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conventional manufacturing processes for microfluidic devices are expensive, time-consuming, and . .
require specialized equipment in a clean room. While recent studies have improved the cost-  Particle Separation;
effectiveness of this device, there is still a need for further advancement in cost efficiency. Therefore, Blood Separation;
this study aimed to develop a custom-built direct-ink writing (DIW) printer for manufacturing  mage Processing.
microfluidic devices that is more affordable. Custom-built DIW directly printed microfluidic
channels onto microscope slide glass using RTV (Room Temperature Vulcanizing) silicone sealant.
To finish the microfluidics manufacturing, the printed channel will be assembled by placing the
same glass on top of the printed layer. This method eliminated the need for polydimethylsiloxane
(PDMS) molds and casting processes that were still found in recent studies. This innovative $250  Received: 10 July 2024
(USD) custom-built DIW method takes 15 seconds to print microfluidics channels and showed a
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1- Introduction

New methods were developed in the 1950s to create complex three-dimensional (3D) micro-patterns in
semiconductors, leading to an increased interest in designing microfluidics and miniaturized systems [1]. Microfluidics
is an advanced micro-technology that manipulates fluids in channels with a minimum of one dimension between 100 nm
and 100 microns. The device is characterized by a compact size, which enables explorers and engineers to manipulate
minimal volumes of liquids and particles. Following the discussion, the process of miniaturization offers several benefits,
such as decreased usage of samples and substances, as well as improved portability [2].

Studies have shown that the conventional manufacturing procedures for the products are expensive, time-consuming,
and require specialized equipment and expertise, as well as a cleanroom environment [3]. Therefore, the development
of low-cost microfluidics is attracting great interest because it is promising for biomedical, particle, and cell analysis
purposes, such as viruses, cancer biomarkers, blood cell separation for hematological diagnosis, and other study purposes
[4-7]. In the context of the hematological examination, red blood cell (RBC) particles in healthy subjects are
approximately 7 to 8.2 microns at rest and can increase up to 28 micrometers (um) during vascularization [8, 9].
Following the discussion, microfluidic devices can be fabricated through subtractive and additive manufacturing
methods. Specifically, subtractive methods include precise cutting of material using computer numerical control (CNC)
machines from larger blocks of material [10]. On the other hand, additive manufacturing methods include 3D printing
microfluidics, also known as 3D printing processes [11, 12].
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Recent improvements show a variety of methods to improve cost and efficiency. In this study, Ayoib et al. used
polydimethylsiloxane (PDMS) biopolymer and soft lithography to create cost-effective microfluidic channels with
laminar fluid flow. To construct a durable mold, a master template was made with several layers of SU-8 5 and SU-8
2015 negative photoresists. Moreover, the fluid test showed no leakage during plasma oxidation, implying an efficient
and cost-effective manufacturing process completion [13]. Gongalves et al. also used stereolithography 3D printing to
create microchannel molds that were combined with PDMS double casting and replica molding procedures for capillary
flow studies. A PDMS microfluidics device for blood plasma separation was created using soft lithography and PDMS
modified with polyethylene oxide (PEO) surfactant. Therefore, this study aimed to show that PDMS surface modification
had a high potential for improving blood plasma separation efficiency in microfluidic devices by facilitating fluid flow,
reducing cell aggregation, trapping air bubbles, and achieving higher levels of sample purity [14]. In comparison to other
studies, Fang et al. developed a capillary flow-driven microfluidics device that proved to be an effective solution for
blood plasma separation, particularly in point-of-care (POC) settings. This device used capillary action and depth
filtration to separate plasma from whole blood without requiring an external power source. For instance, a study showed
that the device could achieve a maximum separation efficiency of 99.8%, producing approximately 30 pL of plasma
from a 200 pL blood sample [15]. Finally, Rodriguez et al. proposed the use of CO, laser-ablated PMMA to create
microchannels for microfluidic devices based on the passive Zweifach-Fung principle. The device showed significant
improvements in precision and recall for micrometer-sized particles, achieving a total accuracy of 94% + 3%. This
procedure was conducted using an economical method that did not require a clean room. In addition, the method
represented a significant departure from traditional practices, leading to substantial cost savings without compromising
operational effectiveness. The price of each chip was below USD 0.90, and the manufacturing process only required 15
minutes [16].

Throughout this introduction, the article begins with a review of the historical events surrounding the development
of micro-patterning techniques in semiconductors and their impact on the evolution of microfluidics device technology.
It then explores the fundamental principles and advantages of microfluidics, particularly in biomedical research and
diagnostics. The subsequent section discusses the challenges of conventional manufacturing processes and the growing
need for cost-effective alternatives. Recent advancements in microfluidics manufacturing, including soft lithography,
stereolithography, and CO, laser ablation, are examined in detail. This article also presents a comparative analysis of
various methods aimed at improving cost-effectiveness in microfluidics manufacturing devices.

Although recent studies have made significant progress in improving the cost-effectiveness of microfluidics device
production, further improvements are still required to achieve even greater cost efficiency. This study proposes the use
of a custom-built direct ink writing (DIW) 3D printer with a singular silicone-based polymer, such as silicone sealant.
Silicone will be printed to form a microchannel wall between microscope slide glasses, effectively sealing the
microchannel pattern and forming a fully enclosed microfluidics device.

2- Device Materials and Methods

The materials used in this study include silicone sealant and microscope slide glasses. Silicone sealant has exceptional
adhesive properties at room temperature, vulcanizing (RTV) that was applied to a glass surface, eliminating the
conventional method. Additionally, printed silicone channels were deformed to meet specific requirements by applying
compressive force to the device. This process enabled the creation of narrow microchannels that functioned effectively
for fluid and particle separation.

2-1-Silicone and Substrate Material

The RTV silicone sealant used in this study is a product of Sika AG Chemical, namely Sikasil-111, shown in Table
1. This type of silicone possessed several advantageous properties, such as low toxicity, excellent environmental
adaptivity, resistance to degradation, and high chemical stability [17]. Moreover, sealant material was readily accessible
and widely available in the market.

Table 1. Transparent silicone sealant mechanical properties

Properties Value
Shore hardness 20-30
Tensile strength 0.5 MPa
Modulus elastic 0.35 MPa

Tensile Strain 400 %

Movement capability 25%

Elastic recovery 80 %
Tack free time 3-10 minutes

Page | 2



Emerging Science Journal | Vol. 9, No. 1

Float glass material was used by the study to enclose the created microfluidics channels. This material referred to flat
glass sheets called microscope slides glass. The investigation used float glasses as the enclosing material, which
functioned as a clear and durable covering for microfluidic channels. Relating to this discussion, Table 2 [18] showed
the mechanical properties of float glass. The material used met 1SO 8037-1 standards, measuring 76 mm by 26 mm with
a thickness of 1 mm, and it was used as both the top and bottom substrates.

Table 2. Mechanical properties of float glass

Properties Value
Glass type Float glass
Density 2500 kg/m?
Compressive strength 212 MPa
Elastic modulus 70 GPa
Tensile strength 50 MPa
Impact strength 800 MPa

Vickers hardness 4.59 MPa

Poisson ratio 0.23

2-2- Method

This study used an experimental method that focused on the fabrication of microfluidic devices. Initially, a custom-
built DIW printer was developed for manufacturing, which was incorporated as a tool to apply compressive force on
microfluidic devices, improving the capability for fluid and particle separation. Finally, a simulation examination was
conducted using a mixture of ground coffee and water to mimic cells and the fluid. This simulation also validated the
performance of the microfluidics device, performed particle separation, and analyzed results using the ImageJ image
processing application.

Figure 1 showed the processes of manufacturing microfluidics with a custom-built DIW printer. The process steps
were to first set up the DIW printing machine with silicone sealant loaded into a syringe and a computer-aided design
(CAD)-designed microfluidics channel pattern for the controller. Moreover, the printer dispensed silicone from the tip
of the nozzle, emitting silicone liquid directly onto the surface of the bottom substrate that formed a pre-designed channel
pattern. After printing the silicone channel wall, it was enclosed with a top substrate, thereby creating an entire
microfluidics system. The next step was to drill all necessary ports, such as inlet, excess, and outlet ports.

3D Printer Preparation ——> 3D Printing —> Assembling

Device test

Figure 1. Study method of manufacturing cost-effective microfluidics device

The microfluidics device was finally simulated and examined by placing a digital force measurement and applying a
single-point force pressure to the top substrate of the device. This force was intended to deform the silicone channel
wall, leading to the narrowest channel pattern. In this condition, the force prevented certain particle dimensions from
passing through the outlet port, causing the particles to travel to the excess port. During the examination, a digital
microscope was placed near the pressure point to measure and record channel gap width.
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Validation was carried out using ImagelJ software, which analyzed the particle data collected from a digital
microscope. During this process, a medical syringe was used to inject ground coffee particles mixed with water into the
inlet port of the microfluidics device.

3- Result and Discussion
3-1- Custom-Built DIW Printer

The custom-built DIW printer was shown in Figure 2-A, presenting the incorporation of a digital microscope, a digital
force measurement, and a syringe filled with silicone. Furthermore, the printer had a feature called Figure 2-B, which
functioned as a DIW printer. This machine could print microfluidics using a loaded syringe filled with silicone sealant
material. In this study, Figure 2-C showed the ability to be configured as a test and simulation tool for microfluidics
devices. The printer components were mostly constructed using a fused deposition machine (FDM) that used polylactic
acid (PLA) material.

Figure 2. Custom-built DIW printer

The development of custom-built DIW printers represented an advancement in recent microfluidics manufacturing
methods. Different from current methods, which require the production of molds and casting to form microfluidic
channels, DIW printers directly print silicone material to create the channel patterns. This ability eliminated the need for
intermediate steps, such as mold fabrication, thereby simplifying the manufacturing process, reducing material waste,
and increasing general efficiency in the production of microfluidic devices. The method also simplified the process and
opened up possibilities for more complex and customizable designs.

The developed DIW system was equipped with three stepper motors, one for each axis. The motors on the X and Y
axes-controlled movement to form the desired design geometry, while the Z-axis motor served two functions. The
primary role of the Z-axis was to drive the syringe plunger and dispense silicone sealant for printing. Additionally, the
secondary role of the axis was to operate the digital force measurement along with an attached measuring tip to apply
compressive force for testing and simulating microfluidic devices. These stepper motors were coordinated by a low-cost
5-axis CNC controller that executed the geometry code (G-Code) through CNC software.

Table 3 showed the specifications of the custom-built DIW printer to support the manufacturing of microfluidic
devices for this study. The values showed various parameters and features designed to meet the specific requirements of
microfluidics fabrication. These modifications ensured that the printer consistently and precisely produced the
complicated and delicate channels required for effective microfluidic devices. Based on a travel distance of 100 mm x
100 mm, the X and Y axes were capable of moving a distance of 100 mm each. Following the distance covered by these
axes, an assumption was made that the length of the float glass was 76 mm and could be used in this study. In addition,
printing the perimeter of 1SO 8037-1 float glass only took 6 seconds with a travel speed of up to 2000 mm/minute. This
customized setup was tested and fine-tuned experimentally to achieve the best quality and performance when printing
silicone material.
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Table 3. Study DIW printer specification

Parameter

Dimension

Work travel X-Y axis
Worktable width x length
Travel speed
Syringes
Dispensing Flow rate
Dispensing Travel Z axes
Axis drive
Controller
Power Supply Unit PSU
Dimension
Weight

100 mm x 100 mm
90 mm x 90 mm
100 — 2000 mm/minute
1mL
23 pL/second
120 mm

3 axis stepper motor NEMA 17
5-axis

2.5 Ampere / 1 Phase / 220 Volt

(W) 300 mm x (L) 425 mm x (H) 420 mm

6.5 Kg

3-1-1- Printed Microfluidics Device and Cost

Figure 3 showed the DIW printing process, where silicone sealant was applied to the bottom float glass. This operation
required precise coordination between silicone output and the movement of the printer worktable. The printer traveled
at a speed of 1080 mm/minute, following pre-programmed directions encoded in G-Code. Concurrently, silicone was
dispensed at a rate of 23 pL/second. After extensive testing with various printing trials, this particular timing and setup
was proven to be the most effective. Moreover, the setting process ensured that silicone sealant was applied evenly and
precisely, producing high-quality prints.

Figure 3. DIW printing onto bottom float glass

Figure 4 showed the finished product after printing as well as assembly and accompanied by the drilled top float glass.
About 1 mm diamond bit was used to drill precise ports in specific locations. These ports were essential to the operation
of microfluidics devices and allowed controlled flow as well as manipulation of fluids throughout the system. In this
study, Table 4 showed the processing time required for every step of the workflow by an experimentally manufactured

microfluidics device.

Inlet

Excess

View of cross-sectional A

Force

Hl

Wa

Figure 4. Printed microfluidics device
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Table 4. Duration result of manufacturing microfluidics devices

Workflow Description Duration

3D printer preparation Design G-code upload to printer controller with RTV silicone syringe loading onto its axis. 7 minutes
3D printing Ongoing printing process, discharging RTV silicone onto to bottom substrate until the end of the program. 15 seconds
Assembling ;;c;psﬁtés\frt]r?rt]e _Ipf:glceeq;ent supported base substrate. Place the printed device at room temperature to dry off. 12 minutes
Drilling All ports drilling process on to the top substrate 3 minutes
Device test Injecting substances to simulate. 3-5 minutes

The process began by uploading G-Code from computer-aided manufacturing (CAM) design into the 3D printer
controller. Subsequently, about 1 milliliter (mL) of syringe was filled with RTV silicone and attached to the mounting
bracket of the axis linear actuator. After the materials and procedures were ready, the operator started printing. The
syringe discharged 0.35 mL of silicone for each device in 15 seconds and then followed the programmed pattern until
G-code instructions were completed. In this process, the cumulative manufacturing time for each device, including the
entire workflow, was 27 minutes and 15 seconds. However, the second and third printing times were reduced by 7
minutes due to the remaining silicone in the syringe. The drying time varied depending on the silicone product used and
room temperature. The drilling process was carefully conducted by immersing the dried printed device in a water pool
to reduce the risk of a cracked hole. Finally, the 3D-printed microfluidics device passed through the final test to ensure
that there were no leaks or breakages along the printed silicone channel wall. This examination was done by injecting
clean water into the inlet port.

The budget allocated in Table 5 for the development of the experimental printer unit and production of the
microfluidics device was maintained at a very low amount of $250 (USD). The achievement of budget efficiency was
accomplished by carefully selecting materials and optimizing manufacturing processes. Significantly, the manufacturing
cost of a single microfluidics device was really low at $0.071 (USD). The extraordinary cost-effectiveness of this device
was due to its uncomplicated composition, consisting of only two pieces of microscope slide glass and 0.35 milliliters
of silicone sealant. By optimizing these components, the production process achieved both cost-effectiveness and
efficiency, presenting the possibility of manufacturing microfluidics devices at an affordable price.

Table 5. Cost outcome for the manufacturing of experimental microfluidics

Components Description Price (USD)

Main printer frame Aluminum 6063T5 extrusion assembled with aluminum die-cast brackets and 12.9 class for all fasteners. 30

All axis motor mounting, Axis rail mounting controller mounting, power supply unit (PSU) mounting,
microscope mounting, force measurement mounting, Syringe mounting, all FDM 3D printed PLA for all 27
axes. With 12.9 class for all fasteners.

3D printed parts

Mechanical parts Low profile ball-type linear bearing for all axes. Leadscrew T8 with coupling for all axes. 70
Electronics module Controller, PSU, all-axis stepper motor, all-axis stepper power driver 50
microscope Portable digital microscope. 10
Force measurement Digital force measurement 100 N. 55
Substrate Microscope slide glass 50 pcs. 3
Material silicone Adbhesive silicone sealant 300 mL. 5
Syringes Syringe 1 mL 100 pcs. 3

The result of this study was comparable to the recent exploration by Rodriguez et al. [16], which achieved the
fabrication of a microfluidics device in just 15 minutes using a CO, laser. According to Table 3, the total time required
for printing to drilling microfluidics devices was approximately 15 minutes and 15 seconds, placing it close to the
findings of Rodriguez et al. [16]. This process has the potential to be expedited by 3 to 5 minutes because the curing
time of RTV silicone sealant is highly dependent on room temperature. Under optimal conditions, the total
manufacturing time could be reduced to around 10 minutes per microfluidics device. In the context of this study, the
cost of manufacturing microfluidics devices showed promising potential and offered a significant advantage compared
to the $0.90 (USD) per device in previous studies. The development of a custom-built DIW system presented a cost-
effective alternative, different from commercial equipment that was usually costly. Additionally, this system reduced
expenses and also enabled the production of low-cost microfluidic devices designed for particle or cell separation. By
using a custom-built DIW setup, studies could achieve the desired functionality of microfluidics without relying on
expensive commercial machinery. The achievement made this method highly appealing for applications that required
affordability and efficiency.
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3-1-2- Microfluidics Device Testing

By gradually applying force and reducing the distance between the glass substrates, it was observed that when a
compressive force of 5.7 Newtons with a distance between the heights h of the glass substrates being 0.44 mm, an ideal
channel width (w¢) of 0.03 mm or 30 microns was achieved. However, as the compressive forces exceeded the values
in Table 6, the channel eventually collapsed and closed completely. Figure 5 showed the transformation of DIW printer
into microfluidics device for testing.

Table 6. Device cross-sectional channel width w¢ result

Force (N) Width of we (mm) Width of w; (mm) Width of wy (mm) Height h (mm)

1.2 0.07 1.23 13 0.74
3.2 0.06 1.24 13 0.64
4.6 0.05 1.25 13 0.60
51 0.04 1.26 13 0.54
57 0.03 1.27 13 0.44

Display Force Exerted Force Allocated
5IN Point  Microscope

Figure 5. Microfluidics we measuring

The distance or width of the gap between the silicon walls w was very dependent on the diameter of silicon wall wy
and the distance wy. This diameter influenced the width of w. when compressive force was applied to microfluidics
device and determined the size of the particles that passed through microfluidics channel. Moreover, the usability of the
device was determined by its w¢ value under compressive force. This compliance was applied to micro-particles ranging
in size from 30 to 70 pm.

3-2-Microfluidics Device Validation

To validate the results of 3D printed microfluidics device, this study used a mixture of ground coffee particles with
water as the fluid to flow through the device channels and the images were analyzed using image processing software.
Additionally, the particle images in Figure 6 were obtained from excess as well as outlet ports and analyzed using ImageJ
application with the set measurement of Feret diameter as the particle object had an irregular shape. The image processed
at excess port showed larger particles and a significantly higher particle count compared to outlet port.

(excess port) (outlet port)

Figure 6. Particles image processing
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The results of particle counting in discharge, excess, and outlet ports showed differences in size and quantity in Table
7. Excess port contained 888 particles, while outlet port contained 296. Following this discussion, the separating results
were obtained with a narrowed w¢ at 30 um. Particles originating from excess port showed a larger Feret diameter of
35.3 um, accompanied by a minimum of 19.4 um. Moreover, the sizes that came out of outlet port were smaller,
measuring 22.8 pm with a minimum diameter of 11.8 um. The presence of larger-than-expected particles, as shown in
Figures 7 and 8, was attributed to the specific conditions of the experimental setup. In Figure 7, particles with 537 pm
were shown, while 8 showed size with 134 pum discharging from outlet port. This anomaly was primarily due to the
height (h) being set at 0.44 mm, a value that could not be reduced further as shown in Table 5. Moreover, the observed
anomaly, including larger sizes, showed a minor tolerance issue in the device. Among 296 particles analyzed, only two
from outlet port were larger than expected. This minor deviation showed that the device was generally effective at
separating particles to the desired specifications, even though there was some allowance for the occasional passage of
larger sizes. The referral output of separation efficiency from these validation findings was described as followed:

Particle percentage from outlet port:

Outlet port particles count 296

x100% === x100% = 25% 1)

Total n particles count

Table 7. Device cross-sectional channel width w¢ result

Slice Count Feretdiameter (nm) Min. Feret diameter (jum)
Excess port 888 35.3 194
Outlet Port 296 22.8 11.8
700 Mean 35,36
N 888

600

500
£ 400
iy
P4
S 300
[=]
(@]

200

100

0
0 100 200 300 400 500 600
Feret diameter= um
Figure 7. Particle size at excess port
80 Mean 22,88

— N 296
70
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30 \
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Feret diameter=um

=particles

Count N

Figure 8. Particle size at outlet port
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Assuming that the fluid carrying the particles was composed entirely of water. Validation showed that the fluid was
75% pure, with 25% of particle deposits present at outlet port, indicating device efficiency. Specifically, the result was
19% to 24% lower than that of recent studies by Fang et. al. [15] and Rodrguez et al. [16]. This signified that the use of
an inexpensive and custom-built DIW system still produced satisfactory fluid purity efficiency.

When assessing the effect of applied force on the strength of microfluidics channels, examining both the stress on the
glass and the deformation of silicone walls was important. To obtain valuable perceptions into the mechanical properties
and dependability of these materials when subjected to stress, a comprehensive understanding of the magnitude of glass
stress and silicone deformation was crucial. This analysis was essential in determining the impact of force-induced
changes in channel width on the total performance and functionality of microfluidics systems. Accessing material
resistance as a force was applied and recorded by the round tip of the digital force meter with a diameter of 5 mm, which
compressed the top float glass.

F 57N

A m2.5 mm?

=0.290 N/mm? = 0.29 MPa )
(The exerted compressive force was 0.29 MPa, which was far below the maximum allowable compressive strength
of float glass 212 MPa, as shown in Table 2).
Assessing the allowable force by considering the diameter of the wall w; of the two-channel cross-section, as shown
in Figure 2.
A=(xr?)2= n.(l'zﬁmm)z .2=2.376 mm? = 2.4 mm> ©)
Allowable force to deform using tensile strength, as shown in Table 1 with 400% = 4 elongation at break.

F=0A4=(0.5N/mm.4)2.4mm>=48 N 4)

The stress at deformed silicone wall at 5.7 N exerted force.

57N

— 37N _(.023 N/mm?=0.023 MPa (5)
193.08.1.27 mm?

F
o— =
A

Even though the force exceeded the maximum allowable force which was 5.7 N > 4.8 N, silicone did not break. This
process was due to a small value of compressive stress in silicone channel pattern having a total length of 193.08 mm
with wy (1.27 mm) at 5.7 N, as shown in Table 4. In addition, the material had a low elongation percentage due to its
mechanical properties.

Deformation allowance elongation of 400%, as shown in Table 1.
AL =€ Ly=4.1.23 mm =4.92 mm (6)

Actual deformation by experimental, wy at 1.2 N = 1.23 mm (L,) and at 5.7 is 1.27 mm (L,), shown in Table 4.

1.27-1.23

€= 120 100% = 100% = 0.8 % @

492mm

The slight elongation did not affect the tensile strength of silicone wall when the force was applied. However, the
cohesive strength of silicone material was due to its internal bond, which allowed it to remain intact and resist breaking
when stressed [19]. The cohesive strength of silicone sealant varied, depending on the formulation and intended
application. In addition, the applied force was compressive, not a shear force, and this material was intended to absorb
and dissipate these stresses in its elastic range [20]. When the movement remained in the specified capability (movement
capability 25%, as shown in Table 1), sealant stretched or compressed without permanent deformation or loss of bond
[21]. Relating to the discussion, the material durability finding confirmed that the selected materials, silicone sealant,
and float glass, were appropriate for this study.

4- Conclusion

In conclusion, although recent studies progressed in improving the cost-effectiveness of microfluidics device
manufacturing, additional improvements were required to achieve greater cost efficiency. These improvements were
critical to making microfluidics technology more accessible and affordable. Therefore, this study proposed a more cost-
effective method to manufacture microfluidic devices by using silicone sealants and microscope glass as the primary
materials that would be deformed to achieve certain specifications, as well as a custom-built DIW printer for printing
directly to create a microchannel wall between microscope slide glasses.
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The main equipment used in this study was a custom-built DIW printer, which was specifically designed to
manufacture microfluidic devices. Additionally, the printer was equipped with a digital force meter and digital
microscope. The total cost of custom-built equipment was $250 (USD). The method was able to complete the device
manufacturing process in 15 minutes, and due to the influence of room temperature caused by RTV silicone, the
manufacturing process could be faster. Additionally, the deformability of the device made it capable of selectively sorting
particles in a specific size range. In this particular case, the microfluidics device effectively separated and sorted particles
that were between 30 and 70 um in size, and the manufacturing cost per device was $0.071 (USD), which was greatly
affordable compared to recent studies.

In this study, ImageJ analyzed that the separation efficiency of the device sets reached 75% fluid purity after the
particles were sorted through the outlet port. Despite the slightly lower efficiency from recent studies, the cost-
effectiveness and accessibility of custom-built DIW systems offered a practical balance between performance and
affordability. In association with biomedical studies for blood plasma separation, this device could be configured because
90% of plasma is water, which could be used for comprehensive human health examinations with a small amount of 14
pl plasma [22]. This ability made the device a decent option at a more affordable price.

4-1- Future Study

Future studies are expected to combine microfluidics and biosensor devices, particularly in improving the precision
and usability of microfluidics systems, leading to more reliable and reproducible results. An important application would
be in medical diagnostics, where the combination of these technologies could be used for blood separation, which allows
more sensitive and specific detection of biomarkers for various diseases. In addition, the collaboration is able to improve
health monitoring by providing continuous and real-time analysis. In general, the convergence of this device is expected
to transform diagnostics and health monitoring.
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