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Description

[0001] The invention relates to a system for analysis
of a fluid sample, in which the sample is passed through
and analysed in a channel.
[0002] The analysis of samples is a task frequently to
be performed in a wide variety of fields. Non-limiting ex-
amples include analysis of body fluids or tissue of a pa-
tient in a medical context, analysis of samples conducted
for monitoring biological or non-biological manufacturing
processes, analysis for pharmaceutical tests, analysis
for environmental monitoring. Analysis of a sample gen-
erally refers to the determination of at least one variable
of the sample, like a temperature, a pressure, a concen-
tration or partial pressure of an analyte, i.e., of a sub-
stance contained in the sample, of which substance the
concentration or partial pressure is of interest and there-
fore to be determined. As such analyses are to be carried
out frequently, and often are of a routine nature, many
approaches have been developed to carry out such anal-
yses with little effort, with small sample volumes, and
often for many samples in parallel. Devices used for such
analyses include microtiter plates in the wells of which
one or more sensor elements have been placed, or mi-
crofluidic devices, where samples are passed through
microfluidic channels in which sensor elements have
been placed. A sensor element typically is a patch of
material in which a sensor substance is contained which
is sensitive to an analyte. Suitable sensor substances for
numerous analytes are known to the skilled person, as
are methods to exploit such sensor substances for meas-
urement of the respective analytes. As examples we refer
to German patents DE 10 2010 061 182 B4, DE 10 2013
108 659 B3, DE 10 2013 109 010 B4, German patent
applications DE 10 2011 055 272 A1, DE 10 2014 107
837 A1, and references cited therein.
[0003] Another sensing principle in the context of mi-
crofluidic cells is used in EP 3 199 240 A1. There, elec-
trical sensors are used. To avoid problems of leakage of
fluids from the cells as a result of electrical conductors
embedded in the cell, the sensors (e.g. electrodes) are
provided on a plug to be inserted into a socket in the cell.
The electrical conductors are passed through the plug.
[0004] US 2013 / 0 183 660 A1 relates to detecting a
disease in a biological subject. This includes delivering
the biological subject to a probing and detecting device,
which may be a micro-device.
[0005] WO 2005 / 083 423 A2 relates to analyte de-
tection by a portable instrument suitable for point-of-care
analyses. The portable instrument may for example in-
clude a disposable cartridge, a sample reservoir, a fluid
delivery system, one or more channels.
[0006] EP 3 536 349 A1 discloses an analysis unit, in
which a sensor is stored in a storage medium in a storage
portion. For a measurement, the sensor can be pushed
from the storage portion into a sample portion of the anal-
ysis unit, thereby perforating a barrier between the stor-
age portion and the sample portion. The sample portion

may be the channel of a flow-through element.
[0007] For producing microfluidic chips currently one
part of the chip is produced, and the sensor elements are
applied on this part by e.g. gluing, plastic welding, or de-
positing material directly on the chip substrate. Then a
counterpart of the chip is placed on the part carrying the
sensor elements and sealed with it, only leaving openings
for passing the sample and perhaps further fluids. This
approach is complex, expensive, and lacks flexibility, as
the chip is produced with a sensor configuration decided
at production time without the possibility to make chang-
es later.
[0008] The object of the invention therefore is to pro-
vide a system for analysis of a fluid sample which shows
enhanced flexibility with respect to its sensor configura-
tion even after production of the system. This object is
achieved by a system according to claim 1. The depend-
ent claims relate to advantageous embodiments.
[0009] The system for analysis of a fluid sample, where
fluid means liquid or gaseous, according to the invention
at least comprises a carrier with a channel for the fluid
sample and a socket for a plug, wherein the socket is
arranged on the carrier and is open towards the channel.
The carrier is a microfluidic chip, the channel is a micro-
fluidic channel. A microfluidic channel is a channel with
at least one dimension of the channel below 1 mm; a
microfluidic chip is a chip with at least one microfluidic
channel. In particular, the socket may provide a fluid con-
nection between the channel and the environment of the
carrier. According to the invention a plug is provided
which can be plugged into the socket. The plug is carrying
a sensor, the sensor has an optical behaviour dependent
on at least one variable of the sample. The plug is con-
figured, in particular shaped, such that the sensor is in
contact with an interior volume of the channel when the
plug is plugged into the socket. In this way, when a sam-
ple is passed through the channel, the sensor is in contact
with the sample. At the same time, the plug may close
the channel towards the environment of the carrier, so
that there is no leakage of sample out of the channel
through the socket into the environment of the carrier.
As a variety of plugs, with differing sensors, may be
plugged into the socket, the desired flexibility of the sys-
tem after manufacture of the system is achieved. It is
only necessary to provide the required sensors, or plugs
carrying the required sensors, the carrier can be used
for any of them. The sensor carried by the plug may com-
prise one or more sensor elements, i.e., patches of ma-
terial, possibly of multilayer configuration, containing a
sensor substance having the optical behaviour depend-
ent on at least one variable of the sample; the sensor
substance thus is sensitive to a variable of the sample,
e.g. a concentration or partial pressure of an analyte. The
sensor elements of a sensor may differ with respect to
the sensor substance and / or the chemical environment
of the sensor substance they contain. The sensor sub-
stances may differ with respect to the variable of the sam-
ple to which they are sensitive. The sensor substances
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may also differ with respect to a range of partial pressure
or concentration of one and the same analyte within
which range the respective sensor substances show a
dependence on the particular analyte. Via the sensor
substance sensitive to the analyte, or more generally
sensitive to a variable of the sample, the sensor is sen-
sitive to the analyte, or variable of the sample. The sen-
sitivity of the sensor substance to the variable of the sam-
ple may be direct or indirect. In the case of direct sensi-
tivity, the variable of the sample interacts directly with the
sensor substance, without steps involving intermediary
substances; for example, an analyte may interact directly
with the sensor substance, the overall effects of such
interaction depending on the concentration or partial
pressure of the analyte. In the case of indirect sensitivity,
the variable of the sample affects an environment of the
sensor substance, and the sensor substance has direct
sensitivity to a specific change in its environment. For
example, the variable of the sample may be the partial
pressure of the analyte carbon dioxide, and the sensor
substance may be a dye sensitive to pH. If this dye is
provided in a buffer solution the pH-value of which is
changed by carbon dioxide, then via the buffer solution
an indirect effect of carbon dioxide on the dye is estab-
lished. The detailed configuration of sensor elements and
corresponding transduction principles are known to the
skilled person.
[0010] The sensor may also comprise one or more ref-
erence elements. A reference element may for example
contain a sensor substance at a defined value of the con-
centration of an analyte which is to be measured by the
sensor. The value of the concentration of the analyte in
the reference element is not affected by the concentration
of the analyte in the sample. Reference elements are an
aid in the evaluation of raw measurement results and are
used in calibration of measurements. Specific details of
the configuration of various types of reference elements
are known to the skilled person and are not the subject
of this invention.
[0011] The carrier may for example be made of poly-
dimethylsiloxane (PDMS), cyclic olefin copolymers
(COC), or glass, but is not limited to these example ma-
terials. The carrier may also be made from more than
one material, in particular, the carrier may have plural
parts, where at least two parts differ with respect to the
material they are made of.
[0012] The optical behaviour of the sensor may be a
luminescence behaviour, where luminescence includes
at least fluorescence and phosphorescence. The de-
pendence of the luminescence on the variable of the sam-
ple may for example be a dependence of colour, intensity,
or polarisation of the luminescence light on the variable
of the sample, or a dependence of a decay time of the
luminescence on the variable of the sample, where the
decay time may be the decay time of the intensity or of
the polarisation of the luminescence. Several approach-
es are known to exploit such a dependence for meas-
urement, usually with recourse to calibration data. A com-

mon feature is that the luminescence behaviour is excited
by excitation light incident on the sensor, and that the
optical response of the sensor, i.e. the luminescence
light, is captured, e.g. by a detector. Output signals from
the detector may be input into an evaluation unit (e.g. a
suitably programmed data processing system) for deter-
mining at least one variable of the sample. Other types
of optical behaviour are also possible, for example a col-
our of the sensor, a reflectivity of the sensor, a transmit-
tance of the sensor may depend on a variable of the
sample and may correspondingly be used for analysis of
the sample.
[0013] In order to probe the optical behaviour, in one
embodiment the plug either is connected to one or more
optical fibres or is connectable to one or more optical
fibres. Plural optical fibres may be bundled into a cable.
The modular configuration in which the plug is connect-
able to one or more optical fibres, for example a cable,
has the advantage that plug and cable can be exchanged
independently, in case, e.g. of failure of one of them, or
if either plug or cable need to be adapted to specific meas-
urement requirements. The connection between the op-
tical fibres and the plug may be by a known interface.
Excitation light and an optical response from the sensor,
e.g. luminescence light, can be guided via the one or
more optical fibres. Within the plug, connected optical
fibres may reach up to the sensor. Alternatively, a
waveguide within the plug may optically connect the op-
tical fibres to the sensor. In either case, the plug may
involve coupling optics.
[0014] In an embodiment, the plug is transparent for a
wavelength range relevant to the optical behaviour of the
sensor. The wavelength range relevant to the optical be-
haviour of the sensor includes a wavelength range of
light used to probe the optical behaviour, for example
used to excite a luminescence behaviour, and a wave-
length range of light corresponding to an optical response
of the sensor, for example to luminescence light. Trans-
parent here means that at least 80%, preferentially at
least 90%, of the respective intensity of light incident on
the plug gets transmitted through the plug.
[0015] To avoid stray signals from the environment,
and in case the system includes plural plugs, also to avoid
cross-talk between the plugs of the system, it is advan-
tageous if a side wall of an otherwise transparent plug is
opaque for the wavelength range relevant to the optical
behaviour. Opaque means that at least 99% of the light
incident on a side wall of the plug is blocked.
[0016] If transparent plugs are used, a camera may be
provided to record an image of the plug. The camera
includes a detector chip, e.g. CCD. Additionally, a light
source may be provided to stimulate the optical behav-
iour of the sensor. For example, light from the light source
may stimulate a luminescence behaviour of a sensor sub-
stance in the sensor, and the image of the plug recorded
by the camera includes an optical signal representing
luminescence light from the sensor.
[0017] In an embodiment, the sensor for a given plug
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is exchangeable. In a particular configuration, the sensor
is fixed to a cap, and the cap may be removable from the
plug. The sensor for the plug may be changed by chang-
ing just the cap.
[0018] It may occur that for some applications the pres-
ence of a sensor in the channel of the carrier is not de-
sired. Therefore, in an embodiment, the system addition-
ally comprises a stopper for closing the socket, so that
the interior volume of the channel is not open to the en-
vironment via the socket. In particular the stopper may
be shaped as the plug, only that the stopper does not
carry a sensor, and does not require means for address-
ing the sensor, like optical fibres or interfaces for con-
necting optical fibres.
[0019] More than one socket may be arranged on the
carrier, with each of the more than one socket open to-
wards the channel; in particular, each socket may provide
a fluid connection between the channel and the environ-
ment of the carrier. The channel may include a plurality
of branches. With more than one socket, there may be
a plug provided for each socket, the plugs differing by
the sensor they are carrying. The sensors may differ with
respect to the analyte (or more generally variable of the
sample) to which they are sensitive, in which case plural
analytes (or variables of the sample) may be targeted in
parallel; i.e. the system may be used to measure more
than one analyte (variable of the sample) simultaneously.
Two or more of the sensors may be sensitive to the same
analyte (or variable of the sample) but differ with respect
to the range of concentration or partial pressure (or more
generally, range of values) within which the respective
sensor shows sensitivity to the analyte (variable of the
sample). In this case the specific analyte (variable of the
sample) may be measured over a wider range of con-
centration or partial pressure (or more generally, over a
wider range of values) in one measurement run with one
carrier than would be possible with only a single sensor.
Non-limiting examples of analytes are pH, carbon diox-
ide, oxygen.
[0020] In embodiments, the socket may be shaped as
a fluid port for a microfluidic chip, and in particular be of
a standard configuration for such a fluid port. The plug
may be shaped as a standard stopper for such a fluid
port, apart from the sensor carried by the plug and in
embodiments the connection to or interface for one or
more optical fibres.
[0021] Generally speaking, the sensors in the system
according to the invention may be pre-calibrated; in par-
ticular, the manufacturer may provide calibration data
with each sensor. The sensors can be designed as dis-
posables, i.e. they are dumped after a measurement. In
this context it is particularly advantageous if the sensor
is provided on a cap or as one or more sensor elements,
because then only the cap or the sensor elements need
to be disposed of. The sensors may be bio-compatible.
The sensors may be provided in a sterile condition, as
one or more sensor elements or on a cap; in the latter
case, the entire cap would be provided in sterile condition.

Of course, also the entire plug may be provided in a sterile
condition. As, in embodiments, a plug with a sensor is to
be inserted in a socket in the same way as a stopper for
closing a fluid port, the plug with sensor may easily be
designed in such a way that it does not affect the flow of
a sample through the channel past the socket more than
a stopper does affect the flow of the sample in the channel
past the fluid port. Optical sensors, in particular lumines-
cence-based sensors, can operate without exposing the
sample to an electrical potential. By providing the socket
for the plug, and thus ultimately for providing a sensor to
the system, on the carrier, there is the additional advan-
tage, in comparison with providing sensors in separate
tube sections, e.g. in a through-flow element, that no ex-
tra volume is added to the system. Additional volume
requires additional fluid, here sample, to fill, so larger
sample volumes would be required. With a system ac-
cording to the invention, this is avoided.
[0022] Below the invention and its advantages are de-
scribed with reference to the accompanying schematic
figures.

Figure 1 shows an example of a system according
to the invention.

Figure 2 again shows the system shown in Fig. 1,
with the plug plugged into the socket.

Figure 3 shows a further example of a system ac-
cording to the invention.

Figure 4 again shows the system shown in Fig. 3,
with the plug plugged into the socket.

Figure 5 shows a stopper.
Figure 6 shows a plug with a sensor on a cap.
Figure 7 is a top view of an example of a carrier of

a system according to the invention.
Figure 8 is a top view of another example of a carrier

of a system according to the invention.
Figure 9 shows an example of the system according

to the invention as part of a measurement
setup.

Figure 10 shows another example of the system ac-
cording to the invention as part of a meas-
urement setup.

Figure 11 shows a sensor on a plug.
Figure 12 shows a sensor on a plug.
Figure 13 shows a plug with an optical fibre.
Figure 14 shows a plug with two optical fibres.

[0023] The figures only show embodiments of the in-
vention and do not limit the invention to the specific em-
bodiments shown.
[0024] Fig. 1 shows an embodiment of a system 1 for
analysis of a fluid sample, according to the invention. The
system 1 has a carrier 2 with a channel 20. A socket 3
is arranged on the carrier 2 and open to an interior volume
21 of the channel 20. The socket 3 is configured to receive
a plug 4. The plug 4 is carrying a sensor 5, and in this
embodiment also has an interface 41 for connecting one
or more optical fibres. The carrier 2 also has fluid ports
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23 for passing fluid into and removing fluid from the chan-
nel 20, so that a flow of fluid through the channel 20 can
be generated. In different embodiments an outlet from
the carrier 2 may be of a configuration different from the
configuration of a fluid port 23. Some carriers 2 may also
contain reservoirs for receiving and storing fluid that has
been passed through channel 20.
[0025] Fig. 2 shows the same system 1 as shown in
Fig. 1. Here, however, the plug 4 is plugged into socket
3. As can be seen, in this position of the plug 4 the sensor
5 is in contact with the interior volume 21 of the channel
20. This in particular means that a fluid sample flowing
through the channel 20 is in contact with the sensor 5,
so that the sensor 5 can be used in an analysis of the
fluid sample.
[0026] Fig. 3 shows a further example of a system 1
according to the invention. Contrary to the example
shown in Figs. 1 and 2, here the socket 3 is of the same
configuration as the fluid ports 23, actually the socket 3
just is a further fluid port, intended, however, for a differ-
ent purpose, i.e., to serve as socket 3 for plug 4. The plug
4 carries a sensor 5 and via interface 41 an optical fibre
6 (which is only partially shown) is connected to the plug
4. Carrier 2 is a microfluidic chip and channel 20 a mi-
crofluidic channel; fluid ports 23, and thus here also the
socket 3, preferentially are standard ports for microfluidic
chips and plug 4 is shaped as a standard connector for
such a standard port, for example as a Luer-connector
or a mini-Luer-connector.
[0027] Fig. 4 shows the same system as shown in Fig.
3. Here, however, the plug 4 is plugged into socket 3. As
can be seen, in this position of the plug 4 the sensor 5 is
in contact with the interior volume 21 of the channel 20.
This in particular means that a fluid sample flowing
through the channel 20 is in contact with the sensor 5,
so that the sensor 5 can be used in an analysis of the
fluid sample.
[0028] Fig. 5 shows a stopper 7 for closing a fluid port
23 or a socket 3 in embodiments of the system shown in
Figs. 3 and 4. The stopper 7 is shaped as the plug 4,
except that the stopper 7 does not carry a sensor and
has neither a connection to optical fibres nor means for
connecting to optical fibres. The stopper 7 may in partic-
ular be a standard stopper for the fluid ports 23.
[0029] Fig. 6 shows a plug 4 comprising a main body
42 and a cap 44 detachable from the main body 42. The
cap 44 carries a sensor 5. The main body 42 has a cap
holder 43. The cap 44 can be pushed over the cap holder
43 and secured to the cap holder 43 and thus to the main
body 42 by e.g. friction, screw threads, a bayonet mount.
In this embodiment, in order to use a different sensor 5,
only the cap 44 needs to be changed. The plug 4 shown
here further has an interface 41 for connecting one or
more optical fibres on the main body 42.
[0030] Fig. 7 shows a top view of an example of a car-
rier 2 of a system according to the invention. Indicated
by dashed lines is the channel 20 within the carrier 2.
The carrier 2 has two fluid ports 23 providing a fluid con-

nection to the channel 20. The carrier 2 furthermore has
two sockets 3, for plugs 4. For a measurement, in each
of the sockets 3 a respective plug 4 may be inserted. For
a different measurement, a plug 4 is inserted in only one
of the sockets 3, while the other socket 3 is closed with
a stopper 7. For yet other applications, both sockets 3
may be closed with a stopper 7 each.
[0031] Fig. 8 shows a top view of an example of an-
other carrier 2 of a system according to the invention.
Indicated by dashed lines is the channel 20 within the
carrier 2; in this example, the channel 20 has a plurality
of branches 24, here four. The carrier 2 has a fluid port
23 providing a fluid connection to the channel 20. For
each of the branches 24 a socket 3 is provided. Each of
the sockets 3 can be closed with a stopper 7, if the specific
measurement application the system is used for does
not require a plug 4 with a sensor 5 in the respective
socket 3. One or more of the sockets 3 may have a plug
4 with a sensor 5 plugged into them, if the specific meas-
urement application so requires. The branches 24 lead
to a common receptacle 25 provided in the carrier 2. The
receptacle 25 is to receive the fluid sample after it has
passed the sockets 3.
[0032] Fig. 9 shows an example of a system 1 accord-
ing to the invention, as described with respect to Figs. 1
and 2, as part of a measurement setup. The measure-
ment setup shown is just an example and not intended
as a limitation of the invention. Sensor 5 of system 1 here
has a luminescence behaviour which depends on an an-
alyte. An optical fibre 6 connects interface 41 of plug 4
with an optical unit 100. The optical unit 100 includes a
light source 110 for feeding excitation light for the sensor
5 into the optical fibre 6. The optical unit 100 furthermore
includes a detector 120 for receiving luminescence light
from the sensor 5 via optical fibre 6 and for producing
electrical signals in response to the luminescence light.
The electrical signals in particular may carry information
on the intensity and/or polarisation of the luminescence
light as a function of time. The optical unit 100 via data
link 101 is in communication with evaluation unit 200.
The evaluation unit 200 is configured to receive the elec-
trical signals from the detector 120 and to determine at
least one variable of a sample passed through channel
20 from the electrical signals. To this end, the evaluation
unit 200 uses a processor 210 coupled to a memory 220.
The memory 220 at least contains program instructions
221 that specify the operation of the evaluation unit 200,
and calibration data 222 for the sensor 5. The calibration
data 222 are used along with the electrical signals from
detector 120 to determine the at least one variable of the
sample. The evaluation unit 200 furthermore is config-
ured to control the operation of light source 110 in optical
unit 100; this is also achieved via processor 210 and pro-
gram instructions 221. The evaluation unit 200 may for
example be a personal computer with suitable application
software; the data link may for example be a USB-con-
nection, a network cable or a wireless connection. Dif-
ferent implementations, including an evaluation unit that
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is a dedicated device, like e.g. a special purpose com-
puter, also are possible. As an alternative to the config-
uration shown, optical unit 100 and evaluation unit 200
may be integrated into a single device.
[0033] Fig. 10 shows an example of a system 1 ac-
cording to the invention as part of a further measurement
setup. A carrier 2 has a channel 20 and fluid ports 23, as
described with relation to previous figures. In the example
shown, five sockets 3 are arranged on the carrier 2, and
in each socket 3 a plug 4 is inserted. Each plug 4, ac-
cording to the invention, carries a sensor 5. In the plugged
state shown in Fig. 10, each sensor 5 is in contact with
an interior volume 21 of the channel 20. A camera 8 with
detector chip 81 is provided to record an image of the
plugs 4. A light source 110 is provided to emit light to
probe an optical behaviour of the sensors 5. A portion of
the light emitted by the light source 110 passes through
the plugs 4 to the sensors 5. An optical response of the
sensors 5, e.g. luminescence light, passes through the
plugs 4 and can be captured by camera 8 as optical sig-
nals. The detector chip 81 converts the captured optical
signals into electrical signals. Via data link 101 the elec-
trical signals are passed to evaluation unit 200. Evalua-
tion unit 200 is configured as discussed with respect to
the measurement setup shown in Fig. 9. In this embod-
iment of the system 1, the plugs 4 are pieces of material
transparent to light from the light source 110 and to an
optical response from the sensors 5. Here transparent
means that the plugs let pass sufficient light from the light
source and of the optical response so that an evaluation
can be done; this depends on the specific measurement
requirements. It is advantageous if side walls 45 of the
plugs 4 are opaque to light, to avoid optical cross-talk
between the individual plugs 4 and stray signals from the
environment. Transparent and opaque may also be de-
fined in terms of the percentages given to this end in the
general part of the description.
[0034] Fig. 11 shows a top view of a face of a plug 4
carrying a sensor 5. The sensor 5 here has three sensor
elements, 51, 52, 53. Each sensor element 51, 52, 53
may contain a different sensor substance, and via this
sensor substance for example exhibit an optical behav-
iour dependent on a respective analyte. For example,
sensor element 51 may have an optical behaviour de-
pendent on pH, sensor element 52 may have an optical
behaviour dependent on partial pressure of carbon diox-
ide, and sensor element 53 may have an optical behav-
iour dependent on partial pressure of oxygen.
[0035] Fig. 12 shows a top view of a face of a further
plug 4 carrying a sensor 5. The sensor 5 here has three
sensor elements, 51, 52, 53, and a reference element
54. In analogy to what has been discussed in relation to
Fig. 11, each sensor element 51, 52, 53 may contain a
different sensor substance, and in this way exhibit a sen-
sitivity to a respective analyte. Figures 11 and 12 show
that the shape and arrangement of the sensor elements
of a sensor may vary between embodiments. Also, the
number of sensor elements and reference elements of a

sensor may vary between embodiments. In one embod-
iment, a sensor may only have one sensor element. In
different embodiments, a sensor may have two, three,
four, or even more than four sensor elements. In one
embodiment, a sensor may have no reference element.
In different embodiments, a sensor may have one, two,
three, or even more than three reference elements.
[0036] Fig. 13 shows a section through a plug 4 in
which an optical fibre 6 (only partially shown) has been
inserted. The optical fibre 6 is provided to address the
sensor 5 on the plug 4. The sensor 5 here has two sensor
elements 51, 52, and the optical fibre 6 addresses both
sensor elements 51, 52, by guiding excitation light to the
sensor elements 51, 52, and guiding an optical response
from the sensor elements 51, 52 to a detector, e.g. a
detector 120 as shown in Fig. 9. If the sensor elements
51, 52 differ with respect to a wavelength range of exci-
tation light they require, the two sensor elements 51, 52
may be excited selectively by passing light of the appro-
priate wavelength along the optical fibre 6 to the sensor
5. If such a selective excitation is not possible, e.g. be-
cause the wavelength ranges of excitation light for the
two sensor elements 51, 52 coincide or significantly over-
lap, or is not desired, optical responses from the sensor
elements 51, 52 may in embodiments be distinguished
by their wavelengths, e.g. by employing suitable filters
for a detector like detector 120 in Fig. 9.
[0037] Fig. 14 shows a section through a plug 4 in
which two optical fibres 61 and 62 (only partially shown)
have been inserted. The optical fibres 61, 62 are provided
to address the sensor 5 on the plug 4. The sensor 5 here
has two sensor elements 51, 52, and the optical fibre 61
addresses sensor element 51, while the optical fibre 62
addresses sensor element 52, in each case by guiding
excitation light to the respective sensor element 51, 52
and guiding an optical response from the respective sen-
sor element 51, 52 to a detector, e.g. a detector 120 as
shown in Fig. 9.

List of Reference Numerals:

[0038]

1 system
2 carrier
3 socket
4 plug
5 sensor
6 optical fibre
7 stopper
8 camera
20 channel
21 interior volume (of channel)
23 fluid port
24 branch (of channel)
25 receptacle
41 interface (for optical fibres)
42 main body
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43 cap holder
44 cap
45 side wall (of plug)
51 sensor element
52 sensor element
53 sensor element
54 reference element
61 optical fibre
62 optical fibre
81 detector chip
100 optical unit
101 data link
110 light source
120 detector
200 evaluation unit
210 processor
220 memory
221 program instructions
222 calibration data

Claims

1. System (1) for analysis of a fluid sample, the system
(1) at least comprising:

a carrier (2) with a channel (20) for the fluid sam-
ple, wherein the carrier (2) is a microfluidic chip,
and the channel (20) is a microfluidic channel;
a socket (3) for a plug (4), wherein the socket
(3) is arranged on the carrier (2) and is open
towards the channel (20);
characterised by
a plug (4) for plugging into the socket (3), the
plug (4) carrying a sensor (5) and configured
such that the sensor (5) is in contact with an
interior volume (21) of the channel (20) when
the plug (4) is plugged into the socket (3), where-
in the sensor (5) has an optical behaviour de-
pendent on at least one variable of the sample.

2. System (1) of claim 1, wherein the plug (4) is con-
nected to or connectable to one or more optical fibres
(6).

3. System (1) of claim 1, wherein the plug (4) is trans-
parent for a wavelength range relevant to the optical
behaviour.

4. System (1) of claim 3, wherein a side wall (45) of the
plug (4) is opaque for the wavelength range relevant
to the optical behaviour.

5. System (1) according to one of the claims 1 to 4,
wherein the sensor (5) comprises one or more sen-
sor elements (51, 52, 53), a sensor element (51, 52,
53) being a patch of material containing a sensor
substance, and wherein the sensor substance is a

substance having the optical behaviour dependent
on at least one variable of the sample.

6. System (1) according to claim 5, wherein the sensor
(5) includes a reference element (54).

7. System (1) of one of the previous claims, wherein
the sensor (5) is fixed to a cap (44), and the cap (44)
is removable from the plug (4).

8. System (1) of one of the previous claims, the system
(1) additionally comprising a stopper (7) for closing
the socket (3).

9. System (1) of claim 8, wherein the stopper (7) is
shaped as the plug (4).

10. System (1) of one of the previous claims, wherein
more than one socket (3) is arranged on the carrier
(2), each of the more than one socket (3) open to-
wards the channel (20).

11. System (1) of one of the previous claims, wherein
the channel (20) includes a plurality of branches (24).

12. System (1) of one of the previous claims, wherein
the socket (3) is shaped as a fluid port (23) for a
microfluidic chip.

13. System (1) of claim 12, wherein the plug (4) is shaped
as a stopper (7) for the fluid port (23).

Patentansprüche

1. System (1) zur Analyse einer Flüssigkeitsprobe, wo-
bei das System (1) mindestens umfasst:

einen Träger (2) mit einem Kanal (20) für die
Flüssigkeitsprobe, wobei der Träger (2) ein mi-
krofluidischer Chip ist und der Kanal (20) ein mi-
krofluidischer Kanal ist;
eine Buchse (3) für einen Stecker (4), wobei die
Buchse (3) auf dem Träger (2) angeordnet ist
und zum Kanal (20) hin offen ist;
gekennzeichnet durch
einen Stecker (4) zum Einstecken in die Buchse
(3), wobei der Stecker (4) einen Sensor (5) trägt
und so konfiguriert ist, dass der Sensor (5) mit
einem Innenvolumen (21) des Kanals (20) in
Kontakt steht, wenn der Stecker (4) in die Buch-
se (3) eingesteckt ist, wobei der Sensor (5) ein
von mindestens einer Größe der Probe abhän-
giges optisches Verhalten aufweist.

2. System (1) nach Anspruch 1, wobei der Stecker (4)
mit einer oder mehreren optischen Fasern (6) ver-
bunden oder verbindbar ist.
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3. System (1) nach Anspruch 1, wobei der Stecker (4)
in einem für das optische Verhalten relevanten Wel-
lenlängenbereich transparent ist.

4. System (1) nach Anspruch 3, wobei eine Seitenwand
(45) des Steckers (4) für den für das optische Ver-
halten relevanten Wellenlängenbereich undurch-
sichtig ist.

5. System (1) nach einem der Ansprüche 1 bis 4, wobei
der Sensor (5) ein oder mehrere Sensorelemente
(51, 52, 53) umfasst, wobei ein Sensorelement (51,
52, 53) ein Materialfleck ist, der eine Sensorsubstanz
enthält, und wobei die Sensorsubstanz eine Sub-
stanz ist, deren optisches Verhalten von mindestens
einer Variablen der Probe abhängig ist.

6. System (1) nach Anspruch 5, wobei der Sensor (5)
ein Referenzelement (54) aufweist.

7. System (1) nach einem der vorhergehenden Ansprü-
che, wobei der Sensor (5) an einer Kappe (44) be-
festigt ist und die Kappe (44) von dem Stecker (4)
abnehmbar ist.

8. System (1) nach einem der vorhergehenden Ansprü-
che, wobei das System (1) zusätzlich einen Ver-
schluss (7) zum Verschließen des Stutzens (3) auf-
weist.

9. System (1) nach Anspruch 8, wobei der Verschluss
(7) die Form des Steckers (4) hat.

10. System (1) nach einem der vorhergehenden Ansprü-
che, wobei mehr als eine Buchse (3) auf dem Träger
(2) angeordnet ist, wobei jede der mehr als eine
Buchse (3) zum Kanal (20) hin offen ist.

11. System (1) nach einem der vorhergehenden Ansprü-
che, wobei der Kanal (20) eine Vielzahl von Verzwei-
gungen (24) aufweist.

12. System (1) nach einem der vorhergehenden Ansprü-
che, wobei der Sockel (3) als ein Flüssigkeitsan-
schluss (23) für einen mikrofluidischen Chip ausge-
bildet ist.

13. System (1) nach Anspruch 12, wobei der Stecker (4)
als ein Verschluss (7) für den Flüssigkeitsanschluss
(23) ausgebildet ist.

Revendications

1. Système (1) d’analyse d’un échantillon de fluide, le
système (1) comprenant au moins :

un support (2) avec un canal (20) pour l’échan-

tillon de fluide, dans lequel le support (2) est une
puce microfluidique et le canal (20) est un canal
microfluidique;
un connecteur femelle (3) pour un connecteur
mâle (4), dans lequel le connecteur femelle (3)
est disposé sur le support (2) et est ouvert vers
le canal (20) ;
caractérisé par
un connecteur mâle (4) à raccorder dans le con-
necteur femelle (3), le connecteur mâle (4) por-
tant un capteur (5) et configuré de manière à ce
que le capteur (5) soit en contact avec un volume
intérieur (21) du canal (20) lorsque le connecteur
mâle (4) est raccordé dans le connecteur femel-
le (3), le capteur (5) ayant un comportement op-
tique dépendant d’au moins une variable de
l’échantillon.

2. Système (1) selon la revendication 1, dans lequel le
connecteur mâle (4) est connectée ou connectable
à une ou plusieurs fibres optiques (6).

3. Système (1) selon la revendication 1, dans lequel le
connecteur mâle (4) est transparent pour une gam-
me de longueurs d’onde pertinente pour le compor-
tement optique.

4. Système (1) selon la revendication 3, dans lequel
une paroi latérale (45) du connecteur mâle (4) est
opaque pour la gamme de longueurs d’onde perti-
nente pour le comportement optique.

5. Système (1) selon l’une des revendications 1 à 4,
dans lequel le capteur (5) comprend un ou plusieurs
éléments de capteur (51, 52, 53), un élément de cap-
teur (51, 52, 53) étant une pièce de matériau conte-
nant une substance de capteur, et dans lequel la
substance de capteur est une substance dont le
comportement optique dépend d’au moins une va-
riable de l’échantillon.

6. Système (1) selon la revendication 5, dans lequel le
capteur (5) comprend un élément de référence (54).

7. Système (1) selon l’une des revendications précé-
dentes, dans lequel le capteur (5) est fixé à un ca-
puchon (44), et le capuchon (44) est amovible du
connecteur mâle (4).

8. Système (1) selon l’une des revendications précé-
dentes, le système (1) comprenant en outre un bou-
chon (7) pour fermer le connecteur femelle (3).

9. Système (1) selon la revendication 8, dans lequel le
bouchon (7) a la forme du connecteur mâle (4).

10. Système (1) selon l’une des revendications précé-
dentes, dans lequel plus d’un connecteur femelle (3)
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est disposé sur le support (2), chacun des plus d’un
connecteur femelle (3) s’ouvrant vers le canal (20).

11. Système (1) selon l’une des revendications précé-
dentes, dans lequel le canal (20) comprend une plu-
ralité de branches (24).

12. Système (1) selon l’une des revendications précé-
dentes, dans lequel le connecteur femelle (3) a la
forme d’un port de fluide (23) pour une puce micro-
fluidique.

13. Système (1) selon la revendication 12, dans lequel
le connecteur mâle (4) a la forme d’un bouchon (7)
pour le port de fluide (23).
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