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METHOD AND CIRCUIT FOR PROVIDING AN ACCURATE VOLTAGE
FOR ELECTROCHEMICAL SENSING
PRIORITY CLAIM
[0001] This application claims priority from Singapore Patent Application No.

10201501871U filed on March 11, 2015.

TECHNICAL FIELD
[0002] The present invention generally relates to methods and circuits for
accurately controlling potentials, and more particularly relates to a method and circuit

to accurately control potentials in a potentiostat circuit for electrochemical sensing.

BACKGROUND OF THE DISCLOSURE

[0003] A three-clectrode potentiostat is a widely-used electronic circuit used in
sensor devices to analyze electrochemical and biochemical cells in the chemical
industry, health industry and biology industry. The three-electrode potentiostat
controls potentials of two electrodes and senses the current flowing through a third
electrode. Depending on the applied potential difference across the two electrodes
and the concentration of the electrochemical cell, a certain amount of cell current
sinks into and/or out of the third electrode. Since the output current is very small
(such as tens of nanoamperes or less) and the offset voltage may cancel out the small
amount of current, the offset needs to be very small.

[0004] Moreover, for a large biosensor array including several potentiostats in a one
microchip, the offset variation between the potentiostats tends to deteriorate the

sensing accuracy. Thus, the offset variation needs to be tiny.



[0005] Conventional potential control schemes for potential deviation suppression
are costly and time consuming and may fall within one of three conventional
methods: a floating-date transistor method, a back-gate tuning method and a
correlated double sampling method. The floating-date transistor method and the
back-gate tuning method are expensive, have high silicon area requirements and are
time consuming. The correlated double sampling method disadvantageously
generates a large potential swing.

[0006] Thus, what is needed is a quick, inexpensive method for accurately
controlling potentials in a potentiostat circuit which at least partially overcomes the
drawbacks of present approaches and provides improved silicon real estate
requirements, time consumption and reduced potential swing. Furthermore, other
desirable features and characteristics will become apparent from the subsequent
detailed description and the appended claims, taken in conjunction with the

accompanying drawings and this background of the disclosure.

SUMMARY
[0007] In accordance with an aspect of at least one embodiment of the present
invention, a potentiostat control loop circuit is provided. The potentiostat control loop
circuit includes a three-electrode potentiostat having a first electrode, a second
electrode and a third electrode, where the first electrode is stabilized to a common
mode voltage. The circuit also includes a first control amplifier having an output
connected to the third electrode of the three-electrode potentiostat and a first input
connected to a first potential. The first control amplifier provides a cell voltage to the

three-electrode potentiostat, where the cell voltage is a difference between a voltage at



the first electrode of the three-electrode potentiostat and a voltage at a second
electrode of the three-electrode potentiostat.

[0008] The potentiostat control loop circuit also includes a first switched capacitor
network coupled between a first node and a second input of the first amplifier. The
first switched capacitor network includes a first capacitance device having a first
electrode connected to the second input of the first control amplifier and a second
electrode switchably connectable to either the first node when a first switch of the first
switched capacitor network is closed or to the common mode voltage when a second
switch of the first switched capacitor network is closed. The second input of the first
control amplifier is connected to the first node by a third switch of the first switched
capacitor network. The first switched capacitor network is operatively controlled to
open the first switch while closing the second and third switches and, alternatively,
closing the first switch when opening the second and third switches. The first node is

also coupled to the second electrode of the three-electrode potentiostat.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The accompanying figures, where like reference numerals refer to identical
or functionally similar elements throughout the separate views and which together
with the detailed description below are incorporated in and form part of the
specification, serve to illustrate various embodiments and to explain various
principles and advantages in accordance with a present embodiment.
[0010] FIG. 1, comprising FIGs. 1A and 1B, illustrates circuit diagrams of control
loops for conventional potentiostat circuits.
[0011] FIG. 2 illustrates a circuit diagram of a potentiostat control loop using a

conventional auto-zero correlated double sampling (CDS) technique.



[0012] FIG. 3 illustrates a circuit diagram of a control loop for a potentiostat circuit
in accordance with a first embodiment.

[0013] FIG. 4, comprising FIGs. 4A, 4B and 4C, illustrates a control loop for a
potentiostat circuit in accordance with a second embodiment, wherein FIG. 4A
illustrates the control loop in accordance with the second embodiment, FIG. 4
illustrates the control loop in accordance with the second embodiment in a clock
phase o1 and FIG. 4C illustrates the control loop in accordance with the second
embodiment clock phase @2.

[0014] FIG. 5 illustrates a circuit diagram of a control loop for a potentiostat circuit
in accordance with a third embodiment.

[0015] FIG. 6 illustrates a graph of simulation results of the operation of the control

loop for the potentiostat circuit in accordance with the first embodiment.
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[0016] FIG. 7 illustrates a graph of simulation results of the operation of the control
loop for the potentiostat circuit in accordance with the second embodiment.

[0017] And FIG. 8 illustrates a graph of simulation results of the operation of the
control loop for the potentiostat circuit in accordance with the third embodiment.
[0018] Skilled artisans will appreciate that elements in the figures are illustrated for

simplicity and clarity and have not necessarily been depicted to scale.

DETAILED DESCRIPTION
[0019] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the
preceding background of the invention or the following detailed description. It is the
intent of the present embodiments to present methods to control potentials accurately
in three electrode potentiostats in electrochemical sensor devices such as those used in
the chemical industry, health industry and biology industry. By employing a
proposed switched capacitor network, control loops for the three electrode
potentiostat provide stable voltage differences between the reference electrode and the
working electrode without a large voltage swing. Since the methods in accordance
with the present embodiments require only a few switches and a few capacitors, they
are not only less costly in silicon area but also have less power consumption than
conventional methods. The methods in accordance with the present embodiments
also have quick calibration and no large potential swings because they exclude large
time-constant electrochemical or biochemical cells when offset sampling. By
employing a proposed switched capacitor network with a conventional potentiostat,

control loops in accordance with the present embodiments provide nearly ideal
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voltages by cheaper and quicker processing using a low power supply. Gain error is
also calibrated in accordance with the present embodiments.
[0020] Referring to FIG. 1A, a circuit diagram 100 of a typical configuration of a
conventional potentiostat control loop circuit is depicted. A control loop circuit 102 is
configured by two amplifiers 104, 106 and a front-end resistive ladder comprising
resistors 108, 110. Connecting the two control amplifiers 104, 106 with the frontend
resistors 108, 110 forms a feedback configuration coupled to a counter electrode (CE)
and a reference electrode (RE) of a three-electrode potentiostat 112 to control the cell
potential of the three-electrode potentiostat 112 in order for the three-electrode
potentiostat 112 to act as an electrochemical cell for electrochemically sensing a
sample in the electrochemical cell. A trans-impedance amplifier also forces a
potential of a working electrode (WE) of the potentiostat/electrochemical cell 112 to a
common-mode voltage (Vem). This circuit configuration forces the voltage difference
of the externally applied Vi and Vewm to the cell potential between WE and RE,
which is Vcell 114.
[0021] Vcell 114 is a first order approximation with an assumption that there are no
non-idealities on the amplifiers 104, 106. The non-idealities on the operational
amplifiers 104, 106, however, deviate the cell potential Vcell 114 from ideal values.
Assuming a gain (Ay) and an input-referred offset (Vosx) of the control amplifier x,
the cell voltage Veell 114 is approximated by Equation (1) as follows:

Veell (1= Aer) X (Viy — Ver) + (1 = Berr) X Vors rotar (L
where A,= 1/A’ A=A = Ay, and Vosrorar = 2Vos1 — Vosz -

[0022] While the gain error A, can be nearly cancelled by 60dB of amplifier gain,

offset voltages have a direct effect on the potential deviation. Typically, an
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operational amplifier has several millivolts to several tens of millivolts of offset
voltage. Accordingly, the total offset voltage is typically more than ten millivolts.
[0023] Another configuration of a conventional control loop circuit 151 for a
potentiostat 112 which is widely used nowadays is depicted in a circuit diagram 150
in FIG. 1B. It includes only one amplifier 152 that forces the potential of the
reference electrode (RE) to Viy. Assuming the non-idealities (gain A and offset
voltage V) of the amplifier 152, the cell voltage Vcell 154 is approximated by
Equation (2) as follows:

Veell (1= D) X (Ver — Vin) + (1 = Bgpr) X Vogp (2)
where A, = 1/ A The control loop 151 also has a direct effect of offsetting the

potential deviation.

[0024] A straightforward way to reduce operational amplifier offset is to employ
large transistors in the design. This technique, however, requires larger silicon area
and additional power consumption. Two types of conventional tuning techniques for
a specific node voltage of a transistor include a floating gate technique and a p-
channel metal oxide semiconductor (PMOS) field effect transistor (FET) back gate
technique. The floating gate technique utilizes floating gate transistors in critical pair
transistors to be able to reduce the offset induced from the threshold mismatch of the
transistors. However, fabricating such devices requires additional process steps which
lead to additional fabrication cost.

[0025] The PMOS FET back-gate technique tunes a node voltage by a feedback
system which uses the back-gates of PMOS FETs to sense offset and successively
adjust the tuning voltage. An analog feedback system includes three or more
additional operational amplifiers and offset storage capacitors and a mixed mode

feedback system includes a comparator, a capacitive voltage incrementer and a large-
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scaled digital circuit. Thus, either expensive analog circuits (including operational
amplifiers) or complex digital circuits are required for such feedback systems.

[0026] Another feedback technique uses a filter and a voltage-controlled current-
source which are applied fed back to an operational amplifier to compensate the
offset. This technique tunes an analog current thus requiring highly accurate analog
circuits, including operational amplifiers and resistors, thereby requiring more cost. A
further technique using a Zener diode has been proposed to create stable input
voltages to the potentiostat. While simple to implement, this Zener diode technique
does not solve the problem caused by operational amplifier offset

[0027] Another method to reduce the operational amplifier’s offset is an auto-
zero/correlated double sampling technique (CDS). By means of double sampling, this
method can effectively reduce the offsets. However, if the correlated double sampling
is applied to the constituent operational amplifiers in the potentiostat circuit, the cell
potential Vcell has a large droop in the compensation phase because of the leakage
current in the feedback. Vcell also has a large voltage swing when it changes to an
offset-sampling mode.

[0028] Referring to FIG. 2, a circuit diagram 200 depicts a potentiostat control loop
circuit 202 using a conventional auto-zero correlated double sampling (CDS)
technique. Switched capacitor networks 204, 206 synchronize with non-overlapping
clocks, ¢1 and ¢2. During clock phase @1 (an offset sampling mode), the network
capacitance devices, C1 208 and C2 210, sample the offset voltages of control
amplifiers 212, 214. The control amplifiers 212, 214 are preferably operational
amplifiers and the capacitance devices 208, 210 are preferably capacitors. In the
following clock phase ¢2 (compensation mode), the control amplifiers’ 212, 214

offsets are compensated by the sampled voltages.
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[0029] Yet, just applying the CDS technique to the operational amplifiers 212, 214
has a problem: a leakage current of a feedback switch 216 of the control amplifier
212 causes a large droop in the voltage (i.e., a large drop in an efficiency) of the
voltages during the compensation period.

[0030] In accordance with a first embodiment, FIG. 3 depicts a circuit diagram 300
of a potentiostat control loop circuit 302 to address the drawbacks of the conventional
CDS control loop 202 by using an outer feedback which includes the electrochemical
cell and the control amplifier 214 during an offset sampling mode, instead of local
feedback. The electrochemical cell 112 is coupled to a sample for electrochemically
sensing the sample, the electrochemical cell being structured as a three-electrode
potentiostat. A working electrode (WE) of the electrochemical cell 112 is connected
to the common mode voltage (Veum) for powering the electrochemical sensing. The
switched capacitor network 306 is also connected to the common mode voltage and is
coupled between a first node 307 and a non-inverted input of the amplifier 212. The
switched capacitor network 306 includes switch 304, the capacitor 208, a switch 308
and a switch 310. The switches 308, 310 both close in a first operational mode when
the switch 304 opens and, alternatively, in a second operational mode open when the
switch 304 closes.

[0031] The switched capacitor network 206 includes a switch 312, a capacitor 210,
a switch 314 and a switch 316. The switches 312, 316 both close in the first
operational mode when the switch 314 and the switch 304 open and, alternatively, in
the second operational mode while the switch 304 closes, the switches 312, 316 both
open and the switch 314 closes. The switched capacitor network 206 is connected to
a non-inverted input, an inverted input and an output of the control amplifier 214 and

a second node 318. The second node 318 is connected to the reference electrode (RE)
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of the electrochemical cell 112. The counter electrode (CE) of the electrochemical
cell 112 is connected to an output of the control amplifier 212.

[0032] The control loop 302 in accordance with the first embodiment provides a
nearly constant cell voltage during the cancellation mode, yet has a large voltage
swing when switched to the offset sampling mode. Some electrochemical cells, (e.g.,
glucose) require constant cell potential for a long time in order to place the cell in a
stable condition. However, the switched capacitor networks 206, 306 need a
periodical double sampling because of its unavoidable droop.

[0033] Referring to FIG. 4A, a circuit diagram 400 depicts a potentiostat control
loop circuit 402 in accordance with a second embodiment. The control loop circuit
includes a switch pair 404 which includes a first switch 406 and a second switch 408.
The switch pair 404 is operatively coupled to the switched capacitor network 206 and
the switched capacitor network 306 to open and close the switches 406, 408 during
the clock phases ¢1 and @2, respectively. In order to avoid the large swing of the cell
voltage during the offset sampling clock phase @1, the first switch 406 closes to
disconnect the reference electrode of the electrochemical cell from the control loop
and, alternately, connect the reference electrode of the electrochemical cell to the
control loop for a longer compensation time duration during the compensation clock
phase g2 as depicted in a timing diagram 410. The timing diagram 410 depicts
switching of the clock phases ¢1 and @2 in accordance with the second embodiment.
Since the control amplifiers 212, 214 need to be in the feedback loop and the
electrochemical cell does not necessarily reset to the initial non-compensated Q-point
in the offset sampling mode, closing the first switch 406 while opening the second
switch 408 during the clock phase ¢l excludes the electrochemical cell from the

control loop 402 during the offset sampling mode (i.e., clock phase ¢1).

-10-
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[0034] Referring to FIGs. 4B and 4C, circuit diagrams 420, 450 depict the control
loop circuit 402 during the clock phases ¢l and 92, respectively. Referring to the
circuit diagram 420 (FIG. 4B), during the clock phase ¢1, the network capacitors 208,
210 sample the offset voltages of control amplifiers 212, 214, respectively. As
mentioned above, closing the switch 406 while opening the second switch 408 during
the clock phase @1 excludes the electrochemical cell from the control loop 402 during
the offset sampling mode. Referring to the circuit diagram 450 (FIG. 4C), during the
clock phase @2, the network capacitor 208 is connected to the first node 307, a
conjunction node of the front-end resistors 108, 110 of the resistor ladder, forcing the
first node 307 potential nearly to the common-mode voltage (Vcm). On the other
hand, the network capacitor 210 is included in the feedback of the control amplifier
214 to cancel the offset of the amplifier 214. The switch 406 is open and the switch
408 is closed to form a normal feedback configuration with the electrochemical cell.
[0035] Referring to FIG. 5, a circuit diagram 500 depicts a control loop circuit 502
for a potentiostat circuit in accordance with a third embodiment which employs the
switched capacitor network 306 to a one amplifier 152 control loop configuration
such as the control loop circuit 150 (FIG. 1B). In the control loop circuit 502, the first
node 307 is directly connected to the second node 318. The function of the control
loop circuit 502 in both clock phases ¢1 and ¢2 is similar to the operation of the
control loop circuit 402 (FIGs. 4B, 4C) as shown in the timing diagram 410.

[0036] FIG. 6 illustrates a graph 600 of simulation results using 0.18um
complementary metal oxide semiconductor (CMOS) model parameters of the
operation of the potentiostat control loop circuit 302 in accordance with the first
embodiment. Time is plotted along a vertical axis 602. At the bottom of the graph

600, a timing trace 610 has voltage amplitude 612 plotted horizontally as Vcix in
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volts. In the middle of the graph 600, the cell potential 620 (which is the working
electrode (WE) to reference electrode (RE) voltage difference (Vwrrgp) 622) in
millivolts during the simulation is plotted for operation in accordance with the first
embodiment and can be compared to a cell potential 630 of simulation results of the
working electrode to reference electrode voltage (Vwg.re) 632 in accordance with a
conventional auto-zero correlated double sampling (CDS) technique.

[0037] In the simulation depicted in the graph 600, DC gains of the control
amplifiers 212, 214 are set to 70dB and offset voltages of the control amplifiers 212,
214 are assumed to be SmV and 6mV, respectively. The input voltage Vn is set to
0.6V and the common-mode voltage Vcy is set to 0.4V. Without the calibration, the
cell potential 620 has an offset 640 of 16.3mV, which is similar to the theoretical
value of Vgr ora1 of 16mV calculated in Equation (1). When using a conventional
CDS technique, the cell voltage 630 has a large droop from 199.5mV to 191.7mV
during the calibration mode 642. At the end of the calibration mode 642, the offset
644 increases to 8.3mV. On the other hand, operation of the potentiostat control loop
circuit 302 in accordance with the first embodiment exhibits 199.8mV voltage 620 in
the clock phase ¢2, which has a very small offset 646 of 0.2mV as compared with the
offset 644 during operation in accordance with the conventional CDS technique.
Thus operation in accordance with the first embodiment advantageously reduces
voltage droop in the calibration mode.

[0038] FIG. 7 illustrates a graph 700 of simulation results of the operation of the
potentiostat control loop circuit 402 in accordance with the second embodiment.
Time is plotted along a vertical axis 702. At the bottom of the graph 700, a timing
trace 710 has voltage amplitude 712 plotted horizontally as V¢ik in volts. At the top

of the graph 700, the cell potential 720 (which is Vwggg 722 in millivolts) during the
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simulation is plotted for operation in accordance with the first embodiment and can be
compared to a cell potential 730 of simulation results of the Vg rg 722 in accordance
with a CDS technique.

[0039] From the graph 700, it can be seen that although this simulation uses the
same circuit non-idealities as the simulation depicted in the graph 600, the cell voltage
does not have a large voltage swing in clock phase g1. The average voltage in g2 is
199.8mV and the glitch in clock phase ¢1 is advantageously very small while the peak
voltage is 197.4mV, thereby showing the effectiveness of operation in accordance
with the second embodiment in reducing the voltage deviation from an ideal voltage
(i.e., 200mV).

[0040] FIG. 8 illustrates a graph 800 of simulation results of the operation of the
potentiostat control loop circuit 502 in accordance with the third embodiment. Time
is plotted along a vertical axis 802. At the bottom of the graph 800, a timing trace 810
has voltage amplitude 812 plotted horizontally as Vcix in volts. At the top of the
graph 800, the cell potential 820 (which is Vwgre 822 in millivolts) during the
simulation is plotted for operation in accordance with the first embodiment and can be
compared to a cell potential 830 of simulation results of the Vwg.rg 822 in accordance
with a CDS technique. The average voltage 820 in ¢2 in accordance with the third
embodiment is 199.97mV, while the average voltage 830 is 194.8mV in operation of
the conventional circuit 151 without the switched capacitor network 306 (FIG. 5).
[0041] Using an alternative path during the offset sampling mode (phase ¢1) by
operation of the switches 406, 408 reduces voltage swing of the cell voltage and
implementing the switched capacitor networks 206, 306 bring the cell voltage very
close to an ideal voltage, while making the potentiostat control loop circuits 302, 402,

502 scalable for semiconductor electrochemical sensor applications, providing robust
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solutions where highly accurate voltages must be provided to the electrochemical cell
for the electrochemical sensing. Such potentiostat control loop circuits can find
applications in other potentiostat circuit applications where low cost and accuracy are
requirements.

[0042] Thus it can be seen that the present embodiments 302, 402, 502 provide a
quick, inexpensive method and circuits for accurately controlling potentials in a
potentiostat circuit which provides improved silicon real estate requirements, time
consumption and reduced potential swing and an electrochemical cell with an accurate
voltage. The potentiostat control loop circuits 302, 402, 502 in accordance with the
present embodiments require only switch and capacitor networks without any
complex/active circuit blocks. Therefore, the potentiostat control loop circuits 302,
402, 502 in accordance with the present embodiments are easy to implement.
Operation in accordance with the present embodiments can advantageously reduce
voltage deviation to 0.2mV average with a small glitch of 2.6mV, while the deviation
is 16.3mV without any compensation methods for two amplifiers in the control loop.
In addition, the potentiostat control loop circuits 302, 402, 502 in accordance with the
present embodiments provides concurrent calibration and low power supply
architectures and operation of the potentiostat control loop circuits 302, 402, 502
provides increased performance, faster calibration time, smaller silicon area
requirements and more accurate controlled potentials for longer times than
conventonal potentiostat control loop circuits.

[0043] While exemplary embodiments have been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of
variations exist. It should further be appreciated that the exemplary embodiments are

only examples, and are not intended to limit the scope, applicability, operation, or
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configuration of the invention in any way. Rather, the foregoing detailed description
will provide those skilled in the art with a convenient road map for implementing an
exemplary embodiment of the invention, it being understood that various changes
may be made in the function and arrangement of elements and method of operation
described in an exemplary embodiment without departing from the scope of the

invention as set forth in the appended claims.
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CLAIMS

What is claimed is:

1. A potentiostat control loop circuit comprising:

a three-electrode potentiostat having a first electrode, a second electrode and a
third electrode, wherein the first electrode is stabilized to a common mode voltage;

a first control amplifier having an output connected to the third electrode of
the three-electrode potentiostat and a first input connected to a first potential, the first
control amplifier to provide a cell voltage to the three-electrode potentiostat, wherein
the cell voltage comprises a difference between a voltage at the first electrode of the
three-electrode potentiostat and a voltage at the second electrode of the three-
electrode potentiostat; and

a first switched capacitor network coupled between a first node and a second
input of the first control amplifier;
wherein the first switched capacitor network comprises a first capacitance device
having a first electrode connected to the second input of the first control amplifier and
a second electrode switchably connectable to either the first node when a first switch
of the first switched capacitor network is closed or to the first potential when a second
switch of the first switched capacitor network is closed, the second input of the first
control amplifier being connected to the first node by a third switch of the first
switched capacitor network and the first switched capacitor network operatively
controlled to open the first switch while closing the second and third switches and,
alternatively, closing the first switch when opening the second and third switches,
wherein the first node is coupled to the second electrode of the three-electrode

potentiostat.

-16 -



2. The potentiostat control loop circuit in accordance with Claim 1 further
comprising a switch pair having first ends of first and second switches connected to a
second node, a second end of the first switch connected to the third electrode of the
three-electrode potentiostat, and a second end of the second switch connected to the
second electrode of the three-electrode potentiostat to form a switchable feedback
configuration with the three-electrode potentiostat, wherein the switch pair is
operatively coupled to the first switched capacitor network such that the first switch
of the switch pair is closed and the second switch of the switch pair is open when the
first switch of the first switched capacitor network is open and the second and third
switches of the first switched capacitor network are closed and, alternatively, the first
switch of the switch pair is open and the second switch of the switch pair is closed
when the first switch of the first switched capacitor network is closed and the second

and third switches of the first switched capacitor network are open.

3. The potentiostat control loop circuit in accordance with Claim 2

wherein the first node is directly connected to the second node.

4. The potentiostat control loop circuit in accordance with Claim 1

wherein the first potential is an input voltage.

5. The potentiostat control loop circuit in accordance with Claim 1

wherein the first potential is a common mode voltage and a second potential coupled

to the first node is an input voltage.
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6. The potentiostat control loop circuit in accordance with Claim 5 further
comprising:

a second control amplifier having a first input connected to the second node
and an output coupled to the first node; and

a second switched capacitor network connected to the first input, a second
input and the output of the second control amplifier and comprising a second
capacitor and a first switch, a second switch and a third switch, the second switched
capacitor network operatively coupled to the first switched capacitor network such
that the first and third switches of the second switched capacitor network are closed
and the second switch of the second switched capacitor network is open when the first
switch of the first switched capacitor network is open and the second and third
switches of the first switched capacitor network are closed and, alternatively, the first
and third switches of the second switched capacitor network are open and the second
switch of the second switched capacitor network is closed when the first switch of the
first switched capacitor network is closed and the second and third switches of the

first switched capacitor network are open.

7. The potentiostat control loop circuit in accordance with Claim 6 further
comprising a resistor ladder including a first resistor connected between the input
voltage and the first node and a second resistor connected between the first node and

the output of the second control amplifier.

8. The potentiostat control loop circuit in accordance with Claim 1

wherein the first capacitance device is a network capacitor.
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9. The potentiostat control loop circuit in accordance with Claim 1
wherein the first control amplifier is an operational amplifier and wherein the first
input of the first control amplifier is a non-inverted input and the second input of the

first control amplifier is an inverted input.

10. The potentiostat control loop circuit in accordance with Claim 6

wherein the second capacitance device is a network capacitor.

11. The potentiostat control loop circuit in accordance with Claim 6
wherein the second control amplifier is an operational amplifier and wherein the first
input of the second control amplifier is a non-inverted input and the second input of

the first control amplifier is an inverted input.

12. The potentiostat control loop circuit in accordance with Claim 1
wherein the first electrode of the three-electrode potentiostat is a working electrode, a
second electrode of the three-electrode potentiostat is a reference electrode and a third

electrode of the three-electrode potentiostat is a counter electrode.
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