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MINIATURIZED MEDICAL DEVICE HAVING A WAKE-UP DEVICE

The present invention concerns a miniaturized medical device according to the preamble of

claim 1.

Such miniaturized medical device (in short MMG) comprises a functional device in the
shape of an electronics or electronic module for performing a function of the miniaturized
medical device, the functional device having an operational state for performing the
function and a switched-off state. A wake-up device serves to transfer the functional device
from the switched-off state to the operational state in order to execute the predetermined

function in the operational state.

Such a miniaturized medical device may in particular be implantable into a patient.

Such a miniaturized medical device may for example be a sensing system that can be
implanted in a patient's vessel, for example to measure a parameter such as a blood
pressure or a blood flow within the vessel. The sensing system can be used to monitor a
patient's condition, for example for observing and diagnosing a course of disease, wherein
the miniaturized medical device may be designed to communicate with an external device
(located outside the patient) to transmit the measurement results to the external device after

measurement by the miniaturized medical device.

Alternatively, such a miniaturized medical device may be designed as an implantable
stimulation device, for example with a pacemaker or neuro-stimulation function, or

alternatively a diagnostic device, such as a diagnostic patch, or a wearable device.
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A miniaturized medical device comprises a functional device in the form of an electronics
unit or electronic module, which is formed for example by a processor and serves to
perform a function in an active operational state of the medical device, for example a
measurement function to measure a parameter of a patient, for example a blood pressure.
To operate the functional device, the miniaturized medical device comprises an energy
storage element, particularly in the form of an electric battery, which feeds the functional

device and supplies it with power in its operational state.

An implantable medical device should usually remain in a patient after implantation for a
long period of time, for example several years, which requires that the energy storage has a
corresponding capacity to supply the functional equipment. However, because such a
medical device should, for example, have a small shape in order to be able to implant the
medical device into small blood vessels, for example an artery or the like, the available
space for the energy storage element and thus also the capacity of a battery realizing the

energy storage is limited.

From the desire to miniaturize a battery for use in miniaturized medical devices it follows
that the power consumption of the medical device should be low. For this it is desirable
that the medical device is not permanently active, but is only switched to an active
operational state (in which the functional device can perform a predetermined function, for
example to measure a patient's parameter) if required, but otherwise the miniaturized
medical device is largely inactive and therefore consumes no or at least only very little
power in passive phases. For this purpose, the functional device of the miniaturized
medical device is preferably in the switched-off state for most of the time and can be
transferred from the switched-off state to the operational state by the wake-up device in
order to then carry out a predetermined function in the operational state. After executing
the function, the functional device may switch back to the switched-off state until the
functional device is woken up again by the wake-up device and thus is transferred to the

operational state.
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Herein the wish exists to be able to wake up the functional device flexibly in order to be
able to switch on the functional device in a user-triggered manner. This should come at a

low power consumption.

An implantable neuro-stimulation system known from US 2018/0161576 A1 comprises a
GMR sensor designed to detect the presence of a magnetic field. By detecting a magnetic

field, the system can be switched on so that a stimulation function can be performed.

US 2009/0163980 A1 describes an MRI-compatible electronic medical therapy system for
temporarily preventing current flow through an implanted lead wire in the presence of an
induced radiofrequency, magnetic, or static field. One or more normally closed switches

are disposed in series between the device and one or more distal electrodes.

US 6,580,947 B1 describes an implantable medical device using a solid state sensor for
detecting an external magnetic field, the sensor comprising a magnetic field responsive
microelectromechanical (MEM) switch. A beam of the switch carries a ferromagnetic
layer, such that the beam may be deflected by a static magnetic field in order to close the

switch.

There is a desire to be able to wake up a miniaturized medical device in a contactless
fashion, in particular when the miniaturized medical device is implanted in a patient.
Herein, a waking up of the device shall be possible also when the device is implanted
deeply in a patient, wherein a current flow in an inactive state of the device, i.e. in the

switched-off state of the functional device, shall be limited, preferably zero.

It is an objective of the instant invention to provide a miniaturized medical device as well
as a system and a method that enable energy-efficient operation of the miniaturized
medical device, while allowing a reliable wake up even when the device is deeply

implanted in a patient.

This objective is achieved by a miniaturized medical device comprising the features of

claim 1.
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Accordingly, the wake-up device comprises an electrical detection circuit configured to
generate a wake-up signal for waking up said functional device and a switch device
arranged in the electrical detection circuit, the switch device comprising a switch member,
a magnet device attached to the switch member and at least one switch contact associated
with the electrical detection circuit. The switch member is excitable by a time-varying
magnetic field to perform an oscillating movement. The switch member is configured,
caused by said oscillating movement, to act onto said at least one switch contact to perform
a switching action of the switch device in the electrical detection circuit for generating the

wake-up signal.

Accordingly, a switch device arranged in an electrical detection circuit is used to generate
a wake-up signal. The switch device may for example be fabricated as a
microelectromechanical (MEMS) switch and comprises a switch member, for example in
the shape of a cantilever, which is excitable to act onto a switch contact for switching the

switching device.

Herein, the switch member is excitable by means of a time-varying magnetic field. The
switch member hence may perform an oscillating movement, the oscillating movement
causing e.g. an oscillating action on the switch contact, which may be detected by means of

the electrical detection circuit.

MEMS elements generally are integrated into a chip and are fabricated for example within
a substrate for example made from silicon. Accordingly, the switch member, preferably in
the shape of a cantilever beam, is fabricated within the chip, wherein the switch member is
deflectable and may perform an oscillating movement upon excitation by means of an

external time-varying magnetic field.

In one embodiment, the switch member forms a mechanical resonant system having a
resonant frequency, wherein the switch member is excitable by a time-varying magnetic
field to perform an oscillating movement at the resonant frequency. Upon an external

impulse excitation, the switch member generally tends to oscillate at its resonant
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frequency. An excitation by a time-varying magnetic field herein causes the switch
member to perform a forced oscillation, wherein the excitation is strongest if the excitation
takes place at the resonant frequency of the switch member. Hence, generally an excitation
of the switch member shall take place at its mechanical resonant frequency, allowing for an
efficient excitation in that an excitation at a small magnetic field amplitude may cause an

oscillation of the switch member at a substantial mechanical oscillation amplitude.

The resonant frequency of the switch member may for example lie in between 10 kHz and

30 kHz, for example at 20 kHz.

Due to the excitation of the switch member at its resonant frequency, a time-varying
magnetic field of small field strength, for example smaller than 100 uT (referring to the
location of the miniaturized medical device), may be sufficient to excite the switch
member to oscillate. This allows for an efficient and reliable wake-up action even for a

medical device which is deeply implanted into a patient, or through clothes.

By exciting the switch member a switching action of the switching device is caused. In
particular, by the movement of the switching member the switch device may be transferred
cyclically into a closed state, such that a current flows only when an actual excitation of
the switch member takes place. This allows for a small, preferably zero current flow in the
switched-off state of the functional device, such that energy consumption is effectively

reduced to a minimum when the medical device is inactive.

In one embodiment, the switch device comprises a contact element arranged on the switch
member, the contact element being configured to establish an electrical contact with the at
least one switch contact. The contact element arranged on the switch member is electrically
conductive, and so is the switch contact arranged for example on a substrate of the switch
device. By deflecting the switch member, the contact element arranged on the switch
member may come into electrical contact with the switch contact, such that an electrical
connection is established. Due to the oscillating movement of the switch member, herein,

the electrical contact may be established in a cyclical manner, such that the switch device
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oscillates between an opened state and a closed state due to the oscillating movement of

the switch member.

A magnet device is connected to the switch member in order to allow for an interaction of
the switch member with the external time-varying magnetic field. The magnet device may
be a passive member, such as a ferromagnetic element, for example in the shape of a
ferromagnetic layer formed on the switch member. Alternatively, the magnet device may
be an active device in the shape of a permanent magnet, arranged for example at a head of
the switch member and hence allowing for a magnetic interaction of the switch member

with the external time-varying magnetic field.

In one embodiment, the switch device comprises a substrate, the switch member being
formed as a cantilever which is integrally connected to the substrate and is movable with
respect to the substrate upon excitation by the time-varying magnetic field. The switch
member, in one embodiment, may for example be connected at one end to the substrate
and may be free to oscillate at a head opposite the connected end. The contact element
herein may be arranged on the head, such that by a movement of the head an electrical

contact may be established in order to perform a switching action of the switch device.

The oscillating movement of the switch member is detected by means of the electrical
detection circuit, the electrical detection circuit being configured to generate the wake-up
signal causing the functional device to be transferred from its switched-off state to the
operational state. The electrical detection circuit may be configured to detect a closing of
the switch device, wherein a single closing of the switch device - e.g. by establishing a
contact between the contact element arranged on the switch member and the switch contact

of the switch device - may be sufficient to cause a generation of the wake-up signal.

In one embodiment, when excited by the external time-varying magnetic field, the
oscillating movement of the switch member causes a cyclical closing of the switch device,
which causes the generation of the wake-up signal by means of the electrical detection
circuit. For this, the electrical detection circuit may for example comprise an energy

storage element for storing electrical energy, the energy storage element being chargeable
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by said switching action of the switching device. Upon the cyclic movement of the switch
member and due to the cyclical closing of the switch device, hence, the energy storage
element is cyclically charged, such that a charge within the energy storage element
cyclically builds up, which can be detected by suitable means of the electrical detection

circuit.

Preferably, the switch member is designed to perform an oscillating movement, when
excited by an external time-varying magnetic field, with an increasing amplitude over the
time, until a closing of the switch device is achieved. In other word, the switch member
may perform a number of up and down movements with an increasing amplitude over the
time, until the deflection of the switch member is sufficient to establish a physical and

electrical contact between the contact element an the at least one switch contact.

In particular, it can be detected if the charge of the energy storage element has built up to

exceed a predefined threshold, and if this is the case, the wake-up signal may be generated.

The energy storage element may for example have the shape of a capacitor. By cyclically
closing the switch, hence, current pulses may be caused to cyclically flow into the

capacitor, such that a charge of the capacitor cyclically builds up.

The capacitor may for example have a capacitance larger than 1 nF, for example 2nF.

In one embodiment, the electrical detection circuit comprises a comparator device to assess
a charging state of the energy storage element. The comparator device is connected to the
energy storage element and compares a voltage at the energy storage element, for example
in the shape of a capacitor, to a predefined reference voltage functioning as a threshold. If
the voltage at the energy storage element is found to exceed the reference voltage, an
output signal is generated by the comparator device, the output signal preferably

representing the wake-up signal causing to wake up the functional device.

In one embodiment, the electrical detection circuit comprises a resistor which is connected

in parallel to the energy storage element. The resistor causes the energy storage element to
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(slowly) discharge, such that the charge of the energy storage element is reduced over time
at a time constant substantially larger than a periodicity of the cyclic charging of the
energy storage element. Such discharging may counteract a charging of the energy storage
element due to a switching of the switching device which is not due to an external
excitation by means of a suitable activator device, but due to an accidental movement of

the switch member for example due to a patient's body movement.

The resistor may for example have a rather high resistance, for example larger than 1 MQ,

for example 10 MQ.

A system may comprise a miniaturized medical device of the type described above and an
activator device configured to generate a time-varying magnetic field for exciting the
switch member. Whereas the miniaturized medical device may be implantable into a
patient, the activator device acts outside of the patient and is configured to excite a

switching action of the switch device in a contactless fashion.

The activator device may for example comprise an alternating current source and an

electrical coil for generating the time-varying magnetic field.

The activator device may be configured to generate a magnetic field at variant frequencies,
for example in a range of frequencies which includes the nominal resonant frequency of
the switch member. If for example the switch member has a nominal resonant frequency of
20 kHz, the activator device may be configured to generate a magnetic field, for example
in a frequency sweep, in between 15 kHz and 25 kHz. In this way an effective excitation of
the switch member can be ensured, wherein mechanical tolerances of the switch member
and corresponding deviations from the nominal resonant frequency are counteracted by

generating an excitation field in a rather broad frequency range.

The objective is also achieved by a method for operating a miniaturized medical device,
the method comprising: providing an electronic functional device for performing a
function of said miniaturized medical device, said functional device having an operational

state for performing said function and a switched-off state; providing a wake-up device for
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transferring said functional device from said switched-off state to said operational state;
and generating a wake-up signal for waking up said functional device using an electrical
detection circuit of the wake-up device and a switch device arranged in the electrical
detection circuit, the switch device comprising a switch member, a magnet device attached
to the switch member and at least one switch contact associated with the electrical
detection circuit; wherein the generating of the wake-up signal includes exciting the switch
member by a time-varying magnetic field to perform an oscillating movement, wherein the
switch member, caused by said oscillating movement, acts onto said at least one switch
contact to perform a switching action of the switching device in the electrical detection
circuit for generating the wake-up signal. Preferably, the oscillating movement propagates
or continues with an increasing amplitude over the time of the excitation by the time

varying magnetic field.

The advantages and advantageous embodiments described above for the miniaturized
medical device and the system equally apply also to the method, such that it shall be

referred to the above.

The idea behind the invention shall subsequently be explained in more detail by referring

to the embodiments shown in the figures. Herein:

Fig. 1 shows a schematic view of a medical device implanted in a patient, along

with an external signal source and an external monitoring device;

Fig. 2 shows a schematic view of a miniaturized medical device;

Fig. 3 shows a drawing of an embodiment of a switch device of a wake-up device

of the miniaturized medical device;

Fig. 4 shows a schematic drawing of a contact element of a switch member of the
switch device and of switch contacts to be contacted by the contact element;

and
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Fig. 5 shows a schematic drawing of the switch device in an electrical detection
circuit, upon excitation by means of an external time-varying magnetic field

caused by an activator device.

Fig. 1 shows a schematic view of an embodiment of a miniaturized medical device 1,
which may be configured for example as a sensing system for measuring a parameter of a
patient, for example blood pressure, and is implanted in a vessel, for example an artery, of

the patient.

The medical device 1 is used to perform a function in a patient over a prolonged period of
time, such as a measurement function or a cardiac or neuronal stimulation function for the
purpose of therapy. For example, the medical device 1 shall remain in a patient for
multiple years in order to record measurement data during the lifetime of the medical
device 1 and to communicate with an external device 3, so that the measurement data may

be used to diagnose or monitor the condition of the patient.

Such a medical device 1 should be small in size. As schematically shown in Fig. 2, the
medical device 1, for example, comprises a housing 15, which, in one embodiment, may
comprise an essentially cylindrical or rectangular, preferably with rounded edges, housing
shape, with a length between 10 mm and 40 mm and a diameter for example between 3

mm and 10 mm, wherein other dimensions are also conceivable and possible.

Such a medical device 1 comprises, in the example of the shown embodiment, an
electronic functional device 10 which is formed, for example, by a processor and serves to
perform a predetermined function, for example a measuring function or a therapy function.
The medical device 1 in addition comprises a memory 11 e.g. in the form of a RAM
(Random Access Memory), a wake-up device 12, an energy storage 13, for example in the
form of a battery, and a communication device 17 for communicating with an external
device 3. The different functional units are encapsulated together in the housing 15 in a
fluid-tight manner and are interconnected for example by a bus system 16 for a data

exchange in between the different devices.
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The medical device 1 in addition, in the shown embodiment, comprises for example a
measurement sensor 14, which is used together with the functional device 10 to perform a
measurement in order to record measurement data, for example to measure a pressure
within a patient's vessel. A measurement may be performed over a predetermined period of
time, for example a few seconds or a few minutes, with measurement data being stored e.g.
temporarily in the memory 11 during a measurement and communicated to the external

device 3 via the communication device 17.

Because the medical device 1 has small dimensions, the size of the energy storage 13 is
also necessarily limited. Because the medical device 1 is to remain in a patient and be
operative for a prolonged period of time, for example several years, it is desired that the
medical device 1 operates energy-efficiently, thus requiring little power, but still functions

reliably to perform one or more predetermined functions.

In order to reduce the energy consumption of the medical device 1, in the embodiment of
Fig. 2 the functional device 10 does not operate continuously and at all times, but is only
switched from a switched-off state to an operational state when required in order to carry
out a function in the operational state. In the switched-off state the functional device 10 is
shut down and causes no or only a very limited power consumption, so that in the
switched-off state of the functional device 10 the system of the medical device 1 exhibits a

low overall power consumption.

In order to transfer the functional device 10 from the switched-off state to the operational
state, the wake-up device 12 is provided, which serves to switch on the functional device

10 based on a signal provided from an external activator device 2 (see Fig. 1).

Referring now to Fig. 3, the wake-up device 12 comprises a switch device 4 which is
fabricated as a MEMS switch from a substrate 40, for example a silicon substrate, on

which a switch member 41 in the shape of a cantilever is formed.

The switch member 41 at one end 411 is connected to the substrate 40 and, with a head

410 opposite the connected end 411, is movable with respect to the substrate 40. At a face
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facing the substrate 40, herein, a contact element 43 is arranged on the head 410, the
contact element 43 being associated with a pair of switch contacts 44A, 44B arranged on

the substrate 40 facing the head 410.

As visible from Fig. 4, the contact element 43 arranged on the head 410 of the switch
member 41 may for example be configured as a bridging element which may electrically
bridge the switch contacts 44A, 44B in an electrically contacting state in which the contact
element 43 is in electrical contact with both switch contacts 44A, 44B, such that a current

may flow in between the switch contacts 44A, 44B.

Connection lines 45A, 45B are electrically connected to the switch contacts 44A, 44B to
connect the switch device 4 to an electrical detection circuit 123, as shall subsequently be

described with reference to Fig. 5.

Referring again to Fig. 3, a magnet device 42 in the shape of a permanent magnet having
magnet poles N, S is arranged on the head 410, the magnet device 42 serving to interact
with an external time-varying magnetic field M to cause a deflection of the switch member
41.

The switch member 41, in one embodiment, forms a mechanical resonant system having a
nominal resonant frequency, for example in between 10 kHz and 30 kHz, for example at
20 kHz. Using an external time-varying magnetic field M at or at least close to the resonant
frequency of the switch member 41, the switch member 41 hence may be excited to
perform an oscillating movement, in the course of which the contact element 43 arranged
on the head 410 of the switch member 41 cyclically comes into electrical contact with the
switch contacts 44A, 44B, such that the switch contacts 44A, 44B are cyclically bridged
and the switch device 4 hence is cyclically closed. Particularly, the switch member 41, the
magnetic device 42 and the external time-varying magnetic field M are designed such that
the oscillating movement increases in terms of the amplitude until after several oscillating
movements a physical and electric contact between the contact element 43 and the switch

contacts 44A, 44B is established.
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Referring now to Fig. 5, the switch device 4 is part of an electrical detection circuit 123
which serves to detect a cyclical closing of the switch device 4 due to an external time-
varying magnetic field M causing an oscillation of the switch member 41. The electrical
detection circuit 123 comprises an energy storage element 121 in the shape of a capacitor
connected in between a ground potential and an input of a comparator device 120, a
resistor 122 being connected in parallel to the energy storage element 121. The switch
device 4 is arranged in between the energy storage element 121 and the potential of a
supply voltage VO, such that by closing the switch device 4 the energy storage element 121

cyclically is connected to the supply voltage VO.

The switching of the switch device 4 is caused by an activator device 2 which is external to
the patient and interacts with the wake-up device 12 in a contactless fashion. The activator
device 2 comprises an alternating current source 20 and a magnetic excitation coil 21, the
activator device 2 being configured to generate a time-varying magnetic field M by feeding

an alternating current through the coil 21.

The activator device 2 may in particular be configured to generate a magnetic field M at
the resonant frequency of the switch member 41 of the switch device 4. Herein, to avoid
effects of tolerances in the mechanical construction of the switch member 41 and
corresponding deviations of the actual resonant frequency of the switch member 41 from
its nominal resonant frequency, the activator device 2 may be configured to generate, for
example in a frequency sweep, a frequency-variable magnetic field M in a frequency range

encompassing the nominal resonant frequency of the switch member 41.

If for example the switch member 41 comprises a nominal resonant frequency of 20 kHz,
the activator device 2 may be configured to generate a time-varying magnetic field M in a

frequency range in between and 15 kHz and 25 kHz.

Due to the excitation of the switch member 41 at or close to its nominal resonant
frequency, the switch member 41 is caused to oscillate. The contact element 43 hence
cyclically comes into contact with the switch contacts 44A, 44B, and hence connects the

supply voltage VO to the energy storage element 121 in the shape of the capacitor. The
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energy storage element 121 hence is cyclically charged by means of current pulses caused
by the cyclical switching of the switch device 4, wherein the charge builds up over time by
the cyclical closing of the switch device 4 such that the voltage across the energy storage

element 121 increases.

This may be detected by means of the comparator device 120, which may switch to a high-
level once the voltage of the energy storage element 121 exceeds a predefined reference
voltage, such that in this case an output signal VS is generated representing a wake-up

signal for waking up the functional device 10 of the medical device 1.

The resistor 122 serves to discharge the energy storage element 121 in the shape of the
capacitor. The resistor 122 may have a rather large resistance value, for example larger
than 1 MQ), such that a discharging of the energy storage element 121 takes place slowly.
The resistor 122 in particular serves to avoid that an accidental charging of the energy
storage element 121, for example by a switching of the switch device 4 due to e.g. a

patient's movement, may lead to a wake-up signal.

Because the switch member 41 of the switch device 4 is excited by a time-varying
magnetic field M at or at least close to the resonant frequency of the switch member 41, an
oscillating deflection of the switch member 41 may be caused already at low magnetic
field strengths, for example smaller than 100 uT, for example 1 uT (referring to the
location of the switch device 4). This makes it possible to reliably wake up a medical
device 1 which is deeply implanted in a patient, using an activator device 2 of simple and

light built and construction.

Because a current only flows into the energy storage element 121 if the switch device 4 is
closed on the occurrence of the external magnetic field M, the wake-up device 12 exhibits
low power consumption at effectively zero current in a phase in which no external
magnetic field M is present. The comparator device 120 herein may be a so called Schmitt

Trigger, which allows for an energy-efficient operation with negligible current flow.
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The invention is not limited to the embodiments described above, but may be implemented

in a different fashion.

Due to the fabrication of the switch device having a switch member formed as a cantilever
in the MEMS technology, a simple and easy manufacturing of the switch device may be

possible.

Due to the operation at the resonant frequency of the switch member, an energy efficient
excitation at low field strengths becomes possible, hence allowing for an efficient and

reliable wake up function.
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List of reference numerals

410

411

42

43

44A, 44B
45A, 45B

N, S
Vo
VS

Miniaturized medical device
Functional device

Memory device

Wake-up device
Comparator device

Energy storage element (capacitor)
Resistor

Electrical detection circuit
Energy storage

Sensor device

Housing

Bus system
Communication device
Activator device
Alternating current source
Coil

External device

Switch device

Substrate

Switch member (cantilever)
Head

End

Magnet device

Contact element

Switch contacts
Connection lines

Magnetic field

Magnet poles

Supply voltage

Output signal
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