation catheter of claim 11, further comprising a barrier located between the

plurality of conductors and the temperature sensors.

17. A method of measuring catheter temperature with a catheter having both a
thermocouple and a thermistor, the method comprising:

sensing first temperature data with a thermistor; and

sensing second temperature data with a thermocouple substantially

simultaneously with the sensing of the first temperature data.

18.  The method of claim 17, further comprising calculating a control signal by

averaging the first temperature data and the second temperature data.

19.  The method of claim 17, further comprising:
comparing the first temperature data and the second temperature data to a
first preset value;
comparing the first temperature and the second temperature data to
a second preset value; and

calculating a control signal.

20.  The method of claim 19, wherein the calculation of the control signal is based on

the relationship of the second temperature data to the first preset value.

21. The method of claim 19, wherein the calculation of the control signal is based on

the relationship of the second temperature data to the second preset value.

22.  The method of claim 17, wherein the sensing of first and second temperature data
further comprises treating at least one of the first and second temperature data essentially

as an AC signal.
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23.  The method of claim 17, wherein the sensing of first and second temperature data
further comprises treating at least one of the first and second temperature data essentially

as a DC signal.
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