
Assess of Chemical and Biosensor Chips 

 
1 Murukesh *2Dr. A Mohamed Sikkander, 3N. Hemavathy,  

4G. Theivanathan 5 Dr.Sangeeta R Mishra  

 

*2   Department of Chemistry, Velammal Engineering College, Chennai, Tamil Nadu, India                                                                           
1,3,4 Department of Electronic communication Engineering, Velammal Engineering College, 

Chennai, Tamil Nadu, India                                                                                                                                                                       
5Department of Electronics & Telecommunication Engineering, Thakur College of 

Engineering, Mumbai, Maharashtra, India 

Corresponding Author Email id: ams240868@gmail.com 

 

Abstract: 

A biosensor is an analytical instrument that combines a biological component with a 

physicochemical detector to detect a chemical molecule. A biosensor is a biological detection 

device that combines a biological component with a transducer to perform biochemical 

amount measurement. Biosensors are often designed to convert physical, chemical, or 

biological events into measurable signals, providing qualitative and/or quantitative data on 

the target analytes. While the topic of biosensors has attracted a lot of attention from 

scientists, combining it with micro fluidics could result in even more substantial gains in 

terms of sensitivity and specificity, resolution, automation, throughput, repeatability, 

dependability, and accuracy. Biosensors-on-chip (BoC) might thus serve as a bridge between 

diagnostics in central laboratories and diagnostics at the patient's bedside, allowing for 

significant breakthroughs in point-of-care (PoC) diagnostic applications. The purpose of this 

publication is to present an up-to-date review of BoC system development and their most 

current application in cancer, infectious diseases, and neurological disorders diagnosis. 

Leland C. Clark invented enzyme electrodes in 1962, which marked the beginning of 

biosensor development. 

A biosensor typically consists of an enzyme, antibody, or cell receptor, as well as a detecting 

device or transducer. Covalent bonding, matrix entrapment, physical adsorption, and 

membrane entrapment are some of the ways used to combine these two elements. A 

biosensor is a type of analytical equipment that detects chemical substances. They normally 

consist of three segments: sensor, transducer, and related electrons, and combine a biological 

component with a physicochemical conductor. 
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Introduction: 

The principle of signal transduction is used to run biosensors. A bio-recognition element, a 

biotransducer, and an electronic system consisting of a display, processor, and amplifier are 

among the components. A bioreceptor-like bio-recognition element is authorized to interact 

with a specified analyte. This interaction is measured by the transducer, which then generates 

a signal. The signal output's strength is proportional to the analyze concentration. The 

electronic system then amplifies and processes the signal. Biosensors are categorized 

according to the method of transduction (1). 

Biosensor chips are made up of a number of different biosensors that can be separately monitored 

and utilised to analyse a variety of analytes. The analyte's contact with the bioreceptor causes an 

effect that is recorded by the transducer, which converts the information into a measurable effect 

like an electrical signal. Biosensors and biochips are classed according on the sort of bioreceptor 

or transducer they use (2). 

There are three generations of biosensors on the market right now. The product's reaction 

disperses to the sensor and causes an electrical reaction in the first type. In the second form, the 

sensor causes an appropriate reaction by utilising certain mediators between the sensor and the 

response. The response initiates the reaction in the third type, and no mediator is involved. 

Biosensor technology has advanced due to improvements in the biosensor area, allowing for full-

scale diagnosis on microchips, bedside diagnostics, lower costs, and faster diagnosis (3). 

 

Silicon Biosensor Chips: 

Silicon square chips are simple to use and transport. The flat surface of polished silicon allows for 

high resolution imaging in AFM and SEM applications (4). Environmental monitoring, 

biotechnology, medical diagnostics, drug screening, food safety, and security, to name a few, 

have all seen significant advancement in the development of biosensor devices and their 

application in the previous two decades (5). Optical biosensor technology has matured to the 

point that there are multiple commercial solutions on the market (Fig: 1). 

However, issues with stability, sensitivity, and compactness have kept optical biosensors 

from being widely used in real-world applications. Integrated photonic biosensors based on 

silicon technology could address these issues by providing early diagnostic tools with 

improved sensitivity, specificity, and reliability, potentially improving in-vivo and in-vitro 

diagnostic effectiveness (6). Our most recent advancements in silicon photonic biosensors 

will be demonstrated, with a focus on the development of portable and extremely sensitive 

integrated photonic sensing platforms (7). 

 

Fig: 1. Silicon Biosensor 
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Silicon Biosensor Chips Coated with Metals or Silica: 

Some silicon chips have gold (Au) or platinum (Pt) coatings, which are >99.9% pure metals (Fig: 

2).The translucent substrate enables for optical imaging of the sensor layer, while gold provides 

excellent conductivity. For examining and unravelling biological events and related mechanisms, 

reliable, low-toxicity, and real-time biochemical analysis is needed (8). 

Silicon nanomaterial-based sensors and probes have the potential to meet the requirements 

listed above. We offer an overview of recent major improvements in large-scale and simple 

synthesis of high-quality silicon nanomaterials, as well as research developments in silicon 

nanomaterials-based biosensing and bioimaging analyses (9). We work on real-time and 

long-term detection with silicon nanoparticles in the realm of ultrasensitive biomolecular 

detection and dynamic biological image analysis. The major obstacles and promising 

developments in this subject are discussed in the concluding portion of this appraisal (10). 

   
Fig: 2. Silicon Biosensor Chips coated with gold (Au) 

 

Electronic Biosensor Chips: 

Electronic biosensor devices are immensely scalable thanks to molecular electronic sensor chips, 

which incorporate single molecules as electrical sensor elements on ordinary semiconductor chips 

(Fig: 3).  

  

Fig: 3. Electronic Biosensor 
In DNA sequencing and other areas of testing, electronic biosensor chips have been slowly used. 

The ability to quantify molecular interactions in a range of samples with speed, sensitivity, and 

accuracy is critical to the success of molecular medicine and biotechnology (11). A 

multidisciplinary team of scientists from the University of California, San Diego, Harvard 

Medical School, Rice University, and Roswell Biotechnologies has developed the first 

molecular electronics chip that integrates single molecular sensors into a programmable 
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biosensor circuit that can detect molecular interactions in "Molecular electronics sensors on a 

scalable semiconductor chip: A platform for single-molecule measurement of binding 

kinetics and enzyme activity (12)." 

 

The authors stated that "this effort accomplishes a 50-year-old scientific aim of integrating 

single molecules onto electrical circuits to achieve the ultimate downsizing of electronics." 

"The mobile phone revolutionized communications in dramatic ways. Semiconductor chip 

technology was used to power this. The Roswell molecular electronic chip is the ultimate 

digital biosensor platform and is poised to revolutionize biology in the same way. With low-

cost, smart, powerful, all-electronic devices, we can lock accessibility for all," said Paul 

Mola, PhD, founder, president, and CEO of Roswell Biotechnologies. 

This breakthrough could lead to breakthroughs in a range of biotech fields, including drug 

discovery, diagnostics, DNA sequencing, and proteomics, thanks to new insights into the 

physical interactions of biomolecules(Fig:4). "Single molecules talking to each other are how 

biology works, but our current measurement methods can't detect it," said Jim Tour, PhD, 

chemistry professor at Rice University and co-author of the article. "The sensors described in 

this study enable a new and powerful view of biological information by allowing us to listen 

in on these molecular conversations for the first time." 

  
Fig: 4.DNA sequencing, and proteomics, thanks to new insights into the physical 

interactions of biomolecules 

 

The biosensor is a scalable array architecture semiconductor chip with molecular circuit 

elements acting as general-purpose single-molecule sensors (13). Nanoelectrodes in each 

piece of the circuit that monitors current are connected by a synthetic molecular wire a 25-

nanometer length peptide. "The device we show in the study contains 16,000 independent 

sensors that will monitor the solution we expose it to independently," stated Barry Merriman, 

PhD, CSO of Roswell Biotechnologies. 

A desired molecular probe can be attached to the molecular wire at a central conjugation 

point to program the biosensor. This page specifies the sensor's target. The arrayed chip turns 
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each element of the array's current-by-time readout at picoampere scale into digital 

information at 1,000 frames per second. This gives high-resolution, -throughput, and -

accuracy direct real-time digital data on molecular interactions using electrical signatures 

formed through probe and target interactions in test solutions. 

 

The technique "provides a fresh perspective into how biological molecules interact," 

according to Carl Fuller, PhD, leader of Roswell Biotechnologies' research innovation 

lab.This innovative platform can also be utilised to monitor parallel interaction kinetics of 

single molecules without encumbering the interacting molecules with labels. In most 

traditional procedures, interacting molecules are labelled, which can alter the interactions.  

"The purpose of our research is to establish biosensing as an appropriate technical basis for 

precision medicine and personal wellbeing in the future," Merriman added. "This necessitates 

not only putting biosensing on a chip, but doing so correctly, with the appropriate sensor." 

Merriman continued, "We've pre-shrunk the sensor element to the molecular level to build a 

biosensor platform that combines an altogether new kind of real-time, single-molecule 

measurement with a long-term, unlimited scaling roadmap for smaller, faster, and cheaper 

tests and equipment." 

 

DNA, aptamers, antibodies, antigens, and enzymes pertinent to diagnostics and sequencing, 

such as CRISPR Cas enzymes binding target DNA sequences, are all accommodated by the 

biosensor. The electronic platform's adaptability allows it to measure multiomic molecular 

interactions in real time at single-molecule resolution. As a result, the biosensor can be 

utilised for a variety of purposes, including generating COVID-19 testing and identifying 

new medications. "The Roswell sequencing sensor gives us a fresh, direct perspective of 

polymerase activity," stated George Church, PhD, a co-author of the research and a member 

of Roswell's Scientific Advisory Board. 

 

The authors used the biosensor to read DNA sequences to demonstrate the platform's utility. 

They employed a sensor chip with a DNA polymerase, or DNA-copying enzyme, 

incorporated into the circuit, allowing for direct electrical observation of the enzyme's 

operation as it replicates a piece of DNA letter by letter. As the DNA polymerase enzyme 

incorporates nucleotides, this method enables direct, real-time sequence readouts. Machine 

learning techniques can be used to examine these electrical signals and read the sequence.  

"This ultra-scalable chip opens the door to highly dispersed sequencing for personal health 

and environmental monitoring, as well as future ultra-high-throughput applications like 

Exabyte-scale DNA data storage," Church said. "The research demonstrates the entire power 

of this technology platform to create a universal binding sensor that can be utilised for many 

types of diagnostics, such as detecting proteins or antigens, DNA, or drugs/small molecules, 

rather than only a DNA sequencing sensor on chip or historical reason." The epidemic 

prompted the development of this ubiquitous component of the sensor, according to 

Merriman. "One key area of future steps," Merriman continued, "is developing and 

commercialising the many major applications listed in the paper—diagnostics, sequencing, 

drug discovery, proteomics, enzyme evolution, next-gen DNA microarrays. 
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Graphene Biosensor Chips: 

Since the discovery of graphene, a two-dimensional flexible version of graphite, in 2004, 

researchers all over the world have been attempting to develop economically viable applications 

for this high-performance material. Graphene is 100 to 300 times stronger than steel and has 

orders of magnitude higher maximum electrical current density than copper. This means 

graphene is the world's strongest, thinnest, and most dependable electrically conductive material, 

and it's a fantastic candidate for biosensor chips in computers and other electronic equipment. 

Biosensors with high sensitivity and low detection limits are paving the way for a new era in 

medical and personal care (14).Due to their outstanding sensing performance, graphene and 

graphene derivatives have been employed to make a variety of biosensors (e.g., high specific 

surface area, extraordinary electronic properties, electron transport capabilities and ultrahigh 

flexibility).This perspective review focuses on graphene-based biosensors for quantitative 

detection of cancer-related biomarkers such as DNA, miRNA, small molecules, and proteins 

using a variety of signal output approaches such as fluorescent, electrochemistry, surface 

plasmon resonance, surface enhanced Raman scattering, and others. Their obstacles, potential 

remedies, and future opportunities were also examined in the essay. 

 

Carbon Nanotubes Chips: 

Nanomaterials have distinct properties that make them particularly appealing for biosensor 

applications (15). Carbon nanotubes (CNTs) in particular can act as scaffolds for 

immobilising biomolecules on their surfaces, and they have a unique combination of 

physical, chemical, electrical, and optical properties that make them one of the best materials 

for signal transduction related to the recognition of analytes, metabolites, or disease 

biomarkers (Fig: 5). 

 
Fig: 5.Carbon nanotubes (CNTs) in particular can act as scaffolds for 

immobilizing bimolecular on their surfaces 

 

We explain their structural and physical properties, functionalization and cellular absorption, 

biocompatibility, and toxicity issues in this comprehensive study of carbon 

nanostructures(16). We go over historical advances in the field of biosensors and detail the 

various types of biosensors that have been developed over time, with a special focus on CNT-

conjugates built for biosensing applications, namely cancer biomarker detection. 
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Conclusion: 

The types and methods of biosensors based on receptors (enzymes, antibodies, whole-cell, 

and aptamers), transducers (electrochemical, electronic, optical, gravimetric, and acoustic), 

and nanomaterials have been discussed in this assessment article. Biosensors can be used in a 

variety of sectors, including engineering and technology, medicine and biomedical science, 

toxicology and ecotoxicology, food safety monitoring, drug delivery, and disease 

development. We have seen remarkable growth in biosensing technology in the last decade 

thanks to the application of NMs in biosensors. 

This is due to the application of new biorecognition components and transducers, 

improvements in the micro-scale miniaturisation, design, and fabrication of nanostructured 

devices, and new NM synthesis processes, all of which bring together life and physical 

scientists as well as engineering and technology. With the introduction of nanomaterials, 

sensing technology has grown more diverse, robust, and dynamic. 

Using multiple nanomaterials with diverse features within biosensors has considerably 

enhanced the transduction process (such as increased sensitivity, faster detection, shorter 

reaction time, and reproducibility). Though the use of nanostructured materials in biosensor 

applications has improved significantly, there are still several restrictions that prevent these 

applications from progressing to the next level. For example, the lack of selectivity in CNT-

based gas sensors limits their application in CNT-based systems. 
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