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Description

[0001] The present invention relates generally to the
field of implantable medical devices, and more particu-
larly to low energy uplink and downlink telemetry control
for an implantable medical device (IMD) telemetry trans-
ceiver.
[0002] At present, a wide variety of IMDs are commer-
cially released or proposed for clinical implantation that
are programmable in a variety of operating modes and
are interrogatable using RF telemetry transmissions.
Such medical devices include implantable cardiac pace-
makers, cardioverter/defibrillators, cardiomyostimula-
tors, pacemaker/cardioverter/defibrillators, drug delivery
systems, cardiac and other physiologic monitors, electri-
cal stimulators including nerve and muscle stimulators,
deep brain stimulators, and cochlear implants, and heart
assist devices or pumps, etc.
[0003] Typically, certain therapy delivery and monitor-
ing operational modes and parameters of the IMD are
altered temporarily or chronically in a non-invasive (i.e.
non-surgical) manner using downlink telemetry transmis-
sion from an external programmer of programming and
interrogation commands (herein referred to as "downlink
telemetry data"). Moreover, a wide variety of real time
and stored physiologic and non-physiologic data (re-
ferred to collectively herein as "patient data") is uplink
telemetered by the IMD to the programmer in response
to a downlink telemetered interrogation command.
[0004] The telemetry transmission system that has
evolved into common use currently relies upon the gen-
eration of low amplitude magnetic fields by current oscil-
lating in an LC circuit of an RF telemetry antenna in a
transmitting mode and the sensing of currents induced
a closely spaced RF telemetry antenna in a receiving
mode. Short duration bursts of the carrier frequency us-
ing a variety of telemetry transmission and encoding for-
mats are transmitted through the patient’s skin between
the antennae and transceiver circuits in a programming
head overlying the skin and the IMD under the skin. In
the current MEDTRONIC® product line, the RF carrier
frequency is set at 175 kHz and the RF telemetry antenna
of the IMD is typically coiled wire wound about a ferrite
core that is located within the hermetically sealed enclo-
sure. The hermetically sealed enclosure also typically
contains a battery power source and circuitry for control-
ling the operation of the IMD and a reed switch or
MAGFET that is responsive to an externally applied mag-
netic field within the external programming head to ena-
ble decoding of downlink telemetry transmissions by and
transmission of uplink telemetry from the IMD.
[0005] In an uplink telemetry transmission from an
IMD, it is desirable to limit the current drain from the IMD
battery as much as possible simply to prolong IMD lon-
gevity. As the technology advances, IMDs become ever
more complex in possible programmable operating
modes, menus of available operating parameters, and
capabilities of monitoring increasing varieties of physio-

logic conditions and electrical signals. These complexi-
ties place ever increasing demands on the programming
and interrogation system and the medical care providers
using them. Thus, as device operating and monitoring
capabilities multiply, it is desirable to be able to transmit
out ever increasing volumes of data in real time or in as
short a transmission time as possible with high reliability
and immunity to spurious noise. Moreover, it is desirable
to eliminate the need for the magnetic field coupling be-
tween the programming head and the IMD and to allow
secure programming and interrogation to take place at
greater distances between the IMD and programmer an-
tennae.
[0006] As a result of these considerations, many RF
telemetry transmission data encoding schemes have
been proposed or currently are used that increase secu-
rity and the data transmission rate as well as the safe
operating distance between the IMD and programmer
antennae. An IMD according to the preamble of claim 1
is disclosed in U.S. Patent No. 4,681,111 One way to
increase data transmission capacity is to increase the
RF carrier frequency and the bandwidth allocated to an
active transmission channel into the MHz range as set
forth in commonly assigned U.S. Patent No. 5,861,419
and in U.S. Patent No. 6,169,925 for a "Telemetry System
for Implantable Medical Devices", filed April 30, 1999, by
Villesca et al.
[0007] The above-referenced 175 kHz RF carrier fre-
quency is generated employing a relatively simple low
current consuming L-C tank circuit and switching circuit-
ry. But, a high frequency RF generator is necessary to
generate the high frequency RF carrier signal in the MHz
range, and it is necessary to carefully control the gener-
ator to prevent frequency drift without unduly increasing
current consumption from the IMD battery.
[0008] Similar problems exist in other non-IMD com-
munication systems operating with a particular RF carrier
frequency or within particular allocated frequency bands
in FM transmission and reception modes as set forth in
U.S. Patent Nos. 4,521,918, 4,955,075, 5,335,365,
5,748,103, 5,767,791 and 5,944,659, for example. Typ-
ically, a battery powered remote device, e.g., an external
patient monitor or a mobile cellular phone, is powered by
a battery and communicates with remote, line powered
equipment either periodically, in the case of a monitor,
or, in the case of a cellular phone, when a user answers
an incoming call or initiates an outgoing call. The battery
powered monitor or cellular phone employs a frequency
synthesizer to generate the RF carrier signal during
transmission of data or voice, and the frequency synthe-
sizer typically comprises a voltage controlled oscillator
(VCO) and a phase lock loop (PLL) circuit that regulates
the frequency of the generated RF signal. The PLL circuit
operates in a feedback path employing a reference fre-
quency to develop a PLL control voltage maintained on
a capacitive loop filter that is applied to a control input of
the VCO which responds by oscillating at the RF carrier
frequency established by the control voltage. In the trans-

1 2 



EP 1 408 818 B1

3

5

10

15

20

25

30

35

40

45

50

55

mission mode, the RF carrier frequency is modulated in
frequency by the superimposition of a data or voice volt-
age on the control voltage, thereby increasing or de-
creasing the VCO generated carrier frequency.
[0009] The PLL circuit consumes battery energy, and
so, it is often only operated to stabilize the VCO and is
then turned off during data or voice transmission or during
a standby mode, as suggested in the above-referenced
’365 patent In addition, it is proposed in the above-refer-
enced ’075 patent to employ automatic frequency control
(AFC) during reception of the RF carrier frequency of a
received signal to stabilize the VCO frequency. In the
receive mode, the VCO frequency is initially stabilized
by the PLL circuit, and then the AFC is substituted for
the PLL, which is disconnected from the VCO and/or pow-
ered off.
[0010] It is also proposed to remove power from the
PLL circuit or disconnect it from the VCO during the trans-
mission mode after the VCO voltage has stabilized to
within acceptable frequency tolerances and provides the
control voltage on the capacitive loop filter. However, the
control voltage stored by the loop filter tends to decline
due to current leakage over time, and so it is necessary
to periodically power up and/or reconnect the PLL circuit
to the loop filter and VCO to restore the control voltage
as described in the above-referenced ’918 patent Or, the
control voltage that is developed in a transmit or receive
mode is stored and is used during the standby mode to
maintain the control voltage via a feedback loop under
the control of a microcomputer as described in the above-
referenced ’365 patent. The feedback loop employs A/D
and D/A converters and is not used during the transmit
or receive modes because it would inherently introduce
noise on the transmitted or received signal. The circuitry
of such a feedback loop also consumes space on the RF
module that must be fitted into the limited space within
the IMD housing.
[0011] Accordingly, it is an objective of the present in-
vention to save IMD battery energy during telemetry ses-
sions while still generating the high RF carrier frequency
that is required to provide the data transmission rate re-
quired between the IMD and the external programmer at
a distance from the patient and also meets the standards
established by regulatory agencies for accuracy, stability
and patient safety.

SUMMARY OF THE INVENTION

[0012] The invention provides devices and methods
as defined in the independent claims. The frequency syn-
thesizer employed in the RF transceiver of the IMD op-
erating system functions in a PLL LOCK mode wherein
the VCO frequency is governed by the PLL and an energy
saving HOLD mode wherein the PLL is not operational,
and control voltage dissipation is compensated for during
uplink and downlink telemetry transmissions.
[0013] In preferred embodiments, the RF transceiver
is normally dormant and powered down until an event

occurs that signifies the start of a telemetry session, the
telemetry session involving operating the IMD and the
external programmer in successive uplink and downlink
telemetry transmissions. The PLL circuit is powered up
and coupled with a control voltage input and the output
of the VCO to develop a frequency control voltage stored
by a capacitive loop filter during initial LOCK portions of
both uplink (transmitting) and downlink (receiving) telem-
etry transmission time periods. The VCO also has a fre-
quency modulation (FM) input that receives the data bit
modulation voltage that modulates the carrier frequency
during uplink transmission of patient data. The PLL circuit
is disconnected from the VCO and the loop filter and is
placed in a low energy state during the subsequent HOLD
portions of both uplink and downlink telemetry transmis-
sion time periods when the control voltage and the re-
sulting VCO carrier frequency have stabilized sufficiently.
[0014] During the HOLD portion of a downlink telem-
etry transmission, the VCO generated carrier signal and
the received signal are mixed, and the telemetered infor-
mation of the RF signal that is modulated and transmitted
by the programmer is demodulated. An AFC algorithm
is enabled during the HOLD portion of the downlink te-
lemetry transmission and derives a frequency correction
value from the difference in frequency of the average
frequency of the received carrier frequency and the VCO
generated carrier frequency. The frequency correction
value is applied to the VCO to compensate for VCO fre-
quency tolerances and for loop filter capacitor discharge
of the control voltage to thereby drive the VCO generated
carrier frequency toward the average carrier frequency
of the received carrier signal.
[0015] The frequency correction value derived by the
AFC algorithm is converted to a frequency correction volt-
age value that is applied to the FM input of the VCO. The
correction voltage value is effectively summed with the
decreasing loop filter capacitor voltage by the VCO, and
the VCO responds to the summed voltages to generate
the VCO carrier frequency so that the VCO generated
carrier signal remains relatively constant over the HOLD
portion while receiving a downlink telemetry transmis-
sion. Each successively determined correction voltage
value increases with time in as the control voltage stored
in the loop filter capacitor discharges.
[0016] Preferably, drift of the VCO generated carrier
frequency during the HOLD portion of the uplink telem-
etry transmission time period is compensated for through
use of the frequency correction values developed in a
preceding HOLD portion of a downlink telemetry trans-
mission. The frequency correction values periodically de-
veloped by the AFC algorithm during the HOLD portion
of a downlink telemetry transmission are processed by
a transmit drift compensation circuit. The stored frequen-
cy correction values of the data set are each successively
retrieved and converted to a correction voltage value that
is summed with the modulation voltage of the data signal
that is applied to the FM input of the VCO. In this case,
the sum of the correction voltage value and the modula-
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tion voltage of the patient data signal (when present) is
effectively summed with the decreasing loop filter capac-
itor voltage by the VCO. Again, the VCO responds to the
summed voltages applied to the two inputs to generate
the VCO carrier frequency so that the VCO generated
carrier signal remains relatively constant over the HOLD
portion of the uplink telemetry transmission.
[0017] In a further preferred embodiment, a fixed re-
charge current is applied by a recharge current source
to the loop filter capacitor to compensate for voltage dis-
charge during both the LOCK and HOLD portions of each
uplink and downlink telemetry transmission time period.
The fixed recharge current value that is derived and
stored in IMD memory tends to recharge the loop filter
capacitor toward the required control voltage and thereby
compensates for current leakage. In one variation of this
embodiment, the rate of change of the correction voltage
values that are derived by the AFC algorithm during the
HOLD portion of the downlink telemetry transmission
time period is calculated and stored in IMD memory as
a fixed recharge current value. In another variation of this
embodiment, the rate of capacitor discharge of the loop
filter capacitor over time is measured following assembly
of the IMD, and the recharge current value is derived and
stored in memory as a function of the rate of capacitor
discharge.
[0018] Preferably, both the relatively coarse recharge
function of the recharge current source and the fine cor-
rection functions enabled by the AFC algorithm and ap-
plied in real time or retrieved from memory in downlink
and uplink telemetry transmission time periods, respec-
tively, are employed together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other advantages and features of
the present invention will be appreciated as the same
becomes better understood by reference to the following
detailed description of the preferred embodiment of the
invention when considered in connection with the accom-
panying drawings, in which like numbered reference
numbers designate like parts throughout the figures
thereof, and wherein:

FIG. 1 is a simplified schematic view of uplink and
downlink telemetry transmissions between an exem-
plary IMD implanted in a patient’s body and an ex-
ternal programmer;
FIG. 2 is a simplified block diagram of major func-
tional uplink and downlink telemetry transmission
functions of the external programmer and IMD of
FIG. 1;
FIG. 3 is a block diagram of a system architecture
of an exemplary IMD that incorporates delivery of a
therapy and/or physiologic input signal processing
in which the telemetry system of the present inven-
tion is incorporated;
FIG. 4 is a simplified block diagram of the RF telem-

etry transceiver of the present invention that is incor-
porated into the exemplary IMD of FIG. 3;
FIG. 5 is a state diagram illustrating the operation of
the RF telemetry transceiver of the present invention
illustrated in FIG. 4; and
FIG. 6 is a timing diagram illustrating the operation
of the AFC algorithm.

DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS OF THE INVENTION

[0020] The present invention can be implemented in
any IMD having uplink and downlink telemetry capabili-
ties. At present, a wide variety of IMDs are commercially
released or proposed for clinical implantation. Such med-
ical devices include implantable cardiac pacemakers as
well as ICDs, pacemaker-cardioverter-defibrillators, drug
delivery pumps, cardiomyostimulators, cardiac and other
physiologic monitors, nerve and muscle stimulators,
deep brain stimulators, cochlear implants, artificial
hearts, etc. As the technology advances, IMDs become
ever more complex in possible programmable operating
modes, menus of available operating parameters, and
capabilities of monitoring increasing varieties of physio-
logic conditions and electrical signals which place ever
increasing demands on the telemetry transmission sys-
tem. It is also contemplated that the present invention
may be implemented in more than one IMD implanted
within the same patient to enable communication be-
tween them.
[0021] FIG. 1 illustrates bi-directional telemetry com-
munication between an external programmer 26 and an
IMD 100, e.g., an ICD, hemodynamic monitor or cardiac
pacemaker IPG 12 and an endocardial lead 14, in ac-
cordance with one embodiment of the present invention.
The IPG 12 is implanted in the patient 10 beneath the
patient’s skin or muscle and is typically oriented to the
skin surface. The IPG 12 is electrically coupled to the
heart 18 of the patient 10 through pace/sense or cardio-
version/defibrillation electrodes and lead conductor(s) of
at least one endocardial lead 14 coupled to the IPG con-
nector in a manner known in the art. The IPG 12 contains
a battery and an operating system powered by the battery
that may employ a microcomputer or a digital state ma-
chine for timing and controlling device functions in ac-
cordance with a programmed operating mode. An exem-
plary operating system enclosed within IPG 12 is depict-
ed in FIG. 3 and described further below. When the IPG
12 is provides cardiac pacing functions, its operating sys-
tem memory registers in RAM for storing a variety of pro-
grammed-in operating mode and parameter values that
are used by the operating system. The memory registers
may also be used for storing patient data compiled from
sensed cardiac activity and/or relating to device operat-
ing history or sensed physiologic parameters for telem-
etry out on receipt of downlink transmitted retrieval or
interrogation command. The operating system also in-
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cludes sense amplifiers for detecting cardiac signals,
pulse generating output circuits for delivering pacing
pulses to at least one heart chamber of the heart 18, and
optionally includes patient activity sensors or other phys-
iologic sensors for sensing the need for cardiac output
and modulating pacing parameters accordingly in a man-
ner well known in the prior art. When the IPG 12 is an
ICD, it includes one or more high power cardioversion/
defibrillation output capacitor, electronic circuitry coupled
to the sense amplifiers for detecting and discriminating
pathologic and/or non-pathologic arrhythmias from one
another and providing other functions, high voltage elec-
tronic charging circuitry for charging the output capacitor
(s) from a battery voltage to a higher voltage, and elec-
tronic switching circuitry for dumping the charge built up
on the output capacitor(s) through the cardioversion/de-
fibrillation electrodes. Such a pacing or ICD IPG 12 is
described in detail in commonly assigned U.S. Patent
No. 5,626,620 or 5,931,857, respectively.
[0022] The IPG operating system also includes telem-
etry circuitry and a telemetry antenna 28, which can take
the form of a surface mounted antenna described in the
above-referenced ’019 patent or an antenna enclosed
within or mounted to the IPG connector. It is desirable to
reduce the size of the IPG while increasing its functional
capabilities and prolonging battery life to increase lon-
gevity. In accordance with the present invention, the cur-
rent consumption of certain transceiver circuits is de-
creased. By way of background to place this in context,
the IPG telemetry system and functions are first de-
scribed as follows. For convenience of description, the
preferred embodiments are described as follows using
RF downlink telemetry (DT) transmissions 22 and uplink
telemetry (UT) transmissions 20. The terms "telemeter",
"telemetry transmission" and the like are intended to em-
brace any action and manner of communicating and con-
veying patient data and downlink telemetry data between
the IPG and any external monitoring device or program-
mer 26 in the UT direction and the DT direction, respec-
tively.
[0023] Downlink telemetry data packets and patient
data packets are transmitted between the IPG RF telem-
etry antenna 28 within or on or extending from a surface
of the IPG 12 and an external RF telemetry antenna 24
associated with the external programmer 26. Preferably,
a high frequency carrier signal in the range of 402 to 405
MHz is employed and it is not necessary that the external
RF telemetry antenna 24 be located close to the patient’s
skin overlying the IPG 12. Instead, the external RF te-
lemetry antenna 24 can be located on the case of the
external programmer some distance, e.g., about two to
five meters, from the patient 10. For example, the external
programmer 26 and external RF telemetry antenna 24
may be on a stand a few meters or so away from the
patient 10 as described, for example, in the above-refer-
enced ’019 patent and in commonly assigned U.S. Patent
Nos. 5,683,432 and 5,843,139. Moreover, the patient 10
may be active and could be exercising on a treadmill or

the like during an uplink telemetry interrogation of real
time ECG or physiologic parameters. The programmer
26 may also be designed to universally program existing
IPGs that employ the conventional ferrite core, wire coil,
RF telemetry antenna of the prior art and therefore also
have a conventional programmer RF head and associ-
ated software for selective use with such IPGs.
[0024] In an uplink telemetry transmission 20, the ex-
ternal RF telemetry antenna 24 operates as a telemetry
receiver antenna, and the IPG RF telemetry antenna 28
operates as a telemetry transmitted antenna. Converse-
ly, in a downlink telemetry transmission 22, the external
RF telemetry antenna 24 operates as a telemetry trans-
mitter antenna, and the IPG RF telemetry antenna 28
operates as a telemetry receiver antenna.
[0025] FIG. 2 illustrates certain of the functional telem-
etry transmission blocks of the external programmer 26
and IPG 12 of FIG. 1. The external RF telemetry antenna
24 within the programmer 26 is coupled to a telemetry
transceiver comprising a telemetry transmitter 32 and te-
lemetry receiver 34. The programmer telemetry transmit-
ter 32 and telemetry receiver 34 are coupled to control
circuitry and registers operated under the control of a
microcomputer and software as described in the above-
referenced ’139 patent, for example. Similarly, within the
IPG 12, the IPG RF telemetry antenna 28 is coupled to
a telemetry transceiver comprising a telemetry transmit-
ter 42 and telemetry receiver 44 that are further described
below with reference to FIGs. 3 and 4.
[0026] In an uplink telemetry transmission 20, the te-
lemetered patient data may be encoded in any of the
telemetry formats. In a particular example described be-
low, the data encoding or modulation is in the form of
frequency shift key (FSK) modulation of the carrier fre-
quency, for example. To initiate an uplink telemetry trans-
mission 20, the telemetry transmitter 32 in external pro-
grammer 26 is enabled in response to a user input to
generate an INTERROGATE command in a downlink te-
lemetry transmission 22. The INTERROGATE command
is received and demodulated in receiver 44 and applied
to an input of the IMD central processing unit (CPU), e.g.
a microcomputer (not shown). The IMD microcomputer
responds by forwarding the requested patient data to the
transmitter 42 that generates the encoded uplink telem-
etry transmission 20.
[0027] The uplink and downlink telemetry transmis-
sions 20 and 22 follow a telemetry protocol that formu-
lates, transmits and demodulates downlink telemetry da-
ta packets and patient data packets each comprising a
bit stream of FSK modulated data bits. The data packets
are formulated of an FSK data bit stream with a preamble,
data and error checking data bits. A carrier frequency
centered in a 300 kHz band between 402 MHz and 405
MHz is modulated in frequency or frequency shifted up
representing a data bit "1" or shifted down to represent
the data bit "0". Each uplink and downlink telemetry trans-
mission 20 and 22 takes place during a respective uplink
telemetry transmission time period and downlink telem-
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etry transmission time period.
[0028] FIG. 3 depicts a system architecture of an ex-
emplary IMD 100 implanted into a patient’s body 10 that
provides delivery of a therapy and/or physiologic input
signal processing. The typical IMD 100 has a system
architecture that is constructed about a microcomputer-
based control and timing system 102 which varies in so-
phistication and complexity depending upon the type and
functional features incorporated therein. The functions
of microcomputer-based IMD control and timing system
102 are controlled by firmware and programmed software
algorithms stored in RAM and ROM including PROM and
EEPROM and are carried out using a CPU, ALU, etc., of
a typical microprocessor core architecture. The micro-
computer-based IMD control and timing system 102 may
also include a watchdog circuit, a DMA controller, a block
mover/reader, a CRC calculator, and other specific logic
circuitry coupled together by on-chip data bus, address
bus, power, clock, and control signal lines in paths or
trees in a manner well known in the art. It will also be
understood that control and timing of IMD 100 can be
accomplished with dedicated circuit hardware or state
machine logic rather than a programmed micro-compu-
ter.
[0029] The IMD 100 also typically includes patient in-
terface circuitry 104 for receiving signals from sensors
or electrodes located at specific sites of a patient’s body
10 and/or delivering a therapy to a site of the patient’s
body 10. The typical patient interface circuitry 104 there-
fore comprises a therapy delivery system 106 and a phys-
iologic input signal processing circuit 108 or simply one
or the other.
[0030] The therapy delivery system 106 can be con-
figured to deliver electrical stimulation to the body, e.g.,
cardioversion/defibrillation shocks and/or cardiac pacing
pulses delivered to the heart, or other electrical stimula-
tion delivered to the brain, other organs, selected nerves,
the spinal column, the cochlea, or muscle groups, includ-
ing skeletal muscle wrapped about the heart. Or the ther-
apy delivery system 106 can be configured as a drug
pump delivering drugs into organs for therapeutic treat-
ment or into the spinal column for pain relief. Or therapy
delivery system 106 can be configured to operate an im-
plantable heart assist device or pump implanted in pa-
tients awaiting a heart transplant operation.
[0031] It will be understood that most of these therapy
delivery IMDs also have a physiologic input signal
processing circuit 108 that processes physiologic signals
that are used to trigger or modulate therapy delivery and
are stored as physiologic signal data for later retrieval as
described above. The physiologic input signal process-
ing circuit 108 is coupled to electrical signal sense elec-
trodes and/or physiologic sensors on or in the housing
of the IMD 100 or situated at sites distanced from the
IMD housing, typically in distal portions of elongated
leads. The sensors or electrodes located outside the
housing are coupled by conductors to feedthrough pins
of feedthroughs extending through the housing wall. Cer-

tain physiologic sensors or sense electrodes can be
mounted to a connector assembly so that the conductors
are quite short. Typically, however, the conductors in-
clude the elongated conductors of leads extending to the
remotely situated physiologic sensors and sense elec-
trodes.
[0032] The IMD 100 can comprise an implantable car-
diac monitor without a therapy delivery system 106, e.g.,
an implantable EGM monitor for recording the cardiac
electrogram from electrodes remote from the heart as
disclosed in commonly assigned U.S. Pat. No. 5,331,966
and PCT publication WO 98/02209. Or the IMD 100 can
comprise an implantable hemodynamic monitor (IHM) for
recording cardiac electrogram and other physiologic sen-
sor derived signals, e.g., one or more of blood pressure,
blood gases, temperature, electrical impedance of the
heart and/or chest, and patient activity. The Medtronic®
REVEAL® Insertable Loop Recorder having spaced
housing EGM electrodes is an example of the former,
and the Medtronic® CHRONICLE® IHM coupled with a
capacitive pressure and temperature sensing lead and
EGM sense electrodes of the type described in common-
ly assigned U.S. Pat. No. 5,564,434 is an example of the
latter.
[0033] These are merely exemplary configurations of
IMD 100, therapy delivery system 106, and physiologic
input signal processing circuit 108 for therapy delivery
and/or monitoring. In all cases, the micro-computer-
based control and timing system 102 governs all operat-
ing functions employing an appropriate, programmable
operating algorithm. FIG. 1 also depicts other typical
components common to an IMD 100 in any of these ther-
apy delivery and/or monitoring configurations.
[0034] All current IMDs rely upon a source of electrical
energy to power the IMD operating system including the
circuitry of IMD 100 and to power any electromechanical
devices, e.g., valves, pumps, etc. of a substance delivery
IMD, or to provide electrical stimulation energy of an ICD
shock generator, cardiac pacing pulse generator, or other
electrical stimulation generator. The typical energy
source is a high energy density, low voltage battery 136
coupled with a power supply/POR circuit 126 having pow-
er-on-reset (POR) capability. The power supply/POR cir-
cuit 126 provides one or more low voltage power Vlo, the
POR signal, one or more VREF sources, current sources,
an elective replacement indicator (ERI) signal, and, in
the case of an ICD, high voltage power Vhi to the therapy
delivery system 106. Not all of the conventional intercon-
nections of these voltages and signals are shown in FIG.
1.
[0035] In addition, in certain IMDs, an audible patient
alert warning or message is generated by a transducer
128 when driven by a patient alert driver 118 to advise
of device operations, battery power level or a monitored
patient condition. In ICDs, the patient may be warned of
the detection of a malignant tachyarrhythmia and the im-
minent delivery of a cardioversion/defibrillation shock to
enable the patient to assume a resting position prior to
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delivery.
[0036] Virtually all current electronic IMD circuitry em-
ploys clocked CMOS digital logic ICs that require a clock
signal CLK provided by a piezoelectric crystal 132 and
system clock 122 coupled thereto. In FIG. 1, each CLK
signal generated by system clock 122 is routed to all ap-
plicable clocked logic via a clock tree 138. The system
clock 122 provides one or more fixed frequency CLK sig-
nal that is independent of the battery voltage over an
operating battery voltage range for system timing and
control functions and in formatting uplink telemetry signal
transmissions in the telemetry I/O circuit 124.
[0037] In the IMD 100, uplink and downlink telemetry
capabilities are provided to enable communication with
either a remotely located external medical device or a
more proximal medical device on the patient’s body or
another IMD in the patient’s body as described above
with respect to FIGs. 1 and 2.
[0038] The RAM registers may be used for storing the
patient data comprising physiologic patient data com-
piled from sensed cardiac activity or sensed physiologic
parameters and non-physiologic patient data relating to
device operating history for uplink telemetry transmission
on receipt of a retrieval or interrogation instruction via a
downlink telemetry transmission. The criteria for trigger-
ing such patient data storage can also be programmed
in via downlink telemetry transmitted instructions and pa-
rameter values The physiologic data storage is either trig-
gered on a periodic basis or by detection logic within the
physiologic input signal processing circuit 108 upon sat-
isfaction of certain programmed-in event detection crite-
ria. In some cases, the IMD 100 includes a magnetic field
sensitive switch 130 that closes in response to a magnetic
field, and the closure causes a magnetic switch circuit to
issue a switch closed (SC) signal to control and timing
system 102 which responds in a magnet mode. For ex-
ample, the patient may be provided with a magnet 116
that can be applied over the subcutaneously implanted
IMD 100 to close switch 130 and prompt the control and
timing system to deliver a therapy and/or store physio-
logic episode data when the patient experiences certain
symptoms. In either case, event related data, e.g., the
date and time, may be stored along with the stored pe-
riodically collected or patient initiated physiologic data
for uplink telemetry in a later initiated telemetry session.
[0039] In addition, real-time generated physiologic pa-
tient data can be transmitted by uplink RF telemetry from
the IMD 100 to the external programmer or other remote
medical device 26 in response to a downlink telemetered
interrogation command. The real-time physiologic data
typically includes real time sampled signal levels, e.g.,
intracardiac electrocardiogram amplitude values, and
sensor output signals.
[0040] The non-physiologic patient data that can be
transmitted by uplink RF telemetry from the IMD 100 to
the external programmer or other remote medical device
26 includes currently programmed device operating
modes and parameter values, battery condition, device

ID, patient ID, implantation dates, device programming
history, real time event markers, and the like. In the con-
text of implantable pacemakers and ICDs, such non-
physiologic patient data includes programmed sense
amplifier sensitivity, pacing or cardioversion pulse am-
plitude, energy, and pulse width, pacing or cardioversion
lead impedance, and accumulated statistics related to
device performance, e.g., data related to detected ar-
rhythmia episodes and applied therapies.
[0041] In accordance with the present invention, the
battery energy expended in uplink telemetry transmis-
sions of such IMD developed patient data and downlink
telemetry transmissions of programming and interroga-
tion commands is conserved employing the telemetry
transceiver 124 illustrated in FIG. 4 operating in accord-
ance with the state diagram of FIG. 5. Each uplink and
downlink telemetry transmission time period is divided
into an initial LOCK portion and a subsequent HOLD por-
tion. Programming/interrogation commands are received
after the commencement of and during the subsequent
HOLD portion of each downlink telemetry transmission.
Similarly, encoded PATIENT DATA packets are trans-
mitted by transmitter 230 after the commencement of and
during the subsequent HOLD portion of each uplink te-
lemetry transmission.
[0042] Telemetry transceiver 124 preferably operates
in accordance with a protocol that causes timing and con-
trol signals to be provided such that patient data is trans-
mitted during an uplink telemetry transmission and down-
link telemetry data is received during a downlink telem-
etry transmission. The timing and control signals perti-
nent to the present invention include the TRANSMIT en-
abling signal, the LOCK/HOLD state signal, and the RE-
CEIVE enabling signal generated at appropriate times
by a control and timing system which can be either res-
ident within transceiver 124 or received from timing and
control system 102.
[0043] The TRANSMIT control signal enables the
transmitter 230 to transmit FSK modulated PATIENT DA-
TA packets and couples the output of the transmitter 230
to the antenna 28 through switch 240. In one preferred
embodiment, the TRANSMIT control signal also enables
the D/A converter 238 to receive stored AFC derived re-
charge data from transmit drift compensation circuit 250
during the HOLD portion of the uplink telemetry trans-
mission time period. The D/A converter responds by pro-
viding an analog control voltage to the FM INPUT of VCO
204 to make fine adjustments to the VCO carrier frequen-
cy output on line 206 in a manner described further below.
[0044] The RECEIVE control signal couples the anten-
na 28 to the input of the receiver 232 through switch 240,
enables the receiver 232 to receive downlink transmitted,
FSK modulated command data packets, and enables the
operation of the AFC algorithm during the subsequent
HOLD portion of the downlink telemetry transmission
time period. The AFC algorithm can be embodied in dig-
ital logic, firmware or software, and for convenience of
description is referred to herein as being carried out by
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an AFC algorithm circuit 236. The Rx AFC RECHARGE
DATA developed by the AFC algorithm circuit 236 is di-
rected to an Rx input of the D/A converter 238 during the
HOLD portion of the downlink telemetry transmission
time period. The RECEIVE control signal is also applied
to the D/A converter to enable it to provide an analog
control voltage to the FM INPUT of VCO 204 to make
fine adjustments to the VCO carrier frequency output on
line 206 in a manner described further below.
[0045] The LOCK/HOLD control signal is high (logic
"1") during the LOCK portion and low (logic "0") during
the HOLD portion of both the downlink and uplink telem-
etry transmission time periods, and is applied to either
close or open switches 216 and 218 and to enable or
disable the AFC algorithm circuit 232 and the D/A con-
verter 238.
[0046] It is necessary to develop the carrier frequency
and apply the carrier frequency to the transmitter 230
during the uplink telemetry transmission time period and
to the receiver 232 during the downlink telemetry trans-
mission time period. A frequency synthesizer 200 com-
prising a PLL circuit 202 and VCO 204 generates the
carrier frequency on VCO line 206 during the initial LOCK
portion of each uplink and downlink telemetry transmis-
sion time period. The PLL circuit 202 draws battery cur-
rent at a high energy consuming rate as it stabilizes the
carrier frequency output by VCO 204.
[0047] The VCO 204 has a voltage input VCOIN for
controlling a nominal local carrier frequency at the VCO
output line 206 dependent upon a control voltage stored
in loop filter circuit 214 which is applied to VCOIN. The
initial or LOCK portions of the uplink and downlink telem-
etry transmission time periods are commenced when the
switches 216 and 218 are closed by the LOCK/HOLD
control signal. The PLL circuit 202 is of the conventional
type described in the above-referenced ’365 patent, for
example, that comprises a 1/N frequency divider 208, a
phase detector 210, and a charge pump 212 coupled
between switch 218 and the capacitive loop filter 214.
The PLL circuit 202 operates employing the VCO output
carrier frequency on line 206, a programmed value "N"
for the 1/N frequency divider 208, and a reference fre-
quency. The reference frequency is preferably 50 kHz,
and is derived by the frequency standard circuit 244 from
the CLK signal of system clock 122 and divided by fre-
quency divider 245..
[0048] The LOCK/HOLD command is supplied from
the control and timing system 102 when telemetry is op-
erational. The LOCK/HOLD signal closes switches 216
and 218 to apply the 50 kHz reference frequency and the
carrier frequency generated by the VCO 204 to the PLL
circuit 202 during the initial or LOCK portion of the uplink
and downlink telemetry transmission time periods. Then,
the LOCK/HOLD signal opens switches 216 and 218 to
disconnect these signals from the PLL circuit 202 during
the subsequent or HOLD portions of the uplink and down-
link telemetry transmission time periods. Alternatively or
additionally, one or more of the components of the PLL

circuit 202 may be powered down during the HOLD por-
tions of the uplink and downlink telemetry transmission
time periods.
[0049] Thus, during each LOCK portion, phase detec-
tor 210 receives the 50 kHz reference frequency and the
carrier frequency that is divided down by "N" in the 1/N
circuit 208 and responds to the difference in phase be-
tween the two input signals to provide a charge Pump
control signal to the charge pump 212. The charge pump
212 responds to the magnitude of the charge pump con-
trol signal by charging or discharging a loop filter capac-
itor in loop filter circuit 214 to a VCOIN voltage. The
charge pump control signal diminishes as the VCOIN
voltage reaches a voltage sufficient to cause the VCO
204 to oscillate at the nominal local carrier frequency.
[0050] The LOCK/HOLD control signal changes state
after the LOCK portion is either timed out by a timer or
when the VCO generated carrier frequency stabilizes
within an acceptable frequency tolerance from the nom-
inal carrier frequency. The subsequent or HOLD portions
of the uplink and downlink telemetry transmission time
periods are commenced on the change in state of the
LOCK/HOLD control signal. The switches 216 and 218
are opened by the change in state of the LOCK/HOLD
control signal, and power may also be removed from cer-
tain of the PLL blocks.
[0051] PATIENT DATA uplink telemetry transmission
commences following the change in state of the LOCK/
HOLD control signal and is completed during the HOLD
portion of the uplink telemetry transmission time period.
During PATIENT DATA uplink telemetry transmission,
the FSK modulator 220 develops an FSK input signal
value corresponding to each "1" or "0" data bit, respec-
tively, of the PATIENT DATA that is applied to the FM
INPUT of VCO 204. The FSK input signal is a voltage
that is effectively summed with the VCOIN voltage to in-
crease or decrease the total voltage that the VCO re-
sponds to. The VCO 204 responds to the sum of the FSK
input signal voltage at the FM INPUT and the VCOIN
voltage by increasing or decreasing the carrier frequency
with respect to the nominal carrier frequency otherwise
effected solely by the control voltage at VCOIN. In this
way, the VCO generated carrier frequency is frequency
shifted to reflect each "1" or "0" binary data bit. The mod-
ulated carrier frequency is applied to transmitter 230
which transmits it through the T/R switch 240 and anten-
na 28.
[0052] A downlink telemetry transmission is received
following the change in state of the LOCK/HOLD control
signal and is completed during the HOLD portion of the
downlink telemetry transmission time period. The receiv-
er 232 is enabled by the RECEIVE control signal to re-
ceive the downlink transmitted, FSK modulated, carrier
frequency through switch 240 and the VCO generated
carrier frequency output on line 206. The instantaneous
frequency difference between the downlink transmitted,
FSK modulated, carrier frequency through switch 240
and the VCO generated carrier frequency output on line
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206 is determined in receiver 232, and the difference is
applied to the demodulator 234 and the AFC algorithm
circuit 236. The instantaneous frequency difference
changes at the data bit rate to reflect FSK modulation of
the carrier frequency of the downlink transmitted, FSK
modulated, carrier frequency, and the data bits are de-
modulated by demodulator 234. A data bit stream com-
prising the downlink telemetry data in each data packet
is thereby output from the demodulator 234 and supplied
to the control and timing system 102.
[0053] The control voltage stored on the capacitor of
the loop filter circuit 214 is established in the LOCK por-
tions of the uplink and downlink telemetry transmission
time periods, but tends to dissipate as the capacitor dis-
charges over time during the subsequent HOLD portions
of the uplink and downlink telemetry transmission time
periods and is not recharged by charge pump 212. Con-
sequently, the carrier frequency generated by the VCO
204 on line 206 tends to drift away from the nominal car-
rier frequency established during the LOCK portions of
the uplink and downlink telemetry transmission time pe-
riods, causing transmitting and receiving accuracy to suf-
fer.
[0054] In addition, there may be a deviation that occurs
at manufacture or develops over time from the nominal
carrier frequency that the VCO is intended to oscillate at
when a predetermined voltage is applied to VCOIN. It is
desirable to maintain the VCO carrier frequency within a
nominal tolerance of � 1,000 Hz, for example, of the
transmitted carrier frequency, when the loop filter capac-
itor is charged during the LOCK portion. However, the
actual frequency deviation between the VCO carrier fre-
quency and the downlink transmitted carrier frequency
may exceed the tolerance.
[0055] In accordance with one aspect of the present
invention, the voltage stored by the loop filter capacitor
of loop filter 204 is maintained by a recharge current pro-
vided by leakage compensation circuit 242. The leakage
compensation circuit 242 is enabled at all times during
both the LOCK and HOLD portions of each uplink and
downlink telemetry transmission time period to provide
a RECHARGE current that helps to maintain the carrier
frequency generated by the VCO 204 within an accept-
able frequency deviation tolerance during the HOLD por-
tions to enable reliable uplink telemetry transmission.
The RECHARGE current is derived by leakage compen-
sation circuit 242 from RECHARGE DATA stored in
memory in the control and timing system 102. The RE-
CHARGE DATA is derived from a leakage rate observed
during testing of the capacitive loop filter during fabrica-
tion of the IMD in IMD memory. The RECHARGE DATA
is digitized and stored in a dedicated register in RAM in
the control and timing system 102, and is retrieved and
used by the leakage compensation circuit 242 to develop
and apply the RECHARGE current to recharge said loop
filter capacitor.
[0056] However, it is desirable to provide an even more
accurate or finer control of the carrier frequency during

the HOLD portions of the uplink and downlink telemetry
transmission time periods. In accordance with a further
aspect of the invention, the AFC algorithm circuit 236 is
enabled by the state of the LOCK/HOLD and RECEIVE
control signals during the HOLD portion of each downlink
telemetry transmission time period. The AFC algorithm
circuit 236 embodies an AFC algorithm in digital logic.
The AFC algorithm circuit 236 samples the output of the
receiver circuit 232 and determines a moving average
frequency difference over two or more FSK modulation
time periods to average out the FSK modulation of the
downlink telemetered carrier frequency signal. The AFC
algorithm then develops a digitized AFC correction value
for the sample, and a stream of such digitized AFC cor-
rection values is developed over the HOLD portion of the
downlink telemetry transmission time period. Each digi-
tized AFC correction value is related to the sampled dif-
ference in frequency between each time sample of the
received and VCO generated carrier frequencies aver-
aged over a time period. Each AFC correction value rep-
resents a correction voltage, which when applied to the
FM INPUT of VCO 204, causes the VCO 204 to change
frequency and reduce the frequency difference.
[0057] During the HOLD portions of the downlink te-
lemetry transmission time period, each digitized AFC cor-
rection value that is generated by the AFC algorithm cir-
cuit 236 is applied in real time to an input of the D/A
converter 238. D/A converter 238 is enabled by the RE-
CEIVE and LOCK/HOLD control signals to convert each
real time generated, digitized, AFC correction value into
a correction voltage that is applied to the FM INPUT of
VCO 204 until the next in time digitized AFC correction
value is received from the AFC algorithm circuit 236. In
this case, the correction voltage from D/A converter 238
is effectively summed with the VCOIN voltage to increase
or decrease the total voltage that the VCO 204 responds
to.
[0058] FIG. 6 illustrates how the frequency adjustment
of the VCO 204 occurs during the HOLD portion of the
downlink telemetry transmission time period starting at
time to. At time t0, the deviation between the VCO gen-
erated carrier frequency and the downlink telemetry
transmitted carrier frequency may be relatively great, due
to the above-mentioned deviation by the VCO from the
nominal carrier frequency that can occur. Consequently,
the AFC correction value developed by the AFC algo-
rithm may initially be fairly large and the change in fre-
quency over the time period t0 to t1 reflects the adjustment
that occurs to decrease the frequency difference toward
zero. Then, the slow discharge of the loop filter capacitor
starts to influence the VCO generated carrier frequency.
Therefore, the frequency adjustments that are necessary
to drive the VCO generated carrier frequency into align-
ment with the average value of the downlink telemetry
transmitted carrier frequency tend to increase in magni-
tude, as shown in FIG. 6 after t1.
[0059] During the HOLD portion of the downlink telem-
etry transmission time period, each AFC correction value
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of the data set of digitized AFC correction values that is
developed by the AFC algorithm following time t1 is proc-
essed in the transmit drift compensation circuit 250. Dur-
ing the uplink telemetry transmission, the slope of the
frequency adjustments that are necessary to drive the
VCO generated carrier frequency into alignment with the
average value of the downlink telemetry transmitted car-
rier frequency is determined, and a further digitized cor-
rection value is determined and applied to an input of the
D/A converter 238. D/A converter 238 is enabled by the
TRANSMIT and LOCK/HOLD control signals to convert
each correction value into a correction voltage that is
applied to the FM INPUT of VCO 204 until the next in
time digitized correction value is applied. In this case, the
correction voltage from D/A converter 238 and the FSK
input signal from FM modulator 220 are summed together
within the FM INPUT, and the summed voltages are then
effectively summed with the VCOIN voltage to increase
or decrease the total voltage that the VCO 204 responds
to. The VCO 204 responds to the sum of the FSK input
signal voltage, the correction voltage and the VCOIN volt-
age to accurately maintain the VCO output carrier fre-
quency within acceptable tolerances while maintaining
accurate FSK modulation of the VCO output carrier fre-
quency to reflect each "1" or "0" binary data bit. This en-
ables maintenance of the carrier frequency generated by
the VCO 204 within an acceptable frequency deviation
tolerance enabling reliable uplink telemetry transmission
of the PATIENT DATA applied to the FM input of the VCO
204.
[0060] Turning to FIG. 5, it depicts the above-de-
scribed states of operation and the transitions between
the states wherein typically a telemetry session compris-
es one or more sequence of a downlink telemetry trans-
mission followed by an uplink telemetry transmission. In
the IDLE state prior to or following completion of a telem-
etry session, the RECEIVE, TRANSMIT, and LOCK/
HOLD control signals are logic low, the frequency syn-
thesizer 200 does not develop any carrier frequency on
line 206, and the leakage compensation circuit 242 is
powered down. When the LOCK/HOLD and RECEIVE
control signals go high, the state transition "A" takes place
from the IDLE state to the Rx PLL LOCK state, wherein
the leakage compensation circuit 242 is operational, the
VCO 204 and PLL circuit 202 are connected together,
and the frequency synthesizer 200 begins to operate as
described above. The Rx PLL LOCK state is maintained
in loop "B" until the VCO output carrier frequency is sta-
bilized as described above. Then, when the LOCK/HOLD
control signal goes low, the Rx HOLD state is entered
through state transition "C", and the AFC algorithm is
commenced to provide the real-time AFC correction val-
ues to the D/A converter 238. The Rx HOLD state con-
tinues through the duration of the HOLD portion via loop
"D" until the RECEIVE control signal goes low.
[0061] Then, the TRANSMIT control signal goes high
and the LOCK/HOLD control signal goes high again,
causing the state transition "E" to the Tx PLL LOCK state.

Again, the leakage compensation circuit 242 is opera-
tional, the VCO 204 and PLL circuit 202 are connected
together, and the frequency synthesizer 200 begins to
operate as described above. The Tx PLL LOCK state is
maintained in loop "F" until the VCO output carrier fre-
quency is stabilized as describe above. Then, when the
LOCK/HOLD control signal goes low, the Tx HOLD state
is entered through state transition "G", and the D/A con-
verter 238 receives the stored AFC correction values to
provide the drift compensation to the FM INPUT of VCO
204 as described above. The Tx HOLD state with the
drift compensation continues through the duration of the
HOLD portion via loop "H" until the TRANSMIT control
signal goes low.
[0062] Then, the transition "I" is made back to the Rx
PLL LOCK state to repeat the state changes of each up-
link and downlink telemetry transmission of the telemetry
session until all are completed, and the final transition
"J" to the IDLE state is made. The IDLE state loop J con-
tinues until the next downlink telemetry transmission.

Claims

1. A battery powered, implantable medical device
(IMD) adapted to be implanted in a patient’s body to
provide a therapy delivery and/or monitoring func-
tion, comprising telemetry transceiver circuitry (124)
for uplink telemetry transmission of IMD developed
patient data from the IMD during a predetermined
uplink telemetry transmission time period and down-
link telemetry reception of downlink telemetry data
during a predetermined downlink telemetry trans-
mission time period, said IMD further comprising:

a voltage-controlled oscillator (VCO) (204) hav-
ing a VCO voltage input for developing an FM
telemetry carrier frequency at a VCO output de-
pendent upon a control voltage applied to the
VCO voltage input and a VCO frequency mod-
ulation (FM) input that receives a data bit mod-
ulation voltage that modulates the VCO gener-
ated carrier frequency during uplink transmis-
sion of patient data; and

characterised by
a phase-lock loop (PLL) circuit (202) having a PLL
input adapted to selectively receive the carrier fre-
quency at the VCO output and to supply a control
voltage to a capacitive loop filter circuit that is cou-
pled to the VCO voltage input;
telemetry control means (230, 232, 240) operable
upon initiation of an uplink or downlink telemetry
transmission for operating said VCO with said PLL
circuit and said loop filter as a frequency synthesizer
in a high battery energy consumption state for an
initial LOCK portion of the uplink telemetry transmis-
sion time period to establish a frequency lock control
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voltage stored by said loop filter circuit and applied
to said VCO voltage input to cause said VCO to gen-
erate a frequency locked carrier signal at said VCO
output;
means (216) for selectively de-coupling said PLL cir-
cuit from said VCO and applying patient data to said
FM input during a subsequent HOLD portion of an
uplink telemetry transmission time period; and
voltage hold means (244) operable during the HOLD
portion of the uplink telemetry transmission time pe-
riod for establishing a frequency correction voltage
at the VCO FM input which modulates the VCO gen-
erated carrier frequency in a manner that compen-
sates for drift in the VCO generated carrier frequency
to maintain the VCO generated carrier frequency
within an acceptable frequency deviation tolerance
enabling reliable uplink telemetry transmission of pa-
tient data.

2. The IMD of Claim 1, wherein said capacitive loop
filter circuit voltage tends to dissipate over time at a
predetermined rate as a loop filter capacitor dis-
charges during said HOLD portion of said uplink te-
lemetry transmission time period, and further com-
prising recharging means for recharging said loop
filter capacitor to offset the discharge thereof.

3. The IMD of Claim 2, further comprising:

means for storing a recharge current value de-
rived from a leakage rate observed during test-
ing of the capacitive loop filter during fabrication
of the IMD in IMD memory; and wherein:

said recharging means retrieves from IMD
memory and uses said recharge current val-
ue it to develop and apply a recharge current
value to said loop filter capacitor to recharge
said loop filter capacitor.

4. The IMD of Claim 1, further comprising:

automatic frequency control (AFC) means (236)
responsive to the difference between a received
carrier frequency signal received from the re-
mote medical device and the carrier frequency
generated by the VCO during the HOLD portion
of the downlink telemetry transmission time pe-
riod for establishing an AFC correction value
varying as a function of the difference between
the received carrier frequency signal received
from the remote medical device and the carrier
frequency generated by the VCO; and
converting means (234) for converting the AFC
correction value to a frequency correction volt-
age and applying the frequency correction volt-
age to the FM input of said VCO during the
HOLD portion of the downlink telemetry trans-

mission time period to maintain the VCO gener-
ated carrier frequency within an acceptable fre-
quency deviation tolerance enabling reliable
downlink telemetry reception of downlink telem-
etry data.

5. The IMD of Claim 4, wherein said capacitive loop
filter circuit voltage tends to dissipate over time at a
predetermined rate as a loop filter capacitor dis-
charges during said HOLD portion of said downlink
telemetry transmission time period, and further com-
prising recharging means for recharging said loop
filter capacitor to offset the discharge thereof.

6. The IMD of Claim 5, further comprising:

means for storing a recharge current value de-
rived from a leakage rate observed during test-
ing of the capacitive loop filter during fabrication
of the IMD in IMD memory; and wherein:

said recharging means retrieves from IMD
memory and uses said recharge current val-
ue it to develop and apply a recharge current
value to said loop filter capacitor to recharge
said loop filter capacitor.

7. The IMD of Claim 6, wherein said voltage hold means
further comprises means responsive to the AFC cor-
rection value established by the AFC means during
the HOLD portion of the downlink telemetry trans-
mission time period and operable during the HOLD
portion of the uplink telemetry transmission time pe-
riod for establishing a frequency correction voltage
at the VCO FM input which modulates the VCO gen-
erated carrier frequency in a manner that compen-
sates for drift in the VCO generated carrier frequency
to maintain the VCO generated carrier frequency
within an acceptable frequency deviation tolerance
enabling reliable uplink telemetry transmission of pa-
tient data.

8. The IMD of Claim 4, wherein said voltage hold means
further comprises means responsive to the AFC cor-
rection value established by the AFC means during
the HOLD portion of the downlink telemetry trans-
mission time period and operable during the HOLD
portion of the uplink telemetry transmission time pe-
riod for establishing a frequency correction voltage
at the VCO FM input which modulates the VCO gen-
erated carrier frequency in a manner that compen-
sates for drift in the VCO generated carrier frequency
to maintain the VCO generated carrier frequency
within an acceptable frequency deviation tolerance
enabling reliable uplink telemetry transmission of pa-
tient data.

9. A method of providing uplink telemetry transmission

19 20 



EP 1 408 818 B1

12

5

10

15

20

25

30

35

40

45

50

55

of IMD developed patient data from a battery pow-
ered, implantable medical device (IMD) during a pre-
determined uplink telemetry transmission time peri-
od and downlink telemetry reception of downlink te-
lemetry data during a predetermined downlink telem-
etry transmission time period, said method further
comprising the steps of:

within the IMD, providing a transceiver compris-
ing a transmitter, a receiver, a voltage-controlled
oscillator (VCO) having a voltage input and a
frequency modulation (FM) input for developing
an FM telemetry carrier frequency at a VCO out-
put dependent upon a control voltage applied to
the voltage input and an FM input signal applied
to the FM input, and characterised by further
providing a phase-lock loop (PLL) circuit having
a PLL input adapted to selectively receive the
carrier frequency at the VCO output and to sup-
ply a control voltage to a capacitive loop filter
circuit that is coupled to the VCO voltage input;
said method further comprising, upon initiation
of an uplink telemetry transmission, operating
said VCO with said PLL circuit and said loop
filter as a frequency synthesizer in a high battery
energy consumption state for an initial LOCK
portion of the uplink telemetry transmission time
period to establish a frequency lock control volt-
age stored by said loop filter circuit and applied
to said VCO voltage input to cause said VCO to
generate a frequency locked carrier signal at
said VCO output applied to said transmitter;
de-coupling said PLL circuit from said VCO and
applying patient data to said FM input during a
HOLD portion of the uplink telemetry transmis-
sion time period; and
providing a frequency correction voltage to said
FM input during the HOLD portion of the uplink
telemetry transmission time that is sufficient to
maintain a carrier frequency generated by said
VCO at said VCO output within an acceptable
frequency deviation tolerance enabling reliable
uplink telemetry transmission of patient data.

10. The method of Claim 9, wherein said capacitive loop
filter circuit voltage tends to dissipate over time at a
predetermined rate as a loop filter capacitor dis-
charges during said uplink telemetry transmission
time period, and the providing step further comprises
recharging said capacitor to offset the discharge
thereof.

11. The method of Claim 10, wherein the providing step
further comprises the steps of:

storing a recharge current value derived from a
leakage rate observed during testing of the ca-
pacitive loop filter during fabrication of the IMD

in IMD memory; and
retrieving said recharge current value from IMD
memory and applying a recharge current to said
loop filter capacitor.

12. The method of Claim 11, further comprising the steps
operable upon reception of a downlink telemetry
transmission of a downlink telemetry data modulated
carrier frequency signal by said receiver of:

operating said VCO coupled with said PLL circuit
and said loop filter as a frequency synthesizer
in a high battery energy consumption state for
an initial LOCK portion of the downlink telemetry
transmission time period to establish a frequen-
cy lock control voltage stored by said loop filter
circuit and applied to said VCO voltage input to
cause said VCO to generate a frequency locked
carrier signal at said VCO output;
de-coupling said PLL circuit from said VCO dur-
ing a subsequent HOLD portion of the downlink
telemetry transmission time period;
providing a received carrier signal upon receipt
of the downlink telemetry data modulated carrier
frequency signal;
generating a frequency correction voltage from
the difference in frequency between the re-
ceived carrier frequency signal and the carrier
frequency generated by the VCO during the
HOLD portion of the downlink telemetry trans-
mission time period; and
applying the frequency correction voltage to the
FM input of said VCO during the HOLD portion
of the downlink telemetry transmission to pro-
vide automatic frequency control of the carrier
frequency generated by the VCO.

13. The method of Claim 12, wherein the generating step
further comprises the steps of:

applying an automatic frequency control (AFC)
algorithm to the frequency difference between
the received carrier frequency signal received
from the remote medical device and the carrier
frequency generated by the VCO during the
HOLD portion of the downlink telemetry trans-
mission time period to establish an AFC correc-
tion value varying as a function of the difference
between the received carrier frequency signal
received from the remote medical device and
the carrier frequency generated by the VCO; and
converting the AFC correction value to a fre-
quency correction voltage value.

14. The method of Claim 13, further comprising the steps
of:

establishing a frequency correction voltage from
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the AFC correction value derived during the
HOLD portion of the downlink telemetry trans-
mission time period; and
applying the frequency correction voltage to the
FM input of said VCO during the HOLD portion
of an uplink telemetry transmission time period
to modulate the VCO generated carrier frequen-
cy in a manner that compensates for drift in the
VCO generated carrier frequency to maintain
the VCO generated carrier frequency within an
acceptable frequency deviation tolerance ena-
bling reliable uplink telemetry transmission of
patient data.

15. The method of Claim 9, further comprising the steps
operable upon reception of a downlink telemetry
transmission of a downlink telemetry data modulated
carrier frequency signal by said receiver of:

operating said VCO coupled with said PLL circuit
and said loop filter as a frequency synthesizer
in a high battery energy consumption state for
an initial LOCK portion of the downlink telemetry
transmission time period to establish a frequen-
cy lock control voltage stored by said loop filter
circuit and applied to said VCO voltage input to
cause said VCO to generate a frequency locked
carrier signal at said VCO output;
de-coupling said PLL circuit from said VCO dur-
ing a subsequent HOLD portion of the downlink
telemetry transmission time period;
providing a received carrier signal upon receipt
of the downlink telemetry data modulated carrier
frequency signal;
generating a frequency correction voltage from
the difference in frequency between the re-
ceived carrier frequency signal and the carrier
frequency generated by the VCO during the
HOLD portion of the downlink telemetry trans-
mission time period; and
applying the frequency correction voltage to the
FM input of said VCO during the HOLD portion
of the downlink telemetry transmission to pro-
vide automatic frequency control of the carrier
frequency generated by the VCO.

16. The method of Claim 15, wherein the generating step
further comprises the steps of:

applying an automatic frequency control (AFC)
algorithm to the frequency difference between
the received carrier frequency signal received
from the remote medical device and the carrier
frequency generated by the VCO during the
HOLD portion of the downlink telemetry trans-
mission time period to establish an AFC correc-
tion value varying as a function of the difference
between the received carrier frequency signal

received from the remote medical device and
the carrier frequency generated by the VCO; and
converting the AFC correction value to a fre-
quency correction voltage value.

17. The method of Claim 16, further comprising the steps
of:

establishing a frequency correction voltage from
the AFC correction value derived during the
HOLD portion of the downlink telemetry trans-
mission time period; and
applying the frequency correction voltage to the
FM input of said VCO during the HOLD portion
of an uplink telemetry transmission time period
to modulate the VCO generated carrier frequen-
cy in a manner that compensates for drift in the
VCO generated carrier frequency to maintain
the VCO generated carrier frequency within an
acceptable frequency deviation tolerance ena-
bling reliable uplink telemetry transmission of
patient data.

Patentansprüche

1. Batteriebetriebene, implantierbare medizinische
Vorrichtung (IMD), die dafür eingerichtet ist, im Kör-
per eines Patienten zur Bereitstellung einer Thera-
piegabe- und/oder Überwachungsfunktion implan-
tiert zu werden, welche eine Telemetrie-Transcei-
verschaltung (124) für eine Uplink-Telemetrieüber-
tragung von IMD-gebildeten bzw. -entwickelten Pa-
tientendaten von der IMD während eines vorbe-
stimmten Uplink-Telemetrieübertragungs-Zeitab-
schnittes und für einen Downlink-Telemetrieemp-
fang von Downlink-Telemetriedaten während eines
vorbestimmten Downlink-Telemetrieübertragungs-
Zeitabschnittes aufweist, wobei die IMD ferner auf-
weist:

einen spannungsgesteuerten Oszillator (VCO)
(204) mit einem VCO-Spannungseingang zum
Entwickeln bzw. Bilden einer FM-Telemetrie-
Trägerfrequenz an einem VCO-Ausgang in Ab-
hängigkeit von einer an den VCO-Spannungs-
eingang angelegten Steuerspannung und ei-
nem VCO-Frequenz-modulations-(FM)-Ein-
gang, der eine Datenbit-Modulationsspannung
empfängt, die die VCO-erzeugte Trägerfre-
quenz während der Uplink-Übertragung von Pa-
tientendaten moduliert; gekennzeichnet
durch
eine Phase-Lock-Loop (PLL)-Schaltung (202)
mit einem PLL-Eingang, der dafür eingerichtet
ist, selektiv die Trägerfrequenz an dem VCO-
Ausgang zu empfangen und eine Steuerspan-
nung an eine kapazitive Loopfilter-Schaltung,
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die an den VCO-Spannungseingang ange-
schlossen ist, abzugeben;
Telemetrie-Steuermittel (230, 232, 240), die auf
eine Einleitung einer Uplink- oder Downlink-Te-
lemetrieübertragung hin aktivierbar bzw. be-
treibbar sind, zum Betreiben des VCO mit der
PLL-Schaltung und des Loopfilters als einem
Frequenzsynthesizer in einem Batterie-Hoch-
verbrauchszustand über einen initialen LOCK-
Abschnitt des Uplink-Telemetrieübertragungs-
Zeitabschnittes, um eine Frequenzlock-Steuer-
spannung, die durch die Loopfilter-Schaltung
gespeichert und an den VCO-Spannungsein-
gang angelegt wird, einzurichten, um den VCO
dazu zu veranlassen, ein frequenzgelocktes
bzw. -verriegeltes Trägersignal an dem VCO-
Ausgang zu erzeugen;
Mittel (216) zum selektiven Entkoppeln bzw.
Trennen der PLL-Schaltung von dem VCO und
zum Anlegen von Patientendaten an den FM-
Eingang während eines folgenden bzw. an-
schließenden HOLD-Abschnittes eines Uplink-
Telemetrieübertragungs-Zeitabschnittes; und
Spannungshaltemittel (244), die während des
HOLD-Abschnitts des Uplink-Telemetrieüber-
tragungs-Zeitabschnittes zum Einrichten einer
Frequenzkorrekturspannung an dem VCO-FM-
Eingang betreibbar sind, die die VCO-erzeugte
Trägerfrequenz in einer Weise moduliert, die ei-
ne Drift in der VCO-erzeugten Trägerfrequenz
kompensiert, um die VCO-erzeugte Trägerfre-
quenz innerhalb einer akzeptablen Frequenz-
abweichungstoleranz zu halten, um eine verläs-
sliche Uplink-Telemetrieübertragung von Pati-
entendaten zu ermöglichen.

2. IMD nach Anspruch 1, bei der die kapazitive Loop-
filterschaltungsspannung dazu neigt bzw. tendiert,
sich über die Zeit mit einer vorbestimmten Rate ab-
zubauen, wenn bzw. weil sich ein Loopfilter-Konden-
sator während des HOLD-Abschnittes des Uplink-
Telemetrieübertragungs-Zeitabschnittes entlädt,
und die ferner Wiederauflademittel zum Wiederauf-
laden des Loopfilter-Kondensators aufweist, um sei-
ner Entladung entgegenzuwirken bzw. die Entla-
dung zu kompensieren.

3. IMD nach Anspruch 2, die ferner aufweist:

Mittel zum Speichern eines Wiederauflade-
stromwertes, der von einer Leckrate, die wäh-
rend des Testens des kapazitiven Loopfilters
während der Herstellung der IMD beobachtet
wurde, abgeleitet wurde, im IMD-Speicher; und
wobei:

die Wiederauflademittel den Wiederaufla-
destromwert aus dem IMD-Speicher abru-

fen und ihn verwenden, um einen Wieder-
aufladestrom zu entwickeln und ihn an den
Loopfilter-Kondensator anzulegen, um den
Loopfilter-Kondensator wiederaufzuladen.

4. IMD nach Anspruch 1, die ferner aufweist:

automatische Freuqenzsteuer-(AFC)-Mittel
(236), die auf den Unterschied bzw. die Diffe-
renz zwischen einem empfangenen Trägerfre-
quenzsignal, das von der entfernten medizini-
schen Vorrichtung empfangen wurde, und der
Trägerfrequenz, die durch den VCO während
des HOLD-Abschnittes des Downlink-Teleme-
trieübertragungs-Zeitabschnittes empfangen
wurde, reagiert, um einen AFC-Korrekturwert
einzurichten, der als eine Funktion des Unter-
schiedes zwischen den empfangenen Träger-
frequenzsignal, das von der entfernten medizi-
nischen Vorrichtung empfangen wurde, und der
durch den VCO erzeugten Trägerfrequenz va-
riiert; und
Konvertierungsmittel (234) zum Konvertieren
des AFC-Korrekturwertes in eine Frequenzkor-
rekturspannung, und zum Anlegen der Fre-
quenzkorrekturspannung an den FM-Eingang
des VCO während des HOLD-Abschnittes des
Downlink- Telemetrieübertragungs- Zeitab-
schnittes, um die VCO-erzeugte Trägerfre-
quenz innerhalb einer akzeptablen Frequenz-
abweichungstoleranz zu halten, um einen ver-
lässlichen Downlink-Telemetrieempfang von
Downlink-Telemetriedaten zu ermöglichen.

5. IMD nach Anspruch 4, bei der die kapazitive Loop-
filterschaltungsspannung dazu neigt, sich mit einer
vorbestimmten Rate über die Zeit abzubauen, weil
sich ein Loopfilterkondensator während des HOLD-
Abschnittes des Downlink-Telemetrieübertragungs-
Zeitabschnittes entlädt und die ferner Wiederaufla-
demittel zum Wiederaufladen des Loopfilterkonden-
sators aufweist, um seine Entladung zu kompensie-
ren.

6. IMD nach Anspruch 5, die ferner aufweist:

Mittel zum Speichern eines Wiederauflade-
stromwertes, der von einer Leckrate, die wäh-
rend des Testens des kapazitiven Loopfilters
während der Herstellung des IMD beobachtet
wurde, abgeleitet ist, im IMD-Speicher; und wo-
bei:

die Wiederauflademittel den Wiederaufla-
destromwert aus dem IMD-Speicher abru-
fen und ihn verwenden, um einen Wieder-
aufladestromwert zu entwickeln und ihn an
den Loopfilterkondensator anzulegen, um
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den Loopfilterkondensator wiederaufzula-
den.

7. IMD nach Anspruch 6, bei der die Spannungshalte-
mittel ferner Mittel aufweisen, die auf den AFC-Kor-
rekturwert, der durch die AFC-Mittel während des
HOLD-Abschnittes des Dowlink-Telemetrieübertra-
gungs-Zeitabschnittes eingerichtet wurde, reagie-
ren, und während des HOLD-Abschnittes des Down-
link-Telemetrieübertragungs-Zeitabschnittes zum
Einrichten einer Frequenzkorrekturspannung an
dem VCO-FM-Eingang betreibbar sind, welche die
VCO-erzeugte Trägerfrequenz in einer Weise mo-
duliert, die eine Drift in der VCO-erzeugten Träger-
frequenz kompensiert, um die VCO-erzeugte Trä-
gerfrequenz innerhalb einer akzeptablen Frequenz-
abweichungstoleranz zu halten, um eine verlässli-
che Uplink-Telemetrieübertragung von Patientenda-
ten zu ermöglichen.

8. IMD nach Anspruch 4, bei der die Spannungshalte-
mittel ferner Mittel aufweisen, die auf den AFC-Kor-
rekturwert, der durch die AFC-Mittel während des
HOLD-Abschnittes des Downlink-Telemetrieüber-
tragungs-Zeitabschnittes eingerichtet wurde, rea-
gieren, und während des HOLD-Abschnittes des
Downlink- Telemetrieübertragungs- Zeitabschnittes
zum Einrichten einer Frequenzkorrekturspannung
an dem VCO-FM-Eingang betreibbar sind, welche
die VCO-erzeugte Trägerfrequenz in einer Weise
moduliert, die eine Drift in der VCO-erzeugten Trä-
gerfrequenz kompensiert, um die VCO-erzeugte
Trägerfrequenz innerhalb einer akzeptablen Fre-
quenzabweichungstoleranz zu halten, um eine ver-
lässliche Uplink-Telemetrieübertragung von Patien-
tendaten zu ermöglichen.

9. Verfahren zum Bereitstellen einer Uplink-Teleme-
trieübertragung von IMD-entwickelten Patientenda-
ten aus einer bzw. von einer batteriebetriebenen, im-
plantierbaren medizinischen Vorrichtung (IMD) wäh-
rend eines vorbestimmten Uplink-Telemetrieüber-
tragungs-Zeitabschnittes und zum Downlink-Tele-
metrieempfang von Downlink-Telemetriedaten wäh-
rend eines vorbestimmten Downlink-Telemetrie-
übertragungs-Zeitabschnittes, wobei das Verfahren
ferner die Schritte umfasst:

In der IMD: Bereitstellen eines Transceivers mit
einem Transmitter, einem Empfänger, einem
spannungsgesteuerten Oszillator (VCO) mit ei-
nem Spannungseingang und einem Frequenz-
modulations-(FM)-Eingang zum Entwickeln ei-
ner FM-Telemetrie-Trägerfrequenz an einem
VCO-Ausgang in Abhängigkeit von einer Steu-
erspannung, die an den Spannungseingang an-
gelegt ist, und eines FM-Eingangssignals, das
an den FM-Eingang angelegt ist, gekennzeich-

net durch ferner Bereitstellen einer Phase-
Lock-Loop-(PLL)-Schaltung mit einem PLL-Ein-
gang, der dafür eingerichtet ist, selektiv die Trä-
gerfrequenz an dem VCO-Ausgang zu empfan-
gen, und eine Steuerspannung an eine kapazi-
tive Loopfilterschaltung bereitzustellen, die an
den VCO-Spannungseingang angeschlossen
ist; wobei das Verfahren ferner umfasst, nach
der Einleitung einer Uplink-Telemetrieübertra-
gung den VCO mit der PLL-Schaltung und den
Loopfilter als einen Frequenzsynthesizer in ei-
nem Batterieenergie-Hochverbrauchszustand
über einen initialen Lock-Abschnitt des Uplink-
Telemetrieübertragungs-Zeitabschnittes zu be-
treiben, um eine Frequenzlock-Steuerspan-
nung, die durch die Loopfilter-Schaltung ge-
speichert ist, einzurichten, und die an den VCO-
spannungseingang angelegt wird, um den VCO
zu veranlassen, ein frequenzverriegeltes Trä-
gersignal an dem VCO-Ausgang zu erzeugen,
das an den Transmitter angelegt wird;
Entkoppeln der PLL-Schaltung von dem VCO
und Anlegen von Patientendaten an den FM-
Eingang während eines HOLD-Abschnittes des
Uplink- Telemetrieübertratungs- Zeitabschnit-
tes; und
Bereitstellen einer Frequenzkorrekturspannung
an dem FM-Eingang während des HOLD-Ab-
schnittes der Uplink-Telemetrieübertragungs-
Zeit, der ausreichend ist, eine Trägerfrequenz,
die durch den VCO an dem VCO-Ausgang er-
zeugt wurde, innerhalb einer akzeptablen Fre-
quenzabweichungstoleranz zu halten, um eine
verlässliche Uplink-Telemetrieübertragung von
Patientenndaten zu ermöglichen.

10. Verfahren nach Anspruch 9, bei dem die kapazitive
Loopfilterschaltungsspannung dazu tendiert, sich
über die Zeit mit einer vorbestimmten Rate abzubau-
en, wenn bzw. weil sich ein Loopfilter-Kondensator
während des Uplink-Telemetrieübertragungs-Zeit-
abschnittes entlädt, und der Bereitstellungsschritt
ferner das Wiederaufladen des Kondensators um-
fasst, um seiner Entladung entgegenzuwirken bzw.
diese zu kompensieren.

11. Verfahren nach Anspruch 10, bei dem der Bereit-
stellungsschritt ferner die Schritte umfasst:

Speichern eines Wiederaufladestromwertes,
der von einer Leckrate, die während des Tests
des kapazitiven Loopfilters während der Her-
stellung des IMD beobachtet wurde, abgeleitet
ist, im IMD-Speicher; und
Abrufen des Wiederauflade-Stromwertes aus
dem IMD-Speicher und Anlegen eines Wieder-
aufladestroms an den Loopfilter-Kondensator.
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12. Verfahren nach Anspruch 11, das ferner die nach
dem Empfang einer Downlink-Telemetrieübertra-
gung eines Downlink-Telemetriedaten-modulierten
Trägerfrequenzsignals durch den Empfänger aus-
führbaren bzw. aktivierbaren Schritte umfasst:

Betreiben des mit der PLL-Schaltung verbunde-
nen VCO und des Loopfilters als einem Fre-
quenzsynthesizer in einem Batterieenergie-
Hochverbrauchszustand über einen initialen
LOCK-Abschnitt des Downlink-Telemetrieüber-
tragungs-Zeitabschnittes, um eine Frequenz-
lock-Steuerspannung einzurichten, die durch
die Loopfilterschaltung gespeichert und an den
VCO-Spannungseingang angelegt wird, um zu
bewirken, dass der VCO ein frequenzverriegel-
tes Trägersignal an dem VCO-Ausgang er-
zeugt;
Entkoppeln der PLL-Schaltung von dem VCO
während eines nachfolgenden HOLD-Abschnit-
tes des Downlink-Telemetrieübertragungs-Zeit-
abschnittes;
Bereitstellen eines empfangenen Trägersignals
nach dem Empfang des Downlink-Telemetrie-
Daten-modulierten Trägerfrequenzsignals;
Erzeugen einer Frequenzkorrekturspannung
aus dem Frequenzunterschied zwischen dem
empfangenen Trägerfrequenzsignal und der
Trägerfrequenz, die durch den VCO während
des HOLD-Abschnittes des Downlink-Teleme-
trieübertragungs-Zeitabschnittes erzeugt wur-
de; und
Anlegen der Frequenzkorrekturspannung an
den FM-Eingang des VCO während des HOLD-
Abschnittes der Downlink-Telemetrieübertra-
gung zum Bereitstellen einer automatischen
Frequenzsteuerung der Trägerfrequenz, die
durch den VCO erzeugt wurde.

13. Verfahren nach Anspruch 12, bei dem der Erzeu-
gungsschritt ferner die Schritte beinhaltet:

Anlegen bzw. Anwenden eines automatischen
Frequenzsteuerungs-(AFC)-Algorithmus an
bzw. auf den Frequenzunterschied zwischen
dem empfangenen Trägerfrequenzsignal, das
von der entfernten medizinischen Vorrichtung
empfangen wurde, und der Trägerfrequenz, die
von dem VCO während des HOLD-Abschnitts
des Downlink-Telemetrieübertragungs-Zeitab-
schnittes erzeugt wurde, zum Einrichten eines
AFC-Korrekturwertes, der sich als eine Funktion
des Unterschiedes zwischen dem empfange-
nen Trägerfrequenzsignal, das von der entfern-
ten medizinischen Vorrichtung empfangen wur-
de, und der Trägerfrequenz, die durch den VCO
erzeugt wurde, verändert; und
Konvertieren des AFC-Korrekturwerts in einen

Frequenzkorrekturspannungswert.

14. Verfahren nach Anspruch 13, das ferner die Schritte
beinhaltet:

Einrichten einer Frequenzkorrekturspannung
aus dem AFC-Korrekturwert, der während des
HOLD-Abschnitts des Downlink-Telemetrie-
übertragungs-Zeitabschnittes abgeleitet wurde;
und
Anlegen der Frequenzkorrekturspannung an
den FM-Eingang des VCO während des HOLD-
Abschnitts eines Uplink-Telemetrieübertra-
gungs-Zeitabschnittes, um die VCO-erzeugte
Trägerfrequenz in einer Weise zu modulieren,
die eine Drift in der VCO-erzeugten Trägerfre-
quenz kompensiert, um die VCO-erzeugte Trä-
gerfrequenz innerhalb einer akzeptablen Fre-
quenzabweichungstoleranz zu halten, um eine
verlässliche Uplink-Telemetrieübertragung von
Patientendaten zu ermöglichen.

15. Verfahren nach Anspruch 9, das ferner die auf einen
Empfang einer Downlink-Telemetrieübertragung ei-
nes Downlink-Telemetriedaten-modulierten Träger-
frequenzsignals durch den Receiver hin aktivierba-
ren bzw. durchführbaren Schritte beinhaltet:

Betreiben des mit der PLL-Schaltung verbunde-
nen VCO und des Loopfilters als Frequenzsyn-
thesizer in einem Batterieenergie-Hochver-
brauchszustand und über einen initialen LOCK-
Abschnitt des Downlink-Telementrieübertra-
gungs-Zeitabschnittes, um eine Frequenzlock-
Steuerspannung, die durch die Loopfilterschal-
tung gespeichert wird, einzurichten, und die an
den VCO-Spannungseingang angelegt wird,
um den VCO dazu zu veranlassen, ein frequenz-
verriegeltes Trägersignal an dem VCO-Aus-
gang zu erzeugen;
Entkoppeln der PLL-Schaltung von dem VCO
während eines nachfolgenden HOLD-Abschnit-
tes des Downlink-Telemetrieübertragungs-Zeit-
abschnittes;
Bereitstellen eines empfangenen Trägersignals
auf den Empfang des Downlink-Telemetrieda-
ten-modulierten Trägerfrequenzsignals hin;
Erzeugen einer Frequenzkorrekturspannung
aus dem Frequenzunterschied zwischen dem
empfangenen Trägerfrequenzsignal und der
Trägerfrequenz, die durch den VCO während
des HOLD-Abschnittes des Downlink-Teleme-
trieübertragungs-Zeitabschnittes erzeugt wur-
de; und
Anlegen der Frequenzkorrekturspannung an
den FM-Eingang des VCO während des HOLD-
Abschnittes der Downlink-Telemetrieübertra-
gung, um eine automatische Frequenzsteue-
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rung der Trägerfrequenz, die durch den VCO
erzeugt wurde, bereitzustellen.

16. Verfahren nach Anspruch 15, bei der der Erzeu-
gungsschritt ferner die Schritte aufweist:

Anlegen eines automatischen Frequenzsteu-
er-(AFC)-Algorithmus an den Frequenzunter-
schied zwischen dem empfangenen Trägerfre-
quenzsignal, das von der entfernten medizini-
schen Vorrichtung empfangen wurde und der
Trägerfrequenz, die durch den VCO während
des HOLD-Abschnittes des Downlink-Teleme-
trieübertragungs-Zeitabschnittes erzeugt wur-
de, um einen AFC-Korrekturwert einzurichten,
der als eine Funktion des Unterschiedes zwi-
schen dem empfangenen Trägerfrequenzsi-
gnal, das von der entfernten medizinischen Vor-
richtung empfangen wurde, und der Trägerfre-
quenz, die durch den VCO erzeugt wurde, vari-
iert; und
Konvertieren des AFC-Korrekturwertes in einen
Frequenzkorrekturspannungswert.

17. Verfahren nach Anspruch 16, das ferner die Schritte
umfasst:

Etablieren bzw. Einrichten einer Frequenzkor-
rekturspannung aus dem AFC-Korrekturwert,
der während des HOLD-Abschnittes des Down-
link- Telemetrieübertragungs- Zeitabschnittes
abgeleitet wurde; und
Anlegen der Frequenzkorrekturspannung an
den FM-Eingang des VCO während des HOLD-
Abschnittes eines Uplink-Telemetrieübertra-
gung-Zeitabschnittes, um die VCO-erzeugte
Trägerfrequenz in einer Weise zu modulieren,
die eine Drift in der VCO-erzeugten Trägerfre-
quenz kompensiert, um die VCO-erzeugte Trä-
gerfrequenz innerhalb einer akzeptablen Fre-
quenzabweichungstoleranz zu halten, um eine
verlässliche Uplink-Telemetrieübertragung von
Patientendaten zu ermöglichen.

Revendications

1. Dispositif médical implantable (IMD) alimenté par
batterie adapté pour être implanté dans le corps d’un
patient pour four une fouction d’administration et/on
de surveillance d’une thérapie, comportant un circuit
de transmission/réception de télémetrie (124) pour
une transmission de télémetrie par liaison montante
de données du patient développées par le dispositif
(IMD) depuis le dispositif IMD pendant une période
de temps de transmission de télémetrie par liaison
montante prédéterminée et une réception de télé-
metrie par liaison descendante de données de télé-

metrie par liaison descendante pendant une période
de temps de transmission de télémetrie par liaison
descendante prédéterminée, ledit dispositif IMD
comportant en outre :

un oscillateur commandé en tension (VCO)
(204) ayant une entrée de tension VCO pour
développer une fréquence porteuse de téléme-
trie FM au niveau d’une sortie VCO en fonction
d’une tension de commande appliquée à l’en-
trée de tension VCO et une entrée de modula-
tion de fréquence (FM) VCO qui reçoit une ten-
sion de modulation binaire de données qui mo-
dule la fréquence porteuse générée par l’oscilla-
teur VCO pendant une transmission par liaison
montante de données du patient ; et

caractérisé par
un circuit de boucle à verrouillage de phase (PLL)
(202) ayant une entrée PLL adaptée pour recevoir
de manière sélective la fréquence porteuse au ni-
veau de la sortie VCO et pour délivrer une tension
de commande à un circuit de filtre à boucle capacitif
qui est couplé à l’entrée de tension VCO ;
des moyens de commande de télémetrie (230, 232,
240) opérationnels lors du déclenchement d’une
transmission de télémetrie par liaison montante ou
liaison descendante pour mettre en fonctionnement
ledit oscillateur VCO avec ledit circuit PLL et ledit
filtre à boucle en tant que synthétiseur de fréquence
dans un état de haute consommation d’énergie par
batterie pendant une partie VERROUILLAGE initiale
de la période de temps de transmission de télémetrie
par liaison montante afin d’établir une tension de
commande à verrouillage de fréquence mémorisée
par ledit circuit de filtre à boucle et appliquée à ladite
entrée de tension VCO pour amener ledit oscillateur
VCO à générer un signal porteur à verrouillage de
fréquence au niveau de ladite sortie VCO ;
des moyens (216) pour découpler de manière sélec-
tive ledit circuit PLL dudit oscillateur VCO et appli-
quer des données du patient à ladite entrée FM pen-
dant une partie MAINTIEN ultérieure d’une période
de temps de transmission de télémetrie par liaison
montante ; et
des moyens de maintien de tension (244) opération-
nels pendant la partie MAINTIEN de la période de
temps de transmission de télémetrie par liaison mon-
tante pour établir une tension de correction de fré-
quence au niveau de l’entrée FM VCO qui module
la fréquence porteuse générée par l’oscillateur VCO
d’une manière qui compense la dérive de la fréquen-
ce porteuse générée par l’oscillateur VCO pour con-
server la fréquence porteuse générée par l’oscilla-
teur VCO dans une tolérance d’écart de fréquence
acceptable permettant une transmission de téléme-
trie par liaison montante fiable de données du pa-
tient.
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2. Dispositif IMD selon la revendication 1, dans lequel
ladite tension de circuit de filtre à boucle capacitif a
tendance à se dissiper au fil du temps à une vitesse
prédéterminée lorsqu’un condensateur de filtre à
boucle se décharge pendant ladite partie MAINTIEN
de ladite période de temps de transmission de télé-
metrie par liaison montante, et comportant en outre
des moyens de recharge pour recharger ledit con-
densateur de filtre à boucle afin de compenser la
décharge de celui-ci.

3. Dispositif IMD selon la revendication 2, comportant
en outre :

des moyens pour mémoriser une valeur de cou-
rant de recharge dérivée d’un taux de fuite ob-
servé pendant le test du filtre à boucle capacitif
au cours de la fabrication du dispositif IMD dans
une mémoire IMD ; et dans lequel :

lesdits moyens de recharge récupèrent de-
puis la mémoire IMD et utilisent ladite valeur
de courant de recharge pour développer et
appliquer une valeur de courant de rechar-
ge audit condensateur de filtre à boucle
pour recharger ledit condensateur de filtre
à boucle.

4. Dispositif IMD selon la revendication 1, comportant
en outre :

des moyens de commande automatique de fré-
quence (AFC) (236) sensibles à la différence
entre un signal à fréquence porteuse reçu reçu
en provenance du dispositif médical distant et
la fréquence porteuse générée par l’oscillateur
VCO pendant la partie MAINTIEN de la période
de temps de transmission de télémetrie par
liaison descendante pour établir une valeur de
correction AFC variant en fonction de la diffé-
rence entre le signal à fréquence porteuse reçu
reçu en provenance du dispositif médical distant
et la fréquence porteuse générée par l’oscilla-
teur VCO ; et
des moyens de conversion (234) pour convertir
la valeur de correction AFC en une tension de
correction de fréquence et
appliquer la tension de correction de fréquence
à l’entrée FM dudit oscillateur VCO pendant la
partie MAINTIEN de la période de temps de
transmission de télémetrie par liaison descen-
dante pour conserver la fréquence porteuse gé-
nérée par l’oscillateur VCO dans une tolérance
d’écart de fréquence acceptable permettant une
réception de télémetrie par liaison descendante
fiable de données de télémetrie par liaison des-
cendante.

5. Dispositif IMD selon la revendication 4, dans lequel
ladite tension de circuit de filtre à boucle capacitif a
tendance à se dissiper au fil du temps à une vitesse
prédéterminée lorsqu’un condensateur de filtre à
boucle se décharge pendant ladite partie MAINTIEN
de ladite période de temps de transmission de télé-
metrie par liaison descendante, et comportant en
outre des moyens de recharge pour recharger ledit
condensateur de filtre à boucle afin de compenser
la décharge de celui-ci.

6. Dispositif IMD selon la revendication 5, comportant
en outre :

des moyens pour mémoriser une valeur de cou-
rant de recharge dérivée d’un taux de fuite ob-
servé pendant le test du filtre à boucle capacitif
au cours de la fabrication du dispositif IMD dans
la mémoire IMD ; et dans lequel :

lesdits moyens de recharge récupèrent de-
puis la mémoire IMD et utilisent ladite valeur
de courant de recharge pour développer et
appliquer une valeur de courant de rechar-
ge audit condensateur de filtre à boucle
pour recharger ledit condensateur de filtre
à boucle.

7. Dispositif IMD selon la revendication 6, dans lequel
lesdits moyens de maintien de tension comportent
en outre des moyens sensibles à la valeur de cor-
rection AFC établie par les moyens AFC pendant la
partie MAINTIEN de la période de temps de trans-
mission de télémetrie par liaison descendante et
opérationnels pendant la partie MAINTIEN de la pé-
riode de temps de transmission de télémetrie par
liaison montante pour établir une tension de correc-
tion de fréquence au niveau de l’entrée FM de l’os-
cillateur VCO qui module la fréquence porteuse gé-
nérée par l’oscillateur VCO d’une manière qui com-
pense la dérive de la fréquence porteuse générée
par l’oscillateur VCO afin de maintenir la fréquence
porteuse générée par l’oscillateur VCO dans une to-
lérance d’écart de fréquence acceptable permettant
une transmission de télémetrie par liaison montante
fiable de données du patient.

8. Dispositif IMD selon la revendication 4, dans lequel
lesdits moyens de maintien de tension comportent
en outre des moyens sensibles à la valeur de cor-
rection AFC établie par les moyens AFC pendant la
partie MAINTIEN de la période de temps de trans-
mission de télémetrie par liaison descendante et
opérationnels pendant la partie MAINTIEN de la pé-
riode de temps de transmission de télémetrie par
liaison montante pour établir une tension de correc-
tion de fréquence au niveau de l’entrée FM de l’os-
cillateur VCO qui module la fréquence porteuse gé-
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nérée par l’oscillateur VCO d’une manière qui com-
pense la dérive de la fréquence porteuse générée
par l’oscillateur VCO afin de maintenir la fréquence
porteuse générée par l’oscillateur VCO dans une to-
lérance d’écart de fréquence acceptable permettant
une transmission de télémetrie par liaison montante
fiable de données du patient.

9. Procédé pour fournir une transmission de télémetrie
par liaison montante de données d’un patient déve-
loppées par le dispositif IMD depuis un dispositif mé-
dical implantable (IMD) alimenté par batterie pen-
dant une période de temps de transmission de télé-
metrie par liaison montante prédéterminée et une
réception de télémetrie par liaison descendante de
données de télémetrie par liaison descendante pen-
dant une période de temps de transmission de télé-
metrie par liaison descendante prédéterminée, ledit
procédé comportant en outre les étapes consistant
à :

dans le dispositif IMD, fournir un émetteur-ré-
cepteur comportant un émetteur, un récepteur,
un oscillateur commandé en tension (VCO)
ayant une entrée de tension et une entrée de
modulation de fréquence (FM) pour développer
une fréquence porteuse de télémetrie FM au ni-
veau d’une sortie VCO en fonction d’une tension
de commande appliquée à l’entrée de tension
et d’un signal d’entrée FM appliqué à l’entrée
FM, et caractérisé en outre par la mise à dis-
position d’un circuit de boucle à verrouillage de
phase (PLL) ayant une entrée PLL adaptée pour
recevoir de manière sélective la fréquence por-
teuse au niveau de la sortie VCO et pour délivrer
une tension de commande à un circuit de filtre
à boucle capacitif qui est couplé à l’entrée de
tension VCO ; ledit procédé comportant en
outre, lors du déclenchement d’une transmis-
sion de télémetrie par liaison montante, l’action-
nement dudit oscillateur VCO avec ledit circuit
PLL et ledit filtre à boucle en tant que synthéti-
seur de fréquence dans un état de haute con-
sommation d’énergie par batterie pendant une
partie VEROUILLAGE initiale de la période de
temps de transmission de télémetrie par liaison
montante afin d’établir une tension de comman-
de à verrouillage de fréquence mémorisée par
ledit circuit de filtre à boucle et appliquée à ladite
entrée de tension VCO pour amener ledit os-
cillateur VCO à générer un signal porteur à ver-
rouillage de fréquence au niveau de ladite sortie
VCO appliquée audit émetteur ;
découpler ledit circuit PLL dudit oscillateur VCO
et appliquer des données du patient à ladite en-
trée FM pendant une partie MAINTIEN de la pé-
riode de temps de transmission de télémetrie
par liaison montante ; et

délivrer une tension de correction de fréquence
à ladite entrée FM pendant la partie MAINTIEN
de la période de temps de transmission de té-
lémetrie par liaison montante qui est suffisante
pour maintenir une fréquence porteuse générée
par ledit oscillateur VCO au niveau de ladite sor-
tie VCO dans une tolérance d’écart de fréquen-
ce acceptable permettant une transmission de
télémetrie par liaison montante fiable de don-
nées du patient.

10. Procédé selon la revendication 9, dans lequel ladite
tension de circuit de filtre à boucle capacitif a ten-
dance à se dissiper au fil du temps à une vitesse
prédéterminée lorsqu’un condensateur de filtre à
boucle se décharge pendant ladite période de temps
de transmission de télémetrie par liaison montante,
et l’étape de délivrance comporte en outre la rechar-
ge dudit condensateur pour compenser la décharge
de celui-ci.

11. Procédé selon la revendication 10, dans lequel l’éta-
pe de délivrance comporte en outre les étapes con-
sistant à :

mémoriser une valeur de courant de recharge
dérivée d’un taux de fuite observé pendant le
test du filtre à boucle capacitif au cours de la
fabrication du dispositif IMD dans une mémoire
IMD ; et
récupérer ladite valeur de recharge depuis la
mémoire IMD et appliquer un courant de rechar-
ge audit condensateur de filtre à boucle.

12. Procédé selon la revendication 11, comportant en
outre les étapes opérationnelles, lors de la réception
d’une transmission de télémetrie par liaison descen-
dante d’un signal à fréquence porteuse modulée de
données de télémetrie par liaison descendante par
ledit récepteur, consistant à :

actionner ledit oscillateur VCO couplé audit cir-
cuit PLL et audit filtre à boucle en tant que syn-
thétiseur de fréquence dans un état de haute
consommation d’énergie par batterie pendant
une partie VEROUILLAGE initiale de la période
de temps de transmission de télémetrie par
liaison descendante afin d’établir une tension de
commande à verrouillage de fréquence mémo-
risée par ledit circuit de filtre à boucle et appli-
quée à ladite entrée de tension VCO pour ame-
ner ledit oscillateur VCO à générer un signal por-
teur à verrouillage de fréquence au niveau de
ladite sortie VCO ;
découpler ledit circuit PLL dudit oscillateur VCO
pendant une partie MAINTIEN ultérieure de la
période de temps de transmission de télémetrie
par liaison descendante ;
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délivrer un signal porteur reçu à la réception du
signal à fréquence porteuse modulée de don-
nées de télémetrie par liaison descendante ;
générer une tension de correction de fréquence
à partir de la différence en fréquence entre le
signal à fréquence porteuse reçu et la fréquence
porteuse générée par l’oscillateur VCO pendant
la partie MAINTIEN de la période de temps de
transmission de télémetrie par liaison
descendante ; et
appliquer la tension de correction de fréquence
à l’entrée FM dudit oscillateur VCO pendant la
partie MAINTIEN de la transmission de téléme-
trie par liaison descendante pour délivrer une
commande de fréquence automatique de la fré-
quence porteuse générée par l’oscillateur VCO.

13. Procédé selon la revendication 12, dans lequel l’éta-
pe de génération comporte en outre les étapes con-
sistant à :

appliquer un algorithme de commande de fré-
quence automatique (AFC) à la différence de
fréquence entre le signal à fréquence porteuse
reçu reçu en provenance du dispositif médical
distant et la fréquence porteuse générée par
l’oscillateur VCO pendant la partie MAINTIEN
de la période de temps de transmission de té-
lémetrie par liaison descendante pour établir
une valeur de correction AFC variant en fonction
de la différence entre le signal à fréquence por-
teuse reçu reçu en provenance du dispositif mé-
dical distant et la fréquence porteuse générée
par l’oscillateur VCO ; et
convertir la valeur de correction AFC en une va-
leur de tension de correction de fréquence.

14. Procédé selon la revendication 13, comportant en
outre les étapes consistant à :

établir une tension de correction de fréquence
à partir de la valeur de correction AFC dérivée
pendant la partie MAINTIEN de la période de
temps de transmission de télémetrie par liaison
descendante ; et
appliquer la tension de correction de fréquence
à l’entrée FM dudit oscillateur VCO pendant la
partie MAINTIEN d’une période de temps de
transmission de télémetrie par liaison montante
pour moduler la fréquence porteuse générée
par l’oscillateur VCO d’une manière qui com-
pense la dérive de la fréquence porteuse géné-
rée par l’oscillateur VCO dans une tolérance
d’écart de fréquence acceptable permettant une
transmission de télémetrie par liaison montante
fiable de données du patient.

15. Procédé selon la revendication 9, comportant en

outre les étapes opérationnelles, lors de la réception
d’une transmission de télémetrie par liaison descen-
dante d’un signal à fréquence porteuse modulée de
données de télémetrie par liaison descendante par
l’intermédiaire dudit récepteur, consistant à :

actionner ledit oscillateur VCO couplé audit cir-
cuit PLL et audit filtre à boucle en tant que syn-
thétiseur de fréquence dans un état de haute
consommation d’énergie par batterie pendant
une partie VEROUILLAGE initiale de la période
de temps de transmission de télémetrie par
liaison descendante afin d’établir une tension de
commande à verrouillage de fréquence mémo-
risée par ledit circuit de filtre à boucle et appli-
quée à ladite entrée de tension VCO pour ame-
ner ledit oscillateur VCO à générer un signal por-
teur à verrouillage de fréquence au niveau de
ladite sortie VCO ;
découpler ledit circuit PLL dudit oscillateur VCO
pendant une partie MAINTIEN ultérieure de la
période de temps de transmission de télémetrie
par liaison descendante ;
délivrer un signal porteur reçu à la réception du
signal à fréquence porteuse modulée de don-
nées de télémetrie par liaison descendante ;
générer une tension de correction de fréquence
à partir de la différence en fréquence entre le
signal à fréquence porteuse reçu et la fréquence
porteuse générée par l’oscillateur VCO pendant
la partie MAINTIEN de la période de temps de
transmission de télémetrie par liaison
descendante ; et
appliquer la tension de correction de fréquence
à l’entrée FM dudit oscillateur VCO pendant la
partie MAINTIEN de la transmission de téléme-
trie par liaison descendante pour délivrer une
commande de fréquence automatique de la fré-
quence porteuse générée par l’oscillateur VCO.

16. Procédé selon la revendication 15, dans lequel l’éta-
pe de génération comporte en outre les étapes con-
sistant à :

appliquer un algorithme de commande de fré-
quence automatique (AFC) à la différence de
fréquence entre le signal à fréquence porteuse
reçu reçu en provenance du dispositif médical
distant et la fréquence porteuse générée par
l’oscillateur VCO pendant la partie MAINTIEN
de la période de temps de transmission de té-
lémetrie par liaison descendante pour établir
une valeur de correction AFC variant en fonction
de la différence entre le signal à fréquence por-
teuse reçu reçu en provenance du dispositif mé-
dical distant et la fréquence porteuse générée
par l’oscillateur VCO ; et
convertir la valeur de correction AFC en une va-

37 38 



EP 1 408 818 B1

21

5

10

15

20

25

30

35

40

45

50

55

leur de tension de correction de fréquence.

17. Procédé selon la revendication 16, comportant en
outre les étapes consistant à :

établir une tension de correction de fréquence
à partir de la valeur de correction AFC dérivée
pendant la partie MAINTIEN de la période de
temps de transmission de télémetrie par liaison
descendante ; et
appliquer la tension de correction de fréquence
à l’entrée FM dudit oscillateur VCO pendant la
partie MAINTIEN d’une période de temps de
transmission de télémetrie par liaison montante
pour moduler la fréquence porteuse générée
par l’oscillateur VCO d’une manière qui com-
pense la dérive de la fréquence porteuse géné-
rée par l’oscillateur VCO pour maintenir la fré-
quence porteuse générée par l’oscillateur VCO
dans une tolérance d’écart de fréquence accep-
table permettant une transmission de télémetrie
par liaison montante fiable de données du pa-
tient.
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