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(57) Abstract: Medical catheter apparatus for minimally invasive applications includes a probe for radiating electromagnetic waves

o of a first frequency capable of heating tissue and de~ tecting thermal emissions from that tissue of a second frequency indicative of

&= tissue tem— perature. The probe has an inner conductor extending along the probe to a conductive probe tip and a concentric tubular

& outer conductor having a leading end spaced rear- wardly from the probe tip and a closed trailing end shorted to the inner conductor.
A di— electric sheath surrounds the outer conductor which sheath has a leading end spaced rearwardly from the leading end of the
outer conductor. A diplexer integrated into the probe includes a filter circuit positioned inside the outer conductor and a coupling
capaci— tor connected between a point on the inner conductor and the input of the filter circuit such that the conductors between that
point and the shorted trailing end of the outer con— ductor constitute a quarter wave stub at the second frequency.
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INTEGRATED HEATING/SENSING CATHETER APPARATUS
FOR MINIMALLY INVASIVE APPLICATIONS

BACKGROUND OF THE INVENTION

This invention relates to a medical catheter apparatus for minimally invasive ap-
plications. It relates more particularly to an integrated antenna catheter system which re-
lies on electromagnetic radiation to simultaneously controllably heat, and detect the tem-
perature of, fluid or tissue adjacent to the catheter. By placing the catheter at the region
of interest in the body, one can detect, diagnose and treat certain abnormalities associated
with tumors, cardiac arrhythmias, benign prosthetic hyperplasia (BPH) and the like.
When placed in a patient’s vascular system, the catheter can be used to measure tempera-
ture or even to raise tissue temperature during heart surgery. Examples of known antenna
catheter apparatus of this general type are described in my patents 5,683,382 and
6,932,776.

Obviously in order to perform their functions, such catheters must be small in di-
ameter and quite flexible so that they can be threaded into the body to the target site via
various natural passages in the body. They may also be required to facilitate various an-
cillary processes such as maintenance of the catheter at a selected or constant tempera-

ture, display of the target site, irrigation of the target site, etc.

Antenna catheters of the above type are invariably connected via a long cable to
an external control unit which includes a transmitter for transmitting electromagnetic en-
ergy to the antenna catheter in order to heat fluid or tissue adjacent to the catheter, and a
receiver in the form of a radiometer which detects thermal emissions picked up by the
antenna catheter and which reflect the temperature of the fluid or tissue being examined.
The receiver produces corresponding output signals to control a display which displays
that temperature. Those same signals may also be used to control the transmitter to main-

tain a selected heating profile.

For such apparatus which detect thermal emissions in the microwave range which

is of primary interest here, the receiver is usually a Dicke-type radiometer. Sucha radi-
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ometer is a comparison radiometer system which utilizes a switch to alternately connect
the antenna (the unknown temperature to be detected) and the reference temperature,

which may be a stable noise source or a temperature sensor with in the catheter.

Every component of such a radiometer generates noise power that contributes to
the overall noise of the system. Therefore, the total apparatus output contains not only
noise received by the antenna, but also noise generated within the apparatus itself. Such
variations within the apparatus can produce spurious output signal fluctuations that are
sometimes greater than the signal level to be measured. To overcome these gain varia-
tions, Dicke developed the common load comparison radiometer. This configuration
greatly reduces the effects of short-term gain fluctuations in the radiometer. More par-
ticularly, the switch provides a mechanism to allow both the reference and the unknown
signals to pass through the apparatus essentially at the same time relative to the expected
gain drift in the radiometer’s amplifiers such that any drifting gain will be applied equally

to both the antenna and reference signals.

Since the radiometer input is switched at a constant rate by the Dicke switch be-
tween the antenna and the constant-temperature reference load, the switched or modu-
lated RF signal should, therefore, be inserted at a point prior to RF amplification in the
radiometer and as close to the antenna as possible. Any component or transmission line
located between the unknown temperature being detected and the Dicke switch can intro-
duce an error. One such error source is the long coaxial cable which connects the an-

tenna to the radiometer.

More particularly, the temperature of that cable contributes to the temperature
measurement. The cable temperature is usually not known and varies along the length of
the cable. That portion of the cable within the body will be at body temperature, whereas
the segment of the cable outside the body will be at room temperature. All of these pa-
rameters may vary with the flexing and depth of insertion into the body of the probe.
Also when the apparatus includes a transmitter, power is absorbed by the cable, causing
the cable to be heated. If the loss in the cable is, say, 3dB (which could easily be the
case), one half of the antenna noise power comes from the desired tissue or fluid volume

being examined and the rest results from in the cable.
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Thus while errors common to both measurements, i.e. the unknown temperature
versus the reference temperature, are cancelled in a Dicke-type radiometer, any changes
or errors between the unknown and the Dicke switch affect only the unknown tempera-

ture measurement and are not common to both measurement paths.

Thus to achieve accurate measurement, it is highly desirable to minimize the
Josses between the antenna and the radiometer in order to improve the performance and

reliability of the overall apparatus, without increasing the size, weight and cost thereof.

SUMMARY OF THE INVENTION

Accordingly the present invention aims to provide a minimally invasive antenna
catheter apparatus for simultaneously controllably heating and sensing the temperature of

fluid or tissue in a human or animal body.

Another object of the invention is to provide such apparatus which includes an an-
tenna catheter which may be inserted into a patient and an external control unit and
whose designs eliminate the need for a long, lossy coaxial cable between the catheter and

the external unit.

A further object of the invention is to provide a minimally invasive temperature
sensing apparatus comprising an antenna catheter and a receiver in the form of a radiome-

ter wherein the radiometer is integrated right into the catheter.

Still another object of the invention is to provide an integrated antenna catheter
including a built-in diplexer and microwave receiver which, when connected to an exter-
nal control unit containing a transmitter, can simultaneously heat and detect the tempera-

ture of fluid or tissue adjacent to the catheter.
Other objects will, in part, be obvious and will, in part, appear hereinafter.

The invention accordingly comprises the features of construction, combination of
elements and arrangement of parts which will be exemplified in the following detailed

description and the scope of the invention will be indicated in the claims.

Briefly, the present apparatus comprises an antenna catheter for insertion into a

human or animal patient. The catheter, sometimes also referred to as a probe, may be
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connected by an external control unit which may include a transmitter and a display. As
usual, the apparatus also includes a receiver, preferably a Dicke-type radiometer. How-
ever, instead of incorporating the receiver into the external control unit as is done con-
ventionally, all components of that receiver are integrated right into the catheter and pref-
erably, but not necessarily, the transmitter transmits RF signals, i.e. below 300 MHz. Not
only does this minimize the electrical distance between the antenna and the receiver, it
also eliminates the need for long a coaxial cable which suffers signal losses and gives rise
to measurement errors as described above. Therefore, the present apparatus has a higher
signal-to-noise ratio and sensitivity than prior comparable apparatus of this type, yet is

simpler and less expensive to make and maintain.

When the apparatus is intended to heat tissue as well as to sense the temperature
thereof, a diplexer is also integrated right into the catheter as will be described in detail
later so that the same catheter can simultaneously radiate energy received from an exter-
nal transmitter at one frequency to heat tissue and detect thermal emissions from that tis-

sue at a different frequency and which are indicative of tissue temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference
should be made to the following detailed description taken in connection with the accom-
panying drawings, in which:

FIG. 1 is a diagrammatic view of integrated catheter apparatus for minimally in-
vasive applications incorporating an antenna catheter for controlled heating and tempera-
ture sensing;

FIG. 2 is a fragmentary longitudinal sectional view on a larger scale showing the
antenna catheter in FIG. 1 in greater detail;

FIG. 3 is a fragmentary perspective view with parts broken away on a still larger
scale of the FIG. 2 catheter;

FIG. 4 is a similar view on an even larger scale showing a portion of the FIG. 2
catheter in greater detail;

FIG. 5 is a schematic diagram showing certain electrical components incorporated
into the FIG. 2 catheter;
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FIG. 6 is a similar diagram showing certain components of the apparatus’ control
unit, and
FIG. 7 is a graphical diagram showing the return loss of the FIG. 2 antenna cathe-

ter.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to FIG. 1 of the drawings, the apparatus comprises a minimally invasive
flexible antenna catheter or probe 10 adapted to be threaded into a patient via a natural or
incised passage in the patient’s body, and an external control unit 12. The catheter is
connected to unit 12 by a flexible cable 14 having an end connector 14a that connects to a
mating connector 12a on unit 12. Typically, catheter 10 may be only 0.5 to 1.0 inch long

and .08 to .10 inch in diameter.

Referring now to FIGS. 2 and 3, catheter 10 includes an inner conductor 16 and a
coaxial tubular outer conductor 18. Conductor 16 is longer than conductor 18 and its
front or leading end 16a is connected by solder, welding, etc. to the center of a conduc-
tive discoid toe plate 22 spaced in front of the outer conductor 18 which space is filled by
a discoid dielectric spacer member 24. A hemispherical conductive shell 26 is mounted
to the front face of toe plate 22. Together they form the conductive leading end or tip 10a
of catheter 10. Shell 26 also defines a fluid-tight space 28 between the shell wall and the
toe plate.

The rear or trailing end of outer conductor 18 is closed by a discoid heel cap 30
soldered or welded to conductor 18 and to the rear end 16b of inner conductor 16 which
end extends into a small opening 32 at the center of heel cap 30. The rear end of center
conductor 16 is also connected to the leading end of an inner conductor 33 of cable 14.
Those two conductors meet in opening 32 with the cable end being anchored to heel cap
30.

As best seen in FIGS. 2 and 4, the segment of inner conductor 16 within the outer
conductor 18 carries a dielectric sleeve 34 and is supported within conductor 18 by a con-

ductive insert 36 which fits snugly in, and extends the length of, conductor 18. The con-
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ductor 16 and its sleeve 34 extend along an axial passage 38 in the insert. Insert 36 is in

contact with both outer conductor 18 and heel cap 30.

As best seen in FIGS. 3 and 4, insert 36 is generally T-shaped in cross-section
having a pair of arms 36a, 36a and a leg 36b which define, along with outer conductor 18,
a pair of longitudinal passages 42, 42 which extend the length of the insert 36. These
passages are able to accommodate a pair of tubes 44 whose forward ends are secured in a
pair of holes 46, 46 in toe plate 22. The tubes extend along passages 42, 42 into through-
holes 48, 48 in heel cap 30 where they communicate with passages 49, 49 in cable 14.

The tubes 44 provide a fluid path to and from the space 28 at the catheter tip 10a
so that a fluid may be circulated through the catheter in order to cool the catheter tip or
maintain it at a selected temperature. Actually, the insert 36 through which those tubes
pass constitutes a heat sink. Therefore, the tubes may open into insert passages 42, 42 so
that the entire catheter and its contents can be maintained at the temperature of that fluid.
As shown in FIG. 1, the passages 49, 49 in cable 14 extend to connector 14a where they
communicate with hoses 50 terminated by connectors 50a releasably coupled to control

unit 12.

Of course, the insert passages 42, 42 and tubes 44, 44 could also be used for other
purposes. For example a small hole 26 may be provided in shell 26 so that an irrigation
fluid delivered by one or both tubes may be ejected from the catheter tip 10a. Also, the
passages and/or tubes may accommeodate small wires leading to a temperature sensor,
ultrasonic transducer or other electrical device in the space 28 at the catheter tip, depend-

ing upon the particular application.

As best seen in FIGS. 2 and 3, a sheath 52 of a dielectric material e.g. PTFE, sur-
rounds the outer conductor 18 of catheter 10. However, that sheath does not extend all
the way to the front or leading end of the conductor, but rather terminates at a selected
distance therefrom for reasons that will become apparent. The rear or trailing end of
sheath 52 blends into cable 14 so that there is essentially no stepped boundary between
the two, thereby enabling the catheter be threaded easily into a patient.

Referring now to FIGS. 2 to 4, a filter circuit 54 and a microwave radiometer cir-

cuit 56, preferably in the form monolithic microwave integrated circuit chips (MMICS),
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are mounted to the top of insert 36 which thus functions as a carrier and heat-sink for
those chips. Also, mounted directly to the inner conductor 16 just ahead of insert 36 isa
coupling capacitor 58 which is recessed into the spacer member 24. One terminal of ca-
pacitor 58 is connected electrically to conductor 16 and the other is connected by way of
a lead strip 60 to filter circuit 54 which is, in turn, connected to radiometer circuit 56.
The output signal from radiometer circuit 56 as well as certain bias and control voltages
are carried on conductor group 64 which extends along the top of insert 36 and exits the
catheter through a hole 66 in heel cap 30. There, those conductors join corresponding
conductors 68 (FIGS. 1 and 3) which extends along cable 14 to control unit 12. Also, a
ground return conductor 69 from circuit 56 connects to a corresponding conductor 70 in
cable 14.

Preferably radiometer circuit 56 operates at a frequency in the microwave range,
e.g 1 GHz to 26 GHz, most preferably at a center frequency of 4 GHz. A conventional
Dicke-type radiometer circuit is disclosed in my patent 4,557,272. Similar radiometer
designs on a chip are available from Meridian Medical Systems, Inc., the assignee of this

application.

Referring to FIG. 1, the control unit 12 includes a transmitter or generator 72
which delivers power to catheter 10 by way of cable 14. The output signal from transmit-
ter 72 has a frequency that is different from and preferably much lower than the radiome-
ter frequency. The illustrated transmitter has an output in the RF frequency range, i.e.
below 300 MHz, most preferably 500 KHz, so that cable 14 does not have to be a coaxial
cable thereby enabling it to be more flexible and less lossy than a coaxial cable. If that is
not a problem for a given application, generator 72 could transmit at a higher frequency
in the microwave range. Transmitter 72 is controlled by a processor 74 which receives

instructions via control buttons 76a on an operator contro panel 76 in unit 12.

The control unit 12 also includes an amplifier 78 which receives the temperature-
indicating output signal from radiometer circuit 56 via conductors 68 in cable 14. Ampli-
fier 78 conditions that signal and routes it to processor 74 which produces a correspond-

ing control signal for controlling the output of transmitter 72. Processor 74 may also ap-
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ply that signal to a display 82 which can display in real time the temperature of the fluid
or tissue being probed by catheter 10.

Of course, display 82 can also display other parameters related to the proper op-
eration of the apparatus such as transmitter output power, reflected power, catheter tem-

perature, room temperature, elapsed time, etc.

Preferably also, control unit 12 includes a heating/cooling unit 84 controlled by
processor 74 and connected via hoses 84a, 84a to fittings 84b, 84b to which connectors
50a, 50a are coupled. This enables unit 84 to circulate a fluid through catheter 10 to
maintain the catheter at a selected temperature above or below room temperature or to

follow a selected temperature regime, depending upon the particular application.

Referring now to FIG. 2, basically the inner conductor 16 in catheter 10 consti-
tutes an RF transmission line terminated by the coiaductive rounded tip 10a. The trans-
mission line is operated at the output signal frequency of transmitter 72, e.g. 500 KHz.
When transmitter 72 is operative, the transmission line will radiate energy for heating
only from the uninsulated segment of the catheter between the catheter tip 10a and the
leading end of the dielectric sheath 52. Thus, that segment constitutes an RF heating or
transmitting antenna T whose length is determined by the forward extent of sheath 52 on
outer conductor 18. In other words, increasing the length of sheath 52 will reduce the
exposed length of conductor 18, i.e. the surface that could contact tissue, and, in turn, re-
duce the antenna T length. Since the outer conductor 18 is at the same RF potential as

conductor 16, it can provide an RF path between the antenna T and transmitter 72.

Referring to FIGS. 2 and 4, the conductive catheter tip 10a also comprises a tem-
perature sensing microwave receiving antenna R which can pick up thermal emissions
from tissue adjacent to the catheter 10. The segment of conductor 16 from the tip 10a to
its junction with capacitor 58 comprises the microwave receiving path and this path con-
tinues along a lead strip 60 to filter circuit 54 and thence to radiometer circuit 56. It
should be noted that while conductor 33 is basically an extension of conductor 16, it con-
ducts only the RF signal via outer conductor 18, while conductor 16 conducts both the RF

and microwave signals.
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In some applications, it may be desirable to bridge the dielectric spacer member
24 with a small helical wire (2-4 turns) wound about member 24 in grooves therein as
shown in phantom at 25 in FIG. 4 to connect tip 10a to conductor 18. This improves the
RF heating pattern of antenna T without materially degrading the microwave antenna pat-

tern of receiving antenna R.

To enable catheter 10 to simultaneously heat (transmit) and detect temperature
(radiometrically sense), a passive diplexer D is integrated into catheter 10 in order to
block the transmitter signals from the microwave receiving path and isolate the micro-
wave signals from the transmitter. The diplexer D is formed by the coupling capacitor 58
and a quarter-wave Ar/4 shorted stub S constituted by the segment of catheter 10 extend-
ing from capacitor 58 or more specifically its connection to connector 16 to the heel cap
30. This quarter wave stub S should be tuned to the frequency of the radiometer circuit
56, e.g. 4 GHz.

The tuned length of the stub S, i.e. the catheter segment between capacitor 58 and
heel cap 30, is determined by the dielectric constant of the material in sleeve 34 as well as
the radiometer frequency. For example, at a radiometer frequency of 4 GHz, when sleeve
34 is of PTFE (K=2.1), the stub length should be 0.5 inch. On the other hand, when a
K=9 material is used, the stub length would be reduced to 0.25 inch. For an intermediate

length, e.g. 0.38 inch, a K=3.8 material would be used.

FIG. 5 is a schematic diagram showing the components of the diplexer D includ-
ing the quarter wave stub S, the coupling capacitor 58, the lead strip 60 as well as the
components of the band pass filter circuit 54. As seen there, the present catheter 10 de-
sign introduces the stub S, tuned to the radiometer frequency, into the transmit path from
transmitter 72 to tip 10a. The stub S and inductance L, in circuit 54 form a low pass filter
that isolates the higher frequency (4 GHz) signal from the RF path to transmitter 72. On
the other hand, the capacitor C and inductance L, together constitute a high pass filter that
blocks the lower frequency (500 KHz) transmitter signal from the signal-receiving path to
radiometer circuit 56. In some applications it may be desirable for the circuit 54 chip to
include elements of the radiometer circuit 56. Placing parts of the radiometer on separate

chips prevents feedback caused by having too much amplifier gain on a single chip.
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In FIGS. 2 and 4 we show capacitor 58 mounted directly to the center conductor
16. However, it could be incorporated into filter circuit 54 in which case the lead strip 60

in FIG. 4 would extend from conductor 16 directly to circuit 54.

Refer now to FIG. 6 which shows the control unit 10 in somewhat greater detail.
It includes various high pass (HP) and low pass (LP) filters which together form a
backend diplexer to isolate the various signals being sent to and from catheter 10 all of
which signals are transmitted along dedicated conductors in cable 14. Since the illus-
trated backend diplexer is only one of the many that could be incorporated into unit 10
and does not comprise the invention here, it will not be described in detail. Suffice it to
say that the RF ground conductor 70 from catheter 10 leads to a grounding electrode 12a
connected to unit 12. When the apparatus is in use, that electrode is placed in contact
with the patient’s skin to provide a RF ground return path between the catheter-and the

patient.

FIG. 7 is a graph showing the performance of the diplexer D. As seen there, it
provides a good impedance match, i.e. greater than 20 dB, at a receive frequency of 4
GHz, while blocking or rejecting frequencies below 1 GHz including the 500 KHz trans-

mitter frequency.

The above described construction enables essentially the same antenna compo-
nents to transmit and receive signals simuitaneously that can both heat tissue or fluid and
detect the temperature of that tissue or fluid in real time, thus enabling the performance of
various medical procedures discussed at the outset. The fact that the diplexer and radi-
ometer are incorporated right into the catheter probe 10 without materially increasing the
size and/or stiffness of the catheter enables the apparatus to provide very precise and

noise-free temperature measurements in a minimum amount of time.

It will also be seen from the foregoing that my catheter apparatus provides a par-
ticularly efficient and effective means for detecting the temperature of tissue or fluid in a
human or animal body in order to monitor and/or heat such tissue in a controlled manner.
Even though the catheter incorporates transmitting and receiving antennas, an entire mi-

crowave radiometer and a diplexer to electrically isolate the transmitter from the receiver,
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the catheter is still quite small and flexible so that it can be used in many minimally inva-

sive medical applications.

It will thus be seen that the objects set forth above, among those made apparent
from the preceding description, are efficiently attained. Also, certain changes may be
made in the above construction without departing from the scope of the invention. For

example, in some applications, the transmitter 76 could transmit in the microwave region.

" In that event, however, cable 14 would be a coaxial cable which would make it less flexi-

ble and more lossy. Also, of course, if the catheter is to be used only for detection, the

diplexer including stub S and circuit 54 could be omitted.

Therefore, it is intended that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted as illustrative and not in a lim-

iting sense.

It is also to be understood that the following claims are intended to cover all of the

generic and specific features of the invention described herein.
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CLAIMS

1. Medical catheter apparatus for radiating electromagnetic waves of a first fre-
quency capable of heating tissue and detecting electromagnetic waves of a second fre-
quency emitted by said tissue indicative of tissue temperature, said catheter comprising

a center conductor having a leading end and a trailing end for connection to a sig-
nal transmission path;

a quarter-wave stub interposed between the leading and trailing ends of the center
conductor and tuned to said second frequency;

a filter circuit inside the catheter and comprising a signal receiving path, said filter
circuit having an input and an output, and

a coupling capacitor connected between the input of the filter circuit and a loca-
tion on the center conductor at a leading end of said stub, said stub and filter circuit to-
gether constituting a diplexer for electrically isolating said first frequency from the signal

receiving path and said second frequency from said signal transmitting path.

2. The apparatus defined in claims 11 wherein the stub comprises

a segment of the center conductor extending rearward from said location and a
tubular outer conductor concentric to said segment and having a leading end located ad-
jacent to said location and a trailing end;

a heel cap closing the trailing end of the outer conductor and short circuiting the
inner and outer conductors, and

a dielectric sleeve interposed between said segment and the outer conductor along
the entire lengths thereof, the length and dielectric constant of said sleeve being selected

so as to tune the quarter wave stub to said second frequency.

3. The apparatus defined in claim 2 and further including a dielectric sheath sur-
rounding the outer conductor, said sheath having a leading end spaced rearwardly from
the leading end of the outer conductor and extending to the trailing end of the outer con-

ductor.
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4. The apparatus defined in claim 2 and further including an electrically conductive
insert snuggly received in said catheter between said sleeve and the outer conductor, said

insert extending from the leading end to the trailing end of the outer conductor.

5. The apparatus defined in claims 4 wherein the insert is also thermally conductive.

6. The apparatus defined in claim 5 wherein the filter circuit is an integrated circuit

chip mounted to the insert so that the insert constitutes a heat sink for said chip.

7. The apparatus defined in claim 6 and further including a radiometer circuit in the
form of a monolithic microwave integrated circuit (MMIC) chip mounted to said insert,
said MMIC chip having an input connected to the output of the filter circuit and an out-
put, said MMIC chip also comprising said signal receiving path.

8. The apparatus defined in claim 7 and further including a cable having a leading
end anchored to the heel cap, said cable including a first connector connected to the trail-
ing end of said center conductor in said signal transmitting path and a second connector
connected to the output of the radiometer circuit in said signal receiving path, said cable

also having a trailing end terminated by a connector.

0. The apparatus defined in claim 2

wherein the leading end of the center conductor is rounded and has a maximum
diameter that is substantially the same of that of the outer conductor, and

further including a discoid dielectric spacer member encircling the center conduc-
tor and extending substantially from the leading end of the center conductor to the lead-

ing end of the outer conductor.

10.  The apparatus defined in claim 9 and further including a small bridging wire ex-
tending along the spacer member and electrically connecting the leading ends of the cen-

ter and outer conductors.
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11.  The apparatus defined in claim 2 wherein the leading end of the center conductor
has a hollow interior, and
. further including at least one fluid path leading from the hollow interior of the

center conductor along the catheter to the heel cap.

12.  The apparatus defined in claim 1 wherein said stub is tuned to a second frequency
in the range of 1 to 26 GHz.

13.  Medical catheter apparatus comprising a probe for radiating electromagnetic
waves of a first frequency capable of heating tissue and detecting thermal emissions from
said tissue of a second frequency indicative of tissue temperature, said probe including

an inner conductor extending along said probe to a conductive probe tip;

a tubular outer conductor spaced radially out from the inner conductor and having
a leading end spaced rearwardly from the probe tip and a trailing end shorted to the inner
conductor;

a dielectric sheath surrounding the outer conductor, said sheath having a leading
end spaced rearwardly from the leading end of the outer conductor;

a diplexer, said diplexer including a filter circuit positioned inside the outer con-
ductor, said filter circuit having an input and an output, and

a coupling capacitor connected between a point along the inner conductor and
said filter circuit input such that the conductors between said point and the trailing end of

the outer conductor constitute a quarter wave stub at said second frequency.

14.  The apparatus defined in claim 13 and further including

an electrically conductive insert within the outer conductor and extending be-
tween the leading and trailing ends thereof, said insert having an axial passage for receiv-
ing the inner conductor, and

an electrical insulator between the inner conductor and the insert.

15.  The apparatus defined in claim 14 wherein the filter circuit is comprised of an in-

tegrated circuit chip mounted to the insert.
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16.  The apparatus defined claim 15 and further including a microwave radiometer
circuit comprised of a microwave integrated circuit chip mounted to the insert, said mi-
crowave integrated circuit chip having an input connected to the output of the filter cir-
cuit and an output for delivering a temperature-indicating signal to an external control

unit.

17.  The apparatus defined in claim 16 and further including

an external control unit including a transmitter for transmitting signals at said first
frequency and a processor for controlling the transmitter in response to said temperature-
indicating signals from the radiometer circuit, and

a cable connected between the probe and the control unit, said cable including a
first conductor connecting the transmitter to said inner conductor and a second conductor

connecting the radiometer output to the processor.

18.  The apparatus defined in claim 17 wherein the control unit also includes a display
controlled by the processor in response to the temperature-indicating signals from the ra-

diometer circuit.

19. The apparatus defined in claim 17 wherein the cable is a non-coaxial cable and

the transmitter transmits at a first frequency in the RF range.

20. The apparatus defined in claim 17 wherein the transmitter transmits at a first fre-
quency less than 300 MHz and the radiometer circuit operates at a second frequency of 1
to 26 GHz.

21. The apparatus defined in claim 17 wherein the cable is a coaxial cable and the

transmitter transmits at a first frequency in the microwave range.

22. The apparatus defined in claim 14

wherein the probe tip is hollow, and
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further including at least one passage leading from the interior of the probe tip

along the insert past the trailing end of the outer conductor.

23.  The apparatus defined in claim 22 wherein the insert is thermally conductive so
that it can function as a heat sink when a heating/cooling fluid is flowed to the interior of

said tip through said at least one passage.

24.  The apparatus defined in claim 13

‘wherein the probe tip is rounded and has a maximum diameter that is substantially
the same as that of said outer conductor, and

further including a dielectric spacer member filling the space between the catheter

tip and the leading end of the outer conductor.

25.  The apparatus defined in claim 24 and further including a small wire extending
along the spacer member and electrically connecting the probe tip to the leading end of

the outer conductor.

26. A medical catheter apparatus comprising
an inner conductor having a front end and a rear end;
a tubular outer conductor spaced radially out from the inner conductor and having
a trailing end and a leading end spaced rearwardly from said front end of the inner con-
ductor to form an antenna;
a conductive insert received in said outer conductor and extending between the
leading and trajling ends thereof,
said insert being in electrical contact with the outer conductor, and
having an axial passage receiving the inner conductor and a flat surface
spaced from the outer conductor;
an insulator electrically insulating the insert from the inner conductor therein;
a monolithic microwave integrated circuit chip mounted to said surface in inti-
mate contact therewith, said circuit chip having an input and an output, and

a circuit path connecting the inner conductor to said input.
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27.  The apparatus defined in claim 26 wherein said circuit path includes

a filter circuit mounted to said surface, said filter circuit having an output con-
nected to the input of said chip and an input, and

a coupling capacitor connected between said inner conductor adjacent to the insert

and the input of said filter circuit.

28.  The apparatus defined in claim 26 wherein the front end of the inner conductor

has substantially the same diameter as the leading end of the outer conductor.

29.  The apparatus defined in claim 28 and further including a dielectric spacer ex-
tending between the front end of the inner conductor and the leading end of the outer

conductor.

30. The apparatus defined in claim 29 and further including a wire wound around the

spacer and connecting the adjacent ends of the inner and outer conductors.

31.  The apparatus defined in claim 29

wherein the front end of the inner conductor has a hollow interior and

further including at least one passage extending from the interior of the inner con-
ductor through said spacer and along said insert at least to the trailing end of the outer

conductor.

32.  The apparatus defined in claim 26 wherein the insert has a generally T-shaped

cross section.

33.  The apparatus defined in claim 26 wherein the rear end of the inner conductor is
shorted to the trailing end of the outer conductor so that said conductors bounding the

insert form a quarter wave stub tuned to a selected frequency.
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34.  The apparatus defined in claim 26 and further including a dielectric sheath sur-
rounding the outer conductor, said sheath having a leading end spaced rearwardly from
the leading end of the outer conductor and a trailing end that extends at least to the trail-

ing end of the outer conductor.
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FIG. 3
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