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Description

Field of the Invention

[0001] The present invention relates to sensors that
include flexible substrates and one or more sensor elec-
trodes.

Background of the Invention

[0002] Methods for producing sensors, particularly
sensors useful in sensor sets for the determination of a
body characteristic such as blood glucose levels, are
known. Examples of such sensors, sensor sets and
methods for production thereof are described, e.g., in
commonly assigned U.S. Patent No. 5,390,691; No.
5,391,250; No. 5,482,473; No. 5,299,571; No. 5,586,553;
and No. 5,568,806.
[0003] US 5,390,671 discloses a sensor for transcuta-
neous placement in a body via a slotted insertion needle.
The distal segment of the sensor is fitted within the needle
and linearly offset with regard to the proximal segment.
[0004] Certain known methods, such as that described
in U.S. Patent No. 5,391, 250, form the sensor electrodes
by an etching process. Etching processes are often multi-
step procedures that can be time-consuming and expen-
sive. Accordingly, a need exists for a simplified process
for producing sensors.
[0005] Alternative methods described in WO 99/45375
form sensor electrodes by, for example, first forming a
channel in a substrate, which can be a continuous web,
and then depositing conductive material in the channel
to form the electrode.
[0006] A need also exists for an improved process that
enables continuous formation of sensors.

Summary of the Preferred Embodiment

[0007] It is an object of an embodiment of the present
invention to provide an improved sensor, which obviates
for practical purposes, the above mentioned limitations.
[0008] According to the present invention there is pro-
vided a sensor as defined by claim 1. In preferred em-
bodiments, the thickness of the substrate ranges from
approximately 25P to 350P, but the thickness of the sub-
strate can range from 5P to 750P. In particular embodi-
ments, a sensor assembly includes the sensor and a slot-
ted needle having a slot. The notches creating the necked
down region allow the substrate to slide into the slotted
needle, which that has the slot narrow enough to permit
passage of the necked down region. However, a non-
necked down region of the substrate is prevented from
pulling out of the slotted needle through the slot. In other
embodiments, the slot of the slotted needle permits the
necked down region of the substrate to slide down the
slot.
[0009] In further embodiments, a width of the substrate
in the non-necked down portion is sized to fit within a

slotted needle having a diameter smaller than 21 gauge,
22 gauge, 23 gauge, 24 gauge or the like. In additional
embodiments, at least one of the at least one sensor
electrode is formed on a first surface of the substrate. In
alternative embodiments, all of the at least one sensor
electrode are only formed on the first surface. In other
alternative embodiments, at least another one of the at
least one sensor electrodes is formed on a second sur-
face of the substrate. In still other alternative embodi-
ments, a third one of the at least one sensor electrode is
a reference electrode configured to contact a skin sur-
face.
[0010] In yet another embodiment, sensors are formed
as a part of sensor set that includes a sensor, mounting
base and insertion needle. The mounting base adapted
for mounting onto a patient’s skin. The insertion needle
is carried by the mounting base to protrude from the
mounting base and has at least a portion of the sensor
nested within the insertion needle. The insertion needle
defines a longitudinally extending slot along one side to
permit sliding withdrawal of the insertion needle from the
mounting base and the nested portion of the sensor. The
slot is also configured to accept the necked down region
of the substrate.
[0011] A method of making a sensor may include the
steps of providing a preformed self-supporting flexible
substrate; sputter-depositing a metal layer on the sub-
strate; etching the sputter-deposited metal layers to form
a sensor electrode having a proximal segment and a dis-
tal segment; plating a metal layer on the sensor electrode;
and separating the sensor electrode and at least a portion
of the substrate underlying the sensor electrode from the
remainder of the substrate. Preferably, the substrate is
comprised of a polymeric material, such as a polyimide,
and in more particular examples, the substrate is sup-
plied in the form of a continuous web.
[0012] In particular examples, a plurality of metal lay-
ers are sequentially sputter-deposited, and the plated
layer is formed on the uppermost sputter-deposited layer
of the sensor electrode. Preferably, the sputter-deposited
metal layers are comprised of different metals, such as
layers of chromium and copper.
[0013] According to another method, prior to the sput-
ter-deposition step a layer of a material that promotes
adhesion between the sputter-deposited metal layer and
the substrate is deposited on the substrate. In other meth-
ods, during the plating step, a layer of copper or a layer
of gold is plated on the sensor electrode. Alternatively, a
plurality of layers are sequentially plated on the sensor
electrode.
[0014] In other methods, prior to the separation step,
the sensor electrode is provided with a coating, such as
a coating of a polymeric material, and/or a biocompatible
polymeric material. Preferably, the coating is subse-
quently removed from the proximal segment and the dis-
tal segment of the sensor electrode. In further methods,
the coating is removed from the distal segment of the
sensor electrode and the distal segment is subsequently
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provided with an electrode chemistry. In other methods,
the sensor electrode is provided with a membrane after
the distal segment is provided with the electrode chem-
istry.
[0015] According to a particular methods, a plurality of
sprocket holes are formed in the substrate adjacent to
the sensor electrode. Also, in preferred methods, the step
of removing the sensor is carried out using a laser.
[0016] In preferred methods, the substrate has an up-
per surface and a lower surface. The sensor electrode
is formed on the upper surface, and after the etching step
a bead is formed on at least one of the lower surface and
the sensor electrode. The bead is formed, according to
one particular method, below and in alignment with the
sensor electrode. According to another particular meth-
od, a first bead is formed on the lower surface of the
substrate and a second bead is formed on the sensor
electrode. Preferably, the bead is formed using a liquid
polymer, and is formed using a molding process.
[0017] Another method of making a sensor includes
the steps of providing a preformed self-supporting flexible
substrate; sequentially sputter-depositing a plurality of
metal layers on the substrate, the plurality of layers in-
cluding an uppermost layer; plating a metal layer on the
uppermost sputter-deposited metal layer; etching the
plated and sputter-deposited metal layers to form a sen-
sor electrode having a proximal segment and a distal
segment; sequentially plating first and second metal lay-
ers on the sensor electrode; coating the sensor electrode
with a polymeric material; forming at least one opening
in the coating; and separating the sensor electrode and
at least a portion of the substrate underlying the sensor
electrode from the remainder of the substrate.
[0018] In preferred methods, layers of chromium and
copper are sequentially sputter-deposited. Preferably, at
least one layer of copper is plated on the sputtered layer
(s) prior to etching, and layers of copper and gold are
sequentially plated after the etching step.
[0019] Another method of making a sensor includes
the steps of providing a preformed self-supporting flexible
substrate; sputter-depositing at least one metal layer on
the substrate; etching the at least one metal layer to form
a sensor electrode having a proximal segment and a dis-
tal segment; and separating the sensor electrode and at
least a portion of the substrate underlying the sensor
electrode from the remainder of the substrate.
[0020] Another method of making a sensor includes
the steps of providing a substrate having an upper sur-
face and a lower surface; sputter-depositing at least one
metal layer on at least one surface of the substrate; etch-
ing the at least one metal layer to form a sensor electrode
having first and second edges, a proximal segment and
a distal segment; forming a bead on at least one of the
upper surface and the lower surface of the substrate; and
separating the sensor electrode and the portion of the
substrate underlying the sensor electrode from the re-
mainder of the substrate.
[0021] In preferred methods, the sensor electrode is

formed on one of the upper and lower surfaces of the
substrate and the bead is formed on the other surface of
the substrate. In further methods, the bead is formed on
the substrate beneath the sensor electrode.
[0022] According to particular method, the bead is
formed by forming a perforation in the substrate adjacent
to the first and second edges of the sensor electrode;
securing the lower surface of the substrate to a mold, the
mold having a channel that extends beneath the sensor
electrode; flowing a liquid polymer over the upper surface
of the substrate and through the perforations into the
channel until the polymer beads on the upper surface of
the substrate and covers at least a portion of the sensor
electrode; curing the liquid polymer; and removing the
substrate from the mold. In further methods, the perfo-
rations on each side of the sensor electrode include at
least one perforation gap. The liquid polymer that flows
over the sensor electrode does not cover the portion of
the sensor electrode between the perforations gaps. The
perforations on each side of the sensor electrode may
include a plurality of perforation gaps. In still other meth-
ods, each perforation has a perforation gap adjacent to
at least one of the proximal and distal segments of the
sensor electrode. In a preferred method, the distal seg-
ment is provided with an electrode chemistry.
[0023] Another method of making a sensor includes
the steps of: providing a substrate having an upper sur-
face and a lower surface; forming at least one channel
in at least one of the upper and lower surfaces of the
substrate; disposing a conductive material in the at least
one channel to form at least one electrode; and forming
a bead on at least one of the upper and lower surfaces
of the substrate to produce a sensor.
[0024] Another method of making a sensor includes
the steps of: providing a substrate having an upper sur-
face and a lower surface; disposing a conductive material
on at least one of the upper and lower surfaces of the
substrate by non-impact printing to form at least one elec-
trode; and forming a bead on at least one of the upper
and lower surfaces of the substrate to produce a sensor.
[0025] Another method of making a sensor includes
the steps of: providing a substrate having an upper sur-
face and a lower surface; providing a film or sheet com-
prising a conductive material; transferring the conductive
material from the film or sheet to the substrate to form at
least one electrode; and forming a bead on at least one
of the upper and lower surfaces of the substrate to pro-
duce a sensor.
[0026] Another method of making a sensor includes
the steps of: providing a substrate having an upper sur-
face and a lower surface; depositing at least one layer
of a metal on the upper surface of the flexible substrate;
etching the at least one metal layer to form a sensor elec-
trode having first and second edges, a proximal segment
and a distal segment; forming a perforation in the sub-
strate adjacent to the first and second edges of the sensor
electrode; securing the lower surface of the substrate to
a mold, the mold having a channel that extends below
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the metal layer; flowing a liquid polymer over the upper
surface of the substrate and through the perforations into
the channel until the polymer covers the upper surface
of the substrate and at least a portion of the sensor elec-
trode; curing the liquid polymer; removing the substrate
from the mold; and removing the sensor electrode, the
cured polymer and the portion of the substrate between
the first and second perforations by separating the sub-
strate adjacent to the perforations.
[0027] Another method of making a sensor includes
the steps of: providing a substrate; forming a bead on a
surface of the substrate; forming a sensor electrode on
the substrate; and separating the bead, the sensor elec-
trode and at least a portion of the substrate between the
bead and the sensor electrode from the remainder of the
substrate.
[0028] Another method of making a sensor includes
the steps of: providing a substrate; forming a sensor elec-
trode on a surface of the substrate; forming a bead on
the substrate; and separating the bead, the sensor elec-
trode and at least a portion of the substrate between the
bead and the sensor electrode from the remainder of the
substrate.
[0029] Sensors produced according to the foregoing
methods are also provided. Sensor sets that include sen-
sors, as described herein, together with appropriate
mounting bases and insertion needles are provided. In
additional examples, the sensor sets include cannula in
which portions of the sensor are disposed and which in
turn are at least partially disposed within the insertion
needles. In other embodiments, the sensor includes a
bead, which is at least partially nested within the insertion
needle, obviating the need for a cannula.
[0030] Other objects, features and advantages of the
present invention will become apparent to those skilled
in the art from the following detailed description. It is to
be understood, however, that the detailed description
and specific examples, while indicating preferred embod-
iments of the present invention, are given by way of il-
lustration and not limitation. Many changes and modifi-
cations within the scope of the present invention may be
made without departing from the spirit thereof, and the
invention includes all such modifications.

Brief Description of the Drawings

[0031] A detailed description of embodiments of the
invention will be made with reference to the accompany-
ing drawings, wherein like numerals designate corre-
sponding parts in the several figures.
[0032] FIGS. 1-4 illustrate a first method in which a
substrate, illustrated as a flexible tape supplied from a
reel, is provided with at least one metal layer deposited
on its upper surface, an optional plating of one or more
metal layers, followed by an etching step to form one or
more sensor electrodes, and an optional plating of one
or more additional layers, after which the metal layer(s)
and the underlying portion of the substrate are subse-

quently separated from the remainder of the substrate;

FIG. 1 is an illustration of a reel and tape used to
provide a substrate for use in the described methods;
FIG. 2a is a cross-sectional view of the substrate as
viewed along the line 2-2 in FIG. 1 with the inclusion
of a sputter deposited layer.
FIG. 2b is a cross-sectional view of the substrate
with multiple sputter deposited layers;
FIG. 2c is a cross-sectional view of the substrate with
multiple sputter deposited and plated layers;
FIG. 2d is a cross-sectional view of the sensor elec-
trode after it has been etched back and the substrate
after it has been formed with sprocket holes;
FIG. 2e is a cross-sectional view of a sensor elec-
trode after additional layers have been plated onto
the sensor electrode;
FIG. 3a is a cross-sectional view of the substrate and
sensor electrode after being covered by a polymer
coating;
FIG. 3b is a cross-sectional view of the substrate and
sensor electrode after the polymer coating has been
etched back;
FIG. 4 is a cross-sectional view of the sensor after
being separated from the remainder of the substrate;
FIG. 5 is a perspective view illustrating a sensor set
that includes a sensor;
FIG. 6 is an enlarged longitudinal vertical section tak-
en generally on the line 6-6 of FIG. 5;
FIG. 7 is an enlarged longitudinal sectional of a slot-
ted insertion needle used in the insertion set of FIGS.
5 and 6;
FIG. 8 is an enlarged transverse section taken gen-
erally on the line 8-8 of FIG. 7;
FIG. 9 is an enlarged transverse section taken gen-
erally on the line 9-9 of FIGS. 7;
FIG. 10 is an enlarged fragmented sectional view
corresponding generally with the encircled region 10
of FIG. 6;
FIG. 11 is an enlarged transverse section taken gen-
erally on the line 11-11 of FIG. 6;
FIGS. 12a-b are transverse sections of alternative
examples of a sensor produced according to the de-
scribed methods that include tubular (FIG. 12a) or
solid (FIG. 12b) beads;
FIG. 13 is a transverse section illustrating the en-
gagement of the sensor of FIG. 12a and a slotted
insertion needle;
FIG. 14 is a transverse section illustrating another
alternative example of a sensor including beads on
each side of the sensor, and the engagement of the
sensor with a slotted insertion needle;
FIGS. 15-21 illustrate another alternative example
of a method, wherein
FIGS. 15a-b are side sectional views illustrating dep-
osition of a metal layer (FIG. 15a) or metal layers
(FIG. 15b) on a flexible substrate,
FIG. 16 is a transverse section illustrating formation
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of perforations on either side of the metal layer of
FIG. 15a,
FIG. 17 is a transverse section showing the position
of the substrate of FIG. 16 in relation to a mold having
defined therein a channel;
FIGS. 18a-b illustrate provision of a liquid polymer
through the perforations formed in the substrate into
the mold channel (FIG. 18a) and its beading over
the upper surface of the substrate and the metal layer
(FIG. 18b);
FIG. 19 is a transverse section illustrating the curing
of the liquid polymer;
FIG. 20 is a side section illustrating disengagement
of the mold from the substrate and the cured polymer;
FIG. 21 is a transverse section along the lines 21-21
of FIG. 20 showing separation of the completed sen-
sor from the remainder of the substrate;
FIG. 22 is a sectional view of an alternative example
of a method in which a sensor membrane is provided
after the liquid polymer is supplied;
FIGS. 23-25 illustrate alternative methods for pro-
ducing sensors, after which beads are provided in
accordance with the methods described herein, in
which
FIGS. 23a-b illustrate a first alternative method in
which channels are formed in a substrate and sub-
sequently filled with a conductive material to form
the sensor electrodes,
FIG. 24 illustrate a second alternative method in
which sensor electrodes are formed electrographi-
cally using a conductive toner, and
FIGS. 25a-b illustrate a third alternative method in
which sensors are formed by a printing process;
FIG. 26 is a top plan view of a sensor in accordance
with an embodiment of the present invention;
FIG. 27 is a side plan view of the sensor shown in
FIG. 26; and
FIG. 28 is a partial cross-sectional view of the sensor
of FIG. 26 inside of an insertion needle.
Fig. 29 is a top plan view of another sensor similar
to the embodiment of the sensor shown in Fig. 26.
Figs. 30(a) and (b) are plan views of an alternative
embodiment of the sensor shown in Figs. 26-29.
Figs. 31(a) and (b) are plan views of another alter-
native embodiment of the sensor shown in Figs.
26-29.

Detailed Description of the Preferred Embodiments

[0033] As shown in the drawings for purposes of illus-
tration, the invention is embodied in an improved sensor
and method of manufacturing the sensor. In preferred
embodiments of the present invention, the sensor is a
glucose sensor that utilizes glucose oxidase. However,
alternative embodiments may use other materials, such
as optical, fluorescence or electrical materials to sense
the glucose levels, or may uses other materials to sense
the presence of different analytes, such as, including but

not limited to, HIV, viruses, medication levels, cholester-
ol, hormones, fluids or the like. Preferred embodiments
are for use with humans. However, it will be recognized
that further embodiments of the invention may be used
in animals, laboratory tests, agriculture related testing,
or the like.
[0034] According to certain methods, sensors are pro-
duced by deposition of a metal layer or layers followed
by etching production methods. Subsequent layers are
then added by electroplating. The metal layer(s) can be
deposited on either a non-self supporting substrate, or
in a preferred embodiment on a self-supporting substrate
such as a polyimide tape. Thus, sensors can be produced
cleanly and at high density on the substrate according to
the inventive method; and in further embodiments, the
sensors can be produced on one or both sides of the
substrate.
[0035] Referring now to FIGS. 1-4, a substrate 10 is
provided in accordance with a first example of the meth-
od. In certain examples, substrate 10 is a flexible, self-
supporting substrate in the form of a continuous tape 12
supplied from a reel 14. The continuous tape 12 is pref-
erably formed from a polymeric material such as a poly-
imide. However, other flexible, self-supporting materials
can be used. The thickness of tape 12 is preferably about
10P to 125P. However, in alternative examples, thinner
or thicker films from 5P to 500P may be used. In particular
examples, sprocket holes 15 (see Fig. 2e) are formed in
the substrate adjacent the outer edge of the tape 12 to
facilitate manufacturing of the sensors through automat-
ed processes. For instance, the tape 12 is fed through
stages that perform various steps of the methods de-
scribed in this application. Sensor electrodes 20 can be
formed on the tape 12 using techniques described in "3M
Specifications and Design Guidelines, Microflex circuits
for IC Interconnect Solutions," pages 1-32 (the entire doc-
ument), 1997 (3M Electronic Products Division, Austin
TX), "3M Offers More Solutions for the Semiconductor
Industry" the entire document, 1997 (3M Electronic Prod-
ucts Division, Austin TX), and "Microflex Solutions from
3M", the entire document, 1996 (3M Electronic Products
Division, Austin TX), all of which are publicly available
from 3M.
[0036] Alternatively, substrate 10 can be formed by a
casting process, for example by spin-coating a layer of
a liquid polyimide or other polymeric material onto a tem-
porary glass carrier and then cured. Such substrates can
be self-supporting or non-self supporting. The sensor
electrodes 20 can be formed on the substrate 10 using
techniques described in "Micron Wide Conductors and
Spaces on ... PZT, Alumina, Glass and Flexible Materi-
als" 1 page, no date (Metrigraphics, Wilmington, MA),
"Flexibel circuits at Extreme Density, 8 unnumbered pag-
es of various dates (Metrigraphics, Wilmington, MA),
and "Metrigraphics Ion Beam Etching Capability", 1
page, no date (Metrigraphics, Wilmington, MA), and all
of which are publicly available.
[0037] Substrate 10 has an upper surface 16 and a
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lower surface 18. The substrate 10 is preferably cleaned,
and subsequently at least one metal layer 20a is formed
on the upper surface 16 of the substrate 10 by a depo-
sition process (see FIG. 2a). A particularly preferred proc-
ess is sputter deposition, or sputtering. Sputtering can
be carried out using commercially available sputtering
reactors using an RF (radio frequency). Magnetron sput-
tering can also be carried out; magnetron sputtering uses
a magnetic field to concentrate electrons near the target
surface to increase the deposition rate. Other known dep-
osition processes, such as chemical vapor deposition
(CVD) methods, can also be employed. The thickness
of the deposited layer preferably ranges from about
0.05P to about 300.0P, more preferably about 0.5P to
about 25.0P. When multiple layers are deposited, the
total thickness of the layers preferably has a thickness
within the foregoing ranges.
[0038] One or more metal layers can be deposited on
the substrate 10 according to the inventive method. For
example, two layers 20a and 20b of different metals can
be deposited (see FIG. 2b). Exemplary metals include,
but without limitation, elemental metals such as chromi-
um, gold, copper, aluminum, nickel, tantalum and titani-
um, alloys such as Inconel and Nichrome, and mixtures
thereof. The term "metal layer" is also intended to en-
compass layers that include one or more non-metallic
elements in a mixture or chemical combination with one
or more metallic elements, and thus also encompasses
materials such as oxides, for example alumina. Reactive
as well as non-reactive layers can be formed; reactive
materials, such as tantalum oxide, chromium oxide, etc.,
are also intended to be encompassed by the term "metal
layer." Specific combinations of metal layers that are use-
ful according to the invention include chromium and cop-
per; copper and gold; and chromium, gold and chromium;
copper, nickel and gold; and chromium, copper, nickel
and gold.
[0039] In particular examples, chromium forms the first
sputtered metal layer. Chromium provides an additional
benefit in promoting adhesion between certain polymeric
materials, such as polyimides, and other metals. Other
metal layers, such as nickel or the like, that promote ad-
hesion can also be employed if desired.
[0040] As shown in FIG 2c, in particular methods, sub-
sequent to the sputter deposition step but prior to an etch-
ing step, one or more metal layers 20c can be plated on
the upper surface of the sputter deposited metal layer (or
the uppermost sputter deposited layer if more than one
such layer is prepared). Such layers, in preferred em-
bodiments, are comprised of copper. However, in alter-
native methods, other metals, such as nickel, chromium,
gold, or the like, may be plated onto the layers used to
form the sensor electrodes.
[0041] After the sputter deposition of the metal layer
(s), and/or one or more layers are applied by plating, an
etching process is carried out in order to form the sensor
electrode 20 (see FIG. 2d). Any conventional etching
process can be employed. For example, the etching proc-

esses described above and in U.S. Patent No. 5,391,250
issued February 21, 1995 to Cheney, II et al. and entitled
"Method of Fabricating Thin Film Sensors" may be used
to form one or more sensor electrodes. In alternative
methods, the one or more metal layers applied by plating
prior to etching may be omitted and just the sputtered
layers are etched. Preferred methods form the sprocket
holes 15 by etching at the same time that metal etching
process is carried out. Alternative methods may form the
sprocket holes 15 before or after the etching of the metal
layer(s). Sprocket holes 15 may be formed by other meth-
ods, such as water knife, laser ablation, punching, cut-
ting, or the like.
[0042] In further methods, subsequent to the etching
step one or more additional metal layers 23a, 23b can
be plated on the sensor electrode(s) 20’ (see Fig. 2e).
The optional additional plating step is advantageous in
providing a protective coating over the sputter-deposited
metal layers, including the sides thereof. In particular
methods, layers of copper; copper and gold; or copper,
nickel and gold are plated after the etching step. In pre-
ferred methods, gold is plated over the sensor electrodes
20’ as the final layer 23b to seal in all of the other layers.
[0043] As shown in FIG. 3a, in a preferred method,
prior to separation from the remainder of the substrate,
the sensor can be provided with a polymeric coating 26,
preferably formed from a non-toxic, biocompatible poly-
mer. For instance, the polymer coating 26 provides an
insulative and/or protective coating that covers the sub-
strate 10 and the sensor electrodes 20. Exemplary useful
polymers include, without limitation, polyimide, biocom-
patible soldermasks, epoxy acrylate copolymers, or the
like. In preferred methods, the polymers are photo-imag-
inable to permit portions of the polymers to be removed
for exposure of contacts, electrodes for application of
sensor chemistry, or the like. Portions of the coating pol-
ymer are masked to form a pattern, which is them ex-
posed and developed to remove the portions of the pol-
ymer coating 26 for further processing of the sensor 8.
In alternative methods, the coating polymer may be re-
moved by other methods, such as by laser ablation,
chemical milling, or the like. Use of a secondary photo
resist can be employed to target specific sites for remov-
al. As shown in FIG. 3b, the coating polymer 26 is etched
(ablated, milled, or the like) back to expose windows (or
openings) 28 to expose the contact pads to permit con-
nection with a monitoring device (discussed below) and
to form windows (or openings) 28 over the sensor elec-
trodes 20 to allow sensor chemistry materials to be ap-
plied to the exposed sensor electrodes 20 to complete
the manufacture of the sensors 8.
[0044] In further methods, the exposed areas that form
windows (or openings 28) are plated with additional lay-
ers of metal. This saves money and can reduce the thick-
ness of the sensor electrodes, except where the thick-
ness or layer is required. Plating after forming the win-
dows (or openings) 28 also allows the plating to fill in any
potential leaks around the windows (or openings) 28
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caused by gaps between the polymer layer and the sen-
sor electrodes. Additionally, if the final metal layer is plat-
ed after the last etching and coating step, the surface of
the final metal layer is in its best condition for application
of enzymes and membranes. Thus, doing a final plating
step increase reliability and predictability of sensor per-
formance. In preferred methods, the final metal layer is
gold. However, in alternative methods, other final metal
layers, such as platinum, iridium, chromium, copper or
the like may be used.
[0045] After completion of the etching and optional
plating steps and any polymer coating steps, the sensor
8, including a portion of the substrate underlying the metal
layer(s) 23n forming the sensor electrode 20 and any
polymer coating 26, is removed from the remainder of
the substrate (see FIG. 4). In a preferred method, the
sensor is removed from the remainder portions 22 of the
substrate 10 by cutting along lines 24, for example using
a laser. Other known cutting devices, such as blades,
ultrasonic, water knifes, or the like, can also be used.
[0046] Sensors formed according to the method are
usefully employed in a variety of known sensor sets. Ex-
emplary sensor sets are illustrated in FIGS. 5-11, gen-
erally similar to those described herein, not including a
bead, into a sensor set generally similar to that described
in U.S. Patent No. 5,586,533, to Halili et al., and entitled
"Transcutaneous Sensor Insertion Set", and U.S. Patent
No. 5,954,643 issued September 21, 1999 to Van Ant-
werp et al. and entitled "Insertion Set for a Transcutane-
ous Sensor". In an example illustrated in FIGS. 5-10, a
sensor set referred to generally by the reference numeral
110 is provided for transcutaneous placement of a flex-
ible sensor 112 (see FIG. 6) at a selected site within the
body of a patient. The insertion set 110 includes a rigid
hollow slotted insertion needle 114 for quick and easy
placement at a desired placement site (e.g., transcuta-
neous, intraperitoneal, peritoneal, etc.) of a cannula 115
with a distal segment 116 of the sensor 112 thereon. The
distal segment 116 has at least one sensor electrode 118
(three are illustrated, which generally correspond to the
sensor electrode 20 described above), formed by depo-
sition as described above, exposed to patient fluid
through a window 119 in the cannula 115. The insertion
needle 114 is then withdrawable to leave the cannula
115 with the sensor distal segment 116 and the sensor
electrodes 118 in place at the selected site.
[0047] The sensor set 110 is particularly designed for
facilitating accurate placement of a flexible thin film elec-
trochemical sensor of the type used for monitoring spe-
cific blood parameters representative of patient condi-
tion. The sensor set 110 is designed to place the sensor
at a selected site within the body of a patient, in a manner
minimizing patient discomfort and trauma. In one pre-
ferred application, the sensor 112 may be designed to
monitor blood glucose levels, and maybe used in con-
junction with automated or semiautomated medication
infusion pumps of the external or implantable type as
described in U.S. Pat. Nos. 4,562,751; 4,678,408;

4,685,903 or 4,573,994, to deliver insulin to a diabetic
patient.
[0048] The flexible electrochemical sensor 112 is con-
structed according to the methods described herein. The
sensor electrodes 118 (shown in exaggerated form in the
drawings) are exposed for direct contact with patient in-
terstitial fluid, or the like, when the sensor is transcuta-
neously placed. The distal segment 116 is joined to a
proximal segment 120, (see FIG. 6) the end of which
terminates in suitable conductive contact pads or the like.
As is known in the art, and illustrated schematically in
FIG. 6, the proximal segment 120 and the contact pads
are adapted for electrical connection to a suitable monitor
122 for monitoring patient condition in response to sig-
nals derived from the sensor electrodes 118 in manners
known to those skilled in the art.
[0049] According to the example of FIGS. 5 and 6, the
sensor 112 is carried by a mounting base 126 adapted
for placement onto the skin of a patient. An exemplary
mounting base 126 comprises an enlarged and generally
rectangular pad having an underside surface coated with
a suitable pressure sensitive adhesive layer, with a peel-
off paper strip 128 normally provided to cover and protect
the adhesive layer, until the insertion set 110 is ready for
use. As shown in FIGS. 5 and 6, the mounting base com-
prises upper and lower layers 130 and 132, with the prox-
imal segment 120 of the sensor 112 sandwiched between
the layers 130 and 132. The proximal sensor segment
120 has a forwardmost end joined to the distal segment
116 which is folded angularly to extend downwardly
through a slot 134 formed in the lower base layer 132.
[0050] The insertion needle 114 is adapted for slide-
fit reception through a needle port 136 formed in the up-
per base layer 130 and further through the lower slot 134
in the lower base layer 132. As shown, the insertion nee-
dle 114 has a sharpened tip 138 and an open slot 140
which extends longitudinally from the tip 138 at the un-
derside of the needle to a position at least within the slot
134 in the lower base layer 132. Above the mounting
base 126, the insertion needle 114 can have a full round
cross sectional shape and is desirably closed at a rear
end. In a more specific preferred embodiment, the slotted
needle 114 has a part-circular cross sectional shape, with
an arcuate dimension or span greater than 180°, such
as an arcuate dimension of about 210°. This leaves a
longitudinal slot in the needle with an arcuate dimension
of about 150°.
[0051] The cannula 115 illustrated in FIGS. 10 and 11
comprises a first portion 144 of part circular cross section
fitted within the insertion needle 114 to extend downward-
ly from the mounting base 126. This cannula 115 is pref-
erably constructed from a suitable medial grade plastic
or elastomer, such as polytetrafluoroethylene, silicone,
etc., to define an open lumen 142 in a second portion for
receiving, protecting and guidably supporting the distal
segment 116 of the sensor 112. The cannula 115 has
one end fitted into the slot 134 formed in the lower layer
132 of the mounting base 126, wherein the cannula 115
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is desirably secured to the mounting base by a suitable
adhesive or other selected attachment methods. From
the mounting base 126, the cannula extends angularly
downwardly with the first portion 144 nested within the
insertion needle 114, terminating slightly before the nee-
dle tip 138. Importantly, at least one window 119 is formed
in the lumen 142 near the distal end, in general alignment
with the sensor electrodes 118, to permit direct electrode
exposure to patient body fluid when the sensor is trans-
cutaneously placed.
[0052] According to the preferred example illustrated
FIG. 11, the second portion 142 of the cannula 115 has
a part-circular cross sectional shape which cooperates
with the part-circular shape of the insertion needle 114
to define a substantially full-circle geometry for facilitated
insertion through the patient’s skin. The first portion 144
of the cannula 115 has a smaller cross sectional profile
than the second portion 142, for sliding nested reception
into the needle 114. The needle 114 and first cannula
portion 144 are thus mechanically interlocked to prevent
lateral dislocation of the cannula 115 from the insertion
needle, while permitting longitudinal sliding motion of the
needle over the cannula first portion 144. The distal or
free end of the cannula second portion 142 is appropri-
ately cut or otherwise set at an oblique angle, as viewed
in FIG. 6, to form a continuation of the angle-cut tip 138
of the insertion needle.
[0053] In use, the sensor set 110 permits quick and
easy placement of the sensor distal segment 116 at a
selected site within the body of the patient. More specif-
ically, the peel-off strip 128 (FIG. 5) is removed from the
mounting base 126, at which time the mounting base 126
can be pressed onto and seated upon the patient’s skin.
The set may be inserted by hand or inserted with an in-
sertion tool, such as disclosed in WO99/33504 entitled
"Insertion Device for an Insertion Set and Method of Us-
ing the Same". During this step, the insertion needle 114
pierces the patient’s skin and carries the protective can-
nula 115 with the sensor distal segment 116 therein to
the appropriate transcutaneous placement site. During
insertion, the cannula 115 provides a stable support and
guide structure to carry the sensor to the desired insertion
site.
[0054] When the sensor 112 is placed at the insertion
site, with the mounting base 126 seated upon the pa-
tient’s skin, the insertion needle 114 can be slidably with-
drawn from the patient. During this withdrawal step, the
insertion needle 114 slides over the first portion 144 of
the protective cannula 115, leaving the sensor distal seg-
ment 116 with electrodes 118 at the selected insertion
site. These electrodes 118 are directly exposed to patient
body fluid via the window 119. The sensor proximal seg-
ment 120 is appropriately coupled to the monitor 132, so
that the sensor 112 can then be used over a prolonged
period of time for taking chemistry readings, such as
blood glucose readings in a diabetic patient. If desired,
the first portion 144 of the cannula 115 can be hollow as
shown to form a second lumen available to deliver med-

ication and/or sensor calibration fluid to the vicinity of the
electrodes 118, or alternately to withdraw patient fluid
such as blood for analysis.
[0055] Sensors produced as described above can also
beneficially be included in sensor sets such as those de-
scribed in PCT Application Serial No. WO 98/56293, to
applicant MiniMed Inc., published December 17, 1998,
which corresponds to U.S. Patent No. 5,954,643, and in
U.S. Patent No. 5,951,521.
[0056] In an alternative method, illustrated in FIGS.
12-14, one or more beads are provided to the sensor.
The beads facilitate engagement of the sensors directly
with a slotted insertion needle without the need for a can-
nula. Use of beads on each side of the substrate that is
used to form the sensor, can also enable production of
sensors having sensor electrodes on each side of the
substrate.
[0057] As shown in FIGS. 12a-b, a bead, which can
be hollow (see FIG. 12a, bead (or tube) 150) or solid
(FIG. 12b, bead 152), is formed on the lower surface 18
of the substrate 10. The bead can be formed on the sur-
face of the substrate by a variety of means, such as by
securing a cylindrical element to the surface, by molding,
laminating, or the like. The bead can be provided either
before or after the sensor is removed from the remainder
of the substrate 10. Once formed, the bead directly en-
gages a slotted insertion needle 114 (FIG. 13) of a sensor
set as described herein.
[0058] In FIG. 14, an alternative example of a sensor
includes beads, preferably solid beads 152, formed on
both the upper surface 16 and the lower surface 18 of
the substrate 10. This example is useful in preparing sen-
sors having sensor electrodes 20 on each side of the
substrate. Such two-sided sensors can be used, for ex-
ample, to detect two different body conditions, such as
blood glucose level and the presence of an antibody,
simultaneously, when appropriate electrode chemistries
are provided; or the same body condition, such as glu-
cose levels, by providing a cross-check using two differ-
ent sensor readings.
[0059] Another alternative method is illustrated in Fig-
ures 15-21. In FIG. 15a, at least one metal layer 220a is
deposited on the upper surface 212 of the substrate 210
and formed into a sensor electrode as described above.
Two or more metal layers can be deposited to form the
sensor electrode, as illustrated in Figure 15b, in which
first and second metal layers 220a, 220b are sequentially
deposited on upper surface 212 of substrate 210. Also,
although formation of one sensor electrode is illustrated
for the sake of clarity, two or more sensor electrodes 220
can be formed on the same substrate by deposition of
appropriate metal layers at different sites on the sub-
strate. And multiple sensors may be formed on the sub-
strate at the same time. The method of forming the sensor
electrode 220 may be carried out as described for the
sensor electrode 20 above and as shown in FIGS. 1-4.
[0060] After formation of the sensor electrodes 220 on
the upper surface 212 of substrate 210, substrate 210 is
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perforated on either side of the metal layer(s) (see FIG.
16). Perforations 230 can be formed by any desired
means, for example by laser cutting, etching, the use of
a blade or other appropriate tool, or the like. The perfo-
rations preferably are sized to permit flow of a fluid, in
particular a liquid polymer, through the perforations. In
alternative methods, the perforations may be formed at
the same time the sprocket holes on the tape 12 (as de-
scribed above) are formed. Preferred methods use
chemical etching to form the perforations.
[0061] Once the perforations 230 are formed, the lower
surface 214 of substrate 210 is secured to a mold 232.
The mold 232 may be attached while the substrate 210
is still a part of the tape 12, or after the substrate 210 has
been cut from the tape 12. In addition, cut sections of the
tape 12 may include one or more sensors. The mold may
also be applied to substrates formed as sheets rather
than tapes 12, as described above.
[0062] Mold 232, as shown in FIG. 17, has defined in
its upper surface adjacent to the lower surface 214 of
substrate 210 a channel 234, which preferably extends
below the metal layer(s). Next, a liquid polymer 240 is
flowed through the perforations 230 and into the channel
234 in mold 232. The liquid polymer is preferably a bio-
compatible polymer, such as polyurethane, polycar-
bonate, silicone, acrylic or other thermoplastic. In pre-
ferred methods, the polymer flow is continued until the
liquid polymer fills the mold and overflow to form a bead
on the upper surface 212 of substrate 210 and the upper
surface of the metal layer(s). This upper bead can also
provide an upper protective coating to the sensor. See
FIGS. 18a-b.
[0063] The liquid polymer 240 is then cured, for exam-
ple by exposure to a source 245 of actinic radiation, heat
or the like (see FIG. 19) to form bead 242 on the lower
surface 214 of substrate 210 and coating 244 on the up-
per surface 212 and over the metal layer(s). After com-
pletion of the curing step, mold 232 is removed from con-
tact with the substrate 210, for example by sliding the
mold laterally away from the substrate in the direction
defined by channel 234 (see FIG. 20). Finally, the finished
sensor, including the metal layer(s), the cured polymer
and the portion of the substrate therebetween and be-
tween the first and second perforation, is removed from
the remainder of the substrate by separating the sub-
strate adjacent the perforations. As shown in FIG. 21,
the sensor 260 is separated from the remainder 262 of
the substrate along separation lines 254, 256, which are
formed, for example, by cutting using a laser, etching, a
blade or another appropriate tool, or the like.
[0064] The liquid polymer 240 can be flowed over the
entire surface of the metal layer(s) if desired. Preferably,
however, one or more portions of the metal layers remain
exposed. In this preferred alternative, the perforations
230 are formed such that they include one or more per-
foration gaps, that is, segment that include no perfora-
tions. The surface of the metal layer(s) extending be-
tween these perforation gaps remains uncovered by the

liquid polymer, which does not bead over such areas.
[0065] As shown in FIG. 20, perforation gaps 246, 248
adjoining the perforations 230 allow proximal segment
250 and distal segment 252 of the sensor electrodes 220
to remain exposed without the liquid polymer 240 bead-
ing up over these segments. Proximal segment 250 can,
as discussed above, terminate in a conductive contact
pad, while the distal segment 252 can include a portion
that is provided with an appropriate electrode chemistry.
[0066] In an alternative method, additional protective
layers or membranes can be provided to the upper sur-
face of the substrate and the metal layer(s). In Figure 22,
a sensor membrane 264 is placed above the metal layer
and adhered to the liquid polymer prior to, or after, curing
to improve biocompatibility of the sensor.
[0067] Sensors including beads can also be prepared
by methods other than those set forth above. For exam-
ple, sensors can be prepared by any of the methods set
forth in International Publication No. WO 99/45375 and
provided with beads according to the methods set forth
herein.
[0068] In one such method, one or more channels 312
are formed in the substrate 310, for example by an em-
bossing process using an embossing die or roller (see
FIG. 23a). Other methods for forming the channels, such
as the use of a laser, or photolithography and etching of
the substrate can also be employed if desired.
[0069] Once the channels 312 have been formed, a
conductive material 314 is placed, flowed, applied, filled,
flooded or otherwise disposed within the channels 312
to form the sensor electrodes 316 (FIG. 23b). The con-
ductive material can be applied as a precursor conductive
materials having a liquid form. An exemplary precursor
conductive material is a carbon-based ink that can be
flooded in liquid form into the channels 312. Other con-
ductive inks or pastes that include carbon or metal, such
as gold, copper or silver, can also be used. Other tech-
niques for applying the conductive material or precursor
conductive material, including spraying, coating, flood-
ing, applying with a saturated roller, pumping, as well as
impact and non-impact printing methods such as elec-
trostatic or magnetographic methods.
[0070] According to a second example, a non-impact
process is used to form the sensor electrodes 324. Ex-
emplary non-impact processes include electrophotogra-
phy and magnetography, in which an image of the con-
ductive traces is electrically or magnetically formed on a
drum 320. The image attracts a toner material 322 to the
drum. The toner 322 material is subsequently transferred
to the substrate 310, for example by rolling, followed pref-
erably by a curing step to adhere the toner material to
the substrate. See FIG. 24. Other useful non-impact proc-
esses include ink jet printing and piezo jet printing, in
which an image is formed by ejection of a conductive
material, such as a conductive ink, onto the substrate.
Still other useful non-impact processes include the use
of photosensitive resins to form a layer on the substrate
in which channels are defined, followed by filling the
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channels with conductive material to form the sensor
electrodes.
[0071] According to a third example, a film of conduc-
tive material 332 is formed, for example, as a continuous
sheet or as a coating layer deposited on a carrier film
330. The film is brought, for example, between a print
head 334 and the substrate 310. A pattern of sensor elec-
trodes 336 is formed on the substrate 310 using the print
head. The conductive material is transferred by pressure
and/or heat to the substrate 310. See FIGS. 25a-b. Chan-
nels can be formed in the substrate as a result of the
printing process, or alternatively the conductive material
can be deposited on the substrate substantially without
the formation of depressions or channels.
[0072] Once the sensor electrodes have been formed,
a bead 342 can be provided in accordance with the meth-
ods described above.
[0073] FIGS. 26-29 illustrate a sensor 400 formed in
accordance with an embodiment of the present invention.
The sensor 400 includes a substrate 402 and at least
one sensor electrode 404 formed from one or more con-
ductive layers. In particular embodiments, the layers are
formed from metal. However, alternative embodiments
may utilize semiconductors, conductive polymers, DNA,
RNA, molecular wires, or the like. The substrate 402 and
the sensor 404 are formed and process by methods sim-
ilar to those described above in the other embodiments.
However, in this embodiment, the substrate 402 is
formed from a thicker film (from a reel or as a sheet) so
that no bead is required. The thickness of the substrate
ranges from approximately 25P to 350P. In further em-
bodiments, thicker films may be used up to 750P or thin-
ner films down to 5P may be used, with the thickness
being determined by the strength of the substrate 402
material, the substrate material’s resistance to tearing,
the flexibility of the substrate material, or the like. For
instance, if the substrate is contained within a slotted
needle (or supporting structure) during insertion, a com-
parable normal or thinner thickness to the other embod-
iments described above may be used.
[0074] The sensor 400 is formed to obviate the need
for a sensor set housing that remains attached to the
body or the use of an additional bead, as described above
in FIGS. 5-25b. To achieve this capability, the substrate
402 is formed (or cut) to include one or more notches
406. The notches 406 create a necked down region in
the sensor 400 that allows the sensor 400 to slide into a
slotted needle 408 that has a slot 410 that is narrow
enough to permit passage of the necked down region
412 of the sensor 400, but prevent the non-necked down
region 414 of the sensor 400 from pulling out of the slotted
needle 408 through the slot 410. The slot 410 does permit
the necked down region 412 of the sensor 400 to slide
down the slot 410.
[0075] To insert the sensor, a sensor 400 is placed
inside a slotted needle 408 by sliding the necked down
region 412 into the slot 410 of the slotted needle 408 so
that the non-necked down region 414 is slid up and into

the interior of the slotted needle 408, while a connection
region 416 remains outside of the slotted needle. The
slotted needle 408, including the sensor 400, is inserted
into a body (not shown). The sensor 400 is held against
the body by the connection region 416 and the slotted
needle 408 is then pulled out of the body (alternatively,
the sensor may be included in a sensor set that holds
the needle and the sensor). As the slotted needle 408 is
pulled from the body, the necked down region 412 slides
down the slot 410 of the slotted needle 410 and remains
implanted in the body. Thus, in this embodiment, a sensor
set and bead are not required, and the substrate 402 is
of sufficient strength to remain in the body without any
other support structures. In particular embodiments, the
sensor may fit within a 21 gauge to a 27 gauge slotted
needle for easy insertion into the skin.
[0076] In an alternative of these embodiments, to pro-
vide for the manufacture of a narrower sensor in width,
with the aim to further minimize the size of the needle
used to surround the sensor during insertion, several dif-
ferent approaches to sensor electrode layouts may be
used. In one embodiment, two electrodes 502 and 504
are formed on one side 506 of the sensor 500 and a
single electrode 508 is formed on the other side 510 (see
Figs. 30(a) and 30(b)). This allows the size of the elec-
trodes to be maintained with a consummate reduction in
width. In further alternative embodiments, one electrode
552 is formed on one side 554 of the sensor 550 and
another single electrode 556 is formed on the back 558
of the sensor 550 (see Figs. 31(a) and 31(b)). A third
electrode 560, if needed, such as a ground (or reference)
electrode is formed before the necked down region of
the sensor to form an electrode that rests on (or is in
contact with) the top of the skin (see Fig. 31(a). This sub-
stantially reduces the width of the sensor permitting small
gauge needles to be used. For instance slotted needles
of 22 gauge to 28 gauge may be used.

Claims

1. A sensor (400) for implantation in a body for use with
a slotted needle (408), the sensor comprising:

a substrate (402) with notches (406) cut in the
substrate to form a necked down region (412)
in the substrate and a non-necked down region
(414) for placement within the body; and
at least one sensor electrode formed from one
or more conductive layers, wherein the notches
creating the necked down region are arranged
to allow the substrate to slide into a slotted nee-
dle (408) that has a slot (410) narrow enough to
permit passage of the necked down region but
that prevents the non-necked down region (414)
from pulling out of the slotted needle (408)
through the slot (410).
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2. A sensor in accordance with claim 1, wherein the
thickness of the substrate (402) ranges from 5P to
750P.

3. A sensor in accordance with claim 2, wherein the
thickness of the substrate (402) ranges from approx-
imately 25P to 350P.

4. A sensor assembly comprising a sensor (400) in ac-
cordance with any preceding claim; further including:

a slotted needle (408) having a slot (410); and
wherein the notches (406) creating the necked
down region (412) allows the substrate to slide
into the slotted needle, the slot being narrow
enough to permit passage of the necked down
region (41.2), but prevents the non-necked
down region (414) of the substrate from pulling
out of the slotted needle through the slot.

5. A sensor assembly in accordance with claim 4,
wherein slot (410) of the slotted needle (408) permits
the necked down region (412) of the substrate to
slide down the slot.

6. A sensor or sensor assembly in accordance with any
preceding claim, wherein a width of the substrate in
the non-necked down portion is sized to fit within a
slotted needle having a diameter smaller than 21
gauge.

7. A sensor or sensor assembly in accordance with
claim 6, wherein a width of the substrate in the non-
necked down portion is sized to fit within a slotted
needle having a diameter smaller than 22 gauge.

8. A sensor or sensor assembly in accordance with
claim 7, wherein a width of the substrate in the non-
necked down portion is sized to fit within a slotted
needle having a diameter smaller than 23 gauge.

9. A sensor or sensor assembly in accordance with
claim 8, wherein a width of the substrate in the non-
necked down portion is sized to fit within a slotted
needle having a diameter smaller than 24 gauge.

10. A sensor or sensor assembly in accordance with any
preceding claim, wherein at least one of the at least
one sensor electrode is formed on a first surface of
the substrate.

11. A sensor or sensor assembly in accordance with
claim 10, wherein all of the at least one sensor elec-
trode are only formed on the first surface.

12. A sensor or sensor assembly in accordance with any
one of claims 1 to 10, wherein at least anther one of
the at least one sensor electrodes is formed on a

second surface of the substrate.

13. A sensor or sensor assembly in accordance with
claim 12, wherein a third one of the at least one sen-
sor electrode is a reference electrode configured to
contact a skin surface.

14. A sensor set comprising:

a) a mounting base (126) adapted for mounting
onto a patient’s skin;
b) a sensor (400) as claimed in claim 1; and
c) an insertion needle (408) carried by the
mounting base to protrude from the mounting
base and having at least a portion of the sensor
nested within the insertion needle, the insertion
needle defining a longitudinally extending slot
(410) along one side to permit sliding withdrawal
of the insertion needle from the mounting base
and the nested portion of the sensor and to ac-
cept the necked down region (412) of the sub-
strate.

15. The sensor of claim 1, wherein the notches (406) are
cut in the width of the substrate (402) to form a
necked down region (412) in the substrate.

Patentansprüche

1. Sensor (400) zur Implantation in einen Körper zur
Verwendung mit einer Schlitzkanüle (408), wobei
der Sensor aufweist:

ein Substrat (402) mit Aussparungen (406), die
im Substrat abgetragen sind, um einen einge-
engten Bereich (412) im Substrat und einen
nichteingeengten Bereich (414) zu bilden, zur
Plazierung innerhalb des Körpers; und
mindestens eine Sensorelektrode, die aus einer
oder mehreren leitenden Schichten ausgebildet
ist, wobei die Aussparungen, die den eingeeng-
ten Bereich bilden, so angeordnet sind, daß das
Substrat in eine Schlitzkanüle (408) hineinglei-
ten kann, die einen Schlitz (410) hat, der eng
genug ist, um den eingeengten Bereich (412)
passieren zu lassen, der jedoch verhindert, daß
der nichteingeengte Bereich (414) aus der
Schlitzkanüle (408) durch den Schlitz (410) her-
ausgezogen wird.

2. Sensor nach Anspruch 1, wobei die Dicke des Sub-
strats (402) von 5 Pm bis 750 Pm reicht.

3. Sensor nach Anspruch 2, wobei die Dicke des Sub-
strats (402) von annähernd 25 Pm bis 350 Pm reicht.

4. Sensoranordnung mit einem Sensor (400) nach ei-
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nem der vorhergehenden Ansprüche; ferner umfas-
send:

eine Schlitzkanüle (408) mit einem Schlitz (410);
und
wobei die Aussparungen (416), die den einge-
engten Bereich (412) bilden, zulassen, daß das
Substrat in die Schlitzkanüle hineingleitet, wobei
der Schlitz eng genug ist, um den eingeengten
Bereich (412) passieren zu lassen, der jedoch
verhindert, daß der nichteingeengte Bereich
(414) des Substrats aus der Schlitzkanüle durch
den Schlitz herausgezogen wird.

5. Sensoranordnung nach Anspruch 4, wobei der
Schlitz (410) der Schlitzkanüle (408) zuläßt, daß der
eingeengte Bereich (412) des Substrats entlang des
Schlitzes gleitet.

6. Sensor oder Sensoranordnung nach einem der vor-
hergehenden Ansprüche, wobei eine Breite des
Substrats im nichteingeengten Abschnitt dafür be-
messen ist, in eine Schlitzkanüle mit einem Durch-
messer zu passen, der kleiner als Kaliber 21 ist.

7. Sensor oder Sensoranordnung nach Anspruch 6,
wobei eine Breite des Substrats im nichteingeengten
Abschnitt dafür bemessen ist, in eine Schlitzkanüle
mit einem Durchmesser zu passen, der kleiner als
Kaliber 22 ist.

8. Sensor oder Sensoranordnung nach Anspruch 7,
wobei eine Breite des Substrats im nichteingeengten
Abschnitt dafür bemessen ist, in eine Schlitzkanüle
mit einem Durchmesser zu passen, der kleiner als
Kaliber 23 ist.

9. Sensor oder Sensoranordnung nach Anspruch 8,
wobei eine Breite des Substrats im nichteingeengten
Abschnitt dafür bemessen ist, in eine Schlitzkanüle
mit einem Durchmesser zu passen, der kleiner als
Kaliber 24 ist.

10. Sensor oder Sensoranordnung nach einem der vor-
hergehenden Ansprüche, wobei mindestens eine
der mindestens einen Sensorelektrode auf einer er-
sten Oberfläche des Substrats ausgebildet ist.

11. Sensor oder Sensoranordnung nach Anspruch 10,
wobei alle der mindestens einen Sensorelektrode
nur auf der ersten Oberfläche ausgebildet sind.

12. Sensor oder Sensoranordnung nach einem der An-
sprüche 1 bis 10, wobei mindestens eine weitere der
mindestens einen Sensorelektrode auf einer zweiten
Oberfläche des Substrats ausgebildet ist.

13. Sensor oder Sensoranordnung nach Anspruch 12,

wobei eine dritte der mindestens einen Sensorelek-
trode eine Referenzelektrode ist, die dafür konfigu-
riert ist, mit einer Hautfläche in Kontakt zu treten.

14. Sensorgruppe mit:

a) einer Befestigungsbasis (126), die zum Be-
festigen auf der Haut eines Patienten eingerich-
tet ist;
b) einem Sensor (400) nach Anspruch 1; und
c) einer Insertionskanüle (408), die von der Be-
festigungsbasis getragen wird, um von der Be-
festigungsbasis vorzustehen, und in der minde-
stens ein Abschnitt des Sensors eingebettet ist,
wobei die Insertionskanüle einen sich in Längs-
richtung erstreckenden Schlitz (410) entlang ei-
ner Seite definiert, um ein gleitendes Zurückzie-
hen der Insertionskanüle von der Befestigungs-
basis und dem eingebetteten Abschnitt des
Sensors zuzulassen und den eingeengten Be-
reich (412) des Substrats zu akzeptieren.

15. Sensor nach Anspruch 1, wobei die Aussparungen
(406) in der Breite des Substrats (402) geschnitten
sind, um einen eingeengten Bereich (412) im Sub-
strat zu bilden.

Revendications

1. Capteur (400) pour l’implémentation dans un corps
destiné à être utilisé avec une aiguille en fente (408),
le capteur comprenant :

un substrat (402) avec des encoches (406) dé-
coupées dans le substrat pour former une région
étranglée (412) dans le substrat et une région
non étranglée (414) pour son placement dans
le corps ; et
au moins une électrode de capteur formée à par-
tir d’une ou de plusieurs couches conductrices,
dans laquelle les encoches créant la région
étranglée sont disposées pour permettre au
substrat de coulisser dans l’aiguille à fente (408)
qui a une fente (410) suffisamment étroite pour
permettre le passage de la région étranglée
mais qui empêche la région non étranglée (414)
de sortir de l’aiguille à fente (408) à travers la
fente (410).

2. Capteur selon la revendication 1, dans lequel l’épais-
seur du substrat (402) s’étend de 5 Pm à 750 Pm.

3. Capteur selon la revendication 2, dans lequel l’épais-
seur du substrat (402) s’étend d’approximativement
25 Pm à 350 Pm.

4. Assemblage de capteur comprenant un capteur
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(400) selon l’une quelconque des revendications
précédentes ; comprenant en outre :

une aiguille à fente (408) ayant une fente (410) ;
et
dans lequel les encoches (406) créant la région
étranglée (412) permet au substrat de coulisser
dans l’aiguille à fente, la fente étant suffisam-
ment étroite pour permettre le passage de la ré-
gion étranglée (412) mais empêche la région
non étranglée (414) du substrat de sortir de
l’aiguille à fente à travers la fente.

5. Assemblage de capteur selon la revendication 4,
dans lequel la fente (410) de l’aiguille à fente (408)
permet à la région étranglée (412) du substrat de
glisser vers le bas de la fente.

6. Capteur ou assemblage de capteur selon l’une quel-
conque des revendications précédentes, dans le-
quel une largeur du substrat dans la partie non étran-
glée est dimensionnée pour s’ajuster dans l’aiguille
à fente ayant un diamètre inférieur à 21 jauges.

7. Capteur ou assemblage de capteur selon la reven-
dication 6, dans lequel une largeur du substrat dans
la partie non étranglée est dimensionnée pour s’ajus-
ter dans une aiguille à fente ayant un diamètre infé-
rieur à 22 jauges.

8. Capteur ou assemblage de capteur selon la reven-
dication 7, dans lequel une largeur du substrat dans
la partie non étranglée est dimensionnée pour s’ajus-
ter dans une aiguille à fente ayant un diamètre infé-
rieur à 23 jauges.

9. Capteur ou assemblage de capteur selon la reven-
dication 8, dans lequel une largeur du substrat dans
la partie non étranglée est dimensionnée pour s’ajus-
ter dans une aiguille à fente ayant un diamètre infé-
rieur à 24 jauges.

10. Capteur ou assemblage de capteur selon l’une quel-
conque des revendications précédentes, dans le-
quel au moins une de l’électrode de capteur est for-
mée sur une première surface du substrat.

11. Capteur ou assemblage de capteur selon la reven-
dication 10, dans lequel toutes de la moins une élec-
trode de capteur sont seulement formées sur la pre-
mière surface.

12. Capteur ou assemblage du capteur selon l’une quel-
conque des revendications 1 à 10, dans lequel au
moins une autre de la moins une des électrodes de
capteur est formée sur une seconde surface du
substrat.

13. Capteur ou assemblage du capteur selon la reven-
dication 12, dans lequel une troisième de la moins
une électrode de capteur est une électrode de réfé-
rence configurée pour être en contact avec une sur-
face de peau.

14. Appareil de capteur comprenant :

a) une base de montage (126) adaptée pour être
montée sur la peau d’un patient ;
b) un capteur (400) selon la revendication 1 ; et
c) une aiguille d’insertion (408) portée par la ba-
se de montage pour faire saillie à partir de la
base de montage et ayant au moins une partie
du capteur insérée dans l’aiguille d’insertion,
l’aiguille d’insertion définissant une fente s’éten-
dant longitudinalement (410) le long d’un côté
pour permettre le retrait par coulissement de
l’aiguille d’insertion à partir de la base de mon-
tage et la partie insérée du capteur et pour ac-
cepter la région étranglée (412) du substrat.

15. Capteur selon la revendication 1, dans lequel les en-
coches (406) sont découpées dans la largeur du
substrat (402) pour former une région étranglée
(412) dans le substrat.
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一种传感器及其制造方法，用于植入体内，所述体包括基板，所述基板
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中，传感器组件包括具有槽的开槽针。形成颈缩区域的凹口允许基板滑
入开槽针中，该开槽针具有足够窄的狭槽以允许颈缩区域通过。然而，
防止基板的非颈缩区域通过狭槽从开槽针中拉出。开槽针的槽还可以允
许基板的颈缩区域沿槽向下滑动。
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