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Description
TECHNICAL FIELD

[0001] The present invention is directed in general to
communicating with a wireless sensor, and in particular
to a coupling loop and a cable used to communicate with
a wireless sensor implanted within the body to measure
a physical condition.

BACKGROUND

[0002] Wireless sensors can be implanted within the
body and used to monitor physical conditions, such as
pressure or temperature. For example, U.S. Patent No.
6,111,520, U.S. Patent No. 6,855,115 and U.S. Publica-
tion No. 2003/0136417 all describe wireless sensors that
can be implanted within the body. These sensors can be
used to monitor physical conditions within the heart or
an abdominal aneurysm. An abdominal aortic aneurysm
(AAA) is a dilatation and weakening of the abdominal
aorta that can lead to aortic rupture and sudden death.
In the case of a repaired abdominal aneurysm, a sensor
can be used to monitor pressure within the aneurysm sac
to determine whether the intervention is leaking. The
standard treatment for AAAs employs the use of stent-
grafts that are implanted via endovascular techniques.
However, a significant problem that has emerged with
these stent-grafts for AAAs is acute and late leaks of
blood into the aneurysm’s sac. Currently, following stent-
graftimplantation, patients are subjected to periodic eval-
uation via abdominal CT (Computed Tomography) with
IV contrast to identify the potential presence of stent-graft
leaks. This is an expensive, risky procedure that lacks
appropriate sensitivity to detect small leaks.

[0003] Typically, the sensors utilize an inductive-ca-
pacitive ("LC") resonant circuit with a variable capacitor.
The capacitance of the circuit varies with the pressure of
the environment in which the sensor is located and thus,
the resonant frequency of the circuit varies as the pres-
sure varies. Thus, the resonant frequency of the circuit
can be used to calculate pressure.

[0004] Ideally, the resonant frequency is determined
using a non-invasive procedure. A system and method
for determining the resonant frequency of an implanted
sensor are discussed in U.S. Application No. 11/276,571
entitled "Communicating with an Implanted Wireless
Sensor" filed March 6, 2006 (the '571 application"). The
signal from the sensor is weak relative to the signal used
to energize the sensor, but is the same frequency and
dissipates quickly. In one embodiment, the difference be-
tween the signals is on the order of 150 dB and the sensor
signal is sampled approximately 35 nanoseconds after
the energizing signal is turned off. In order to communi-
cate with the sensor, the system uses a coupling loop
and a cable assembly. Due to the unique characteristics
of the transmitted and received signals the coupling loop
and the cable assembly need to isolate the energizing
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signal and the sensor signal, support the necessary sam-
pling speed, and support a relatively large bandwidth.
[0005] Some prior art coupling loops use switched ca-
pacitor banks to meet the bandwidth requirement, but
there are disadvantages to using switched capacitor
banks regardless of the type of switching mechanism
used. There are reliability issues associated with me-
chanical relays and loss issues associated with solid-
state switches. Thus, there is a need for a coupling loop
that provides the required bandwidth, but does not use
switched capacitor banks.

[0006] A reflection or resonance from another object
in the vicinity of the sensor can cause the system to lock
on a frequency that does not correspond to the resonant
frequency of the sensor, i.e. generates a false lock. Op-
timizing the position of the coupling loop relative to the
sensor maximizes the coupling between the sensor and
the coupling loop and reduces the sensitivity to a false
lock. The coupling is maximized when the sensor is cen-
tered within the coupling loop and the inductor coil within
the sensor is approximately parallel to the coupling loop.
For many sensors this is achieved when the flat side of
the sensor is approximately parallel to a plane defined
by the coupling loop.

[0007] Thus, there is a need for indicating to a physi-
cian or other user the relative positions of the coupling
loop and the sensor so that the sensor and the coupling
loop are placed in magnetic proximity. In order to properly
position the coupling loop, the coupling loop and the cable
assembly should be easy to manipulate, which requires
a lightweight coupling loop of a reasonable size and a
flexible, lightweight cable with a relatively small diameter.

SUMMARY OF THE INVENTION

[0008] The primary goal of aneurysm treatment is to
depressurize the sac and to prevent rupture. Endoleaks,
whether occurring intraoperatively or postoperatively,
can allow the aneurysmal sac to remain pressurized and
therefore, increase the chance of aneurysm rupture. The
currentimaging modalities angiography and CT scan are
not always sensitive enough to detect endoleaks or stent
graft failure. Intrasac pressure measurements provide a
direct assessment of sac exclusion from circulation and
may therefore offer intraoperative and post operative sur-
veillance advantages thatindirectimaging studies do not.
[0009] In one application of the present invention, an
AAA pressure sensor is placed into the aneurysm sac at
the time of stent-graft insertion. The pressure readings
are read out by the physician by holding an electronic
instrument, which allows an immediate assessment of
the success of the stent-graft at time of the procedure
and outpatient follow-up visits, by reading the resonant
frequency of the wireless sensor and correlating the fre-
quency reading to pressure.

[0010] The presentinvention provides a coupling loop
assembly and a method of wireless communication as
set out in the claims.
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[0011] Aspects, features and advantages of the
present invention may be more clearly understood and
appreciated from a review of the following detailed de-
scription of the disclosed embodiments and by reference
to the appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 is a block diagram of an exemplary system
for communicating with a wireless sensor in accord-
ance with an embodiment of the invention.

Figure 2 is a block diagram of an exemplary coupling
loop assembly for communicating with a wireless
sensor in accordance with an embodiment of the in-
vention.

Figure 3(a) is a graph illustrating an exemplary en-
ergizing signal in accordance with an embodiment
of the invention.

Figures 3(b), 3(c) and 3(d) are graphs illustrating ex-
emplary coupled signals in accordance with an em-
bodiment of the invention.

Figure 4 is a block diagram of an exemplary base
unitin accordance with an embodiment of the inven-
tion.

Figure 5A illustrates an un-tuned coupling loop and
Figure 5B illustrates its equivalent circuit.

Figure 6A illustrates a tuned coupling loop and Fig-
ure 6B illustrates its equivalent circuit.

Figure 7A illustrates an un-tuned coupling loop ter-
minated into a high impedance input and Figure 7B
illustrates its equivalent circuit in accordance with an
embodiment of the invention.

Figure 8 is a graph illustrating the frequency re-
sponse for various loops within the frequency band
of interest.

Figure 9illustrates exemplary energizing loops in ac-
cordance with an embodiment of the invention.
Figure 10 illustrates exemplary energizing and sen-
sor coupling loops in accordance with an embodi-
ment of the invention.

Figure 11 illustrates an exemplary coupling loop
housing in accordance with an embodiment of the
invention.

Figure 12 illustrates an exemplary sensor in accord-
ance with an embodiment of the invention.

Figure 13 illustrates an exemplary orientation feature
in accordance with an embodiment of the invention.
Figures 14a and 14b illustrate another exemplary
orientation feature in accordance with an embodi-
ment of the invention.

Figure 15 illustrates an exemplary cable assembly
in accordance with an embodiment of the invention.
Figure 16 illustrates an exemplary cross section of
the cable assembly in accordance with an embodi-
ment of the invention.

Figure 17 illustrates another exemplary cross sec-
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tion of the cable assembly in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION

[0013] The presentinventionis directed towards a cou-
pling loop and cable assembly that supports precise sam-
pling of alow power, quickly dissipating signal (the sensor
signal) and that isolates the energizing signal used to
excite the sensor from the sensor signal. Orientation fea-
tures may be provided for positioning the coupling loop
relative to the sensor to maximize the coupling of the
sensor signal. Briefly described, the coupling loop in-
cludes multiple loops. Preferably two stagger-tuned
loops are used for transmitting the energizing signal to
the sensor and an un-tuned loop is used for receiving the
sensor signal from the sensor. The un-tuned loop is con-
nected to a very high input impedance to minimize the
impact of the inductance of the loop. A cable attached to
the coupling loop provides maximum isolation between
the energizing signal and the sensor signal by maximiz-
ing the distance between the coaxial cables that carry
the signals and maintaining the relative positions of the
coaxial cables throughout the cable assembly. A method
for positioning the coupling loop relative to the sensor is
provided that maximizes the coupling between the sen-
sor signal and the coupling loop.

Exemplary Operating Environment

[0014] Figure 1 illustrates an exemplary system for
communicating with a wireless sensor implanted within
a body. The system includes a coupling loop 100, a base
unit 102, a display device 104 and an input device 106,
such as a keyboard. The base unit includes an RF am-
plifier, a receiver, and signal processing circuitry. Addi-
tional details of the circuitry are described below in con-
nection with Figure 3.

[0015] The display 104 and the input device 106 are
used in connection with the user interface for the system.
In the embodiment illustrated in Figure 1 the display de-
vice and the input device are connected to the base unit.
In this embodiment, the base unit also provides conven-
tional computing functions. In other embodiments, the
base unit can be connected to a conventional computer,
such as a laptop, via a communications link, such as an
RS-232 link. If a separate computer is used, then the
display device and the input devices associated with the
computer can be used to provide the user interface. In
one embodiment, LABVIEW software is used to provide
the user interface, as well as to provide graphics, store
and organize data and perform calculations for calibra-
tion and normalization. The user interface records and
displays patient data and guides the user through surgi-
cal and follow-up procedures. An optional printer 108 is
connected to the base unit and can be used to print out
patient data or other types of information. As will be ap-
parent to those skilled in the art other configurations of
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the system, as well as additional or fewer components
can be utilized with the invention.

[0016] The coupling loop 100 charges the sensor 120
and then couples signals from the sensor into the receiv-
er. The coupling loop can include switching and filtering
circuitry enclosed within a shielded box 101. In the em-
bodiment illustrated by Figure 2, PIN diode switching in-
side the loop assembly is used to provide isolation be-
tween the energizing phase and the receive phase by
opening the RX path pin diodes during the period when
the energizing signal is transmitted to the sensor, and
opening the energizing path pin diodes during the period
when the sensor signal is received from the sensor. Ad-
ditional details of the coupling loop and the cable that
connects the coupling loop to the base unit are described
below.

[0017] Figure 1 illustrates the system communicating
with a sensor 120 implanted in a patient. Each sensor is
associated with a number of calibration parameters, such
as frequency, offset, and slope. The system is used in
two environments: 1) the operating room during implant
and 2) the physician’s office during follow-up examina-
tions. During implant the system is used to record at least
two measurements. The first measurement is taken dur-
ing introduction of the sensor for calibration and the sec-
ond measurement is taken after placement for functional
verification of the stent graft. The measurements can be
taken by placing the coupling loop either on or adjacent
to the patient’s back or the patient’s stomach for a sensor
that measures properties associated with an abdominal
aneurysm. For other types of measurements, the cou-
pling loop may be placed in other locations. For example,
to measure properties associated with the heart, the cou-
pling loop can be placed on the patient’s back or the
patient’s chest.

[0018] The system communicates with the implanted
sensor to determine the resonant frequency of the sen-
sor. As described in more detail in the patent documents
referenced in the Background section, a sensor typically
includes an inductive-capacitive ("LC") resonant circuit
having a variable capacitor. The distance between the
plates of the variable capacitor varies as the surrounding
pressure varies. Thus, the resonant frequency of the cir-
cuit can be used to determine the pressure.

[0019] The system energizes the sensor with an RF
burst. The energizing signal is a low duty cycle, gated
burst of RF energy of a predetermined frequency or set
offrequencies and a predetermined amplitude. Typically,
the duty cycle of the energizing signal ranges from 0.1%
to 50%. In one embodiment, the system energizes the
sensor with a 30-37.5 MHz fundamental signal at a pulse
repetition rate of 100 kHz with a duty cycle of 20%. The
energizing signal is coupled to the sensor via the coupling
loop. This signal induces a current in the sensor which
has maximum amplitude at the resonant frequency of the
sensor. During this time, the sensor charges exponen-
tially to a steady-state amplitude that is proportional to
the coupling efficiency, distance between the sensor and
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loop, and the RF power. Figure 3(a) illustrates a typical
energizing signal and Figures 3(b), 3(c) and 3(d) illustrate
typical coupled signals for various values of Q (quality
factor) for the sensor. When the coupling loop is coupling
energy at or near the resonant frequency of the sensor,
the amplitude of the sensor return is maximized, and the
phase of the sensor return will be close to zero degrees
with respect to the energizing phase. The sensor return
signal is processed via phase-locked-loops to steer the
frequency and phase of the next energizing pulse.

Operation of the Base Unit

[0020] Figure 4 is a block diagram of the signal
processing components within an exemplary base unit.
The base unit determines the resonant frequency of the
sensor by adjusting the energizing signal so that the fre-
quency of the energizing signal matches the resonant
frequency of the sensor. In the embodiment illustrated
by Figure 4, two separate processors 402, 422 and two
separate coupling loops 440, 442 are shown. In one em-
bodiment, processor 402 is associated with the base unit
and processor 422 is associated with a computer con-
nected to the base unit. In other embodiments, a single
processor is used that provides the same functions as
the two separate processors. In other embodiments a
single loop is used for both energizing and for coupling
the sensor energy back to the receiver. As will be appar-
ent to those skilled in the art, other configurations of the
base unit are possible that use different components.
[0021] The embodiment illustrated by Figure 4 in-
cludes a pair of phase lock loops ("PLL"). One of the
PLLs is used to adjust the phase of the energizing signal
and is referred to herein as the fast PLL. The other PLL
is used to adjust the frequency of the energizing signal
and is referred to herein as the slow PLL. The base unit
provides two cycles: the calibration cycle and the meas-
urement cycle. In one embodiment, the first cycle is a 10
microsecond energizing period for calibration of the sys-
tem, which is referred to herein as the calibration cycle,
and the second cycle is a 10 microsecond energizing/
coupling period for energizing the sensor and coupling a
return signal from the sensor, which is referred to herein
as the measurement cycle. During the calibration cycle,
the system generates a calibration signal for system and
environmental phase calibration and during the meas-
urement cycle the system both sends and listens for a
return signal, i.e. the sensor ring down. Alternatively, as
those skilled in the art will appreciate, the calibration cycle
and the measurement cycle can be implemented in the
same pulserepetition period. The phase of the energizing
signal is adjusted during the calibration cycle by the fast
PLL and the frequency of the energizing signal is adjusted
during the measurement cycle by the slow PLL.

[0022] In one embodiment, the calibration signal is the
portion of the energizing signal that leaks into the receiver
(referred to herein as the energizing leakage signal). In
this embodiment, the signal is sampled approximately
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100 ns after the beginning of the energizing signal pulse.
Since the energizing signal is several orders of magni-
tude greater than the coupled signal, it is assumed that
the phase information associated with the leaked signal
is due to the energizing signal and the phase delay is
due to the circuit elements in the coupling loop, circuit
elements in the receiver, and environmental conditions,
such as proximity of reflecting objects. During the cali-
bration cycle, the phase difference between the leaked
signal and a reference oscillator (local oscillator 2) is de-
termined. The phase of the energizing signal is adjusted
until the phase difference is zero or another reference
phase.

[0023] During the measurement cycle, the energizing
signal may be blocked from the receiver during the on
time of the energizing signal. During the off time of the
energizing signal, the receiver is unblocked and the cou-
pled signal from the sensor (referred to herein as the
coupled signal or the sensor signal) is received. The cou-
pled signal is processed and is used to drive the output
of the slow PLL loop filter to a preset value.

[0024] The frequency of the energizing signal is
deemed to match the resonant frequency of the sensor
when the slow PLL is locked. Once the resonant frequen-
cy is determined, the physical parameter, such as pres-
sure, is calculated using the calibration parameters as-
sociated with the sensor, which results in a difference
frequency that is proportional to the measured pressure.
Additional details of the operation of the PLLs are pro-
vided in the '571 application.

Coupling Loop Assembly

[0025] In the present invention, the coupling loop or
antenna provides isolation between the energizing signal
and the sensor signal, supports sampling/reception of
the sensor signal very soon after the end of the energizing
signal, and minimizes the switching transients that result
from switching between the energizing and the coupled
mode. The coupling loop also provides a relatively wide
bandwidth, for example 30-37.5 MHz.

[0026] In one embodiment, separate loops are used
for transmitting the energizing signal to the sensor and
coupling the signal from the sensor. Two stagger-tuned
loops are used to transmit the energizing signal and an
un-tuned loop with a high inputimpedance at the receiver
is used to receive the sensor signal. The term "coupling
loop" is used herein to refer to both the loop(s) used to
receive the sensor signal from the sensor (the "sensor
coupling loop"), as well as the assembly that includes the
loop(s) used to transmit the energizing signal to the sen-
sor (the "energizing loop") and the sensor coupling loop
(s)-

[0027] During the measurementcycle, the sensor cou-
pling loop couples the signal from the sensor, which is
weak and dissipates quickly. The voltage provided to the
receiver in the base unit depends upon the design of the
sensor coupling loop and in particular, the resonant fre-
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quency of the loop.

[0028] A coupling loop can be un-tuned or tuned. Fig-
ure 5 A illustrates a loop that is un-tuned and Figure 5B
illustrates its equivalent circuit. The loop has an induct-
ance, L4, and is terminated into the receiver using a com-
mon input impedance of 50 ohms. The voltage at the
receiver, V,, is less than the open circuit voltage of the
loop, i.e. the voltage that would be coupled by the loop
if the loop was not terminated, Vg, and can be calculated
as shown below.

50
* 50+ jwL,

1

Where L 1 is the inductance of the loop and

o = 2xf, with f = frequency in hertz.

[0029] To maximize the voltage at the receiver, the
loop can be tuned. Figure 6A illustrates a loop that is
tuned and Figure 6B illustrates its equivalent circuit. The
loop has an inductance, L4, and a capacitance, C4. The
capacitance, C4, is selected so that it cancels the induct-
ance, L, at the resonant frequency, i.e. the series reso-
nant circuit, C4-L, is 0 ohms at the resonant frequency.
At the resonant frequency the voltage at the receiver, V,,
equals the voltage coupled by the loop, V. A disadvan-
tage of this type of loop is that it is optimized for only a
single frequency. If the loop is used in an environment
where the frequency of the coupled signal is changing,
then the capacitance is either changed dynamically or
set to a compromise value (e.g. the loop is tuned to a
single frequency within the band of interest).

[0030] To avoid these problems, the present invention
uses an un-tuned loop with a high input impedance at
the receiver. Figure 7A illustrates a loop terminated into
a receiver with a high input impedance and Figure 7B
illustrates its equivalent circuit. The input impedance at
the receiver is selected so that the energy lost due to the
loop impedance, L, is relatively insignificant. Using Zin
as the input impedance at the receiver, the voltage at the
receiver, V,, is calculated as shown below.

V=V,
Zin+ joL,

Since Zin is much larger than jwL,, this can be approxi-
mated by the following.
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As shown by the foregoing equation, the use of a rela-
tively high input impedance at the input of the receiver
negates L, for all frequencies. In one embodiment, a high
impedance buffer is inserted between the loop and a 50
ohm receiver circuit. In this embodiment, the high imped-
ance buffer is on the order of 1 Mohm while the imped-
ance of the loop is on the order of 200 ohms. In other
embodiments, the input impedance is at least two times
the loop impedance.

[0031] The frequency response within the band of in-
terest is more monotonic if the sensor coupling loop uses
a high input impedance at the receiver, than if a tuned
loop is used with a 50 ohm input impedance. Figure 8
compares the frequency response for tuned loops and
the frequency response for un-tuned loops with high input
impedances at the receiver. The y-axis represents the
difference in measured frequency between a calibration
system using a network analyzer and the loop. The x-
axis represents the frequency of the L-C standard used
in the measurements. Linear interpolation was used be-
tween measurement points. Band 1 corresponds to a
loop resonant at 32 MHz, Band 2 corresponds to a loop
resonant at 35 MHz, Band 3 corresponds to a loop res-
onant at 38 MHz and Band 4 corresponds to a loop res-
onant at 41 MHz. Bands 1-4 correspond to a prior art
design that uses switched capacitors banks to vary the
loop resonance to achieve the needed bandwidth. Bands
4 and 5 correspond to un-tuned loops.

[0032] Bands 1-4 illustrate a slope variation within the
band of interest, which can affect the accuracy of meas-
urements made using the loop. Bands 4 and 5 illustrate
that the variation within the band of interest is less than
in the systems using a tuned loop. The more monotonic
frequency response of an un-tuned loop with a high input
impedance requires a simpler set of calibration coeffi-
cients to be used for the frequency conversion calcula-
tion.

[0033] An alternative to using an un-tuned loop and a
high input impedance is to use stagger-tuned loops. If
staggertuned loops are used toreceive the sensor signal,
then the loops are tuned in a manner similar to that de-
scribed in the following paragraphs in connection with
the transmission of an energizing signal.

[0034] During the energizing mode, the energizing
loop produces a magnetic field. The intensity of the mag-
netic field produced by the energizing loop depends, in
part, on the magnitude of the current within the loop. The
current is maximized at the energizing frequency if the
impedance of the loop is essentially 0 ohms at the ener-
gizing frequency. The resonant frequency of the loop is
related to the loop inductance and capacitance, as shown
below.
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1

fo= 2r,\JL*C,

The impedance of the loop is preferably 0 ohms over the
frequency range of interest, which in an exemplary op-
erating environment of the present invention is 30 MHz
to 37.5 MHz. To achieve the desired impedance over the
desired frequency range, two or more loops are stagger
tuned. Figure 9 illustrates two stagger-tuned loops, which
are parallel to one another.

[0035] The resonant frequencies for the loops are
based on the bandwidth of interest. If there are two loops,
then the loops are spaced geometrically. In one embod-
iment, the resonant frequency of the first loop is 31 MHz
and the resonant frequency of the second loop is 36.3
MHz, which corresponds to the pole locations of a second
order Butterworth bandpass filter having -3dB points at
30 MHz and 37.5 MHz. Although Figure 9 illustrates two
loops, other embodiments can use a different number of
loops. The use of additional loops provides coverage for
a much wider frequency range. If there are more than
two loops, then the loops are spaced logarithmically.
[0036] Figure 10 illustrates the assembly of two stag-
ger-tuned loops 1002, 1004 for transmitting the energiz-
ing signal to the sensor and one un-tuned loop 1006 for
receiving the sensor signal. The loops arc parallel to one
another with the un-tuned loop inside the stagger-tuned
loops. Placing the loop used to receive the sensor signal
inside of the loops used to transmit the energizing signal
helps to shield the sensor signal from environmental in-
terferences. In one embodiment, the loops are positioned
within a housing, such as that shown in Figure 11.

Positioning the Coupling Loop

[0037] The signal from an implanted passive sensor is
relatively weak and is attenuated by the surrounding tis-
sue and the distance between the sensor and the cou-
pling loop. Optimizing the position and angle of the cou-
pling loop relative to the sensor maximizes the coupling
between the sensor and the coupling loop. In particular,
the coupling loop is positioned so that a plane defined
by the sensor coupling loop is approximately parallel to
the inductor within the sensor and the sensor is approx-
imately centered within the sensor coupling loop. For
sensors having an inductor parallel to the flat side of the
sensor, this corresponds to positioning the coupling loop
so that it is approximately parallel to the flat side of the
sensor. If the coupling loop is not positioned in this man-
nerrelative to the inductor, then the strength of the sensor
signal is reduced by the cosine of the angle between the
sensor coupling loop and the flat side of the sensor (as-
suming the inductor within the sensor is parallel to the
flat side of the sensor).
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[0038] The sensor and/or the housing include orienta-
tion features, which are visible using a medical imaging
technology, such as fluoroscopy, to facilitate the place-
ment of the sensor during implantation and the coupling
loop during follow-up examinations. To position the cou-
pling loop relative to the sensor, the coupling loop is
moved or adjusted until a predetermined pattern ap-
pears. As previously described, measurements are typ-
ically taken by placing the coupling loop either on or ad-
jacent to the patient’s back or stomach for an abdominal
aneurysm To facilitate these measurements and to min-
imize the distance between the sensor and the coupling
loop, the sensor should be implanted so that the inductor
within the sensor is approximately horizontal when the
patient is standing.

[0039] The orientation features on the coupling loop
can be implemented as a pattern in the ribbing of the
housing for the loop. Ribbing is typically used to strength-
en and support plastic enclosures or housings. The rib-
bing may be formed so that it aids in positioning the cou-
pling loop relative to the sensor. Figure 11 is a cross
sectional view of an exemplary housing that includes a
ring-shaped section 1102 with perpendicular cross sup-
ports 1104, 1106 in the interior of the ring-shaped section.
At the point where the cross supports intersect, the hous-
ing includes an essentially circular section 1108. The di-
ameter of section 1108 is smaller than the diameter of
section 1102. When assembled, the sensor coupling and
energizing loops are positioned within the ring-shaped
section. The orientation features are located in the circu-
lar section 1108. Figure 11 illustrates a circular orienta-
tion feature 1110 at the center of the circular section
1108. The ribbing for the cross supports 1112, 1114 can
also form part of the orientation feature.

[0040] Although Figure 11 illustrates a particular de-
sign for the housing, other designs are possible, so long
as the housing provides the necessary orientation fea-
tures. For example, Figure 11 illustrates that there are
four open spaces essentially corresponding to four quad-
rants defined by the cross supports in the interior of the
ring-shaped section. These spaces reduce the amount
of material needed to form the enclosure and thus mini-
mize the weight of the enclosure, but are not required by
the present invention for positioning the loop.

[0041] The orientation features on the sensor can be
implemented as radiopaque markings on the essentially
flat sides of the sensor. The references herein to the flat
side of the sensor assume that the inductor within the
sensor is parallel to the flat side of the sensor. As those
skilled in the art will understand, the purpose of the ori-
entation features is to position the coupling loop approx-
imately parallel to the inductor within the sensor. If the
inductor is not parallel to the flat side of the sensor, then
the desired position of the coupling loop relative to the
side of the sensor may differ.

[0042] Typically, the sensor is disk-shaped. The flat
sides of the disk are essentially parallel and may be of
any shape including circular, oval, rectangular, or daisy-
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shaped. Figure 12 illustrates a sensor with circular sides.
The sensor includes an orientation feature 1202 at the
center of the sensor that is shaped like a cross where
each cross bar is essentially equal in length.

[0043] To receive a signal from the sensor, the physi-
cian positions the coupling loop so that the sensor is ap-
proximately at the center of the coupling loop and adjusts
the angle of the coupling loop until the flat side of the
sensor and the coupling loop are approximately parallel,
which places the inductor coil within the sensor essen-
tially parallel to the coupling loop. The orientation feature
on the housing aids in positioning the coupling loop so
that the sensor is at approximately the center of the loop.
If the housing illustrated in Figure 11 is used, then the
physician moves the coupling loop until the sensor ap-
pears within the circular orientation feature 110. The ori-
entation feature on the sensor aids in adjusting the angle
of the coupling loop so that the flat side of the sensor and
the coupling loop are approximately parallel. If the sensor
illustrated in Figure 12 is used, then the angle of the cou-
pling loop is adjusted until the cross appears.

[0044] The cross appears when the coupling loop is
essentially parallel to the flat side of the sensor. As shown
in Figure 13, if the coupling loop is not essentially parallel
to the flat side of the sensor, then the cross is distorted.
If the cross is distorted, then the coupling loop is rotated
until the cross appears. For example, if the vertical cross
bars in Figure 13 are shortened or not visible, then the
physician rotates the coupling loop around the x-axis until
the vertical cross bars appear with the proper length. Sim-
ilarly, if the horizontal cross bars in Figure 13 are short-
ened or not visible, then the physician rotates the cou-
pling loop around the y-axis until the horizontal cross bars
appear with the proper length.

[0045] Figures 14a and 14b show the effects of mis-
alignment for another orientation feature. This feature
uses a cross hair design. The perpendicular lines 1402,
1404 and the circle 1406 are orientation marks on the
housing and the cross hairs 1408a, 1408b, 1410a,
1410b, 1412a, 1412b, 1414a, and 1414b are orientation
marks on the sensor. Figure 14a illustrates the desired
pattern. If the coupling loop is not essentially parallel to
the flat side of the sensor, then the cross hairs are dis-
torted. If the cross hairs are distorted, then the coupling
loop is rotated until the cross hairs appear properly. For
example, if the vertical cross bars 1410a, 1410b, 1414a,
1414b are shortened or not visible and the horizontal
cross bars 1408a, 1408b, 1412a, 1412b are not properly
spaced, then the physician rotates the coupling loop
around the x-axis until the vertical cross bars appear with
the proper length and the horizontal cross bars appear
with the proper spacing. Figure 14b illustrates the cross
hairs when the coupling loop is rotated 45 degrees along
the x-axis. Similarly, if the horizontal cross bars are short-
ened or not visible and the vertical cross bars are not
properly spaced, then the physician rotates the coupling
loop around the y-axis until the horizontal cross bars ap-
pear with the proper length and the vertical cross bars
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appear with the proper spacing.

[0046] In one embodiment, the housing includes an
orientation feature that matches or complements the ori-
entation feature on the sensor. If the housing includes a
matching feature, then the coupling loop is properly po-
sitioned when the orientation feature on the housing
aligns with, is equal to, or otherwise matches the orien-
tation feature on the sensor. If the housing includes a
complementary feature, such as the cross hair design
illustrated by Figure 14a, then the coupling loop is prop-
erly positioned when a predetermined pattern appears
that is a combination of the orientation feature on the
sensor and the orientation feature on the housing. As an
alternative to matching or aligning the orientation fea-
tures of the sensor and the housing, the physician can
measure a part of or the entire orientation feature. For
example, the physician could move the coupling loop until
the distance between two bars equals a predetermined
distance as measured using a fluoroscope.

[0047] Although the foregoing describes a circular ori-
entation feature, a cross- shaped orientation feature, and
a cross hair orientation feature, other patterns, shapes
and types of orientation features can be used, including
a bull’'s eye, logo, image or alphanumeric string. The ori-
entation features are not limited to two-dimensional fea-
tures, but also include three-dimensional features.

Cable

[0048] The isolation of the energizing signal and the
sensor signal provided by the base unit and the coupling
loop must be maintained in the cable that connects the
base unit to the coupling loop. Figure 15 illustrates an
exemplary cable 1500 that connects the base unit to the
coupling loop and that isolates the energizing signal from
the sensor signal. The end of the cable that connects to
the base unit includes a multi-pin connector 1502 (e.g.
ALO6F 15-ACS provided by Amphenol) and a right angle
housing 1516. The end of the cable that connects to the
coupling loop includes three connectors. The first con-
nector 1504 is a multi-pin connector (e.g. AMP 1-87631-0
provided by Amphenol) that connects to the filtering and
switching circuitry associated with the loop, the second
connector 1506 connects to the energizing loop and the
third connector 1508 connects to the loop that couples
the signal from the sensor. The right angle housing 1516
and the strain relief 1510 provide strain relief at each end
ofthe cable. When assembled with the housing, the strain
relief 1510 is positioned proximate to the housing. Alter-
natively, other types of strain relief can be implemented,
including physical constraints, such as tie wraps, ferrals
or epoxy, and/or service loops. The cable also includes
ferrite beads, 1512, 1514. The ferrite beads help reduce
ground currents within the cable.

[0049] Figure 16 illustrates a cross section of an ex-
emplary cable. The cable includes an inner bundle 1602,
two twisted pairs 1604, 1606, and two coaxial cables
1608, 1610. At the end of the cable that connects to the
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coupling loop, the inner bundle and the twisted pairs are
connected to the first connector 1504 of Figure 15, one
of the coaxial cables 1608 is connected to the second
connector 1506 of Figure 15 and the other coaxial cable
1610 is connected to the third connector 1508 of Figure
15. At the end of the cable that connects to the base unit,
the inner bundle, the twisted pairs and the coaxial cables
are connected to the multi-pin connector 1502 of Figure
15. An outer sheath 1612 surrounds the inner bundle,
twisted pairs, and coaxial cables.

[0050] The position of the coaxial cables within the ca-
ble is designed to maximize the isolation between the
energizing signal and the sensor signal, while minimizing
the diameter of the cable. The cable also is designed to
maximize the isolation between the coax cable that trans-
mits the energizing signal and the inner bundle and the
twisted pairs and the coax cable that receives the sensor
signal and the inner bundle. As shown in Figure 16, the
coaxial cables are located on opposite sides of the inter-
nal bundle at approximately a 180 degree angle. The
isolation is maximized if a 180 degree angle is maintained
between the coaxial cables. However, smaller angles
may be used so long as the coaxial cables are placed on
opposite sides of the internal bundle. The relative position
of the coaxial cables is maintained essentially throughout
the length of the cable. In some embodiments, additional
braided shield surrounds the inner bundle, the twisted
pairs and the coaxial cables. The additional braided
shield provides additional cross talk isolation and pro-
vides a lower impedance common ground since the ad-
ditional shield surrounding the coaxial cables can contact
the additional shield surrounding the inner bundle.
[0051] In one embodiment, the coaxial cables are
twisted around the inner bundle essentially throughout
the length of the cable. Twisting the coaxial cables around
the inner bundle reduces the forces exerted upon the
coaxial cables and thus minimizes the potential for cable
damage. The approximately 180 degree angle between
the two coaxial cables is maintained essentially through-
out the length of the cable. The coaxial cables can be
held in position by the outer sheath, filler material, or a
combination of the two.

[0052] In another embodiment, the coaxial cables are
not twisted, but are attached to the internal bundle. For
example, the shielding surrounding the coaxial cables is
soldered to the shielding surrounding the internal bundle
every six inches.

[0053] Figure 17 illustrates a cross section of an alter-
native embodiment of the cable in which a first shield
surrounds the first coaxial cable, a second shield sur-
rounds a second coaxial cable , a third shield surrounds
an internal cable, and the first shield and the second
shield are soldered to the third shield at a plurality of
points along the length of the cable. This embodiment
includes shielding 1714 around the inner bundle 1702
and the twisted pairs 1704, 1706. The coaxial cables are
located on opposite sides of the internal bundle at ap-
proximately a 180 degree angle and the relative position
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of the coaxial cables is maintained essentially throughout
the length of the cable. As described above in connection
with Figure 16, additional braided shield can surround
the inner bundle, twisted pairs and coaxial cables.
[0054] Shielded coaxial cables 1708, 1710 are sol-
dered to the shielding 1714 approximately every six inch-
es throughout the length of the cable. In other embodi-
ments that use additional shielding around the inner bun-
dle and the twisted pairs, the outer sheath, filler material,
or a combination of the two maintains the relative position
of the coaxial cables. Although the foregoing describes
particular types of internal cables, the invention is appli-
cable to any cable where two conductors are isolated
with respect to one another by separating the conductors
and positioning the conductors as described herein.
[0055] Additional alternative embodiments will be ap-
parent to those skilled in the art to which the present
invention pertains without departing from its scope. For
example, the system can operate with different types of
sensors, such as non-linear sensors that transmit infor-
mation at frequencies other than the transmit frequency
or sensors that use backscatter modulation. Accordingly,
the scope of the present invention is described by the
appended claims and is supported by the foregoing de-
scription.

Claims

1. Acoupling loop assembly used for wireless commu-
nication, comprising a sensor coupling loop (1006)
having aninductance and connected to an input hav-
ing an input impedance, characterised in that:

« the input impedance is substantially greater
than the inductance of the sensor coupling loop
(1006); and

» the assembly further comprises a plurality of
energizing loops (1002, 1004), for transmitting
an energizing signal to a sensor, arranged in
parallel, each energizing loop (1002, 1004) hav-
ing a different resonant frequency.

2. Aloop assembly as claimed in Claim 1, wherein the
sensor coupling loop (1006) is parallel to the ener-
gizing loops (1002, 1004) and the energizing loops
(1002, 1004) surround the sensor coupling loop
(1006).

3. Aloop assembly as claimed in Claim 1 or Claim 2,
wherein the input impedance is at least two times
greater than the inductance of the sensor coupling
loop (1006).

4. Aloop assembly as claimed in any one of Claims 1
to 3, wherein the resonant frequency for a first en-
ergizing loop (1002) is approximately 31 MHz and
the resonant frequency for a second energizing loop
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(1004) is approximately 36.3 MHz

5. A loop assembly as claimed in any one of Claims 1
to 4, wherein the sensor coupling loop (1006) and
the energizing loops (1002, 1004) are connected to
a cable (1500) and wherein the cable (1500) com-
prises:

« a first coaxial cable (1610) connected to the
sensor coupling loop (1006);

» a second coaxial cable (1608) connected to
the energizing loops (1002, 1004);

« an internal cable (1602); and

* an outer sheath (1612) surrounding the first
coaxial cable, the second coaxial cable and the
internal cable (1602),

wherein the first coaxial cable (1610) and the second
coaxial cable (1608) are positioned on opposite
sides of the internal cable (1602) and a position of
the first coaxial cable (1610) relative to the second
coaxial cable (1608) is maintained along a length of
the cable (1500).

6. A loop assembly as claimed in Claim 5, wherein an
angle between a center point of the first coaxial cable
(1610) and a center point of the second coaxial cable
(1608) is approximately 180 degrees relative to a
center point of the internal cable (1602).

7. Aloop assembly as claimed in Claim 5 or Claim 6,
wherein the first coaxial cable (1610) and the second
coaxial cable (1608) are twisted around the internal
cable (1602) along the length of the cable.

8. A loop assembly as claimed in any one of Claims 5
to 7, wherein a first shield surrounds the first coaxial
cable (1710), a second shield surrounds the second
coaxial cable (1708), a third shield (1714) surrounds
the internal cable (1602), and the first shield and the
second shield are soldered to the third shield (1714)
at a plurality of points along the length of the cable.

9. A loop assembly as claimed in any one of Claims 1
to 8 comprising orientation features (1112, 1114,
1202, 1402, 1404, 1406) for use in positioning the
coupling loop relative to a sensor to maximize the
coupling between the sensor and the coupling loop.

10. A loop assembly as claimed in Claim 9, in which:-

« the orientation features (1112, 1114, 1202,
1402, 1404, 1406) comprise an orientation mark
(1112, 1114, 1202, 1402, 1404, 1406) that is
visible using a medical imaging technology ; or.
« the orientation features (1112, 1114, 1202,
1402, 1404, 1406) on the coupling loop are a
pattern in the ribbing (1112, 1114) of a housing



11.

12.

13.

14,

15.

16.

17

for the loop; or

« a housing surrounds the coupling loop and in-
cludes a first area that is coplanar with and ap-
proximately at the center of the coupling loop
and thatincludes orientation marks (1112, 1114,
1202, 1402, 1404, 1406) providing the orienta-
tion features (1112, 1114, 1202, 1402, 1404,
1406) that is visible using a medical imaging
technology.

A loop assembly as claimed in Claim 10, in which
the orientation features (1112, 1114, 1202, 1402,
1404, 1406) comprise multiple marks that indicate a
length or a distance.

A method of wireless communication comprising
providing an energizing signal to a sensor by means
of the plurality of energizing loops (1002, 1004) of a
coupling loop assembly as claimed in any preceding
claim; and receiving a coupled signal from the sensor
coupling loop (1006) of said coupling loop assembly.

A method as claimed in Claim 12, wherein receiving
a coupled signal comprises using an un-tuned loop
(1006) connected to an input impedance that is at
least two times greater than an impedance of the
untuned loop (1006), wherein the coupled signal is
generated inresponse to coupling the energizing sig-
nal to a signal generating circuit, is at least 100 dB
less than the energizing signal, and has a frequency
similar to a frequency of the energizing signal.

A method as claimed in Claim 13, wherein the res-
onant frequencies of the energizing loops (1002,
1004) are selected based on a mean frequency of a
desired bandwidth.

A method as claimed in Claim 13 or Claim 14, where-
in the coupled signal is sampled less than 50 nano-
seconds after the energizing signal is provided.

A method as claimed in any one of Claims 13 to 15,
wherein

* receiving a coupled signal comprises receiving
the coupled signal via a first coaxial cable
(1610);

« providing an energizing signal comprises pro-
viding the energizing signal via a second coaxial
cable (1608); and

« the first coaxial cable (1610) and the second
coaxial cable (1608) are positioned on opposite
sides of aninternal cable (1602), an outer sheath
surrounds the first coaxial cable (1610), the sec-
ond coaxial cable (1608) and the internal cable
(1602), and an angle between a center point of
the first coaxial cable (1610) and a center point
of the second coaxial cable (1608) is approxi-
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mately 180 degrees relative to a center point of
the internal cable (1602).

A method as claimed in Claim 12 in which a coupling
loop assembly (100) comprising orientation features
(1112, 1114, 1202, 1402, 1404, 1406) is used, and
medical imaging technology is used to position and
adjust the angle of the coupling loop assembly (100)
relative to a sensor (120) so that a first area of a
housing for the coupling loop is in a predetermined
position with respect to the sensor (120) and a pre-
defined pattern is formed by markings on the sensor
(1408a, 1408b, 1410a, 1410b, 1412a, 1412b,
1414a, and 1414b) and markings on the housing
(1112, 1114, 1202, 1402, 1404, 1406).

Amethod as claimed in Claim 17, in which the sensor
(120) has a flat side and an inductor parallel to the
flat side, and the predefined pattern is formed when
a plane formed by the coupling loop assembly (100)
is approximately parallel to the flat side of the sensor
(120).

Patentanspriiche

1.

Kopplungsschleifen-Anordnung, die zur drahtlosen
Kommunikation verwendet wird und eine Sensor-
kopplungsschleife (1006) umfasst, die eine Indukti-
vitét besitzt und mit einem Eingang verbunden ist,
der eine Eingangsimpedanz besitzt, dadurch ge-
kennzeichnet, dass:

« die Eingangsimpedanz wesentlich gréRer ist
als die Induktivitat der Sensorkopplungsschleife
(1006); und

» die Anordnung ferner mehrere Erregungs-
schleifen (1002, 1004) zum Erregen der Sens-
orkopplungsschleife umfasst, die parallel ange-
ordnet sind, wobei jede Erregungsschleife
(1002, 1004) eine unterschiedliche Resonanz-
frequenz hat.

Schleifenanordnung nach Anspruch 1, wobei die
Sensorkopplungsschleife (1006) zu den Erregungs-
schleifen (1002, 1004) parallelistund die Erregungs-
schleifen (1002, 1004) die Sensorkopplungsschleife
(1006) umgeben.

Schleifenanordnung nach Anspruch 1 oder An-
spruch 2, wobei die Eingangsimpedanz wenigstens
zweimal groRer als die Induktivitat der Sensorkopp-
lungsschleife (1006) ist.

Schleifenanordnung nach einem der Anspriiche 1
bis 3, wobei die Resonanzfrequenz fir eine erste
Erregungsschleife (1002) etwa 31 MHz betragt und
die Resonanzfrequenz fiir eine zweite Erregungs-
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schleife (1004) etwa 36,3 MHz betragt.

Schleifenanordnung nach einem der Anspriiche 1
bis 4, wobei die Sensorkopplungsschleife (1006)
und die Erregungsschleifen (1002, 1004) mit einem
Kabel (1500) verbunden sind und wobei das Kabel
(1500) Folgendes umfasst:

« ein erstes Koaxialkabel (1610), das mit der
Sensorkopplungsschleife (1006) verbunden ist;
* ein zweites Koaxialkabel (1608), das mit den
Erregungsschleifen (1002, 1004) verbundenist;
* ein inneres Kabel (1602); und

« eine Aulenhiille (1612), die das erste Koaxi-
alkabel, das zweite Koaxialkabel und das innere
Kabel (1602) umgibt,

wobei das erste Koaxialkabel (1610) und das zweite
Koaxialkabel (1608) auf gegeniiberliegenden Seiten
des inneren Kabels (1602) positioniert sind und eine
Position des ersten Koaxialkabels (1610) relativ zu
dem zweiten Koaxialkabel (1608) auf einer Lénge
des Kabels (1500) beibehalten wird.

Schleifenanordnung nach Anspruch 5, wobei ein
Winkel zwischen einem Mittelpunkt des ersten Ko-
axialkabels (1610) und einem Mittelpunkt des zwei-
ten Koaxialkabels (1608) relativ zu einem Mittel-
punkt des inneren Kabels (1602) ungeféhr 180 Grad
betragt.

Schleifenanordnung nach Anspruch 5 oder An-
spruch 6, wobei das erste Koaxialkabel (1610) und
das zweite Koaxialkabel (1608) um das innere Kabel
(1602) auf der Lange des Kabels verdrillt sind.

Schleifenanordnung nach einem der Anspriiche 5
bis 7, wobei eine erste Abschirmung das erste Ko-
axialkabel (1710) umgibt, eine zweite Abschirmung
das zweite Koaxialkabel (1708) umgibt, eine dritte
Abschirmung (1714) das innere Kabel (1602) umgibt
und die erste Abschirmung und die zweite Abschir-
mung mit der dritten Abschirmung (1714) an meh-
reren Punkten auf der Lange des Kabels verlétet
sind.

Schleifenanordnung nach einem der Anspriiche 1
bis 8, die Orientierungsmerkmale (1112, 1114, 1202,
1402, 1404, 1406) umfasst, um bei der Positionie-
rung der Kopplungsschleife relativ zu einem Sensor
verwendet zu werden, um die Kopplung zwischen
dem Sensor und der Kopplungsschleife maximal zu
machen.

10. Schleifenanordnung nach Anspruch 9, wobei:

+die Orientierungsmerkmale (1112, 1114, 1202,
1402, 1404, 1406) eine Orientierungsmarkie-
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rung (1112, 1114, 1202, 1402, 1404, 1406) um-
fassen, die bei Verwendung einer medizini-
schen Abbildungstechnik sichtbar sind; oder
+die Orientierungsmerkmale (1112,1114, 1202,
1402, 1404, 1406) auf der Kopplungsschleife
ein Muster in der Riffelung (1112, 1114) eines
Gehauses fir die Schleife sind; oder

» ein Gehduse die Kopplungsschleife umgibt
und einen ersten Bereich aufweist, der zu der
Kopplungsschleife koplanar ist und sich unge-
fahr in deren Mitte befindet und Orientierungs-
markierungen (1112, 1114, 1202, 1402, 1404,
1406) enthalt, die die Orientierungsmerkmale
(1112, 1114, 1202, 1402, 1404, 1406) schaffen,
die unter Verwendung einer medizinischen Ab-
bildungstechnik sichtbar sind.

Schleifenanordnung nach Anspruch 10, wobei die
Orientierungsmerkmale (1112, 1114, 1202, 1402,
1404, 1406) mehrere Markierungen umfassen, die
eine Lange oder eine Strecke angeben.

Verfahren zur drahtlosen Kommunikation, das das
Vorsehen eines Erregungssignals fiir eine Sensor-
kopplungsschleife mittels mehrerer Erregungs-
schleifen (1002, 1004) einer Kopplungsschleifenan-
ordnung nach einem vorhergehenden Anspruch;
und das Empfangen eines eingekoppelten Signals
von der Sensorkopplungsschleife (1006) der Kopp-
lungsschleifenanordnung umfasst.

Verfahren nach Anspruch 12, wobei das Empfangen
eines eingekoppelten Signals das Verwenden einer
nicht abgestimmten Schleife (1006), die mit einer
Eingangsimpedanz verbunden ist, die wenigstens
zweimal gréRer ist als eine Impedanz der nicht ab-
gestimmten Schleife (1006), umfasst, wobei das ein-
gekoppelte Signal in Reaktion auf die Einkopplung
des Erregungssignals in eine Signalerzeugungs-
schaltung erzeugt wird, wenigstens 100 dB geringer
ist als das Erregungssignal und eine Frequenz be-
sitzt, die einer Frequenz des Erregungssignals ahn-
lich ist.

Verfahren nach Anspruch 13, wobei die Resonanz-
frequenzen der Erregungsschleifen (1002, 1004) an-
hand einer Mittenfrequenz einer gewiinschten Band-
breite gewahlt werden.

Verfahren nach Anspruch 13 oder Anspruch 14, wo-
bei das eingekoppelte Signal weniger als 50 Nano-
sekunden nach der Bereitstellung des Erregungssi-
gnals abgetastet wird.

Verfahren nach einem der Ansprtiche 13 bis 15, wo-
bei

» das Empfangen eines eingekoppelten Signals
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das Empfangen des eingekoppelten Signals
Uber ein erstes Koaxialkabel (1610) umfasst;

« das Bereitstellen eines Erregungssignals das
Bereitstellen des Erregungssignals Uber ein
zweites Koaxialkabel (1608) umfasst; und

» das erste Koaxialkabel (1610) und das zweite
Koaxialkabel (1608) auf gegenlberliegenden
Seiten eines inneren Kabels (1602) positioniert
sind, eine duflere Hille das erste Koaxialkabel
(1610), das zweite Koaxialkabel (1608) und das
innere Kabel (1602) umgibt und ein Winkel zwi-
schen einem Mittelpunkt des ersten Koaxialka-
bels (1610) und einem Mittelpunkt des zweiten
Koaxialkabels (1608) ungeféhr 180 Grad in Be-
zug auf einen Mittelpunkt des inneren Kabels
(1602) betragt.

Verfahren nach Anspruch 12, wobei eine Kopp-
lungsschleifenanordnung (100), die Orientierungs-
merkmale (1112, 1114, 1202, 1402, 1404, 1406) ent-
hélt, und eine medizinische Abbildungstechnologie
verwendet werden, um den Winkel der Kopplungs-
schleifenanordnung (100) relativ zu einem Sensor
(120) zu positionieren und einzustellen, so dass sich
ein erster Bereich eines Gehauses flr die Kopp-
lungsschleife an einer vorgegebenen Position in Be-
zug aufden Sensor (120) befindet und ein im Voraus
definiertes Muster durch Markierungen auf dem
Sensor (1408a, 1408b, 1410a, 1410b, 1412a,
1412b, 1414a und 1414b) und durch Markierungen
auf dem Gehause (1112, 1114, 1202, 1402, 1404,
1406) gebildet ist.

Verfahren nach Anspruch 17, wobei der Sensor
(120) eine flache Seite und einen Induktor parallel
zu der flachen Seite besitzt und das im Voraus de-
finierte Muster gebildet wird, wenn eine durch die
Kopplungsschleifenanordnung (100) gebildete Ebe-
ne zu der flachen Seite des Sensors (120) ungefahr
parallel ist.

Revendications

Assemblage de boucle de couplage utilisé pour une
communication sans fil, comprenant une boucle de
couplage de capteur (1006) ayant une inductance
et connectée a une entrée ayant une impédance
d’entrée, caractérisé en ce qui :

* 'impédance d’entrée est sensiblement supé-
rieure a I'inductance de la boucle de couplage
de capteur (1006) ; et

* 'assemblage comprend en outre une pluralité
de boucles d’excitation (1002, 1004), pour trans-
mettre un signal d’ excitation a un capteur, mon-
tées en parallele, chaque boucle d’excitation
(1002, 1004) ayant une fréquence de résonance

10

15

20

25

30

35

40

45

50

55

12

différente.

Assemblage de boucle selon la revendication 1,
dans lequel la boucle de couplage de capteur (1006)
est paralléle aux boucles d’excitation (1002, 1004)
et les boucles d’excitation (1002, 1004) entourent la
boucle de couplage de capteur (1006).

Assemblage de boucle selon la revendication 1 ou
2, dans lequel 'impédance d’entrée est au moins
deux fois supérieure a I'inductance de la boucle de
couplage de capteur (1006).

Assemblage de boucle selon I'une quelconque des
revendications 1 a 3, dans lequel la fréquence de
résonancepourunepremiéreboucled’excitation
(1002) est d’environ 31 MHz et la fréquence de ré-
sonance pour une seconde boucle d’excitation
(1004) est d’environ 36,3 MHz.

Assemblage de boucle selon I'une quelconque des
revendications 1 a 4, dans lequel la boucle de cou-
plage de capteur (1006) et les boucles d’excitation
(1002, 1004) sont connectées a un cable (1500) et
dans lequel le cable (1500) comprend :

* un premier cable coaxial (1610) connecté a la
boucle de couplage de capteur (1006) ;

* un second cable coaxial (1608) connecté aux
boucles d’excitation (1002, 1004) ;

* un cable interne (1602) ; et

* une gaine externe (1612) entourant le premier
cable coaxial, le second cable coaxial et le cable
interne (1602),

dans lequel le premier cable coaxial (1610) et le se-
cond cable coaxial (1608) sont positionnés sur les
cOtés opposés du cable interne (1602) et une posi-
tion du premier cable coaxial (1610) par rapport au
second cable coaxial (1608) est maintenue sur la
longueur du cable (1500).

Assemblage de boucle selon la revendication 5,
dans lequel un angle compris entre un point central
du premier cable coaxial (1610) et un centre du se-
cond cable coaxial (1608) est d’environ 180 degrés
par rapport au point central du cable interne (1602).

Assemblage de boucle selon la revendication 5 ou
6, dans lequel le premier cable coaxial (1610) et le
second cable coaxial (1608) sonttorsadés autour du
cable interne (1602) sur la longueur du cable.

Assemblage de boucle selon I'une quelconque des
revendications 5 a 7, dans lequel un premier blinda-
ge entoure le premier céble coaxial (1710), un
deuxiéme blindage entoure le second céble coaxial
(1708), untroisieme blindage (17 14) entoure le cable
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interne (1602) et le premier blindage et le deuxiéme
blindage sont soudés au troisieme blindage (1714)
en une pluralité de points sur la longueur du cable.

Assemblage de boucle selon I'une quelconque des
revendications 1 a 8, comprenant des caractéristi-
ques d’orientation (1112, 1114, 1202, 1402, 1404,
1406) pour un usage dans le positionnement de la
boucle de couplage par rapport a un capteur dans
le but de maximiser le couplage entre le capteur et
la boucle de couplage.

Assemblage de boucle selon la revendication 9,
dans lequel :

. lescaractéristiquesd’orientation
(1112,1114,1202, 1402, 1404, 1406) compren-
nent un repére d’orientation (1112, 1114, 1202,
1402, 1404, 1406) qui est visible a I'aide d’une
technologie d’'imagerie médicale ; ou

. les caractéristiques d’orientation
(1112,1114,1202, 1402, 1404, 1406) surla bou-
cle de couplage constituent un motif dans le ner-
vurage (1112, 1114) d’un boitier pourla boucle ;
ou

* un boitier entoure la boucle de couplage et
comprend une premiéere zone qui est coplanaire
avec ou approximativement au centre de la bou-
cle de couplage et qui comprend des repéres
d’orientation (1112, 1114, 1202, 1402, 1404,
1406) fournissant les caractéristiques d’orienta-
tion (1112, 1114, 1202, 1402, 1404, 1406) qui
sont visibles a I'aide d’une technologie d'image-
rie médicale.

Assemblage de boucle selon la revendication 10,
dans lequel les caractéristiques d’orientation (1112,
1114, 1202, 1402, 1404, 1406) comprennent des re-
péres multiples qui indiquent une longueur ou une
distance.

Procédé de communication sans fil, comprenant la
délivrance d’un signal d’excitation a un capteur au
moyen de la pluralité de boucles d’excitation (1002,
1004) d’un assemblage de boucle de couplage selon
I'une quelconque des revendications précédentes et
la réception d’un signal couplé issu de la boucle de
couplage de capteur (1006) dudit assemblage de
boucle de couplage.

Procédé selon la revendication 12, dans lequel la
réception d’un signal couplé comprend I'utilisation
d’une boucle non accordée (1006) connectée a une
impédance d’entrée qui est aumoins deux fois su-
périeure aune impédance de laboucle non accordée
(1006), dans lequel le signal couplé est généré en
réponse a un couplage du signal d’excitation avec
un circuit générant un signal, est d’au moins 100 dB
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inférieur au signal d’excitation et a une fréquence
similaire a une fréquence du signal d’excitation.

Procédé selon la revendication 13, dans lequel les
fréquences de résonance des boucles d’alimenta-
tion (1002, 1004) sont choisies sur la base d’'une
fréquence moyenne d’une largeur de bande souhai-
tée.

Procédé selon larevendication 13 ou 14, dans lequel
le signal couplé est échantillonné a une valeur infé-
rieure a 50 nanosecondes aprés avoir délivré le si-
gnal d’excitation.

Procédé selon 'une quelconque des revendications
13 a 15, dans lequel :

* la réception d’un signal couplé comprend la
réception du signal couplé via un premier cable
coaxial (1610) ;

*la délivrance d’un signal d’excitation comprend
la délivrance du signal d’excitation viaun second
cable coaxial (1608) ; et

* le premier cable coaxial (1610) et le second
cable coaxial (1608) sont positionnés sur les c6-
tés opposés d’'un cable interne (1602), une gai-
ne externe entoure le premier cable coaxial
(1610), le second céable coaxial (1608) et le ca-
ble interne (1602), et un angle compris entre un
point central du premier cable coaxial (1610) et
un point central du second cable coaxial (1608)
est d’environ 180 degrés par rapport a un point
central du cable interne (1602).

Procédé selon la revendication 12 dans lequel on
utilise un assemblage de boucle de couplage (100)
comprenant des caractéristiques d’orientation
(1112, 1114, 1202, 1402, 1404,1406) et on utilise
une technologie d’'imagerie médicale pour position-
ner et ajuster I'angle de I'assemblage de boucle de
couplage (100) par rapport a un capteur (120) de
sorte qu’une premiére zone d’un boitier pour la bou-
cle de couplage se trouve dans une position prédé-
terminée par rapport au capteur (120) et qu’un motif
prédéfini soit formé par des repéres sur le capteur
(1408a, 1408b, 1410a, 1410b, 1412a, 1412b,
1414a, et 1414b) et des repeéres sur le boitier (1112,
1114, 1202 1402, 1404, 1406).

Procédé selon la revendication 17, dans lequel le
capteur (120) a un cété plat et un inducteur parallele
au coté plat et le motif prédéfini est formé lorsqu’un
plan formé par I'assemblage de boucle de couplage
(100) est approximativement paralléle au cété plat
du capteur (120).



100

7?04

108

EP 1902 529 B1

120

101

IIOZ

106

14

FIG. 1



EP 1902 529 B1

gL+

| Sy3ANG
Xy —] > Nid

ONIZIO¥INT —=| > mmw_,b%
TYNOIS IAIIOIY T lHoLims Nid
e
© <~ r:.__mwmﬂ XY
dNY  ¥314n8
i34
7
TYNOIS ONIZIOYIN3 T—lHoLIMS NId
® SWNH ONIZI9Y¥IN3

15



EP 1902 529 B1

904X

0Z-
0l=q ;
o I PE Ol4
o1 -
oc
0Z-
Ol=q .
o I 9¢ 9Ol
o1
oc
0z~
0l=g .
o 1 4¢ 9l4
or -
0z
Nl
0% .
e e¢ Old

S S0 0 0= /- 0't=
4
1 1 ‘_ | 1
01
-~ g S0 0 S0- L= 0L~
T T I T T
| | | | |
| X
99" ¢ g0 0 _G0- I= 0'L-
I I I i T
A~ —
] ] | 1 |
X
9-0! M 0 0 G0~ [ ~ ol
| |

16



EP 1902 529 B1

Va1
1 20
Aoidsig /I ) (1) (2) duy 3y
\\ 0JOIN \\ O4OIN X1
say) . sy || o1duIop S0y
! aw_%_ —| doido] doo} d - 2bp
. Pl
N0z i
- HSA0 o \m%
_ i .
s s H N H& soioso |t zsaa [Soo =
il B . vod3
ISSHL  SSHL mewﬁ_v___omo
- vEy e /|\
454N vl 8sDUy NS induj jo Yojims
7T T — 348 b dopisso | 48] wgpog- Buptooig Xy
i i _ .06 [0207 _.._o.w oSy
h/s s iy
e O < g o & <<
! ; sayyds w4 26y oy UL AN
TR X¥HL ojihs ZHH 7-10j09}25014
\ v /0¥ \ bumpolg Xy, . , oy
GLp 4% W

17



EP 1902 529 B1

T —>RF Output

Loop Antenna /4
N\

Receiver

FIG. 5A

Loop Antenna

C1

FIG. 6A

/'\
vi —RF Output
CAP v

Receiver

V5
Source
Voltage U
M 7N Receiver
@ V1 —RF Output
¥ 2
Zin = 50 ohms

Zin = 50 ohms

FIG. 5B

V5
Source C1 L1
Voltage |/

Q

é/}P v1 —RF Output
v =

1\

Receiver

Zin = 50 ohms

5 —RF Output

Loop Antenna 4
Vv

Receiver

FIG. 7A

18

FIG. 6B

‘»Zin = 50 ohms

Vs
Source
Voitage L1
N Receiver
C’\P v1 —>RF Output
v )

Zin = infinite ohms

FIG. 7B

Zin = infinite ohms



0.2

©
-

EP 1902 529 B1

Band Specific Comparison

N

/[

W

Difference (MHz)
(=]
(3, ]

e T

N

0
3

-0.05

32 34

36

38

H
o

Standard Frequency (MHz)

FIG. 8

19

-6- Band 1 (32 MHz)
-&- Band 2 (35 MHz)
—&— Band 3 (38 MHz
—¢ Band 4 (41 MHz
—¥~ Band 5 (untuned
—e— Band 6 (untuned




EP 1902 529 B1

RF Input —>  Energizing Loops c1 =—cC2

FIG. 9

20



EP 1902 529 B1

1006

1002

1004

RF Input —

RF Output <—

CAP CAP

FIG. 10

21



EP 1902 529 B1

1104
r 11
2 __2 1L 1106
3 & ‘
114 2\ L X
—& 1108 1110

1202

FIG. 12

22



EP 1902 529 B1

+ Original Orientation

mmm Rotated 90 along x axis

' Rotated 45 degrees
along y axis

FIG. 13

23



EP 1902 529 B1

)

1402
/-1—408b

o

Distance can be
used as a scale
for measurement

1410a

l/’—1410b

Can be used to
align sensor

s

\1 404

1406

1412a

FIG. 14a

Distance is
reduced between
lines

Total length of
cross hair hatch
decreases in half

FIG. 14b

24



EP 1902 529 B1

/ 1500

1516

K 1506
to base unit

FIG. 15

25



EP 1902 529 B1

1608
1610

FIG. 16

26



EP 1902 529 B1

o
-—
N~
-

1712

1706

1704

FIG. 17

27



EP 1 902 529 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 6111520 A [0002] * US 20030136417 A [0002]
» US 6855115 B [0002] * US 27657106 A [0004]

28



patsnap

TREHOF) BEER , BRAHNATEMRES KNG E

NSNS EP1902529B1 NFF(RE)R 2012-06-13
RiES EP2006774481 RiEHR 2006-06-30
PRI F(EFN)AGF) HCardioMEMS

RIB(ERR)AGE) #CardioMEMS , INC.

HHBE (TR A(E) BCardioMEMS , INC.

[#R1& B8 A KROH JASON
ELLIS MICHAEL
MILLER DONALD
REFERMAT ROBERT
KA KROH, JASON
ELLIS, MICHAEL
MILLER, DONALD
REFERMAT, ROBERT
IPCH %S H04B5/00 A61B5/00 GO1R33/00
CPCo %5
/903
REH(E) B> , JAMES CHARLES
& 60/697867 2005-07-08 US
60/697878 2005-07-08 US
60/707094 2005-08-10 US
H T 3Rk EP1902529A1
SAERBEE Espacenet
FEF)

RHTREEBRIRE , AU AEES BT ES B AR LM Nk
ERBENIERMENRE—EER , EEBMESHIMEREELRERN
EIRARCE, REKRSFESNR, Lkt , WANVEE DA TR0
EEEREGRSR  MARFEEEATRERBERENERRES.
EEIBS O BABY KR ALERESHIEH B2 F R BB R
FRMESAEENBRAHTRENLE , EHMESNERERFSZ
HRHRARE. REATESERNERBNTE LNEGSIE , U
WEGRESEIRAEAN FERBEN , UBALEZRBESNREERZ
HEHBE,

A61B5/02014 A61B5/0031 A61B5/064 A61B5/07 A61B2560/0219 HO1B11/20 H04B5/0043 Y10S128

l

)=l
S04,


https://share-analytics.zhihuiya.com/view/20adbb4a-384b-4ac7-95d3-35116e038515
https://worldwide.espacenet.com/patent/search/family/039103331/publication/EP1902529B1?q=EP1902529B1

