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Abstract
The paper presents a novel design of programmable current mode readout amplifier and potentiostat circuits for glucose 
sensing applications. In the proposed design, the threshold voltage of two MOS transistors is used as the reference supply 
voltage across glucose sensor reference and working electrodes. Another important feature is enhancement of the gain of 
PTA by transconductance ( gm ) boosting technique which is useful to detect sensor currents even if a very small amplitude 
signal is present. The performance of proposed design is analysed using SCL 0.18 μ m CMOS process technology with 1.5 V 
of power supply. The proposed design have programmable gain ranges from 42.18 to 60.38 dB and it offers a IRN of 1.002 
nV/sqrt (Hz)–1.688 μV/sqrt (Hz)@ 1–100 MHz. The % THD ranges from 8.26 to 8.34@ 35 nA to 230 nA of sensor current, 
high DR of 108 dB and PSRR is 100.4 dB. The linear range is found from 35 to 230 nA for the current of glucose sensor i.e. 
from 5 to 34 M Ω approximately for electrode resistance of glucose sensor which is acceptable for the measurement of glucose 
level ranges from 40 mg

dl
 to 250 mg

dl
 . The power dissipation of the proposed architecture ranges from 165.11 to 459.50 μWatt.

Keywords  Electrochemical sensor · Glucose measurement · Potentiostat · Current-conveyor (CC) · gm boosting · PTA logic 
control

Abbreviations
PTA	� Programmable transconductance amplifier
SCL	� Semiconductor Laboratory
IRN	� Input referred noise
THD	� Total harmonic distortion
DR	� Dynamic range
PSRR	� Power supply rejection ratio

RE	� Reference electrode
WE	� Working electrode
CE	� Counter electrode
CM	� Current mode
VM	� Voltage mode
TIA	� Transimpedance amplifier
CC	� Current-conveyor
UGB	� Unity gain bandwidth
PSD	� Power spectral density
IC	� Inversion coefficient

List of Symbols
gm	� Transconductance
kn	� Transconductance parameter
� n	� Mobility of NMOS transistor
cox	� Oxide capacitance of transistor
VTH	� Threshold voltage
� c	� Current tracking error
Ioj	� Output current of PTA at various value of j
Voj	� Output voltage of readout at various value of j
SVIN	� Power spectral density of input-referred thermal-

noise voltage
k	� Boltzman’s constant
n	� Substrate factor
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T	� Temperature in kelvin
Γ	� Thermal-noise factor

Introduction

Diabetes is a disorder that occurs when the human body has 
difficulty maintaining blood glucose levels. Diabetes is a 
chronic condition characterised by elevated blood glucose 
levels within the human body [1]. The primary cause of 
diabetes is an imbalanced glycemic profile. Diabetes is one 
of the fastest-growing health problems, with the number of 
patients with diabetes tripled in the last 2 decades [2]. As 
a result, diabetic individuals must have their glucose levels 
monitored on a regular basis [3, 4]. To test body glucose, an 
electronic interface that can handle glucose concentration 
levels is required. To perform the daily activities, the body 
requires glucose, however the normal range of glucose is 
from (80–150 mg

dl
 ) [5, 6]. The higher value of the glucose is 

hyperglycemia (i.e. Diabetes) and lower glucose levels in the 
body termed as hypoglycemia [7]. The hypoglycemia may 
lead to various health problems like kidney failure, blind-
ness, Cardiovascular disease etc [8].

For processing electrochemical sensor (e.g. blood glucose 
sensor) signals, a potentiostat and readout circuits based 
electronic interface is useful. For glucose sensing, three 
electrode electrochemical cells are commonly employed. 
The RE, WE, and CE are used in glucose sensing employ-
ing amperometric sensors, i.e. electrochemical cells [9]. At 
the WE electrode, the major reaction occurs at a constant 
reference voltage. The reference voltage generated by the 
potentiostat circuit maintains a constant voltage between 
RE and WE electrode while injecting the correct amount of 
current into CE electrode. A readout circuit processes the 
current passing through CE, i.e. sensor current. An amplifier, 
current buffer, current to voltage converter, or a combina-
tion of these circuits can be used in a readout circuit. The 
readout circuit in the proposed architecture amplifies the 
sensor current and converts it to voltage that is proportional 
to glucose concentration level. An equivalent circuit model 
of a glucose sensor is used to interface with a readout and 
potentiostat circuit to view and process the sensor current 
in this research paper.

To process electrochemical sensor signals, several sys-
tems use VM circuits. Furthermore, CM circuits have a 
number of advantages over their VM counterparts [10–13]. 
In addition, CM circuits require less power than VM cir-
cuits. For the processing of electrochemical sensor signals, 
several structures have been developed. The majority of 
them utilised VM circuitry based on op-amps, with only 
few of research based on CM circuitry. In the [14], the 
TIA was utilised with high feedback resistors to process 
low sensor current, and the WE was not connected to true 

ground, making it sensitive to external disturbances. As 
a result, high noise and circuits necessitate a large space.

The switched capacitor based design was more compli-
cated and used a lot of power [15]. The op-amp based com-
pact design based on current mirror in [16] was utilised to 
detect current. [17] provides a better potential control, but 
it has several drawbacks [14]. With a complex structure 
and many passive elements, an enhanced sensing strategy 
was utilised [18, 19]. Jose et al. [20–22] was useful for 
measuring a small range of glucose concentration with a 
higher power dissipation. Complex circuitry was employed 
in the multichannel readout interface in [23]. Karandikar 
et al. [24] suggested a compact design that relies on a high 
load resistance to detect small sensor currents.

The CC based TIA with low gain was reported in [25, 
26]. The CM and resistive TIA based readout circuit in 
[27] was operated relatively at higher power dissipation. 
The readout interface designs for electrochemical signal 
detection and system for monitoring of glucose level have 
been reviewed in [28–32]. The various features of instru-
ment development and application for electrochemical sen-
sor signal processing were discussed [33]. More literature 
[34–37] were found to evaluate the performance of analog 
front ends for electrochemical sensors, particularly glucose 
sensor interfaces. After reviewing the literature [14–27, 
34–37], It has been determined that, most of the structures 
are VM i.e. Op-amp based, which necessitates different 
external circuitry for the potentiostat i.e. reference voltage 
generation and readout circuit to change sensor current 
into corresponding output voltage. Externally generated 
reference voltage absorbs a lot of power, produces a lot of 
noise, and adds to the complexity of the construction. The 
CM is used in only a few constructions.

The novel architecture is proposed and the PTA circuit 
of readout is also introduced which has programmable fea-
tures. The proposed design combines a potentiostat and a 
CM readout circuit into a single circuit. The advantages 
of proposed design over existing literature are as follows:

•	 The threshold voltage of two MOS transistors is consid-
ered as a reference voltage which obviates the necessity 
for external reference voltage generation.

•	 The gm boosting approach is used to increase the gain 
of the PTA circuit.

•	 The circuit is more compact because no op-amp is 
required.

•	 The potentiostat and current readout amplifier circuit 
functions are effectively integrated in the architecture.

•	 WE terminal is connected to the actual ground, which 
eliminates noise pickup from the environment.

•	 The proposed architecture has low noise and consumes 
low power.



SN Computer Science (2023) 4:100	 Page 3 of 11  100

SN Computer Science

The detailed interface architecture and the proposed poten-
tiostat and readout amplifier circuit for glucose sensing is 
implemented in CMOS in “Proposed Electronics Interface 
and Design of Programmable Readout Amplifier Circuit”. 
The results are discussed in “Results and Discussion”, com-
parison of various literature is given in “Comparison” and 
then finally the paper is concluded in “Conclusion.

Proposed Electronics Interface and Design 
of Programmable Readout Amplifier Circuit

Potentiostat and a readout amplifier circuit are used to inter-
act with a glucose sensor model in the suggested electronics 
architecture for glucose concentration measurement. Fig-
ure 1 depicts the whole electronic interface design for glu-
cose sensing, which includes a potentiostat, sensor model, 
and readout circuit.

In Section “CMOS Implementation and Analysis of 
Potentiostat, a detailed explanation of the proposed poten-
tiostat that generates reference voltage for glucose sensors, 
as well as an equivalent circuit model of the glucose sen-
sor, is provided, and in Section “CMOS Implementation 
and Analysis of Programmable Readout Amplifier Circuit, 
a proposed programmable readout circuit for glucose sens-
ing is presented.

The WE and RE electrodes of the equivalent circuit of a 
glucose sensor are connected to a potentiostat, which uses 
the threshold voltage of MOS transistors as a reference volt-
age. The current flowing through CE terminal which is also 
termed as sensor current is fed into differential CC to buffer 
the sensor current effectively as CCs have several advan-
tages over the current mirrors. The sensor current after CC 
is amplified with the help of PTA which provides current 
amplification at different levels with help of PTA control 
circuit and finally the amplified current is converted into 

voltage with the help of simple NMOS based current to volt-
age (I–V) converter.

CMOS Implementation and Analysis of Potentiostat

The potentiostat is a crucial component of the electronic 
glucose sensing interface because it provides a fixed refer-
ence voltage between the sensor’s RE and WE terminals. 
Figure 2 [5] shows the suggested circuit for a potentiostat. 
The threshold voltages of MOS transistors M8 and M9 pro-
vide the required amount of fixed voltage across the RE and 
WE terminals of the glucose sensor. For 0.18 μ m CMOS 
technology, the NMOS threshold voltage is roughly 0.44 V, 
hence the summation of the threshold voltages of transistors 
M8 and M9 serves as a reference voltage.

In comparison to RE, WE, and CE terminal resistances in 
the resistive equivalent model depicted in Fig. 3, small val-
ues of capacitances and small surface resistances are ignored. 
Fig. 4 shows the analysis of the voltage across RE and WE. 
The sensor current ( Isen ) flows through CE and WE terminals 
during the chemical reaction, hence, a equivalent resistance 
( Req ) must be there in the route of flow of sensor current. The 

Fig. 1   Block level architecture for glucose monitoring

Fig. 2   Potentiostat circuit for fixed reference voltage generation

Fig. 3   Glucose sensor equivalent circuit model
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current passing through Req the sensor current. As a result, the 
relationship between Isen and Req can be expressed as follows:

Since,

where, I bias is the value of current bias, kn = 1
2
� nC ox

W

L
 is the 

device transconductance parameter of transistors M8 & M9 
whereas VTH is the threshold voltage. As a result, VGS8 from 
(2) can be calculated and is specified as:

(1)Isen =
VGS8 + VGS9

Req

.

(2)Ibias = kn
(

VGS8 − VTH

)2
.

(3)VGS8 = VTH +

√

Ibias

kn
.

The expression for VGS9 can be stated in the same way, with 
the same bias current Ibias flowing through transistor M9. 
Hence,

If the Ibias is small and ( W
L

 ) 8 and ( W
L

)9 are high enough, the 
statement inside the square root can be minimized in com-
parison to VTH , and its value can be ignored. WE terminal 
resistance ( RWE ) also plays a significant role in the glucose 
sensor’s chemical reactions, as its value is significantly 
higher than that of the CE and RE terminals resistance. As 
a result, the (1) changes to

The Isen solely depends on Req or RWE , according to (5), 
because VTH is constant. Transistors M4 and M5 mirror the 
sensor current, it is then sent into the readout circuit for 
further processing and amplification.

CMOS Implementation and Analysis 
of Programmable Readout Amplifier Circuit

Readout circuit is a very essential part for electrochemi-
cal signal amplification and processing. Figure 5 shows the 
CMOS realization of the readout circuit, which includes a 
differential CC, PTA, and a basic I–V converter. The sug-
gested readout circuit is constructed utilising the gm/I D 
design technique, and the trade-off in analog CMOS design 
[38] are optimised to make it appropriate for implementing 
a readout interface circuit for glucose sensing applications.

The important features of proposed readout circuit are 
as follows: 

(4)VGS9 = VGS8 = VTH +

√

Ibias

kn
.

(5)Isen ≈
2VTH

Req

≈
2VTH

RWE

.
Fig. 4   Sensor current based on a threshold voltage

Fig. 5   Read-out circuit for 
glucose signal detection and 
amplification
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1.	 A digital control logic circuit is used to obtain different 
levels of gain of PTA.

2.	 To reduce drain thermal noise, the lower and upper 
MOS transistors of differential CC and PTA are retained 
between the moderate and low side of the strong inver-
sion region.

3.	 Input devices of differential CC and PTA use MOS tran-
sistors that operate between moderate inversion and the 
low side of weak inversion region. It would help the pro-
posed design to minimize the input pair, input referred 
thermal noise by maintaining large gm/ID or gm . This 
allows the device to overcome the readout circuit noise. 
Because electrochemical sensors are very sensitive, and 
noise might impact the sensor interface performance, 
hence noise should be kept to a minimum.

4.	 For gain enhancement, the CMOS PTA circuit employs 
partial positive feedback. The partial positive feedback 
used with cross connected MOSFETs [39], boosts both 
the DC gain and the UGB. Using cross coupled MOS-
FETs, the transconductance ( gm ) of PTA is improved 
without raising the bias current which is useful for appli-
cations with low power consumption.

The current I sen from the sensor is given to differential CC, 
resulting in current Iz . The differential CC allows for health-
ier sensor current buffering and processing. The expression 
describes the relationship between Iz and Isen is given as

where, � c is termed as the current tracking error of differen-
tial CC. The � c will be close to unity value if the z terminal 
impedance is low in comparison to the output impedance of 
MOS transistor M5. So,

After differential CC, the PTA block is utilized to amplify 
the sensor current. the PTA’s gm is increased by connect-
ing cross coupled MOS transistors M16 and M17, which 
increases the gain of PTA without raising the bias value of 
current. the PTA’s effective value of transconductance Gm 
can be calculated easily using the DC transfer expression.

According to (8), a large transconductance value can be 
obtained if the ratio of M16 and M15 transconductance 
value is kept near to unity. The acronym PTA comes from 
the fact that the transconductance amplifier has a program-
mable output terminal, as seen in Fig. 5. PTA control cir-
cuit is shown in Fig. 6. For understanding the operation, 8 
control signals (C 1 , C 2 ...C 8 ) are generated with the help 

(6)Iz = �cIsen,

(7)Iz ≈ Isen.

(8)
Gm =

gm21

1 −
gm16

gm15

.

of 3 select input lines ((S 1 , S 2 and S 3 ). The truth table for 
generating control signals is given in Table 1.

The following is a general expression for PTA output 
current:

where, j = 1, 2, 3,… p , so that the various currents at output, 
I o1 , I o2 , I o3...I op of PTA are equal to I o , 2I o , 3I o,...,pI o 
respectively. The output current I o (i.e. for j = 1) of PTA is 
expressed as

(10) was updated to expression (11) by placing the value of 
I o from (6) into (10).

In (11), the quantity �cG mR z denotes the PTA’s current 
gain. It becomes (12) after changing the value of I sen from 
(5) into (11).

Finally, a simple I–V converter is used to convert I o to volt-
age. The output voltage is expressed as

(9)Ioj = jIo

(10)Io = GmVz = GmRzIz,

(11)Io = �cGmRzIsen.

(12)Io ≈ GmRz�c

2VTH

RWE

.

(13)Vo =
Io

kn
(

VDD − VTH

)RL ≈ GmRz�c

2VTH

RWE

(

ro25 ∥ RL

)

.

Fig. 6   Programmable transconductance amplifier (PTA) control cir-
cuit
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Where, r o25 is the I–V converter’s internal output resistance. 
In addition, the general expression for readout circuit output 
voltage can be stated as

According to the (14), the output voltage of glucose meas-
urement is only dependent on the resistance R WE , as other 
terms are constant. For j = 1, 2, 3,… p , the various output 
voltages V o1 , V o2 , V o3...V op of readout amplifier are equal 
to V o , 2V o , 3V o,...pV o respectively.

Results and Discussion

The Cadence Virtuoso simulation software is used to con-
duct tests on the suggested electronic architecture for glucose 
level measurement with SCL 0.18 μ m CMOS technology. 
Figures 2 and 5 demonstrate CMOS circuit implementations 
of potentiostat and readout circuits, respectively. Table 2 
shows the size of the MOS transistors used in the proposed 
design.

For all simulations, the supply voltage of V dd = 1.5 V is 
utilised. The potentiostat circuit is biased, and a continuous 
voltage of higher than 2 times of V TH , roughly 0.85–1 V, is 
maintained across the RE and WE terminals of the sensor 
model. I b1 = 5 μ A and I b2 = 10 μ A are the differential CC 
and PTA bias currents, respectively. The resistance R z was 

(14)Voj = Ioj
(

ro25 ∥ RL

)

= jVo

set to 11.11 k Ω to ensure that the sensor current was ampli-
fied effectively and linearly. The proposed design is suited 
for measuring glucose concentration levels in the range of 
40–250 mg

dl
 , which helps to measure the glucose range of 

a pre-diabetic, diabetic, hypoglycemia and healthy patient.
The plot shown in Fig. 7 depicts the relationship between 

sensor current ( Isen ) flowing through the CE terminal and 
sensor electrode resistance RWE.

The Isen varies from 1.74 μ A to 20.65 nA depending on 
the resistance RWE , which ranges from 600 k Ω to 60 M Ω . 
As in a glucose sensor, as the blood glucose concentration 
rises, the electrode resistance lowers, increasing output cur-
rent and thus the output voltage.

The PTA’s programmable gain is depicted in Fig. 8. We 
opted to plot 8 gain curve values to maintain the best linear-
ity range, which can be attained by enabling MOS transistor 
M23j (j= 1, 2, 3, 4, 5, 6, 7, 8) with the help of PTA control 
logic signals (C 1 , C 2...C 8 ). The current gain correspond-
ing to j = 1, 2, 3, 4, 5, 6, 7, 8 are 42.17, 48.22, 51.76, 54.29, 
56.24, 57.85, 59.21 and 60.38 in dB. These gains are con-
stant for R WE ranges from 5 to 34 M Ω , i.e. sensor current 
varying from 35 to 230 nA, as shown in Fig. 8.

Figure 9 shows the relationship between output voltage 
of the readout circuit and sensor current. There is a load 
resistance R L of value 1 k Ω which is applied to the output 
of the I–V converter to plot this relationship. According to 
the graph, the proposed readout circuit has a linear range of 

Table 1   Truth table of PTA 
control logic circuit

S 
1

S 
2

S 
3

C 
1

C 
2

C 
3

C 
4

C 
5

C 
6

C 
7

C 
8

0 0 0 0 1 1 1 1 1 1 1
0 0 1 0 0 1 1 1 1 1 1
0 1 0 0 0 0 1 1 1 1 1
0 1 1 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 1 1 1
1 0 1 0 0 0 0 0 0 1 1
1 1 0 0 0 0 0 0 0 0 1
1 1 1 0 0 0 0 0 0 0 0

Table 2   MOS transistors dimensions of potentiostat and readout cir-
cuits

MOS transistors W

L
 ( μm) MOS transistors W

L
 ( μm)

M1 1/0.72 M14–M15,M18 9.32/0.72
M2–M5 9.32/0.72 M16–M17 9.23/0.72
M6–M7 1.8/0.72 M19j 9.32/0.72
M8–M9 10/0.72 M20 1.8/0.72
M10–M11 9.32/0.72 M21–M22 7.12/0.72
M12–M13 7.12/0.72 M23j 45/0.72

M24–M26 1.8/0.72
Fig. 7   Relation between sensor current ( I

sen
 ) and working electrode 

resistance ( R
WE

)
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operation from 35 to 230 nA for a matching output voltage 
from 217.64 to 323.12 mV.

Some more critical analysis has been performed which 
are discussed in subsequent Sections “%THD and xf Analy-
sis”, “Noise Analysis”, “Monte Carlo analysis” and “PVT 
Analysis”.

%THD and xf Analysis

The %THD is displayed in Fig. 10 at a fixed fundamental fre-
quency of 1 kHz to understand the effect of distortions on the 
output voltage of the proposed readout amplifier. The change 

of %THD for different values of sensor working electrode 
resistance is also observed. For 1–40 M Ω resistance fluctua-
tion, the %THD variation is determined to be in the range of 
8.19–8.34%.

The proposed readout circuit noises and disturbance rejec-
tion are further tested using the xf analysis against power sup-
ply changes. The PSRR has been found to be 100.4 dB and 
shown in Fig. 11.

Noise Analysis

The noise analysis is carried out on the PTA of the readout cir-
cuit. The input devices of PTA are operating between the low 
side of weak inversion and moderate inversion region ( gm/ID 
≈ 18) for large gm/ID or gm value to decrease input pair, input 
referred thermal noise. This aids the device in dominating the 
PTA noise in general. Then, PTA’s contribution to thermal 
noise is analysed. Figure 5 depicts the PTA portion of the read-
out circuit. The PSD of the PTA input-referred thermal-noise 
voltage is expressed as

gm21 , gm20 , gm15 , and gm18 are transconductance for the input 
differential pair transistors M21 and M22, non-input tran-
sistors i.e. current-mirror devices M20 and M24, M14 and 
M15, M18 and M23j, respectively. The products of the sub-
strate factor, n, and thermal-noise factor, Γ corresponds to 
(nΓ)21 , (nΓ)20 , (nΓ)15 and (nΓ)18 of transistors M21, M20, 
M15 and M18 respectively. Because current mirror pair 
devices are employed throughout the signal path, the factor 
”2 and p” occurs in the noise expression. The gate referred 
thermal-noise voltage PSD of the input differential pair 
devices is the first term in (15). The second, third, and fourth 
terms correspond to the non-input, current-mirror device’s 
drain-referred thermal-noise voltage PSD, with each term 
divided by the square of the transconductance, g2 m21 of input 

(15)
S
VIN

(thermal) =4kT

[

2 ×
(nΓ)

21

g
m21

+ 2 ×
(nΓ)

20
g
m20

g2
m21

+2 ×
(nΓ)

15
g
m15

g2
m21

+ p ×
(nΓ)

18
g
m18

g2
m21

]

Fig. 8   Gain of programmable transconductance amplifier (PTA)@j = 
1, 2, 3, 4, 5, 6, 7, 8

Fig. 9   Relation between output voltage of readout circuit and sensor 
current

Fig. 10   % Total harmonic distortion

Fig. 11   Power supply rejection ratio



	 SN Computer Science (2023) 4:100100  Page 8 of 11

SN Computer Science

pair devices. In [38], the relationship between IC and g m is 
described as,

According to (15), a large gm of input pair devices M21 and 
M22 decreases thermal-noise since it is inversely propor-
tional to all noise components. As a result, while operating 
non-input devices at moderate inversion for moderate gm , 
the gm boosting technique is helpful to decrease contribu-
tion of the thermal noise of PTA, as the effective value of gm 
increases. The IRN response is shown in Fig. 12. It’s value 
ranges from 1.002 nV/sqrt(Hz) to 1.688 μV/sqrt(Hz)@1 
Hz–100 MHz.

Monte Carlo Analysis

Monte Carlo analysis is used to verify the robustness of the 
suggested readout amplifier. Monte Carlo simulations are run 
with a random sample distribution (500 samples) and a 5% 
mismatch. The Monte Carlo simulation has been conducted 
for 500 samples run and Gaussian random variations has been 

(16)
g
m
=

I
D

nV
T

�

�

IC + 0.5

√

IC + 1

�

.

specified for varying the %THD at sensor working electrode 
resistance of 10 M Ω . The mismatch effect can be seen on the 
%THD in Fig. 13. As a result, the suggested potentiostat and 
readout circuit designs are resilient and are proved to be satis-
factory even when device parameters are changed. For %THD, 
the mean and standard deviations are 8.293 and 74.713 m, 
respectively.

PVT Analysis

PVT study has been also carried out to see if the parameters of 
the proposed architecture differed in any way. Slow-slow, slow-
fast, typical-typical, fast-slow, and fast-fast are investigated for 
process variation. The gain, PSRR, power consumption, and 
%THD parameters are examined for j = 1, 2, 3, 4, 5 (i.e. 5 
transistors are ON at a time) by adjusting the power supply 
voltage ±5% and temperature ranges from – 40 ◦C to 100 ◦C 
in 20 ◦C steps. Tables 3 and 4 exhibit the simulated findings of 
the PVT analysis. The effect of variation of process corner on 
gain, PSRR, power consumption, and %THD is insignificant, 
as shown in Table 3. The maximum deflection due to voltage 
variation is observed around 2% on gain, 16% on PSRR, 22% 
on power dissipation and 28% on %THD. Also, From Table 4 
it is observed that the maximum deflection due to variation 
in temperature is around 2.5% on gain, 4% on PSRR, 3% on 
power dissipation and 26% on %THD.

A DR can be evaluated using (17), in which I sen is the maxi-
mum input to PTA at a particular gain value of 60.38 dB (= 
1044) and I noise is noise level. For I sen = 230 nA, Gain = 60.38 
dB, and I noise = 1.002 nA, A DR of 108 dB can be obtained.

Several simulations have been conducted to test the sug-
gested design’s performance parameters, which are listed 
in Table 5.

(17)DR = 20 × log10

(

Gain ×
Isen

Inoise

)

Fig. 12   Input referred output noise

Fig. 13   Monte Carlo simulation 
of %THD
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Although the proposed design has several advantages, 
some limitations are also there. The proposed readout cir-
cuit has a limited range of output voltage. The actual power 
dissipation might be larger when current from the real glu-
cose sensor feeds to the readout circuit. The readout circuit 
has a limited but sufficient range of glucose concentration 
measurement.

Comparison

Table 6 compares the performances of the proposed design 
to that of the existing literature. A very high power dis-
sipation is reported in [17, 21, 22] and the comparatively 
low gain is achieved in [25, 26]. The literature [17, 19, 
21] shows the higher value of IRN. Power dissipation in 
[19] was small but it offers low value of dynamic range in 

comparison to proposed design. As can be seen from the 
findings, the proposed design has the highest DR, uses the 
least amount of power dissipation, and is the only one with 
programmable features. The number of resistors (R), the 
number of capacitors (C) and the number of MOS transis-
tors used in various literature are also compared. From 
Table 6, it is observed that there is no capacitor used in 
proposed design and the number of resistors used are low 
compared to designs given in [17, 21, 27]. The number 
of MOS transistors utilised in proposed circuits are lower 
than circuits in [17, 19, 21, 22, 25]. The less number of 
passive components and MOS transistor leads to compara-
tively less power consumption and small core area of the 
design which also makes the circuit less noisy. The most 
of the literature used for glucose sensing utilises op-amp 
based circuits i.e VM circuit while proposed circuit works 
on CM.

Table 3   Effect of process 
and voltage variations on the 
performance of proposed 
readout amplifier circuit

Parameters Process variations  Supply voltage variations ( V
dd

)

(V
dd

 = 1.5 V, temp = 27 C)  (temp = 27 C, process = tt)

ss sf tt fs ff 1.35 V 1.425 V 1.5 V 1.575 V 1.65 V

Gain (dB) 56.06 56.17 56.12 56.14 56.19 57.27 56.69 56.12 55.57 55.02
PSRR (dB) 100.11 101.2 100.4 100.85 101.24 117.2 108.3 100.4 96.65 93.94
Power dissipation 316.59 317.86 317.5 317.74 318.35 256 286.2 317.5 351.8 389.7
(μW)
% THD 8.22 8.34 8.29 8.31 8.38 10.66 9.46 8.29 7.16 6.08

Table 4   Effect of temperature 
variations on the performance 
of proposed readout amplifier 
circuit

 Parameters  Temperature variations (T) (V 
dd

 = 1.5 V, process = tt)

– 40 ◦C – 20 °C 0 ◦C 20 ◦C 40 ◦C 60 ◦C 80 ◦C 100 ◦C

Gain (dB) 57.62 57.13 56.68 56.26 55.88 55.52 55.21 54.95
PSRR (dB 98.33 98.93 99.63 100.1 101.2 102.2 103.2 104.3
Power dissipation ( μW) 306.8 310.4 315.2 317.2 318.2 319.1 319.9 320.7
%THD 6.38 6.82 7.23 7.69 8.54 9.06 9.78 10.43

Table 5   Summary of results of 
proposed design

Parameters Simulated values

Process technology 0.18 μ m CMOS, SCL
Power supply 1.5 V
Linearity range I sen = 35–230 nA, R WE = 5–34 M Ω

Suitable for 40 mg

dl
 to 250 mg

dl
 concentration level measurement

Gain 42.17–60.38 dB @ j = 1, 2, 3, 4, 5, 6, 7, 8
PSRR 100.4 dB
%THD 8.26–8.34@ R WE = 5–34 M Ω
DR 108 dB
IRN 1.002 nV/sqrt(Hz)–1.688 uV/sqrt(Hz)@ 1 Hz–100 MHz
Power dissipation 165.11–459.50 μW
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Conclusion

A novel programmable electronics interface design for glu-
cose sensing application is proposed in this paper. The SCL, 
0.18 � m CMOS process technology is used to verify the 
performance results in Cadence Virtuoso. Various simula-
tions have been run to support the suggested design, and the 
findings are well-suited for glucose concentration measure-
ments ranging from 40 to 250 mg

dl
 . %THD of around 8% is 

obtained and also a good value of PSRR and high DR of 108 
dB is achieved. The bio signals with small magnitude found 
in blood glucose can be detected with a programmed gain 
of 42.17–60.38 dB. Other objects such as tear, uric acid, and 
so on used in electrochemical sensing applications, can also 
benefit from such interface designs.
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