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Abstract 

This study presents a novel readout method for cantilever-based biosensors, which has the potential as both a 

quick and inexpensive "point of care" device and an intriguing research instrument. The cantilever-based 

micro/nonmanufacturing procedures and associated challenges are described. The expedient's behaviour is 

analyzed using a COMSOL simulation. An FPGA-based control circuit has been designed to address the 

complex arrangements of the readout mechanism in the process of encapsulating the instrument. The circuit can 

compensate for deviations caused by the fabrication process by using electrostatic actuation. The finite element 

analysis of microcantilever-based biosensing with a feedback-controlled electrical readout mechanism is 

presented in this study. The resultant deflection concerning voltage and stress is investigated. The feedback 

control circuit was developed and tested using the Artix-7 FPGA and associated electronic circuitry. As a result, 

the sensor's dependability challenges are also being studied, and the suggested readout method's performance in 

design metrics is around 47% greater than typical optical readout methods. 

Keywords: MEMS, NEMS, FPGA, Biosensors, Feedback Control  

1. Introduction 

The cantilever-based Micro-Electro-Mechanical-Systems (MEMS) technology is only one example among a 

wide range of emerging concepts when it comes to biosensor technology. It is essential to match the components 

and manufacturing processes of MEMS to go from laboratory studies to field based applications[1]. The 

discovery of new drugs, the early diagnosis of disease, and other molecular biology challenges all depend on the 

accurate identification and precise quantification of biological components and their interactions. To be 

considered a biosensor, it must be very specific and able to detect a specific molecule (a specific antibody, for 

example) at a low concentration[2]. There are two elucidations for this. First, smaller samples may reduce the 

time and cost of detection, and more significantly, most illnesses can be treated if they are found at an early 

stage[3]. 

MEMS and NEMS are primarily developed for detecting and sensing particular bimolecular at low 

concentrations[4]. The sensing principle may change depending on the device, sample molecule type, and 

desired accuracy. When these are utilized as biochemical sensors in atmospheric and aquatic conditions, 

micrometer-sized cantilever devices are susceptible and straightforward[5]. Because of their relatively low 

tensile resistance, cantilever structures are mechanically sensitive to variations in surface stresses. Early on, 

Stoney observed that residual stresses caused the deposition of a tensile film on another material to form a curve 

in the composite structure. This phenomenon, which has been used for sensing, is particularly vulnerable to 

cantilever structures[6]. Cantilever based transducers for specialized investigative applications are stagnant in 

their infancy due to manufacturing challenges, even though this process was assisted by improved 

microcantilever readout schemes and microfabricated cantilever probes[7]. Due to a change in surface tension, 

the cantilever bends due to the biochemical reaction on its surface. A sensing layer is deposited onto a cantilever 
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surface to aid biorecognition and make it biosensitive[8]. The bio receptors are covalently attached to this layer 

or include them. Functionalization is the term used to describe this process[9]. Bio receptor molecules and 

analytes respond in distinct ways. Nucleic acid and protein interactions are the most frequently employed 

biosensor-receptors. Microcantilever beams can be bent by chemical or biological processes that alter the 

surface tension topside of the cantilever. By measuring cantilever deflection, the molecular species and 

concentration are both dependent on cantilever deflection[10]. 

 

 

(a) (b) 

Figure 1: (a) Basic cantilever structure (b) Aster shaped array cantilever array 

The readout techniques including photosensitive reflection, piezoresistive measurement, interferometry, 

piezoelectric sensors, and electron tunnelling may all be used to monitor the device's deflection[11]. However, it 

is most beneficial to detect it using a visual approach that utilizes a low-power laser and a position-sensitive 

camera. As a result of the additional hardware needed for detection and sensing, optical detection devices are 

more significant[12]. However, it is not ideal for ordinary low-cost ailment diagnostics since it requires 

expensive and very advanced apparatus and incredibly perfect mechanical alignment. Furthermore, since the 

faradic current between the capacitive plates prevents them from working in an electrolyte solution, the 

capacitive technique has only a restricted number of sensing applications and interferometry techniques[13]. 

While compared with the use of the previous design contains LASER system, the electrical detection method 

with feedback control mechanism described in section 3 is more suited for this high sensitivity and precision 

requirements. Section 2 covers literature survey which discusses existing methods and their limitations. Finally, 

section 4 explains how the device was built with associated electronics. Sections 5 and 6 address the design and 

execution of the feedback control mechanism. After discussing the dependability difficulties in Section 7, we 

next analyze the outcomes and concluded section 9. 

2. Literature Survey 

The critical issue with these detection systems is measuring nanometre-scale deflections in response to 

stress. Cantilever devices now confront the point of producing a specific deflection cavity in manufacturing.  

Now this section describes recent detection methods and their limitations. 

In Ref. [14], silicon(Si) and diamond MEMS cantilevers are proposed in this work, and silicon 

cantilevers were sensitized using polymeric coatings to detect analytes. The suggested system's gas cell included 

detachable connections so that sensors could be swapped simply for cleaning and other purposes. In addition, 

the suggested device could accommodate up to eight sensors and provide electrical readouts. 

In Ref.[15] gas-sensing advancements are discussed. They addressed sensor materials, manufacturing 

processes, and design restrictions. In Ref. [16], they explored chemical and acoustic gas sensors. This study 

showed that chemical biosensors are useful for low-concentration molecule detection. Their sensing quality 

depends on the sensing materials. Their sensing behaviour was also altered by ambient temperature and relative 

humidity. Inorganic chemo-resistive detectors offer increased susceptibility and can work at standard 

temperatures. Still, they are temperature reliant and have poor discernment, and are impacted by humidity 

instabilities. (Carbon Nano Tube)CNT sensors were flexible and had unique chemical groups, but their recovery 

time was slow. Acoustic type sensors were fast and sensitive but had limited selectivity and were temperature-

sensitive[17]. Optical sensors have a long lifespan and great sensitivity, but they are bulky.  
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In Ref. [18] used a piezoresistive microcantilever to detect organic chemicals. The findings 

demonstrated that piezoresistive microcantilever sensors with organic metal coatings provided reversible 

detection of methanol and water vapor. Ref. [19] presents cantilever based MEMS for bio-sensing. According to 

this research, sensitivity may be increased by adopting stiffer, shorter microcantilevers or higher resonance 

modes. Thick coatings may boost sensitivity but slow reaction time. In Ref. [20], a micromechanical cantilever 

sensing device was used to detect 2,4-dinitrotoluene. Micro-pre-concentrate was joined directly through the 

cantilever, increasing its sensitivity to target molecules. The cantilever-based system's sensing performance 

must be improved.  

In Ref. [21], the dynamic reaction of microcantilevers was utilized to determine the composition of a 

binary combination of ethanol and CO2. The Eigen frequencies at a given temperature and pressure dropped 

with increasing ethanol mass percent. Low pressure increased sensitivity. This research showed that 

microcantilever resonance frequency could better determine mixture composition. In Ref. [22], the author used a 

MEMS cantilever-based sensor array to determine surface stress effects on MEMS chemical differentiation. The 

sensor array detects molecular sniff. This work showed that polymer swelling's surface stress on MEMS sensors 

improved chemical selectivity over stiffness and mass loading effects. The gaseous, such as pentane and ethane, 

suggesting hypoxia were consistently recognized and distinguished among usual interfering in breath by MEMS 

cantilever-based sensor array. In this investigation, the MEMS sensor only detected a few molecules.  

In Ref. [23], PC and PMMA cantilevers were designed for vapor level sensing. The (QF) quality factor 

and resonant frequencies (fo) of these cantilevers vary by pulse mode. Ref. [24] used a MEMS-fabricated 

piezoelectric microcantilever for molecule sensing. Poly-methyl methacrylate was used to coat the 

microcantilever for gas sensing. Complex impedance analysis detected a resonant frequency deviation. 

Increased alcohol vapor concentration shifted the resonance frequency to a lower range. The cantilever's 

methanol vapor sensitivity was 0.03 KHz/ppm. The sensing performance requires further investigation. In 

Ref.[25], micro disc resonators detect molecular gas. Such type of sensing was accomplished after applying an 

analyte-absorbing polymer coating. M-xylene, toluene, and benzene had detection limits of 0.6, 1.2, and 5.3 

ppm. Although it has decent sensitivity for molecular, additional enhancement is needed.  

In Ref.[26] Uses bimorph microcantilevers to sense biomolecules. In this work, the flexible reaction of 

cantilevers was measured using the bimetallic effect. The microcantilevers flexed differently as the actuation 

current rose. The conductivity of the cantilever may alter the device's sensitivity. The suggested microcantilever 

array sensed molecular vapors. Sensor length did not affect sensitivity. In Ref. [27], a Surface Acoustic 

Wave(SAW) based MEMS sensor for molecule recognition is designed. The sensor's GHz (Gega Hertz) 

frequency range provided highest sensitivity. The researchers found the resonant frequency shift by exposing a 

MEMS device to 100 ppm of dissimilar gases. The researcher observed lowered the resonance frequency for 

molecular sensing.  

In Ref. [28], a nano-enabled MEMS sensor for detecting molecules was described. The sensor had 

various sensitivity levels due to two operating frequencies 450 and 287 MHz on the same die. In Ref. [29], [30] 

discusses molecular sensing utilizing polymer-deposited MEMS cantilevers. The cantilever identified lower 

quantities of octane and toluene. The researcher used biosensing technologies in Refs. [31], [32]to detect 

molecules in human breath, but they were expensive and not portable.  

In Ref.[33],[34] polymer-coated microcantilevers were used to detect benzene, octane, and hexane. The 

author tested polymer coating sensitivity with polyethylene-vinyl acetate employed for microcantilever 

molecular sensing investigation. The resulting sensitivity and selectivity characteristics may be used to choose 

polymer coated MEMS cantilevers for chemical analysis for molecular detection. MOS (Metal Oxide 

Semiconductor) biomolecule sensors have several commercial uses, but many need constant temperatures. 

 In Ref.[35],[36], [37]researchers studied chemiresistor molecular sensing. Sensors have low detection 

limits and rapid reactions. The production proved difficult because these devices relied on lower dimensional 

materials like carbon nanotubes (CNTs) and graphene. In Ref. [38],[39],[40], [41],  a microcantilever covered 

with polyaniline detects vapor level molecules. Higher molecule concentrations also increased deflections. 

Enhanced polarity increased coated microcantilever sensitivity. All molecular responses were under 2.2ms. 

Biosensor responses were reasonable, reversible, and fast whereas uncoated and non-functionalized 

microcantilevers are sensed inadequately. 
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3. Design and Methodology 

This section dealt with introductory concepts of basic MEMS cantilever, cantilever array structure with 

COMSOL, fabrication process and related issues, feedback control circuit design and implementation in Xilinx 

and Top Spice, Multisim. 

3.1 Microcantilever-Based Biosensor 

Figure 2 shows our unique biomolecule detection design of array. It is evaluated based on the amount of current 

that flows through an electrode. An electrode with a rectangular form is positioned near the cantilever. When the 

surface tension from the antibody-antigen interaction crosses the threshold limits, the cantilever comes into 

contact with the electrode. The number of antibodies or antigens adhered to the surface cantilever may be 

determined by calculating the surge current. Contact resistance has a direct impact on the current. Depending on 

the contact area, resistance changes. The spring constant, bioinduced stress, and flow field stability were 

optimized to produce a cantilever with an ideal length, width, and thickness of 400um, 250um, and 50 um. 

           

  
(a) (b) 

Figure 2: Proposed Array Cantilever Structure (a) Antibodies are deposited on the cantilever's sensing side  

(b) Cantilever array representation for simultaneous detection   

 

Figure 3 shows the cantilever structure created in COMSOL (a). Antibodies are deposited on the cantilever's 

sensing side i.e. top side. The bio-linked layer's intermolecular connections are altered by particular bimolecular 

interactions between antibodies and antigens. Thus, as seen in Figure 3(b) shows the simulation response of the 

cantilever for matched antigen antibody reactions.  

 

  
(a) (b) 

Figure 3: Shows the cantilever structure created in COMSOL (a).Superfine meshing finite element analysis 

(b) Response of cantilever array, when respective antigens are exposed. 

 

3.2. Fabrication process and related Issues 

It is possible to manufacture the proposed apparatus using the usual surface micromachining method. A 

four-level photo masking system in the fabrication process, as illustrated in Figure 4. A combination of 
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deposition and etching operations is used to assess the film's uniformity, beam geometries, and the crucial gap 

between the device substrate and structure. The initial stage in production is the deposition of an insulation layer 

on top of the silicon substrate. On a CMOS-produced wafer, this method may also employ isolation and 

metallization layers. The first electrode is then formed by depositing and patterning a doped polysilicon layer. 

The cantilever beam's initial layer is formed by depositing and patterning a sacrificial layer on top of the 

polysilicon layer, followed by patterning a 0.3µm thick polysilicon layer on top of it. Polysilicon is used to 

make the structures. To construct the sensor surface, a 0.2µm dense gold (Au) layer is spluttered and patterned 

on top of this layer. Metal may be used to conduct electricity since it is the device's top layer. The binding of 

biomolecules to this surface creates electrochemical signals. The microcantilever bends as a consequence of the 

biomolecules adhering to the surface cantilever. The cantilever bends by a few nanometres when subjected to 

surface tension of 0.05N/m – 0.5N/m. Creating the correct distance between electrodes is a big challenge for 

device construction. The etching procedure results in a 10% variance in thickness. This (etching procedure) will 

alter the device's sensitivity. All of the detection techniques described earlier have the same issue. Here 

researcher created a feedback control circuit that will take care of the cantilever's placement for the best 

outcomes. This FCC (Feedback Control Circuit) will address the difficulty of establishing a required gap to 

significant deflection of the beam.  Figure 4 shows a typical manufacturing technique used to construct these 

cantilevers. Section 4 presents the results of the device simulation analysis. 

 

Figure 4: Fabrication Process flow of the Cantilever 

3.3. Design and Analysis 

COMSOL software is used to design and simulate the cantilever structure. Figure 2 depicts the cantilevers 

exposing and respective deformation of array cantilevers. Polysilicon is used to make the cantilever, which 

measures 400x250x50µm. The sensor layer is composed of gold with a thickness of 0.2µm. 

The cantilever construction was designed in COMSOL using the following steps: 

(a) Establishing a procedure (a succession of deposit and etch stages of various materials), (b) constructing a 

mask layout to build a model of that procedure; and (c) using the previous two stages, creating a solid model. 

Afterward, the solid model is partitioned into meshable and nonmeshable sections. Only the cantilever meshes 

(Super Fine Meshing) are used to minimize the computational burden on the model. Finally, the model was 

subjected to boundary conditions (force, voltage). The cantilever is deflected by the interaction of antibodies 

with antigens, resulting in surface tension. Fig. 4 shows the stress analysis over 0.005 N/m to 0.5 N/m. 

Using a step size of 5, the x-axis in fig. 4 depicts a load range of 1– 350Kda, representing a stress range of 0.005 

N/m–0.5N/m. The y-axis's minimum node displacement is shown in micrometres. We intend to employ 

electrostatic actuation to establish the appropriate spacing. The cantilever's response to the applied voltage is 

calculated in the following study. In Figure 5, the voltage applied is changed between 1 and 3 volts, and the 

deflection is shown. The Minz represents the deflection in micrometres seen in fig. 5 on the y-axis. It is possible 

to establish the necessary spacing between the electrodes using electrostatic actuation. Hardware must deliver 

the voltage needed to generate the specified electrode spacing for deflection. 

At the cantilever free end, Miranji katta et al [19] found that myoglobin protein injection resulted in maximum 

surface stress of 0.5N/m, and the cantilever deflection was 0.9µm at that point. There is a rise in cantilever 

deflection and contact between the beam and electrodes. The current flowing through the electrode, measured, 
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rises when the contact resistance, or resistance between the electrodes, decreases. This variation in current will 

limit the change in apparent surface stress. 

 

 

(a) (b) 
Figure 5: Cantilever response (a) Deflection of cantilever beam with respect to parametric load (b) Deflection of cantilever 

beam with respect to input Electrostatic input power. 

3.4. Feedback Control Circuit 

In this set-up, there is a distance of 2 m between the electrodes. So, putting a voltage between the 

surface of the cantilever and the bottom electrode will make the cantilever bend in the right way to keep the 

right distance between the electrodes. Figure 6 shows the control circuitry that is used to figure out where to put 

the cantilever. DAC 2 gives the reference voltage to the comparator so that the finite-state machine can create 

the right gap between the electrodes (FSM). Once the exact location of the cantilever is known, the FSM will 

move on to the next stage, which involves adding biological molecules to the surface of a functionalized 

cantilever. This part talks about how the circuit is made. Since the bottom electrode is not touching the 

cantilever when there is no voltage, no current flows through the cantilever-based sensor. Because the current-

to-voltage (I to V) converter output is zero, the analog-to-digital (A to D) converter output is also zero. (ADC). 

Digital outputs use the OR gate as an input. All of the inputs to the OR gate are set to zero, so the output is also 

zero. Figure 7 shows how this logic state is handled by a Finite State Machine (FSM) (Output of OR Gate). The 

FSM makes the supply voltage go up or down depending on the logic state of the input, which is "1" when there 

is current and "0" when there is none. If there is no current, the counter will go up by one (State 0). Then, DAC1 

changes it into an analogue voltage, which is sent to the cantilever sensor. When a high voltage is used, the 

electrodes and cantilevers move closer to each other. When the current flows through the cantilever and the 

electrode, the voltage across the cantilever goes up (State 1). 

 
 (a) 

Figure 6: (a) Basic Block Diagram of feedback control circuit (FCC)  

Electrostatic forces prevail over stress forces at a particular voltage. This voltage determines how much 

the system will bend when the gap closes because it is no longer stable. Adding one step of voltage to the 

cantilever closes the gap and brings the cantilever into contact with the bottom electrodes. The cantilever starts 

moving with the flow of the water. An I to V converter makes the equivalent voltage, and an ADC turns that 
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voltage into a digital value. If at least one of an OR gate's inputs is "1," the output will also be "1." After getting 

a "1" as an input, the FSM moves on to the next step, which is to use the counter and DAC1 to lower the voltage 

at the cantilever. At the end, the cantilever will go back to where it started, and the current will be gone. Again, 

the noise will go away if you use MSBs for the ADC output instead of 2 or 3 LSBs.  

Since then, FSM has determined the deflection reference voltage and assigned it to DAC2 as one of its 

inputs, making it available to the comparator. Comparator 2 takes DAC1's output as its second input. As a result, 

the FSM receives an input of logic "0" and increases the voltage once again until we reach the corresponding 

voltage level of deflection. FSM: As a result, the cantilever is correctly positioned. We can now precisely 

control the distance between the cantilever and the bottom electrode. Previously, this was impossible. With a 

modest amount of tension, the space between the sensor and the display closes, allowing electricity to pass 

through. Force/stress will be shown on the cantilever beam now that FSM has switched to force (function of 

antigen attached to the cantilever surface). The cantilever begins to bend and comes into contact with the bottom 

electrode due to its tension. Stress increases the region of contact between the cantilever and the electrodes. The 

contact area grows, and this current is measured as a result. The antigen concentration on the cantilever surface 

is inversely related to the current flow rate. 

4. Results and Experimental Validation Using Test Circuit 

Miranji Katta et al. [11] data were utilized as a starting point for the cantilever design. The injection of 

NS1 protein onto the functionalized cantilever results in a maximum surface stress of 0.5N/m. In our design, the 

electrode-to-cantilever separation was originally chosen at 2m. The cantilever initially does not make contact 

with the bottom electrode, and the voltage across the cantilever is zero (state 0). When the output voltage of 

DAC1 is 3 volts, the cantilever and bottom electrode make direct contact with the current that has begun to flow 

(State 1). The predeflection value is 0.5 volts when the cantilever is not in contact with the electrode. Despite 

the little tension (on the order of 0.05 N/m) on the cantilever surface, current will flow through it when it comes 

into contact with the bottom electrode owing to electrostatic actuation (in this example, 3 volts is decided by 

FSM). The amount of antigen stuck to the beam surface is related to the magnitude of the current produced by 

an increase in the stress value. If the device is properly calibrated, the biosensor output current may be 

calibrated to detect the amount of antigen attached to the functionalized cantilever surface. The amount of 

biomolecules on the screen affects how much current is flowing through the sensor. 
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(a) (b) 

 

 

(c) (d) 

Figure 7: (a) FPGA Implementation with associated electronics (b)State diagram of Finite State Machine (C)RTL schematic of 

FSM implemented in Xilinx 14.5 with Verilog (d) Simulation results of FSM 

 

Analog and digital components make up the feedback control circuit and they are implemented in Multisim 

Simulation software shown in figure 8. The FPGA platform is used to create a digital circuit, whereas a 

Multisim is used to implement an analog one. Figure 8 shows the analog and digital systems we've 

interconnected. The cantilever sensor is represented by a 3-volt relay in our test circuit. The cantilever beam 

used in the COMSOL analysis passes a current through the device electrode.  
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(a) 
Figure 8. Analog circuit implementation (a) JTAG connection with Digital to Analog Converter and Operational amplifier 

(b) ADC (Analog to Digital Converter) interface with FPGA board and associated electronic components. 

The system was built using RTL coding in Verilog for the FSM. The FSM will compute the prestressing 

voltage, but it may vary if the dimensions of the cantilever change. FSM will begin by increasing the voltage 

until the cantilever and bottom electrode make contact. The voltage will then be lowered. When this voltage is 

determined, the cantilever stores that value, which may vary depending on the size of the cantilever. So, the 

FSM in the control circuit can control the effect that uncertainty in the dimensions has on the preloading 

voltage. 
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Analog Module on Printed Circuit Board (PCB). Figures 10(a) and 10 demonstrate the analog module's circuit 

diagram (b). The digital module on ARTRIX-7 FPGA Kit is used to interact with the PCB-implemented circuit. 

The test circuit is used to verify the findings. 

 

  

(a) (b) 

Environmental setup for experimentation(Power Analysis) 

Total On-Chip Power 2.587mW 

Junction Temperature 37.6
o
C 

Thermal Margin 47.6
o
C 

Thermal Resistance(ƟJA) 4.9
o
C/W 

Dynamic Power 2.510mW 

Static Power 0.77mW 
 

Figure 9. Fabricated Cantilever with Serial Port Converter in order to interface with FPGA Board (a) Cantilever sensor 

integrated module (b) FPGA Artix-7 board with FSM implementation 

Design metrics* Voltage(V) Current (I) 

Avg.Power 

(Both Static and 

Dynamic ) 

Performance 

(Response 

time) 

Ref. [43] 12V 1.2A 2W 2min 

Proposed Method 3V 500mA 2.587mW 1.2min 

* Along with size, performance, cost (not data available for above reference hence considered only 

above parameters to calculate average performance) 

With respect to above data proposed method performance is 47% greater than existing most recent references. 

5. Aspects of Cantilever-Based Sensor Reliability 

The amount of heat produced by the electrodes is determined by the current that flows through them, the 

characteristics of the contact surfaces, and any other physical characteristics of the electrodes. As a consequence 

of this, the mechanical and electrical properties of the contacts may be negatively impacted, which may result in 

welding or melting, which is a significant concern with regard to the dependability of the product [43-44]. It is 

necessary to investigate the ETM (electro-thermal-mechanical) effects in order to cut down on the Joule heat 

impacts that are placed on the sensor contact zones. One approach to limiting the amount of Joule heat produced 

is to restrict the amount of current that flows through the cantilever. To do this, the design of the sensor will 

need to be modified. It is possible to place a resistor in series with the supply voltage in order to lower the 

amount of current that is flowing through the contact interface as well as the amount of current that is flowing 

through the contacts. This model makes the accurate prediction that the fusing current of the polysilicon contacts 

in our design is 3.3×10
-3

. A current-limiting resistor with a value of 10K that is connected in series with the 

supply voltage serves to isolate the cantilever. As a result, the fusing current limit is not exceeded by the 

maximum current of 0.98 mA that will flow through the contacts. 

The installation of a current limiting resistor protects the cantilever. However, the sensor's sensitivity will be 

drastically reduced by this resistor. This means that a large change in the stress-induced contact resistance, 

which results in a 250µA relative change in the measurement current, makes it exceptionally difficult to detect 

the analyte accurately with the recommended values. However, current may be measured with a precision of 1 

ppm or lower using currently available operational amplifiers and equipment. In addition, circuit-topology 

techniques like current fold back and differential current measurements could be used in order to boost 
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sensitivity without jeopardising the cantilever's level of security. However, these methods have not been shown 

to be effective. 

6. Conclusion 

Researchers have recommended using microcantilevers to identify diseases like Arbo-virus originated or cardiac 

infractions more often than not. The majority of the concepts depend on an optical reading mechanism, which is 

time consuming and challenging to implement portable and precise instrument in real time environment. Here 

we implemented more precise, encapsulated electronic instrument that outputs a current-based electrical signal 

that's direct to measure. A brand-new way of reading data is being developed. There is a demonstration and 

analysis of the COMSOL, Multisim, Xilinx, Top spice simulation findings. The design of a microcantilever-

based biosensor control circuit has been completed to overcome a common problem in all readout methods: the 

difficulty of manufacturing. The structure of the feedback control circuit includes analog and digital 

components. When the input logic state changes, the control voltage across the cantilever may be incremented 

or decremented. For the manufacturing process variation, the FSM determines the predeflection voltage level. 

Control circuit FSM can deal with the impact of dimensional ambiguity on prestressing voltage. 

Experimentation using the Artrix-7 FPGA Kit and the test circuit confirms the findings. High-voltage 

applications might harm the polysilicon cantilever because of the joules heating effect. A current-limiting 

resistor is placed in series with the control voltage to protect the cantilever from damage. This may diminish the 

sensitivity. Using an accurate current to voltage converter or other architecture might enhance the readings. The 

suggested readout method's performance in design metrics is around 47% greater than typical optical readout 

methods. 
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