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Abstract - In this paper, a high-gain low-noise current signal 

detection system ASIC for biosensors is proposed. A resistive 
feedback transimpedance amplifier (TIA) was used for the 
biosensor that required a bias voltage, and the structure was 
designed to stably display the current flowing through the 
biosensor on the self-made graphical user interface (GUI) even 
when the bias voltage was changed. This paper introduces a 
proposed technique for the automatic calibration of current 
between sensors in an integrated biosensor featuring an array 
structure. The method involves controlling the gate bias voltage 
of the sensor to achieve the desired calibration. To optimize the 
circuit design, pseudo-resistors are employed, allowing for the 
implementation of a high-gain MOSFET resistor while 
minimizing the required area. Additionally, noise reduction is 
achieved through the utilization of a chopper technique. By 
using pseudo-resistors, a large resistor for high gain can be 
implemented as a MOSFET to reduce area, and noise is 
reduced using a chopper technique. The sensing circuit, 
specifically designed for biosensors, demonstrates exceptional 
performance with a gain of 160 dBΩ and input-referred noise 
of 4 pArms. The circuit is realized using 130 nm CMOS process 
technology, showcasing its feasibility in practical biosensing 
applications. The chip area is 17mm2 and the power 
consumption is 10mW. 
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I. INTRODUCTION  

 Application specific integrated circuit (ASIC)s for sensor 
applications are often used when you want to sense a current 
or voltage signal from a sensor. Biomedical applications 
demand the utilization of sensors capable of sub-
nanoampere current sensing. These sensors encompass a 
wide range of technologies, including microneedle-based 
[1], film-based [2], and nanopore-based DNA analysis [3,4]. 
Nanopores have been used in diverse applications, including 
DNA analysis, amino acid analysis [5,6], ion analysis [7], 
protein and peptide analysis [8-11], as well as the detection 
of specific viruses through antibody-virus interactions [12]. 
Nanopores are widely employed in the detection of various 
biomolecules, enabling the identification of specific viruses 
or diseases such as cancer [13,14]. By utilizing this 

biomolecule detection method, nanopores can effectively 
modulate the current by adjusting the gate voltage or 
completely blocking the current flow [15-16]. Moreover, the 
fabrication of nanopore arrays allows for individual 
nanopores to interact with different viruses. By controlling 
each nanopore with a gate voltage, a single sensor can detect 
multiple viruses by analyzing the corresponding currents 
generated in each nanopore. 

In applications involving sensors with extremely low 
output currents, a high-gain Transimpedance Amplifier 
(TIA) is commonly employed at the front end of the 
Application-Specific Integrated Circuit (ASIC). The TIA can 
utilize either resistive or capacitive feedback structures. In 
the case of a resistive feedback configuration, achieving low 
input-referred current noise and high gain necessitates the 
use of a large resistor. However, to avoid increasing circuit 
area, a widely adopted solution is the implementation of a 
pseudo-resistive structure, where an active element serves as 
the feedback network to achieve the desired resistance effect. 
However, this methodology may not be appropriate for 
scenarios in which substantial fluctuations in the input 
voltage or current of the TIA could arise due to alterations in 
the resistance value caused by either the DC voltage across 
the pseudo-resistor or the DC current flowing into the input. 
On the other hand, the capacitive feedback architecture can 
offer high gain while occupying a relatively smaller area. 
However, it is not suitable for sensors that produce DC input 
currents, as it is designed to process only AC input currents. 
Furthermore, due to the output current's dependence on the 
DC voltage bias, this architecture is not suitable for sensors 
that require precise DC voltage biasing. 

In the context of a nanopore-based virus detection 
application, illustrated in Fig. 1., an ionic solution is 
employed, and a direct current (DC) voltage is applied to the 
nanopore array. Upon the entry of the target virus into the 
nanopore, it engages in an interaction with the antibody that 
is affixed to the nanopore. This interaction subsequently 
leads to a noticeable alteration in the current flow. 
Conversely, the non-target virus fails to bind with the 
antibody and passes through the nanopore without causing 
any current alteration. The magnitude of current change in 
this scenario ranges from nanoamperes to microamperes, 
depending on the bias voltage. Therefore, precise gain 
control of the Transimpedance Amplifier (TIA) is essential, 
necessitating a TIA with low noise and high gain to 
accurately differentiate the signal at the nanoampere level. 
The central objective of this research paper is centered on the 
advancement of a current sensing and display system 
characterized by high gain and low noise. The input current 
is accurately converted into a corresponding current value by 
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Fig. 1. Image of an nanopore array and nanopore model. 

 
characterized by high gain and low noise. The input current 
is accurately converted into a corresponding current value by 
applying suitable range, offset, and gain values to the analog-
to-digital converter (ADC) output code. This digitized 
output code is then utilized to plot the input current as a 
visual display on a portable device or laptop. To supply the 
sensor with a DC voltage, a resistive feedback configuration 
is employed, wherein a passive resistor is utilized instead of 
an active resistor that may exhibit varying gain 
characteristics with voltage. Moreover, to ensure a stable 
current plot even when the Transimpedance Amplifier (TIA) 
input voltage fluctuates, a structure is implemented, ensuring 
that the output voltage of the Analog Front End (AFE) 
remains constant. Furthermore, to minimize noise 
interference, a chopper technique is employed in the system 
design. 

II. DESIGN METHODOLOGY 

A. Top block diagram 

 

 
Fig. 2. Block diagram of the current sensing system for biosensor. 

 
The current sensing system integrated circuit (IC) for the 

biosensor operates by capturing and processing the current 
flowing through the sensor. This system incorporates gain 
and offset compensation to accurately convert the current 
into identifiable digital data. When the target biomaterial 
attaches to the biosensor, the current passing between the 
drain and source undergoes modification as a result of the 

negative charge carried by the biomaterial. 
This change in current enables the detection of the target 

biomaterial. The biosensor can regulate the fundamental 
current flowing between the drain and source by 
manipulating the drain voltage and gate voltage. The key 
components of the biosensor current sensing system IC, as 
illustrated in Fig. 2., include the Transimpedance Amplifier 
(TIA), programmable gain amplifier (PGA), analog-to-
digital converter (ADC), voltage generator, negative 
temperature coefficient (NTC) sensor, and signal processor. 
The TIA is responsible for converting the current passing 
through the sensor into a corresponding voltage. As the 
current flows within the voltage supplied to the biosensor's 
drain, the TIA is specifically designed to provide the voltage 
supply while simultaneously sensing the current flowing 
within the supplied voltage. The PGA ensures that the 
voltage-converted signal matches the input range 
requirements of the ADC through the implementation of gain 
and offset compensation techniques. The ADC consists of a 
sigma delta modulator (SDM) architecture and a cascaded 
integrator comb (CIC) filter, providing 16 bits of resolution. 
The voltage signal from the PGA output is converted into 16-
bit digital data. Temperature can be measured using an NTC 
sensor, as its voltage decreases when the temperature 
increases. The MUX(Multi-plexer) is used to reduce the area 
by enabling temperature sensing with one ADC. The signal 
processor sends the data of the bio-sensor and temperature 
sensor to the external environment through controlling the 
building blocks and serial peripheral interface (SPI) 
communication. The flow of current is regulated by 
adjusting the gate bias and the source voltage of the 
biosensor with a voltage generator. In particular, by 
adjusting the gate bias, the basic current that is different for 
each sensor is initially calibrated so that the same current 
flows. 
 
B. Analog front end schematic  

 

 
Fig. 3. Schematic of TIA and PGA. 

 
Fig. 3. shows the proposed high-gain low-noise AFE. AFE 

consists of TIA and PGA. TIA converts current into voltage 
and achieves high gain, while PGA controls the gain and 
output voltage level. For high gain, TIA necessitates a very 
large resistor. To reduce the area, a pseudo resistor was used 
instead of a poly resistor to reduce the area. If the resistance 
for the gain is very large, a voltage offset is generated on the 
output due to the current flowing into the gate. This was 
overcome by using a chopper amplifier. To reduce noise, a 
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capacitor was added in parallel with the pseudo resistor so 
that high frequency components were not amplified. PGA 
uses TIA output and VBIAS voltage as input. The gain can be 
adjusted with the R2 resistor, and the output offset can be 
adjusted with the VCM voltage. The chopper circuit always 
needs a low pass filter to remove the chopper frequency 
component, so the C2 capacitor and R1 resistor are used as a 
low pass filter (LPF). With this structure of the circuit, we 
were able to achieve the desired gain. 
 
C. TIA amplifier schematic 

 

 
Fig. 4. Schematic of chopper amplifier used in TIA. 

 
Fig. 4. shows the chopper amplifier circuit used in TIA. 

TIA has a wide input range and high gain by using a rail-to- 
rail folded cascode structure. There are three switching 
circuits that can change the phase, at the first stage input and 
the second stage input. If all switching circuits operate at the 
same frequency, even if the phase changes by 180 degrees in 
a single switching circuit, the original phase will be the 
output through two switching circuits to the output of the 
amplifier. If an input offset exists in the amplifier, the phase 
changes by 180 degrees every time it switches through a 
single switching circuit to the output of the amplifier, which 
appears as a pulse waveform. The input offset of the 
amplifier can be modulated by the switching frequency, and 
this modulation can be eliminated by utilizing a LPF at the 
output of the amplifier. Since LPF is used, the switching 
frequency must be higher than the signal frequency to 
maintain the sensor signal as it is. 

 
D. Gate bias schematic 

 

 
Fig. 5. Schematic of gate bias circuit. 

Fig. 5 shows a block diagram of gate bias circuit that 
provides a gate voltage. Since the current flows only to holes 
in which the voltage of both rows and columns is high among 
the various holes of the sensor, only the current of the 
selected hole can be checked by adjusting the voltage of both 
rows and columns. Only one of the N SPDTs is connected to 
a high voltage corresponding to "ON", and the others are 
connected to a low voltage corresponding to "OFF". The ON 
voltage and OFF voltage nodes are connected to the SPDT 
respectively, and the ON voltage or OFF voltage can be 
finely adjusted by adjusting the resistance. 
 

E. Current calibration flow chart 
 

 
Fig. 6. Flowchart of current mismatch calibration. 

 
Biosensor is composed of several nanopores, and the gate 

bias voltage applied to each nanopore can block the current 
flowing through the nanopore like a switch, and the current 
flowing through it can be controlled by adjusting the size of 
the voltage. To ensure that the initial current flowing through 
all nanopores is the same, the gate bias voltage is adjusted to 
calibrate each nanopore's individual initial current. Fig. 6 
shows the flowchart of current mismatch calibration. After 
one nanopore is selected as the gate bias voltage, each 
current value is checked by increasing the gate bias voltage 
control bit one by one starting from 0. After the current value 
falls within the desired range, the gate bias voltage control 
bit is saved at that moment. Then, the next nanopore is 
selected, and the same operation is performed. At the end of 
calibration, gate bias voltage control bits are stored to allow 
a set current to flow for each nanopore, automatically 
recalling the stored control bits when each nanopore is 
selected so that the current flowing is the same. 

 

F. ADC block diagram 
 

Fig. 7. illustrates the changes in current when the Gate 
Bias voltage is altered, which is graphed in real time on the 
GUI. It reads 16-bit digitized data every second with chips 
and SPI communication and updates it to the display. In the 
graph, one data is plotted every second, and the y-axis can 
select digital data, voltage, and current, and the voltage and 
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current are obtained using Equation (1), (2) below. 
 

 
Fig. 7. Current change according to virus input. 

 

 
 

Fig. 8. Block diagram of Sigma-Delta ADC 
 

The high-resolution ADC converts the bio sensor's signal 
to digital and delivers it to the external environment. The 
PGA output, adjusted for the ADC input range, is inputted 
into the Sigma-Delta modulation through a buffer. The serial 
output data of sigma delta modulation is output at a final 16-
bit high resolution through the CIC Filter. Sampling clock 
for modulation and CIC filter is provided externally and 
properly divided and supplied. Through this, the bio sensor 
signal is used as a digital value in the final external 
environment. Fig. 8. is a block diagram of the Sigma-Delta 
ADC described above. 

 
III. RESULTS AND DISCUSSION 

 

  
Fig. 9. Layout of the proposed current sensing system. 

 

 
 

Fig. 10. Measurement board of the proposed current sensing system. 

 
 

Fig. 11. Test lab environment of the proposed current sensing system. 
 

The proposed current sensing system is fabricated in a 130 
nm CMOS process. The chip micrograph is shown in Fig. 9, 
where it can be seen that the area is 3370 mm × 5000 mm. 
The experimental setup used to measure the current sensing 
system performance, which includes a bio sensor, is 
illustrated in Fig. 10., Fig. 11 shows the actual test lab 
environment. A biosensor model was constructed to measure 
the current sensing system. The biosensor model consists of 
a capacitor and a variable resistor whose resistance changes 
according to the applied voltage. The current input to the 
ASIC is converted into voltage, digitized, processed, and 
transmitted to the computer using SPI communication. The 
data delivered to the computer can be plotted by selecting 
among digital data, output voltage, and input current through 
the self-made GUI. 

 
 

 
Fig. 12. GUI of the proposed current sensing system. 

 
 
Fig. 12. illustrates a GUI that receives ASIC output data 

and indicates waveform, voltage, and current values. It 
receives 16-bit data from the ADC and converts it into a 
decimal number from 0 to 65,536, and displays it as a real-
time graph. With this, the voltage and current can be checked 
in real time by changing the y-axis of the real-time graph into 
AFE output voltage or sensor’s output current. It is possible 
to convert ADC 16-bit data into voltage and current using 
AFE gain and output common mode voltage level which are 
designed. The formula is as follows. 

 

𝐴𝐴𝐴𝐴𝐴𝐴_𝑂𝑂𝑂𝑂𝑂𝑂 =  𝐴𝐴𝐴𝐴𝐴𝐴_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
65535

+  𝑉𝑉𝑉𝑉𝑉𝑉/2          (1) 

 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  
𝐴𝐴𝐴𝐴𝐸𝐸𝑂𝑂𝑂𝑂𝑂𝑂 − 𝐴𝐴𝐴𝐴𝐸𝐸𝑂𝑂𝑂𝑂𝑡𝑡𝐶𝐶𝑀𝑀𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝐴𝐴𝐴𝐴𝐸𝐸𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺
      (2)                       
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(a)                       (b) 
 

Fig. 13. (a) Graph of the voltage storage process, (b) Graph of equalized 
base current. 

 
Fig. 13. shows the measurement result of the gate bias 

voltage during nanopore calibration. By changing the gate 
bias voltage, when the current sensed at the nanopore 
approaches the set current value, the gate bias voltage at this 
time is stored. The same operation is performed on all 
nanopores to store the calibrated gate control bits in each 
nanopore. After calibration, the gate control bits stored in 
each of the actual measurement steps of each nanopore are 
loaded to equalize the base current of all nanopores. 

 

 
Fig. 14. Current change according to virus input. 

 
 

 

 
 

Fig. 15. AFE Noise Simulation. 
 
 
Fig. 14. shows the input-referred noise performance of the 

TIA. The TIA's gain is 160 dBΩ and its bandwidth is 100 
Hz. At frequency range from 10 Hz to 1000 Hz, when the 
root mean square value was obtained, which squared and 
added all noise density values and then took the square root, 
the input-referred noise of 4 pArms was confirmed. Fig. 15. 
shows the results of AFE's noise simulation. 

TABLE I. Design implementation summary 

Parameter Value 
AFE Gain 160 dBΩ 

AFE bandwidth 1 kHz 
Input-referred noise 4 pArms 

ADC resolution 16 bit 
Current consumption 10 mA 

Process 130 nm CMOS 

area 3.37 mm × 5 mm 
 

TABLE I summarizes the implementation characteristics 
of the design. The proposed ASIC has a gain of 160 dBΩ and 
an input reference performance of 4 pArms at bandwidth of 
1 kHz. ADC resolution is 16-bit, and the power consumption 
of the architecture is 10 mA from 1.5 V voltage source. This 
ASIC is designed with 130 nm CMOS process. The ASIC 
layout size is 3.37 mm × 5 mm. 

 
IV. CONCLUSIONS 

 
This paper proposes a biosensor current sensing system 

which amplifies the current output signal from a nanopore 
sensor, and converts it into digital data, enabling plotting and 
analyzing it in real time. The proposed biosensor current 
sensing system used resistive feedback for sensor voltage 
bias and actual resistance instead of pseudo resistance for 
low input reference noise. By applying the fixed values of 
gain and ADC input common mode voltage, the current 
signal data digitized after ADC can be displayed as the 
current value output from the sensor. 

The biosensor current sensing system proposed in this 
paper has an input reference noise of 4 pArms at 160 dBΩ 
gain and 1 kHz bandwidth. It operates at an input voltage of 
1.5 V, consuming a current of 10 mA. 
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