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Abstract. In this paper, an overview of Amperomet-
ric Biosensors with application to chemical measure-
ment systems is presented first. We then focus on sig-
nal processing enhancement of emerging Amperomet-
ric Biosensors suitable for eHealth applications by de-
sign and tmplementation of an analog four-path high-
quality Band Pass Filter (BPF) with adjustable center
frequency. This filter is placed prior to the ADC stage
to remowve the aliased noise and improve on the Signal-
to-Noise Ratio (SNR). Finally, future trends in apply-
ing Amperometric Biosensors as user-friendly person-
alized glucose measurement devices are conceptualized
and discussed.
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1. Introduction

A chemical sensor is a device that transduces (converts)
chemical energy into an electrical signal. Chemical sen-
sors consist of two parts: 1) a receptor that senses
its input variations as a measurable form of energy
and, 2) a transducer that converts the sensed energy
into other quantities. The receptor’s function is based
on physical, chemical, or biochemical principles [I].
In a chemical-based sensor, the chemical reactions be-
tween the measurand and the receptor site increase the

output electrical signal. Similarly, in a biochemical-
based sensor, the biochemical reactions at the receptor
site serve as the source of the electrical signal [1]. These
sensors are called “biosensors” for short.

Electrochemical sensors are the largest group of
chemical sensors that convert chemical information
into electrical signals. Their fast response, high sen-
sitivity, and simplicity make them suitable for a vari-
ety of applications such as the diagnosis of disease, en-
vironmental monitoring, and food inspection, among
others [2]. These sensors operate based on the enzy-
matic catalysis of a reaction that produces or consumes
electrons [3]. Electrochemical sensors are divided into
three main classes: 1) voltammetric, 2) potentiometric,
and 3) conductometric [4]. Voltammetric sensors func-
tion according to the measurement of current-voltage
variations. Amperometric Biosensors are a special case
of these types of sensors. In Amperometric Biosen-
sors, a fixed voltage applied to the electrode forces the
chemical solution out of the equilibrium state. This
results in reduction/oxidation (redox) reactions in the
solution [5]. Consequently, a current signal is gener-
ated that flows through the electrode. The generated
current signal has a known relationship to the concen-
tration of the chemical substance in the solution.

In this paper, we highlight the conceptual design
of an analog 4-path high quality (high Q) Band Pass
Filter (BPF) with adjustable center frequency for im-
proving the performance of emerging Glucose Amper-
ometric Biosensors with potential applications to non-
invasive personalized monitoring and eHealth.
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The article is organized as follows. An overview of
Amperometric Biosensors and a detailed description
of their main building blocks are given in Sec. [ 2. ]
and Sec. [ 3. ] respectively. The details of the concep-
tual design and implementation of a high Q@ BPF as
a means for enhancing the signal processing capabili-
ties of the biosensor are presented in Sec. [ 4. | Next,
Sec. focuses on our vision for the development
of a user-friendly Amperometric glucose biosensor for
monitoring and eHealth applications in the near future.
Finally, Sec. presents our conclusions.

2.  Overview of Amperometric

Biosensors

Figure [I| shows the block diagram for a conventional
Amperometric Biosensor. It consists of an Electrode,
a Control Logic block, a Potentiostat block, a Lock-
in Amplifier (LIA), an Analog-to-Digital Converter
(ADC), a Signal Processing block, and a Display Unit.

The Potentiostat block is comprised of two main sub-
blocks: a Potential Control block and a Current Mea-
surement (Readout) block [2]. The Potentiostat serves
as an interface between the Electrode and the LIA.
Electrochemical sensors use potentiostatic methods to
detect changes in the dielectric properties of an elec-
trode’s surface.

Control
logic

]

Current
Readout

Potential

Control Signal

Lock in
ifi processing =

bmmp| ADC Display

Electrodes

Potentiostat

Fig. 1: Block diagram of a typical Amperometric Biosensor.

At the Electrode’s (Electrochemical Cell’s) surface,
the chemical quantity of the analytes is sensed and
converted into an electrical signal based on the reduc-
tion/oxidation (redox) reactions in the solution. The
generated current signal is then measured by the Cur-
rent Measurement block in the Potentiostat. Subse-
quently, a LIA is used to extract the weak signals and
remove noise contamination. Next, the detected elec-
trical signal is converted to digital form by the ADC.
A Signal Processing unit then uses different algorithms
to produce an output proportional to the chemical in-
puts based on the amplitude of the measured current
signal. In the final stage, the acquired chemical infor-
mation is displayed. The details of the building blocks
of the Amperometric Biosensor are presented in the
subsections below.

2.1. The Electrochemical Cell

The Electrochemical Cell is comprised of a two-
electrode or a three-electrode structure. The former
consists of a Working Electrode (WE), where electro-
chemical reactions take place, and a Reference Elec-
trode (RE), which tracks the solution’s electrical po-
tential. In contrast, a three-electrode structure with
one more electrode, named the Counter or Auxiliary
Electrode (CE), offers better performance. The CE
supplies the current required for the electrochemical
reactions at the WE in order to maintain the stability
of the RE [2]. As such, the three-electrode structure
is preferable. The voltage difference between the WE
and RE should be kept constant so that the current
through the RE will ideally be zero.

One of the simplest equivalent electrical circuit mod-
els for the Electrochemical Cell is the Randles Model
shown in Fig. [2] This model is comprised of a double-
layer capacitance (denoted by Crgr), in parallel with
a polarization resistance (represented as Rrgr), which
is also described as a charge transfer resistance, and the
solution resistance symbolized by RAUX [3] and [4].

WE RE CE

Fig. 2: Randles model for electrochemical cells.

2.2. The Potentiostat

The Potentiostat is comprised of a Potential Con-
trol Block and a Current Measurement /Readout block.
Figure [3] shows the Potential Control block with three
electrodes in which the WE is connected to the ground.
The potential difference between the WE and RE
(Veenr) is kept at a certain potential value (V;,,) by sink-
ing or sourcing currents from or into the sensor through
the CE, which measures the current [3].

In the Current Measurement block, the current flow-
ing through the CE is sensed by inserting a resistor
into the feedback loop of the Potential Control block
(Fig.[3) and the Instrumentation Amplifier (IA) is used
to measure the voltage difference across this resistor [3].
In this case, the WE is grounded. There is another ap-
proach for measuring the current through the WE. It is
achieved by using a Trans-Impedance Amplifier (TTA).
In this case, the WE is virtually grounded.

Based on the first approach mentioned above, we can
design the TA so that its output voltage has minimal
dependency on the thermal noise of the resistors used
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in its circuit [3] and it offers better performance in com-
parison to the virtually grounded case (TIA) in which
environmental noise easily affects output [6]. Addi-
tionally, the IA with a wider output swing and a more
effective rejection of second-order harmonics produces
better linearity.

Fig. 3: The potential control and current measurement blocks

31

3. The Lock-In Amplifier

The Lock-In Amplifier (LIA) uses a phase sensitive de-
tection method to extract weak AC signals at a specific
reference frequency and phase from an extremely noisy
environment. The LIA improves the Signal-to-Noise
Ratio (SNR) due to its ability to cancel out undesir-
able harmonics and interferences [7].

3.1. The LIA Structure and Its

Theoretical Framework

Figure |4| shows the structure/essential components of
a LIA using a down-converted mixer followed by an
adjustable low pass filter. After being split, each com-
ponent of the input signal is separately multiplied by
the reference signal and its 90° phase-shifted replica [7]
and [§]. The Oscillator signal applied to the Mixer is
either a sine wave or a square wave.

|Vr|.cos(ert+0r)
[Vil.sin(ert+0r)

(a) Sine wave reference signal. (b) Square wave reference sig-
nal.

Fig. 4: Block diagram of the Lock-in Amplifier.

In Fig. the converted signal (in the frequency
domain) in path A preceding the LPF is defined as in

Eq. .

oi0r
Va (W) =V (W*WT)' |Vr|'7+ (1)

e_.]ar
2 )

+Vs (w+wp) - |Vi| -

where V;(w) is Fourier transform of the input signal
and |V;|, w, and 6, are the amplitude, frequency, and
phase, respectively, of the reference signal applied to
the Mixer. We define wy and 65 as frequency and phase
of the input signal V,(t) to rewrite V4(w) as Eq. (2).

. 70
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In order to extract the amplitude of the desired volt-
age signal, a low pass filter is used to remove the high-
frequency component at w,s + w,. Based on Eq. 7 for
ws = wy, the filtered output in the frequency domain
is given as follows:

it
Va (@) = Vel - [Vl - 7% - St

) —3j0r 3
+V |- Vil - el - = = ¥

= Vo] - [Vs] - cos (6r = 05) -

As indicated in Eq. (3), the voltage signal in path
A depends on the phase difference (8) between the in-
put signal and reference signals. V4 (w) has its max-
imum value at 8 = 0° and its minimum value at
# = 90°. To eliminate the phase dependency, the sec-
ond path B is used to multiply the signal V; with a 90°
shifted reference signal. The low pass filtered output
B is given by Eq. for the condition where ws; = w;..

et
Vi (@) = Vo] [Ve] - 7% S
it 4
IV V] e @
2j

= |V, |Vi] - sin (6, — 6.).

The outputs of the Mixers passing through the Low
Pass Filters result in the two output voltages V4 (t) and
Vi(t). The total amplitude R and the phase 6 are eas-
ily derived from Vy4(t) and Vp(t) by transforming the
Cartesian coordinates into polar coordinates based on
Eq. . We can infer that the phase dependency of the
filtered signal is removed by this quadratic structure.

R=/VZ(t) + VZ(®),

s ().

()

The LIA detects the DC component of the desired
signal and rejects noise. The attenuation of unwanted
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harmonic components depends on the LPF bandwidth.
A narrower LPF bandwidth results in a better noise
rejection closer to the reference frequency. However,
the amount of time needed for the filter output to set-
tle at its new value will be increased. Thus, there is
a trade-off between higher SNRs and time resolution.

The theoretical discussion of the LIA presented here
assumes a sine wave for the reference signal. However,
some LIAs use a square wave as the reference signal.
We recall, that in the frequency domain, a sine wave
represented by two harmonic tones at the reference fre-
quency produces a pure measurement at the fundamen-
tal frequency. In contrast, a square wave represented
by harmonic tones at the reference frequency produces
all of the odd harmonics of the signal. Figure
shows the LIA with a square wave reference signal and
a current input signal I(¢). The converted current sig-
nal in Path A, preceding the LPF, is then defined by
Eq. @ in both time and frequency domains based on
the Fourier analysis of a square wave as follows:

n=-+oo
L) = L(t)- > Vil
Sln(i) . eijnwr(%) . ejnwrt’
nm
n=+oo
La(w) =L * Y [Vl (6)
n=—0o0 6
w ) e_jnwr(%) . 5(w — nwr)7
nm
n=+00
Ix(w) = Z Vel
n=—o0
sin( &

72) ce—Iin(3) . I(w — nw,),

nm
where |V,.| and w, are amplitude and frequency of the
reference signal applied to the mixer and * symbolizes
the convolution operation.

Based on the definition of I4(w), if ws = w;, the
desired signal in path A is converted to a DC signal
(frequency = 0) with a current gain of (1/7) for n = 1.
However, there will be unwanted harmonic frequencies
for odd values of n resulting in more interference and
noise. Another problem is noise folding onto the de-
sired signal. For example, the unwanted component at
3w, will be folded back into the band of interest (at
DC) for n = 3, thereby disrupting the desired signal.

3.2. The Digital LIA vs Analog LIA

In the section above, the LIA concept was presented
in the analog domain. We could likewise discuss this
concept in the digital domain and implement it by us-
ing a Digital Signal Processing (DSP) chip or a Field
Programmable Gate Array (FPGA). Reference [9] de-

tails the analog implementation of the LIA with phase
alignment through feedback control; and Ref. [I0] pro-
poses a digital algorithm for the implementation of the
LIA using a square wave reference signal. They imple-
mented this algorithm through additions and subtrac-
tions to speed up the computations in the LIA. Refer-
ence [I1] proposes a semi-digital phase tuning loop to
increase the LIA’s sensitivity by measuring the phase
difference between the input and reference signals and
then adjusting the phase.

Tab. 1: Comparison between analog/digital LIAs.

Digital
LIA

Analog
LIA

Much less prone to mismatch
between I and Q path

Much less prone to

the output Offset

Much less prone to

the gain error due to b'e
reference amplitude drift

Much less prone to
temperature changes

No limitation in dynamic range
due to nonlinearity of mixer
Multiple demodulators &
analyzing a signal at multiple
different frequencies

without loss of SNR

Good choice when there

is limited computing power X
for mathematical operation

X

Table [1] shows the comparison between the Digital
and Analog LIAs. Digital technology can overcome any
mismatch between the in-phase and quadrature (I/Q)
signal paths. This I/Q amplitude and phase mismatch
causes sideband and unwanted frequency harmonics,
thereby limiting the measurement accuracy [§]. More-
over, the output offset in the analog LIA contributes
to the DC error and zero drift. We can solve the off-
set problem by using a digital multiplier. Gain error
due to the amplitude drift in the reference signal is
another problem, which is a common issue in analog
LIAs, while a digital reference signal is without any am-
plitude changes [12]. Additionally, analog LIAs suffer
from measurement errors due to temperature changes.
The dynamic range (the ratio of the maximum toler-
able noise to the minimum desired signal that can be
detected by a system) of analog LIAs is limited by the
nonlinearity of their Mixer/Filter and a nonlinear op-
eration results in poor noise rejection. In contrast, the
dynamic range of a digital LIA is only limited by the
resolution, linearity, accuracy, and aliasing in the ADC.
Additionally, a Digital Processor has high calculation
power and can perform different analyses without loss
of the SNR [8]. Considering all of the above-mentioned
factors and Tab. [I] we can easily observe that the digi-
tal LIAs offer superior performance compared to analog
LIAs. In situations where digital LIAs using complex
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mathematical algorithms consume a large amount of
power, analog LIAs may offer a better choice, espe-
cially when computing power is limited.

4. Signal Processing

Enhancement

Figure [5| shows the block diagram of a proposed design
to enhance the signal processing capability of the Am-
perometric sensor using the three-electrode structure.
As was discussed in Sec. [ 2. ] the three-electrode sen-
sor topology offers superior performance compared to
the two-electrode version because the CE keeps the RE
voltage constant by providing the current required for
the electrochemical reaction at the WE electrode. The
Ve is applied by the Potential Control block while the
WE electrode is connected to ground. When the WE
is connected to real instead of virtual ground, the sen-
sor is less prone to noise. The implementation of the
Current Measurement block through the use of the In-
strumentation Amplifier (with differential inputs) has
the ability to reject any existing second-order harmonic
distortions and common mode signals. Ultimately the
aforementioned design is preferable for implementation
compared to the one that implements the TTA through
the WE. The Potential Control and Current Measure-
ment/Readout blocks could be implemented by using
CMOS technology. A system-on-chip approach results
in a smaller size for the electrodes and is capable of
lower current detection.

Based on the discussion presented in section III and
the factors listed in Tab. [T we can conclude that the
digital implementation of the LIA results in a better
performance compared to that achieved by the ana-
log LIA in terms of mismatch, output offset, gain er-
ror, linearity, stability, and sensitivity to temperature
changes. The digital LIA can be readily determined
by using FPGAs. These devices can be flexibly pro-
grammed to carry out almost any desired signal pro-
cessing task in real time and produce any kind of infor-
mation about the Chemical Cell by doing sophisticated
analysis on the desired discrete voltage signal.

Converting the sensed analog signal to its digital
form requires an ADC in front of the digital LIA.
Adding a high Q BPF between the Potentiostat and the
ADC can reduce the aliasing limitation in the ADC due
to high-frequency noise. Undesired harmonic rejection
prior to the ADC can relax the requirements for a high
sampling rate. This reduction in the sampling rate, in
turn, can lower the power consumption requirements.
As a result, there is no need to be concerned about
the utilization of complex techniques [I3] to obtain an
ADC with both high sampling rate and low power con-
sumption. Furthermore, there is no need to implement

complex algorithms in the digital domain to clean the
sensed signals from the high amount of noise before the
ADC. This feature in itself reduces the volume of the
required digital computations. In the proposed design,
a 4-path BPF with adjustable center frequency is in-
serted in front of the ADC. This filter is designed by
using passive switches and capacitors and is in high de-
mand especially over high-frequency bands where the
implementation of a BPF with a high Q is challenging.
The 4-path BPF with a high Q introduces negligible
power, noise, and non-linearity to the main circuit [14]
and [I5]. The current mode passive Mixers draw no DC
current, so flicker noise is negligible in a well-designed
mixer. Current mode passive Mixers are more linear
than their active counterparts [16].

Control
logic

1|

Potential

Current
Control Lock in Signal

Readout ADC = B
Amplifier processing

Display

Three Electrodes

(Analog Domain) (Digital Domain)

Fig. 5: Signal processing enhancement of the Amperometric
sensor.

4.1. Conceptual Design and

Simulation Results of 4-Path
Band Pass Filter

Figure [6] shows the proposed 4-path BPF including
4 Mixers (switches) and 4 capacitors. The time-shift
between the two successive paths is equal to T/N,
where T is the period of the Mixer clock and N is
the number of paths. The phase shift between the two
successive paths in the 4-path BPF is 90° and mixer
clock has duty cycle of 25 % [15].

- 4-path BPF -

Zin(4-path-8pF)

Fig. 6: The schematic of the 4-path BPF with high quality (Q)
factor.
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Equation @ shows the input impedance of the
4-path BPF [14].

Zingpath BpPF (W) = Rsw 4 4-
n=-+oo
. Z ZBB (w — nwLo) . |CLTL|2,
n=-—oo
sin( &%
an] = )
nm

(7)

where Ry, is the switch resistor, Zgpg is the capacitor’s
impedance 1/(jCppy ), N is the number of paths, and
wro is the mixing frequency. The input impedance is
significantly small except at frequencies close to wro
and its integer multiples; the input impedance also de-
creases in increments of n. As the input impedance
around wyo is of main interest, Eq. @ is simplified to
Eq. for n = +1 [14] as follows:

. 2
Zinapath_ppr (W) ~ Rsw+ ( — |-
- T
[ZBp (w—wro) + Zpp (W +wro)] =

2
%st 5 °
()

o=y * TR T
jCeB (w—wro)) JCpe(W+wro))]’

Based on Eq. , the input impedance of the 4-path
BPF is ideally infinite for the desired signal and is
much less for undesired inputs. Figure [7] shows the
input impedance (Zin4_patnapr) of the designed cir-
cuit with an arbitrary mixing frequency of 10 kHz and
a Cgp = 30 uF. The input impedance has a BPF be-
haviour near the center frequency, which is determined

by the mixing clock frequency (wro). Therefore,
45 F’eriodic AC Response‘
40¢ .
m35f 1
Z
£
K 1
25 /JL 1
20 ‘ | ‘ ‘ ‘ ‘ |
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Frequency (Hz) x10%

Fig. 7: Input Impedance of designed 4-path BPF.

the clock frequency, which is applied to the switches,
should be equal to the frequency of the desired input
signal. The input impedance of the 4-path BPF is
44 dB for the desired signal at 10 kHz and is 24 dB
lower for the undesired input signal close to 10 kHz
(about 1/16 of the maximum impedance). Conse-
quently, the undesired current signal will be filtered out
by the 4-path BPF and will not enter the next block
(ADC). In other words, the unwanted signal sinks into

the BPF as the input impedance of this filter is much
lower for the unwanted signal. However, the desired
signal is subjected to the opposite effect; that is, the
desired current signal sees very high impedance at the
input of the BPF and will pass unattenuated to the
next block (ADC) without any current sinking in to
the 4-path BPF.

The Noise Figure (NF) of the designed circuit is
3.8 dB at the desired frequency as shown in Fig.[8] This
value is negligible considering its significant positive
impact on improving the signal quality by achieving
a 24 dB rejection of the undesired signal. Moreover,
the total NF of the Amperometric Sensor has less de-
pendency on the NF of the last stage, thereby allevi-
ating any design concerns about the NF of the BPF.

14 Periodic Noise Response

~
om
E12
1ot ]
510
[
S 8f 1
2
LL 61 4
Q
R
o F il
2 4

2 I I I I I I I

0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8

Frequency (Hz) «10%

Fig. 8: Noise Figure of the designed 4-path BPF.

4.2.  Experimental Results

The circuit schematic of 4-path BPF in Fig. is im-
plemented by using discrete ICs connected on a bread
board (see Fig. . MOSFETs are switched by clock
frequency of 10 kHz and duty cycle of 25 %. Phase shift
of 90° is between two successive clock signals. MOS-
FETs operate as switches in cut off and triode regions.

Figure [10(a), Fig. [10(b)| and Fig. represent
voltage signal measured at node Y when the 100 mV in-
put signal is applied with frequency of 9.9 kHz, 10 kHz
and 10.1 kHz respectively. In a case that input sig-
nal has the frequency of 10 kHz (equal with the clock
frequency), there is no obvious change in the ampli-
tude of measured signal at node Y. However, there is
86.6 % reduction in the amplitude of measured signal
when 100 mV input signal applied with the frequency
of 10.1 kHz and 9.9 kHz (around the clock frequency).

Figure |11(a)| and Fig. show the frequency

spectrum of signal at node Y when the input signal
has the frequency of 10 kHz and 10.1 kHz respec-
tively. The amplitude of the first harmonic at 10 kHz
(Fig. is 17.5 dB more than the first harmonic at
10.1 kHz (Fig. . According to measurement re-
sults, unwanted input signals with frequency less than
9.9 kHz and more than 10.1 kHz are rejected (17.5 dB)
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by implemented 4-path BPF with center frequency of
10 kHz.

10 kHz

n_
il

;

33pF

F
i

;

334F

ac

JES/

33puF

L

33puF

5

(a) Schematic.

(b) Connected on a bread board.

Fig. 9: Implemented circuit.
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Fig. 10: Measured voltage signal at node Y when the input sig-
nal has the frequency of.
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Fig. 11: Frequency spectrum of signal at node Y.

5. Tissue Integrated

Amperometric Biosensor for
Glucose Measurement

As mentioned above, electrochemical biosensors use
potentiostatic methods for detecting changes in the
dielectric properties of their electrode surface. These
biosensors have the ability to respond to antigens, an-
tibodies, proteins, and metal ions [3]. Electrochemi-
cal biosensors can also be used for glucose measure-
ment systems. Blood glucose concentration monitor-
ing is required for effective glycemic control in per-
sons with diabetes. One of the most common methods
of daily glucose measurement/monitoring is the finger
prick or finger sticking method, which involves plac-
ing a drop of blood on a chemically-active disposable
test-strip and measuring the sugar concentration in it.
This method is inconvenient for many people with dia-
betes. Consequently, there is a great need for a “needle-
less” user-friendly continuous blood glucose measure-
ment/monitoring approach. Because the Amperomet-
ric Biosensor for glucose measurement is primarily
based on the activity of the glucose oxidase enzyme at
the surface of various electrodes, this leads to the pro-
duction of gluconic acid and hydrogen peroxide [I7] and
[18]. By adding one more step to the implementation
of the Amperometric Biosensor into human tissue, we
can envision the further development of a non-invasive
glucose measurement/monitoring biosensor targeting
a variety of applications including eHealth. Figure
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shows the block diagram of our proposed glucose
biosensor. This vision would facilitate and guide the
development and realization of emerging non-invasive
continuous blood glucose sensing/monitoring in per-
sons with diabetes.

Tissue

Outside of the body

(Digital Domain)

Fig. 12: Tissue integrated Amperometric.

There are two methods for measuring glucose levels
in the blood: 1) the first, based on the enzymatic re-
actions catalyzed by glucose oxidase, uses an oxygen
sensor to measure the change of oxygen concentration,
which bears a known relationship with the blood glu-
cose concentration; and 2) the second is based on the
fact that the dielectric constant of blood increases as
the glucose concentration in the solution decreases [19].

Because the former method involves enzyme immo-
bilization techniques as well as a proper enzymatic
biosensor design, it presents considerable challenges.
A way forward to resolve these difficulties is to explore
the use of the dielectric constant of blood glucose to
measure the voltage applied to the electrode at an op-
timal frequency. In other words, as the dielectric con-
stant of the blood is dependent upon glucose levels, the
estimated value of the corresponding circuit element
(at the optimal frequency) in the equivalent electrical
circuit model of the electrochemical cell may provide
a sensitive indicator of glucose levels. Of course, spe-
cial attention must be paid to selecting the frequency
of the voltage applied to the electrode so that blood
conductivity is more sensitively related to the glucose
concentration. In addition, there are other factors that
must be carefully considered such as the life span of
the implanted sensor, the foreign body reaction of the
blood in response to an implanted device (blood tissue
bio-compatibility issues), as well as the sensor’s small
size and low power consumption.

Currently, there are a number of possible meth-
ods for non-invasive, wearable, continuous blood glu-
cose monitoring/measurement including light scatter-
ing [20], the transmission/reflection of optical waves
at specific wavelengths, and so on [2I]. However, the
most challenging aspect of such approaches is that the
measurement results are dependent not only on the glu-
cose concentration but also on different components of
the blood, temperature, skin moisture and thickness as
well as other physiological factors such as age and skin
color.

6. Conclusions

In this paper, we gave an overview of Amperomet-
ric Biosensors by presenting a detailed description of
their building blocks as well as a comparison of differ-
ent approaches for their design. We paid special at-
tention to the conceptual design and implementation
of an analog 4-path high Q BPF with adjustable cen-
ter frequency, inserted between the Potentiostat and
the ADC, to reject unwanted harmonics and improve
the SNR. This design offers the advantage of improv-
ing the anti-aliasing part of the ADC, which in turn
results in a high-quality digital signal at its output.
The 4-path high Q BPF with adjustable center fre-
quency is designed by using passive switches and capac-
itors that have low noise and power consumption. We
also proposed one possible approach for the develop-
ment of non-invasive glucose measurement/monitoring
by leveraging a tissue-integrated Amperometric glucose
sensor. This sensor offers the potential to track blood
glucose variations reliably based on changes in the di-
electric constant of blood glucose. We expect that our
approach will improve the performance of emerging
Glucose Amperometric Biosensors with applications to
non-invasive personalized monitoring and eHealth.
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