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(57) Abstract: Medical device with an energy
supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7, 5.8,
5.9), the energy supply (5.1; 5.2; 5.3; 5.4;
5.5;5.6; 5.7, 5.8; 5.9) comprising at least two
energy sources (11), of which at least one en-
ergy source (11) constitutes a backup energy
source, and with a control unit (21) for moni-
toring and controlling the energy supply (5.1;

1.3).

5.2;53;54;5.5; 5.6, 5.7, 5.8; 5.9), the con-
trol unit (21) being designed such that it can
detect a fault in the energy sources (11) and
disconnect the faulty energy source (11),

characterized in that the energy supply (5.1;
52; 53; 54; 5.5, 5.6; 57, 58; 59) is
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rechargeable and comprises a lithium (-ion)
polymer battery with at least two battery
stacks (11), each battery stack constituting
one energy source, having a terminal (9) on
positive potential and a terminal (9) on nega-
tive potential and comprising one or more
battery cell. The invention relates further to a
medical system comprising a medical device
(1.1; 1.2; 1.3) according to the invention and

a charging station station (30) for an energy
supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7, 5.8,
5.9) of such the medical device (1.1; 1.2;
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Medical device with an energy supply having at least two

energy sources

The invention relates to a medical device ac-
cording to the preamble of claim 1 and to a medical sys-
tem according to the preamble of claim 19.. In particu-
lar, the invention relates to a medical device for diabe-
tes treatment and to a medical system comprising such a
device. The medical device may, for example, be a medical
dosing device, such as an insulin pump, or a blood glu-
cose meter.

Typically, portable medical devices are pow-
ered by non-rechargeable batteries.

The document WO 2000/52807 Al discloses a
battery pack comprising a plurality of battery cells,
each of them constituting an energy source. Depleted bat-
tery cells are switched with charged battery cells via a
battery switching circuit if the monitored voltage falls
below a predetermined level.

The document EP 0982830 A2 discloses a bat-
tery pack with a plurality of cells which are, together
with a protective circuit, encased in a container. The
protective circuit comprises a cell failure detector for
each of the cells and a cell interrupter to disconnect a
faulty cell.

It is an object of the invention to provide a
robust and reliable medical device comprising a recharge-
able energy supply that is fail safe or single fault
safe.

In order to implement this and still further
objects of the invention, which will become more readily
apparent as the description proceeds, a medical device 1is
provided that has an energy supply and a control unit for
monitoring and controlling the energy supply. The energy
supply comprises at least two energy sources, of which at

least one energy source constitutes a backup energy
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source. The at least one energy source that constitutes
the backup energy source may also be used for supplying
energy in cases where no backup is needed for the one or
more other energy sources. The control unit is designed
such that it can detect a fault in the energy sources and
can disconnect the faulty energy source upon fault detec-
tion.

Hence, the medical device according to the
invention constitutes a redundant system that is fail-
safe or single fault safe. If one of the energy sources
fails, then the other or one of the other energy sources
will function as backup energy source and either take
over the function of the faulty energy source or provide
enough energy to serve as emergency energy supply for
triggering an alarm. Thus fail-safe operation of the
medical device is ensured even if a fault occurs in one
of the energy sources of the energy supply.

The control unit preferably comprises means
for measuring and evaluating the output voltage and/or
current of each energy source and means for disconnecting
each energy source from the rest of the medical device,
i.e. the load of the energy supply. In particular, the
control unit comprises a control subunit for each energy
source, wherein each control subunit has means for meas-
uring and evaluating the output voltage and/or current of
its associated energy source and means for disconnecting
the associated energy source from the load. In case of
the medical device being an insulin pump, the load is ba-
sically the actual pump.

The energy supply of a medical device accord-
ing to the present invention is rechargeable, wherein the
energy supply comprises a lithium(-ion) polymer battery
with at least two battery stacks. Each battery stack con-
stitutes one energy source and has a terminal or contact
on positive potential and a terminal or contact on nega-
tive potential. Each battery stack may furthermore com-

prise one or more battery cells, in particular one or
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more battery bi-cells. A bi-cell is defined as a cell
with one anode and two cathodes, the cathodes being posi-
tioned on either sides of the anode. The height of a bi-
cell lies, for example, in the range of 600 to 800 mi-
crometers.

Lithium(-ion) polymer batteries are robust to
physical damage and can be cost-efficiently manufactured.
Furthermore, as lithium(-ion) polymer batteries are re-
chargeable the user does not have to purchase a new en-
ergy supply once the original one has been discharged.
The energy provided by a lithium(-ion) polymer battery
per volume is basically optimal, which broadens applica-
tion/device integration possibilities and possibly pro-
longs the running time. Due to the polymeric nature no
rigid casing is required, so that lithium(-ion) polymer
batteries can be specifically shaped to fit the medical
device they shall supply with energy. This has the advan-
tage that the space that is provided by a medical device
for an energy supply can be optimally utilized. For a
given shape optimal capacity of the energy source can be
provided. Furthermore, as lithium(-ion) polymer batteries
can be manufactured to be very thin, also the medical de-
vices they power such as insulin pumps can be made very
thin, so that they can be more discreetly employed/used
by a user. Further, as lithium(-ion) polymer batteries
have basically optimal gravimetric density, the weight of
the medical device can be optimized, i.e. reduced, lead-
ing to an easier-to-carry medical device. Also due to ba-
sically optimal volumetric density of the lithium(-ion)
polymer batteries longest possible running time of the
energy supply of the medical device can be ensured. The
energy supply with lithium(-ion) polymer batteries is
generally robust, i.e. tolerant, with respect to tempera-
ture and power variations in particular due to small in-
ternal resistance. As the cell-voltage and the discharge
voltage range (typically 4.2 Volt - 3.0 Volt) of a lith-

ium(-ion) polymer battery are rather high, the energy
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supply and the energy source, respectively, are little
susceptible to contamination of their terminals/contacts.

In the context of a medical device, and in
particular a portable device continuously carried by a
user and being required to be fail-safe or single fault
safe, such as an insulin pump, an energy supply according
to the present invention shows particular advantages.
Providing a lithium (-ion) polymer battery with at least
two battery stacks according to the present invention re-
sults in an energy supply which is compact and easily ex-
changeable and/or rechargeable as one compact unit while
at the same time meeting the fault safety requirements
for this kind of devices.

It's a further object of the invention to
provide a medical system, the medical system comprising a
medical device as described above and a charging station
for an energy supply of a medical device as described
above.

The charging station according to the inven-
tion comprises as energy supplying means an USB-plug, a
line connector (also called network connector), a solar
cell panel, a primary battery, a plug for a car cigarette
lighter outlet, a connector for a mobile phone accumula-
tor and/or a dynamo with a crank handle. Preferably at
least two different energy supplying means are provided.
By providing several different types of energy supplying
means, the user is not restricted to one type of energy
(e.g. a primary battery) but can switch to a different
kind of energy, in particular to a different kind of pri-
mary energy, (e.g. solar energy or the energy provided by
a car battery via a cigarette lighter outlet) which is
available at that moment. This enhances the independency
of the user from purchasable and often quite expensive
primary batteries and guaranties substantially permanent
and uninterruptible energy availability also in non-
everyday situations like on vacation, on travel or in

free time. Hence, the charging station according to the
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invention gives the user more individuality and flexibil-
ity. The user can charge the energy supply of his medical
device according to his needs, which makes the charging
individual, and according to the energy resources at hand
(i.e. according to availability). The user can quickly
adapt to outer circumstances, e.g. if he is in the office
he may e.g. use the line connector or the USB-plug, on
vacation he may e.g. use solar energy or the dynamo by
rotating the crank handle etc.

It should be noted that the charging station
as described above may be considered as distinguishable
invention which the applicant reserves the right to pur-
sue separately from the present applications.

Further advantageous features and applica-
tions of the invention can be found in the dependent
claims as well as in the following description of the
drawings illustrating the invention. In the drawings like
reference signs designate the same or similar parts
throughout the several figures of which:

Fig. 1 shows a schematic drawing of an em-
bodiment of a medical device according to the invention,

Fig. 2 shows a schematic drawing of a further
embodiment of a medical device according to the inven-
tion,

Fig. 3 shows a schematic drawing of an em-
bodiment of an energy supply,

Fig. 4 shows a schematic drawing of a further
embodiment of an energy supply supporting a resexrvoir for
a fluid,

Fig. 5 shows a schematic drawing of a further
embodiment of an energy supply with two energy sources,

Fig. 6 shows a schematic drawing of a further
embodiment of an energy supply with two energy sources,

Fig. 7 shows a schematic drawing of a further
embodiment of an energy supply with two energy sources,

Fig. 8 shows a schematic drawing of a further

embodiment of an energy supply with two energy sources,
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Fig. 9 shows a block diagram of a medical de-
vice according to the invention, and

Fig. 10 shows a schematic drawing of a charg-
ing station of a medical system according to the inven-
tion.

The depicted medical devices may for example
be medical dosing devices such as insulin pumps.

Figure 1 schematically shows a first embodi-
ment of medical device 1.1 with a top cover 2. The top
cover 2 forms part of the housing 3.1 of the medical de-
vice 1.1. The top cover 2 is preferably mounted pivotally
on hinges 6. The medical device 1.1 has a compartment 4
for a replaceable energy supply 5.1 being designed as
will be described below in more detail. The replaceabil-
ity of the energy supply 5.1 is indicated in Figure 1 by
the bent arrow. In the embodiment depicted in Figure 1
the energy supply 5.1 is placed in the compartment 4 and,
hence, into the housing 3.1 of the medical device 1.1.
Therefore, no specific sealing functions have to be per-
formed by the outer surfaces of the energy supply
5.1/compartment 4 and no specific sealing or gaskets have
to be provided at the contact surfaces of the energy sup-
ply 5.1/compartment 4. The sealing function is performed
by the top cover 2 or housing 3.1, see exemplarily the
sealing or gaskets 39 depicted in Figure 1. Of course,
there may be specific sealing or gaskets 38 arranged at
contact surfaces of the compartment 4 for further seal-
ing.

Figure 2 shows another embodiment of a medi-
cal device 1.2 with a replaceable energy supply 5.2 being
designed as will be described below in more detail. The
dashed arrow indicates how the energy supply 5.2 can be
exchanged. In the embodiment of Figure 2 part of the
housing 3.2 of the medical device 1.2 is formed by a
housing 7 of the energy supply 5.2. For sealing purposes
the contact surface 8, which is the outer surface with

the terminals 9 (also called contacts 9) of the energy
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supply 5.2, is preferably provided with a sealing/one or
more gasket, in particular to protect the medical device
1.2 against humidity. That is, the terminals 9 are
sealed. For simplicity, only two terminals 9 are shown.
Due to the sealing/gasket it is ensured that the medical
device 1.2 conforms to IPX8 (international protection
rating X8), i.e. the medical device 1.2 is protected
against harmful ingress of water up to and beyond 1 me-
ter. In detail the medical device 1.2 is suitable for
continuous immersion in water under conditions which
shall be specified by the manufacturer (confer
http://en.wikipedia.org/wiki/IP_ Code) .

Figure 3 depicts an energy supply 5.3 (corre-
sponding to the energy supplies 5.1 and 5.2 of Figures 1
and 2, respectively) of a medical device according to the
invention. For simplicity the housing 7 of the energy
supply 5.3 is not depicted. The lithium(-ion) polymer
battery of the energy supply 5.3 has a nominal cell volt-
age of, e.g., 3.7 Volt. The energy supply 5.3 furthermore
preferably comprises a fuel gauge unit 10 for estimating
and monitoring its remaining running time or life time,
respectively. By “fuel” the charge of the energy supply
5.3 or the energy which can be provided by the energy
supply 5.3, respectively, is meant. The fuel gauge unit
10 determines the remaining running time via energy or
impedance measuring. The fuel gauge unit 10 constitutes
so-called “smart” electronics.

Due to the laminated design of the lithium(-
ion) polymer battery which may consist of several battery
cells, in particular bi-cells, it is possible to inte-
grate two or more battery stacks, each consisting of bat-
tery cells, as independent energy sources in one replace-
able unit (namely the energy supply). The lithium(-ion)
polymer battery exemplarily comprises two battery stacks
11 with each battery stack 11 representing one energy
source (confer Figures 5 to 8). Each energy

source/battery stack 11 has a terminal 9 on a positive
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potential and a terminal 9 on negative potential. With
two battery stacks 11 there are therefore four terminals
9. Furthermore, each energy source/battery stack 11 is
provided with a protection circuit 12 for protection
against overcharge and/or overvoltage and/or undervolt-
age. There can be provided one fuel gauge unit 10 for the
entire energy supply 5.3 or each energy source/battery
stack 11 can have its own fuel gauge unit 10 allotted to
it. The fuel gauge unit 10 and the protection circuit 12
are preferably enclosed by the housing 7 of the energy
supply (confer Figures 5 to 8) and are thus integrated in
the energy supply 5.3.

The medical device may comprise a reservoir
for a fluid. If the medical device is, for example, an
insulin pump, it typically comprises as reservoir a car-
tridge for insulin. Advantageously, the medical device is
constructed such that the reservoir is supported and car-
ried by the energy supply. Fig. 4 depicts an energy sup-
ply 5.4, which corresponds to the energy supplies 5.1,
5.2 and 5.3 of Figures 1 to 3, that has a cavity 13 for
accommodating such a reservoir 14. The cavity 13 is exem-
plarily formed such that it can accommodate a cylindri-
cally shaped reservoir 14 such as a cartridge of an insu-
lin pump. The reservoir 14 can either be enclosed by the
housing of the energy supply 5.4 or it can be held and
supported by the housing of the energy supply 5.4, the
housing forming the cavity 13.

Of course the energy supply can carry other
or further components of the medical device e.g. one or
more glucose test strips or a test strip drum. This gives
handling advantages as the energy supply and the reser-
voir and/or other components can be assembled by the user
outside the medical device and after assembling be in-
serted as one unit into the medical device. Referring to
Figure 4, before insertion of the energy supply 5.4 into
the medical device, the reservoir, in particular a car-

tridge, a pouch or a bag, can be placed in the cavity 13.
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If the cavity 13 is formed by the housing of the energy
supply 5.4, the housing also serves as support for the
reservoir 14 next to its primary function of constituting
a housing for the energy supply 5.4.

Other embodiments are possible, where the
reservoir (and/or other components of the medical device)
carries and supports the energy supply.

By combining the reservoir for fluid and the
energy supply with its fuel gauge unit(s) and its protec-
tion circuit(s) into one unit, the interfaces for fluid
and for electric energy are also combined in this one
unit which is advantageous for sealing purposes. Prefera-
bly the capacity of the reservoir and the running time of
the energy supply are time-synchronized such that change
or refill of the reservoir is required basically at the
same time as change or recharge of the energy supply is
required. The remaining running time of the energy supply
is thereby estimated by the fuel gauge unit. Hence, the
therapeutically necessary handling step of reservoir re-
fill or exchange can advantageously be combined with the
technically required handling step of energy supply ex-
change or recharge.

Figures 5 to 8 show various embodiments of
the energy supply of the medical device. The dashed, el-
liptical form of the housing 7 has been chosen for sim-
plicity of representation. The terminals 9 of the battery
stacks 11 are connected to corresponding contacts 18 of
the housing 7.

In Figure 5 an energy supply 5.5 is shown
that comprises a rechargeable lithium(-ion) polymer-
battery with at least two battery stacks 11 as energy
sources as described above. The battery stacks 11 each
have their own cover 15, the cover 15 preferentially be-
ing made of laminated aluminum foil. The battery stacks
11 are preferably placed on top of each other. The bat-
tery stacks 11 are placed in the energy supply housing 7,
which is preferably made of plastics. The embodiment of
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the energy supply 5.5 of Figure 5 is also called fully
redundant as the battery stacks 11 and their covers 15
are equally structured. There can be provided one fuel
gauge unit 10 for the entire energy supply 5.5 or each
energy source/battery stack 11 can have its own fuel
gauge unit 10 allotted to it. The fuel gauge unit 10 and
the protection circuit 12 are preferably enclosed by the
housing 7 of the energy supply and are thus integrated in
the energy supply 5.5.

The embodiment shown in Figure 6 differs from
the embodiment shown in Figure 5 in that the energy sup-
ply 5.6 comprises two battery stacks 11 that are accommo-
dated in/enclosed by one common cover 16, which may be
made of laminated aluminum foil. This embodiment is also
referred to as quasi redundant.

The embodiment of the energy supply 5.7 shown
in Figure 7 differs from the embodiment shown in Figure 6
in that the battery stacks 11 are separated by a sealing
sheet 17, which may be made of laminated aluminum foil.
This embodiment is also referred to as quasi redundant.
In Figure 7 the battery stacks 11 are separated by one
layer (the sealing sheet 17), while in Figure 5 the bat-
tery stacks are separated by two layers (twice the cover
15). Hence, the embodiment according to Figure 7 needs
less space than the embodiment according to Figure 5.

Figure 8 shows an energy supply 5.8 which
corresponds to the embodiment of Figure 5 but where the
terminals 9 on negative potential are connected for all
battery stacks/energy sources 11 such that the battery
stacks 11 have one common terminal 19 on negative poten-
tial. The housing 7 has contacts 18 that correspond to
terminals 9 on positive potential and to the common ter-
minal 19 on negative potential and that are connected to
them. A connection of the terminals 9 on negative poten-
tial for forming one common negative terminal 19 is also

possible for the embodiments depicted in Figures 3 to 7.
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In the embodiments depicted in Figures 5 to 8
the battery stacks 11 do not necessarily have to be
placed on top of each other but can be arranged differ-
ently, for example next to each other. The depicted en-
ergy supplies 5.5 to 5.8 correspond to the energy sup-
plies 5.1 to 5.4 depicted in Figures 1 to 4. Features of
the energy supplies 5.1 to 5.8 may be combined in all
possible combinations.

The contacts 18 of the housing 7 that are
connected to the terminals 9, 19 of the battery stacks 11
represent the electrical interface of the energy supply
5.1 to 5.8. The output voltage and/or current of these
contacts 18 is preferably monitored periodically for
fault detection regarding the battery stacks 11, in par-
ticular within the multiple error occurrence periocd. Once
a fault has been detected the faulty battery stack 11 is
switched off, i.e. disconnected, and its function may be
taken over by the other battery stack 11. The multiple
error occurrence period is defined as the period of time,
in which the probability for the occurrence of multiple
errors/faults that are safety critical is sufficiently
small for a particular considered requirement class. This
period of time starts at the last point in time when the
considered device/system has been in a state which sup-
posedly is fault-free according to the considered re-
quirement class. Fault detection in one battery stack 11
and switching entirely to the non-faulty battery stack 11
ensures safe operation at least long enough to trigger
and/or produce an alarm in particular for a given time.

Figure 9 shows a block diagram of a medical
device 1.3 according to the invention that corresponds to
the medical devices 1.1, 1.2 depicted in Figures 1 and 2.
The medical device 1.3 comprises an energy supply 5.9
that corresponds to the energy supplies 5.1 to 5.8 shown
in Figures 1 to 8. The energy supply 5.9 comprises a re-
chargeable lithium(-ion) polymer battery with two battery
stacks 11 as described above. Each battery stack 11 is
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provided with a protection circuit 12. The energy supply
5.9 supplies energy to a load 20, e.g. the pump in case
of the medical device 1.3 being an insulin pump. The load
20 can comprise several loads. A control unit 21 is pro-
vided with a control subunit 22 for each battery stack
11. The control subunits 22 may be integrated in one unit
as control unit 21 or they may be separate units. Each
control subunit 22 comprises means for measuring and
evaluating (not shown) the output voltage and/or current
of the battery stack 11 it is allotted to and means 23
for disconnecting this battery stack 11 from the load 20.
Preferably the means for measuring and evaluating com-
prise an analogue sensor for measuring the output voltage
and/or current. The analogue measurement signal is then
converted by an analogue-digital converter 24 of the con-
trol subunit 22 into a digital signal which can then be
evaluated by the means 23 for disconnecting or another
evaluation circuit. The means 23 for disconnecting the
battery stack 11 preferentially control a switch 25 in
the electrical path 26 from the respective battery stack
11 to the load 20. The control unit 21 may also comprise
the fuel gauge unit(s) 10 and the protection circuit(s)
12 in particular in case of a fix installed lithium(-ion)
polymer battery.

If the means for measuring and evaluating of
one of the control subunits 22 detects a fault in the
battery stack 11 it is allotted to, then the means 23 for
disconnecting controls the switch 25 such that it opens
and the path 26 from the faulty battery stack 11 to the
load 20 is disconnected. The other non-faulty battery
stack 11 is then solely responsible for supplying elec-
trical energy and reliable operation is still ensured as
well as alarming. A fault may e.g. be that the respective
battery stack 11 provides no output voltage or an output
voltage that lies below a pre-defined threshold, the

threshold being stored in the control unit 21 or the con-
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trol subunits 22, or a failure of a battery connection,
respectively.

The energy distribution among the battery
stacks 11 may, for example, be 50/50, i.e. each battery
stack 11 provides 50 percent of electrical energy re-
guired by the load 20. If the load 20 comprises several
subloads, these subloads may be allotted accordingly to
the battery stacks 11. Of course, the energy distribution
among the battery stacks 11 may be differently and asym-
metrically, e.g. 95/5, where one battery stack 11 pro-
vides 95 percent of the electrical energy and the other
battery stack only provides 5 percent, thereby basically
serving as emergency energy supply for triggering an
alarm in case of a fault. Preferentially the electronics
(not shown) of the load 20 is designed such that it can
alternatively access each or both of the battery stacks
11 while determining their respective output voltages.

Figure 10 shows an exemplary charging station
30 for charging an energy supply 5.1 to 5.9 of a medical
device 1.1, 1.2, 1.3, the charging station 30 and a medi-
cal device 1.1, 1.2, 1.3 as described above, in combina-
tion, making a medical system. The charging station 30
comprises as energy supplying means an USB-plug 31, a
line connector/network connector 32 in form of a 110-230
VAC/DC plug (110 to 230 Volts of alternating current to
direct current plug), a solar cell panel 32, a primary
battery 34 (e.g. an AA battery, an AAA battery and/or a 9
Volt block battery) and a plug 35 for a car cigarette
lighter outlet (i.e. an 12 Volts of direct current (VDC)
car plug). A charge slot 36 for the energy supply 5.1 to
5.9 is provided which is connected or connectable to the
various energy supplying means 31 to 35 via a charging
circuit (not shown).

By providing several different types of en-
ergy supplying means, the user is not restricted to one
type of energy (e.g. a primary battery) but can switch to
a different type of energy (e.g. solar energy if the user
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is outside or energy provided by a car battery if he is
in a car) which is available at the particular moment.
This enhances the independency of the user from purchas-
able primary batteries and guaranties substantially per-
manent and uninterruptible energy availability also in
non-everyday situations like on vacation or on travel.

The charging station 30 preferentially com-
prises also a storage slot 37 for storing an energy sup-
ply 5.1 to 5.9, that shall not be used for some time,
such that it remains in optimal charge condition, in par-
ticular basically fully charged. The storage slot 37 is
connected or connectable to the various energy supplying
means 31 to 35. By storing an energy supply 5.1 to 5.9 in
the storage slot 37 its nominal cell voltage is prefera-
bly kept between 3.0 and 3.7 Volt through charge preser-
vation, thereby basically guaranteeing optimal storage
condition. The electrical energy required for maintaining
this optimal storage voltage 1is provided by the various
energy supplying means 31 to 35 of the charging station.
A control circuit (not shown) is allotted to the storage
slot 37 for controlling the charge of the stored energy
supply 5.1 to 5.9 such that its nominal cell voltage
preferably does not fall below 3.0 Volt and is within the
range of the optimal storage voltage of 3.7 Volt. Another
alternative to ensure a proper charge condition may be
realized by the charging circuit itself. For this alter-
native the charging circuit is preferably constructed
such that it is able to supervise the voltage of the en-
ergy supply 5.1 to 5.9 after having it charged in order
to ensure proper/optimal storage condition.

The charging station 30 preferentially has a
display (not shown) for displaying the actual charge of
an energy supply inserted into the charge slot 36 and/or
the storage slot 37. More than one charge slot 36 and/or
storage slot 37 may be provided. Preferably there is one
display for each slot 36, 37. The respective displays are

in particular arranged directly above the corresponding
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slots 36, 37 and, hence, the corresponding energy sup-
plies 5.1 to 5.9 inserted into the slots 36, 37, so that
it is easy for the user to pick the optimally charged en-

ergy supply 5.1 to 5.9 for usage.
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Claims

1. Medical device with an energy supply (5.1;
5.2; 5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9), the energy sup-
ply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9) com-
prising at least two energy sources (11), of which at
least one energy source (l11l) constitutes a backup energy
source, and with a control unit (21) for monitoring and
controlling the energy supply (5.1; 5.2; 5.3; 5.4; 5.5;
5.6; 5.7; 5.8; 5.9), the control unit (21) being designed
such that it can detect a fault in the energy sources
(11) and disconnect the faulty energy source (11l), char-
acterized in that the energy supply (5.1; 5.2; 5.3; 5.4;
5.5; 5.6; 5.7; 5.8; 5.9) is rechargeable and comprises a
lithium(-ion) polymer battery with at least two battery
stacks (11), each battery stack constituting one energy
source, having a terminal (9) on positive potential and a
terminal (9) on negative potential and comprising one or
more battery cell.

2. Medical device according to claim 1,
wherein each battery stack (11) has its own cover (15).

3. Medical device according to claim 1,
wherein the battery stacks (11) are accommodated in one
cover (16).

4. Medical device according to claim 3,
wherein the battery stacks (11) are separated by a seal-
ing sheet (17).

5. Medical device according to either of the
preceding claims, wherein the terminals (9) on negative
potentials are connected for all energy sources (11),
such that the energy sources (1l1) have one common termi-

nal (19) on negative potential.



10

15

20

25

30

35

WO 2009/112201 PCT/EP2009/001596

17

6. Medical device according to one of the
preceding claims, wherein the battery stacks (11) are po-
sitioned side-by-side or on top of each other.

7. Medical device according to one of the
preceding claims, wherein the energy sources (1l1l) are ac-
commodated in a common housing (7).

8. Medical device according to one of the
preceding claims, wherein the energy supply (5.1; 5.2;
5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9) 1is replaceable or
fixed in the medical device (1.1; 1.2; 1.3).

9. Medical device according to one of the
preceding claims, wherein the control unit (21) comprises
means for measuring and evaluating the output voltage
and/or current of each energy source (11) and means (23)
for disconnecting each energy source (11).

10. Medical device according to claim 9,
wherein the control unit (21) comprises a control subunit
(22) for each energy source (1l1), each control subunit
(22) having means for measuring and evaluating the output
voltage and/or current of its associated energy source
(11) and means (23) for disconnecting the associated en-
ergy source (11).

11. Medical device according to one of the
preceding claims, wherein each energy source (1l1l) is pro-
vided with a protection circuit (12) for protection from
overcharge and/or overvoltage and/or undervoltage.

12. Medical device according to one of the
preceding claims, wherein the energy supply (5.1; 5.2;
5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9) comprises a fuel gauge
unit (10) for estimating its remaining running time.

13. Medical device according to claim 12,
wherein a reservoir (14) for a fluid is provided and the
capacity of the reservoir (14) and the running time of
the energy supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7;
5.8; 5.9) are synchronized such that change or refill of

the reservoir (14) is required at the same time as change
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or recharge of the energy supply (5.1; 5.2; 5.3; 5.4;
5.5; 5.6; 5.7; 5.8; 5.9).

14. Medical device according to one of the
preceding claims, wherein a reservoir (14) is provided
that is carried by the energy supply (5.1; 5.2; 5.3; 5.4;
5.5; 5.6; 5.7; 5.8; 5.9).

15. Medical device according to claim 14,
wherein the energy supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6;
5.7; 5.8; 5.9) has a cavity (13) for accommodating the
reservoir (14), the cavity (13) preferably being formed
to accommodate a cylindrically shaped reservoir (14) or a
bag.

16. Medical device according to claim 14 or
15, wherein the reservoir (14) is enclosed by a housing
(7) of the energy supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6;
5.7; 5.8; 5.9) or the reservoir (14) is carried by a
housing (7) of the energy supply (5.1; 5.2; 5.3; 5.4;
5.5; 5.6; 5.7; 5.8; 5.9).

17. Medical device according to one of the
preceding claims, wherein at least a part of a housing
(3.2) of the medical device (1.1; 1.2; 1.3) is formed by
a housing (7) of the energy supply (5.1; 5.2; 5.3; 5.4;
5.5; 5.6; 5.7; 5.8; 5.9).

18. Medical device according to one of the
preceding claims, wherein contact surfaces (8) of the en-
ergy supply (5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9)
are provided with gaskets.

19. Medical system comprising a medical de-
vice according to one of the preceding claims and further
comprising a charging station (30) for an energy supply
(5.1; 5.2; 5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9) of the
medical device (1.1; 1.2; 1.3), wherein as energy supply-
ing means an USB-plug (31), a line connector (32), a so-
lar cell panel (33), a primary battery (34), a plug (35)
for a car cigarette lighter outlet, a connector for a mo-
bile phone accumulator and/or a dynamo with a crank han-

dle are provided.
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20. Medical system according to Claim 19,
wherein a storage slot (37)

is provided by the charging
station (30)

for storing the energy supply (5.1; 5.2;
5.3; 5.4; 5.5; 5.6; 5.7; 5.8; 5.9)

such that it remains
basically fully charged.
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