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Abstract

The relevant works performed in the area of medical and biomedical sensing using silicon-
based technologies is illustrated in the article. Owing to its distinct advantages over other
predecessors in microelectromechanical systems (MEMS) technology, the use of silicon
sensors is among the crucial and prolonged techniques used in a variety of healthcare,
industrial and environmental applications. Between them, sensors are one of the most
relevant for biomedical applications, which not only help improve the quality of human
existence, but also aid in the field of microfabrication by exchanging information on how to
create improved models of multifunctional sensing.This study emphasizes the use of silicon to
manufacture electrodes and substrates for the sensors to use for biomedical sensing in
various ways. Based on its application in prototype production, the electrical conductivity
and mechanical stability of silicon differ to a large degree. The article further describes,
along with some potential solutions, some of the obstacles that need to be resolved in the
present situation. Finally, in order to predict a potential rise in the use of silicon in the
production of a number of biomedical prototypes in the coming years, a brief survey is
conducted.
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I. INTRODUCTION

One of the cornerstones inside the discipline of electronics has been the employment of
sensors for the ever-present tracking of various programs. Among the extraordinary raw
materials being processed via researchers to fabricate the sensors, MEMS-based totally
sensors had been the most crucial. The earliest shape of MEMS sensors, which had been used
to display day-to-day programs, dates lower back to the late 80s and early 90s. With time, the



I WA Wand Rouluy

é% Journal of The Gujarat Research Society ISSN: 0374-8588
et Volume 22 Issue 1, January 2020

h Society

concept of Micro electro mechanical Systems (MEMS) has advanced in a miles less
complicated way to create a miniaturised model of the sensing prototypes using the
microfabrication method. The utilization of MEMS-based totally sensors has, with time,
broadened to a huge variety of programs, including one of a kind styles of alloys and natural
material. Among the specific styles of MEMS-based totally sensors, silicon sensors have
constantly been critical for quick and efficient sensing purposes. In assessment to different
MEMS-based sensors, the advantages of the silicon sensors involve their small length,
extremely good signal-to-noise ratio, low hysteresis, capacity to paintings in intense
environmental conditions, and excessive repeatability of their fabrication shape and responses.
One of the massive characteristics of the silicon sensors is their better reaction to the changes
in frequency in comparison to their enlarged opposite numbers. These sensors are
semiconducting wherein the substrates are evolved from unmarried-crystal silicon. These
single-crystal silicon sensors were evolved, characterized and hired to a big extent depending
on their kind and working principle. The benefits of semiconducting prototypes for sensing
purposes lie within the simplicity in their shape and working precept, dynamic nature
appropriate for implementation, low value, and scalability. The fabrication of those silicon
wafers involves nine tiers earlier than they're sent for the fabrication of sensing prototypes—
those 9 degrees are: ingots, peripheral grinding, and slicing, bevelling, lapping, etching, heat
treatment, polishing, and cleaning. The silicon sensors were applied in a wide range of
programs: ranging from personalised use like healthcare to business uses. Among all the
applications, using silicon sensors for biomedical utility has been one of the foremost sectors
where they have, for a while, been creating a prime effect.

The potentiality of those sensors has consequently been elevated by using integrating them
with embedded electronics to serve multifunctional scientific applications. These silicon
sensors are processed by means of sophisticated micromachining strategies to shape
substrate-like fabric to be sooner or later processed for unique applications. One of the
commonplace techniques for processing silicon substrates is to undergo photolithography to
shape the electrode designs on the substrates. This photolithographic method is similarly
blended with other methods, like etching, thermal oxidation, spin-coating, and sputtering, to
develop the sensing prototypes. Some of the arguments in favour of the use of silicon sensors
for biomedical sensing comply with their miniaturised size, high reliability, short reaction,
light-weight nature, biocompatibility, and minimum hysteresis of their responses. Among the
extensive zone of biomedical sensing programs that the silicon sensors were employed for, a
number of them are applied to physiological frame movements, human bio-signals like
heartbeats, blood go with the flow, pulse charge, drug shipping, protein and tumour detection,
DNA sensing, and stem mobile research. The performance of the sensors, however, depends
at the efficiency in phrases of the sensitivity, resistance towards the exchange in temperature
and humidity, robustness, and the iconic nature of those. The biggest gain, in phrases of the
relationship and trans-reception of information, is the potential of the silicon sensors to be
without problems connected to the complete sign conditioning circuitry to shape the included
circuitry (IC). Different forms of silicon sensors have been used for medical sensing. Some of
them are based on piezoelectricity, piezoresistivity, electromagnetic and capacitive sensors
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standards. The running precept of the sensors depends at the programs for which the sensors
are getting used[1][2].

The researchers were looking to focus at the adoption of the silicon-based sensing structures
for ubiquitous monitoring and to likely determine the ambiguity related to a number of the
health problems. Although a whole lot of work review papers were written on silicon-based
totally sensing, there are nevertheless a few loopholes with the overview system that want to
be addressed. First, none of the papers has particularly addressed a unique use of MEMS-
based sensors for biomedical sensing. All these papers have taken into consideration a couple
of utility, without further elaborating on every element. Some of the papers, like, have
simplest unique the work on similar applications of biomedical sensing, just like the use of
microsurgical gear and microfluidic sensors. Second, among the extraordinary varieties of
MEMS sensors, the applicability of silicon sensors, especially to experience one of a kind
parameters, has not been described yet. Third, despite the fact that some papers have partially
labored at the MEMS and silicon-primarily based technology, explaining a number of the
wireless sensing systems, they have primarily targeted on the communique part of the
integrated machine, instead of on the sensing operation. Some papers have taken into
consideration the explanation of the significance of silicon-based sensors for positive
illnesses, without explaining the need for sensors. Consequently, it's far ultra-modern to
explain a review paper highlighting a number of the tremendous studies work done on
silicon-based sensors that have been especially used for clinical sensors. The use of silicon
sensors has to be explained in terms of their fabrication and implementation for a certain
component of the fitness parameter. This paper highlights a number of the full-size paintings
that entails the silicon-primarily based sensors for tracking biomedical programs. The novelty
of this paintings lies within the explanation of a number of the vast paintings executed via the
silicon sensors for a wide range of biomedical sensing parameters[3].

Utilisation of Silicon for Biomedical Applications

The proposition for the usage of silicon for clinical applications has existed for almost 4
decades now. Since then, silicon has been used in unique bureaucracy for a number in-vitro
and in-vivo applications. The unique kinds of silicon have been automatically and electrically
superior thru microfabrication technologies. For the last 3 many years, silicon-based sensors
have determined large applications in industry and medicine. The foundation of silicon-
primarily based sensors may be discovered in 1954, while Smith et al. For the first time
added the time period “piezoresistivity” by using analyzing the pressure sensitive effects in
silicon together with germanium. During the early 1960s, the primary silicon stress sensors
and strain gauges have been evolved and said from the Bell labs and the Honeywell Research
Centre. During those years, silicon sensor technology had become quite famous, and via the
past due 1960s, one of a kind US businesses had already produced the first silicon stress
sensors. Furthermore, the mixture of silicon technology with data and conversation
technology enabled the development of compact, low-value and high-overall performance
devices for one-of-a-kind applications. Nowadays, biological and biomedical silicon-



I WA Wand Rouluy

é% Journal of The Gujarat Research Society ISSN: 0374-8588
et Volume 22 Issue 1, January 2020

h Society

primarily based generation has exhibited a extraordinary capacity within the software field,
from a research factor of view in addition to an industrial perspective[4].

Current Challenges and Future Opportunities

Although a number of work has been accomplished with regards to silicon-based totally
biomedical sensing, there are nevertheless some present challenges that want attention in the
modern situation. Starting from the fabrication of unmarried-crystal silicon for forming
wafers, its miles and high priced manner and calls for distinctly-geared up refineries. In these
days global, those refineries value extra than 3 billion bucks. This is the cause why there isn't
always much exchange within the value of a single silicon chip. Second, in contrast to other
substrates, silicon-primarily based sensors, if produced in a lower quantity, would price extra
in line with unit, except ordered in bulk. Furthermore, toxic by means of-products are
produced in the course of the fabrication of silicon wafers. This reduces their possibilities of
being considered as useful for intrinsic biomedical programs. In contrast to the presently to
be had organic conductive substances which have an excessive factor ratio, silicon has a
smaller sensing surface vicinity, which ultimately reduces its performance in terms of
sensitivity and performance. The increase within the surface location could require a boom
within the overall size of the sensor, for this reason growing the price of the sensor according
to unit. Third, the skinny-movie wafers are very brittle, as a consequence making it tough to
integrate them with sign-conditioning circuits in a more cost-efficient way. Another main
disadvantage of the silicon-based totally sensors is the dependence of their responses on the
exchange in temperature. Even though the sensors do perform properly within the variety of
the temperature of the human frame, these sensors own a predicament when used for
monitoring anatomical adjustments inside the human frame. Additionally, due to the
semiconducting nature of silicon, it's miles one of the least feasible options for forming the
electrodes with the presence of highly conductive substances like gold, aluminium and others.
One of the most important elements that is limiting the usage of silicon sensors for
biomedical sensing in the present day situation is the limitation of its biocompatibility in
comparison to the presently to be had carbon compounds. The biocompatibility have to be
multiplied thru integrating or doping the silicon sensors to lead them to further appropriate
for implantable programs. Their response in the direction of the analyte molecule also needs
to be increased to lower the interference of other factors at some point of the experimental
manner. This is especially necessary within the case of in-vivo applications, wherein the
anatomical system of humans and different animals could be very complicated. The inclusion
of the presence of other bio-analyte, even in a totally small amount at the sensing surface, can
result in faulty effects. Other disadvantages of silicon-based sensors include their irregular
behaviour and high signal-to-noise ratio (SNR) at a low frequency. This creates other
problems at a higher frequency, including a excessive input electricity and inconsistency in
the data[5].

One of the remedial measures that can be considered to tackle the challenges mentioned
above is the amalgamation of silicon with other substances to form both the substrates and
electrodes of the sensors. For instance, researchers have been making nanomaterials like
silicon carbide on a massive scale to form the electrodes for biomedical sensing. The
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electrical and thermal characteristics of those nano-compounds may be laid low with along
with positive factors like nitrogen and aluminium as impurities during the fabrication method.
Similar to the conductive elements, silicon substrates would additionally be tremendous, in
particular for biomedical sensing. The flexibility of the substrates might allow for interfacing
with sure intricate organs like the mind, if you want to decide the signals from the tender
tissues. In phrases of fabrication, doped-silicon electrodes may be shaped on the prototypes
by the usage of tender lithographic strategies. Silicon also can be used as the grasp mould to
shape the designated electrode designs. This would be nice in phrases of price-operating
conditions. Certain preferred polymers like PDMS may be used because the stamp to form
the very last prototypes at room temperature. Furthermore, strategies like soft lithography can
help in speedy and effectively obtaining 3-D structures. The premise of the usage of doped-
silicon, in conjunction with silicon substrates, could additionally minimise the possibility of
affecting the characteristics of the final prototypes. This approach has a ability that could
prove it to be higher than the conventional photolithographic technique in phrases of its
resistance to the diffraction of mild. Another number one benefit of the usage of this
approach is the possibility of the development of latest 3D systems for biomedical
applications that can't be without problems acquired via typically used techniques.
Researchers have been running in this technique in conjugation with softer substances like
organic polymers to obtain hybrid materials for healthcare packages. The sensors advanced
with this method have also accomplished with a high robustness, excessive performance, and
enhanced mechanical and thermal characteristics. Another answer for silicon-based sensors
related to the high SNR at lower frequencies can be using biodegradable and non-
biodegradable silicon nanowires for monitoring functions. An alteration of the technique of
fabrication of silicon wafers can also be applied to reduce the manufacturing of dangerous by
way of-merchandise[6].

This might also have an influence on their makes use of for biomedical sensing, as optimised
fabrication processes could generate wafers with a better biocompatibility. One of the
techniques for doing this is the fabrication of compound semiconducting wafers, which
consist of materials along with Gallium Nitride, whose properties are similar to silicon. To
reduce the SNR of silicon wafers, their sizes can be decreased to beneath 300 mm, on the
way to now not handiest permit an amplified signal for a high variety of frequencies, but will
also allow the discount of the specified energy to pressure the sensing systems. The utility of
the prototypes for biomedical sensing may be multiplied by means of making the silicon
sensors multi-functional, working on one of a kind genres. For example, an array of sensors
can be formed to result in both electrochemical and pressure-sensing functions with the same
machine. This will lessen the overall cost of the machine even as simultaneously enhancing
their dynamic nature and portability. The range of parameters in biomedical sensing that are
being monitored and diagnosed by the modern sensors may be expanded by way of including
selectivity for specific applications. Sensors ought to be developed in which the electrodes
are intermixed with the template molecule for a particular analyte. In this way, the procedure
of one at a time coating the sensing floor of the sensors can be removed[7].
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The market surveys carried out on silicon-based sensors are expecting boom in their
utilization for biomedical sensing in the following couple of years. It has been expected that
the usage of silicon could be extensively carried out to expand exceptional styles of scientific
gadgets, together with prescription drugs, implants, and others. The use of sensors within the
form of microfluidic devices has been predicted to upward thrust in fifteen years. These
silicon-based gadgets were normally used for prescribed drugs, drug delivery, and in-vitro
analyses. The marketplace for silicon-based microfluidic devices turned into visible to be
round 10.2 billion USD by 2017 and is expected to upward thrust in the future. The silicon
sensors could additionally be used within the form of silicon carbide to make sensors for
fitness care operations. It has been expected that the upward push in the use of silicon carbide
substances would growth extra than 1 billion USD via 2025, with a compound annual boom
price of 18.15%. This boom inside the value of silicon sensors may want to imply a upward
push of their next uses in developing medical gadgets of a numerous type. It is consequently
expected that there will be a outstanding use of silicon-primarily based sensing technology in
the biomedical subject for the ever present tracking of various acute and persistent
illnesses[8].

Il. CONCLUSIONS

This paper explains the importance of the employment of silicon-based totally sensors for
biomedical programs within the remaining many years. Some of the critical research in this
region has been highlighted to outline the fabrication and utilisation of different kinds of
silicon-based prototypes for biomedical sensing purposes. The use of silicon to increase
sensors has been superb in phrases of their high abundance, low SNR, high thermal stability,
resistance closer to response changes based on ambiance situations, high sensitivity and
reliability, excessive repeatability of their reaction, low variant of reaction with time, low
response time, and big prosperity in phrases of the destiny market. The use of silicon sensors
for multifunctional programs is something that desires to be focused within the destiny. This
will not best minimise the price of fabrication of the sensing structures however may even
reduce the amount of generated digital waste. The essential traits of silicon want to be in
addition altered to growth their dynamicity in phrases of the types of fabricated prototypes.
The miniaturisation of sensors inside the current international is one area wherein silicon-
primarily based sensors need to be suited for utilise their benefits, as referred to above. The
conjugation of silicon with different undertaking and semiconducting elements will assist in
growing nanoparticle-based totally prototypes to further decide the minuscule intrinsic
modifications taking region in the body. The behaviour of these incorporated sensors ought to,
to a big volume, dictate their best inside the monitoring of biomedical programs
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