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(54) Systems and methods for measuring the frequency of signals generated by high frequency 
medical devices

(57) Systems and corresponding methods for deter-
mining characteristics of an output signal generated by
a high-frequency medical device using low-frequency
measurement systems are disclosed. A digital measure-
ment system includes an oscillator, a mixer, and a con-
troller coupled to each other. The oscillator provides a
reference signal having a second frequency. The mixer
generates a down-converted signal based on the output
signal and the reference signal. The controller then de-
termines a characteristic of the output signal (e.g., fre-

quency or phase) based on the down-converted signal.
An analog measurement system includes a filter having
a center frequency, a rectifier, and a controller. The filter
filters the output signal and the rectifier rectifies the fil-
tered signal. The controller samples the rectified signal
and determines a characteristic of the output signal
based on the level of the rectified signal. The reference
signal controller may adjust a characteristic of the output
signal based on the determined frequency and/or phase
of the output signal.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to systems and
methods for measuring the output frequency of a high
frequency medical device. More particularly, the present
disclosure relates to systems and methods for measuring
the output frequency of a high frequency generator using
low frequency measurement techniques. Further, the
present disclosure relates to systems and methods for
maintaining the output frequency of a high frequency
generator within an acceptable range.

2. Description of Related Art

[0002] During medical treatment procedures in which
an electrosurgical generator is used to supply electrosur-
gical energy to an instrument for treatment of tissue, it is
often useful to measure and/or monitor the output fre-
quency of the generator. For generators operating at rel-
atively low frequencies, e.g., frequencies below 1 MHz,
it is relatively easy to measure the output frequency, for
example, by known methods using the clock frequency
of a measurement system.
[0003] However, for generators operating at relatively
high frequencies, such as, for example, microwave gen-
erators operating above 300MHz, and more typically
above 900MHz, it is much more difficult to measure the
output frequency in a reliable and cost effective manner.
This is so because at those high frequencies it is no longer
possible to use the clock frequency of the measurement
system.
[0004] The ability to measure the output frequency for
high frequency medial devices is extremely useful for a
number of reasons that allow for more efficient utilization
of the equipment during a given procedure. One reason
is that it is useful, if not necessary, during a procedure
to keep the output frequency within a specific frequency
band to ensure that the generator and/or medical device
is operating within specific internationally recognized In-
dustrial, Scientific and Medical (ISM) radio bands. In cer-
tain ISM bands, particularly those that relate to medical
applications, there is only a limited set deviation allowed
from the center frequency. Other reasons would be to
meet a need to shift the output frequency for impedance
matching purposes, or to adjust the phase of the gener-
ator’s output.
[0005] In the example of the electrical performance of
a microwave energy delivery system (e.g., a system in-
cluding a generator, an energy delivery device, a
waveguide configured to deliver a microwave energy sig-
nal from the generator to the energy delivery device, and
an antenna) changes throughout the course of a treat-
ment, for example, an ablation treatment in which tissue,
such as tumor tissue, is targeted for destruction. The

change in performance may be due to a change in the
energy delivery device, a change in the tissue properties
or a change in the delivery path. The ability to observe
parameters, e.g., by measuring the output frequency of
the generator during the procedure, indicative of these
changes provides better control of the delivery of the mi-
crowave energy.
[0006] Accordingly, a need exists for reliable systems
and methods for measuring the output frequency of a
high frequency medical device using a low frequency
measurement system and for maintaining the output fre-
quency within an acceptable range.

SUMMARY

[0007] As used herein, the term "distal" refers to the
portion that is being described which is further from a
user, while the term "proximal" refers to the portion that
is being described which is closer to a user.
[0008] The present disclosure describes systems and
methods for measuring the output frequency of a medical
device and/or generator operating at a frequency higher
than a clock frequency of the measurement system.
[0009] Accordingly, a need exists for reliable systems
and methods for measuring a high frequency output of a
medical device using a low frequency measurement sys-
tem and for maintaining the output frequency within an
acceptable range.
[0010] According to an aspect of the present disclo-
sure, a system for measuring a characteristic of an output
signal generated by a generator, the output signal having
a first frequency. The system includes an oscillator con-
figured to provide a reference signal having a second
frequency. The system also includes a mixer configured
to generate a down-converted signal based on the output
signal and the reference signal. Furthermore, the system
includes a controller configured to operate at a clock fre-
quency lower than the first frequency and to determine
a characteristic of the output signal based on the down-
converted signal.
[0011] The oscillator may be controlled by the control-
ler.
[0012] The system may include a first oscillator for pro-
viding the first frequency. The system may comprise a
second oscillator for providing the reference signal hav-
ing the second frequency.
[0013] The second frequency may be set to be lower
than the first frequency.
[0014] Any down-converted signal may be passed
through a filter for accepting a first component of the sig-
nal, e.g. baseband component, and rejecting a second
component of the signal.
[0015] When the characteristic of the output signal is
frequency, a frequency detector, preferably a Fast Fou-
rier Transform implementation, is used to determine the
frequency of the filtered down-converted signal, The con-
troller can then determine the frequency of the output
signal using the frequency of the reference signal and
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the detected frequency of the down-converted signal.
[0016] The controller may adjust the output signal, for
example the frequency of the output signal, based on the
determined characteristic.
[0017] According to another aspect of the present dis-
closure, the characteristic of the output signal may be
frequency or phase.
[0018] According to a further aspect of the present dis-
closure, the output signal may be a digital signal or an
analog signal.
[0019] According to another aspect of the present dis-
closure, the controller may be further configured to con-
trol the output signal based on the determined charac-
teristic of the output signal.
[0020] According to a further aspect of the present dis-
closure, the reference signal may be a signal having a
fixed or variable frequency.
[0021] According to another aspect of the present dis-
closure, the second frequency may be set to a frequency
such that the difference between the first and reference
signal frequencies is less than the clock frequency of the
generator.
[0022] According to a further aspect of the present dis-
closure, the second frequency may be set equal to the
first frequency.
[0023] According to another aspect of the present dis-
closure, the second frequency may be set to a frequency
offset from the first frequency.
[0024] According to a further aspect of the present dis-
closure, the output signal may be a DC value when the
output signal and the reference signal are locked to the
same frequency.
[0025] According to another aspect of the present dis-
closure, the characteristic of the output signal may be
frequency, and the system may further include an ampli-
fier configured to amplify the output signal. The system
may also include a second mixer configured to generate
a second, down-converted signal based on the amplified
output signal and the reference signal. The controller may
be further configured to determine a phase of the ampli-
fied output signal based on the second, down-converted
signal.
[0026] According to a further aspect of the present dis-
closure, the system may further include one or more sen-
sors coupled to the output of the amplifier. The one or
more sensors may be configured to sense the amplified
output signal and provide the sensed, amplified output
signal to the second mixer.
[0027] A phase locked-loop or voltage controlled os-
cillator may be used instead of the second mixer to de-
termine a phase difference between the amplified output
signal and the reference signal. Preferably, if the phase
difference is greater than or less than zero, the controller
corrects the output signal.
[0028] The system may further comprise one or more
sensors to generate sensor information pertaining to the
amplified output signal. The controlled may adjust the
output signal based on determined frequency and/or

phase and/or sensor information.
[0029] According to another aspect of the present dis-
closure, a system for measuring a high frequency output
signal generated by a generator. The system includes a
filter having a center frequency, which is preferably the
desired frequency of the output signal, the filter config-
ured to filter the output signal to obtain a filtered signal.
The system also includes a rectifier configured to rectify
the filtered signal to obtain a rectified signal, and a mi-
croprocessor configured to sample the rectified signal
and to determine a frequency of the output signal based
on the level of the rectified signal.
[0030] According to another aspect of the present dis-
closure, the filter may be a notch filter or a band-pass
filter.
[0031] According to a further aspect of the present dis-
closure, the filter may be configured to attenuate the out-
put signal as the frequency of the output signal moves
away from the center frequency.
[0032] According to another aspect of the present dis-
closure, the system may further include an amplifier con-
figured to amplify the output signal, and a second filter
having a second center frequency, which is preferably
set to a desired phase of the output signal, the second
filter configured to filter the amplified signal to obtain a
second filtered signal. The system may further include a
second rectifier configured to rectify the second filtered
signal to obtain a second rectified signal. The microproc-
essor may be further configured to sample the second
rectified signal and to determine a phase of the amplified
output signal based on a level of the second rectified
signal.
[0033] A coupler may be provided for coupling the out-
put signal from the generator to the first and/or second
filter.
[0034] According to another aspect of the present dis-
closure, a system for delivering microwave energy is pro-
vided, comprising a generator and the system for meas-
uring a characteristic of an output signal generated by
the generator. A microwave energy delivery device may
be provided that is electrically coupled to the generator
via a transmission line.
[0035] According to another aspect of the present dis-
closure, a method for measuring a characteristic of a high
frequency output signal generated by a generator, the
output signal having a first frequency that is higher than
a clock frequency of a processor within the generator.
The method includes the steps of generating a reference
signal having a second frequency, and mixing the output
signal and the reference signal to generate a down-con-
verted signal reference signal. The method further in-
cludes the step of determining the characteristic of the
output signal based on the down-converted signal.
[0036] Alternatively, the characteristic may be frequen-
cy or phase reference signal.
[0037] Alternatively or in addition, the method may fur-
ther include the step of verifying whether the character-
istic of the output signal is within a predetermined range.
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[0038] Alternatively or in addition, the method may fur-
ther include the step of adjusting the frequency of the
output signal to achieve a desired output impedance of
the generator.
[0039] Alternatively or in addition, the method may fur-
ther include the steps of amplifying the output signal, and
mixing the amplified output signal and the reference sig-
nal to obtain a second down-converted signal. The meth-
od may also include  determining the phase of the am-
plified output signal based on the second down-convert-
ed signal.
[0040] According to a further aspect of the present dis-
closure, a generator includes a first oscillator configured
to generate an output signal having a first frequency that
is higher than a clock frequency of the generator. The
generator further includes a second oscillator configured
to generate a reference signal having a second frequen-
cy. Also, the generator includes a mixer coupled to the
first and second oscillators. The mixer is configured to
generate a down-converted signal based on the output
signal and the reference signal. Furthermore, the gener-
ator includes a controller configured to determine the first
frequency based on the down-converted signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Various aspects of the present disclosure are
described hereinbelow with reference to the drawings,
wherein:
[0042] Fig. is a perspective view of a microwave energy
delivery system according to an embodiment of the
present disclosure;
[0043] Fig. 2 is a schematic block diagram of a system
using a digital approach for determining the output fre-
quency of a medical device in accordance with an illus-
trative embodiment of the present disclosure;
[0044] Fig. 3 is a schematic block diagram of a system
using an analog approach for determining the output fre-
quency of a medical device in accordance with an another
illustrative embodiment of the present disclosure;
[0045] Fig. 4 is a flow diagram of a method for main-
taining an output frequency of a medical device using the
digital approach of Fig. 2 in accordance with one illustra-
tive embodiment of the present disclosure; and
[0046] Fig. 5 is a flow diagram of a method for main-
taining an output frequency of a medical device using the
analog approach of Fig. 3 in accordance with another
illustrative embodiment of the present disclosure.

DETAILED DESCRIPTION

[0047] Detailed embodiments of the present disclosure
are described herein; however, it is to be understood that
the disclosed embodiments are merely exemplary and
may be embodied in various forms. Therefore, specific
structural and functional details disclosed herein are not
to be interpreted as limiting, but merely as a basis for the
claims and as a representative basis for teaching one

skilled in the art to employ the present disclosure in vir-
tually any appropriately detailed structure.
[0048] For purposes of describing the presently dis-
closed system and methods for measuring and/or adjust-
ing the output frequency of a high frequency generator
using a low frequency measurement system the detailed
description that follows will use the illustrative embodi-
ment of a system for delivering microwave energy for
microwave therapy or treatment to a patient. However,
it should be understood that such a high frequency sys-
tem is for illustrative purposes and in no way limiting on
the scope of the present disclosure.
[0049] Referring now to Fig. 1, a system for delivering
microwave energy for microwave therapy, according to
an embodiment of the present disclosure, is generally
designated by reference numeral 10. The microwave en-
ergy delivery system 10 includes an electrosurgical gen-
erator 20 with a control circuit 22 for controlling the op-
eration of the electrosurgical generator 20 and a micro-
wave energy delivery device 30 electrically coupled to
the electrosurgical generator 20 via a transmission line
34. Microwave energy delivery device 30 includes an an-
tenna 32 disposed at the distal end of a shaft 38, which
extends from a handpiece 36.
[0050] Transmission line 34 includes a coaxial cable
34a (i.e., a waveguide) and an auxiliary cable 34b, The
coaxial cable 34a is configured to deliver a microwave
energy signal between the electrosurgical generator 20
and the handpiece 36 of the microwave energy delivery
device 30. The auxiliary cable 34b is configured to deliver
one or more signals between the handpiece 36 and the
electrosurgical generator 20. The one or more signals
delivered between the handpiece 36 and the electrosur-
gical generator 20 may include a DC power signal for
powering circuitry in the handpiece 36 and an information
signal containing real-time or historical information relat-
ed to a condition and/or a quality of the microwave energy
signal at the handpiece 36, the shaft 38, and/or the an-
tenna 32 that radiates therapeutic energy therefrom.
[0051] A transmission line connector 24 disposed on
the proximal end of the transmission line 34 connects to
a transmission line receiver 46 on the electrosurgical
generator 20. A distal end of the transmission line 34
connects to the microwave energy delivery device 30.
[0052] Electrosurgical generator 20 may include an op-
erator interface 40 having a keypad 42 for entering pa-
rameters related to electrosurgical generator 20, the mi-
crowave energy delivery device 10 and/or parameters
related to the delivery of microwave energy. Display 44
may indicate or graph one or more parameters related
to the delivery of microwave energy and/or one or more
parameters related to the microwave generator 20, trans-
mission line 34 and/or microwave energy delivery device
10.
[0053] One suitable microwave energy delivery device
30 for use in connection with the present disclosure is a
tissue penetrating microwave energy delivery device
sold by Covidien under the trademark Evident™ Micro-
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wave Ablation Surgical Antennas, although the embod-
iments described herein may be suitable for any device
capable of delivering microwave energy or the like. The
embodiments described herein may also be applied to
any suitable energy delivery device as explained in more
detail below.
[0054] Fig. 2 shows a schematic block diagram of a
digital system 200 for determining the output frequency
of a typical electrosurgical generator 20. The system 200
may be part of the generator 20, a stand alone box (not
shown) connected between the microwave energy deliv-
ery device 30 and the generator 20, and/or within the
microwave energy delivery device 30.
[0055] The digital system 200 includes a controller 22,
which may be a microprocessor, a central processing
unit, or other similar device. The controller 22 is config-
ured to control the generation and delivery of a micro-
wave energy signal at a predetermined frequency by con-
trolling a first oscillator 210.
[0056] The first oscillator 210 generates and provides
a first high frequency microwave signal 212 to the coupler
230. The first oscillator 210 may generate a signal  having
a fixed frequency, a signal having a variable frequency,
or a signal having two or more related or unrelated fre-
quencies at which the microwave energy delivery device
30 (See Fig. 1) is configured to resonate.
[0057] The second oscillator 220 generates and pro-
vides a reference signal 222 to the first mixer 240 and
the second mixer 270. The reference signal 222 is a ref-
erence signal that may be a fixed frequency or a variable
frequency controlled by the controller 22.The first mixer
240 multiplies the output signal 212 by the reference sig-
nal 222 to generate a down-converted signal 242. The
down-converted signal 242 includes a first signal having
a frequency equal to the difference between the frequen-
cies of the output signal 212 and the reference signal
222, and a second signal having a frequency equal to
the sum of the frequencies of the output signal 212 and
the reference signal 222. The frequency of the reference
signal 222 is selected such that the difference between
the frequency of the output signal 212 and the frequency
of the reference signal 222 is less than the clock frequen-
cy of the processor 122 within the generator 20.
[0058] The reference signal 222 may have a lower fre-
quency than the frequency of the output signal 212. For
example, if the frequency of the main signal is about 915
MHz and the frequency of the reference signal 222 is
about 914 MHz, then the first down-converted signal 242
from the first mixer 240 is 1 MHz.
[0059] The first down-converted signal 242 is then
passed through a filter 246 and an analog-to-digital con-
verter (ADC) 248. The filter 246 may be a lowpass filter
that passes the baseband signal, i.e., the first signal of
the first down-converted signal 242, while rejecting the
second signal of the first down-converted signal 242. The
low-pass filter  may be a finite impulse response (FIR)
filter, an infinite impute response (HR) filter, or a cascad-
ed integrator-comb filter.

[0060] Then, the frequency detector 23, such as a Fast
Fourier Transform algorithm, is used to determine the
frequency of the filtered first down-converted signal 242.
The controller 22 then uses the frequency of the refer-
ence signal 222 and the detected frequency of the first
down-converted signal 242 to determine the frequency
of the output signal 212. Based on the determined fre-
quency of the output signal 212, the controller 22 can
then determine whether the frequency of the output sig-
nal 212 is within a predefined range. One advantage of
measuring the frequency of the signal output from the
first oscillator 210 is that its power level is constant.
[0061] Alternatively, the second oscillator 220 may be
configured to generate a reference signal 222 having a
frequency approximately equal to the frequency of the
output signal 212. The first mixer 240 then generates a
first down-converted signal 242 based on the output sig-
nal 212 and the reference signal 222. The first down-
converted signal 242 is then provided to the controller 22
via the filter 246 and the ADC 248. As described above,
the filtered first down-converted signal 242 has a frequen-
cy equal to the difference in frequency between the output
signal 212 and the reference signal 222.
[0062] When the frequency of the reference signal 222
is set equal to the frequency of the output signal 212, or,
in other words, when the frequency of the reference sig-
nal 222 is locked onto the frequency of the output signal
212, the first down-converted signal 242 generated by
the first mixer 240 is a DC value.
[0063] The first down-converted signal 242 is sent to
controller 22. After the first down-converted signal 242
is sampled by the frequency detector 23, the controller
22  determines whether the output signal 212 and refer-
ence signal are approximately equal, i.e., whether the
frequency of the output signal is accurate. If the first
down-converted signal 242 is greater than or less than
zero, then the frequency of the output signal 212 is not
accurate. The controller 22 may then correct the frequen-
cy of the output signal 212, and/or other similar param-
eters to correct the frequency of the output signal 212.
[0064] In embodiments, an alarm or LED light (not
shown) may indicate to the user that the frequency of the
output signal 212 is not correct, which may indicate that
the user should stop using the device 30, adjust the fre-
quency, and/or modify other parameters on the generator
20. In embodiments, the frequency difference between
the output signal 121 and the reference signal 222 may
need to be greater than a predetermined threshold before
a controlled 22 modifies one or more parameters and/or
a user is notified and/or modifies one or more parameters
of the generator 20.
[0065] In some embodiments, the frequency of the ref-
erence signal 222 may be offset from the frequency of
the output signal 212. For example, the frequency offset
may be about 0.1-2 MHz. Alternatively, the frequency
offset may be determined by an isolation required be-
tween frequency bands and the type or caliber of filter
used. Also the offset may be specified in terms of octaves,
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decades, mathematical model, and/or an isolatable var-
iable. In other embodiments, the reference signal 222
may be at a higher frequency than the output signal 212.
[0066] The reference signal 222 may have a variable
frequency. For example, the frequency of the reference
signal 222 may adjust relative to variations in the fre-
quency of the output signal 212. The output signal 212
may be set to a frequency range in a user- or controller-
specified program. Alternatively, the reference signal 212
may have a fixed  frequency. For example, the fixed fre-
quency of the reference signal 212 may range from about
10 MHz to about 10 GHz.
[0067] The second output 234 of the coupler 230 pro-
vides the output signal 212 to an amplifier 250. The am-
plifier 250 receives and amplifies the high frequency mi-
crowave output signal 212 to a desirable energy level.
Amplifier 250 may include a single-stage or multi-stage
amplifier and may include one or more signal conditioning
circuits or filters (not shown) such as, for example, a low-
pass filter circuit, a high-pass filter circuit or a bandpass
filter circuit. The gain of Amplifier 250 may be fixed or
controlled by a suitable controller, such as, for example,
a control algorithm in a supervisory control system (not
shown). Alternatively, the gain of the amplifier 250 may
be manually adjusted by a clinician through the keypad
42 (See Fig. 1).
[0068] The amplified signal 252 is supplied to one or
more sensors 260 strategically located for sensing vari-
ous properties or conditions, e.g., tissue impedance, volt-
age at the tissue site, current at the tissue site, etc. The
sensors are provided with leads or may be wireless for
transmitting information to the controller 22. The one or
more sensors 260 may include control circuitry that re-
ceives information from multiple sensors, and provides
the information and the source of the information (e.g.,
the particular sensor providing the information) to the
controller 22.
[0069] More particularly, the one or more sensors 260
may include a real-time voltage sensing system and a
real-time current sensing system for sensing real-time
values related to applied voltage and current at the sur-
gical site. Additionally, an RMS voltage sensing system
and an RMS current sensing system may be included for
sensing and deriving RMS values for applied voltage and
current at the surgical site.
[0070] The controller 22 includes a microprocessor
122 having a memory 124 which may be volatile type
memory (e.g., RAM) and/or non-volatile type memory
(e.g., flash media, disk media, etc.). The microprocessor
122 includes an output port connected to the generator
20 that allows the microprocessor 122 to control the out-
put of the generator 20 according to either open and/or
closed loop control schemes.
[0071] A closed loop control scheme generally in-
cludes a feedback control loop 266 wherein the one or
more sensors 260 provides feedback 266 to the controller
22 (i.e., information obtained from one or more sensing
mechanisms for sensing various parameters such as tis-

sue impedance, tissue temperature, forward and reflect-
ed current and/or voltage, etc.). The controller 22 then
signals the generator 20 which then adjusts the output
electromagnetic energy. The controller 22 also receives
input signals from the input controls of the generator 22
and/or instrument 30. The controller 22 utilizes the input
signals to adjust the power output of the generator 20
and/or instructs the generator 20 to perform other control
functions.
[0072] The microprocessor 122 is capable of executing
software instructions for processing data received by the
one or more sensors 260, and for outputting control sig-
nals to the generator 20, accordingly. The software in-
structions, which are executable by the controller 22, are
stored in the memory 124 of the controller 22.
[0073] The amplified signal 252 is supplied to the mi-
crowave energy delivery device 30 via output 264. Fur-
ther, the amplified signal 252 is supplied via the one or
more sensors 260 and/or directly to the second mixer
270. If the amplified signal 252 is supplied through the
one or more sensors 260, then a sensed signal 262 is
supplied to the second mixer 270.
[0074] The second mixer 270 generates a second
down-converted signal 272 based on the amplified signal
252 (or sensed signal 262) and the reference signal 222.
In embodiments, the second mixer 270 multiplies the am-
plified signal 252 by the reference signal 222 to obtain
the second down-converted signal 272. The second
down-converted signal 272 is sent to the controller 22
via filter 274. Alternatively, a phase locked-loop circuit or
voltage controlled oscillator may be used instead of a
mixer to determine the phase difference. If the phases
are the same, then a phase signal, which is about zero,
is sent to controller 22 and indicates that the phase has
not shifted. If the second down-converted signal 272 is
greater than or less than zero, then the phase of the am-
plified signal 252 has shifted. The controller 22 may then
correct the frequency of the output signal 212, adjust the
gain of amplifier 250, turn the generator 20 off, and/or
other similar functions to correct the frequency of the out-
put signal 212. Alternatively, an alarm or LED light (not
shown) may indicate to the user that the phase has shift-
ed, which may indicate that the user should stop using
the instrument 30, adjust the frequency, and/or modify
other parameters of the generator 20. In an alternative
embodiment, the phase shift may need to be greater than
a predetermined threshold before the controller 22 mod-
ifies one or more parameters, turns the generator 20 off,
and/or a user is notified and/or modifies one or more pa-
rameters.
[0075] The controller 22 is configured to receive meas-
urement signals related to the first down-converted signal
242, the second down-converted signal 272, and/or the
feedback signal 266. For example, the controller 22 re-
ceives the first down-converted signal 242 from the first
mixer 240 and receives a second down-converted signal
272 from the second mixer 270. The controller 22, by
receiving information related to the  frequency, phase,
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and/or sensor information is able to determine the fre-
quency and phase shift of the output 264 of the generator
20 and/or if the generator 20 is functioning within a spec-
ified frequency range. Additionally, the controller 22 can
adjust the frequency of the output signal 212 to vary the
impedance of the generator 20 using the impedance
measured by the sensor 260 and the measured frequen-
cy of the output signal 212.
[0076] Referring to Fig. 3, an analog system 300 for
determining the output frequency of an electrosurgical
generator will now be described. The system 300 may
be part of the generator 20, a stand alone box (not shown)
connected between the microwave energy delivery de-
vice 30 and the generator 20, and/or within the microwave
energy delivery device 30.
[0077] The analog system 300 includes a controller 22
and a first oscillator 210 similar to those used in the digital
system 200 described above. The output signal 212 is
supplied to coupler 230. The first output 232 of the cou-
pler 230 provides the output signal 212 to a first filter 320.
[0078] The first filter 320 may be a notch filter, band-
pass filter, or other suitable filter. The first filter 320 is
configured with a center frequency set to a desired fre-
quency of the output signal 212, e.g., the frequency set
by the user through inputs 42 (See Fig. 1).
[0079] The first filter 320 provides a filtered signal 322
to a first rectifier 330. The rectifier 330 may include any
type of suitable diode such as Zener diode, Schottky di-
ode, tunnel diode and the like. The rectifier 330 sends a
rectified signal 332 to the controller 22.
[0080] When the frequency of the output signal 212
moves above or below the center frequency, the first filter
320 attenuates the output signal 232 by an amount which
depends upon how far the frequency of the output signal
232 is from the center frequency. The first filter provides
a first filtered signal 322 to the first rectifier 330. The first
rectifier 320 rectifies the first filtered signal 322 and out-
puts the first rectified signal 332 to the controller 22. The
first rectified signal 332 may be a DC signal. The control-
ler 22 and/or the microprocessor 122 sample the first
rectified signal 332 and determine the frequency shift. If
the frequency shrift is nonzero, outside a predefined
range, or greater than a predetermined threshold, then
the controller 22 informs the user through an alarm or
LED as previously noted, adjusts the frequency gener-
ated by the first oscillator 210, adjusts one or more pa-
rameters of the generator 20, and/or shuts the generator
20 off. Alternatively, in response to the notification from
the controller 22, the user may adjust one or more pa-
rameters of the generator 20, stop using the instrument
30, and/or turn off the generator 20.
[0081] The second output 234 of coupler 230 provides
the output signal 212 to an amplifier 250. The output sig-
nal 212 is amplified and the amplified signal is provided
to sensors 260, the instrument 30 via output 264, and/or
to a second filter 340. The second filter 340 may be a
notch filter, band-pass filter, or other suitable filter. The
second filter 340 is configured with a center frequency

set to a desired phase of the output signal 212, e.g., zero
phase.
[0082] The second filter 340 provides a second filtered
signal 342 to a second rectifier 350. As with the rectifier
330, the rectifier 350 may include any type of suitable
diode such as Zener diode, Schottky diode, tunnel diode
and the like. The rectifier 350 sends a second rectified
signal 352 to the controller 22. The second rectified signal
352 may be a DC signal.
[0083] When the phase of the output signal 212 shifts
above or below the desired phase, the second filter 340
attenuates the signal and outputs a second filtered signal
342 to the second rectifier 350. The second rectifier 350
rectifies the second filtered signal 342 and outputs the
second rectified signal 352 to the controller 22. The con-
troller 22 and/or the microprocessor 122 samples the
second rectified signal 352 and determines the phase
shift. If the phase shift is greater than zero or greater than
a predetermined threshold, then the controller informs
the user through an alarm or LED, adjusts the frequency
supplied through the first oscillator 210, adjust the gain
of amplifier 250, adjusts one or more parameters of the
generator 20, and/or shuts the generator 20 off. Alterna-
tively, in response to the notification from the controller
22, the user may adjust one or more parameters of the
generator 20, stop using the instrument 30, and/or turn
off the generator 20.
[0084] Referring now to Fig. 4 in conjunction with Fig.
2, a digital approach process 400 for maintaining an out-
put frequency of a generator 20 will now be described.
The process 400 starts at step 405 and at step 410, in
which a output signal 212 and a reference signal 222 are
generated by first and second oscillators 210, 220. The
output signal 212 and/or the reference signal 222 may
be provides by oscillators 210, 220 and the oscillators
210, 220 may or may not be controlled by a controller
22. The desired frequency of the output signal 212 may
programmed by a user through a user interface 42 and/or
from a program within the controller 22. The reference
signal 222 may be provided at the same frequency as
the output signal 212, at a frequency offset from the out-
put signal 212, or at a fixed frequency.
[0085] Next, at step 415, the first and reference signal
212, 222 are mixed together to generate a first down-
converted signal 242 based on the output and reference
signals 212, 222. Then at step 417, the first down-con-
verted signal 242 is sampled and processed to determine
the frequency of the output signal 212.
[0086] Next, at step 420, it is determined whether the
frequency of the output signal 212 is within a predefined
range. The predefined range may be a range set by user
or controller 22, or optionally, the predefined range may
be set to a required ISM band. If the controller 22 deter-
mines that frequency difference between the output sig-
nal 212 and the reference signal is not within the prede-
fined range, then the controller 22 and/or user may adjust
the frequency of the output signal 212 and/or adjust one
or more other parameters of the generator 20 at step
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425. Then the process 400 loops back to step 410 to
recheck the adjusted output signal 212. Alternatively, the
determination may be based on being greater than a
threshold.
[0087] If the controller 22 determines the frequency of
the output signal 212 is within a predefined range, then
the process 400 continues to step 430, where the output
signal 212 is amplified. Then at step 435, the output signal
212 and reference signal 222 are mixed together to gen-
erate a second down-converted signal 272. Next at step
437, the second down-converted signal 272 is sampled
to determine a phase of the second down-converted sig-
nal 272. The phase of the second down-converted signal
272 represents the phase shift of the output signal 212.
[0088] Next at step 440, the controller 222 determines
whether the phase of the output signal is within the pre-
defined range. Alternatively, the phase may be compared
to a predetermined threshold. The predetermined thresh-
old may be any range specified  by the user or the con-
troller 22. If the phase is not within the predefined range,
then the process 400 goes to step 425, where the fre-
quency is adjusted or alternatively the gain of the ampli-
fier is adjusted. Then the process 400 returns to step 410
to recheck the frequency and phase shift of the output
signal 212. If the phase shift is within the predefined
range, then the process 400 ends at step 445.
[0089] Fig. 5 illustrates a flow diagram for maintaining
an output frequency of a generator 20. The process 500
starts at step 505 and at step 510, in which a main signal,
e.g., the output signal 212, is generated by a first oscil-
lator 210. The first oscillator 210 is controlled by controller
22. Next at step 515, the main signal 212 is filtered using
a first filter 320. The first filter 320 attenuates the main
signal 212 as the frequency of the main signal 212 moves
away from the center frequency of the first filter 320. The
first filtered signal 332 is then sent to a rectifier 330. The
rectifier 330 rectifies the first filtered signal 332 and pro-
vides a first rectified signal 532 to the controller at step
520.
[0090] Next, the controller 22 and/or microprocessor
122 sample the first rectified signal 532 to determine a
frequency shift. Then, at step 530, the controller 22 de-
termines that the frequency shift is greater than a prede-
termined threshold or outside a predefined range, then
at step 535, the main signal 212 is adjusted. The main
signal 212 may be adjusted by the user and/or controller
and may include adjusting the frequency and/or other
parameters of the generator 20.
[0091] If the controller 22 determines that the frequen-
cy shift is less than or equal to a predetermined threshold
or within a predefined range, then at step 540, the main
signal 212 is amplified. The amplified main signal 262 is
supplied to a second filter 340. Then, at step 545, the
second filter 340 generates a second filtered signal 342
by attenuating the  amplified main signal 262 as the am-
plified main signal 262 moves away from the center fre-
quency of the second filter 340. Optimally, the center
frequency of the second filter 340 is set to zero to show

any phase shift greater to or less than zero. The second
filtered signal 342 is provided to rectifier 350. At step 530,
the rectifier 350 rectifies the second filtered signal 342
and outputs a second rectified signal 352 to the controller
22. The controller 22 and/or microprocessor 122 then
sample the second rectified signal 352 to determine a
phase shift. Then at step 555, the controller 22 deter-
mines if the phase shift is greater than a predetermined
threshold or outside a predefined range. If yes, then the
main signal 212 is adjusted and/or the gain compensation
of amplifier 250 is adjusted. If not, then the process 500
ends at step 565.
[0092] As various changes could be made in the above
constructions without departing from the scope of the dis-
closure, it is intended that all matter contained in the
above description shall be interpreted as illustrative and
not in a limiting sense. It will be seen that several objects
of the disclosure are achieved and other advantageous
results attained, as defined by the scope of the following
claims.

Claims

1. A system for measuring a characteristic of an output
signal generated by a generator, the output signal
having a first frequency, the system comprising:

an oscillator configured to provide a reference
signal having a second frequency;
a mixer configured to generate a down-convert-
ed signal based on the output signal and the
reference signal; and
a controller configured to operate at a clock fre-
quency lower than the first frequency and to de-
termine a characteristic of the output signal
based on the down-converted signal.

2. The system according to claim 1, wherein the char-
acteristic of the output signal is frequency or phase.

3. The system according to claim 1 or claim 2, wherein
the output signal is a digital signal or an analog sig-
nal.

4. The system according to any preceding claim,
wherein the controller is further configured to control
the output signal based on the determined charac-
teristic of the output signal.

5. The system according to any preceding claim,
wherein the reference signal is a signal having a fixed
or variable frequency.

6. The system according to any preceding claim,
wherein the second frequency is set to a frequency
such that the difference between the first and refer-
ence signal frequencies is less than the clock fre-
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quency of the generator.

7. The system according to any one of claims 1 to 5,
wherein the second frequency is set equal to the first
frequency.

8. The system according to any one of claims 1 to 5,
wherein the second frequency is set to a frequency
offset from the first frequency.

9. The system according to any preceding claim,
wherein the output signal is a DC value when the
output signal and the reference signal are locked to
the same frequency.

10. The system according to any preceding claim,
wherein the characteristic of the output signal is fre-
quency, and
wherein the system further comprises:

an amplifier configured to amplify the output sig-
nal; and
a second mixer configured to generate a sec-
ond, down-converted signal based on the am-
plified output signal and the reference signal,
wherein the controller is further configured to de-
termine a phase of the amplified output signal
based on the second, down-converted signal.

11. The system according to claim 10, further comprising
one or more sensors coupled to the output of the
amplifier, the one or more sensors configured to
sense the amplified output signal and provide the
sensed, amplified output signal to the second mixer.

12. A generator comprising:

a first oscillator configured to generate an output
signal having a first frequency that is higher than
a clock frequency of the generator;
a second oscillator configured to generate a ref-
erence signal having a second frequency;
a mixer coupled to the first and second oscilla-
tors, the mixer configured to generate a down-
converted signal based on the output signal and
the reference signal; and
a controller configured to determine the first fre-
quency based on the down-converted signal.

13. A method for measuring a characteristic of a high
frequency output signal generated by a generator,
the output signal having a first frequency that is high-
er than a clock frequency of a processor within the
generator, the method comprising the steps of:

generating a reference signal having a second
frequency;
mixing the output signal and the reference signal

to generate a down-converted reference signal;
and
determining the characteristic of the output sig-
nal based on the down-converted signal.

14. The method according to claim 13, further compris-
ing the steps:

amplifying the output signal;
mixing the amplified output signal and the refer-
ence signal to obtain a second down-converted
signal; and
determining the phase of the amplified output
signal based on the second down-converted sig-
nal.

15. The method according to claim 13 or claim, 14, fur-
ther comprising the step of adjusting the output sig-
nal based on the determined characteristic, which is
preferably frequency, and/or the determined phase
of the output signal.
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