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Description

BACKGROUND

1. Field of the Invention

[0001] The present description relates to the field of
sensor electronics and, in particular, to implantable sen-
sor electrodes and implantable electronic circuits for sen-
sors.

2. Description of Related Art

[0002] The development of sensors that can survive
for extended periods in less than ideal environments has
increased the burden on associated electronics used to
obtain and process signals received from such sensors.
For example, in the medical device field, physiological
parameter sensors are available that may be implanted
in vivo and left in an in vivo environment for six months
to a year and longer. Such extended lengths of time in
an in vivo environment have taxed previously available
electronic circuitry used in connection with the physio-
logical parameter sensors. In addition, the availability of
physiological parameter sensors that may be placed in
a vascular environment or other environment that may
subject a physiological parameter sensor to constant fluid
environments has increased the burden on electrodes
used in conjunction with a biomolecule that may be part
of the physiological parameter sensor. Because  multiple
electrodes may be used in physiological parameter sens-
ing applications, fluids such as, for example, blood, may
create multiple conductive paths across electrodes that
compromise the integrity of measurements being made
with the electrodes. Electrode configuration and associ-
ated circuitry known up to this point have been ill-
equipped to handle the demands of such an environment.
Moreover, the extended periods of time in which a phys-
iological parameter sensor may be implanted in vivo have
placed extra demands on the power sources driving the
sensor electrodes and sensor electronics. For example,
previous sensor technology, which may have been de-
signed for relatively short term in vivo implantation of a
sensor, may have included a power source, such as, for
example, a lithium battery, for in vivo implantation along
with the sensor. Such short term sensors may have been
designed, for example, for emergency use in surgical ap-
plications where the intent was to keep the sensor pow-
ered even in storage. Thus, a hospital could store the
sensors, implant them during emergency surgery, and
expect to get sensor readouts immediately. However,
with the advent of sensors for long term in vivo implan-
tation, storing a sensor with an activated power source
may deplete the power source to such an extent that
using the sensor for long term in vivo implantation may
be impractical and even unadvisable. In addition, the de-
mand for enhanced in vivo signal processing has put
even greater demands on an already overburdened in

vivo power source. Implantable, in vivo automated sys-
tems require not only extended term power requirements
for powering an implanted power sensor, but also require
increased power availability for the circuitry used to ob-
tain and process sensor signals.
An implantable sensor is known from US 6,088,608
which consists of a substrate having electronic compo-
nents on one side and electrodes on the other. The elec-
trodes take the form of rectangular pads arranged side-
by-side. One of the electrodes is partially surrounded by
an area of the enzyme glucose oxidase. Glucose con-
centration can be determined by measuring oxygen lev-
els. Another sensor is shown in US 6,268,161, which
works by detecting the osmotic pressure in a hydrogel.
The gel deflects a diaphragm positioned over the end of
a cylindrical electrode. A second electrode is coaxially
inside of the first electrode and spaced from the dia-
phragm by an air gap. As the diaphragm deflects, so the
capacitance between the electrodes changes. Document
EP 0 537 761 discloses a bio sensor which has two elec-
trode systems side by side and separated by an insulator.
SUMMARY OF THE DISCLOSURE
The present invention is as defined in claim 1 below. The
embodiments or examples of the present disclosure that
do not fall within the scope of said claim are provided for
illustrative purposes only and do not form part of the in-
vention.
[0003] Embodiments of the present disclosure relate
to sensor electrodes and sensor electronic interfaced to
the sensor electrodes. Embodiments of the present dis-
closure include an electronic circuit for sensing an output
of a sensor including at least one electrode pair for sens-
ing a parameter. The at least one electrode pair may
have a first electrode and a second electrode, wherein
the first electrode wraps around the second electrode.
The electronic circuit may contain circuitry for processing
the parameter. The parameter sensed by the electrode
pair may be a physiological parameter such as, for ex-
ample, glucose or oxygen. The first electrode may wrap
around the second electrode in a U-shaped fashion or
may surround three sides of the second electrode. The
layout of the first electrode and a second electrode may
be such that it minimizes cross coupling between the first
electrode and the second electrode. The electronic  cir-
cuit may include a reference electrode for setting a ref-
erence voltage for the at least one electrode pair. The
reference voltage may be set to about 0.5 volts. In addi-
tion, the circuitry may include a line interface for interfac-
ing with input/output lines; a rectifier in parallel with the
line interface; a counter connected to the line interface;
and a data converter connected to the counter and the
at least one electrode pair. Control logic may be connect-
ed to the counter and the line interface. The control logic
may include a state machine and a state decoder con-
nected to the state machine. The control logic may in-
clude a microprocessor. In the electronic circuit, the rec-
tifier may transfer power from communication pulses to
a capacitor. The capacitor may power the electronic cir-
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cuit using power stored from the communication pulses.
The data converter may be an analog-to-digital convert-
er, a voltage-to-frequency converter, or a current-to-fre-
quency converter. If the data converter is a current-to-
frequency converter, an output of the current-to-frequen-
cy converter may be scaled using a prescaler before con-
necting to the counter. The prescaler may be a divide-
by-16 prescaler. The circuitry may also include a tem-
perature sensor for reading a temperature of an environ-
ment and a voltage reference for applying a voltage to a
reference electrode. In addition, switched capacitor cir-
cuits may be used as resistors in the electronic circuit.
These and other objects, features, and advantages of
embodiments of the disclosure will be apparent to those
skilled in the art from the following detailed description
when read with the drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Figure 1 shows a general block diagram of an elec-
tronic circuit for sensing an output of a sensor ac-
cording to an embodiment of the present disclosure.
Figure 2 shows an electronic configuration of the
sensor electrodes according to an embodiment of
the present disclosure.
Figure 3 shows a graph of current versus voltage for
varying levels of oxygen according to an embodi-
ment of the present disclosure.
Figure 4 shows a physical electrode layout to mini-
mize the effect of cross coupling between counter
electrodes and working electrodes according to an
embodiment of the present disclosure.
Figure 5 shows a detailed block diagram of an elec-
tronic circuit according to an embodiment of the
present disclosure.
Figure 6 shows a transmitted pulse waveform ac-
cording to an embodiment of the present disclosure.
Figure 7 shows a substrate having a first side which
contains an electrode configuration and a second
side which contains electronic circuitry according to
an embodiment of the present disclosure.
Figure 8 shows an electrode side of a sensor sub-
strate used with the spacers according to an embod-
iment of the present disclosure.

DETAILED DESCRIPTION

[0005] In the following description of preferred embod-
iments, reference is made to the accompanying drawings
which form a part hereof. It is to be understood that other
embodiments may be utilized and structural changes
may be made without departing from the scope of the
preferred embodiments of the present invention. Figure
1 shows a general block diagram of an electronic circuit
for sensing an output of a sensor according to an em-
bodiment of the present invention. At least one pair of

sensor electrodes 10 may interface to a data converter
12, the output of which may interface to a counter 14.
The counter 14 may be controlled by control logic 16.
The output of the counter 14 may connect to a line inter-
face 18. The line interface 18 may be connected to input
and output lines 20 and may also connect to the control
logic 16. The input and output lines 20 may also be con-
nected to a power rectifier 22. The sensor electrodes 10
may be used in a variety of sensing applications and may
be configured in a variety of ways. For example, the sen-
sor electrodes 10 may be used in physiological param-
eter sensing applications in which some type ofbiomol-
ecule is used as a catalytic agent. For example, the sen-
sor electrodes 10 may be used in a glucose and oxygen
sensor having a glucose oxidase enzyme catalyzing a
reaction with the sensor electrodes 10. The sensor elec-
trodes 10, along with a biomolecule or some other cata-
lytic agent, may be placed in a human body in a vascular
or non-vascular environment. For example, the sensor
electrodes 10 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.
Figure 2 shows an electronic configuration of the sensor
electrodes 10 according to an embodiment of the present
invention. An op amp 30 or other servo controlled device
may connect to sensor electrodes 10 through a circuit/
electrode interface 38.  The op amp 30 may attempt to
maintain a positive voltage between a reference elec-
trode 32 and a working electrode 34 by adjusting the
voltage at a counter electrode 36. According to an em-
bodiment of the present invention, the voltage applied at
an input of the op amp 30 and thus set at the reference
electrode 32 may be approximately 0.5 volts. Current
may then flow from a counter electrode 36 to a working
electrode 34. Such current may be measured to ascertain
the electrochemical reaction between the sensor elec-
trodes 10 and the biomolecule of a sensor that has been
placed in the vicinity of the sensor electrodes 10 and
used as a catalyzing agent. In an embodiment of the
present invention where a glucose oxidase enzyme is
used as a catalytic agent in a sensor, current may flow
from a counter electrode 36 to a working electrode 34
only if there is oxygen in the vicinity of the enzyme and
the sensor electrodes 10. If the voltage set at the refer-
ence electrode 32 is maintained at about 0.5 volts, the
amount of current flowing from a counter electrode 36 to
a working electrode 34 has a fairly linear relationship with
unity slope to the amount of oxygen present in the area
surrounding the enzyme and the electrodes. Thus, in-
creased accuracy in determining an amount of oxygen
in the blood may be achieved by maintaining the refer-
ence electrode 32 at about 0.5 volts and utilizing this
region of the current-voltage curve for varying levels of
blood oxygen. A graph of current versus voltage for var-
ying levels of oxygen may be seen in Figure 3. 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
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than 0.5 volts set at the reference electrode. According
to an embodiment of the present invention, more than
one working electrode 34 may be used. However, al-
though current may normally flow out of the op amp 30
toward the counter electrode 36 and then toward a cor-
responding working electrode 34, in some applications
where more than one working electrode 34 is used, cur-
rent from a counter electrode 36 may be coupled to an
unintended working electrode 34. This phenomenon may
occur because some environments in which the sensor
may be used may provide multiple conductive paths from
a counter electrode 36 to any of a plurality of working
electrodes 34. For example, when a sensor having a glu-
cose oxidase enzyme is used in glucose and oxygen
sensing applications and is placed in a vascular environ-
ment, blood surrounding the sensor may create a con-
ductive path from a counter electrode 36 to any of a plu-
rality of working electrodes 34. Current passing through
any electrode may generate oxygen at that electrode via
electrochemical reaction. Thus, current passing from a
counter electrode 36 to an unintended working electrode
34 may generate oxygen  at that working electrode 34
and, consequently, give the impression that the oxygen
at that working electrode 34 is the result of a reaction
between oxygen in the blood and the glucose oxidase
enzyme, ultimately resulting in false glucose readings.
Such false readings could prove detrimental to a patient
relying on such readings for an accurate, automatic in-
jection of insulin into the bloodstream. Accordingly, the
sensor electrodes 10 may be configured to minimize the
effect of cross coupling between counter electrodes 36
and working electrodes 34. Figure 4 shows a physical
electrode layout to minimize the effect of cross coupling
between counter electrodes and working electrodes ac-
cording to an embodiment of the present invention. In
Figure 4, there are two counter electrodes 40, 42 and
two working electrode 44, 46. Each counter electrode 40,
42 wraps around a working electrode 44, 46 in a U-
shaped fashion. A reference electrode 48 may be posi-
tioned between the counter electrodes 40, 42. According
to this embodiment of the present invention, cross cou-
pling between a first counter electrode 40 and a second
working electrode 46 and a second counter electrode 42
and a first working electrode 44 may be minimized. The
first and second counter electrodes 40, 42 may be elec-
tronically coupled such that the voltage or electric poten-
tial of the counter electrodes 40, 42 is equivalent. In ad-
dition, all the sensor electrodes may be electroplated.
Electroplating may be accomplished with any of a variety
of electroplating materials that are common in the indus-
try, such as, for example, platinum, silver, silver chloride
and the like. The electronic circuit may contain plating
circuitry that may be used for this purpose. For example,
the electronic circuit may contain a plating circuit that is
utilized only during the manufacturing process to facilitate
electroplating of the electrodes. Returning to Figure 1,
the sensor electrodes 10 may interface to a data con-
verter 12. The data converter 12 may be any type of an-

alog-to-digital converter suitable for converting an elec-
tronic parameter coming from the sensor electrodes 10
into a form suitable for use by the remainder of the elec-
tronic circuit. For example, the data converter may con-
vert current to digital data or voltage to digital data. Ac-
cording to an embodiment of the present invention, the
data converter may convert current to frequency. A cur-
rent-to-frequency converter suitable for use in an embod-
iment of the present invention is disclosed in U.S. Patent
No. 5,917,346, Low Power Current-to-Frequency Con-
verter Circuit For Use In Implantable Sensors, by John
C. Gord, assigned to the Alfred E. Mann Foundation. The
counter 14 may be any counter commonly used in the
industry such as, for example, a ripple counter. The con-
trol logic 16 may be any control logic that facilitates ac-
curate operation of the  counter 14. The counter and con-
trol logic may operate in a synchronous or asynchronous
mode. The counter 14 and control logic 16 may be im-
plemented in a variety of ways, such as, for example,
with discrete devices or with a microprocessor. The line
interface 18 may receive information in a variety of forms
such as, for example, in pulses, from a remotely located
implant unit or other device to which the electronic circuit
is interfaced. The line interface 18 may generate data
and clock signals for use by other parts of the electronic
circuitry from such information. The line interface 18 may
also send information in the form of pulses, for example,
back to the implant unit or other device to which it is in-
terfaced. The power rectifier 22 may take power from
communication signals incident on the input lines 20 and
store such power on a storage device such as, for exam-
ple, a capacitor. According to embodiments of the
present invention, there is no internal energy generating
device such as, for example, a battery, resident in the
electronic circuit. Power is derived from the communica-
tion signals using the power rectifier 22. Thus, the elec-
tronic circuit may be used for long term sensing applica-
tions since there is no concern for depletion of an energy
generating device such as, for example, a battery, within
the electronic circuit. A power rectifier circuit suitable for
use in an embodiment of the present invention is dis-
closed in U.S. Patent No. 5,999,849, Low Power Rectifier
Circuit For Implantable Medical Device, by John C. Gord
et al, assigned to the Alfred E. Mann Foundation. Figure
5 shows a more detailed block diagram of an electronic
circuit according an embodiment of the present invention.
Input/output lines 20 connect to a line interface 18 and
power rectifier 22 and provide a communications link be-
tween the electronic circuit and a remotely located im-
plant unit or other device. According to an embodiment
of the present invention, a remotely located implant unit
or other device may communicate with the electronic cir-
cuit using a series of bipolar pulses transmitted across
the input/output lines. A transmitted pulse waveform may
be seen in Figure 6. Each bipolar pulse 50, 52, 54, 56
may represent one bit of data from the remotely located
implant unit or other device communicating with the elec-
tronic circuit. Each bipolar pulse 50, 52, 54, 56 may com-
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prise a positive and a negative level. According to an
embodiment of the present invention, a binary one may
be designated by a positive level followed by a negative
level. A positive level not followed by a negative level
may designate a binary zero. According to an embodi-
ment of the present invention, transmit pulse amplitudes
may be between 2.3 volts and 3.6 volts. In Figure 6, a
first pulse 50 transmitted is a positive pulse and is fol-
lowed by a negative pulse. Thus, the pair of pulses 50,
52 indicate a binary one according to an embodiment of
the present invention. The second pair of pulses 54, 56
in Figure 6 is a negative pulse followed by a positive
pulse. Thus, according to an embodiment of the present
invention, the second pair of pulses 54, 56 represent a
binary zero. A zero voltage level may exist between pos-
itive and negative pulses. According to an embodiment
of the present invention, a pulse width 58 may be approx-
imately 1.9 micro seconds. The pulses may have a pulse
repetition rate of 4,096 hertz, corresponding to a period
60 of approximately 244 microseconds. The pulse repe-
tition rate may be adjustable according to the equation
4,096 Hertz/n, where n = 1, 2, 3, 4, 5, 6, 7 or 8. According
to an embodiment of the present invention, the electronic
circuit may be implemented with a variety of communi-
cation delays built in so that the integrity of data trans-
missions may be increased. For example, according to
an embodiment of the present invention, a 152 micro-
second delay after receipt of a pair of transmitted pulses
may be used for ignoring other pulses on the input/output
lines. By implementing such a delay, confusion as to the
intended recipient of the pulses may be decreased if, for
example, there are a plurality of electronic circuits using
the same input/output lines or of the electronic circuit has
put its own pulses onto the input/output lines. Following
receipt of data bits by the electronic circuit from the re-
motely located implant unit or other device, the electronic
circuit may respond in a variety of ways depending on
the opcode or data received. For example, the electronic
circuit may respond by outputting a counter value, a trim
setting value, a mode status, a channel setting, an iden-
tification number that has been permanently etched onto
the circuit, or the like. According to an embodiment of the
present invention, the electronic circuit may respond in
the form of unipolar pulses. For example, if the response
value is a binary one, the electronic circuit may set a logic
high using a positive pulse for a duration from between
one to ten microseconds, nominally 44 microseconds af-
ter the first edge of the bipolar pulse received from the
remotely located implant unit or other device. The ampli-
tude of the pulses sent by the electronic device to the
remotely located implant unit or other device may be be-
tween one volt and 3.6 volts. If the response from the
electronic circuit is a binary zero, no pulse may be sent
by the electronic circuit to the remotely located implant
unit or other device. Returning to Figure 5, the input lines
20 may be fed to a power rectifier 22 which uses pulses
incident on the input lines 20 to charge a capacitor 19.
Electrical charge stored in the capacitor 19 extracted

from the communication pulses on the input lines 20 may
be used to power the electronic circuit. The capacitor 19
may also act as a low pass filter for the electronic  circuit
to reduce voltage ripple. According to an embodiment of
the present invention, using a pulse width of 2 microsec-
onds every 244 microseconds, the capacitance may be
about 0.033 microfarads. Because a capacitor of this size
may be too large for an integrated device, if the electronic
circuit is fabricated as an integrated circuit, the capacitor
19 maybe a discrete capacitor external to the electronic
circuit. According to an embodiment of the present in-
vention, the capacitor may be charged to +/- 3 volts. The
input lines 20 may also be connected to a line interface
18 which, according to an embodiment of the present
invention, may receive information in a form such as, for
example, bipolar pulses from a remotely located implant
unit or other device. The line interface 18 may also gen-
erate data and clock signals and may also send unipolar
pulses back to the remotely located implant unit or other
device. A state machine 70 and state decoder 72 may
be connected to the line interface 18. Data and clock
signals generated by the line interface 18 may be used
by the state machine 70 to extract data and to determine
the nature of the bipolar pulses received on the input
lines 20. The state machine 70 may provide a variety of
functions for the electronic circuit. For example, the state
machine 70 may generate system clocks, clear counters,
check parity and the like. The state machine 70 may also
decode opcodes and data. Decoded opcodes may des-
ignate a variety of functions such as, for example, latching
a new multiplexer channel setting, setting trim values and
setting a test mode. The state decoder 72 may be used
to decode counter outputs. In addition, the state machine
70 and state decoder 72 may include a power-on clear
circuit 74. According to an embodiment of the present
invention, the power-on clear circuit 74 may be a typical
RC type pulse generation circuit having a 50 picofarad
capacitor, a transistor acting as a resistor, and two in-
verters to square a pulse. The state machine 70 and state
decoder 72 may interface to an input latch 76. According
to an embodiment of the present invention, the input latch
76 may be used to latch addresses, opcodes and data
used in a command. The input latch 76 may feed a trim
latch 78, an address matching circuit 80 and a channel
latch 82. The channel latch 82 may comprise a plurality
of latches with data inputs from the input latch 76. The
channel latch 82 may be used to control prescalers and
multiplexers. The trim latch 78 may also consist of a plu-
rality of latches. Inputs to the trim latch 78 may contain
trim sitting data. Once latched, the trim sitting may be
maintained until the next trim setting operation or until a
power-on reset occurs. According to an embodiment of
the present invention, trim settings may have secret
handshakes. Because trim settings may greatly affect
the operation of the electronic circuit, care  may be taken
to minimize errors when setting trim voltages. For exam-
ple, the electronic circuit may receive specific commands
with no other commands in between before trim voltages
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are set. The address matching circuit 80 may be used to
verify that instructions and data sent to an electronic cir-
cuit are being received by the intended electronic circuit.
In applications where multiple sensors, sensor elec-
trodes and sensor electronic circuits are used, the ad-
dress matching circuit 80 can verify that each electronic
circuit receives instructions and data intended for it. For
example, in some applications, several electronic circuits
may be daisy chained together. Because each electronic
circuit may have a unique address, instructions and data
sent over a serial bus may be received by each electronic
circuit but intended for only one electronic circuit. The
address matching circuit 80 will read the address for
which the instructions and data are intended and com-
pare that address to the address of the electronic circuit
in which the address matching circuit 80 is resident. If
the address read by the address matching circuit 80
matches the address of the electronic circuit, the instruc-
tions and data will be used by the electronic circuit. If the
address read by the address matching circuit 80 does
not match the address of the electronic circuit, the in-
structions and data will be ignored by the electronic cir-
cuit. The channel latch 82 may feed a channel decoder
84. The channel decoder 84 may decode channel bytes
from the channel latch 82 into channel select signals.
The channel decoder 84 signals may then be used to
control an analog multiplexer 86 for the selection of aux-
iliary signals for measurement. The analog multiplexer
86 may multiplex auxiliary signals to a data converter for
measurement. The analog multiplexer 86, according to
an embodiment of the present invention, may be an eight
channel CMOS multiplexer. If voltage signals are multi-
plexed out of the analog multiplexer, they may be directed
to a switched capacitor resistor 88 for conversion of the
voltages to currents, thereby putting the voltages in a
form that may be measured by current to frequency con-
verters. Although a discrete resistor or a transistor used
as a resistor may be used in place of the switched ca-
pacitor resistor 88, the switched capacitor resistor 88 is
used because it is generally smaller than other types of
resistors and takes up less space in the electronic circuit.
A temperature sensor 90 may be fed into the analog mul-
tiplexer 86 providing an output current that is function of
temperature. According to an embodiment of the present
invention, nominal output current from the temperature
sensor 90 may be 50 nanoamps and may change by 1
nanoamp per degree Celsius. Because some physiolog-
ical parameter sensing applications are temperature de-
pendent, such as, for example, a glucose oxygen reac-
tion, precise calibration of  the electronic circuitry de-
pends on the temperature of the environment in which
the electronic circuit is located, such as, for example, the
human body. Therefore, the temperature sensor 90 may
be included in the electronic circuit to provide proper cal-
ibration of the electronic circuit. For example, a patient
with a fever may cause a different glucose/oxygen reac-
tion than a patient with a normal body temperature. The
temperature sensor 90 may be used to compensate for

this difference. Several current-to-frequency 92, 94, 96
converters may be used in the electronic circuit shown
in Figure 5. Current-to-frequency converters 92, 94, 96
provide an easy method by which to count cycles, con-
sume very low power, automatically average, and make
current measurement relatively inexpensive. In addition,
current-to-frequency converters 92, 94, 96 are conducive
to measuring current through the working electrodes 34
while holding the working electrodes 34 at ground without
using a negative power supply. Current passing from the
counter electrodes 36 to the working electrodes 34 tends
to drive the working electrodes 34 above ground. The
current-to-frequency converters 92, 94, 96 emit negative
charge packets. By interfacing the working electrodes 34
to the current-to-frequency converters 92, 94, 96, the
working electrodes 34 may be maintained at ground. This
is because the negative charge packets emitted by the
current-to-frequency converters 92, 94, 96 tend to offset
the current from the counter electrodes 36 tending to
drive the working electrodes 34 above ground. The cur-
rent-to-frequency 92, 94, 96 converters may be calibrat-
ed in a variety of ways. According to an embodiment of
the present invention, the current-to-frequency 92, 94,
96 converters may calibrated at about 100 counts/sec/
nanoamp. The calibration of the current-to-frequency 92,
94, 96 converters may depend on a variety of factors
including, without limitation, the length of the counting
time and any current-to-frequency conversion factors.
The current-to-frequency converters 92, 94, 96 may feed
prescalers 98, 100, 102. The prescalers 98, 100, 102
may be used to modify the output of the current-to-fre-
quency converters 92, 94, 96. For example, the prescal-
ers 98, 100, 102 may simply be divide by 16 circuits that
reduces the number of counts seen by the measurement
counters 104, 106, 108. In this way, the burden on the
measurement counters 104, 106, 108 is minimized and
risk of the measurement counters 104, 106, 108 over-
flowing is reduced. However, the electronic circuit may
be designed such that use of the prescalers 98, 100, 102
is optional by setting a flag or other indicator. The meas-
urement counters 104, 106, 108 may be used to measure
the output of the current-to-frequency converters 92, 94,
96 or to measure auxiliary signals. By knowing the count
of the frequency output by the  current-to-frequency con-
verters 92, 94, 96, the length of the counting time, and
any current-to-frequency conversion factors used by the
current-to-frequency converters 92, 94, 96, the current
generated by the sensor may be calculated. The meas-
urement counters 104, 106, 108 may contain their own
multiplexers. The measurement counters 104, 106, 108,
or the multiplexers on the measurement counters 104,
106, 108, may feed a general output multiplexer 110
which sends count values to the line interface 18. The
line interface 18 may then send these count values back
to a remotely located implant unit or other device. The
electronic circuit may also contain a voltage reference
112. The voltage reference 112 may take a variety of
forms. For example, the voltage reference 112 may be
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a band gap reference circuit and may provide bias volt-
ages used to provide known currents to transistors. The
electronic circuit may also contain a variety of other ele-
ments. For example, the electronic circuit may contain a
test pad used for test purposes. A clock may be fed into
the test pad to exercise the counters. The test pad may
also be configured as an output so that on-chip voltage
references may be measured. The electronic circuit may
also contain variable bias circuitry. In order for the elec-
tronic circuit to operate quickly, a significant amount of
bias current may be required to drive the transistors in-
cluded in the circuit. However, there may be extended
periods of time when the electronic circuit engages in
very little activity. During periods of little activity, the var-
iable bias circuitry may decrease the amount of bias cur-
rent available to the electronic circuit. In addition, as soon
as the voltage on the input lines varies by a threshold
amount such as, for example, a volt or so, the variable
bias circuitry may increase the amount of bias current
available to the electronic circuit so that all of the functions
of the electronic circuit may operate quickly. Thus, the
variable bias circuitry may provide a dynamically adjust-
able bias current for the electronic circuit. The variable
bias circuitry may anticipate pulses being received on
the input lines so that, when the pulses arrive at the elec-
tronic circuit, an adequate amount of bias current is avail-
able for fast operation of the electronic circuit. The elec-
tronic circuit may be implemented in a variety of ways.
According to an embodiment of the present invention,
the electrodes and the circuitry may be affixed to a single
substrate. Figure 7 shows a substrate 120 having two
sides, a first side 122 of which contains an electrode con-
figuration and a second side 124 of which contains elec-
tronic circuitry. As may be seen in Figure 7, a first side
122 of the substrate comprises two counter electrode-
working electrode pairs 40, 42, 44, 46 on opposite sides
of a reference electrode 48. A second side 124 of the
substrate comprises electronic circuitry. As shown, the
electronic circuitry may be enclosed in a  hermetically
sealed casing 126, providing a protective housing for the
electronic circuitry. This allows the sensor substrate 120
to be inserted into a vascular environment or other envi-
ronment which may subject the electronic circuitry to flu-
ids. By sealing the electronic circuitry in a hermetically
sealed casing 126, the electronic circuitry may operate
without risk of short circuiting by the surrounding fluids.
Also shown in Figure 7 are pads 128 to which the input
and output lines of the electronic circuitry may be con-
nected. The electronic circuitry itself may be fabricated
in a variety of ways. According to an embodiment of the
present invention, the electronic circuitry may be fabri-
cated as an integrated circuit using techniques common
in the industry. Figure 8 shows an electrode side of a
sensor substrate 120 used with the spacers 130 accord-
ing to an embodiment of the present disclosure. The em-
bodiment shown in Figure 8 may be used for physiolog-
ical parameter sensing such as, for example, glucose
sensing in the human body. The spacer 130 may be

placed on top of the electrodes 40, 42, 44, 46, 48. If the
spacer 130 is made of silicon, for example, the spacer
130 may pass oxygen but will not pass glucose. A glucose
oxidase enzyme may be placed in the indentation 132 of
the spacer 130, thereby resting over a second counter
electrode-working electrode pair 42, 46. Oxygen passing
through the silicon spacer 130 and reacting with a first
counter electrode-working electrode pair 40, 44 may be
read by the current-to-frequency converters and used to
establish a reference amount of oxygen in the blood. Glu-
cose reacting with the glucose oxidase enzyme seated
over the second counter electrode-working electrode pair
42, 46 will tend to use up oxygen, leaving less oxygen
available for reaction with the second counter electrode-
working electrode pair 42, 46. Nonetheless, the remain-
ing amount of oxygen will still react with the second coun-
ter electrode-working electrode pair 42, 46, and this value
may be read by the current-to-frequency converter to
which it is connected. The values out of each current-to-
frequency to converter may be read and the differing
amounts of oxygen may be used to determine the amount
of glucose in the blood. The amount of glucose in the
blood may be used to automatically deliver insulin to a
patient using an implantable pump or other device. While
particular embodiments of the present invention have
been shown and described, it will be obvious to those
skilled in the art that the invention is not limited to the
particular embodiments shown and described and that
changes and modifications may be made without depart-
ing from the scope of the appended claims.

Claims

1. An electronic circuit for sensing an output of a sensor,
the electronic circuit comprising:

a substrate (120);
a first electrode pair (40, 44) and a second elec-
trode pair (42, 46) formed on a first surface (122)
of the substrate (120) for sensing a parameter,
each of the electrode pairs (40, 44: 42, 46) hav-
ing a first electrode (40, 42) and a second elec-
trode (44, 46); and
circuitry for processing the parameter; charac-
terized in that
each first electrode (40, 42) wraps partially
around the second electrode (44, 46) of the re-
spective electrode pair (40, 44: 42, 46) in a U-
shaped fashion by surrounding three sides of
the said second electrode, and the portion of the
"U" shape of each first electrode (40, 42) that
joins the two parallel arms of the "U" shape lies
between the second electrode (44, 46) of the
respective electrode pair and the other pair (42,
46:40, 44); the layout minimizing cross coupling
between a first electrode (40, 42) of one pair and
a second electrode (46, 44) of the other pair.
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2. The electronic circuit of claim 1, further comprising
a reference electrode (48) for setting a reference
voltage for the electrode pairs, wherein the reference
electrode (48) lies between the first and second elec-
trode pairs (40, 44: 42, 46).

3. The electronic circuit of claim 2, wherein the refer-
ence voltage set on the reference electrode (48) is
about 0.5 volts.

4. The electronic circuit of claim 1, wherein the circuitry
comprises a line interface (18) for interfacing with
input/ output lines; a rectifier (22) in  parallel with the
line interface (18); a counter (14) connected to the
line interface (18); and a data converter (12) con-
nected to the counter and at least one of said elec-
trode pairs.

5. The electronic circuit of claim 4, further comprising
control logic (16) connected to the counter (14) and
the line interface (18).

6. The electronic circuit of claim 5, wherein the control
logic (16) comprises a state machine; and a state
decoder (70) connected to the state machine (70).

7. The electronic circuit of claim 5, wherein the control
logic (16) comprises a microprocessor.

8. The electronic circuit of claim 4, wherein the rectifier
(22) transfers power from communication pulses to
a capacitor (19).

9. The electronic circuit of claim 8, wherein the capac-
itor (14) powers the electronic circuit using power
stored from the communication pulses.

10. The electronic circuit of claim 4, wherein the data
converter (12) is an analog-to-digital converter.

11. The electronic circuit of claim 4, wherein the data
converter (12) is an voltage-to-frequency converter.

12. The electronic circuit of claim 4, wherein the data
converter (12) is a current-to-frequency converter.

13. The electronic circuit of claim 12, wherein an output
of the current-to-frequency converter (12) is scaled
using a prescaler before connecting to the counter
(14).

14. The electronic circuit of claim 13, wherein the pres-
caler is a divide-by-16 prescaler.

15. The electronic circuit of claim 4, wherein the circuitry
further comprises a temperature sensor (90) for
reading a temperature of an environment; and a volt-
age reference (112) for applying a voltage to a ref-

erence electrode.

16. The electronic circuit of claim 4, further comprising
switched capacitor circuits for use as resistors in the
electronic circuit.

17. The electronic circuit of claim 1, wherein the param-
eter sensed by electrode pairs is the physiological
parameter.

18. The electronic circuit of claim 17, wherein the phys-
iological parameter sensed is glucose.

19. The electronic circuit of claim 17, wherein the phys-
iological parameter sensed is oxygen.

Patentansprüche

1. Elektronische Schaltung zum Erfassen eines Aus-
gangssignals eines Sensors mit:

einem Substrat (120);
einem ersten Elektrodenpaar (40, 44) und ei-
nem zweiten Elektrodenpaar (42, 46), die auf
einer ersten Fläche (122) des Substrats (120)
ausgebildet sind, um einen Parameter zu erfas-
sen, wobei die Elektrodenpaare (40, 44; 42, 46)
jeweils eine erste Elektrode (40, 42) und eine
zweite Elektrode (44, 46) aufweisen; und
Schaltungen zum Verarbeiten des Parameters;
dadurch gekennzeichnet, dass
jede erste Elektrode (40, 42) in U-Form teilweise
um die zweite Elektrode (44, 46) des zugehöri-
gen Elektrodenpaars (40, 44; 42, 46) herum ge-
führt ist, indem sie drei Seiten der zweiten Elek-
trode umgibt, und dass derjenige Teil der U-
Form jeder ersten Elektrode (40, 42), der die
beiden parallelen Schenkel der U-Form mitein-
ander verbindet, zwischen der zweiten Elektro-
de (44, 46) des zugehörigen Elektrodenpaars
und dem anderen Paar (42, 46; 40, 44) liegt,
wobei das Layout die Kreuzkopplung zwischen
einer ersten Elektrode (40, 42) eines Paares und
einer zweiten Elektrode (46, 44) des anderen
Paares minimiert.

2. Elektronische Schaltung nach Anspruch 1 weiterhin
mit einer Referenzelektrode (48) zum Setzen einer
Referenzspannung für die Elektrodenpaare, wobei
die Referenzelektrode (48) zwischen dem ersten
und dem zweiten Elektrodenpaar (40, 44; 42, 46)
liegt.

3. Elektronische Schaltung nach Anspruch 2, bei der
die an die Referenzelektrode (48) gelegte Referenz-
spannung etwa 0,5 V beträgt.
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4. Elektronische Schaltung nach Anspruch 1, die eine
Leitungsschnittstelle (18) als Übergang zu Ein-/Aus-
gangsleitungen, einen Gleichrichter (22) parallel zur
Leitungsschnittstelle (18); einen an die Leitungs-
schnittstelle (18) angeschlossenen Zähler (14) und
einen Datenwandler (12) aufweist, der mit dem Zäh-
ler und mindestens einem der Elektrodenpaare ver-
bunden ist.

5. Elektronische Schaltung nach Anspruch 4 weiterhin
mit einer Steuerlogik (16), die mit dem Zähler (14)
und der Leitungsschnittstelle (18) verbunden ist.

6. Elektronische Schaltung nach Anspruch 4, deren
Steuerlogik (16) eine Zustandsmaschine und einen
Zustandsdekoder (70) aufweist, der mit der Zu-
standsmaschine verbunden ist.

7. Elektronische Schaltung nach Anspruch 5, deren
Steuerlogik (16) einen Mikroprozessor aufweist.

8. Elektronische Schaltung nach Anspruch 4, bei der
der Gleichrichter (22) elektrischen Strom aus Nach-
richtenimpulsen an einen Kondensator (19) über-
trägt.

9. Elektronische Schaltung nach Anspruch 8, bei dem
der Kondensator (14) die elektronische Schaltung
mit elektrischem Strom speist, der aus den Nach-
richtenimpulsen gespeichert wird.

10. Elektronische Schaltung nach Anspruch 4, bei der
der Datenwandler (12) ein Analog/Digital-Wandler
ist.

11. Elektronische Schaltung nach Anspruch 4, bei der
der Datenwandler (12) ein Spannung/Frequenz-
Wandler ist.

12. Elektronische Schaltung nach Anspruch 4, bei der
der Datenwandler (12) ein Strom/Frequenz-Wandler
ist.

13. Elektronische Schaltung nach Anspruch 12, bei der
ein Ausgangssignal des Strom/Frequenz-Wandlers
(12) mittels eines Vorteilers skaliert wird, bevor es
an den Zähler (14) gelegt wird.

14. Elektronische Schaltung 13, bei der der Vorteiler ein
1:16 - Vorteiler ist.

15. Elektronische Schaltung nach Anspruch 4, die wei-
terhin einen Temperatursensor (90) zum Erfassen
einer Temperatur einer Umgebung sowie eine Re-
ferenzspannungsquelle (112) aufweist, um eine
Spannung an eine Referenzelektrode zu legen.

16. Elektronische Schaltung nach Anspruch 4, die wei-

terhin Schaltkondensator-Schaltungskreise für den
Einsatz als Widerstände in der elektronischen Schal-
tung aufweist.

17. Elektronische Schaltung nach Anspruch 1, bei der
der von den Elektrodenpaaren erfasste Parameter
der physiologische Parameter ist.

18. Elektronische Schaltung nach Anspruch 17, bei der
der erfasste physiologische Parameter Glucose ist.

19. Elektronische Schaltung nach Anspruch 17, bei der
der erfasste physiologische Parameter Sauerstoff
ist.

Revendications

1. Circuit électronique pour détecter une sortie d’un
capteur, le circuit électronique comprenant :

un substrat (120) ;
une première paire d’électrodes (40, 44) et une
seconde paire d’électrodes (42, 46) formées sur
une première surface (122) du substrat (120)
pour détecter un paramètre, chacune des paires
d’électrodes (40, 44 ; 42, 46) ayant une première
électrode (40, 42) et une seconde électrode (44,
46) ; et
des circuits pour traiter le paramètre ; caracté-
risé en ce que
chaque première électrode (40, 42) s’enroule
partiellement autour de la seconde électrode
(44, 46) de la paire d’électrodes (40, 44 ; 42, 46)
respective à la manière d’une forme en U en
entourant trois côtés de ladite seconde électro-
de, et la partie de la forme en "U" de chaque
première électrode (40, 42) qui réunit les deux
branches parallèles de la forme en "U" se situe
entre la seconde électrode (44, 46) de la paire
d’électrodes respective et l’autre paire (42, 46 ;
40, 44), l’agencement minimisant le couplage
croisé entre une première électrode (40, 42)
d’une paire et une seconde électrode (46, 44)
de l’autre paire.

2. Circuit électronique selon la revendication 1, com-
prenant en outre une électrode de référence (48)
pour établir une tension de référence pour les paires
d’électrodes, dans lequel l’électrode de référence
(48) se situe entre les première et seconde paires
d’électrodes (40, 44 ; 42, 46).

3. Circuit électronique selon la revendication 2, dans
lequel la tension de référence établie sur l’électrode
de référence (48) est d’environ 0,5 volt.

4. Circuit électronique selon la revendication 1, dans

15 16 



EP 1 446 674 B1

10

5

10

15

20

25

30

35

40

45

50

55

lequel les circuits comprennent une interface de  li-
gne (18) pour s’interfacer avec des lignes d’entrée/
sortie ; un redresseur (22) en parallèle avec l’inter-
face de ligne (18) ; un compteur (14) relié à l’interface
de ligne (18) ; et un convertisseur de données (12)
relié au compteur et à au moins l’une desdites paires
d’électrodes.

5. Circuit électronique selon la revendication 4, com-
prenant en outre une logique de commande (16) re-
liée au compteur (14) et à l’interface de ligne (18).

6. Circuit électronique selon la revendication 5, dans
lequel la logique de commande (16) comprend un
automate à états ; et un décodeur d’état (70) relié à
l’automate à états (70).

7. Circuit électronique selon la revendication 5, dans
lequel la logique de commande (16) comprend un
microprocesseur.

8. Circuit électronique selon la revendication 4, dans
lequel le redresseur (22) transfert de l’énergie depuis
des impulsions de communication à un condensa-
teur (19).

9. Circuit électronique selon la revendication 8, dans
lequel le condensateur (14) alimente le circuit élec-
tronique en utilisant de l’énergie stockée depuis des
impulsions de communication.

10. Circuit électronique selon la revendication 4, dans
lequel le convertisseur de données (12) est un con-
vertisseur analogique-numérique.

11. Circuit électronique selon la revendication 4, dans
lequel le convertisseur de données (12) est un con-
vertisseur tension-fréquence.

12. Circuit électronique selon la revendication 4, dans
lequel le convertisseur de données (12) est un con-
vertisseur courant-fréquence.

13. Circuit électronique selon la revendication 12, dans
lequel une sortie du convertisseur courant-fréquen-
ce  (12) est mise à l’échelle en utilisant un multipli-
cateur/diviseur avant connexion au compteur (14).

14. Circuit électronique selon la revendication 13, dans
lequel le multiplicateur/diviseur est un multiplicateur/
diviseur diviseur par 16.

15. Circuit électronique selon la revendication 4, dans
lequel les circuits comprennent en outre un capteur
de température (90) pour lire une température d’un
environnement ; et une référence de tension (112)
pour appliquer une tension à une électrode de réfé-
rence.

16. Circuit électronique selon la revendication 4, com-
prenant en outre des circuits de condensateur com-
mutés pour une utilisation en tant que résistances
dans le circuit électronique.

17. Circuit électronique selon la revendication 1, dans
lequel le paramètre détecté par les paires d’électro-
des est le paramètre physiologique.

18. Circuit électronique selon la revendication 17, dans
lequel le paramètre physiologique détecté est le glu-
cose.

19. Circuit électronique selon la revendication 17, dans
lequel le paramètre physiologique détecté est l’oxy-
gène.
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