(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau
(10) International Publication Number

(43) International Publication Date
11 September 2009 (11.09.2009)

WO 2009/111255 Al

(51) International Patent Classification:
A61B 5/00 (2006.01)
(21) International Application Number:
PCT/US2009/035224
(22) International Filing Date:
26 February 2009 (26.02.2009)

(25) Filing Language:

English

(26) Publication Language:

English

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
US
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Applicant (for all designated States except US): CarTM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
dioMEMS, Inc. [US/US]; 387 Technology Circle NW,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Suite 500, Atlanta, Georgia 303 13 (US).
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
Inventor; and
MR, NE, SN, TD, TG).
Inventor/Applicant (for US only): ELLIS, Michael G.
[US/US]; 12230 Leeward Walk Circle, Alpharetta, Geor Published:
gia 30005 (US).
— with international search report (Art. 21(3))
Agents: PRATT, John S. et al; Kilpatrick Stockton LLP, — before the expiration of the time limit for amending the
Suite 2800, 1 100 Peachtree Street, Atlanta, Georgia
claims and to be republished in the event of receipt of
30309 (US).
amendments (Rule 48.2(h))

(30) Priority Data:
61/032,569
29 February 2008 (29.02.2008)
(71)

(72)
(75)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: COMMUNICATION SYSTEM WITH ANTENNA BOX AMPLIFIER

Figure 4

(57) Abstract: A communication system for communicating with an implanted wireless sensor is provided. A transmit antenna e l
ement can propagate an energizing signal onto a communication medium and a receive antenna element can recover a responsive
implanted sensor response signal. The antenna box (204) includes a power amplifier for amplifying the energizing signal and tim
ing regeneration circuitry for detecting an end to signals and outputting control signals for selecting mode operation. The antenna
box can receive the energizing signal from the antenna cable (208) in a transmit mode and provide the implanted sensor response
signal to the antenna cable in a receive mode. The antenna box can communicate with an electronic box (210) and/or conversion
box (206) that provide and receive signals and provide power via the antenna cable.

COMMUNICATION SYSTEM WITH ANTENNA BOX AMPLIFIER
Field of the Invention

[0001]

The present invention generally relates to wireless communication

systems, and in particular to antenna systems for communicating with an
implanted wireless sensor.
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. 6,1 11,520 and U.S. Patent No. 7,245,1 17 describe wireless sensors
that can be implanted within the body and certain techniques that can be
employed to communicate with the wireless sensors.

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. In the case of
chronic heart failure, a pressure sensor, implanted in the right ventricle of the
heart, can provide warning signs, in some cases up to five days in advance,

before the patient experiences any external symptoms.
[0003]

Typically, the implanted sensors utilize an inductive-capacitive ("LC")

resonant circuit with a variable capacitor. The capacitance of the circuit may vary
with the pressure of the environment in which the sensor is located and thus, the
resonant frequency of the circuit may vary as the pressure varies. The resonant

frequency of the circuit can be tracked and used to calculate systolic, diastolic,
and mean pressure.

The resonant frequency can be obtained, or otherwise

monitored, wirelessly using an antenna to obtain signals from the LC circuit. In
some systems, an electronic system sends signals to the antenna for
transmission to the LC circuit to energize or otherwise excite the LC circuit. The
LC circuit responds with a signal that is received by the antenna and provided to

the electronic system for analysis.
[0004]

The electronic box, or system, is connected to the antenna by an

antenna cable and, optionally, an antenna box or board that includes electronics
used to operate the antenna.

The cable may be a custom multi-wire cable

assembly that includes different individual cables, each carrying a signal between
the electronic box and the antenna. Signals carried by the multi-wire cable can
include three power signals, a ground signal, a differential transmit gate signal, a
differential receive gate signal, a transmit signal, and a receive signal. The three
power signals can include a first positive voltage supplying power to the antenna
box electronics, a second positive voltage supplying power for low voltage
electronics in the antenna box, and a negative voltage supplying power for the
low voltage electronics in the antenna box. The differential transmit gate signals
are control signals for the transmitter functions in the antenna box electronics.
The differential receive gate signals are control signals for the receiver functions
in the antenna box electronics. The transmit signal is a signal that is transmitted

by the antenna. The receive signal is a signal from the LC circuit that is received
by the antenna. In some systems, the antenna cable may include ten different

cables, such as two coaxial cables for the transmit and receive signals and eight
single line wires for other signals, to provide the signals needed to control,
power, and otherwise permit the antenna and the antenna box electronics to
operate.
[0005]

A multi-wire antenna cable system that includes ten different cables

may be useful in some circumstances. Figures 1 and 2 illustrate an example of
an antenna 10 that can be connected to an electronic box (not shown) via a

relatively thick cable 12. The cable 12 may include multiple wires for carrying
various types of signals between the antenna 10 and electronic box.

For

example, the cable 12 can carry transmitted signals from the electronic box,
received signals from an implanted sensor, timing signals to control electronics
associated with the antenna, and power to the circuitry in the antenna box. Each
wire may carry one type of signal and the cable 12 may include ten to twelve, or
more, different wires to provide such capacity. In some circumstances, the multi-

wire antenna cable 12 may limit movement of the antenna 10 or antenna
positioning - preventing the antenna 10 from being placed in an optimal position
for obtaining signals from the LC circuit.

Accordingly, a need exists for an

antenna with increased placement flexibility for wirelessly communicating with an
implanted sensor.
Summary
[0006]

In an embodiment, a communication system for communicating with an

implanted wireless sensor is provided. The system includes a transmit antenna
element, receive antenna element, and an antenna box. The transmit antenna

element can propagate an energizing signal onto a communication medium. The
receive antenna element can recover an implanted sensor response signal from
the communication medium.

The implanted sensor response signal is

responsive to the energizing signal.
[0007]

The antenna box is in electrical communication with the transmit

antenna element and the receive antenna element and includes a power
amplifier and timing regeneration circuitry. The power amplifier can amplify the
energizing signal received from an antenna cable to a second power level from a
first power level and can provide the energizing signal at the second power level
to the transmit antenna element. The timing regeneration circuitry can output
control signals to change the antenna box to a receive mode upon detecting an
end to the energizing signal and to change the antenna box to a transmit mode
upon identifying an end to the implanted sensor response signal by identifying an
end to a response time window of a pre-set amount of time. The antenna box

can receive the energizing signal from the antenna cable in the transmit mode

and provide the implanted sensor response signal to the antenna cable in the

receive mode.
[0008]

In some embodiments, the antenna box is in electrical communication

with an electronic box and/or conversion box through the antenna cable.
[0009]

These illustrative embodiments are mentioned not to limit or define

the invention, but to provide examples to aid understanding thereof.

Other

aspects, advantages, and features of the present invention will become

apparent

after review of the entire application,

including the following

sections: Brief Description of the Drawings, Detailed Description, and Claims.

Brief Description of the Drawings
[0010]

Figure 1 illustrates an antenna with a relatively thick cable;

[001 1]

Figure 2 is a perspective view of the antenna of Figure 1 in a different

position and with additional elements;
[0012]

Figure 3 illustrates an antenna and single cable according to one

embodiment of the present invention;
[0013]

Figure 4 is a block diagram of a communication system according to

one embodiment of the present invention;
[0014]

Figure 5 is a block diagram of an electronic box according to one

embodiment of the present invention;
[0015]

Figure 6 is a block diagram of an electronic box associated with a

conversion box according to one embodiment of the present invention;
[0016]

Figure 7 is a block diagram of the electronic box and the conversion

box of Figure 6 with conversion box functional detail illustrated;
[001 7]

Figure 8 is a block diagram of an electronic box associated with a

conversion box according to a second embodiment of the present invention;
[0018]

Figure 9 schematically shows implementation details of a conversion

box according to one embodiment of the present invention;
[0019]

Figure 10 is a block diagram of an electronic box according to a

second embodiment of the present invention;

[0020]

Figure 11 is a block diagram of an antenna box connected to a

conversion box or electronic box via a cable according to one embodiment of the
present invention;
[0021]

Figure 12 schematically shows a transmit portion of an antenna box

according to a second embodiment of the present invention;
[0022]

Figure 13 schematically shows a transmit portion of an antenna box

according to a third embodiment of the present invention;
[0023]

Figure 14 schematically shows a full H-Bridge amplifier according to

one embodiment of the present invention;
[0024]

Figure 15 schematically shows a modified H-bridge amplifier according

to one embodiment of the present invention; and
[0025]

Figure 16 illustrates signals with respect to time according to one

embodiment of the present invention.

Detailed Description

[0026]

Certain aspects and embodiments of the present invention relate to

methods and systems for communicating with an implanted wireless sensor
using an antenna and antenna cable that provide for increased placement

flexibility. In some embodiments, communication systems and methods may be
used with implanted sensors to monitor qualitative measurements, such as blood

pressure, for an abdominal aneurysm or for chronic heart failure.

Some

disclosed methods and systems provide an antenna box that is adapted to
communicate with an electronic box via a single cable.

Additional cables,

however, may be utilized in some embodiments to connect the antenna box and
the electronic box.

The antenna box according to some embodiments can

include a radio frequency (RF) power amplifier that provides amplification to
energizing signals and supports signal transmission to an implanted wireless
sensor.

Examples of an RF power amplifier include a push-pull amplifier,

modified H-bridge amplifier, and a full H-bridge amplifier.

The electronic box

according to some embodiments can include, or be connected to, a conversion
box adapted to support communication using a single cable and to provide an

interface between an electronic box and the antenna box.

For example, a

conversion box may be connected between an existing electronic box and an
antenna box to provide an option of connecting the antenna box using a single
wire or cable.
[0027]

The term "box" as used herein refers to a component or a collection of

components that can perform certain functions and does not necessarily refer to
a physical housing for the component or collection of components. One example
is an electronic box that is included in the same housing as a conversion box. A

second example is that one component of the electronic box may be included in

a first housing and another component of the electronic box may be included in a
second, separate, housing.

[0028]

In some embodiments, the electronic box generates an RF signal,

such as an energizing signal, for transmission to an implanted sensor via the

antenna box and an antenna. The energizing signal may be a low power RF
signal having a certain duration and that is provided to a conversion box. The

conversion box may be adapted to add a DC power signal to the energizing
signal and, in some embodiments, attenuate the energizing signal to a pre-set
level. The power signal may be electrical energy at a pre-set voltage level. The
conversion box can be connected to a cable, such as a coaxial cable, that is also
connected to the antenna box.
coaxial cable.

In some embodiments, the cable is a single

In other embodiments, the cable is a bundled cable.

The

conversion box may be adapted to transmit the combined energizing signal and
power signal to the antenna box.
[0029]

The antenna box can receive the combined energizing signal and

power signal and use the power signal to provide electric power to the antenna
box circuitry.

In some embodiments, the antenna box includes a voltage

regulator that is adapted to convert the voltage level of the power signal into one
or more different voltage levels. The energizing signal can be amplified by a
power amplifier and transmitted via the antenna to an implanted sensor. The
implanted sensor can return a response signal that is detected by the antenna
and received by the antenna box.

An end to the response signal can be

identified by identifying an end to a response time window of a pre-set amount of
time. The antenna box can send the response signal to the electronic box via a

cable, such as a single coaxial cable, and conversion box for processing.

In

some embodiments, the electronic box is adapted to interface with a cable, such
as a coaxial cable, and the antenna box sends the response signal to the
electronic box via the cable without requiring a conversion box. The cable can
be a single coaxial cable.

[0030]

As stated above, the energizing signal may be a pre-set duration. A

corresponding response signal from the implanted wireless may received in a
window having a certain duration that depends, in part, on the duration of the
energizing signal. In some embodiments, the end of the energizing signal and/or
the response signal is used to control the electronic box, conversion box, and the
antenna box.

For example, the conversion box can detect the end of an

energizing signal and change its mode of operation from transmitting the
energizing signal to the antenna box to receiving a response signal from the
antenna box. The antenna box may detect the end of the energizing signal and
change its mode of operation from transmitting the energizing signal to the
implanted sensor to receiving the response signal from the implanted sensor.
After an end of a response signal, the antenna box and/or conversion box can
change its mode of operation from receive to transmit in preparation for a
subsequent energizing signal.
[0031]

In some embodiments, the antenna box includes an amplifier that is

adapted to amplify an energizing signal to a pre-set level before transmitting it to
the implanted sensor via an antenna transmit element.

The amplifier may

provide a quick disconnect, or otherwise provide a gap in the transmit element,
after transmitting the energizing signal to facilitate suppression of switching
transients or residual energy that may reside in the transmit element and that can
detrimentally affect operation of the system electronics.

For example, the

amplifier can provide a disconnect that is less than a certain amount of time,
such as 100 nanoseconds, after the end of the energizing signal.

[0032]

In some embodiments, an electronic box is provided that can

communicate with the antenna box via a single cable such as a coaxial cable.
For example, the electronic box may include certain functionality provided by a
conversion box and does not require use of a conversion box in the
communications system.
[0033]

Wireless sensors, according to various embodiments of the present

invention, may be any wireless sensor that can respond to an energizing signal
within a pre-set frequency range with a response signal. The wireless sensor
may be adapted to be implanted into an object.

Examples of objects include

humans, non-human animals, and inanimate objects. The wireless sensor may
be adapted to change characteristics of its response signal based on conditions

or characteristics of its environment or the object in which it is implanted. The
response signal characteristics can be detected by certain communication
systems according to various embodiments of the present invention to determine
conditions or characteristics of the environment in which the wireless sensor is
implanted.
Illustrative Antenna and Coaxial Cable
[0034]

Certain system circuitry according to some embodiments allow an

antenna box to be connected via a cable, such as a single coaxial cable or single
wire, to an electronic box, or to a conversion box that interfaces to an electronic
box. In some embodiments, the conversion box may interface with the electronic

box via a multiwire interface. Figure 3 illustrates one embodiment of an antenna
100 that can be used to transmit signals to, and receive signals from, an

implanted sensor in accordance with various aspects disclosed herein.

The

antenna 100 can include a coupling loop 102 and an antenna box 104 that
includes circuitry to support signal transmission and reception. The coupling loop
102 can include a transmit element for transmitting signals onto a communication

medium such as air and a receive element for recovering signals, such as a
signal from an implanted wireless sensor that is responsive to an energizing
signal, from a communication medium such as air. A cable 106, such as a single
coaxial cable, can connect the antenna 100 to an electronic box (not shown) or a
conversion box (not shown) that is connected to, or otherwise associated with,
the electronic box. In some embodiments, a single coaxial cable having a length
of ten feet and terminated with bayonent Neill-Concelman (BNC) connectors is
used to connect the antenna 100 to a conversion box or electronic box. In other
embodiments, the cable 106 is a bundled cable.
Illustrative Communication System
[0035]

Communication systems according to various embodiments can be

implemented using any components adapted to send and receive signals
between an antenna and a conversion box or electronic box using a cable, such
as a coaxial cable, that provides increased antenna movement.

In some

embodiments, an antenna box is connected to an electronic box via the coaxial
cable. In other embodiments, the antenna box is connected to a conversion box
via the coaxial cable and the conversion box is connected to the electronic box.
For example, an existing electronic box that utilizes a multi-wire cable to transmit
and receive various signals may be retrofitted by connecting it to a conversion

box, in accordance with certain embodiments, to allow a single coaxial cable to

allow communication between the electronic box and antenna box.
[0036]

Figure 4 is a block diagram representing one embodiment of such a

system. An antenna 200 is associated with an antenna box 204. The antenna

200 may be any type of antenna that can transmit signals onto and recover
signals from a communication

medium such as air, or otherwise

can

communicate wirelessly with an implanted sensor. The antenna 200 in Figure 4
includes a coupling loop that can include a receive element and a transmit
element to provide for sufficient transmission and reception performance and
response times during wireless communication with the implanted sensor. The
antenna box 204 includes antenna box circuitry that can transmit and receive
signals via antenna 200. The antenna box circuitry can provide amplification of
an energizing signal and/or provide signal transmission and reception functions,

such as timing control. In some embodiments, the antenna box 204 and antenna

200 are housed in a single unit. In other embodiments, the antenna box 204 and
antenna 200 are housed in separated units that are connected via a cable or
other type of connection.
[0037]

The antenna box 204 can be connected to a conversion box 206 via a

cable 208. The cable 208 may be a single coaxial cable, or any standard cable
such as a Category 5 or Category 6 , that can carry signals between the

conversion box 206 and antenna box 204. The cable 208 may also carry power,
such as a DC voltage, to the antenna box 204 and the antenna box circuitry. The

cable 208 can be any length that allows the antenna 200 to be positioned as

desired with minimal to no movement or placement limitations.

In some

embodiments, the cable 208 is ten feet or slightly less than ten feet long.
[0038]

The conversion box 206 can be connected, attached, or otherwise

associated with an electronic box 210 that provides energizing signal generation,
response signal processing, and power. In some embodiments, the conversion
box 206 is attached to the electronic box 210 using a connector such as a D-Sub
connector manufactured by Amphenol Corp. of Wallingford, CT.

In other

embodiments, the electronic box 210 includes the conversion box 206 or
otherwise includes functionality provided by the conversion box. As described in
more detail below, the conversion box 206 may include circuitry providing an
interface between the electronic box 210 and antenna box 204. For example, the
conversion box 206 may be adapted to communicate with the electronic box 210
by sending and receiving electronic box signals 212. The electronic box signals
212 can include a transmit signal, one or more DC voltages, ground, control
signals, such as a pair of transmit gate signals and a pair of receive gate signals,
and a receive signal.
[0039]

The conversion box 206 can utilize all or some of the electronic box

signals 212.

For example, the conversion box 206 may utilize the transmit

signals, receive signals, ground, at least one DC voltage signal, and receive gate
signals, but not explicitly use transmit gate signals or additional DC voltage
signals, to generate a complex multiplexed signal.
[0040]

The electronic box 210 can generate an RF signal, such as an

energizing signal, at a pre-set power level. An example of one such pre-set

power level is 25 watts. The conversion box 206 can include an RF attenuator to
decrease the power level of the energizing signal generated by the electronic box
210 to a lower level such as 250 milliwatts to support transmission of the
energizing signal along the coaxial cable and minimize interference with other
signals. The power amplifier included in the antenna box 204 can amplify the
energizing signal to a pre-set level, such as 25 watts, before transmitting it onto a
communication medium for reception by the implanted sensor.

In some

embodiments, the electronic box 210 may not amplify the energizing signal to a
relatively high power level and can be connected to the antenna box 204 via a
cable without using the conversion box 206 to attenuate the power level of the
energizing signal.
Illustrative Electronic box and Conversion Box
[0041]

Electronic boxes according to various embodiments may include

circuitry adapted to generate an RF signal, such as an energizing signal, and
process a response signal from an implanted wireless sensor. The electronic
box may communicate with a conversion box or include circuitry for providing
conversion box functions and communicate with the antenna box via a coaxial
cable.

Figure 5 illustrates one embodiment of an electronic box 300 that can

connect to a conversion box for implementation in a communications system.
The electronic box 300 includes a field-programmable gate array (FPGA) 302 for
generating an energizing signal. An example of an energizing signal is a two
microsecond pulse at a frequency between 30 MHz and 37.5 MHz. A power
amplifier 304 can amplify the transmitted energizing signal to a pre-set power

level, such as 25 watts, and supply the amplified energizing signal to a transmit
output 306. The FPGA 302 can also provide a control signal to a switch, such as
analog switch 308. For example, the FPGA 302 can provide a control signal to
the switch after the energizing signal burst ends, causing the switch to close and
prepare the electronic box 300 circuitry for reception of a response signal. The
analog switch 308 can be connected between a receiver input 310 and
processing circuitry for processing the response signal. The electronic box 300
can also provide additional outputs 312, shown as dotted lines. The outputs 312
can include AC or DC power at one or more voltage levels and can include

control signals for controlling transmit and receive functions.
[0042]

Electronic boxes, according to various embodiments of the present

invention, that provide a relatively high-power signal output can be connected to
any type of conversion box.

In some embodiments, the conversion box is

adapted to attenuate the power level of the energizing signal before providing the
energizing signal to an antenna box via a cable.

Figures 6-8 illustrate the

electronic box 300 of Figure 5 associated with certain embodiments of a
conversion box. In Figure 6 , a conversion box 320 is connected to the electronic
box 300 via a connector 321. The conversion box 320 includes circuitry that can
attenuate the energizing signal to a lower power signal for sending it to the
antenna box (not shown) via cable 322. In some embodiments, the conversion
box circuitry includes an attenuator to reduce the power of the energizing signal
to a lower level. In the circuitry shown in Figure 6 , inductor L2 and capacitor C3
form a diplex filter to combine an AC power of the energizing signal with a DC

supply voltage that provides power to antenna box electronics.

A low-power

energizing signal may be useful for preventing a high power signal from being
inadvertently received by the processing circuitry, preventing residual RF energy
of the energizing signal from remaining in the coaxial cable, and/or preventing
the destruction of receive electronics that may be sensitive and that are attached
or associated with the coaxial cable.
[0043]

Figure 7 illustrates functionality provided by conversion box 320 of

Figure 6 . An attenuator 324 is shown representing attenuator circuitry. In some

embodiments, the attenuator 324 has a zero ohms output impedance, for
example due to buffering, and the receiver portion of the electronic box 300 may
have a relatively high input impedance. With this combination, impedance can
be matched between the conversion box 320 and cable 322 by selecting source

and termination resistances. In addition, the conversion box 320 can provide a
DC voltage to the cable 322. Examples of a DC voltage include twelve volts.

[0044]

Figure 8 illustrates another embodiment of a conversion box 330. In

addition to circuitry (not shown) for attenuating energizing signals, the conversion
box 330 includes a switch 332 that can control the transmit operation mode or
receive operation mode performed by the conversion box 330.

In some

embodiments, the switch 332 controls signal direction and the conversion box
330 does not include a feedback loop. The switch 332 can include one or more
switches. For example, a transmit switch and a receive switch can be used by
which the transmit switch is "on" when the receive switch is "off' and vice versa.
The switch 332 can be controlled via control signals from the electronic box 300

or can be controlled by other conversion box circuitry. For example, the receive
switch can be turned "on" upon detection of an end to the energizing signal,
indicating an end to the transmit operation for a cycle.
[0045]

Figure 9 schematically illustrates one embodiment of a conversion box

350 that can be implemented in communication systems in accordance with
some embodiments of the present invention.

The conversion box 350 can

attenuate relatively high-power energizing signals received from an electronic
box and otherwise can transmit and receive signals with an antenna box via a
cable. R 1 and R2, alone or in combination with other circuitry may attenuate an
energizing signal from a relatively high power level to a relatively low power level.
L 1 and C 1 , alone or in combination with other circuitry, may provide diplex

filtering. In some embodiments, an integrated circuit U 1 that may include at least
one analog switch, alone or in combination with other circuitry, and in particular
pins 14 and 15, may provide switching capabilities. An example of U 1 includes
ADG121 1 manufactured by Analog Devices Inc., Norwood Massachusetts.

R3,

alone or in combination with other circuitry, may provide a desired impedance
match between the conversion box 350 and cable during both transmission and
reception operation.
[0046]

In some embodiments,

pin 5 of U2 is switched, during transmit

operation, between ground and a DC voltage, such as twelve volts, at a selected
rate that may depend on the resonant frequency, or expected resonant
frequency, of the implanted sensor.

Examples of the rate include a frequency

between 30 MHz and 37.5 MHz. The twelve-volt RF pulse can be driven onto

the cable through R3 to support retention of a selected driving impedance into
the cable. An example of a selected driving impedance is 50 ohms.

[0047]

In some embodiments, pin 5 of U2 is connected to zero volts or

electrical ground during receive operation, causing the cable to be terminated to
electrical ground.

Such circuitry and operation of conversion box 350 can

replace a need to switch operations as the same termination is used for both
transmit and receive. A response signal that is received from the antenna box
can be passed through U1, into a high impedance buffer U3, and amplified by Q 1

before being received by electronic box processing circuitry.

R3, alone or in

combination with other circuitry, can maintain a correct impedance match without
a requirement to switch the cable between a different source resistor or a
different termination resistor. In some embodiments, impedance matching can
be performed by R4, R3, and R5.

An example of one impedance match is

47.636 ohms and a return loss of 32.32 dB. In addition, the output impedance of
U2 and the impedance of L 1 , C 1 , and C2 may affect the impedance match and

return loss.

[0048]

In some embodiments of the present invention, an electronic box can

include certain features such that a conversion box is not required to provide an
interface between the electronic box and an antenna box. Figure 10 illustrates
one embodiment of an electronic box 400 that can be implemented without
requiring a conversion box. The electronic box 400 includes an FPGA 401 that
can generate an RF signal, such as an energizing signal, at a pre-set frequency

and at a pre-set duration. The generated energizing signal is provided as an

output to a wire 402 along with a power signal, such as twelve volts DC power,
from a power source 403. In some embodiments, the wire 402 is a single wire
that can carry generated energizing signals and response signals between the
electronic box 400 and an antenna box (not shown). For example, a response
signal may be received by the electronic box 400 via wire 402. The FPGA 401

may be adapted to provide a control signal causing a switch, such as analog
switch 404, to close when the FPGA 401 ends energizing signal generation and
open during energizing signal generation and transmission. One function of the
switch may include preventing the energizing signal generated by the FPGA 401

from being received by the circuitry for processing response signals.

The

energizing signal may be a relatively low power signal that does not need
attenuation before it is provided to the antenna box.
Illustrative Cable
[0049]

Cables according to various embodiments of the present invention may

be any cable of any length capable of carrying power, energizing signals, and

response signals between a conversion box (or electronic box) and an antenna
box. A n example of one cable is a coaxial cable that is ten feet long or slightly

less than ten feet long. Since an RF signal travels approximately one foot per
1.5

nanoseconds,

an

energizing

signal

may traverse

a cable that

is

approximately ten feet long in approximately 1.5 nanoseconds.
[0050]

Cables according to certain embodiments of the present invention can

be impedance matched to each of the connections with the conversion box (or

electronic box) and the antenna box to provide desired performance.

An

example of one impedance match is 50 ohms.

If the cable is not impedance

matched, energy from RF signals, such as the energizing signal and/or response
signal, may bounce back from one termination end to the other.

Impedance

matching can facilitate good return loss so that residual energy from the
energizing signal and/or response signal dies down quickly before a next signal
is carried by the cable. Low RF power for the energizing signal and/or response

signal facilitates impedance matching by limiting the amount of residual power

that may possibly remain in the cable. Conversion boxes (or electronic boxes)
according to certain embodiments can generate or attenuate energizing signals
to a relatively low RF power level and can include a power amplifier to prevent
high power RF signals from being carried via the cable.

[0051]

The following is a return loss calculation according to one embodiment

of the present invention that illustrates the affect that impedance matching may
have on the signals carried by coaxial cables according to various embodiments:
Return loss (RL) on the conversion box side can be calculated as

where 50 ohms is the characteristic impedance of the coaxial cable, and the
coaxial cable is terminated in 47.636 ohms. A 32.32 dB return loss may result in

or 0.058% of the power being reflected from the conversion (or

electronic) box side of the coaxial cable termination.

While an impedance

termination calculation also can be performed on the antenna box end of the

coax cable, such calculations may be optimistic. In practice, a 16 dB return loss
can be achievable at each end of a ten-foot coaxial cable. A 16 dB return loss

may be equivalent to 2.5% of the residual energy being reflected from each end
of the coaxial cable approximately every 15 nanoseconds. The following table
shows the residual energy in the coaxial cable for a 16 dB return loss on a ten
foot long cable, and an initial power of 250 milliwatts:

Table 1
[0052]

After 120 nanoseconds, the residual energy in the coaxial cable, due to

the original 250 milliwatts, is less than 0.04 picowatts and may be decreased as
to not cause interference to the response signal.

[0053]

In some embodiments of the present invention, the cable includes one

coaxial cable, two coaxial cables, or a tapeworm cable. For example, one cable

may be used to carry energizing signals and transmit signals, a second cable
may carry test signals, a third cable may carry calibration signals, and a fourth
cable may carry a power signal.

In other embodiments, the antenna box

communicates with the conversion box or electronic box wirelessly, without
requiring a cable, but otherwise operating similarly.

Illustrative Antenna Box
[0054]

Figure 11 illustrates one embodiment of an antenna box 500 that can

receive an energizing signal, amplify the energizing signal to a desired RF power
level, transmit the amplified energizing signal onto a communication medium
such as air for reception by an implanted sensor, receive a response signal from

the implanted signal, and provide the response signal to a conversion box (or
electronic box) via a cable. The antenna box 500 is connected to a conversion
box or electronic box (shown as "box side") via a cable 502. The antenna box
500 includes a voltage regulator 504 that receives power from cable 502 via L3.
The voltage regulator 504 can regulate the DC voltage and, in some
embodiments, provide DC power at two or more voltage levels to antenna box
circuitry.
[0055]

An energizing signal can be received by the antenna box 500 and can

be provided to timing regeneration block 506 and a dual comparator 508. The

dual comparator 508 can generate a differential drive to an RF amplifier that is a
modified H-Bridge power amplifier 510 and otherwise provide the energizing

signal to the modified H-Bridge power amplifier 510. The timing regeneration
block 506 can include timing regeneration circuitry.

The timing regeneration

circuitry can detect the presence of an energizing signal and an end to the
energizing signal, and output control signals to the dual comparator 508 and
receive switch 512. For example, the timing regeneration block 506 may detect
an end to the energizing signal and output a control signal to the dual comparator

508 to stop providing an input to the modified H-Bridge power amplifier 510 and
to the receive switch 512 to switch "on" to receive a response signal.
[0056]

The modified H-Bridge power amplifier 510 can amplify the energizing

signal to a pre-selected level before the antenna wirelessly transmits the
energizing signal to an implanted sensor.

An example of a pre-selected

amplification level includes 25 watts. The RF amplifier in Figure 11 is a modified
H-Bridge power amplifier 510. However, other types of RF amplifiers that can
increase a power level of an RF signal and provide a disconnect mechanism
from a transmit loop, such as transmit antenna element 514, at an end of the
energizing signal can be used. The modified H-Bridge power amplifier 510 may
provide a disconnect to the transmit loop within a certain amount of time, such as
100 nanoseconds, from the end of the energizing signal.

A disconnect can

include a gap in the transmit loop of a transmit antenna element to stop signal
transmission onto the communication medium and decrease transient signals
that may remain in the transmit loop as transmission ends. After amplification,
the amplified energizing signal is provided to the transmit antenna element 514
for transmission onto a communication medium, such as air, and reception by an

implanted sensor. The implanted sensor can respond to the energizing signal

with a response signal that is received by a receive antenna element 516

associated with the antenna box 500.

The response signal received by the

receive antenna element 516 can be provided to an amplifier and buffer 518
through the receive switch 512 that has been switched "on" by the timing
regeneration block 506.

The amplifier and buffer 518 can amplify the weak

response signal to a level acceptable for transmission to the box side via cable
502.

[0057]

The amplifier and buffer 518 may also provide an output impedance to

match the impedance of cable 502 or otherwise to facilitate efficient transmission

along cable 502. In some embodiments, the amplifier and buffer 518 provides a
50-ohm output impedance for the termination end of cable 502 in antenna box
500. The response signal may be incidentally received by the dual comparator

508 and, in some cases, cause a false transmission to be detected during
receive mode operation. The timing regeneration block 506 can disable the dual
comparator 508 output based on its detection of an end to the energizing signal.
For example, the timing regeneration block 506 can, after determining an end to
the response time window, provide control signals to the dual comparator 508 to

enable it to drive the modified H-Bridge power amplifier 510 and to turn the
receive switch 512 "off or to "open" it to prepare for another transmission period.
[0058]

The timing regeneration block 506 can identify an end to the response

signal after an end to a response time window. For example, the signal strength

of the response signal may decrease over time.

In some cases, the signal

strength may exponentially decrease.

A response time window can be used

during which the response signal is received. The response time window can
begin when the receive mode of the antenna box 500 begins and the response

time window can end after a pre-set amount of time. An example of one pre-set
amount of time is three microseconds.
[0059]

Figures

12

and

13

illustrate

additional

embodiments

of

the

transmission portions of an antenna box. In Figure 12, an amplifier 602 includes
diodes, such as pin switching diodes D 1 , D2, D3, and D4, that facilitate
disconnection of the transmit loop at the end of the energizing signal. In Figure
13, an amplifier 612 includes MOSFET transistors in a configuration that does

not facilitate a disconnect of the transmit loop at the end of the energizing signal.
In some instances, using an RF amplifier with pin switching diodes or with the H-

Bridge MOSFET transistor configuration may reduce or eliminate residual RF

energy remaining in associated transmit antenna elements, such as transmit
element 614 in Figure 13.

Decreasing or eliminating residual RF energy can

prevent residual energy from interfering with an antenna box's ability to receive
response signals from an implanted sensor.
[0060]

In some embodiments, the antenna box uses an H-Bridge RF power

amplifier with additional MOSFET transistors to provide the desired disconnect
performance. Figure 14 illustrates one embodiment of an H-Bridge amplifier 700
and a transmit antenna element 702 that may be used in certain antenna box

embodiments of the present invention as a power amplifier.

The transmit

antenna element 702 includes a capacitor C 1 that is a tuning capacitor adapted

to tune the transmit antenna element 702 to a desired resonant frequency. The
H-Bridge amplifier 700 includes N-Channel MOSFET transistors Q 1 , Q2 and PChannel MOSFET transistors Q3, Q4 that can turn "off' once transmission is
complete and provide a disconnect break in the loop path, preventing residual
energy from remaining in the transmit antenna element 702.
[0061]

In some embodiments, a standard H-Bridge amplifier can be modified

to provide amplification and disconnect capabilities for antenna box. Figure 15
illustrates one embodiment of a modified H-Bridge amplifier 800 that can be
implemented in certain embodiments of the invention. The modified H-Bridge
amplifier 800 may require less space, consume less power, and provide an
easier implementation than other amplifiers such as the standard H-Bridge
amplifier.

The modified H-Bridge amplifier 800 includes N-Channel MOSFET

transistors Q 1 and Q2, diodes D 1 and D2, and inductors L 1 and L2. The diodes
D 1 and D2 can cease conducting once the transistors Q 1 and Q2 are disabled,

providing a quick disconnect in a loop path and preventing residual energy from
remaining in a transmit antenna element 802 that may interfere with antenna box
receiving performance. For example, the modified H-Bridge amplifier 800 may
provide a disconnect within a certain amount of time, such as 100 nanoseconds,
after the end of the energizing signal. The modified H-Bridge amplifier 800 may
be a lower cost amplifier solution that requires fewer components to turn "off' and
is sized smaller then other amplifier designs. Furthermore, certain modified H-

Bridge amplifier embodiments may improve transient or residual energy

response of a transmit loop.

For example, the modified H-Bridge may be

adapted to decrease the effect switching transients have on system performance.
[0062]

Antenna boxes according to certain embodiments of the present

invention may include additional components that facilitate desired operation
performance.

For example, some antenna boxes may include a fan or other

cooling device that are adapted to regulate temperature within the antenna box.
Some circuitry components may be sensitive to temperature fluctuations and
may not provide desired performance characteristics for receiving low power
response signals if antenna box temperature varies. For example, the frequency
or other signal characteristics of response signals may be inadvertently modified
or obscured by circuitry operating at a temperature that varies from a normal
operating range. A fan or other cooling device that can regulate temperature
within the antenna box may prevent the temperature from varying. The fan or
other cooling device may be powered by a power signal received from an
electronic box over an antenna cable.
[0063]

Certain embodiments of the present invention utilize timing constraints

that can determine signal duration - energizing signal and/or response signal and use such determination to control certain circuitry components.

Figure 16

illustrates an embodiment of an energizing signal and response signal with
respect to time.

A transmit interval is shown between to and t 1 in which an

energizing signal begins at to and ends at t 1 . The energizing signal includes a
number of bursts or pulses.

In some embodiments, the energizing signal

includes a duration of 2 microseconds. The end of the energizing signal at t 1 can

be detected

by certain

antenna timing

regeneration

circuitry

in

some

embodiments of the present invention to change its state and prepare for
receiving a response signal beginning at t2. A transition time may be included
between t 1 and t2 to allow for cable reflections and other circuitry transients to

decay. A disconnect mechanism of an antenna box amplifier, such as a standard
H-Bridge or modified H-Bridge, can eliminate or decrease transients based at
least in part on a rapid decay of the residual energy. In some embodiments, the
transition time is 0.1 microseconds. The response signal begins at t2 and ends
at t3.

In

some embodiments, the response signal duration is three

microseconds. The end of the receive signal at t3 can be detected by certain
circuitry to change the state from receive mode to transmit mode and prepare for
a subsequent energizing signal, such as at t4. Unused time may be provided
between t3 and t4 to allow for digital control signals for status, configuration, and
to provide for other features.
[0064]

The foregoing description of the embodiments of the invention has

been presented only for the purpose of illustration and description and is not

intended to be exhaustive or to limit the invention to the precise forms disclosed.
Numerous modifications and adaptations are apparent to those skilled in the art
without departing from the spirit and scope of the invention.

Claims

1.

A system comprising:
a transmit antenna element for propagating an energizing signal onto a

communication medium;
a receive antenna element for recovering an implanted sensor response signal
from the communication medium, the implanted sensor response signal being
responsive to the energizing signal; and
an antenna box in electrical communication with the transmit antenna element

and with the receive antenna element, the antenna box comprising:

a power amplifier for amplifying the energizing signal received from an
antenna cable to a second power level from a first power level and for providing the
energizing signal at the second power level to the transmit antenna element; and
timing regeneration circuitry for outputting control signals to change the
antenna box to a receive mode upon detecting an end to the energizing signal and to
change the antenna box to a transmit mode upon identifying an end to the implanted
sensor response signal by identifying an end to a response time window of a pre-set
amount of time,
wherein the antenna box is capable of receiving the energizing signal from the
antenna cable in the transmit mode and providing the implanted sensor response signal
to the antenna cable in the receive mode.

2.

The system of claim 1, wherein the antenna cable is one of:
a single coaxial cable; or
a bundled cable.

3.

The system of claim 1, wherein the antenna box is capable of receiving the

energizing signal and a power signal through the antenna cable from a conversion box
in electrical communication with an electronic box capable of supplying the energizing

signal and the power signal to the conversion box, the power signal being a direct

current (DC) power signal.

4.

The system of claim 3 , wherein the antenna box further comprises a voltage

regulator for regulating the DC power signal to supply a first DC power signal at a first
voltage level and a second DC power signal at a second voltage level.

5.

The system of claim 1, wherein the antenna box further comprises a receive

switch controllable by the control signals outputted by the timing regeneration circuitry to
change the antenna box to the receive mode or to the transmit mode.

6.

The system of claim 1, wherein the power amplifier is an RF amplifier capable of

providing a disconnect within a pre-set amount of time after the end of the energizing
signal, the RF amplifier comprising at least one of:
a full H-Bridge amplifier; or
a modified H-Bridge amplifier.

7.

The system of claim 6 , wherein the pre-set amount of time after the end of the

energizing signal is 100 nanoseconds.

8.

The system of claim 1, wherein the antenna box further comprises a receive

amplifier and buffer capable of amplifying the implanted sensor response signal to a
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response signal and capable of providing the response signal to an electronic box
through the antenna cable.

9.

A communication system comprising:
an electronic box for generating an energizing signal at a first power level;

a conversion box in electrical communication with the electronic box, the
conversion box being capable of attenuating the energizing signal to a second power
level and providing the energizing signal at the second power level to an antenna box
through an antenna cable; and
the antenna box comprising:
a power amplifier for amplifying the energizing signal received from the
conversion box through the antenna cable to a third power level from the second power
level and for providing the energizing signal at the third power level to a transmit
antenna element for transmitting the energizing signal at the third power level onto a
communication medium; and
timing regeneration circuitry for outputting control signals to change the antenna
box to a receive mode upon detecting an end to the energizing signal and to change the
antenna box to a transmit mode upon identifying an end to an implanted sensor
response signal by identifying an end to a response time window of a pre-set amount of
time, the implanted sensor response signal being responsive to the energizing signal
and recovered from the communication medium by a receive antenna element,

wherein the antenna box is capable of receiving the energizing signal from the
conversion box through the antenna cable in the transmit mode and providing the
implanted sensor response signal to the conversion box through the antenna cable in
the receive mode.
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10.

The communication system of claim 9 , wherein the conversion box comprises a

diplex filter for combining the energizing signal with a direct current (DC) power signal
received from the electronic box, the combined energizing signal and DC power signal
being provided to the antenna box through the antenna cable.

11.

The communication system of claim 9 , wherein the electronic box comprises the

conversion box.

12.

The communication system of claim 9 , wherein the electronic box comprises a

field-programmable

gate array (FPGA) for generating the energizing signal at a pre¬

selected frequency and for providing a control signal to a switch to toggle between a
signal transmission mode and signal reception mode.

13.

The communication system of claim 9, wherein the antenna cable is one of:
a single coaxial cable; or
a bundled cable.

14.

The communication

system of claim 9 , wherein the power amplifier is an RF

amplifier capable of providing a disconnect within a pre-set amount of time after the end
of the energizing signal, the RF amplifier comprising at least one of:
a full H-Bridge amplifier; or
a modified H-Bridge amplifier.

15.

The communication system of claim 14, wherein the pre-set amount of time after

the end of the energizing signal is 100 nanoseconds.
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16 .

The communication system of claim 9, wherein the antenna box further comprises

a receive amplifier and buffer capable of amplifying the implanted sensor response
signal to a response signal and capable of providing the response signal to the

electronic box through the conversion box and the antenna cable, wherein the electronic
box is capable of processing the response signal.

17.

A method comprising:
operating in a transmit mode by:
receiving an energizing signal at a first power level from an antenna cable;

amplifying the energizing signal to a second power level from the first
power level;
providing the energizing signal at the second power level to a transmit

antenna element for propagating the energizing signal at the second power level onto a
communication medium; and
detecting an end to the energizing signal;
changing to a receive mode from the transmit mode after detecting the end to the
energizing signal;
operating in the receive mode by:
receiving an implanted sensor response signal recovered from the

communication medium by a receive antenna element, the implanted sensor response
signal being responsive to the energizing signal;
providing the implanted sensor response signal to the electronic box

through the antenna cable; and
identifying an end to the implanted sensor response signal by identifying
an end to a response time window of a pre-set amount of time; and
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changing to the transmit mode from the receive mode after identifying the end to
the implanted sensor response signal.

18 .

The method of claim 17 , further comprising:
generating the energizing signal at a third power level;
attenuating the energizing signal from the third power level to the first power level;

and

providing the energizing signal at the first power level to the antenna cable.

19 .

The method of claim 18 , further comprising:
amplifying the implanted sensor response signal to a fourth power level;
providing the implanted sensor response signal at the fourth power level to the

antenna cable; and
processing the implanted sensor response signal at the fourth power level.

20.

The method of claim 17 , wherein operating in the transmit mode further

comprises:
providing a disconnect in the transmit antenna element within a pre-set amount of
time after the end of the energizing signal.
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