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Description
Technical Field

[0001] The invention relates to a device for measuring
a parameter of living tissue, in particular a glucose level,
which parameter affects a response of said tissue to an
electric field.

Background Art

[0002] WO 02/069791describesadevice for determin-
ing a parameter of living tissue. The device comprises
an electrode arrangement mounted to a substrate, as
well as a control unit adapted to determine the response
of the tissue to the electric field generated by the elec-
trodes. This type of device exploits the fact that various
parameters of living tissue affect the dielectric response
of the same. For example, this type of device allows to
measure glucose level, as described in WO 02/069791,
as well as the water concentration in the skin.

[0003] Devices of this type can provide better results
if they comprise sensors for other types of parameters.
For example, WO 2007/053963 describes an improved
device that not only measures the response to the field
applied by the electrodes, but further comprises temper-
ature sensors as well as optical sensors for measuring
a reflection or transmission of the tissue. Another exam-
ple is provided in US2008/0082004 A1.

[0004] WO 2005/053523 describes a device with an
electrode arrangement where the gaps between the elec-
trodes with filled with a solid.

Disclosure of the Invention

[0005] It is a general object of the invention to design
the electrodes of a sensor of this type, and in particular
the mechanical setup of the electrode arrangement that
exhibits improved measurement accuracy.

[0006] This object is achieved by the sensor of claim
1. Accordingly, the electrode arrangement comprises at
leasttwo electrodes mounted to a first side of a substrate.
The electrodes are separated by a gap. The gap, which
has non-zero volume due to the finite thickness of the
electrodes, is filled at least partially with a solid. In con-
trast to prior art, where the gap is not filled and therefore
the surface of the electrode arrangement facing and nor-
mally in contact with the skin is not planar, filling the gap
with a solid allows to form a substantially flat surface.
This allows to reduce pressure induced vasodilation at
the electrode edges and underlying tissue, and helps to
avoid irritations induced by friction at the electrode edges,
which in turn allows more reliable measurements even
under long-term application. Additionally and important-
ly, this prevents the accumulation of the sweat in these
gaps.

[0007] Accordingto the invention, the gap between the
electrodes is used to receive at least part of an optical
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reflection sensor, wherein the reflection sensor extends
through an opening in the substrate, which opening ends
in said gap. Locating the optical reflection sensor, as it
can e.g. be used for perfusion measurements, at this
location has two advantages: On the one hand, it allows
to carry out the optical measurement at the same location
and underlying tissue volume as the electrical measure-
ment, thereby allowing a better correlation between the
two. On the other hand, its presence in the gap hardly
affects the electric field distribution in the tissue, while
placing the optical reflection sensor within an electrode
would affect the field to a larger extent.

[0008] In another advantageous embodiment, the
electrode arrangement comprises a ground electrode
and several signal electrodes on the first side of the sub-
strate. The signal electrodes are arranged in openings
formed within the ground electrode, and the gaps men-
tioned above are formed between the respective inner
edges of the openings and the outer edges of the signal
electrodes.

[0009] Advantageously, the sensor comprises a first
set of signal electrodes surrounded by gaps of different
widths, such that electrical fields of different geometries
are formed. The first set of signal electrodes are connect-
ed to a first signal generator operating at a frequency of
atleast 1 GHz. Similarly, a second setof signal electrodes
surrounded by gaps of different widths is provided, with
the second set of signal electrodes being connected to
a second signal generator operating at a frequency be-
tween 0.1 and 500 MHz. This makes it possible to carry
out two depth-resolved measurements at two important
frequency ranges, with the electrode geometries opti-
mized to the specific frequency ranges.

[0010] A shield electrode can be embedded within the
substrate in order to shield the electronics on the second
side of the substrate. This is particularly advantageous
when measuring signals in the GHz range. In that case,
the shield electrode should be located at a smaller dis-
tance from the first set of signal electrodes then from the
second set of signal electrodes. This allows to form co-
planar waveguides with the first set of signal electrodes
inthe GHzrange. Onthe other hand, it prevents the shield
electrode from grounding a large amount of the electrical
field at the location of the second set of signal electrodes,
thereby allowing to generate MHz fields that primarily are
located within the tissue.

[0011] In yet another advantageous embodiment, the
device comprises a first signal generator connected to
at least one of the electrodes and generating a signal
with a frequency of at least 1 GHz as well as a first signal
detector for detecting this signal, e.g. after it has been
transmitted through the electrode. Both, the signal gen-
erator and a signal detector, are mounted to (i.e. attached
to and electrically connected to) the second side of the
substrate, i.e. to the side opposite the electrodes. This
allows to create short and well-defined signal paths be-
tween electrodes and electronics.



3 EP 2 419 012 B1 4

Brief Description of the Drawings

[0012] The invention will be better understood and ob-
jects other than those set forth above will become appar-
ent when consideration is given to the following detailed
description thereof. Such description makes reference
to the annexed drawings, wherein:

Fig. 1 shows a sectional view of a device,

Fig. 2 shows a bottom view of the device of Fig. 1,
Fig. 3 is a more detailed sectional view of the sub-
strate parallel to its longitudinal axis 3,

Fig. 4 is a sectional view of the substrate at the lo-
cation of the wide-gap MHz-electrode and its adja-
cent two optical reflection sensors,

Fig. 5 is an alternative design of the substrate with
other types of optical reflection sensors,

Fig. 6 is a block circuit diagram of the device, and
Fig. 7 is a block circuit diagram of the GHz-electron-
ics of the device.

Modes for Carrying Out the Invention

General design

[0013] The general design of an advantageous em-
bodiment of the device is shown in Figs. 1 and 2. The
device comprises a housing 1, e.g. of plastics. One side
of the device, in the following called the "bottom side", is
closed by a substrate 2. Substrate 2 is rectangular and
elongate and has a longitudinal axis 3. A band or wrist-
band 4 is attached to housing 1, extends perpendicular
to longitudinal axis 3 and allows to mount the device e.g.
to an arm or leg of a person, with longitudinal axis 3 ex-
tending parallel to the longitudinal axis of the arm or leg.
[0014] At a first side (bottom side) substrate 2 carries
a plurality of electrodes formed by a structured metal lay-
er 5. Metal layer 5 is shown in gray in Fig. 2. The design
of the electrodes is described in more detail below. On
its second side (top side) electronic components 6 are
mounted to substrate 2 and connected to metal leads on
the surface or within substrate 2.

[0015] Housing 1 encloses at least one printed circuit
7 in addition to substrate 2, which carries further elec-
tronic components 8. Electrical connectors 9 are provid-
ed for connecting printed circuit board 7 to substrate 2.
[0016] In addition, the device typically also contains a
battery as well as interface and/or display components
(not shown).

Substrate design

[0017] One of the key components of the device is sub-
strate 2 and its design, which can be best seen from Figs.
2 and 3. It must be noted that the sectional view of Fig.
3iszoomed along its vertical direction in order to improve
the visibility of the various layers of the substrate.

[0018] As mentioned, substrate 2 has a first (bottom)
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side and a second (top) side, with the first side being
applied to a person’s skin during operation of the device.
[0019] Advantageously, the metal layer 5 is formed by
a copper and a gold layer, with the gold layer forming the
surface of the electrodes. The gold layer is directly con-
nected to the copper layer, in particular without an inter-
mediate nickel containing layer in order to avoid allergic
reactions. Advantageously, the metal layer is formed us-
ing "lamination chemical thickgold" technology. The gold
layer should be non-porous and not comprise any pin-
holes in order to avoid dirt and sweat from entering the
same that could lead to electrolysis at the electrodes.
[0020] Alternatively, or in addition thereto, metal layer
5 can be covered by a physiologically inert protective
layer, but such a layer should be thin and uniform such
that the electrodes can be placed as close to the skin as
possible.

[0021] Metallayer5is structured to form a ground elec-
trode 10 having openings. Signal electrodes 12a, 12b,
13a, 13b, 13c and 14 are placed within these openings,
such that gaps 15 are formed between the inner edges
of the openings and the outer edges of the signal elec-
trodes. Each signal electrode 12a, 12b, 13a, 13b, 13c
and 14 is completely surrounded by such a gap 15.
[0022] As can be seen in Fig. 3, the gaps 15 are filled
with a solid filler material 16. Filler material 16 is a die-
lectric, i.e. non-conductive material, e.g. glass. Itis of an
advantage if this material possesses the same dielectric
parameters - especially the permittivity - as the substrate
2.

[0023] In the embodiment of Fig. 3, substrate 2 has a
flat surface 17 on its first side, and the electrodes are
mounted to the top of this surface, such that, without the
filler material 16, the gaps 15 would form trenches or
recesses in the bottom side of the device, which would
lead to skin irritation as well as providing regions for dirt
and sweat accumulation.

[0024] Ascanfurtherbe seenfrom Fig. 3, a shield elec-
trode 18a, 18b is embedded within substrate 2. The pri-
mary purpose of shield electrode 18a, 18b is to shield
the electronics within the device from high frequency
electromagnetic radiation and to form a defined ground.
[0025] As can be seen, the shield electrode comprises
two sections 18a, 18b embedded at different depths with-
in substrate 2. Section 18a is adjacent to the signal elec-
trodes 12a, 12b of the first set, while section 18b is ad-
jacent to the signal electrodes 13, 13b, 13c of the second
set. The distance D1 between the shield electrode in sec-
tion 18a and the signal electrodes 12a, 12b is smaller
than the distance D2 between the shield electrode in sec-
tion 18b and the signal electrodes 13a, 13b, 13c. Typi-
cally, D1 should be smaller than 1 mm, e.g. 0.5 mm, while
D2 should be at least 1.5 mm (for a typical dielectric con-
stant of the substrate material of 3.5 - 4.0 at frequencies
around 1 GHz). The reasons for these different distances
are:

a) As described below, the first set of signal elec-
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trodes 12a, 12b are operated as "coplanar
waveguides" (CPW) at frequencies of atleast 1 GHz.
By placing section 18a of the shield electrode suffi-
ciently close to the signal electrodes 12a, 12b, it be-
comes possible to operate the waveguide as a "con-
ductor-backed coplanar waveguide" with well de-
fined electric field geometry and electromagnetic-
field distribution.

b) Also as described below, the second set of signal
electrodes 13a, 13b, 13c are operated as capacitive
sensors in the MHz-range. At these frequencies, a
shield electrode too close to the signal electrodes
would "ground" a large amount of the electrical field,
thereby reducing the strength and reach of the field
into the body.

[0026] Advantageously, shield electrode 18a, 18b is
connected to ground, i.e. to the same potential as ground
electrode 10.

[0027] As can also be seen in Fig. 3, substrate 2 com-
prises further embedded, structured metal layers 19a,
19b on the second (top) side of shield electrode 18a as
well as a structured top layer 20 on the surface at the
second side of substrate 2, which together form electrical
leads of the printed circuit carrying the electronic com-
ponents 6.

[0028] To interconnect the various metal layers shown
in Fig. 3 as appropriate, vias or lead-throughs 21 extend
through substrate 1. Advantageously the vias 21 are me-
chanically closed, i.e. they do not form mechanical open-
ings within substrate 2. Advantageously, so-called "bur-
ied vias" are used.

Electrode geometries

[0029] AscanbeseenfromFig.2,the signal electrodes
12a, 12b and 13a, 13b, 13c of the first and second set
are straight strip electrodes located in the center of re-
spective elongate openings of ground electrode 10. Sig-
nal electrode 14, on the other hand, forms, together with
ground electrode 10, a set of interdigital electrodes 22.
In the following, we discuss the three sets of signal elec-
trodes in more detail.

a) First set of signal electrodes (GHz)

[0030] The first set of signal electrodes 12a, 12b is op-
erated, as mentioned, at a frequency of at least 1 GHz,
with each signal electrode forming a conductor-backed
coplanar waveguide together with the surrounding part
of ground electrode 10 and shield electrode 18a. The
signal from the signal generator is fed to a first end of the
signal electrode and the signal at the second, opposite
end is fed to a signal detector, which will be described
below.

[0031] As described in WO 2005/120332 and WO
2007/053963, it is advantageous to generate electric
fields reaching into different depths of the tissue, for
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which purpose the width of the gaps around the signal
electrodes 12a and 12b differ. Advantageously: for signal
electrode 12a, the width of the gap is typically up to 4
mm, for signal electrode 12b the width of the gap is typ-
ically up to 0.15 mm. Both signal electrodes 12a, 12b
have a width of 0.2 mm orless and alength of 20 - 23 mm.
[0032] The signal electrodes 12a, 12b of the first set
are parallel to each other and extend perpendicularly to
longitudinal axis 3. It has been found that for high-fre-
quency sensors of this type, an arrangement perpendic-
ular to the arm/leg of the wearer provides more robust
measurements that are less prone to signal errors due
to mechanical shifts related to sensor contact with the
skin. However, the signal electrodes 12a, 12b may also
extend parallel to longitudinal axis 3.

b) Second set of signal electrodes (MHz)

[0033] The second set of signal electrodes 13a, 13b,
13cis operated ata frequency between 0.1 and 500 MHz.
Each signal electrode 13a, 13b, 13c is strip-shaped. The
signal from the signal generator is fed to a contact point
in the center of the signal electrode, and a signal depend-
ing on the impedance between the signal electrode and
the ground electrode is measured, as e.g. described in
WO 2007/053963 or WO 2005/053523.

[0034] Again, differing geometries are used in order to
generate electric fields reaching into different depths of
the tissue. Hence, the widths of the gaps 15 around the
signal electrodes 13a, 13b, 13c differ. Advantageously:
for signal electrode 13a, the width of the gap as well as
the width of the signal electrode are typically 4 mm, for
signal electrode 13b the width of the gap as well as the
width of the signal electrode are typically 1.5 mm, and
for signal electrode 13b the width of the gap as well as
the width of the signal electrode are typically 0.3 mm.
The length of the signal electrodes 13a, 13b, 13c should
be as large as possible in order to have alarge measured
volume of skin and underlying tissue.

[0035] The signal electrodes 13a, 13b, 13c extend par-
allel to each other and parallel to the longitudinal axis 3,
which increases the interaction length between the elec-
trodes and the tissue within the wearer’s arm or leg.

¢) Interdigital electrodes (kHz)

[0036] The interdigital electrodes 22 are operated at a
frequency below 200 kHz, in particular at 1 kHz. Their
primary purpose is the measurement of sweat and mois-
ture, as described in section 2.2 of WO 2007/053963.
The signal from the signal generator is fed to a contact
point in the center of signal electrode 14, and a signal
depending on the impedance between the signal elec-
trode and the ground electrode is measured, as de-
scribed in WO 2007/053963.

[0037] The width of the fingers of the interdigital elec-
trodes as well their mutual distance is advantageously in
the order of 0.15 mm.
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Optical sensors

[0038] As described in WO 2007/053963, it is advan-
tageous to combine the electrical measurements with op-
tical measurements, in particular optical reflectance
measurements. For this purpose, the device is equipped
with at least one optical reflection sensor. Such a sensor
allows to obtain a measure of the perfusion of the tissue.
[0039] In the embodiment of Fig. 2, the device com-
prises two such optical reflection sensors 23a and 23b.
Each optical reflection sensor 23a, 23b is arranged in the
gap around signal electrode 13a.

[0040] As mentioned above, arranging the optical re-
flection sensorinthe gap around an electrode has various
advantages, in particular because it allows an optical
measurement at the same location as the electrical
measurement, and field distortions caused by the sensor
are small.

[0041] Advantageously, and as shown in Fig. 4, each
optical reflection sensor extends through an opening 24
in substrate 2 and is fixed in place therein, e.g. by gluing
or soldering. Opening 24 ends in gap 15 between signal
electrode 13a and ground electrode 10.

[0042] At the first (bottom) side of the device, the sur-
face 25 of the optical reflection sensor 23a, 23b is flush
with the surface of the electrodes. Any gap 26 surround-
ing optical reflection sensors 23a, 23b should be filled,
at least close to the surface of substrate 2, with a filler
material for blocking the entry of moisture and dirt.
[0043] Atits rear end (i.e. at the end facing away from
the first (bottom) side of the device, the optical reflection
sensors 23a, 23b can e.g. be directly connected to the
circuitry at the second side of substrate 2 by means of
solder bumps 39a. For this purpose, each of the optical
reflection sensors 23a, 23b comprises a base 39b which
laterally extends beyond the rim of opening 24 and carries
the contacts to be soldered to the pumps 39a.

[0044] Each optical reflection sensor 23a, 23b advan-
tageously comprises atleast one light source and at least
one light detector. In the embodiment shown in Figs. 2
and 4, each optical reflection sensor comprises three light
sources 27a, 27b, 27c arranged in a row that extends
perpendicularly to the longitudinal axis of the sensor. The
light sources 27a, 27b, 27c advantageously emit light in
the visible or near-infrared spectral range. Furthermore,
in the embodiment of Figs. 2 and 4, each optical reflection
sensor comprises two light detectors 28a, 28b, with the
light sources 27a, 27b, 27c located between the light de-
tectors 28a, 28b, such that the light detectors 28a, 28b
are able to sense light scattered in forward as well as
backward direction respectively to the longitudinal axis
of the sensor but having different separations to the light
sources 27a, 27b and 27¢ allowing for perfusion at dif-
ferent depths in the tissue to be measured.

[0045] The light sources 27a, 27b, 27¢ as well as the
light detectors 28a, 28b are covered by a window 29,
which is located at least partially in gap 15. Window 29
is transparent for light as emitted by the light sources

10

15

20

25

30

35

40

45

50

55

27a, 27b, 27c.

[0046] To keep a distortion of the electric field caused
by the optical reflection sensors minimal, the optical re-
flection sensors 23a, 23b should have dielectric proper-
ties close to those of substrate 2.

[0047] Using at least two light sources with different
optical emission spectra has the advantage that differing
tissue processes giving rise to a spectrally differing re-
flectance changes can be distinguished.

[0048] In particular, if two light sources are used, one
should generate a wavelength below 600 nm and the
other a wavelength above 700 nm, advantageously at
approximately 568 nm and 800 nm. If three light sources
are used, the first one should advantageously generate
light at a wavelength below 600nm, the second one light
of a wavelength above 700 nm, and the third one light at
a wavelength between 600 and 700 nm. Advantageous
values were found to be 568 nm, 800 nm and 660 nm,
respectively. It must be noted that 568 nm and 800 nm
are "isosbestic" points where the haemoglobin absorp-
tion does notdepend on the level of oxygenation. In order
to correct for skin perfusion changes, the haemoglobin
related signal can be calculated by the ratio of the ab-
sorption at 568 nm and 800 nm. The oxygen signal can
be calculated at 660 nm, a wavelength where the differ-
ence between the absorbance of oxygenated and deox-
ygenated haemoglobin is at its largest, as a ratio to the
800nm.

[0049] The spectral width of the light sources 23a, 23b
and 23c should be smaller than 50 nm for sufficient spec-
tral resolution, but it will typically be in the order of a few
51to 10 nm, as it is typical for light-emitting diodes.
[0050] Fig. 5 shows an alternative embodiment of the
device with three optical reflection sensors, only one of
which is located in the gap 15 around an electrode, while
the others are located in separate openings in the ground
electrode 10. In contrast to the embodiment of Fig. 2,
each optical reflection sensor 23a, 23b, 23c comprises
a single light detector only, which allows a more compact
design at a somewhat reduced sensitivity.

Electronics

[0051] Fig. 6 shows ablock diagram of an embodiment
of the device. It comprises a control unit 30, e.g. a micro-
processor with program and data memory as known to
the skilled person, which controls the operation of the
device. It is connected to various sensors, in particular:

a) A low-frequency sensor 31 comprising a signal
generator and signal detector in the frequency range
below 200 kHz, which uses the interdigital electrodes
22 for its measurements.

b) A medium-frequency sensor 32 comprising a sig-
nal generator and signal detector in the frequency
range between 0.1 MHz and 500 MHz, which uses
the second set of signal electrodes 13a, 13b, 13c for
its measurements.
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c) A high-frequency sensor 33 comprising a signal
generator and signal detector in the frequency range
of at least 1 GHz, which uses the first set of signal
electrodes 12a, 12b for its measurements.

d) An optical detector 34 measuring optical reflection
by means of the optical reflection sensors 23a, 23b,
23c.

e) A temperature sensor 35 measuring a tempera-
ture of the surface of the tissue as well as the tem-
perature within housing 1, e.g. by means of a first
temperature sensing device in direct thermal contact
with substrate 2, as well as by means of a second
temperature sensing device arranged inside housing
1.

[0052] In addition to the sensors, control unit 30 con-
trols an interface 36, such as a USB- or Bluetooth-Inter-
face, for exchanging data with an external device, with
an external device which is used for analyzing and dis-
playing the data measured by the present device. It must
be noted, though, that this type of functionality can also
be incorporated into the present device itself.

[0053] Fig. 7 shows a more detailed diagram of the
high-frequency sensor 33. It comprises a voltage-con-
trolled oscillator 40 with two identical outputs. One of the
outputs is connected to a first switch 41, from where it is
selectively sent to the input end Tx1, Tx2 of one of the
signal electrodes 12a, 12b. The appropriate one of the
signals Rx1, Rx2 from the output ends of the signal elec-
trodes 12a, 12b is selected with a second switch 42 and
fed to a first input of a magnitude/phase detector 43. The
other output of oscillator 40 is routed through two static
switches 44, 45 of the same type as the switches 41, 42
and then to the second input of magnitude/phase detec-
tor 43. The purpose of the static switches 44, 45 is to
increase the symmetry of the two signal paths from os-
cillator 40 to magnitude/phase detector 43 in terms of
temperature and technological variations.

[0054] Magnitude/phase detector 43 measures therel-
ative magnitude and phase of the signals at its two inputs
and feeds the corresponding value to an A/D converter
46, from where it can be read by control unit 30.

[0055] The components of the high-frequency sensor
shown in Fig. 7, at least the signal generator or oscillator
40 as well as the signal detector or magnitude/phase
detector 43 are advantageously mounted to the second
(top) side of said substrate 2, as mentioned above, in
order to have short and well-defined signal paths for the
high-frequency signals to and from the signal electrodes
12a, 12b. The oscillator 40 and the signal detector 43 (or
its A/D-converter 46) are electrically connected to printed
circuit board 7 by means of the connectors 9, where con-
trol unit 30 is located.

Operation

[0056] The principles of operation of this type of device
has been described in WO 2007/053963 and need not
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be repeated here.

[0057] As described in WO 2007/053963, the device
can be used forameasurementof the glucose level within
the tissue. It must be noted, though, that the same type
of device can also be used for measuring another pa-
rameter that affects a response of the tissue to an electric
field, as e.g. described in WO 02/069791. In particular,
the device can be used to measure skin hydration since
the impedance of the signal electrodes in respect to
ground is directly dependent on the concentration of wa-
ter within the tissue. In that case, the optical reflection
sensors can be used to distinguish between water con-
centration variations due to blood perfusion and water
concentration variations due to sweat or lymphatic fluid.
[0058] The device can also be used for the determina-
tion of the complex dielectric parameters of a tissue. In
particular, the skin dielectric parameters can be meas-
ured employing the described embodiment. A combina-
tion of the above mentioned parameters can be used for
the description of different skin and body states as hy-
dration and dehydration; normal and pathological mois-
turisation.

[0059] Further applications include the determination
of advanced states associated with metabolic diseases,
such as renal disturbances that lead to fluid imbalance
in the tissue, and reduction in cardiac function leading to
a disturbance of the skin microcirculation can also be
preferably monitored.

[0060] While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited thereto
but may be otherwise variously embodied and practiced
within the scope of the following claims.

Claims

1. A device for measuring a parameter of living tissue,
in particular a glucose level, which parameter affects
a response of said tissue to an electric field, said
device comprising
a substrate (2),
an electrode arrangement (10, 12a, 12b, 13a - 13c,
14) comprising atleast a first and a second electrode
and being mounted on a first side of said substrate
(2), wherein said firstand second electrodes are sep-
arated by a gap (15),

a control unit (30) adapted to determine the response
of said tissue to the electric field generated by said
electrodes,

wherein said gap (15) is filled at least partially with
a solid (16),

wherein said device further comprises at least one
optical reflection sensor (23a - c), wherein said at
least one optical reflection sensor (23a - c) extends
into said gap (15),

characterized in that said optical reflection sensor
(23a - ¢) extends through an opening (24) in said
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substrate (2), wherein said opening (14) ends in said
gap (15).

The device of claim 1 wherein said substrate (2) has
a flat surface (17) on said first side and wherein said
first and second electrode are mounted on said flat
surface (17).

The device of any of the preceding claims wherein
said optical reflection sensor (23a - ¢) comprises at
least one light source (27a, 27b, 27c) and at lest one
light detector (28a, 28b) covered by a transparent
window (29), wherein said window (29) is located at
least partially in said gap (15).

The device of claim 3 wherein said optical reflection
sensor (23a - ¢) comprises two light detectors (28a,
28b), wherein said at least one light source (273,
27b, 27c) is located between said two light detectors.

The device of any of the claims 3 or 4 wherein said
optical reflection detector comprises a first light
source (27a) generating light at a wavelength below
600 nm and a second light source (27b) generating
light at a wavelength above 700 nm, and in particular
wherein said first light source generates light at ap-
proximately 568 nm and/or said second light source
generates light at approximately 800 nm.

The device of claim 4 wherein said optical reflection
detector comprises a first light source (27a) gener-
ating light at a wavelength below 600 nm, a second
light source (27b) generating light at a wavelength
above 700 nm and a third light source (27c) gener-
ating light at a wavelength between 600 and 700 nm,
and in particular wherein said first light source gen-
erates light at approximately 568 nm and/or said sec-
ond light source generates light at approximately 800
nm and/or said third light source generates light at
approximately 660 nm.

The device of any of the preceding claims, wherein
said electrode arrangement (10, 12a, 12b, 13a- 13c,
14) comprises a ground electrode (10) and several
signal electrodes (12a, 12b, 13a - 13c¢, 14) on said
first side of said substrate (2), wherein said signal
electrodes (12a, 12b, 13a - 13c, 14) are arranged in
openings of said ground electrode (10), wherein
gaps (15) are formed between inner edges of said
openings and outer edges of said signal electrodes
(12a, 12b, 13a - 13c, 14).

The device of claim 7 comprising

afirst set (12a, 12b) of signal electrodes surrounded
by gaps (15) of different widths and

a second set (13a - 13c) of signal electrodes sur-
rounded by gaps (15) of different widths,

a first signal generator (33) connected to said first
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set (12a, 12b) of signal electrodes and operating at
a frequency of at least 1 GHz and

a second signal generator (32) connected to said
second set (13a - 13c) of signal electrodes and op-
erating at a frequency between 0.1 and 500 MHz.

The device of claim 8 wherein said first and second
sets of signal electrodes are elongate strip elec-
trodes, wherein the electrodes in each set extend
parallel to each other and perpendicular to the elec-
trodes of the other set,

and in particular wherein said device comprises a
band (4) for attaching said device on an arm or leg,
wherein said band extends perpendicularly to an axis
(3) of said device, wherein the signal electrodes of
said first set (12a, 12b) extend perpendicularly to
said axis (3) and/or the signal electrodes of said sec-
ond set (13a - 13c) extend parallel to said axis (3).

The device of any of the claims 7 to 9 wherein said
substrate (2) comprises a shield electrode (18a, 18b)
embedded within said substrate (2), and in particular
wherein said shield electrode (18a, 18b) is electri-
cally connected to said ground electrode.

The device of any of the claims 8 or 9 and of claim
10, wherein said shield electrode (18a, 18b) is at a
first distance (D1) from said first set (12a, 12b) of
signal electrodes and ata second distance (D2) from
said second set (13a - 13c) of signal electrodes,
wherein said first distance (D1) is smaller than said
second distance (D2), and in particular wherein said
first distance (D1) is smaller than 1 mm and said
second distance (D2) is at least 1.5 mm.

The device of any of the preceding claims comprising
atleast one pair of electrodes designed as interdigital
electrodes (22), and in particular wherein said device
further comprising a third signal generator (31) con-
nected to said interdigital electrodes (22) and gen-
erating a signal at a frequency below 0.2 MHz.

The device of any of the claims 8 to 11 and of claim
12 wherein said interdigital electrodes (22) are ar-
ranged between said first and said second sets (12a,
12b; 13a - 13c) of electrodes.

The device of any of the preceding claims further
comprising a first signal generator (40) connected to
at least one of said electrodes and generating a sig-
nal with a frequency of at least 1 GHz and a first
signal detector (43) connected to at least one of said
electrodes and detecting said signal of at least 1
GHz, wherein saidfirstsignal generator (40) and said
first signal detector (43) are mounted to a second
side of said substrate (2).

The device of claim 14 further comprising at least
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one printed circuit (7) in addition to said substrate
(2), wherein said printed circuit (7) is electrically con-
nected to said first signal detector (43) and said first
signal generator (40).

The device of any of the preceding claims wherein
said electrodes comprise a copper layer and a gold
layer, wherein said gold layer forms a surface of said
electrodes and is directly connected to said copper
layer.

Patentanspriiche

1.

Ein Gerat zur Messung eines Parameters von einem
lebenden Gewebe, insbesondere eines Glucose-
spiegels, wobei sich der Parameter auf eine Antwort
des Gewebes auf ein elektrisches Feld auswirkt, wo-
bei das Gerat aufweisend

ein Substrat (2),

eine Elektrodenanordnung (10, 12a, 12b, 13a - 13c,
14) aufweisend mindestens eine erste und eine
zweite Elektrode und montiert auf einer ersten Seite
des Substrates (2), wobei die erste und die zweite
Elektrode durch eine Liicke (15) separiert sind,
eine Kontrolleinheit (30) geeignet zur Bestimmung
der Antwort des Gewebes auf das durch die Elek-
troden generierte elektrische Feld,

wobei die Liicke (15) mindestens teilweise miteinem
Festkorper (16) gefiillt ist,

wobei das Gerat weiter mindestens einen optischen
Reflexionssensor (23a - ¢) aufweist, wobei der min-
destens eine optische Reflexionssensor (23a - ¢)
sich in die Lucke (15) hinein erstreckt,

dadurch gekennzeichnet, dass der optische Re-
flexionssensor (23a - c) sich durch eine Offnung (4)
in das Substrat (2) erstreckt, wobei die Offnung (14)
in der Lucke (15) endet.

Das Gerat nach Anspruch 1, wobei das Substrat (2)
auf der ersten Seite eine flache Oberflache (17) auf-
weist und wobei die erste und die zweite Elektrode
auf der flachen Oberflache (17) montiert sind.

Das Geréat nach einem der vorangehenden Anspri-
che, wobei der optische Reflexionssensor (23a - ¢)
mindestens eine Lichtquelle (27a, 27b, 27¢) und min-
destens einen durch ein transparentes Fenster (29)
bedeckter Lichtdetektor (28a, 28b) aufweist, wobei
sich das Fenster (29) zumindest teilweise in der Li-
cke (15) befindet.

Das Gerat nach Anspruch 3, wobei der optische Re-
flexionssensor (23a - c) zwei Lichtdetektoren (28a,
28b) aufweist, wobei die mindestens eine Lichtquelle
(27a, 27b, 27c) zwischen den beiden Lichtdetekto-
ren angeordnet ist.
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5.

Das Gerét nach einem der Anspriiche 3 oder 4, wo-
bei der optische Reflexionssensor eine erste Licht-
quelle (27a), welche Licht bei einer Wellenldnge un-
ter 600 nm generiert, und eine zweite Lichtquelle
(27b), welche Licht bei einer Wellenlange tber 700
nm generiert, aufweist und insbesondere wobei die
erste Lichtquelle Licht bei etwa 568 nm und/oder die
zweite Lichtquelle Licht bei etwa 800 nm generiert.

Das Gerat nach Anspruch 4, wobei der optische Re-
flexionssensor eine erste Lichtquelle (27a), welche
Licht bei einer Wellenlange unter 600 nm generiert,
eine zweite Lichtquelle (27b), welche Licht bei einer
Wellenlange Gber 700 nm generiert, und eine dritte
Lichtquelle (27c), welche Licht bei einer Wellenlange
zwischen 600 und 700 nm generiert, aufweist und
insbesondere wobei die erste Lichtquelle Licht bei
etwa 568 nm und/oder die zweite Lichtquelle Licht
bei etwa 800 nm und/oder die dritte Lichtquelle Licht
bei etwa 660 nm generiert.

Das Gerat nach einem der vorangehenden Anspru-
che, wobei die Elektrodenanordnung (10, 12a, 12b,
13a - 13c, 14) eine Erdelektrode (10) und mehrere
Signalelektroden (12a, 12b, 13a - 13c, 14) auf der
ersten Seite des Substrats (2) aufweist, wobei die
Signalelektroden (12a, 12b, 13a-13c, 14) in Offnun-
gen der Erdelektrode (10) angeordnet sind, wobei
Liicken (15) zwischen inneren Randern der Offnun-
gen und ausseren Randern der Signalelektroden
(12a, 12b, 13a - 13c, 14) geformt sind.

Das Gerat nach Anspruch 7 aufweisend

ein erstes Set (12a, 12b) von Signalelektroden um-
geben von Liicken (15) von unterschiedlichen Brei-
ten und

ein zweites Set (13a - 13c) von Signalelektroden um-
geben von Liicken (15) von unterschiedlichen Brei-
ten,

ein erster Signalgenerator (33) verbunden mit dem
ersten Set (12a, 12b) von Signalelektroden und be-
trieben bei einer Frequenz von mindestens 1 GHz
und

ein zweiter Signalgenerator (32) verbunden mit dem
zweiten Set (13a - 13c) von Signalelektroden und
betrieben bei einer Frequenz zwischen 0.1 und 500
MHz.

Das Gerat nach Anspruch 8, wobei das erste und
das zweite Set von Signalelektroden langliche Ban-
delektroden sind, wobei die Elektroden in jedem Set
sich zueinander parallel erstrecken und senkrecht
zu den Elektroden des anderen Sets,

und insbesondere wobei das Gerat ein Band (4) auf-
weist, um das Gerat an einem Arm oder Bein anzu-
bringen, wobei sich das Band senkrecht zu einer
Achse (3) des Geréts erstreckt, wobei die Signale-
lektroden des ersten Sets (12a, 12b) sich senkrecht
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zur Achse (3) erstrecken und/oder die Signalelekt-
roden des zweiten Sets (13a - 13c) sich parallel zur
Achse (3) erstrecken.

Das Gerat nach einem der Anspriiche 7 bis 9, wobei
das Substrat (2) eine im Substrat (2) eingebaute Ab-
schirmelektrode (18a, 18b) aufweist, und insbeson-
dere wobei die Abschirmelektrode (18a, 18b) mit der
Erdelektrode elektrisch verbunden ist.

Das Gerat nach einem der Anspriiche 8 oder 9 und
nach Anspruch 10, wobei die Abschirmelektrode
(18a, 18b) in einer ersten Distanz (D1) von dem ers-
ten Set (12a, 12b) von Signalelektroden und in einer
zweiten Distanz (D2) von dem zweiten Set (13a -
13c) von Signalelektroden ist, wobei die erste Dis-
tanz (D1) kleiner ist als die zweite Distanz (D2), und
insbesondere wobei die erste Distanz (D1) kleiner
als 1 mm ist und die zweite Distanz (D2) mindestens
1.5 mm ist.

Das Geréat nach einem der vorangehenden Anspri-
che, aufweisend mindestens ein Paar von Elektro-
den, welche als Interdigitalelekiroden (22) ausge-
staltet sind, und insbesondere wobei das Geréat wei-
ter einen mit den Interdigitalelektroden (22) verbun-
denen dritten Signalgenerator (31) aufweist, gene-
rierend ein Signal bei einer Frequenz unter 0.2 MHz.

Das Gerat nach einem der Anspriiche 8 bis 11 und
nach Anspruch 12, wobei die Interdigitalelektroden
(22) zwischen dem ersten und dem zweiten Set (12a,
12b; 13a - 13c¢) von Elektroden angeordnet sind.

Das Geréat nach einem der vorangehenden Anspri-
che, weiter aufweisend einen ersten Signalgenera-
tor (40), welcher mit der mindestens einen Elektrode
verbunden ist und ein Signal mit einer Frequenz von
mindestens 1 GHz generiert und ein erster Signal-
detektor (43), welcher mit der mindestens einen
Elektrode verbunden ist und das Signal von mindes-
tens 1 GHz detektiert, wobei der erste Signalgene-
rator (40) und der erste Signaldetektor (43) auf einer
zweiten Seite des Substrats (2) montiert sind.

Das Gerat nach Anspruch 14, weiter aufweisend
mindestens einen gedruckter Schalter (7) zusatzlich
zum Substrat (2), wobei der gedruckte Schalter (7)
mit dem ersten Signaldetektor (43) und dem ersten
Signalgenerator (40) verbunden ist.

Das Geréat nach einem der vorangehenden Anspri-
che, wobei die Elektroden eine Kupferschicht und
eine Goldschicht aufweisen, wobei die Goldschicht
eine Oberflache der Elektroden bildet und direkt mit
der Kupferschicht verbunden ist.
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Revendications

Un dispositif pour mesurer un paramétre d’un tissu
vivant, particulierement un niveau de glucose, le pa-
ramétre affectant une réponse dudit tissu a un
champ électrique, le dispositif comprenant

un substrat (2),

un arrangement d’électrodes (10, 12a, 12b, 13a -
13c, 14) comprenant au moins une premiere et une
deuxiéme électrode et étant montée d’'un premier
coté dudit substrat (2), ladite premiére et deuxieéme
électrode étant séparées par un écart (15),

une unité de contrdle (30) adaptée a déterminer la
réponse dudit tissu au champ électrique généré par
lesdites électrodes,

ledit écart (15) étant rempli au moins partiellement
avec un solide (16),

ledit dispositif en outre comprenantau moins un cap-
teur de réflexion optique (23a - c), ledit capteur de
réflexion optique (23a - ¢) s’étendant dans ledit écart
(15),

caractérisé en ce que ledit capteur de réflexion op-
tique (23a - ¢) s’étend a travers une ouverture (24)
dans ledit substrat (2), ladite ouverture (14) se ter-
minant dans I'écart (15).

Le dispositif selon la revendication 1, ledit substrat
(2) ayant une surface plate (17) sur ladite premiére
face et la premiére et la deuxiéme électrode étant
montées sur ladite surface plate (17).

Le dispositif selon 'une des revendications précé-
dentes, ledit capteur de réflexion optique (23a - ¢)
comprenant au moins une source de lumiére (273,
27b, 27c) et au moins un détecteur de lumiére (28a,
28b) couvert par une fenétre transparente (29), ladite
fenétre (29) étant située au moins partiellement dans
ledit écart (15).

Le dispositif selon la revendication 3, ledit capteur
de réflexion optique (23a - ¢) comprenant deux dé-
tecteurs de lumiéere (28a, 28b), ladite au moins une
source de lumiére (27a, 27b, 27c¢) étant située entre
les deux détecteurs de lumiére.

Le dispositif selon I'une des revendications 3 ou 4,
ledit détecteur de réflexion optique comprenant une
premiére source de lumiére (27a) qui génére de la
lumiére avec une longueur d’onde inférieure a 600
nm et une deuxieme source de lumiere (27b) qui
génere de la lumiere avec une longueur d’'onde su-
périeure a 700 nm, et particuliérement ladite premie-
re source de lumiére générantdelalumiére aenviron
568 nm et/ou ladite deuxiéme source de lumiére gé-
nérant de la lumiére a environ 800 nm.

Le dispositif selon la revendication 4, le détecteur de
réflexion optique comprenant une premiere source
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de lumiére (27a) qui génere de la lumiére avec une
longueur d’'onde inférieure a 600 nm, une deuxieme
source de lumiére (27b) générant de la lumiére avec
une longueur d’'onde supérieure a 700 nm et une
troisi€me source de lumiére (27¢) qui génére de la
lumiere avec une longueur d’onde comprise entre
600 et 700 nm, et particulierement ladite premiére
source de lumiére générant de la lumiére a environ
568 nm et/ou ladite deuxiéme source de lumiére gé-
nérant de la lumiére a environ 800 nm et/ou ladite
troisi€me source de lumiére générant de la lumiére
a environ 660 nm.

Le dispositif selon 'une des revendications précé-
dentes, ledit arrangement d’électrodes (10, 12a,
12b, 13a - 13c, 14) comprenant une électrode de
base (10) et une pluralité des électrodes de signal
(12a, 12b, 13a - 13c, 14) dudit premier cété dudit
substrat (2), lesdites électrodes de signal (12a, 12b,
13a - 13c, 14) étant arrangées dans des ouvertures
de ladite électrode de base (10), les écarts (15) étant
formés entre des arrétes intérieures desdites ouver-
tures et des arrétes extérieures des électrodes de
signal (12a, 12b, 13a - 13c, 14).

Le dispositif selon la revendication 7, comprenant
un premier set (12a, 12b) d’électrodes de signal en-
tourées par des écarts (15) avec des différentes lar-
geurs et

un deuxiéme set (13a - 13c) d’électrodes de signal
entourées par des écarts (15) avec des différentes
largeurs,

un premier générateur de signal (33) connecté au
premier set (12a, 12b) d’électrodes de signal et opé-
rant a une fréquence d’au moins 1 GHz et

un deuxiéme générateur de signal (32) connecté au
deuxiéme set (13a - 13c) d’électrodes de signal et
opérant a une fréquence comprise entre 0.1 et 500
MHz.

Le dispositif selon la revendication 8, le premier et
le deuxiéme setd’électrodes de signal étantdes ban-
desd’électrodes allongées, les électrodes dans cha-
que set s’étendant I'un paralléle a l'autre et de ma-
niere perpendiculaire par rapport aux électrodes de
'autre set,

et particulierement le dispositif comprenant une ban-
de (4) pour attacher ledit dispositif sur un bras ou
une jambe, ladite bande s’étendant de maniére per-
pendiculaire a un axe (3) dudit dispositif, les électro-
des de signal dudit premier set (12a, 12b) s’étendant
de maniére perpendiculaire a I'axe (3) et/ou les élec-
trodes de signal dudit deuxiéme set d’électrodes
(13a - 13c) s’étendant de maniére paralléle a I'axe

@)

Le dispositif selon I'une des revendications 7 a 9,
ledit substrat (2) comprenant une électrode d’écran
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(18a, 18b) intégrée dans ledit substrat (2), et parti-
culierement ladite électrode d’écran (18a, 18b) étant
électriquement connecté a ladite électrode de base.

Le dispositif selon 'une des revendications 8 ou 9
et la revendication 10, ladite électrode d’écran (18a,
18b) étant a une premiére distance (D1) dudit pre-
mier set (12a, 12b) d’électrodes de signal et a une
deuxieme distance (D2) dudit deuxiéme set d’élec-
trodes de signal, ladite premiére distance (D1) étant
inférieure a ladite deuxieme distance (D2), et parti-
culierement ladite premiére distance (D1) étant in-
férieure a 1 mm et ladite deuxieme distance (D2)
étant d’au moins 1.5 mm.

Le dispositif selon 'une des revendications précé-
dentes, comprenant au moins un pair d’électrodes
congues comme électrodes interdigitales (22), et
particulierement ledit dispositif en outre comprenant
un troisieme générateur de signal (31) connecté aux
électrodes interdigitales (22) et générant un signal
a une fréquence inférieure a 0.2 MHz.

Le dispositif selon 'une des revendications 8 a 11
etrevendication 12, les électrodes interdigitales (22)
étant arrangées entre les premiers et les deuxiemes
sets (12a, 12b ; 13a - 13c) d’électrodes.

Le dispositif selon 'une des revendications précé-
dentes, en outre comprenant un premier générateur
de signal (40) connecté a au moins une des électro-
des et générant un signal avec une fréquence d’au
moins 1 GHz et un premier détecteur de signal (43)
connecté a au moins une des électrodes et détectant
le signal d’au moins 1 GHz, le premier générateur
de signal (40) et le premier détecteur de signal (43)
étant montés sur un deuxieme c6té dudit substrat

).

Le dispositif selon la revendication 14, en outre com-
prenant au moins un circuit imprimé (7) en plus dudit
substrat (2), ledit circuit imprimé (7) étant électrique-
ment connecté audit premier détecteur de signal (43)
et audit premier générateur de signal (40).

Le dispositif selon 'une des revendications précé-
dentes, les électrodes comprenant une couche de
cuivre et une couche d’or, ladite couche d’or formant
une surface desdites électrodes et étant directement
connectée a ladite couche de cuivre.
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