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Description

Field of the Invention

[0001] Embodiments of this invention relate generally
to methods and systems for stabilization of sensors dur-
ing initial use of the sensors. More particularly, embodi-
ments of this invention relate to systems and methods
for providing an efficient way to stabilize the sensor in
order for the sensor to provide accurate readings of a
physiological condition of a subject.

Description of Related Art

[0002] Subjects and medical personnel wish to monitor
readings of physiological conditions within the subject’s
body. lllustratively, subjects wish to monitor blood glu-
cose levels in a subject’'s body on a continuing basis.
Presently, a patient can measure his/her blood glucose
(BG) using a BG measurement device, such as a test
strip meter, a continuous glucose measurement system,
or a hospital hemacue. BG measurement devices use
various methods to measure the BG level of a patient,
such as a sample of the patient’s blood, a sensor in con-
tact with a bodily fluid, an optical sensor, an enzymatic
sensor, or a fluorescent sensor. When the BG measure-
ment device has generated a BG measurement, the
measurement is displayed on the BG measurement de-
vice.

[0003] Current continuous glucose measurement sys-
tems include subcutaneous (or short-term) sensors and
implantable (or long-term) sensors. For each of the short-
term sensors and the long-term sensors, a patient has
to wait a certain amount of time in order for thee contin-
uous glucose sensor to stabilize and to provide accurate
readings. In many continuous glucose sensors, the sub-
ject must wait three hours for the continuous glucose
sensor to stabilize before any glucose measurements
are utilized. This is an inconvenience for the patient and
in some cases may cause the patient not to utilize a con-
tinuous glucose measurement system.

[0004] Further, when a glucose sensor is first inserted
into a patient’s skin or subcutaneous layer, the glucose
sensor does not operate in a stable state. The electrical
readings from the sensor, which represent the glucose
level of the patient, vary over a wide range of readings.
In the past, sensor stabilization used to take several
hours. A technique for sensor stabilization is detailed in
U.S. Patent No. 6,809,653, ("the '653 patent") In the '653
patent, the initialization process for sensor stabilization
may be reduced to approximately one hour. A high volt-
age (e.g., 1.0 - 1.2 volts) may be applied for 1 to 2 minutes
to allow the sensor to stabilize and then a low voltage
(e.g., between 0.5 - 0.6 volts) may be applied for the
remainder of the initialization process (e.g., 58 minutes
or so). Thus, even with this procedure, sensor stabiliza-
tion still requires a large amount of time.

[0005] It is also desirable to allow electrodes of the
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sensor to be sufficiently "wetted" or hydrated before uti-
lization of the electrodes of the sensor. If the electrodes
of the sensor are not sufficiently hydrated, the result may
be inaccurate readings of the patient’s physiological con-
dition. A user of current blood glucose sensors is instruct-
ed to not power up the sensors immediately. If they are
utilized too early, current blood glucose sensors do not
operate in an optimal or efficient fashion. No automatic
procedure or measuring technique is utilized to deter-
mine when to power on the sensor. This manual process
is inconvenient and places too much responsibility on the
patient, who may forget to apply or turn on the power
source.

[0006] EP 0601 720 discloses a method for improving
the settling time of an electrochemical glucose sensor by
pretreated the operating electrode with a negative elec-
trical current.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is as defined in the ap-
pended claims.

[0008] Intheinvention, a sensor is stabilized by apply-
ing a first voltage for a first time to initiate an anodic cycle
in the sensor, by applying a second voltage for a second
time to initiate a cathodic cycle in the sensor, and repeat-
ing the application of the first voltage and the second
voltage to continue the anodic - cathodic cycle in the sen-
sor. In an embodiment of the invention, a sensor may be
stabilized by applying a first voltage for a first time, by
waiting a predetermined period of time (i.e., not applying
a voltage), and then cycling between the application of
the first voltage and the waiting of a predetermined period
of time for a number of iterations or a stabilization time-
frame.

[0009] By utilizing the stabilization sequence identified
above, the sensor has a faster run-in time, less back-
ground current exists in the sensor(due to suppression
of background current, and the sensor has better glucose
response. The first voltage may have a positive value or
anegative value. The second voltage may have a positive
value or negative value. Under certain operating condi-
tions, a voltage magnitude of the first voltage for one of
the iterations may have a different magnitude from a volt-
age magnitude of the first voltage for a second or different
iteration.

[0010] In an embodiment of the invention, a voltage
waveform, such as a ramp waveform, a stepped wave-
form, asinusoid waveform, and asquarewave waveform,
may be applied as the first voltage. Any of the above
mentioned waveforms may also be applied as the second
voltage. Under certain operating conditions, the voltage
waveform applied as the first voltage in a first iteration of
the stabilization.method may differ from the voltage
waveform applied as the first voltage in the second iter-
ation. The same may hold true for the application of the
second voltage. Under certain operating conditions, a
voltage waveform may be applied as the first voltage to
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the sensor and a voltage pulse may be applied as the
second voltage to the sensor.

[0011] In an embodiment of the invention, a plurality
of short duration voltage pulses are applied for the first
timeframe to initiate the anodic cycle in the sensor. In
this embodiment, a plurality of short duration voltage
pulses may be applied for the second timeframe to initiate
the cathodic cycle in the sensor. The magnitude of the
first plurality of short duration pulses may be different
from the magnitude of the second plurality of short dura-
tion pulses. In an embodiment of the invention, the mag-
nitude of some of the pulses in the first plurality of short
duration pulses may have different values from the mag-
nitude of other pulses in the first plurality of short duration
pulses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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 figures.

FIG. 1 is a perspective view of a subcutaneous sen-
sor insertion set and block diagram of a sensor elec-
tronics device according to an embodiment of the
invention;

FIG. 2(a) illustrates a substrate having two sides, a
first side which contains an electrode configuration
and a second side which contains electronic circuitry;
Fig. 2(b) illustrates a general block diagram of an
electronic circuit for sensing an output of a sensor
according to an embodiment of the present inven-
tion;

FIG. 3 illustrates a block diagram of a sensor elec-
tronics device and a sensor including a plurality of
electrodes according to an embodiment of the inven-
tion;

Fig. 4 illustrates an alternative embodiment of the
invention including a sensor and a sensor electronics
device according to an embodiment of the present
invention;

FIG. 5 illustrates an electronic block diagram of the
sensor electrodes and a voltage being applied to the
sensor electrodes according to an embodiment of
the present invention;

Fig. 6(a) illustrates a method of applying pulses dur-
ing stabilization timeframe in order to reduce the sta-
bilization timeframe according to an embodiment of
the present invention;

Fig. 6(b) illustrates a method of stabilizing sensors
according to an embodiment of the present inven-
tion;

Fig. 6(c) illustrates utilization of feedback in stabiliz-
ing the sensors according to an embodiment of the
present invention;

Fig. 7 illustrates an effect of stabilizing a sensor ac-
cording to an embodiment of the invention;
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Fig. 8 illustrates a block diagram of a sensor elec-
tronics device and a sensor including a voltage gen-
eration device according to an embodiment, of the
invention;

Fig. 8(b) illustrates a voltage generation device to
implement this embodiment of the invention;

Fig. 8(c) illustrates a voltage generation device to
generate two voltage values according in a sensor
electronics device according to implement this em-
bodiment of the invention;

Fig. 9 illustrates a sensor electronics device includ-
ing a microcontroller for generating voltage pulses
according to an embodiment of the present inven-
tion;

Fig. 9(b) illustrates a sensor electronics device in-
cluding an analyzation module according to an em-
bodiment of the present invention;

Fig. 10illustrates a block diagram of a sensor system
including hydration electronics according to an em-
bodiment of the present invention;

Fig. 11 illustrates an embodiment of the invention
including a mechanical switch to assist in determin-
ing a hydration time;

Fig. 12 illustrates an electrical detection of detecting
hydration according to an embodiment of the inven-
tion;

Fig. 13(a) illustrates a method of hydrating a sensor
according to an embodiment of the present inven-
tion;

Fig. 13(b) illustrates an additional method for verify-
ing hydration of a sensor according to an embodi-
ment of the present invention;

Figs. 14(a) and (b) illustrate methods of combining
hydrating of a sensor with stabilizing a sensor ac-
cording to an embodiment of the present invention;
and

Fig. 14(c) illustrates an alternative embodiment of
the invention where the stabilization method and hy-
dration method are combined.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In the following description, reference is made
to the accompanying drawings which form a part hereof
and which illustrate several embodiments of the present
inventions. It is understood that other embodiments may
be utilized and structural and operational changes may
be made without departing from the scope of the present
inventions.

[0014] The presentinvention described below with ref-
erence to flowchart illustrations of methods, apparatus,
and computer program products. It will be understood
that each block of the flowchart illustrations, and combi-
nations of blocks in the flowchart illustrations, can be im-
plemented by computer program instructions (as can any
menu screens described inthe Figures). These computer
program instructions may be loaded onto a computer or
other programmable data processing apparatus (such
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as a controllers microcontroller, or processor in a sensor
electronics, device to produce a machine, such that the
instructions which execute on the computer or other pro-
grammable data processing apparatus create instruc-
tions for implementing the functions specified in the flow-
chart block or blocks. These computer program instruc-
tions may also be stored in a computer-readable memory
that can direct a computer or other programmable data
processing apparatus to function in a particular manner,
such that the instructions stored in the computer-reada-
ble memory produce an article of manufacture including
instructions which implement the function specified in the
flowchart block or blocks. The computer program instruc-
tions may also be loaded onto a computer or other pro-
grammable data processing apparatus to cause a series
of operational steps to be performed on the computer or
other programmable apparatus to produce a computer
implemented process such that the instructions which
execute on the computer or other programmable appa-
ratus provide steps for implementing the functions spec-
ified in the flowchart block or blocks, and /or menus pre-
sented herein.

[0015] Fig. 1is a perspective view of a subcutaneous
sensorinsertion set and a block diagram of a sensor elec-
tronics device according to an embodiment of the inven-
tion. As illustrated in Fig. 1, a subcutaneous sensor set
10 is provided for subcutaneous placement of an active
portion of a flexible sensor 12 (see FIG. 2), or the like, at
a selected site in the body of a user. The subcutaneous
or percutaneous portion of the sensor set 10 includes a
hollow, slotted insertion needle 14, and a cannula 16.
The needle 14 is used to facilitate quick and easy sub-
cutaneous placement of the cannula 16 at the subcuta-
neous insertion site. Inside the cannula 16 is a sensing
portion 18 of the sensor 12 to expose one or more sensor
electrodes 20 to the user’s bodily fluids through a window
22 formed in the cannula 16. In an embodiment of the
invention, the one or more sensor electrodes 20 may
include a counter electrode, a working electrode, and a
reference electrode. After insertion, the insertion needle
14 is withdrawn to leave the cannula 16 with the sensing
portion 18 and the sensor electrodes 20 in place at the
selected insertion site.

[0016] In particular embodiments, the subcutaneous
sensor set 10 facilitates accurate placement of a flexible
thin film electrochemical sensor 12 of the type used for
monitoring specific blood parameters representative of
auser’s condition. The sensor 12 monitors glucose levels
in the body, and may be used in conjunction with auto-
mated or semi-automated 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
control delivery of insulin to a diabetic patient.

[0017] Particular embodiments of the flexible electro-
chemical sensor 12 are constructed in accordance with
thin film mask techniques to include elongated thin film
conductors embedded or encased between-layers of a
selected insulative material such as polyimide film or
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sheet, and membranes. The sensor electrodes 20 at a
tip end of the sensing portion 18 are exposed through
one of the insulative layers for direct contact with patient
blood or other body fluids, when the sensing portion 18
(or active portion) of the sensor 12 is subcutaneously
placed at an insertion site. The sensing portion 18 is
joined to a connection portion 24 that terminates in con-
ductive contact pads, or the like, which are also exposed
through one of the insulative layers. In alternative em-
bodiments, other types of implantable sensors, such as
chemical based, optical based, or the like, may be used.
[0018] As is known in the art, the connection portion
24 and the contact pads are generally adapted for adirect
wired electrical connection to a suitable monitor or sensor
electronics device 100 for monitoring a user’s condition
in response to signals derived from the sensor electrodes
20. Further description of flexible thin film sensors of this
general type are be found in U.S. Pat. No. 5,391,250,
entitted METHOD OF FABRICATING THIN FILM SEN-
SORS. The connection portion 24 may be conveniently
connected electrically to the monitor or sensor electron-
ics device 100 or by a connector block 28 (or the like) as
shown and described in U.S. Pat. No. 5,482,473, entitled
FLEX CIRCUIT CONNECTOR. Thus, in accordance with
embodiments of the present invention, subcutaneous
sensor sets 10 may be configured or formed to work with
eithera wired or a wireless characteristic monitor system.
[0019] The sensor electrodes 10 may be used in a va-
riety of sensing applications and may be configured in a
variety of ways. For example, the sensor electrodes 10
may be used in physiological parameter sensing appli-
cations in which some type of biomolecule is used as a
catalytic agent. For example, the sensor electrodes 10
may be used in a glucose and oxygen sensor having a
glucose oxidase enzyme catalyzing a reaction with the
sensor electrodes 20. The sensor electrodes 10, along
with a biomolecule or some other catalytic agent, may
be placed in a human body in a vascular or non-vascular
environment. For example, the sensor electrodes 20 and
biomolecule may be placed in a vein and be subjected
to a blood stream, or may be placed in a subcutaneous
or peritoneal region of the human body.

[0020] The monitor 100 may also be referred to as a
sensor electronics device 100. The monitor 100.may in-
clude a power source 110, a sensor interface 122,
processing electronics 124, and data formatting electron-
ics 128. The monitor 100 may be coupled to the sensor
set 10 by a cable 102 through a connector that is elec-
trically coupled to the connector block 28 of the connec-
tion portion 24. In an alternative embodiment, the cable
may be omitted. In this embodiment of the invention, the
monitor 100 may include an appropriate connector for
direct connection to the connection portion 104 of the
sensor set 10. The sensor set 10 may be modified to
have the connector portion 104 positioned at a different
location, e.g., on top of the sensor set to facilitate place-
ment of the monitor 100 over the sensor set.

[0021] In embodiments of the invention, the sensor in-
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terface 122, the processing electronics 124, and the data
formatting electronics 128 are formed as separate sem-
iconductor chips, however alternative embodiments may
combine the various semiconductor chips into a single
or multiple customized semiconductor chips. The sensor
interface 122 connects with the cable 102 that is con-
nected with the sensor set 10.

[0022] The power source 110 may be a battery. The
battery can include three series silver oxide 357 battery
cells. In alternative embodiments, different battery chem-
istries may be utilized, such as lithium based chemistries,
alkaline batteries, nickel metalhydride, or the like, and
different number of batteries may used. The monitor 100
provides power, through the power source 110, provides
power, through the cable 102 and cable connector 104
to the sensor set. In an embodiment of the invention, the
power is a voltage provided to the sensor set 10. In an
embodiment of the invention, the power is a current pro-
vided to the sensor set 10. In an embodiment of the in-
vention, the power is a voltage provided at a specific volt-
age to the sensor set 10.

[0023] FIGS. 2(a) and 2(b) illustrates an implantable
sensor and electronics for driving the implantable sensor
according to an embodiment of the present invention.
Fig. 2(a) shows a substrate 220 having two sides, a first
side 222 of which contains an electrode configuration
and a second side 224 of which contains electronic cir-
cuitry. As may be seen in FIG. 2(a), a first side 222 of
the substrate comprises two counter electrode-working
electrode pairs 240, 242, 244, 246 on opposite sides of
areference electrode 248. A second side 224 of the sub-
strate comprises electronic circuitry. As shown, the elec-
tronic circuitry may be enclosed in a hermetically sealed
casing 226, providing a protective housing for the elec-
tronic circuitry. This allows the sensor substrate 220 to
be inserted into a vascular environment or other environ-
ment which may-subject the electronic circuitry to fluids.
By sealing the electronic circuitry in a hermetically sealed
casing 226, the electronic circuitry naay pperate without
risk of short circuiting by the surrounding fluids. Also
shown in FIG. 2(a) are pads 228 to which the input and
output lines of the electronic circuitry may be connected.
The electronic circuitry itself may be fabricated in a variety
of ways. According to an embodiment of the present in-
vention, the electronic circuitry may be fabricated as an
integrated circuit using techniques common in the indus-
try:

[0024] Fig. 2(b) illustrates a general block diagram of
an electronic circuit for sensing an output of a sensor
according to an embodiment of the present invention. At
least one pair of sensor electrodes 310 may interface to
a data converter 312, the output of which may interface
to a counter 314. The counter 314 may be controlled by
control logic 316. The output of the counter 314 may con-
nect to a line interface 318. The line interface 318 may
be connected to input and output lines 320 and may also
connect to the control logic 316. The input and output
lines 320 may also be connected to a power rectifier 322.

10

15

20

25

30

35

40

45

50

55

[0025] The sensor electrodes 310 may be used in a
variety of sensing applications and may be configured in
a variety of ways. For example, the sensor electrodes
310 may be used in physiological parameter sensing ap-
plications in which some type of biomolecule is used as
acatalyticagent. For example, the sensor electrodes 310
may be used in a glucose and oxygen sensor having a
glucose oxidase enzyme catalyzing a reaction with the
sensor electrodes 310. The sensor electrodes 310, along
with a biomolecule or some other catalytic agent, may
be placed in a human body in a vascular or non-vascular
environment. For example, the sensor electrodes 310
and biomolecule may be placed in a vein and be subject-
ed to a blood stream.

[0026] FIG. 3 illustrates a block diagram of a sensor
electronics device and a sensor including a plurality of
electrodes according to an embodiment of the invention.
The sensor set or system 350 includes a sensor 355 and
asensor electronics device 360. The sensor 355 includes
a counter electrode 365, a reference electrode 370, and
a working electrode 375. The sensor electronics device
360 includes a power supply 380, a regulators 385, a
signal processor 390, a measurement processor 395,
and adisplay/ transmission module 397. The power sup-
ply 380 provides power (in the form of either a voltage,
acurrent, or a voltage including a current) to the regulator
385. The regulator 385 transmits a regulated voltage to
the sensor 355. In an embodiment of the invention, the
regulator 385 transmits a voltage to the counter electrode
365 of the sensor 355.

[0027] The sensor 355 creates a sensor signal indic-
ative of a concentration of a physiological characteristic
being measured. For example, the sensor signal may be
indicative of a blood glucose reading. In an embodiment
of the invention utilizing subcutaneous sensors, the sen-
sor signal may represent a level of hydrogen peroxide in
a subject In an embodiment of the invention where blood
or cranial sensors are utilized, the amount of oxygen is
being measured by the sensor and is represented by the
sensor signal. In an embodiment of the invention utilizing
implantable or long-term sensors, the sensor signal may
represent a level of oxygen in the subject. The sensor
signal is measured at the working electrode 375. In an
embodiment of the invention, the sensor signal may be
a current measured at the working electrode. In an em-
bodiment of the invention, the sensor signal may be a
voltage measured at the working electrode.

[0028] The signal processor 390 receives the sensor
signal (e.g., a measured current or voltage) after the sen-
sor signal is measured at the sensor 355 (e.g., the work-
ing electrode). The signal processor 390 processes the
sensor signal and generates a processed sensor signal.
The measurement processor 395 receives the proc-
essed sensor signal and calibrates the processed sensor
signal utilizing reference values. In an embodiment of the
invention, the reference values are stored in a reference
memory and provided to the measurement processor
395. The measurement processor 395 generates sensor
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measurements. The sensor measurements may be
stored in a measurement memory (not pictured). The
sensor measurements may be sent to a display / trans-
mission device to be either displayed on a display in a
housing with the sensor electronics or to be transmitted
to an external device.

[0029] The sensor electronics device 350 may be a
monitor which includes a display to display physiological
characteristics readings. The sensor electronics device
350 may also be installed in a desktop computer, a pager,
a television including communications capabilities, a lap-
top computer, a server, a network computer, a personal
digital assistant (PDA), a portable telephone including
computer functions, an infusion pump including adisplay,
a glucose sensor including a display, and or a combina-
tion infusion pump / glucose sensor. The sensor elec-
tronics device 350may be housed in a blackberry, a net-
work device, a home network device, or an appliance
connected to a home network.

[0030] Fig. 4 illustrates an alternative embodiment of
the invention including a sensor and a sensor electronics
device according to an embodiment of the presentinven-
tion. The sensor set or sensor system 400 includes a
sensor electronics device 360 and a sensor 355. The
sensor.includes a counter electrode 365, a reference
electrode 370, and a working electrode 375. The sensor
electronics device 360 includes a microcontroller410 and
a digital-to-analog converter (DAG) 420. The sensor
electronics device 360 may also include a current-to-fre-
quency converter (I/F converter) 430.

[0031] The microcontroller 410 includes software-pro-
gram code; which when executed, or programmable logic
which, causes the microcontroller 410 to transmit a signal
to the DAC-420, where the signal is representative of a
voltage level or values that is to be applied to the sensor
355. The DAC 420 receives the signal and generates the
voltage value at the levelinstructed by the microcontroller
410. In embodiments of the invention, the microcontroller
410 may change the representation of the voltage level
in the signal frequently or infrequently. lllustratively, the
signal from the microcontroller 410 may instruct the DAC
420 to apply a first voltage value for one second and a
second voltage value for two seconds.

[0032] The sensor 355 may receive the voltage level
or value. In an embodiment of the invention, the counter
electrode 365 may receive the output of an operational
amplifier which has as inputs the reference voltage and
the voltage value from the DAC 420. The application of
the voltage level causes the sensor 355 to create a sen-
sor signal indicative of a concentration of a physiological
characteristic being measured. In an embodiment of the
invention, the microcontroller 410 may measure the sen-
sor signal (e.g., a current value) from the working elec-
trode. lllustratively, a sensor signal measurement circuit
431 may measure the sensor signal. In an embodiment
of the invention, the sensor signal measurement circuit
431 mayinclude aresistor and the current may be passed
through the resistor to measure the value of the sensor
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signal. In an embodiment of the invention, the sensor
signal may be a currentlevel signal and the sensor signal
measurement circuit 431 may be a current-to-frequency
(I/F) converter 430. The current-to-frequency converter
430 may measure the sensor signal in terms of a current
reading, convert it to a frequency-based sensor signal,
and transmit the frequency-based sensor signal to the
microcontroller 410. In embodiments of the invention, the
microcontroller 410 maybe able to receive frequency-
based sensor signals easier than non-frequency-based
sensor signals. The microcontroller 410 receives the sen-
sor signal, whether frequency-based or non frequency-
based, and determines a value for the physiological char-
acteristic of a subject,-such as a blood glucose level. The
microcontroller 410 may include program code, which
when executed or run, is able to receive the sensor signal
and convert the sensor signal to a physiological charac-
teristic value. In an embodiment of the invention, the mi-
crocontroller 410 may convert the sensor signal to a blood
glucose level. In an embodiment of the invention, the
microcontroller 410 may utilize measurements stored
within an internal memory in order to determine the blood
glucose level of the subject. In an embodiment of the
invention, the microcontroller 410 may utilize measure-
ments stored within a memory external to the microcon-
troller 410 to assist in determining the blood glucose level
of the subject

[0033] After the physiological characteristic value is
determined by the microcontroller 410, the microcontrol-
ler 410 may store measurements of the physiological
characteristic values for a number of time periods. For
example, a blood glucose value may be sent to the mi-
crocontroller 410 from the sensor every second or five-
seconds, and the microcontroller may save sensor meas-
urements for five minutes or ten minutes of BG readings.
The microcontroller 410 may transfer the measurements
of the physiological characteristic values to a display on
the sensor electronics device 450. For example, the sen-
sor electronics device 450 may be a monitor which in-
cludes a display that provides a blood glucose reading
for a subject. In an embodiment of the invention, the mi-
crocontroller 410 may transfer the measurements of the
physiological characteristic values to an output interface
of the microcontroller 410. The output interface of the
microcontroller 410 may transfer the measurements of
the physiological characteristic values, e.g., blood glu-
cose values, to an external device, e.g., such as an in-
fusion pump, a combined infusion pump / glucose meter,
a computer, a personal digital assistant, a pager, a net-
work appliance, a server, a cellular phone, or any com-
puting device.

[0034] FIG. 5illustrates an electronic block diagram of
the sensor electrodes and a voltage being applied to the
sensor electrodes according to an embodiment of the
present invention. In the embodiment of the invention
illustrated in FIG. 5, an op amp 530 or other servo con-
trolled device may connect to sensor electrodes 510
through a circuit/electrode interface 538. The op amp
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530, utilizing feedback through the sensor electrodes,
attempts to maintain a prescribed voltage (what the DAC
may desire the applied voltage to be) between a refer-
ence electrode 532 and a working electrode 534 by ad-
justing the voltage at a counter electrode 536. Current
may then flow from a counter electrode 536 to a working
electrode 534. Such current may be measured to ascer-
tain the electrochemical reaction between the sensor
electrodes 510 and the biomolecule of a sensor that has
been placed in the vicinity of the sensor electrodes 510
and used as a catalyzing agent. The circuitry disclosed
in Fig. 5 may be utilized in a long-term or implantable
sensor or may be utilized in a short-term or subcutaneous
sensor.

[0035] Inalong-term sensorembodiment, where a glu-
cose oxidase enzyme is used as a catalytic agent in a
sensor, current may flow from the counter electrode 536
to a working electrode 534 only if there is oxygen in the
vicinity of the enzyme and the sensor electrodes 10. II-
lustratively, if the voltage set at the reference electrode
532is maintained atabout0.5 volts, the amount of current
flowing from a counter electrode 536 to a working elec-
trode 534 has a fairly linear relationship with unity slope
to the amount of oxygen present in the area surrounding
the enzyme and the electrodes. Thus, incresed accuracy
in determining an amount of oxygen in the blood may be
achieved by maintaining the reference electrode 532 at
about 0.5 volts and utilizing this region of the current-
voltage curve for varying levels of blood oxygen. Different
embodiments of the present invention may utilize differ-
ent sensors having biomolecules other than a glucose
oxidase enzyme and may, therefore, have voltages other
than 0.5 volts set at the reference electrode.

[0036] As discussed above, during initial implantation
or insertion of the sensor 510, a sensor 510 may provide
inaccurate readings due to the adjusting of the subject
to the sensor and also electrochemical byproducts
caused by the catalyst utilized in the sensor. A stabiliza-
tion period is needed for many sensors in order for the
sensor 510 to provide accurate readings of the physio-
logical parameter of the subject. During the stabilization
period, the sensor 510 does not provide accurate blood
glucose measurements. Users and manufacturers of the
sensors may desire to improve the stabilization time-
frame for the sensor so that the sensors can be utilized
quickly after insertion into the subject’s body or a subcu-
taneous layer of the subject.

[0037] In previous sensor electrode systems, the sta-
bilization period or timeframe was one hour to three
hours. In order to decrease the stabilization period or
timeframe and increase the timeliness of accuracy of the
sensor, a sensor (or electrodes of a sensor) may be sub-
jected to a number of pulses rather than the application
of one pulse followed by the application of another volt-
age. Fig. 6(a) illustrates a method of applying pulses dur-
ing stabilization timeframe in order to reduce the stabili-
zation timeframe according to an embodiment of the
present invention. In this embodiment of the invention, a
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voltage application device applies 600 a first voltage to
an electrode for a first time or time period. In an embod-
iment of the invention, the first voltage may be a DC con-
stant voltage. This results in an anodic current being gen-
erated. In an alternative embodiment of the invention, a
digital-to-analog converter or another, voltage source
may supply the voltage to the electrode for a first time
period. The anodic current means that electrons are be-
ing driven away from electrode to which the voltage is
applied. In an embodiment of the invention, an applica-
tion device may apply a current instead of a voltage. In
an embodiment of the invention where a voltage is ap-
plied to a sensor, after the application of the first voltage
to the electrode, the voltage regulator may not apply 605
a voltage for a second time, timeframe, or time period.
In other words, the voltage application device waits until
a second time-period elapses. The non-application of
voltage results in a cathodic current, which results in the
gaining of electrons by the electrode to which the voltage
is not applied. The application of the first voltage to the
electrode for a first time period follolled by the non-appli-
cation of voltage for a second time period is repeated
610 for a number of iterations. This may be referred to
as an anodic and cathodic cycle. In an embodiment of
the invention; the number of total iterations of the stabi-
lization methods is three, i.e., three applications of the
voltage for the first time period, each followed by no ap-
plication of the voltage three times for the second time
period. In an embodiment of the invention, the first volt-
age may be 1.07 volts. In an embodiment of the invention,
the first voltage may be 0.535 volts. In an embodiment
of the invention, the first voltage may be approximately
0.7 volts.

[0038] Theresultoftherepeated application ofthe volt-
age and the non-application of the voltage results in the
sensor (and thus the electrodes) being subjected to an
anodic - cathodic cycle. The anodic - cathodic cycle re-
sults in the reduction of electrochemical byproducts
which are generated by a patient’s body reacting to the
insertion of the sensor or the implanting of the sensor. In
an embodiment of the invention, the electrochemical by-
products cause generation of a background current,
which results in inaccurate measurements of the physi-
ological parameter of the subject. In an embodiment of
the invention, the electrochemical byproduct may be
eliminated. Under other operating conditions, the elec-
trochemical byproducts may be reduced or significantly
reduced. A successful stabilization method results in the
anodic-cathodic cycle reaching equilibrium, electro-
chemical byproducts being significantly reduced, and
background current being minimized.

[0039] Inanembodiment of the invention, the first volt-
age being applied to the electrode of the sensor may be
a positive voltage. In an embodiment of the invention,
the first voltage being applied may be a negative voltage.
In an embodiment of the invention, the first voltage may
be applied to a working electrode. In an embodiment of
the invention, the first voltage may be applied to the coun-
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ter electrode or the reference electrode.

[0040] In embodiments of the invention, the duration
of the voltage pulse and the no application of voltage may
be equal, e.g., such as three minutes each. In embodi-
ments of the invention, the duration of the voltage appli-
cation or voltage pulse may be different values, e.g., the
first time and the second time may be different. In an
embodiment of the invention, the first time period may
be five minutes and the waiting period may be two min-
utes. In an embodiment of the invention, the first time
period may be two minutes and the waiting period (or
second timeframe) may be five minutes. In other words,
the duration for the application of the first voltage may
be two minutes and there may be no voltage-applied for
five minutes This timeframe is only meant to beillustrative
and should not be limiting. For example, a first timeframe
may be two three, five or ten minutes and the second
time frame may be five minutss, ten minutes, twenty min-
utes, or the like. The timeframes (e.g_ the first time and
the second-time) may depend on unique characteristics
of different electrodes, the sensors, and/or the patient’s
physiological characteristics.

[0041] In embodiments of the invention, more or less
than three pulses may be utilized to stabilize the glucose
sensor. In other words, the number of iterations may be
greater than 3 or less than three. For example, four volt-
age pulses (e.g., a high voltage followed by no voltage)
may be applied to one of the electrodes or six voltage
pulses may be applied to one of the electrodes.

[0042] lllustratively, three consecutive pulses of 1.07
volts (followed by three pulses of no volts) may be suffi-
cient for a sensor implanted subcutaneously. In an em-
bodiment of the invention, three consecutive voltage
pulses of 0.7 volts may be utilized. The three consecutive
pulses may have a higher or lower voltage value, either
negative or positive, for a sensor implanted in blood or
cranial fluid, e.g., the long-term or permanent sensors.
In addition, more than three pulses (e.g., five, eight,
twelve) may be utilized to create the anodic-cathodic cy-
cling between anodic and cathodic currents in any of the
subcutaneous, blood, or cranial fluid sensors.

[0043] Fig. 6(b) illustrates a method of stabilizing sen-
sors according the presentinvention. In the embodiment
of the invention illustrated in Fig. 6(b), a voltage applica-
tion device may apply 630 a first voltage to the sensor
for a first time to initiate an anodic cycle at an electrode
of the sensor. The voltage application device may be a
DC power supply, a digital-to-analog converter, or a volt-
age regulator. After the first time period has elapsed, a
second voltage is applied 635 to the sensor for a second
time to initiate an cathodic cycle at an electrode of the
sensor. lllustratively, rather than no voltage being ap-
plied, asisillustrated in the method of Fig. 6(a), a different
voltage (from the first voltage) is applied to the sensor
during the second timeframe. In an embodiment of the
invention, the application of the first voltage for the first
time and the application of the second voltage for the
second time are applied 640 for a number of iterations.
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In an embodiment of the invention, the application of the
first voltage for the first time and the application of the
second voltage for the second time may each be applied
for a stabilization timeframe, e.g., 10 minutes, 15 min-
utes, or 20 minutes rather than for a number of iterations.
This stabilization timeframe is the entire timeframe for
the stabilization sequence, e.g., until the sensor (and
electrodes) are stabilized. The benefit of this stabilization
methodology is a faster run-in of the sensors, less back-
ground current (in other words a suppression of some
the background current), and a better glucose response.
[0044] Inanembodiment of the inventioh, the first volt-
age may be 0,535 volts applied for five minutes, the sec-
ond voltage may be 1.070 volts applied for two minutes,
the first voltage of 0.535 volts may be applied for five
minutes, the second voltage of 1.070 volts may be ap-
plied for two minutes, the first voltage of 0.535 volts may
be applied for five minutes, and the second voltage of
1.070 volts may be applied for two minutes. In other
words, in this embodiment, there are three iterations of
the voltage pulsing scheme. The pulsing methodology
may be changed in that the second timeframe, e.g., the
timeframe of the application of the second voltage may
be lengthened from two minutes to five minutes, ten min-
utes, fifteen minutes, or twenty minutes. In addition, after
the three iterations are applied in this embodiment of the
invention, a nominal working voltage of 0.535 volts may
be applied.

[0045] The 1.08 and 0.535 volts are illustrative values.
Other voltage values may be selected based on a variety
of factors. These factors may include the type of enzyme
utilized in the sensor, the membranes utilized in the sen-
sor, the operating period of the sensor, the length of the
pulse, and/or the magnitude of the pulse. Under certain
operating conditions, the first voltage may be in a range
of 1.00 to 1.09 volts and the second voltage may be in a
range of 0.510 to 0.565 volts. In other operating embod-
iments, the ranges that bracket the first voltage and the
second voltage may have a higher range, e.g., 0.3 volts,
0.6 volts, 0.9 volts, depending on the voltage sensitivity
of the electrode in the sensor. Under other operating con-
ditions, the voltage may be in a range of 0.8 volts to 1.34
volts and the other voltage may be in a range of 0.335
to 0.735. Under other operating conditions, the range of
the higher voltage may be smaller than the range of the
lower voltage. lllustratively, the higher voltage may be in
a range of 0.9 to 1.09 volts and the lower voltage may
be in a range of 0.235 to 0..835.

[0046] Inanembodiment of the invention, the first volt-
age and the second voltage may be positive voltages, or
alternatively in other embodiments of the invention, neg-
ative voltages. In an embodiment of the invention, the
first voltage may be positive and the second voltage may
be negative, or alternatively, the first voltage may be neg-
ative and the second voltage may be positive. The first
voltage may be different voltage levels for each of the
iterations. In an embodiment-of the invention, the first
voltage may be a D.C. constant voltage. In other embod-
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iments of the invention, the first voltage may be a ramp
voltage, a sinusoid-shaped voltage, a stepped voltage,
a squarewave, or other commonly utilized voltage wave-
forms. In an embodiment the invention, the second volt-
age may be a D.C. constant voltage, a ramp voltage, a
sinusoid-shaped voltage, a stepped.voltage, a square-
wave, or other commonly utilized voltage waveforms. In
an embodiment of the invention, the first voltage or the
second voltage may be an AC signalridingona DC wave-
form. In an embodiment of the invention, the first voltage
may be one type of voltage, e.g., a ramp voltage, and
the second voltage may be a second type of voltage,
e.g., asinusoid-shaped voltage. In an embodiment of the
invention, the first voltage (or the second voltage) may
have different waveform shapes for each of the iterations.
For example, if there are three cycles in a stabilization
method, in a first cycle, the first voltage may be a ramp
voltage, in the second cycle, the first voltage may be a
constant voltage, and in the third cycle, the first voltage
may be a sinusoidal voltage.

[0047] In an embodiment of the invention, a duration
of the first timeframe and a duration of the second time-
frame may have the same value, or alternatively, the du-
ration of the first timeframe and the second timeframe
may have different values. For example, the duration of
the first timeframe may be two minutes and the duration
of the second timeframe may be five minutes and the
number of iterations may be three. As discussed above,
the stabilization method may include a number of itera-
tions. In embodiments of the invention, during different
iterations of the stabilization method, the duration of each
of the first timeframes may change and the duration of
each of the second timeframes may change. lllustrative-
ly, during the first iteration of the anodic-cathodic cycling,
the first timeframe may be 2 minutes and the second
timeframe may be 5 minutes. During the second iteration,
the first timeframe may be 1 minute and the second time-
frame may be 3 minutes. During the third iteration, the
first timeframe may be 3 minutes and the second time-
frame may be 10 minutes.

[0048] In an embodiment of the invention, a first volt-
age of 0.535 volts is applied to an electrode in a sensor
for two minutes to initiate an anodic cycle, then a second
voltage of 1.07 volts is applied to the electrode to the
sensor for five minutes to initiate a cathodic cycle. The
first voltage of 0.535 volts is then applied again for two
minutes to initiate the anodic cycle and a second voltage
of 1.07 volts is applied to the sensor for five minutes. In
a third iteration, 0.535 volts is applied for two minutes to
initiate the anodic cycle and then 1.07 volts is applied for
five minutes. The voltage applied to the sensor is then
0.535 during the actual working timeframe of the sensor,
e.g., when the sensor provides readings of a physiolog-
ical characteristic of subject.

[0049] Shorter duration voltage pulses may be utilized
in the embodiment of Figs 6(a) and 6(b). The shorter
duration voltage pulses may be utilized to apply the first
voltage, the second voltage, or both. In an embodiment
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of the present invention, the magnitude of the shorter
duration voltage pulse for the first voltage is 1.07 volts
and the magnitude of the shorter duration voltage pulse
for the second voltage is approximately half of the high
magnitude, e.g., - .535 volts. Alternatively, the magnitude
of the shorter duration pulse for the first voltage may be
0.535 volts and the magnitude of the shorter duration
pulse for the second voltage is 1.07 volts.

[0050] In embodiments of the invention utilizing short
duration pulses, the voltage may not be applied contin-
uously for the entire first time period. Instead, in the first
time period, the voltage application device may transmit
a number of short duration pulses during the first time
period. In other words, a number of mini-width or short
duration voltage pulses may be applied to the electrodes
of the sensors over the first time period. Each mini-width
or short duration pulse may a width of a number of milli-
seconds. lllustratively, this pulse width may be 30 milli-
seconds, 50 milliseconds, 70 milliseconds or 200 milli-
seconds. These values are meant to be illustrative and
not limiting. In an embodiment of the invention, such as
the embodiment illustrated in Fig. 6(a), these short du-
ration pulses are applied to the sensor (electrode) for the
first time period and then no voltage is applied for the
second time period.

[0051] In an embodiment of the invention, each short
duration pulse may have the same time duration within
the first time period. For example, each short duration
voltage pulse may have a time width of 50 milliseconds
and each pulse delay between the pulses may be 950
milliseconds. In this example, if two minutes is the meas-
ured time for the first timeframe, then 120 short duration
voltage pulses may be applied to the sensor. In an em-
bodiment of the invention, each of the short duration volt-
age pulses may have different time durations. In an em-
bodiment of the invention, each of the short duration volt-
age pulses may have the same amplitude values. In an
embodiment of the invention, each of the short duration
voltage pulses may have different amplitude values. By
utilizing short duration voltage pulses rather than a con-
tinuous application of voltage to the sensors, the same
anodic and cathodic cycling may occur and the sensor
(e.g., electrodes) is subjected to less total energy or
charge over time. The use of short duration voltage puls-
es utilizes less power as compared to the application of
continuous voltage to the electrodes because there is
less energy applied to the sensors (and thus the elec-
trodes).

[0052] Fig. 6(c) illustrates utilization of feedback in sta-
bilizing the sensors according to an embodiment of the
present invention. The sensor system may include a
feedback mechanism to determine if additional pulses
are needed to stabilize a sensor. In an embodiment of
the invention, a sensor signal generated by an electrode
(e.g., aworking electrode) may be analyzed to determine
is the sensor signal is stabilized. A first voltage is applied
630 to an electrode for a first time frame to initiate an
anodic cycle. A second voltage is applied 635 to an elec-
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trode for a second timeframe to initiate a cathodic cycle.
In an embodiment of the invention, an analyzation mod-
ule may analyze a sensor signal (e.g., the current emitted
by the sensor signal, a resistance at a specific point in
the sensor, an impedance at a specific node in the sen-
sor) and determine if a threshold measurement has been
reached 637 (e.g., determining if the sensor is providing
accurate readings by comparing against the threshold
measurement). Under other operating conditions, the
measurement may be compared to set measurement cri-
teria. If the sensor readings are determined to be accu-
rate, (because they are above a threshold, below a
threshold, or meet measurement criteria) which repre-
sents that the electrode (and thus the sensor) is stabilized
642 , no additional application of the first voltage and /
or the second voltage may be generated. If the stability
was not achieved, in the invention, then an additional
anodic / cathodic cycle is initiated by the application 630
of a first voltage to an electrode for a first time period and
then the application 635 of the second voltage to the elec-
trode for a second time period.

[0053] In embodiments of the invention, the analyza-
tion module may be employed after an anodic / cathodic
cycle of three applications of the first voltage and the
second voltage to an electrode of the sensor. In an em-
bodiment of the invention, an analyzation module may
be employed after one application of the first voltage and
the second voltage, as is illustrated in Fig. 6(c).

[0054] Inanembodiment of the invention, the analyza-
tion module may be utilized to measure a voltage emitted
after a current has been introduced across an electrode
or across two electrodes. The analyzation module may
monitor a voltage level at the electrode or at the receiving
level. In an embodiment of the invention, if the voltage
levelis above a certain threshold, this may mean that the
sensor is stabilized. In an embodiment of the invention,
if the voltage level falls below a threshold level, this may
indicate that the sensor is stabilized and ready to provide
readings. In an embodiment of the invention, a current
may be introduced to an electrode or across a.couple of
electrodes. The analyzation module may monitor a cur-
rent level emitted from the electrode. In this embodiment
of the invention, the analyzation module may be able to
monitor the current if the current is different by an order
of magnitude from the sensor signal current. If the current
is above or below a current threshold, this may signify
that the sensor is stabilized. Instead of comparing the
monitored or measured current to a threshold, the mon-
itored or measured current (or voltage resistance, or im-
pedance) may be compared to a set measurement cri-
teria. If the measured reading matches or meets the set
measurement criteria, timeframes for the first voltage
and/or the second voltage may be modified or altered,
magnitudes for the first voltage and/or the second voltage
may be modified or altered, or the application of the first
voltage and/or the second voltage may be terminated.
[0055] Inanembodiment of theinvention, the analyza-
tion module may measure an impedance between two
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electrodes of the sensor. The analyzation module may
compare the impedance against a threshold or target im-
pedance value and if the measured impedance is lower
than the target or threshold impedance, the sensor (and
hence the sensor signal) may be stabilized. In an em-
bodiment of the invention, the analyzation module may
measure a resistance between two electrodes of the sen-
sor. In thisembodiment of the invention, if the analyzation
module compares the resistance against a threshold or
targetresistance value and the measured resistance val-
ue is less than the threshold or target resistance value,
then the analyzation module may determine that the sen-
sor is stabilized and that the sensor signal may be utilized.
[0056] Fig. 7 illustrates an effect of stabilizing a sensor
according to an embodiment of the invention. Line 705
represents blood glucose sensor readings for a glucose
sensor where a previous single pulse stabilization meth-
od was utilized. Line 710 represents blood glucose read-
ings for a glucose sensor where three voltage pulses are
applied (e.g., 3 voltage pulses having a duration of 2 min-
utes each followed by 5 minutes of no voltage being ap-
plied). The x-axis 715 represents an amount of time. The
dots 720 725 730 and 735 represent measured glucose
readings, taken utilizing a fingerstick and then input into
aglucose meter. As illustrated by the graph, the previous
single pulse stabilization method took approximately 1
hour and 30 minutes in order to stabilize to the desired
glucose reading e.g., 100 units. In contrast, the three
pulse stabilization method took only approximately 15
minutes to stabilize the glucose sensor and results in a
drastically improved stabilization timeframe.

[0057] Fig. 8 illustrates a block diagram of a sensor
electronics device and a sensor including a voltage gen-
eration device according to an embodiment of the inven-
tion. The voltage generation or application device 810
includes electronics, logic, or circuits which generate volt-
age pulses. The sensor electronics device 360 may also
include a input device 820 to receive reference values
and other, useful data. In an embodiment of the invention,
the sensor electronics device may include a measure-
ment memory 830 to store sensor measurements. In this
embodiment of the invention, the power supply 380 may
supply power to the sepsor electronics device. The power
supply 380 may supply power to a regulator 385, which
supplies a regulated voltage to the voltage generation-
or application device 810. The connection terminals 811
represent thatin the illustrated embodiment of the inven-
tion, the connection terminal couples or connects the
sensor 355 to the sensor electronics device 360.
[0058] In an embodiment of the invention illustrated in
Fig. 8, the voltage generation or application device 810
supplies a voltage, e.g., the first voltage or the second
voltage, to an input terminal of an operational amplifier
840. The voltage generation or application device 810
may also supply the voltage to a working electrode 375
of the sensor 355. Another input terminal of the opera-
tional amplifier 840 is coupled to the reference electrode
370 of the sensor. The application of the voltage from
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the voltage generation or application device 810 to the
operational amplifier 840 drives a voltage measured at
the counter electrode 365 to be close to or equal the
voltage applied at the working electrode 375. In an em-
bodiment of the invention, the voltage generation or ap-
plication device 810 could be utilized to apply the desired
voltage between the counter electrode and the working
electrode. This may occur by the application of the fixed
voltage to the counter electrode directly.

[0059] In an embodiment of the invention as illustrated
in Figs. 6(a) and 6(b), the voltage generation device 810
generates afirst voltage that is to be applied to the sensor
during a first timeframe. The voltage generation device
810 transmits this first voltage to an op amp 840 which
drives the voltage ata counter electrode 365 of the sensor
355to thefirstvoltage. Inan embodiment of the invention,
the voltage generation device 810 also could transmit
the first voltage directly to the counter electrode 365 of
the sensor 355. In the embodiment of the invention illus-
trated in Fig. 6(a), the voltage generation device 810 then
does not transmit the first voltage to the sensor 355 for
a second timeframe. In other words, the voltage gener-
ation device 810 is turned off or switched off. The voltage
generation device 810 may be programmed to continue
cycling between applying the first voltage and not apply-
ing a voltage for either a number of iterations or for a
stabilization timeframe, e.g., for twenty minutes. Fig. 8(b)
illustrates a voltage generation device to implement this
embodiment of the invention.. The voltage regulator 385
transfers the regulated voltage to the voltage generation
device 810. A control circuit 860 controls the closing and
opening of a switch 850. If the switch 850 is closed, the
voltage is applied. If the switch 850 is opened, the voltage
is not applied. The timer 865 provides a signal to the
control circuit 860 to instruct the control circuit 860 to turn
on and off the switch 850. The control circuit 860 includes
logic which can instruct the circuit to open and close the
switch 850 a number of times (to match the necessary
iterations). In an embodiment of the invention, the timer
865 may also transmit a stabilizations signal to identify
that the stabilization sequence is completed, i.e. that a
stabilization timeframe has elapsed.

[0060] In an embodiment of the invention, the voltage
generation device generates afirst voltage for a firsttime-
frame and generates a second voltage for a second time-
frame. Fig. 8(c) illustrates a voltage generation device to
generate two voltage values according in a sensor elec-
tronics device according to implement this embodiment
of the invention. In this embodiment of the invention, a
two position switch 870 is utilized. lllustratively, if the first
switch position 871 is turned on or closed by the timer
865 instructing the control circuit 860, then the voltage
generation device 810 generates a first voltage for the
first timeframe. After the first voltage has been applied
for the first timeframe, timer sends a signal to the control
circuit 860 indicating the first timeframe has elapsed and
the control circuit 860 directs the switch 870 to move to
the second position 872. When the switch 870 is at the
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second position 872, the regulated voltage is directed to
a voltage step-down or buck converter 880 to reduce the
regulated voltage to a lesser value. The lesser value is
then delivered to the op amp 840 for the second time-
frame. After the timer 865 has sent a signal to the control
circuit 860 that the second timeframe has elapsed, then
the control circuit 860 moves the switch 870 back to the
first position. This continues until the desired number of
iterations has been completed or the stabilization time-
frame has elapsed. In an embodiment of the invention,
after the sensor stabilization timeframe has elapsed, the
sensor transmits a sensor signal 350 to the signal proc-
essor 390.

[0061] Fig. 8(d) illustrates a voltage application device
810 utilized to perform more complex applications of volt-
age to the sensor. The voltage application device 810
may include a controldevice 860, a switch 890, a sinusoid
generation device 891, aramp voltage generation device
892, and a constant voltage generation device 893. In
other embodiments of the invention, the voltage applica-
tion may generate an AC wave on top of a DC signal or
other various voltage pulse waveforms. In the embodi-
ment of the invention illustrated in Fig. 8(d), the control
device 860 may cause the switch to move to one of the
three voltage generation systems 891 (sinusoid), 892.
(ramp), 893 (constant DC). This results in each of the
voltage regulation systems generating the identified volt-
age waveform. Under certain operating conditions, e.g.,
where a sinusoidal pulse is to be applied for three pulses,
the control device 860 may cause the switch 890 to con-
nect the voltage from the voltage regulator 385 to the
sinusoid voltage generator 891 in order for the voltage
application devices 810 to generate a sinmsoidal voltage.
Under other operating, conditions, e.g., whenaramp volt-
age is applied to the sensor as the first voltage for a first
pulse of three pulses, a sinusoid voltage is applied to the
sensor as the first voltage for a second pulse of the three
pulses, arid a constantDC voltage is applied to the sensor
as the first voltage for a third pulse of the three pulses,
the control device 860 may cause the switch 890, during
the first timeframes in the anodic / cathodic cycles, to
move between connecting the voltage from the voltage
generation or application device 810 to the ramp voltage
generation system 891, then to the sinusoidal voltage
generation system 892, and then to the constant DC volt-
age generation system 893. In this embodiment of the
invention, the control device 860 may also be directing
or controlling the switch to connect certain ones of the
voltage generation subsystems to the voltage from the
regulator 385 during the second timeframe, e.g., during
application of the second voltage.

[0062] Fig. 9illustrates a sensor electronics device in-
cluding a microcontroller for generating voltage pulses
according to an embodiment of the present invention.
The advanced sensor electronics device may include a
microcontroller 410 (see Fig. 4), a digital-to-analog con-
verter (DAC) 420, an op amp 840, and a sensor signal
measurement circuit 431. In an embodiment of the in-
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vention, the sensor signal measurement circuit may be
a current-to-frequency (I/F) converter 430. In the embod-
iment of the invention illustrated in Fig. 9, software or
programmable logic in the microcontroller 410 provides
instructions to transmit signals to the DAC 420, which in
turn instructs the DAC 420 to output a specific voltage to
the operational amplifier 840. The microcontroller 410
may also be instructed to output a specific voltage to the
working electrode 375, as is illustrated by line 911 in Fig.
9. As discussed above, the application of the specific
voltage to operational amplifier 840 and the working elec-
trode 375 may drive the voltage measured at the counter
electrode to the specific voltage magnitude. In other
words, the microcontroller 410 outputs a.signal which is
indicative of a voltage or a voltage waveform that is to
be applied to the sensor 355 (e.g., the operational am-
plifier 840 coupled to the sensor 355). In an alternative
embodiment of the invention, a fixed voltage may be set
by applying a voltage directly from the DAC 420 between
the reference electrode and the working electrode 375.
Asimilar result may also be obtained by applying voltages
to each of the electrodes with the difference equal to the
fixed voltage applied between the reference and working
electrode. In addition, the fixed voltage may be set by
applying avoltage between the reference and the counter
electrode. Under certain operating conditions, the micro-
controller 410 may generates a pulse of a specific mag-
nitude which the DAC 420 understands represents that
a voltage of a specific (magnitude is to be applied to the
sensor. After, a first timeframe, the microcontroller 410
(via the program or programmable logic) outputs a sec-
ond signal which either instructs the DAC 420 to output
no voltage, (for a sensor electronics device 360 operating
according to the method described in Fig. 6(a)) or to out-
put a second voltage (for a sensor electronics device 360
operating according to the method described in Fig. 6(b)).
The microcontroller 410, after the second timeframe has
elapsed, then repeats the cycle of sending the signal in-
dicative of afirst voltage to apply, (for the first timeframe)
and then sending the signal to instruct no voltage is to
be applied or that a second voltage is to be applied (for
the second timeframe).

[0063] Underotheroperating conditions, the microcon-
troller 410 may generate a signal to the DAC 420 which
instructs the DAC to output a ramp voltage. Under other
operating conditions, the microcontroller 410 may gen-
erate a signal to the DAC 420 which instructs the DAC
420 to output a voltage simulating a sinusoidal voltage.
These signals could be incorporated into any of the puls-
ing methodologies discussed above in the preceding par-
agraph or earlier in the application. In an embodiment of
the invention, the microcontroller 410 may generate a
sequence of instructions and/or pulses, which the DAC
420 receives and understands to mean that a certain
sequence of pulses is to be applied. For example, the
microcontroller 410 may transmit a sequence of instruc-
tions (via signals and/or pulses) that instruct the DAC
420 to generate a constant voltage for a first iteration of
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a first timeframe, a ramp voltage for a first iteration of a
second timeframe, a sinusoidal voltage for a second it-
eration of a first timeframe, and a squarewave having
two values for a second iteration of the second timeframe.
[0064] The microcontroller 410 may include program-
mable logic or a program to continue this cycling for a
stabilization timeframe or for a number of iterations. II-
lustratively, the microcontroller 410 may include counting
logic to identify when the first timeframe or the second
timeframe has elapsed. Additionally, the microcontroller
410 may include counting logic to identify that a stabili-
zation timeframe has elapsed. After any of the preceding
timeframes have elapsed, the counting logic may instruct
the microcontroller to either send a new signal or to stop
transmission of a signal to the DAC 420.

[0065] The use of the microcontroller 410 allows a va-
riety of voltage magnitudes to be applied in a number of
sequences for a number of time durations. In an embod-
iment of the invention, the microcontroller 410 may in-
clude control logic or a program to instruct the digital-to-
analog converter 420 to transmit a voltage pulse having
a magnitude of approximately 1.0 volt for a first time pe-
riod of 1 minute, to then transmit a voltage pulse having
a magnitude of approximately 0.5 volts for a second time
period of 4 minutes, and to repeat this cycle for four iter-
ations. In an embodiment of the invention, the microcon-
troller 410 may be programmed to transmit a signal to
cause the DAC 420 to apply the same magnitude voltage
pulse for each first voltage in each of the iterations. In an
embodiment of the invention, the microcontroller 410
may be programmed to transmit a signal to cause the
DAC to apply a different magnitude voltage pulse for each
first voltage in each of the iterations. In this embodiment
of the invention, the microcontroller 410 may also be pro-
grammed to transmit a signal to cause the DAC 420 to
apply a different magnitude voltage pulse for each sec-
ond voltage in each of the iterations. lllustratively, the
microcontroller 410 may be programmed to transmit a
signal to cause the DAC 420 to apply a first voltage pulse
of approximately one volt in the first iteration, to apply a
second voltage pulse of approximately .5 volts in the first
iteration, to apply a first voltage of 0.7 volts and a second
voltage of 0.4 volts in the second iteration, and to apply
a first voltage of 1.2 and a second voltage of 0.8 in the
third iteration.

[0066] The microcontroller 410 may also be pro-
grammed to instruct the DAC 420 to provide a number
of short duration voltage pulses for a first timeframe. In
this embodiment of the invention, rather than one voltage
being applied for the entire first timeframe (e.g., two min-
utes), anumber of shorter duration pulses may be applied
to the sensor. In this embodiment, the microcontroller
410 may also be programmed to program the DAC 420
to provide a number of short duration voltage pulses for
the second timeframe to the sensor. lllustratively, the mi-
crocontroller 410 may send a signal to cause the DAC
to apply a number of short duration voltage pulses where
the short duration is 50 milliseconds or 100 milliseconds.
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In between these short duration pulses the DAC may
apply no voltage orthe DAC may apply a minimal voltage.
The DAC 420 may cause the microcontroller to apply the
short duration voltage pulses for the first timeframe, e.g.,
two minutes. The microcontroller 410 may then send a
signal to cause the DAC to either not apply any voltage
or to apply the short duration voltage pulses at a magni-
tude of a second voltage for a second timeframe to the
sensor, e.g., the second voltage may be 0.75 volts and
the second timeframe may be 5 minutes. In an embodi-
ment of the invention, the microcontroller 410 may send
a signal to the DAC 420. to cause .the DAC 420 to apply
a different magnitude voltage for each of short duration
pulses in the first timeframe and/or in the second time-
frame. In an embodiment of the invention, the microcon-
troller 410 may send a signal to the DAC 420 to cause
the DAC 420 to apply a pattern of voltage magnitudes to
the short durations voltage pulses for the first timeframe
or the second timeframe. For example, the microcontrol-
ler may transmit a signal or pulses instructing the DAC
420 to apply thirty 20 millisecond pulses to the sensor
during the first timeframe. Each of the thirty 20 millisec-
ond pulses may have the same magnitude or may have
a different magnitude. In this embodiment of the inven-
tion, the microcontroller 410 may instruct the DAC 420
to apply short duration pulses during the second time-
frame or may instruct the DAC 420 to apply another volt-
age waveform during the second timeframe.

[0067] Although the disclosures in Figs. 6 - 8 disclose
the application of a voltage, a current may also be applied
to the sensor to initiate the stabilization process. lllustra-
tively, in the embodiment of the invention illustrated in
Fig. 6(b), afirst current may be applied during a first time-
frame to initiate an anodic or cathodic response and a
second current may be applied during a second time-
frame to initiate the opposite anodic or cathodic re-
sponse. The application of the first current and the sec-
ond current may continue for a number of iterations or
may continue for a stabilization timeframe. In an embod-
iment of the invention, a first current may be applied dur-
ing a first timeframe and a first voltage may be applied
during a second timeframe. In other words, one of the
anodic or cathodic cycles may be triggered by a current
being applied to the sensor and the other of the anodic
or cathodic cycles may be triggered by a voltage being
applied to the sensor. As described above, a current ap-
plied may be a constant current, a ramp current, a
stepped pulse current, or a sinusoidal current. Under cer-
tain operating conditions, the current may be applied as
a sequence of short duration pulses during the first time-
frame.

[0068] Fig. 9(b) illustrates a sensor and sensor elec-
tronics utilizing an analyzation module for feedback in a
stabilization period according to an embodiment of the
present invention. Fig. 9(b) introduces an analyzation
module 950 to the sensor electronics device 360. The
analyzation module 950 utilizes feedback from the sen-
sor to determine whether or not.the sensor is stabilized.
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In an embodiment of the invention, the microcontroller
410 may include instructions or commands to control the
DAC 420 so thatthe DAC 420 applies a voltage or current
to a part of the sensor 355. Fig. 9(b) illustrates that a
voltage or current could be applied between a reference
electrode 370 and a working electrode 375. However,
the voltage or current can be applied in between elec-
trodes or directly to one of the electrodes and the inven-
tion should not be limited by the embodiment illustrated
in Fig. 9(b). The application of the voltage or current is
illustrated by dotted line 955. The analyzation module
950 may measure a voltage, a current, a resistance, or
an impedance in the sensor 355. Fig. 9(b) illustrates that
the-measurement occurs at the working electrode 375,
but this should not be limit the invention because other
embodiments of the invention may measure a voltage; a
current, a resistance, or an impedance in between elec-
trodes of the sensor or direct at either the reference elec-
trode 370 or the counter electrode 365. The analyzation
module 950 may receive the measured voltage, current,
resistance, or impedance and may compare the meas-
urement to a stored value (e.g., a threshold value or set
measurement criteria). Dotted line 956 represents the
analyzation module 950 reading or taking a measure-
ment of the voltage, current, resistance, or impedance.
Under certain operating conditions, if the measured volt-
age, current, resistance, or impedance is above the
threshold, (or matches the set measurement criteria) the
sensor is stabilized and the sensor signal is providing
accurate readings of a physiological condition of a pa-
tient. Under other operating conditions, if the measured
voltage, current, resistance, or impedance is below the
threshold, the sensor is stabilized. Under other operating
conditions, the analyzation module 950 may verify that
the measured voltage, current, resistance, orimpedance
is stable for a specific timeframe, e.g., one minute or two
minutes. This may represent that the sensor 355 is sta-
bilized and that the sensor signal is transmitting accurate
measurements of a subject’s physiological parameter,
e.g., blood glucose level. After the analyzation module
950 has determined that the sensor is stabilized and the
sensor signal is providing accurate measurements, the
analyzation module 950 may transmit a signal (e.g., a
sensor stabilization signal) to the microcontroller 410 in-
dicating that the sensor is stabilized and that the micro-
controller 410 can start using or receiving the sensor sig-
nal from the sensor 355. This is represented by dotted
line 957. Under other operating conditions, the microcon-
troller may receive a sensor stabilization signal and may
either terminate the stabilization sequence (because the
sensor is stabilized), modify or alter the application of the
pulses, or modify or alter the timing of the pulses.

[0069] Fig. 10 illustrates a block diagram of a sensor
system including hydration electronics according to an
embodiment of the presentinvention. The sensor system
includes a connector 1010, a sensor 1012, and a monitor
or sensor electronics device 1025. The sensor 1010 in-
cludes electrodes 1020 and a connection portion 1024.
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In an embodiment of the invention, the sensor 1012 may
be connected to the sensor electronics device 1025 via
a connector 1010 and a cable. In other embodiments of
the invention, the sensor 1012 may be directly connected
to the sensor electronics device 1025. In other embodi-
ments of the invention, the sensor. 1012 may be incor-
porated into the same physical device as the sensor elec-
tronics device 1025. The monitor or sensor electronics
device 1025 may include a power supply 1030, a regu-
lator 1035, a signal processor 1040, a measurement
processor 1045, and a processor 1050. The monitor or
sensor electronics device 1025 may also include a hy-
dration detection circuit 1060. The hydration detection
circuit 1060 interfaces with the sensor 1012 to determine
if the electrodes 1020 of the sensor 1012 are sufficiently
hydrated. If the electrodes 1020 are not sufficiently hy-
drated, the electrodes 1020 do not provide accurate glu-
cose readings, so it is important to know when the elec-
trodes 1020 are -sufficiently hydrated. Once the elec-
trodes 1020 are sufficiently hydrated, accurate glucose
readings may be obtained.

[0070] In an embodiment of the invention illustrated in
Fig. 10, the hydration detection circuit 1060 may include
adelay or timer module 1065 and a connection detection
module 1070. In an embodiment of the invention utilizing
the short term sensor or the subcutaneous sensor, after
the sensor 1012 has been inserted into the subcutaneous
tissue, the sensor electronics device or monitor 1025 is
connected to the sensor 1012 utilizing the cable 1015.
The connection detection module 1070 identifies that the
sensors electronics device or monitor 1025 has been
connected to the sensor 1012 and sends a signal to the
timer module 1065. This is illustrated in Fig. 10 by the
arrow 1084 which represents a detector 1083 detecting
a connection and sending a signal to the connection de-
tection module 1070 indicating the sensor 1012 has been
connected to the sensor electronics device or monitor
1025. In an embodiment of the invention where implant-
able or long-term sensors are utilized, a connection de-
tection module 1070 identifies that the implantable sen-
sor has been inserted into the body. The timer module
1065 receives the connection signal and waits a set or
established hydration time. lllustratively, the hydration
time may be two minutes, five minutes, ten minutes, or
20 minutes. These examples are meant to be illustrative
and not to be limiting. The timeframe does not have to
be a set number of minutes and can include any number
of seconds. In an embodiment of the invention, after the
timer module 1065 has waited for the set hydration time,
the timer module 1065 may notify the processor 1050
that the sensor 1012 is hydrated by sending a hydration
signal, which is illustrated by dotted line 1086.

[0071] In this embodiment of the invention, the proc-
essor 1050 may receive the hydration signal and only
start utilizing the sensor signal (e.g., sensor measure-
ments) after the hydration signal has been received. In
another embodiment of the invention, the hydration de-
tection circuit 1060 may be coupled between the sensor
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(the sensor electrodes 1020) and the signal processor
1040. In this embodiment of the invention, the hydration
detection circuit 1060 may preventthe sensor signal from
being sent to signal processor 1040 until the timer module
1065 has notified the hydration detection circuit 1060 that
the set hydration time has elapsed. This is illustrated by
the dotted lines labeled with reference numerals 1080
and 1081. lllustratively, the timer module 1065 may trans-
mit a connection signal to a switch (or transistor) to turn
on the switch and let the sensor signal proceed to the
signal processor 1040. In an alternative embodiment of
the invention, the timer module 1065 may transmit a con-
nection signal to turn on a switch 1088 (or close the switch
1088) in the hydration detection circuit 1060 to allow a
voltage from the regulator 1035 to be applied to the sen-
sor 1012 after the hydration time has elapsed. In other
words, in this embodiment of the invention, the voltage
from the regulator 1035 will not be applied to the sensor
1012 until after the hydration time has elapsed.

[0072] Fig. 11 illustrates an embodiment of the inven-
tion including a mechanical switch to assist in determin-
ing a hydration time. In an embodiment of the invention,
a single housing 1100 may include a sensor assembly
1120 and a sensor electronics device 1125. In an em-
bodiment of the invention, the sensor assembly 1120
may be in one housing and the sensor electronics device
1125 may be in a separate housing, but the sensor as-
sembly 1120 and the sensor electronics device 1125 may
be connected together. In this embodiment of the inven-
tion, a connection detection mechanism 1160 may in-
clude be a mechanical switch. The mechanical switch
may detect that the sensor 1120 is physically connected
to the sensor electronics device 1125. In an embodiment
oftheinvention, atimer circuit 1135 may also be activated
when the mechanical switch 1160 detects thatthe sensor
1120 is connected to the sensor electronics device 1125.
In other words, the mechanical switch may close and a
signal may be transferred to a timer circuit 1135. Once
a hydration time has elapsed, the timer circuit 1135 trans-
mits a signal to the switch 1140 to allow the regulator
1035 to apply a voltage to the sensor 1120. In other
words, no voltage is applied until the hydration time has
elapsed. In an embodiment of the invention, current may
replace voltage as what is being applied to the sensor
once the hydration time elapses. In an alternative em-
bodiment of the invention, when the mechanical switch
1160 identifies that a sensor 1120 has been physically
connected to the sensor electronics device 1125, power
may initially be applied to the sensor 1120. Power being
sent to the sensor 1120 results in a sensor signal being
output from the working electrode in the sensor 1120.
The sensor signal may be measured and sentto and may
be input to a processor 1175. The processor 1175 may
include a counter input. Under certain operating condi-
tions, after a set hydration time has elapsed from when
the sensor signal was input into the processor 1175, the
processor 1175 may start processing the sensor signal
as an accurate measurement of the glucose in a subject’s
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body. In other-words, the . processor 1170 has received
the sensor signal from the potentiostat circuit 1170 for a
certain amount of time, but will not process the signal
until receiving an instruction from the counter input of the
processor identifying that a hydration time has elapsed.
In an embodiment of the invention, the potentiostat circuit
1170 may include a current-to-frequency converter 1180.
In this embodiment of the invention, the current-to-fre-
quency converter 1180, may receive the: sensor signal
as a current value and may convert the current value into
afrequency value, which is easier for the processor 1175
to handle.

[0073] Inanembodiment of the invention, the mechan-
ical switch 1160 may also notify the processor 1170 when
the sensor 1120 has been disconnected from the sensor
electronics device 1125. This is represented by dotted
line 1176in Fig. 11. This may resultin the processor 1170
powering down or reducing power to a number of com-
ponents of the sensor electronics device 1125. If the sen-
sor 1120 is not connected, the battery or power source
may be drained if the components or circuits of the sensor
electronics device 1125 are in a power on stated. Ac-
cordingly, if the mechanical switch 1160 detects that the
sensor 1120 has been disconnected from the sensor
electronics device 1125, the mechanical switch may in-
dicate this tothe processor 1175, and the processor 1175
may power down or reduce power to one or more of the
electronic circuits or components of the sensor electron-
ics device 1125.

[0074] Fig. 12illustrates an electrical method of detec-
tion of hydration according to an embodiment of the in-
vention. In an embodiment of the invention, an electrical
detecting mechanism for detecting connection of a sen-
sor may be utilized. In this embodiment of the invention,
the hydration detection electronics 1250 may include an
AC source 1255 and a detection circuit 1260. The hydra-
tion detection electronics 1250 may be locatedin the sen-
sor electronics device 1225. The sensor 1220 may in-
clude a counter electrode 1221, a reference electrode
1222, and a working electrode 1223. As illustrated in Fig.
12, the AC source 1255 is coupled to a voltage setting
device 1275, the reference electrode 1222, and the de-
tection circuit 1260. In this embodiment of the invention,
an AC signal from the AC source is applied to the refer-
ence electrode connection, as illustrated by dotted line
1291 in Fig. 12. In an embodiment of the invention, the
AC signal is coupled to the sensor 1220 through an im-
pedance and the coupled signal is attenuated significant-
ly if the sensor 1220 is connected to the sensor electron-
ics device 1225. Thus, a low level AC signal is present
at an input to the detection circuit 1260. This may also
be referred to as a highly attenuated signal or a signal
with a high level of attenuation. Under certain operating
conditions, the voltage level of the AC signal may be Vap-
plied *(Ccoupling) / (Ccoupling + Csensor). If the detec-
tion circuit 1260 detects that the a high level AC signal
(lowly attenuated signal) is present at an input terminal
of the detection circuit 1260, no interrupt is sent to the
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microcontroller 410 because the sensor 1220 has not
been sufficiently hydrated or activated. For example, the
input of the detection circuit 1260 may be a comparator.
If the sensor 1220 is sufficiently hydrated (or wetted), an
effective capacitance forms between the counter elec-
trode and the reference electrode, (e.g., capacitance C,_.
in Fig. 12) and an effective capacitance forms between
the reference electrode and the working electrode (e.g.,
capacitance C,, in Fig. 12). In other words, an effective
capacitance relates to capacitance being formed be-
tween two nodes and does not represent that an actual
capacitor is placed in a circuit between the two elec-
trodes. In an embodiment of the invention, the AC signal
from the AC source 1255 is sufficiently attenuated by
capacitances C,_. and C,,_.and the detection circuit 1260
detects the presence of a low level or highly attenuated
AC signal from the AC source 1255 at the input terminal
of the detection circuit 1260. This embodiment of the in-
vention is significant because the utilization of the exist-
ing connections between the sensor 1120 and the sensor
electronics device 1125 reduces the number of connec-
tionstothe sensor. In other words, the mechanical switch,
disclosed in Fig. 11, requires a switch and associated
connections between the sensor 1120 and the sensor
electronics device 1125. It is advantageous to eliminate
the mechanical switch because the sensor 1120 is con-
tinuously shrinking in size and the elimination of compo-
nents helps achieve this size reduction. In alternative em-
bodiments of the invention, the AC signal may be applied
to different electrodes (e.g., the counter electrode or the
working electrode) and the invention may operate in a
similar fashion.

[0075] As noted above, after the detection circuit 1260
has detected that a low level AC signal is present at the
input terminal of the detection circuit 1260, the detection
circuit 1260 may later detect that a high level AC signal,
with low attenuation, is present at the input terminal. This
represents that the sensor 1220 has been disconnected
from the sensor electronics device 1225 or that the sen-
sor is not operating properly. If the sensor has been dis-
connected from the sensor electronics device 1225, the
AC source may be coupled with little or low attenuation
to the input of the detection circuit 1260. As noted above,
the detection circuit 1260 may generate an interrupt to
the microcontroller. This interrupt may be received by the
microcontroller and the microcontroller may reduce or
eliminate power to one or a number of components or
circuits in the sensor electronics device 1225. This may
be referred to as the second interrupt. Again, this helps
reduce power consumption of the sensor electronics de-
vice 1225, specifically when the sensor 1220 is not con-
nected to the sensor electronics device 1225.

[0076] In an alternative embodiment of the election il-
lustrated in Fig. 12, the AC signal may be applied to the
reference electrode 1222, as is illustrated by reference
numeral 1291, and an impedance measuring device
1277 may measure the impedance of an area in the sen-
sor 1220. lllustratively, the area may be an area between
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the reference electrode and the working electrode, as
illustrated by dotted line 1292 in Fig. 12. Under certain
operating conditions, the impedance measuring device
1277 may transmit a signal to the detection circuit 1260
if a measured impedance has decreased to below an
impedance threshold or other set criteria. This represents
that the sensor is sufficiently hydrated. Under other op-
erating conditions, the impedance measuring device
1277 may transmit a signal to the detection circuit 1260
once the impedance is above an impedance threshold.
The detection circuit 1260 then transmits the interrupt to
the microcontroller 410. In another embodiment of the
invention, the detection circuit 1260 may transmit an in-
terrupt or signal directly to the microcontroller.

[0077] In an alternative embodiment of the invention,
the AC source 1255 may be replaced by a DC source. If
a DC source is utilized, then a resistance measuring el-
ement may be utilized in place of an impedance meas-
uring element 1277. In an embodiment of the invention
utilizing the resistance measuring element, once the re-
sistance drops below a resistance threshold or a set cri-
teria, the resistance measuring element may transmit a
signal to the detection circuit 1260 (represented by dotted
line 1293) or directly to the microcontroller indicating that
the sensor is sufficiently hydrated and that power may
be applied to the sensor.

[0078] Inthe embodiment of the invention illustrated in
Fig. 12, if the detection circuit 1260 detects a low level
or highly attenuated AC signal from the AC source, an
interrupt is generated to the microcontroller 410. This in-
terrupt indicates that sensor is sufficiently hydrated. In
this embodiment of the invention, in response to the in-
terrupt, the microcontroller 410 generates a signal that
is transferred to a digital-to-analog converter 420 to in-
struct or cause the digital-to-analog converter 420 to ap-
ply a voltage or current to the sensor 1220. Any of the
different sequence of pulses or short duration pulses de-
scribed above in Figs. 6(a), 6(b), or 6(c) or the associated
text describing the application of pulses, may be applied
to the sensor 1220. lllustratively, the voltage from the
DAC 420 may be applied to an op-amp 1275, the output
of which is applied to the counter electrode 1221 of the
sensor 1220. This results in a sensor signal being gen-
erated by the sensor, e.g., the working electrode 1223
of the sensor. Because the sensor is sufficiently hydrat-
ed, asidentified by the interrupt, the sensor signal created
at the working electrode 1223 is accurately measuring
glucose.. The sensor signal is measured by a sensor
signalmeasuring device 431 and the sensor signal meas-
uring device 431 transmits the sensor signal to the mi-
crocontroller 410 where a parameter of a subject’s phys-
iological condition is measured. The generation of the
interrupt represents that a sensor is sufficiently hydrated
and that the sensor 1220 is now supplying accurate glu-
cose measurements. In this embodiment of the invention,
the hydration period may depend on the type and/or the
manufacturer of the sensor and on the sensor’s reaction
to insertion or implantation in the subject. lllustratively,
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one sensor 1220 may have a hydration time of five min-
utes and one sensor 1220 may have a hydration time of
one minute, two minutes, three minutes, six minutes, or
20 minutes. Again, any amount of time may be an ac-
ceptable amount of hydration time for the sensor, but
smaller amounts of time are preferable.

[0079] If the sensor 1220 has been connected, but is
not sufficiently hydrated or wetted, the effective capaci-
tances C,. and C,,, may not attenuate the AC signal
from the AC source 1255. The electrodes in the sensor
1120 are dry before insertion and because the electrodes
are dry, a good electrical path (or conductive path) does
not exist between the two electrodes. Accordingly, a high
level AC signal or lowly attenuated AC signal may still be
detected by the detection circuit 1260 and no interrupt
may be generated. Once the sensor has been inserted,
the electrodes become immersed in the conductive body
fluid. This results in a leakage path with lower DC resist-
ance. Also, boundary layer capacitors form at the metal
/fluid interface. In otherwords, a rather large capacitance
forms between the metal / fluid interface and this large
capacitance looks like two capacitors in series between
the electrodes of the sensor. This may be referred to as
an effective capacitance. In practice, a conductivity of an
electrolyte above the electrode is being measured. In
some embodiments of the invention, the glucose limiting
membrane (GLM) also illustrates impedance blocking
electrical efficiency. An unhydrated GLM results in high
impedance, whereas a high moisture GLM results in low
impedance. Low impedance is desired for accurate sen-
sor measurements.

[0080] Fig. 13(a) illustrates a method of hydrating a
sensor according to an embodiment of the present in-
vention. In an embodiment of the invention, the sensor
may be physically connected 1310 to the sensor elec-
tronics device. After the connection, in one embodiment
of the invention, a timer or counter may be initiated to
count 1320 a hydration time. After the hydration time has
elapsed, a signal may be transmitted 1330 to a subsys-
tem in the sensor electronics device to initiate the appli-
cation of a voltage to the sensor. As discussed above, in
an embodiment of the invention, a microcontroller may
receive the signal and instruct the DAC to apply a voltage
to the sensor or in another embodiment of the invention,
a switch may receive a signal which allows a regulator
to apply a voltage to the sensor. The hydration time may
be five minutes, two minutes, ten minutes and may vary
depending on the subject and also on the type of sensor
[0081] In an alternative embodiment of the invention,
after the connection of the sensor to the sensor electron-
ics device, an AC signal (e.g.; a low voltage AC signal)
may be applied 1340 to the sensor, e.g., the reference
electrode of the sensor. The AC signal may be applied
because the connection of the sensor to the sensor elec-
tronics device allows the AC signal to be applied to the
sensor. After application of the AC signal, an effective
capacitance forms 1350 between the electrode in the
sensor that the voltage is applied to and the other two
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electrodes. A detection circuit determines 1360 what lev-
el of the AC signal is present at the input of the detection
circuit. If a low level AC signal (or highly attenuated AC
signal) is present at the input of the detection circuit, due
to the effective capacitance forming a good electrical con-
duit between the electrodes and the resulting attenuation
of the AC signal, an interrupt is generated 1370 by the
detection circuit and sent to a microcontroller.

[0082] The microcontroller receives the interrupt gen-
erated by the detection circuitand transmits 1380 a signal
to a digital-to-analog converter instructing or causing the
digital-to-analog converter to apply a voltage to an elec-
trode of the sensor, e.g., the counter electrode. The ap-
plication of the voltage to the electrode of the sensor re-
sults in the sensor creating or generating a sensor signal
1390. A sensor signal measurement device 431 meas-
ures the generated sensor signal and transmits the sen-
sor signal to the microcontroller. The microcontroller re-
ceives 1395 the sensor signal from the sensor signal
measurement device, i.e., which is coupled to the work-
ing electrode, and processes the sensor signal to extract
a measurement of a physiological characteristic of the
subject or patient.

[0083] Fig. 13(b) illustrates an additional method for
verifying hydration of a sensor according to an embodi-
ment of the present invention. In the embodiment of the
invention illustrated in Fig.. 13(b), the sensor .is physi-
cally connected 1310 to the sensor electronics device.
In an embodiment of the invention, an AC signalis applied
1341 to an electrode, e.g., a reference electrode, in the
sensor. Alternatively, in an embodiment of the invention,
a DC signal is applied 1341 to an electrode in the sensor.
If an AC signal is applied, an impedance measuring el-
ement measures 1351 an impedance at a point within
the sensor. Alternatively, if a DC signal is applied a re-
sistance measuring element measures 1351 a resist-
ance at a point within the sensor. If the resistance or
impedance is lower than an resistance threshold or im-
pedance threshold, respectively, then the impedance (or
resistance) measuring element transmits 1361 (or allows
a signal to be transmitted) to the detection circuit, and
the detection circuit transmits an interrupt identifying that
the sensor is hydrated to the microcontroller.

[0084] The microcontroller receives the interrupt and
transmits 1380 a signal to a digital-to-analog converter
to apply a voltage to the sensor. In an alternative embod-
iment of the invention, the digital-to-analog converter can
apply a current to the sensor, as discussed above. The
sensor, e.g., the working electrode, creates 1390 a sen-
sor signal, which represents a physiological parameter
of a patient. The microcontroller receives 1395 the sensor
signal from a sensor signal measuring device, which
measures the sensor signal at an electrode in the sensor,
e.g., the working electrode. The microcontroller process-
es the sensor signal to extract a measurement of the
physiological characteristic of the subject or patient, e.g.,
the blood glucose level of the patient.

[0085] Figs. 14(a) and (b) illustrate methods of com-
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bining hydrating of a sensor with stabilizing of a sensor
according to an embodiment of the present invention. In
an embodiment of the invention illustrated in Fig. 14(a),
the sensor is connected 1405 to the sensor electronics
device. The AC signal is applied 1410 to an electrode of
the sensor. The detection circuit determines 1420 what
level ofthe AC signalis present ataninput of the detection
circuit. If the detection circuit determines that a low level
of the AC signal is present at the input, (representing a
high level of attenuation to the AC signal), an interrupt is
sent 1430 to microcontroller. Once the interrupt is sent
to the microcontroller, the microcontroller knows to begin
or initiate 1440 a stabilization sequence, i.e., the appli-
cation of a number of voltage pulses to an electrode of
the sensors, as described above. For example, the mi-
crocontroller may cause a digital-to-analog converter to
apply three voltage pulses (having a magnitude of +
0.535 volts) to the sensor with each of the three voltage
pulses followed by a period of three voltage pulses (hav-
ing a magnitude of 1.07 volts to be applied). This may be
referred to transmitting a stabilization sequence of volt-
ages. The microcontroller may cause this by the execu-
tion of a software program in a read-only memory (ROM)
or a random access memory. After the stabilization se-
quence has finished executing, the sensor may generate
1450 a sensor signal, which is measured and transmitted
to a microcontroller.

[0086] Inanembodimentoftheinvention,the detection
circuit may determine 1432 that a high level AC signal
has continued to be present at the input of the detection
circuit (e.g., an input of a comparator), even after a hy-
dration time threshold has elapsed. For example, the hy-
dration time threshold may be 10 minutes. After 10 min-
utes has elapsed, the detection circuit may still be de-
tecting that a high level AC signal is present. At this point
in time, the detection circuit may transmit 1434 a hydra-
tion assist signal to the microcontroller If the microcon-
troller receives the hydration assist signal, the microcon-
troller may transmit 1436 a signal to cause a DAC to
apply a voltage pulse or a series of voltage pulses to
assist the sensor in hydration. In an embodiment of the
invention, the microcontroller may transmit a signal to
cause the DAC to apply a portion of the stabilization se-
quence or other voltage pulses to assist in hydrating the
sensor. In this embodiment of the invention, the applica-
tion of voltage pulses may resultin the low level AC signal
(or highly attenuated signal) being detected 1438 at the
detection circuit. At this point, the detection circuit may
transmit an interrupt, as is disclosed in step 1430, and
the microcontroller may initiate a stabilization sequence.
[0087] Fig. 14(b) illustrates a second embodiment of a
combination of a hydration method and a stabilization
method where feedback is utilized in the stabilization
process. A sensor is connected 1405 to a sensor elec-
tronics device. An AC signal (or a DC signal) is applied
1411 to the sensor. In an embodiment of the invention,
the AC signal (or the DC signal) is applied to an electrode
of the sensor, e.g. the reference electrode. A impedance
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measuring device (or resistance measuring device)
measures 1416 the impedance (or resistance) within a
specified area of the sensor. In an embodiment of the
invention, the impedance (or resistance) may be meas-
ured between the reference electrode and the working
electrode. The measured impedance (or resistance)
maybe compared 1421 to an impedance or resistance
value to see if the impedance (or resistance) is low
enough in the sensor, which indicates the sensor is hy-
drated. If the impedance (or resistance) is below the im-
pedance (or resistance) value or other set criteria, (which
may be a threshold value), an interrupt is transmitted
1431 to the microcontroller. After receiving the interrupt,
the microcontroller transmits 1440 a signal to the DAC
instructing the DAC to apply a stabilization sequence of
voltages (or currents) to the sensor. After the stabilization
sequence has been applied to the sensor, a sensor signal
is created in the sensor (e.g., at the working electrode),
is measured by a sensor signal measuring device, is
transmitted by the sensor signal measuring device, and
is received 1450 by the microcontroller. Because the sen-
soris hydrated and the stabilization sequence of voltages
has been applied to the sensor, the sensor signal is ac-
curately measuring a physiological parameter (i.e., blood
glucose)

[0088] Fig. 14(c) illustrates a third embodiment of the
invention where a stabilization method and hydration
method are combined. In this embodiment of the inven-
tion, the sensor is connected 1500 to the sensor elec-
tronics device. After the sensor is physically connected
to the sensor electronics device, an AC signal (or DC
signal) is applied 1510 to an electrode (e.g., reference
electrode) of the sensor. At the same time, or around the
same time, the microcontroller transmits, a signal to
cause the DAC to apply 1520 a stabilization voltage se-
quence to the sensor. In an alternative embodiment of
the invention, a stabilization current sequence may be
applied to the sensor instead of a stabilization voltage
sequence. The detection circuit determines 1530 what
level of an AC signal (or DC signal) is present at an input
terminal of the detection circuit. If there is a low level AC
signal (or DC signal), representing a highly attenuated
AC signal (or DC signal), present at the input terminal of
the detection circuit, an interrupt is transmitted 1540 to
the microcontroller. Because the microcontroller has al-
ready initiated the stabilization sequence, the microcon-
troller receives the interrupt and sets 1550 afirst indicator
that the sensor is sufficiently hydrated. After the stabili-
zation sequence is complete, the microcontroller sets
1555 a second indicator indicating the completion of the
stabilization sequence. The application of the stabiliza-
tion sequence voltages results in the sensor, e.g., the
working electrode, creating 1560 a sensor signal, which
is measured by a sensor signal measuring circuit, and
sent to the microcontroller, If the second indicator that
the stabilization sequence is complete is set and the first
indicator that the hydration is complete is set, the micro-
controller is able to utilize 1570 the sensor signal. If one
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or both of the indicators are not set, the microcontroller
may not utilize the sensor signal because the sensor sig-
nal may not represent accurate measurements of the
physiological measurements of the subject

[0089] While the description above refers to particular
embodiments of the present invention, it will be under-
stood that many modifications may be made without de-
parting from the spirit thereof. The accompanying claims
are intended to cover such modifications as would fall
within the true scope of the present invention. The pres-
ently disclosed embodiments are, therefore, to be con-
sidered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the append-
ed claims rather than the foregoing description.. All
changes that come within the meaning of and range of
equivalency of the claims are intended to be embraced
therein.

Claims

1. A method of stabilizing a sensor (355) in physiolog-
ical parameter sensing applications during initializa-
tion of the sensor (355), comprising:

(a) applying a first voltage to an electrode in a
sensor for a first timeframe;

(b) applying a second voltage to an electrode in
a sensor for a second timeframe;

(c) making a measurement of a voltage, a cur-
rent, a resistance, or an impedance in the sen-
sor; and

(d) based on the measurement, determining
whether the sensor is stabilized;

wherein the method further includes terminating ap-
plication of the first and second voltages if the sensor
is determined to be stabilized; and

wherein steps (a) to (d) are further repeated if the
sensor is determined not to be stabilized.

2. A program code storage device, comprising:

computer-readable storage medium; and
computer-readable program code, the compu-
ter-readable program code being stored on the
computer-readable storage medium and having
instructions, which when executed cause a con-
troller (410) to:

(a) transmit a first signal to a digital-to-ana-
logue converter (DAC) (420), the DAC be-
ing coupled to an electrode of a sensor (355)
in physiological parameter sensing applica-
tions, the first signal representative of a first
voltage that the DAC is to apply to the elec-
trode for a first predetermined time;

(b) transmit a second signal instructing the
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DAC (420) to apply a second voltage to the
electrode for a second predetermined time;
(c) transmit a measurement signal to an an-
alyzation module to cause the analyzation
module to measure a voltage, a current, a
resistance, or an impedance in the sensor;
and

(d) receive a third signal from the analyza-
tion module indicating whether the sensor
is stabilized based on the measurement;

wherein the computer-readable program code
further includes instructions which, when exe-
cuted, cause the controller to terminate the
transmission of the first and second signals if
the sensor is determined to be stabilized; and
further repeat steps (a) to (d) if the sensor is
determined not to be stabilized.

A method according to claim 1, or the device accord-
ing to claim 2 wherein the second voltage is zero.

The method of claim 1 or 3; or the device of claim 2
or 3; wherein the sensor is determined to be stabi-
lized if the measured voltage, current, resistance, or
impedance exceeds a threshold value.

The method of claim 1 or 3; or the device of claim 2
or 3; wherein the sensor is determined to be stabi-
lized if the measured voltage, current, resistance, or
impedance is stable for a specific timeframe.

The method of claim 1 or 3; or the device of claim 2
or 3, wherein the duration of at least one of the first
timeframe and the second timeframe is modified for
the repetition of steps (a) to (d).

The method of claim 1 or 3 or the device of claim 2
or 3, wherein if the sensor is determined not to be
stabilized, repeating steps (a) and (b) for a plurality
of iterations prior to proceeding to steps (c) and (d).

The method of claim 1 orthe device of claim 2, where-
in at least one of the first and second voltages is a
ramp voltage, a sinusoid-shaped voltage, a stepped
voltage or a squarewave or the at least one of the
first and second voltages includes a plurality of volt-
age pulses.

The method or device of claim 3 wherein the first
voltage is a ramp voltage, a sinusoid-shaped volt-
age, a stepped voltage or a squarewave.

The method or device of claim 3 wherein the first
voltage includes a plurality of voltage pulses.

The method, device of claim 10 further including
modifying the number of the plurality of voltage puls-
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es and repeating steps (a) - (d) if the sensor is de-
termined not to be stabilized.

12. A blood glucose sensing system, comprising:

a sensor, the sensor (355) including a plurality
of electrodes; and

a sensor electronics device (360), the sensor
electronics device (360) including stabilization
circuitry to provide a first voltage to one of the
plurality of electrodes to initiate an anodic cycle
within the sensor, to provide a second voltage
to the one of the plurality of electrodes to initiate
a cathodic cycle within the sensor, and to repeat
the application of the first voltage and the second
voltage to continue the anodic - cathodic cycle;
wherein the stabilization circuitry includes a mi-
crocontroller (410), the microcontroller is config-
ured for applying a stabilization sequence con-
sisting of transmitting a first signal indicative of
the first voltage to be applied to a sensor and
also transmitting a second signal indicative of
the second voltage, to terminate the stabilization
sequence if it is determined that the sensor is
stabilized, and

wherein the stabilization circuitry further in-
cludes analyzation circuitry (950) to measure an
electrical characteristic of the sensor to deter-
mine whether the sensor is stabilized and to
transmit a reading indicating the electrical char-
acteristic measurement to the microcontroller.

Patentanspriiche

1.

Verfahren zum Stabilisieren eines Sensors (355)
wahrend dessen Initialisierung in Anwendungen mit
sensorischer Erfassung eines physiologischen Pa-
rameters, das beinhaltet:

(a) Anlegen einer ersten Spannung an eine
Elektrode in einem Sensor fiir die Dauer eines
ersten Zeitrahmens;

(b) Anlegen einer zweiten Spannung an eine
Elektrode in einem Sensor fiir die Dauer eines
zweiten Zeitrahmens;

(c) Messen einer Spannung, eines Stroms, ei-
nes Widerstands oder einer Impedanz im Sen-
sor; und

(d) auf Grund der Messung ermitteln, ob der
Sensor stabilisiert ist;

wobei das Verfahren weiterhin beinhaltet, das Anle-
gen der ersten und der zweiten Spannung zu been-
den, wenn der Sensor sich als stabilisiert erweist;
und

Wiederholen der Schritte (a) - (d), falls der Sensor
sich als nicht stabilisiert erweist.
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2. Programmcode-Speichereinrichtung, die aufweist:

einen computerlesbaren Aufzeichnungstrager;
und

computerlesbaren Programmcode, der auf dem
computerlesbaren Aufzeichnungstréger ge-
speichert ist und Befehle beinhaltet, die, wenn
ausgefiihrt, einen Controller (410) zu folgendem
veranlassen:

(a) Senden eines ersten Signals an einen
Digital-Analog-Wandler (DAC) (420), der
mit einer Elektrode eines Sensors (355) in
Anwendungen mit sensorischer Erfassung
physiologischer Parameter gekoppelt ist,
wobei das erste Signal eine erste Spannung
darstellt, die der DAC fir die Dauer eines
ersten Zeitrahmens an die Elektrode legen
soll;

(b) Senden eines zweiten Signals, das den
DAC (420) anweist, fur die Dauer eines
zweiten Zeitraums eine zweite Spannung
an die Elektrode zu legen;

(c) Senden eines Messsignals an ein Ana-
lysiermodul zwecks Messung einer Span-
nung, eines Stroms, eines Widerstands
oder einer Impedanz im Sensor;

(d) Empfang eines dritten Signals aus dem
Analysiermodul, das auf Grund der Mes-
sung anzeigt, ob der Sensor stabilisiert ist;

wobei der computerlesbare Programmcode
weiterhin Befehle beinhaltet, die, wenn ausge-
fUhrt, veranlassen, dass der Controller das Sen-
den des ersten und des zweiten Signals been-
det, falls der Sensor sich als stabilisiert erweist,
und weiterhin die Schritte (a) bis (d) wiederholt,
falls der Sensor sich als nicht stabilisiert erweist.

Verfahren nach Anspruch 1 oder Einrichtung nach
Anspruch 2, bei dem/der die zweite Spannung null
ist.

Verfahren nach Anspruch 1 oder 3 oder Einrichtung
nach Anspruch 2 oder 3, bei dem/der der Sensor als
stabilisiert festgestellt wird, wenn der Messwert der
Spannung, des Stroms, des Widerstands oder der
Impedanz einen Schwellenwert Uibersteigt.

Verfahren nach Anspruch 1 oder 3 oder Einrichtung
nach Anspruch 2 oder 3, bei dem/der der Sensor als
stabilisiert festgestellt wird, falls der Messwert der
Spannung, des Stroms, des Widerstands oder der
Impedanz Uiber einen bestimmten Zeitrahmen stabil
ist.

Verfahren nach Anspruch 1 oder 3 oder Einrichtung
nach Anspruch 2 oder 3, bei dem/der die Dauer min-
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destens des ersten oder des zweiten Zeitahmens
oder beider fir die Wiederholdung der Schritte (a)
bis (d) gedndert wird.

Verfahren nach Anspruch 1 oder 3 oder Einrichtung
nach Anspruch 2 oder 3, bei dem/der, falls der Sen-
sor sich als nicht stabilisiert erweist, die Schritte (a)
bis (d) vor dem Ubergang zu den Schritten (c) und
(d) mehrmals wiederholt werden.

Verfahren nach Anspruch 1 oder Einrichtung nach
Anspruch 2, bei dem mindestens die erste oder die
zweite Spannung oder beide eine Rampen-, Sinus-,
Stufen- oder Rechteckspannung sind oder mindes-
tens die erste oder die zweite Spannung eine Viel-
zahl von Spannungsimpulsen aufweist.

Verfahren oder Einrichtung nach Anspruch 3, bei
dem die erste Spannung eine Rampen-, Sinus-, Stu-
fen- oder Rechteckspannung ist.

Verfahren oder Einrichtung nach Anspruch 3, bei
dem die erste Spannung eine Vielzahl von Span-
nungsimpulsen beinhaltet.

Verfahren oder Einrichtung nach Anspruch 10, das
weiterhin beinhaltet, die Anzahl der Spannungsim-
pulse zu verandern und die Schritte (a) - (d) zu wie-
derholen, falls der Sensor sich als nicht stabilisiert
erweist.

Blutzucker-Erfassungssystem, das aufweist:

einen Sensor (355) der mehrere Elektroden auf-
weist; und

eine Sensorelektronik (360) die eine Stabilisie-
rungsschaltung enthalt, um an eine der Elektro-
den eine erste Spannung zu legen, mit der im
Sensor ein anodischer Zyklus eingeleitet wird,
an die eine Elektrode eine zweite Spannung zu
legen, um im Sensor einen kathodischen Zyklus
einzuleiten; und das Anlegen der ersten und der
weiten Spannung zu wiederholen, um den An-
odisch-Kathodisch-Zyklus fortzusetzen;

wobei die Stabilisierungsschaltung einen Mikro-
controller (410) aufweist, der eingerichtet ist, ei-
ne Stabilisierungssequenz anzuwenden, die
daraus besteht, ein erstes Signal, das die an
einen Sensor zu legende erste Spannung an-
zeigt, und auch ein zweites Signal zu senden,
das die zweite Spannung anzeigt, und die Sta-
bilisierungssequenz zu beenden, falls sich er-
weist, dass der Sensor stabilisiert ist, und
wobei die Stabilisierungsschaltung weiterhin ei-
ne Analysierschaltung (950) aufweist, mit der ei-
ne elektrische Eigenschaft des Sensors mess-
barist, um zu ermitteln, ob der Sensor stabilisiert
ist, und die an den Mikrocontroller einen Mess-
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wert sendet, der die elektrische Eigenschaft an-
zeigt.

Revendications

Procédé de stabilisation d'un capteur (355) dans des
applications de détection de paramétres physiologi-
ques pendant [initialisation du capteur (355),
comprenant :

(a) appliquer une premiére tension a une élec-
trode dans un capteur pendant une premiére fe-
nétre de temps ;

(b) appliquer une seconde tension a une élec-
trode dans un capteur pendant une seconde fe-
nétre de temps ;

(c) réaliser une mesure d’une tension, d’'un cou-
rant, d’'une résistance ou d’'une impédance dans
le capteur ; et

(d) sur la base de la mesure, déterminer si le
capteur est stabilisé ;

dans lequel le procédé inclut en outre de mettre fin
de 'application des premiére et seconde tensions si
I'on détermine que le capteur est stabilisé ; et

dans lequel les étapes (a) a (d) sont en outre répé-
tées si 'on détermine que le capteur n'est pas sta-
bilisé.

Dispositif de stockage de code de programme,
comprenant :

un support de stockage lisible par ordinateur ; et
un code de programme lisible par ordinateur, le
code de programme lisible par ordinateur étant
stocké sur le support de stockage lisible par or-
dinateur et ayant des instructions qui, lorsqu’el-
les sontexécutées, aménent un contréleur (410)
a:

(a) transmettre un premier signal a un con-
vertisseur numérique-vers-analogique
(DAC) (420), le DAC étant couplé a une
électrode d’'un capteur (355) dans des ap-
plications de détection de paramétres phy-
siologiques, le premier signal représentatif
d’'une premiére tension que le DAC doit ap-
pliquer a I'électrode pendant un premier
temps prédéterminé ;

(b) transmettre un deuxiéme signal ordon-
nantau DAC (420) d’appliquer une seconde
tension a I'électrode pendant un second
temps prédéterminé ;

(c) transmettre un signal de mesure a un
module d’analyse pour amener le module
d’analyse a mesurer une tension, un cou-
rant, une résistance ou une impédance
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dans le capteur ; et

(d) recevoir un troisieme signal du module
d’analyse indiquant si le capteur est stabi-
lisé sur la base de la mesure ;

dans lequel le code de programme lisible par
ordinateur inclut en outre des instructions qui,
lorsqu’elles sont exécutées, aménent le contré-
leur a mettre fin a la transmission des premier
et deuxiéme signaux si I'on détermine que le
capteur est stabilisé, et répéter en outre les éta-
pes (a) a (d) si 'on détermine que le capteur
n’est pas stabilisé.

Procédé selon la revendication 1 ou dispositif selon
la revendication 2, dans lequel la seconde tension
est zéro.

Procédé selon la revendication 1 ou 3 ou dispositif
selon la revendication 2 ou 3, dans lequel on déter-
mine que le capteur est stabilisé si la tension, le cou-
rant, larésistance ou I'impédance mesurée dépasse
une valeur de seuil.

Procédé selon la revendication 1 ou 3 ou dispositif
selon la revendication 2 ou 3, dans lequel on déter-
mine que le capteur est stabilisé si la tension, le cou-
rant, la résistance ou 'impédance mesurée est sta-
ble pendant une fenétre de temps spécifique.

Procédé selon la revendication 1 ou 3 ou dispositif
selon la revendication 2 ou 3, dans lequel la durée
d’au moins une parmi la premiére fenétre de temps
et la seconde fenétre de temps est modifiée pendant
la répétition des étapes (a) a (d).

Procédé selon la revendication 1 ou 3 ou dispositif
selon la revendication 2 ou 3, dans lequel si 'on dé-
termine que le capteur n’est pas stabilisé, les étapes
(a) et (b) sont répétées pour une pluralité d’itérations
avant de procéder aux étapes (c) et (d).

Procédé selon la revendication 1 ou dispositif selon
la revendication 2, dans lequel au moins I'une des
premiére et seconde tensions est une tension en
rampe, une tension sinusoidale, une tension étagée
ou une onde carrée ou la au moins une des premiére
et seconde tensions inclut une pluralité d'impulsions
de tension.

Procédé ou dispositif selon la revendication 3, dans
lequel la premiére tension est une tension de rampe,
une tension sinusoidale, une tension étagée ou une
onde carrée.

Procédé ou dispositif selon la revendication 3, dans
lequel la premiére tension inclut une pluralité d’'im-
pulsions de tension.
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11. Procédé ou dispositif selon la revendication 10, in-
cluant en outre la modification du nombre de la plu-
ralité d'impulsions de tension et la répétition des éta-
pes (a) a (d) si 'on détermine que le capteur n’est
pas stabilisé.

12. Systéeme de détection de glycémie, comprenant :

un capteur, le capteur (355) incluant une plura-
lité d’électrodes ; et

un dispositif a électronique de capteur (360), le
dispositif électronique de capteur (360) incluant
une circuiterie de stabilisation pour fournir une
premiére tension a l'une parmila pluralité d’élec-
trodes pour initier un cycle anodique dans le
capteur, pour fournir une seconde tension a
'une parmi la pluralité d’électrodes pour initier
un cycle cathodique dans le capteur, et pour ré-
péter I'application de la premiere tension et de
la seconde tension pour continuer le cycle ano-
dique-cathodique ;

dans lequel la circuiterie de stabilisation inclut
un microcontréleur (410), le microcontrdleur est
configuré pour appliquer une séquence de sta-
bilisation consistant a transmettre un premier si-
gnal indicatif de la premiére tension devant étre
appliquée a un capteur et transmettre égale-
ment un second signal indicatif de la seconde
tension, pour mettre fin a la séquence de stabi-
lisation s'il est déterminé que le capteur est sta-
bilisé, et

dans lequel la circuiterie de stabilisation inclut
enoutre une circuiterie d’analyse (950) pour me-
surer une caractéristique électrique du capteur
pour déterminer sile capteur est stabilisé et pour
transmettre une lecture indiquant la mesure de
caractéristique électrique au microcontroleur.
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Apply a first voltage to an electrode for a
first time to initiate anodic cycle

l

Wait a second time and do not apply a
voltage during the second time

l

Repeat the application of the first voltage for
a first time and the application of no voitage
for a second time for a number of iterations.

Fig. 6(a)

Fig. 6(b)

Apply a first voltage to an electrode for a
first time to initiate anodic cycle

h

Apply a second voitage to an electrode for a
second time to initiate cathodic cycle

4

Repeat the application of the first voltage for the first
time and the application of the second voltage for the
second time for a number of intervals or for a
stabilization time period.
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Fig. 6(c)

i
-

Apply a first voltage to an electrode for a

first imeframe to initiate anodic cycle 630

y

Apply a second voitage to an electrode for a

second timeframe to initiate cathodic cycle 635

r

Measure sensor signal or part of sensor to
determine if sensor signal is accurate (e.g.,
measured voltage, current, resistance, or
impedance). Is sensor providing accurate
readings?

637

Yes No

Sensor is stabilized and ready to provide
accurate readings 642
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Fig. 13(a)
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Fig. 13(b)
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