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Abstract

Laboratory techniques in molecular biology are being revolutionized by
microfluidics-based biochips, which are bringing information technology,
biochemistry, and nanoelectronics together in new ways. The recent advent
of biochip technology has led to a paradigm shift in various healthcare-
related application sectors, such as point-of-care clinical diagnostics, high-
throughput sequencing, and proteomics. Digital microfluidic-based
biochips might be used to control nanoliter-volume fluid droplets on a two-
dimensional electrode array. A reconfigurable microfluidic device, a
mapping of different mixing techniques to synthesis tools, control software,
an optimized schedule of bioassay operations, the binding of assay
operations to functional units, and the layout and droplet flow-paths for the
biochip will all be covered in this paper. Automated design and simplicity

of use become increasingly critical as microfluidic lab-on-chips develop
into multipurpose devices with smart reconfiguration and adaptability
capabilities. Biochip design automation is explored in depth in this study.
An overview of prominent optimization approaches and some heuristic
algorithms for solving various optimization issues is given at the beginning.
Keywords— Biochips, Digital, Microfluid, Electrode, Mixing, Process,
array, fluids

Introduction

Many low-power architectural methods were employed to decrease leakage power use. It's
possible that reducing leakage currents with a sleepy cache powered by low tension would lead
to novel fault models that make it more difficult to identify faults (e.g., 0.36V when idle).[1]
This new fault model is called a "drowsy error," and it may let a memory cell fall to sleep for
good even if the leakage current will decrease by several orders of magnitude. The memory
cells must be put to sleep and then awakened up in order to test for sleep failures, which
necessitates a large number of test cycles.[2] In order to keep up with Moore's law and handle
new test challenges as we go into the nanoscale age, numerous current nanotechnologies and
circuit design methodologies will need to be developed and applied simultaneously. Following
years saw a gradual slowdown, but over the past two decades, transistor count has nearly
quadrupled every 18 months. [3]
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The most recent explanation of Moore's law may be found here. Moore's law is expected to
persist at least two decades, according to most experts. The scale is still growing, but the
minimal function size is still lowering at the same time. Lower circuit delay may be achieved
by shrinking the size of transistors but this does not reduce the signal spread delay, hence
interconnect signal spread delay was a major determinant for circuit delay instead of shrinking
transistor size. In order to lower the sheet's resistance, the interconnections have been made
thicker. Crosstalk is a problem due of the capacitive and inductive interaction between nearby
connections. As a signal integrity problem, this is extremely difficult to detect. Gigahertz-range
clock frequencies have been added to the clock’s frequency. [4]

Huang (2020): [5] The digital microfluidic biochips' complicated structure will be used to share
many electrodes among several droplets. As a result, residual liquid contamination in outlets
might lead to fatal bioassay mistakes. In order to assure the accuracy of bioassays, washing
processes are used to remove contaminations. Nevertheless, the assumptions made in the
current study about the behavior and limits of the washing droplet are oversimplified, and as a
result, the study's conclusions are incorrect. Furthermore, droplet routing makes it possible to
incorporate washing processes into bioassays, which is not possible for sensitive bioassays. For
the sake of eliminating contamination and expediting the bioassay's execution time, this thesis
proposes a single pollution-conscious routing strategy. A top-down approach is used to pick
the best solution for all sub-problems, so that we may construct a list of possible routing routes.
We propose a decision diagram of droplets-based linear programming formulation (ILP) that
reduces the execution time. Finally, washing stations with realistic washing capabilities are
taken into account for pollution removal in all subsidiary situations. Our technique has been
proven to minimize pollutant spots by 72% while saving 11% in runtime in real-world testing.

In 2020, L. Shao [6] will write: Microfluidic biochips can only be tested if their fluidic samples
are reliable, and any errors in the findings can have a significant impact on the test results.
Design automation approaches have not taken into account the reliability paradigm to minimize
generated concentric errors during the sample preparation process. In this thesis, a rapid,
reliability-aware (RASP) sample preparation system is proposed as a means of improving the
reliability of a mixing sequence. A probabilistic concentration prediction model is used in
RASP to offer an accurate analysis of a specific mixing phase. The optimal mixing technique
is based on a probabilistic model and includes a search table generation algorithm and a table
query form. Simulated findings demonstrate that RASP can successfully assess the optimum
mixing procedure for any stated goal concentration, producing outlets with the target
concentration at a tolerance of 0.1%. RASP's state-of-the-art sample preparation method is
outperformed by a factor of 91.4% in terms of reliability-related accuracy after 2048 test cases.

Methodology

Oils often relate to fats that are liquid at room temperature, whereas fats are typically solid at
room temperature. Essential oils, for example, are also considered oils since they don't mix
with water and have a greasy texture. Hard butter and margarine are examples of hydrogenated
oils. Beeswax, for example, is one type of wax, but there are a variety of natural, oily, or greasy
waxes out there. Carbohydrates are mentioned in section. Carbon, hydrogen, and oxygen make
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up this class of biological compounds, with each C atom having two O atoms and one H atom.
Monosaccharides (Cx(H20)y, where x is at least 3), disaccharides (Cx(H20)y), and
polysaccharides are all forms of carbohydrates. Glucose (blood sugar) and fructose (fruit sugar)
are examples of monosaccharides, which are simple sugars (fruit sugar). Polysaccharides and
disaccharides both include monosaccharides, but they do so in different numbers of units.

A few examples of polysaccharides are starch and cellulose and the disaccharide sucrose (from
cane sugar). Other examples of disaccharides include lactose (from milk sugar) and maltose
(from malt sugar). Proteolytic and Enzymatic Processes The building blocks of proteins are
amino acids, which are linked together to form polymers. Carbon, hydrogen, oxygen, and
nitrogen are all found in them. The smallest possible change in a physical quantity is called a
quantum. It is possible to identify a body's location by its (x, y, z) coordinates in three
dimensions. The distance travelled by a body in a certain direction is referred to as its
displacement. Distance travelled per unit time in a specific direction is known as velocity. It is
the mass (m) of a body that is defined in terms of its resistance to acceleration.

The rate at which a body's velocity changes is known as its acceleration. A body's momentum
is the sum of its mass and speed. Force (F) refers to any agent that alters the speed or direction
of a body's movement. Force The total weight of the human body in other words, speed. The
mass per volume of a material is known as density. A uid's viscosity measures the force exerted
per unit area between its layers as a function of velocity gradient. Pressure is the amount of
force exerted on a body per unit area. When a body is subjected to stress, the force exerted on
it per unit cross-sectional area tends to distort it. Strain is the change in a body's dimension
(such as its length) divided by the body's initial dimension (original length). The elastic
modulus (E) of a material refers to the relationship between the stress and strain imposed on it.
The ability of a physical system to accomplish work is referred to as its energy, or E. Power is
the pace at which a certain amount of work can be accomplished. As an illustration of
gravitational potential energy, consider a large stone perched atop a mountain, which is able to
exert force on nearby objects because of its elevated location. As the train moves, it generates
its own Kinetic energy, which may be measured. L is the function L = T U, where T and U
denote the kinetic and potential energy of the system, respectively. To represent energy in terms
of momentum and position, the Hamiltonian of the system (symbol H) is employed. In simple
instances, this is the sum of kinetic and potential energies. An oscillating wave is a periodic
disturbance that moves across space or a medium. There are two sorts of waves: longitudinal
(in which the disturbance travels in the same direction as the wave) and transverse. To measure
the length of a wave, we measure how far a longitudinal wave is compressed and then released
again (or crests and troughs of a transverse wave). A wave's frequency is the number of cycles
per second, given in Hertz (Hz). The reciprocal of frequency is period.
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Figure 1 Biochips mixing process

The biggest deviation from the mean value of a variable's value is its amplitude. Quantum
physics and classical mechanics have two major differences: The measurement of a quantum
system's characteristics, such as an electron's location and momentum, has consequences. To
put it another way, the Uncertainty Principle stipulates that when two variables are
simultaneously measured, there is an inherent uncertainty that may be written as (1.1) where
the Planck’s constant h is used. The parameters of a quantum system are given as probability
distributions rather than exact values. Wave—particle duality is a notion that describes how
electrons function as both particles and waves at the same time. In the case of mass m travelling
at speed v, the related wavelength is = hmv the concept of atomic and molecular orbitals for an
electron in an atom originates. If the square of the absolute value ||2 at a given place is
proportional to the chance of finding the particle in the tiny elementary volume dxdydz, then
this is known as the wave function or eigenfunction of the particle (x, y, z). The eigenvalue of
a particle's wave function corresponds to a certain allowable energy level. In the Schrédinger's
equation, the wave functions are the solutions to the time-independent + =22280 In this case,
E Uh (), where is the particle's mass. E is the sum of all of its kinetic and potential energy. U
is the kinetic energy that can be generated. Ben-zene is an example of an aromatic hydrocarbon,
while alkanes, alkenes, alkynes, and alicyclic compounds are examples of aliphatic
hydrocarbons, which are further subdivided into alkanes, alkenes, alkynes, and alicyclic
compounds. In the case of alkanes, such as methane, ethane and propane (C3H8), the generic
formula CnH2n+2 is used. Among the hydrocarbons that fall within the alkene category are
ethane (C2H4), propene (C3H6), and butene (C4H8), all of which have the general formula
CnH2n.

There are a number of hydrocarbons known as alkynes: ethynes (C2H2) and butines (C4H6).
These hydrocarbons, such as C5H10 (cyclobutene) and C6H12 (cyclopentane), are the most
closely related to open chain hydrocarbons in the family of alicyclic com-pounds (e.g., C5H10).
Saturated organic compounds are those that have just one bond; unsaturated organic
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compounds have more than one bond. Saturated hydrocarbons are alkanes because of their
single carbon-to-carbon bond. Unsaturated hydrocarbons include alkenes and alkynes with
double or triple carbon—carbon bonds. Alkyl and Aryl Groups To generate an alkyl group
(symbol R), one atom of hydrogen must be removed from an alkane (—CH3, methyl group,
etc.). One hydrogen atom is removed from an aromatic chemical to generate the C6H5— group
of benzene, an example of an aryl group. Alcohols and phenolic compounds.

Methyl alcohol (CH30H) and ethyl alcohol (CH20H) are examples of alcohols that have an
alkyl group attached to a hydroxyl group, ROH (CH3CH20OH). One kind of phenol is
C6H50H, hydroxybenzene, which is one of a set of chemical compounds with an aryl group
connected to the hydroxyl group. Carboxylic Acids HCOOH, methanolic or formic acid;
CH3COOH, ethanoic or acetic acid are examples of weak organic acids having the group —
COOH. CCC CCCHHHHHH) (b)120°Electron cloud with a diameter of 0.39nm and a height
of 0.09nm Traditional symbol; electron delocalization resulting in a large electron density
above and below the ring. Benzene ring. A particle is a little fragment or speck of a substance.

Result

Using a test droplet and following a predetermined course from source to sink, digital
microfluidic biochips may be tested. Structural testing is the name given to this method.
Structural testing was initially carried out using an Integer Linear Programming method. Defect
detection is improved with a single system. DMFBs were tested simultaneously for catastrophic
and parametric flaws using this method. ILP scheduling was used to move test droplets across
the DMF array's designated route. An array of 15 by 15 squares was used to test the approach
in real time. An ILP-based obstacle-avoiding routing method. ILP's algorithm was simpler and
more routable than other algorithms. The exact control of nanoliter droplets of bio-chemical
samples and reagents may be achieved utilizing integrated circuit (IC) technology in Biochip.
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Figure 2 Different Mixing Process

Fluids in the form of microscopic droplets are used to mimic biochemical fluids, and these
droplets are used to perform different bioassay procedures on-chip. Due to the reduced quantity
of sample and reagent required, biochips provide greater sensitivity and cheaper costs
compared to traditional laboratory methods, which are time-consuming, costly, and susceptible

Vol. 70 No. 2 (2021) 790

http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343

to human error. Biochip is far more trustworthy than so-called laboratory processes for
diagnosing quickly and accurately. It takes a lot of time and effort to collect a blood or serum
sample, preserve it, and then combine it with the correct reagent for a diagnosis. The mixing
process can be either physical or chemical, depending on what is being mixed. It's possible that
in some circumstances, sedimentation is necessary. As a lab-on-chip, biochips may accomplish
all of the activities in a single chip using a very tiny quantity of sample, eliminating the need
for tedious manual procedures. Due to the utilization of reagents, the overall cost of the project
is decreased. So, this technological leap helps in terms of time, space, and money as well. As
compared to the current structural testing methods, the Euler-based method has shown an
improvement in defect identification. However, when the size of the array expanded, the
completion time of the Euler route test increased as well. This meant that single droplets had
difficulty moving from one end of a vast array of thousands of electrodes to the other. Parallel
testing was proposed as a solution to this problem. Electrode arrays were used to transport
many test drops in parallel. Parallel droplet pathways can be tested both online and offline.
Each array was given a testing droplet and a target location as part of the parallel testing
process. Multiple droplets were transferred in parallel from the start electrodes as pseudo-
sources in this method of testing. These test droplets were sent to the sink reservoir for
additional analysis after traversing parallel to the target locations from where the droplets
mixed.

Figure 3 Biochips optimization result

The methods they utilized for testing was geared at finding catastrophic flaws, such as electrode
shorts. However, if there are no edges accessible during online testing, the test application
duration rises. So long as a free edge is available, the test droplet is stuck in the current cell (or
electrode). A single fault assumption was also made in the suggested method. A graph model-
based approach for improving eulogization test routing. Traditional Chinese postman issue
abstracted an optimum eulogization. The cycle decomposition approach is a prerequisite for
algorithm. Using this technique in test-based route design lowered the testing time
dramatically. Single defect detection in DMFBs using a multi-droplet detection graph. In order
to achieve multi-droplet identification, these testing droplets were traversed in simultaneously.
The droplets in the tests moved in a certain pattern, which was described as "right-up-right-
down". The Euler graph was scanned by these test drops, which focused on the center and the
edges. Anti-clockwise scanning of boundary cells and edges was used.
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Conclusion

After splitting a pair of identical subtrees, the proposed approach employs both the intermediate
droplets that are formed as a result of permutation of the leaf nodes at the same level. Adding
fewer checkpoints during the production of the mixture means that dynamic error recovery
against faulty mix-split stages is easier. The development of digital microfluidic biochips for
on-chip execution of biochemical laboratory experiments has just begun. It is possible to
decrease the mixing tree by sharing the common subtrees within the algorithm itself. There are
already mixing algorithms that use a target ratio of a variety of biological fluids to derive the
mixing tree or graph needed to prepare the on-chip combination. Reduced checkpoints are
needed for dynamic error recovery as a result. There are less mix-split stages and waste droplets
in our algorithm compared to other methods, which means that it may be completed sooner
than other algorithms. Mixing method that reduces the mixing tree by removing similar
subtrees under permutation at the same level of tree is proposed by us.
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