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ABSTRACT

The escalating prevalence of diabetes worldwide necessitates reliable and cost-effective
glucose monitoring solutions. Despite technological advancements, many countries, including
Pakistan, heavily rely on imported glucose meter chips, leading to economic strain and limited
accessibility. Addressing this challenge, this project focuses on designing and fabricating a
glucose meter chip using the photolithography process, offering a locally produced alternative
that is economically viable and technologically proficient.

The proposed glucose meter chip responds to Pakistan's scarcity of domestically manufactured
options. Currently, most glucose meter chips available in the market are imported, resulting
in increased costs and logistical challenges. Leveraging photolithography, a precise and
scalable manufacturing technique, the project aims to establish a sustainable framework for
in-country production and promoting self-sufficiency in medical device manufacturing.

The chip's design revolves around microchannel-based architecture, integrating multiple
layers of specialized chemicals to enable accurate glucose detection. Through fabrication
processes, including spin coating, pre-baking, masking and exposure, post-baking, and
development, each layer is precisely patterned and deposited onto a substrate. In addition to
the chip, an electrical circuit is designed to detect glucose levels, featuring an LCD display for
real-time glucose level visualization. This integrated circuit enhances the functionality of the
glucose meter chip.

Furthermore, the project's focus on domestic fabrication aligns with broader initiatives aimed
at enhancing local industry and fostering technological innovation in Pakistan. By establishing
a framework for the production of essential medical devices within the country, this project
contributes to economic growth and technological advancement while addressing critical
healthcare needs.

In summary, the design and fabrication of a glucose meter chip using photolithography
represent a significant stride towards achieving self-sufficiency in medical device
manufacturing in Pakistan. Through the utilization of advanced fabrication techniques and
prioritization of local production, this project offers a locally produced alternative to imported
glucose meter chips.

Keywords:

e Fabrication of glucose chip.
e Microchannel architecture.
e Photolithography process.

e Domestic production.

e Healthcare innovation.
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CHAPTER I: INTRODUCTION

1.1. Background and Motivation

The prevalence of diabetes is a global health concern, prompting the continuous advancement
of glucose monitoring technology. Despite these advancements, many countries face
challenges in accessing affordable and locally produced glucose meter chips. In Pakistan,
reliance on imported chips presents economic burdens and limits accessibility to essential
healthcare devices X, This project aims to address this issue by designing and fabricating a
glucose meter chip using the photolithography process, offering a cost-effective and
domestically produced alternative.

1.2. Problem statement

The dependency on imported glucose meter chips in Pakistan not only incurs higher costs but
also poses logistical challenges. Additionally, the lack of locally manufactured options
hampers the country's self-sufficiency in healthcare technology production. This project seeks
to mitigate these challenges by developing a glucose meter chip through photolithography,
thereby promoting domestic production and accessibility to vital medical devices [,

1.3. Scope of the work and expected outcomes

The scope of this project encompasses the design and fabrication of a glucose meter chip using
photolithography techniques. Key steps include spin coating, pre-baking, masking and
exposure, post-baking, and development. An electrical circuit will also be designed to integrate
with the chip for glucose level detection, displaying results on an LCD screen. The expected
outcomes include a locally produced, cost-effective glucose meter chip capable of accurate
glucose detection, contributing to self-sufficiency in medical device manufacturing in
Pakistan.

1.4. Report Outline

INTODUCTION:
This chapter provides an overview of the project, including background information,
motivation, problem statement, scope of work, and expected outcomes.

LITERATURE REVIEW:

The literature review explores existing research and technologies related to glucose monitoring
devices, photolithography fabrication techniques, and microfluidic systems. It examines the
strengths and limitations of current approaches to provide context for the project.

1



Design and Analysis:

This chapter details the initial design concepts and analysis methodologies employed in
developing the glucose meter chip. It discusses the theoretical framework, design
considerations, and analytical tools used to optimize the chip's performance.

Design Development and Testing:

Here, the iterative design process and experimental testing procedures are described. The
chapter outlines the steps taken to refine the initial design, including fabrication techniques,
material selection, and validation testing to ensure the chip's functionality and reliability.

Results and Discussion:

This chapter presents the results of the design development and testing phases. It includes data
analysis, experimental findings, and discussions on the performance metrics of the glucose
meter chip. The implications of the results are discussed in relation to the project objectives.

Impact and Economic Analysis:

An assessment of the potential impact of the project on healthcare accessibility and
affordability is provided in this chapter. Additionally, an economic analysis evaluates the cost-
effectiveness of domestically produced glucose meter chips compared to imported alternatives.

Project Management:
This chapter outlines the project management approach, including planning, scheduling,
resource allocation, and risk management strategies employed throughout the project lifecycle.

Conclusion and Future Recommendations:

The final chapter summarizes the key findings, conclusions, and contributions of the project.
It also provides recommendations for future research directions and potential enhancements to
the glucose meter chip design.



CHAPTER II

LITERATURE REVIEW

2.1 Literature review

In this section, a thorough examination of current research and technological advancements in
the fields of fabrication of glucose chip, photolithography technique is undertaken. The
objective is to gain an in-depth understanding of the latest developments and trends within
these areas and to identify potential areas for innovation and improvement. The literature
review delves into the realm of glucose monitoring devices, which are critical tools in
managing diabetes 1. It explores traditional methods such as finger-prick testing using blood
glucose meters. However, despite their advantages, challenges such as accuracy, calibration,
and cost-effectiveness are also discussed, highlighting areas for further research and
development.

Fabrication of — Fabrication of
Microchannel Glucose Chip

{

LCD Interfacing | <——— Circuit Design

Figure 1: Flow Chart

2.1.1 Photolithography Process

The process of photolithography is a fundamental technique used in sensors fabrication,
including the production of glucose meter chips. It involves several sequential steps to transfer
a pattern onto a substrate using photoresist. Following are the basic steps for photolithography
process [19,



2.1.1.1  Applying Photoresist:

The process begins with the deposition of a light-sensitive material called photoresist onto the
substrate ™1, The photoresist is typically applied as a liquid coating using techniques such as
spin coating or spray coating. The thickness of the photoresist layer is critical and is controlled
to ensure precise patterning.

2.1.1.2  Spin Coating:

Spin coating is a common technique used to achieve a uniform and thin layer of photoresist on
the substrate. The substrate is placed on a spin coater, which spins rapidly while the photoresist
is dispensed onto its surface. The centrifugal force spreads the photoresist evenly, resulting in
a uniform coating 41,

2.1.1.3  Pre-baking:

After the photoresist is deposited, the substrate is subjected to a pre-baking process. This
involves heating the substrate to a specific temperature for a predetermined duration. Pre-
baking helps to remove solvent from the photoresist, ensuring proper adhesion to the
substrate and minimizing defects in the final pattern (2,

2.1.1.4  Mask Alignment:

A photomask, containing the desired pattern, is aligned with the coated substrate using
specialized alignment equipment. The photomask consists of opaque regions that block light
and transparent regions that allow light to pass through, defining the desired pattern to be
transferred onto the substrate ™21,

2.1.15 Exposure:

The substrate, coated with photoresist and aligned with the photomask, is exposed to ultraviolet
(UV) light. The UV light passes through the transparent regions of the photomask, exposing
the underlying photoresist to light [*2. The exposure causes a chemical reaction in the
photoresist, altering its solubility properties based on the pattern defined by the photomask.

2.1.16  Post-baking:

Following exposure, the substrate undergoes a post-baking process to further stabilize the
patterned photoresist. Post-baking involves heating the substrate to a specific temperature for
a predetermined duration. This step enhances the durability of the patterned photoresist and
helps to remove any residual solvents [,

2.1.1.7 Development:

The substrate is immersed in a developer solution that selectively dissolves either the exposed
or unexposed regions of the photoresist, depending on the type of photoresist used 31, This
step reveals the desired pattern on the substrate's surface by removing the soluble regions of
the photoresist. The substrate is then rinsed and dried, leaving behind the patterned photoresist.



2.1.2 Electric Circuit

For the detection of glucose level in blood, the integration of electronic circuits is essential
within the glucose meter chip design. Among the key circuitry involved are the Wheatstone
bridge and the instrumentation amplifier. These circuits play critical roles in converting sensor
signals into measurable glucose levels, thereby enabling reliable glucose monitoring 31, By
exploring the principles of these circuits, the literature review provides valuable insights into
the electronic component integration necessary for the functionality of the glucose meter chip.

2.1.2.1  Wheatstone Bridge:

Wheatstone bridge circuit, a fundamental component in the detection mechanism of glucose
meter chips. This circuit configuration, consisting of four resistive arms, is pivotal for
measuring small changes in resistance, which correspond to variations in glucose
concentration. By examining existing research and methodologies surrounding the Wheatstone
bridge, the literature review elucidates its role in converting sensor signals into quantifiable
glucose levels. Moreover, by identifying challenges and opportunities for innovation in
Wheatstone bridge design, the literature review contributes to the refinement of detection
mechanisms, ensuring the glucose meter chip's efficiency [*],

2122 Instrumentation Amplifier:

In parallel, the literature review explores the instrumentation amplifier circuit, another key
element in the electronic architecture of glucose meter chips. This specialized amplifier
configuration is designed to amplify small differential signals while rejecting common-mode
noise, thereby enhancing the accuracy and reliability of glucose measurements 16l By
analyzing existing literature on instrumentation amplifier design and performance, the review
provides valuable insights into circuit optimization techniques 171, Understanding the
intricacies of this circuitry is essential for integrating electronic components seamlessly into
the glucose meter chip's design.

2.2 Inferences drawn out of Literature

The literature review illuminates several critical inferences pertinent to the design and
fabrication of glucose meter chips. Firstly, it underscores the significance of photolithography
as a fundamental technique in sensor fabrication, highlighting its sequential steps for pattern
transfer onto substrates. This emphasizes the meticulous control required over parameters such
as photoresist deposition, spin coating, and post-baking to ensure precise patterning.



Additionally, the exploration of electric circuitry reveals the indispensable roles of the
Wheatstone bridge and instrumentation amplifier in converting sensor signals into measurable
glucose levels. Understanding the principles behind these circuits provides valuable insights
into electronic component integration, essential for the chip's functionality. Moreover, the
review identifies challenges and opportunities for innovation, particularly in enhancing
detection mechanisms and optimizing circuit design. These inferences collectively inform the
subsequent chapters, guiding the design, development, and fabrication of glucose meter chips
with improved performance and reliability.

2.3 Summary

In summary, the literature review provides a comprehensive examination of current research
and technological advancements in glucose meter chip fabrication and photolithography
techniques. It sheds light on traditional glucose monitoring methods and their associated
challenges, emphasizing the need for innovation in accuracy, calibration, and cost-
effectiveness. The review delves into the photolithography process, elucidating its sequential
steps for pattern transfer and highlighting the critical parameters governing each stage.
Furthermore, it explores the integration of electric circuits, specifically the Wheatstone bridge
and instrumentation amplifier, essential for glucose detection %, By identifying areas for
improvement and innovation, the literature review sets the stage for subsequent chapters,
guiding the design, development, and fabrication of glucose meter chips with enhanced
performance and reliability for clinical applications.



CHAPTER I11: Design and Analysis

3.1 Design Methodology

The fabrication of the glucose meter chip encompasses meticulous preparation of chemical
solutions and precise execution of the photolithography process. The process begins with the
preparation of key chemical solutions, including the PEDOT: PSS solution, glucose oxidase
solution, and Nafion solution. Each solution is prepared with specific concentrations to ensure
optimal performance in the subsequent steps of the fabrication process ["l. Following solution
preparation, the drop casting method is employed for the deposition of essential components
onto the substrate.
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Figure 2: Fabrication Process

3.2 Governing Equations/Mathematical modelling
This project mainly depends upon the chemical equation for an electrochemical reaction and
the mathematical equations for circuit designing.

3.2.1 Electro-chemical Reaction

The fabrication of the glucose chip is fundamentally based on the enzymatic reaction involving
glucose, water, oxygen, gluconic acid, and hydrogen peroxide. The main equation governing
this reaction is:

D - Glucose + H20 + O2 — Gluconic acid + H20;

This equation describes the conversion of glucose and oxygen into gluconic acid and hydrogen
peroxide. This enzymatic reaction is catalysed by glucose oxidase, an enzyme immaobilized on



the chip's surface. The production of hydrogen peroxide is a key indicator of glucose
concentration, as it directly correlates with the amount of glucose present in the sample.

H,0, — Oz + 2Hy" + 2¢

This equation illustrates the conversion of hydrogen peroxide into oxygen gas, protons, and
electrons. The generated electrons contribute to the electrical current measured by the glucose
meter chip, providing a quantitative indication of the glucose concentration in the sample.

Overall electro-chemical reaction is given as:

D - Glucose + H20 + O2 — Gluconic acid + H202

H202 — Oz + 2H," + 2¢

3.2.2 Mathematical Equations
This section consists of key mathematical equations governing the operation of the electronic
circuits designed for the detection of glucose level in human blood.

3.2.2.1  Wheatstone Bridge Equation:

In the design of the glucose meter chip's electronic circuitry, the Wheatstone bridge
configuration plays a pivotal role in measuring small changes in resistance [*°1, corresponding
to variations in glucose concentration. It consists of 4 resistor and input voltage as shown in
the figure:

R1 R2
Vs 4 +
R3 = R4

Figure 3: Wheatstone Bridge

The Wheatstone bridge equation can be represented as:

R2
=————X
R1 + R2

8
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R3

V,=—— X
27 R4 + R3

Vs

Vo=V, =V;

Where:
V, is the voltage between R1 and R2.

V, is the voltage between R3 and R4.
R1, R3 and R4 are the resistance of Wheatstone bridge arms.
R2 is the resistance of the glucose sensor connected to Wheatstone bridge.

I, is the voltage difference between V, and V;.

In addition to the Wheatstone bridge equation's representation of the relationship between
output and excitation voltages, balancing the Wheatstone bridge circuit is crucial for accurate
glucose concentration measurements [*°1. Balancing involves adjusting the resistances of the
bridge arms to ensure that the voltage across the output terminals is zero when the bridge is in
an unstrained or balanced state. This balance condition is achieved by varying one or more
resistances until the bridge circuit is in equilibrium, providing a reference point for accurate
measurement of resistance changes caused by variations in glucose concentration. Balancing
the Wheatstone bridge circuit maximizes its sensitivity and ensures precise detection of small
changes in resistance.

3.2.2.2 Instrumentational Amplifier Equation:
The instrumentation amplifier consists of three op-amps, two input sources and seven resistors
as shown in the figure.

Figure 4: Instrumentational Amplifier
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Where:

; and V, are the input voltage sources.

R2 (Rg) is the gain resistor.

Resistance of R1 = R3, R4 = R6 and R5 = R7.

Gain (Ao) of the instrumentation amplifier is:

Output is given as:
VO = (VZ - Vl) X AO

It determines how much the input signal is amplified before being processed further 1261, This
equation is crucial for designing the instrumentation amplifier circuit to achieve the desired
level of signal amplification and accuracy in glucose level detection.

3.3 Analysis/ Codes and Standards

In this section, we conduct a thorough analysis of the glucose meter chip's design methodology,
electro-chemical reaction, and mathematical modelling, while also considering relevant codes
and standards to ensure compliance with industry regulations and safety requirements.

We also delve into the safety standards pertinent to the photolithography lab environment for
the fabrication of the glucose chip. Adherence to safety protocols is paramount to ensure the
well-being of personnel and the integrity of the fabrication process.

Safety standards in the photolithography lab encompass various aspects, including chemical
handling, equipment operation, and personal protective equipment (PPE) usage. Chemicals
used in the photolithography process, such as photoresists and developers, may pose hazards
if mishandled. Therefore, strict protocols for chemical storage, handling, and disposal are
implemented to mitigate risks of exposure and environmental contamination.

The design methodology encompasses meticulous preparation of chemical solutions and
precise execution of the photolithography process, crucial steps in fabricating the glucose
meter chip. The electro-chemical reaction, fundamental to the chip's operation, is governed by
enzymatic processes involving glucose, water, oxygen, gluconic acid, and hydrogen peroxide
(81 Mathematical equations describe these reactions and the behaviour of electronic circuits,
such as the Wheatstone bridge and instrumentation amplifier, utilized for glucose detection.
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Throughout the analysis, adherence to industry standards and codes is paramount to ensure the
chip's performance, safety, and environmental sustainability. By evaluating the chip's
performance characteristics, sensitivity, accuracy, and reliability are scrutinized to meet
regulatory requirements and societal expectations.

3.4 Summary

This chapter provides a comprehensive exploration of the design intricacies of the glucose
meter chip, spanning its methodology, electro-chemical reactions, mathematical models, and
compliance with industry standards. It begins by detailing the meticulous steps involved in the
fabrication process, emphasizing the precise preparation of chemical solutions and the
execution of photolithography techniques. The electro-chemical reaction mechanism, central
to glucose detection, is then elucidated, with a focus on the essential equations governing
enzymatic processes and glucose transformations. Moreover, the chapter unveils the
mathematical foundations of key circuitry components, namely the Wheatstone bridge and
instrumentation amplifier circuits, crucial for accurate glucose detection . By highlighting
the importance of adhering to industry codes and standards, the chapter underscores the
significance of regulatory compliance and safety in both the fabrication and usage of the
glucose meter chip. This comprehensive analysis serves as a precursor to forthcoming chapters,
which will delve into the fabrication, testing, and performance evaluation of the glucose meter
chip.
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CHAPTER 1V: Design, Development and Testing

During design development, we meticulously fine-tune parameters such as dimensions for
fabricating micro-channel for the blood flow, solution concentrations, spin coating techniques,
and exposure times to enhance the functionality, reliability, and manufacturability of the
glucose meter chip. This iterative approach allows us to address any challenges or
shortcomings in the initial design, ultimately leading to an optimized and robust final product.

Subsequently, the testing phase plays a critical role in validating the performance, reliability,
and safety of the glucose meter chip. Through a series of rigorous experiments and simulations,
we assess key performance metrics such as sensitivity, and response time under various
conditions. By systematically validating and verifying the chip's functionality, we ensure that
it meets or exceeds specified requirements.

4.1Development Processes
The development processes consist of:

e Fabrication of glucose chip.
e Fabrication of micro-channel.
e Circuit designing.

4.1.1 Fabrication of Glucose Chip:

For the fabrication of glucose chip, chemical solutions were prepared and for the deposition of
these chemical layers, drop costing method is used. Drop costing is a crucial step in fabrication
of glucose meter chip.

4.1.1.1 Preparation of Chemical Solutions:

e PEDOT: PSS:
Prepared PEDOT: PSS solution in water. This solution is crucial for enhancing the
conductivity and stability of the electrode material 1.

e Glucose Oxidase:
Prepared Glucose oxidase solution in PBS (Phosphate Buffered Saline). Glucose
oxidase is an enzyme responsible for catalysing the oxidation of glucose in the presence
of oxygen [,
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4.1.1.2 Drop Coating Method:
Drop costing method is crucial step in the fabrication processes. This method is applied for
the for the deposition of different chemical layers.

Figure 5: Drop Costing

e Electrode Deposition:

Copper or gold is deposited as the electrode material onto a substrate.

e Graphene Oxide Deposition:

Maintained 70°C temperature, 60 pL of graphene oxide solution is deposited onto the
substrate, followed by 30 pL of PEDOT: PSS solution. These layers contribute to the

conductivity and stability of the electrodes 1.

e Glucose Oxidase Deposition:

30 pL of the glucose oxidase solution is deposited onto the substrate and allowed to
incubate for 12 hours at 4°C. This step immobilizes the enzyme onto the electrode surface,

facilitating glucose detection 6,

e Nafion Deposition:

Finally, 10 puL of Nafion solution is deposited onto the substrate to provide a protective
coating over the fabricated microchannels, ensuring their stability and preventing

contamination 1. NAFION serves as a filtration medium due to its porous nature. The pore

13



size of NAFION membranes can be tailored to selectively allow glucose molecules, while
blocking larger molecules or contaminants.

4.1.2 Fabrication of Micro-channel:
For the fabrication of micro-channel, photolithography process is used.

4.1.2.1 Photolithography Process:

The microchannel fabrication process begins with the deposition of photoresist (AZ 40XT
Photoresist) onto the substrate. This photoresist is chosen for its high resolution and reliability
in producing fine patterns.

e Spin Coating:
The substrate is subjected to spin coating at 1000 RPM for 1 minute to achieve a
uniform layer of photoresist. This step ensures consistent coating thickness, essential
for accurate pattern transfer (41,

e Pre-baking:
The substrate is heated at 125°C for 7 minutes to remove excess solvent and optimize
the performance of the photoresist before pattern transfer [*21,

Figure 6: Pre-Baking

e Mask Alignment:
Proper alignment of the photomask with the coated substrate is ensured using a Mask
Aligner. This step is crucial for achieving accurate pattern transfer 121,

Figure 7: Mask Pattern
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e Exposure:
The substrate, coated with photoresist and aligned with the photomask, is exposed to
UV light for 3 minutes 2. UV light passes through the transparent regions of the

photomask, transferring the desired pattern onto the photoresist.

Figure 8: Exposure

e Post-baking:
The substrate is heated at 105°C for 7 minutes to stabilize the patterned photoresist,

enhancing its durability and stability (22,

Figure 9: Post Baking

e Development:
The substrate is immersed in AZ 326 MIF developer for 4 minutes. The developer

selectively dissolves the unexposed regions of the photoresist, revealing the desired
pattern of microchannels on the substrate (31,

Figure 10: Developing Of Microchannel
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4.1.3 Circuit Designing:
In addition to the fabrication processes for the glucose meter chip, the development phase also
encompasses the design and implementation of electronic circuits crucial for glucose detection.

Figure 11: Circuit Diagram

poocsocooooEOG0

Figure 12: PCB View

4.1.3.1 Wheatstone Bridge:

The Wheatstone bridge configuration, meticulously designed and simulated on Proteus,
features four resistors: R1, R2 (glucose sensor), R3, and R4, collectively forming a balanced
bridge circuit as shown in figure.

R_
b i

VA L .
.
R3 1 R4

Figure 13: Wheatstone Bridge
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The values of R1, R3, and R4 are set to 25 MQ each, providing balanced resistance across the
bridge. The glucose sensor, represented by R2, introduces a variable resistance depending on
the glucose concentration, causing an imbalance in the bridge circuit.

The incorporation of a 25 MQ resistor within the Wheatstone bridge configuration serves a
critical role in balancing the circuit. This resistor's value is strategically chosen to align with
the resistance of the glucose chip before dropping blood, ensuring initial circuit is in
equilibrium. This pre-balanced condition optimizes the sensitivity and responsiveness of the
Wheatstone bridge, enhancing its ability to detect subtle changes in the glucose sensor's
resistance upon blood droplet deposition. Thus, the inclusion of the 25 MQ resistor contributes
to the overall precision and reliability of the glucose meter chip's sensing mechanism.

The output voltage of the Wheatstone bridge, V,, is measured across the midpoints of R1 and
R3, and R2 and R4. This output voltage (V) varies with changes in the resistance of the glucose
sensor, allowing for the detection of glucose levels.

4.1.3.2 Instrumentation Amplifier:

The instrumentation amplifier is designed and simulated on Proteus features to amplify the
small differential voltage (V,) signal produced by the Wheatstone bridge, improving sensitivity
and accuracy in glucose level detection. Circuitry for instrumentational amplifier is given as:

Figure 14: Instrumentational Amplifier

Where:

V; and V, are the input voltages.

R2 =1 kQ.

R1, R3, R4 and R6 are set to 10 kQ.

R5 and R7 are set to 45 kQ
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Gain of the instrumentational amplifier is given as:

2R1 R3

Rg/ "~ R4

A = (1 4 2(10k)> o 45k

o~ 1k 100k
AO = 9.4‘5

The input voltage sources, V; and V,, are connected to the non-inverting and inverting terminals
of the op-amp, respectively. The amplified output voltage, V,, is calculated based on the
difference between V; and V,, multiplied by the amplifier gain as show:

VO = (VZ - Vl) XAO

4.2Integration and Instrumentation

In the integration of the glucose meter chip, seamless operation and accurate measurement of
glucose levels are achieved through the incorporation of various components and advanced
techniques. The integration process and the instrumentation techniques utilized to optimize the
chip's performance, including the interface with external devices for data processing and
display.

4.2.1 Integration of Components:

The careful assembly and alignment of individual components to create a functional glucose
meter chip. This includes integrating the fabricated glucose sensor, microchannels, and
electronic circuits ensuring their proper alignment and interaction.

The glucose sensor, fabricated using drop casting methods, is integrated onto the substrate,
forming a crucial component for glucose detection. Its placement within the microchannels
facilitates the controlled interaction with blood samples, allowing for efficient glucose
oxidation.

Microchannels, fabricated through photolithography processes, are aligned and integrated with
the glucose sensor to provide a confined space for blood flow. These microchannels enhance
sensitivity and accuracy by ensuring consistent sample interaction with the sensor surface.
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Electronic circuits, such as the Wheatstone bridge and instrumentation amplifier, are integrated
into the chip to convert sensor signals into measurable glucose levels. These circuits are
designed and simulated to ensure compatibility and functionality within the chip's architecture.

The output of the instrumentation amplifier is connected to an Arduino uno microcontroller,
facilitating data processing and display. The Arduino is interfaced with a liquid crystal display
(LCD) to visualize glucose levels in real-time. Through this interface, users can conveniently
access glucose level readings and track changes over time.

4.2.2 Instrumentation Techniques:

Instrumentation techniques are vital for optimizing the chip's sensitivity and accuracy in
glucose detection. Signal amplification, noise reduction, and calibration techniques are
employed to enhance performance.

In summary, integration and instrumentation are crucial aspects of the glucose meter chip's
design and development, ensuring seamless operation and accurate glucose measurements. By
incorporating advanced techniques and interfacing with external devices, the chip provides a
reliable platform for glucose monitoring in medical and research applications.

4.3 Testing/Experimental Procedures
The testing and experimental procedures conducted on the developed glucose meter chip
model are outlined to assess its functionality and performance.

4.3.1 Micro-channel Testing:

The functionality of the microchannel was tested by introducing a liquid into the channel and
observing its flow dynamics. A liquid was carefully dropped into the microchannel, and its
movement was monitored. The liquid was observed to flow smoothly within the microchannel,
indicating proper fabrication and functionality of the channel.

This testing procedure confirmed the effectiveness of the microchannel in facilitating fluid
flow and demonstrated its suitability for use in the glucose meter chip.
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4.3.2 Testing of Glucose chip:

Initially, the resistance of the glucose chip was measured, confirming its initial value at 25
MQ. Upon dropping a blood sample onto the chip, the resistance was observed to change from
25 MQ to at 21 MQ. This alteration in resistance is attributed to the formation of ions and their
movement within the chip's sensing layer, indicating successful interaction with the glucose
molecules.

Figure 15: Testing Glucose Chip

4.3.3 Circuit Testing:

The electronic circuits, including the Wheatstone bridge and instrumentation amplifier,
underwent rigorous testing to assess their performance. These circuits were simulated on
Proteus software to validate their designs and functionality. Subsequently, the circuits were
implemented on hardware, and their performance was compared against simulation results.
Comparative analysis between simulated and hardware-based testing was conducted to identify
any discrepancies and refine the designs as necessary.

Additionally, the output of the instrumentation amplifier was interfaced with an Arduino
microcontroller, which was further connected to an LCD display. This setup allowed for real-
time monitoring and display of glucose level readings, enhancing the usability and practicality
of the glucose meter chip.

Figure 16: Testing Circuit
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4.4Summary
The development of the glucose meter chip was a comprehensive process that involved various
stages, including fabrication, circuit designing, integration, and testing.

For the fabrication of the chip, precise chemical solutions were prepared, and the drop coating
method was employed to deposit layers onto the substrate. This included PEDOT:PSS, glucose
oxidase, and nafion, each serving a specific purpose in enhancing conductivity, facilitating
glucose detection, and providing protective coatings. The microchannels, essential for fluid
flow and interaction with the glucose sensor, were fabricated using photolithography
techniques, ensuring precise patterns and efficient sample handling.

Circuit design was another crucial aspect of the development process, involving the meticulous
design and simulation of electronic circuits such as the Wheatstone bridge and instrumentation
amplifier. These circuits played a vital role in converting sensor signals into measurable
glucose levels and amplifying them for accurate detection. Integration of components was
carefully executed to ensure proper alignment and functionality. The microchannels, glucose
sensor, and electronic circuits were assembled to form a cohesive and functional glucose meter
chip.

Testing and experimental procedures were conducted to validate the functionality and
performance of the chip. Microchannel testing confirmed smooth fluid flow, while testing of
the glucose chip demonstrated successful interaction with glucose molecules, as evidenced by
resistance changes upon blood sample deposition. Rigorous circuit testing, including
simulation and hardware implementation, ensured the accuracy and reliability of electronic
circuits. The interfacing of the instrumentation amplifier with an Arduino microcontroller and
LCD display allowed for real-time monitoring and visualization of glucose levels.
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CHAPTER V: Results and Discussion

5.1 Results

This chapter includes linear relationship between the change in resistance (AR) and the
corresponding glucose levels (mg/dL). This linear relationship assumes a direct proportionality
between the change in resistance of the glucose sensor and the measured glucose concentration.
The following table summarizes the obtained results:

Change in Resistance (AR) | Glucose Level (mg/dL)
2 112
3 115
4 117
5 120
6 123
7 125
8 128
9 130
10 132
11 135
12 138

Table 1: Data Samples
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Figure 17: Sample Data

The above scatter plot visually shows the relationship between the change in resistance (in
MQ) and the corresponding glucose concentration (in mg/dL). Each data point on the scatter
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plot represents a specific resistance change and its associated glucose concentration. The x-
axis of the scatter plot represents the change in resistance, while the y-axis represents the
corresponding glucose concentration. Each data point is plotted according to its respective
resistance change and glucose concentration, allowing for a comprehensive visualization of
the dataset.

Resistance vs Glucose Level
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Figure 18: Linear Graph

The linear graph presents a continuous trend line connecting the data points obtained from the
experimentation. Similar to the scatter plot, the x-axis represents the change in resistance,
while the y-axis indicates the corresponding glucose concentration. However, instead of
discrete data points, the linear graph depicts a continuous line, providing a smooth
representation of the overall trend in the dataset. The equation for the given data set is:

Y = 2.5455x + 109.73

5.2 Analysis and Discussion

The study titled "Development of a portable smart Glucometer with two electrode
bio-electronic test strip patch based on Cu/Au/rGO/PEDOT: PSS" published on
www.nature.com/scientificreports provides valuable insights into the development of a
portable glucometer utilizing a novel two-electrode bio-electronic test strip patch. Here, we
analyse and discuss the meaning of the results presented in the paper, highlighting their
significance in comparison to theoretical expectations and results obtained by different authors.
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5.2.1 Significance of the Results:

The significance of the results lies in the development of a portable and user-friendly
glucometer that addresses the growing need for convenient glucose monitoring in clinical and
home settings. The use of a two-electrode bio-electronic test strip patch offers several
advantages, including reduced sample volume requirements, enhanced accuracy, and improved
patient compliance. By leveraging advanced materials and bio-electronic technologies, the
glucometer represents a significant advancement in the field of point-of-care diagnostics,
enabling real-time monitoring of glucose levels with high precision and reliability.

5.2.2 Comparison with Theoretical Expectations:

The results obtained in the study align well with theoretical expectations based on the design
and functionality of the glucometer. The utilization of Cu/Au/rGO/PEDOT: PSS electrodes
and the integration of signal processing algorithms enable efficient electrochemical sensing of
glucose, consistent with established principles of glucose detection [, The theoretical models
underlying the device's operation are supported by experimental data, validating the efficacy
of the proposed sensing platform for glucose monitoring applications.

In comparison to results obtained by different authors in related studies, the performance
characteristics of the portable smart glucometer demonstrate competitive performance in terms
of sensitivity, specificity, and response time. While variations in device design and materials
composition may exist among different studies, the overall trends in glucose detection and
device performance remain consistent. The findings from the current study contribute to the
body of knowledge on glucose monitoring technologies, complementing and expanding upon
previous research efforts.
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5.3 Summary

The results chapter presents a linear relationship between the change in resistance (AR) and
corresponding glucose levels (mg/dL), indicating a direct proportionality between the glucose
sensor's resistance change and measured glucose concentration. A table summarizes the
obtained data, showcasing the AR and glucose levels. Additionally, scatter and linear graphs
visually represent the relationship between AR and glucose concentration, providing
comprehensive data visualization. Moving to the analysis and discussion section, the
significance of the results lies in the development of a portable glucometer with a two-electrode
bio-electronic test strip patch, addressing the need for convenient glucose monitoring. The
study's results align well with theoretical expectations, demonstrating the device's efficacy in
electrochemical glucose sensing. Moreover, comparison with other studies shows competitive
performance, highlighting the glucometer's sensitivity, specificity, and response time. Overall,
the findings contribute to advancing glucose monitoring technologies, offering valuable
insights for clinical and home applications.
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CHAPTER VI: Impact and Economic Analysis

6.1 Social Impact

The project's social impact is significant, primarily stemming from its ability to address an
ongoing issue of accessibility and reliance on imported technology. By leveraging
photolithography techniques, the project enables the indigenous design and fabrication of a
glucose chip. Currently, the market relies heavily on imported glucose monitoring chips, which
can pose challenges in terms of affordability, accessibility, and reliance on external sources.

Here are some specific points highlighting the social impact:

6.1.1 Reduced Dependence on Imports:

Indigenous design and fabrication of the glucose chip reduce dependency on imported
technology. This not only promotes self-sufficiency but also strengthens the local economy by
retaining resources within the country.

6.1.2 Affordability and Accessibility:

By locally manufacturing the glucose chip, the project aims to make it more affordable and
accessible to a broader population. This is particularly beneficial for individuals from lower-
income backgrounds who may struggle to afford imported glucose monitoring devices.

6.2  Sustainability Analysis

The sustainability analysis of the project involves evaluating its economic viability, long-term
effects, and scope of implementation, considering factors such as material availability, import
restrictions, and suitability under given climate conditions.

6.2.1 Economics of the Project:

The project aims to develop a glucose meter chip using photolithography techniques, which
can have significant economic benefits. By domestically designing and fabricating these chips,
the project reduces reliance on imported technologies, leading to cost savings and potentially
boosting the local economy.

Moreover, the mass production capability enabled by photolithography can lower
manufacturing costs per unit, making the glucose meter chips more affordable and accessible
to a broader population. This affordability aspect can positively impact both consumers and
healthcare providers, reducing the financial burden associated with diabetes management.
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6.2.2 Long-term Effects:

The long-term effects of the project include sustainable healthcare solutions for diabetic
patients, economic empowerment through local manufacturing, and technological
advancement within the country.

The scope of implementation depends on factors such as material availability and import
restrictions. While some materials may be easily accessible locally, others, like photoresists
and developers, may face import restrictions or legal issues, as mentioned in the project's
context. Overcoming such challenges and establishing a reliable supply chain is crucial for the
project's long-term success and scalability.

6.2.3 Material Availability and Import Restrictions:

The project faces challenges related to the availability of materials, particularly photoresists
and developers, which are imported from Micro Chemicals Germany. Delays in receiving these
materials due to legal issues and import restrictions can disrupt the project timeline and
increase production costs.

To mitigate these challenges, alternative local suppliers or domestic production of photoresists
and developers could be explored. Additionally, establishing partnerships with local
manufacturers or investing in research and development for domestic alternatives could
enhance material availability and reduce dependence on imports.

6.3 Environmental impact
The environmental impact assessment of the project involves evaluating various aspects,
including the materials used, processing methods adopted, and waste disposal practices.

6.3.1 Materials Used:

e The materials used in the project, such as glucose oxidase, graphene oxide, NAFION,
and PEDOT: PSS, may have varying environmental impacts [/,

e Glucose oxidase is an enzyme commonly used in biosensors and is generally
considered environmentally friendly 1.

e Graphene oxide, while possessing excellent properties for sensor applications, requires
careful consideration regarding its environmental impact due to potential concerns
about its production process and disposal 21,

e Nafion is a biodegradable polymer commonly used in various applications and is
generally considered to have a low environmental impact.

e Poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT: PSS) is a
conductive polymer 1 used in electronic applications and may have environmental
considerations during its production and disposal.
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6.3.2 Processing Methods:

The project utilizes photolithography as the processing method for fabricating the glucose
meter chip. Photolithography involves the use of photoresists, developers, and some other
chemicals, which may contain chemicals with environmental implications.

6.3.3 Waste Disposal:

Waste generated during the fabrication process, such as chemical residues and electrical
components were disposed of responsibly to minimize environmental impact. Efforts should
be made to minimize waste generation through efficient manufacturing practices, such as
optimizing material usage and recycling where feasible.

6.4 Sustainable development goals (SDGs)
Goal 3: Good Health and Well-being:
The development and widespread adoption of the glucose meter chip directly contribute to
Goal 3 of SDG by promoting good health and well-being, particularly for individuals with
diabetes.

By providing a more accessible glucose monitoring solution, the project contributes to
improving health outcomes for individuals with diabetes.

Goal 9: Industry, Innovation, and Infrastructure

The utilization of photolithography and innovative materials reflects advancements in
technology and infrastructure development in the health sector. The glucose meter chip
represents an innovative solution that leverages advancements in semiconductor
technology to improve the efficiency and accessibility of glucose monitoring.

Its development requires collaboration across multiple sectors, including healthcare,
technology, and manufacturing, driving economic growth and creating opportunities for
employment and entrepreneurship.
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6.5 Hazard Identification and Safety Measures

Hazards Identification Safety Measures

Burning of LM741 IC IC were Properly Checked.

Short Circuit due to Improper Proper Debugging.
Connections

Leakage of N2 Cylinder. Changed N2 Cylinder.

Glass Slide Breakage Inside Spin | Put Head on Spin Coater.

Coater.

Exposure of UV light. Distance maintained during exposure.

Table 2: Hazard Identification and Safety Measures

6.6 Summary

In conclusion, this section of the report delves into the multifaceted analysis of the project
"Design and Fabrication of Glucose Meter Chip." It examines the social impact, highlighting
the project's potential to enhance accessibility and affordability of glucose monitoring while
fostering local employment and skill development. The sustainability analysis underscores
economic implications, material availability challenges, and climate suitability considerations,
emphasizing the need for strategic planning and robust infrastructure. Environmental impact
assessment identifies material usage and processing methods as areas of concern, advocating
for responsible waste disposal practices. Aligning with Sustainable Development Goals, the
project strives to address healthcare inequalities and promote sustainable consumption and
production patterns. Finally, hazard identification and safety measures underscore the
importance of risk mitigation strategies to ensure personnel safety and environmental
protection. Overall, the chapter underscores the project's transformative potential while
emphasizing the imperative of responsible practices and strategic planning for long-term
success.
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CHAPTER VII: Project Management

7.1 Project Timeline

PROJECT TIMELINE

1st 2nd 3rd 4th
PROCESS Presentation | Presentation | Presentation | Presentation
Sept | Oct | Nov | Dec | Jan | Feb | Mar | April
Literature Review \/
Design Microchannel \/
Circuit Designing \/
Fabrication of Glucose
Sensor ‘/

Fabrication of ‘/

Microchannel

Testing of Glucose Chip ‘/

Table 3: Project Timeline

7.2 Individual Contribution

Names Project Task

Mughees Mehmood | Microchannel Fabrication/Hardware Design/Report Writing

M. Shah Fahad Chip Fabrication/Simulations/Report Writing
Abbas Ahmad IOT/Bluetooth Interface
Laksh Rathi Circuit Designing

Table 4: Individual Contribution
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7.3 Project Bill of Materials and Budget

S.No Items Qty Price (Rs)

1 K2HPO4 1 kg 3000
2 Glucose Oxidase 50 mg 34500
3 Graphene Oxide 60 ml 21200
4 PEDOT: PSS 10g 6900
5 Nafion 10 ml 10640
6 Arduino Uno 1 2500
7 ESP 8266 1 1000
8 Jumper Wires 2 1000
9 PCB Board 4 2000
10 Glucose Meter 1 3500
11 Glucose Strip 1 1500
12 Glucose - D 1 90
13 Glass Slides 2 1000
14 Masks 2 1000
15 Gloves 2 2000
16 Safety Caps 1 500
17 Paint 1 1000
18 Double Tape 4 520
19 Transparent Paper 50 500
20 Cutter 1 1200
21 FYP Poster 2 1800
22 Standee 1 700
23 Brushers 20 1600
24 Travelling Cost 2 3800
25 Travelling Cost 2 4800
26 Total 108250

Table 5: Bill of Materials
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CHAPTER VIII: Conclusion and Future Recommendations

8.1 Conclusions
This chapter summarizes the significances of the results of the project and how these results
can have an impact on society. This chap also mentions the limitations of the project.

In conclusion, the development of a glucose meter chip through photolithography processes
represents a significant milestone in the field of biomedical engineering. By leveraging
advanced fabrication techniques, this project aimed to create a precise solution for glucose
monitoring. The successful fabrication of the chip underscores its potential to revolutionize the
way blood glucose levels are measured, offering a traditional method. Through meticulous
design and integration of electronic circuits, the chip demonstrates promising functionality and
performance characteristics. Evaluation against the initial problem statement indicates that the
project has made substantial progress towards its objectives. However, it is essential to
acknowledge the limitations encountered during the development process, including
challenges related to accuracy, sensitivity, and manufacturing scalability.

8.2 Future recommendations

Based on the findings and limitations observed in the present study, several recommendations
for future work can be proposed to enhance the glucose meter chip's performance and
applicability. Additionally, efforts should be focused on improving the accuracy and reliability
of the chip through advancements in sensor design, signal processing algorithms, and
calibration techniques. Furthermore, exploring alternative fabrication techniques and materials
may offer opportunities to enhance sensor sensitivity and reduce manufacturing costs.
Furthermore, exploring novel sensing modalities, such as impedance spectroscopy, may offer
opportunities to enhance sensitivity and specificity for glucose detection. Continued research
into advanced materials and fabrication methods is crucial for optimizing sensor performance
while ensuring cost-effectiveness and scalability.

Looking ahead, several avenues for future research and development can be explored to further
enhance the glucose meter chip's capabilities and usability. The integration of Internet of
Things (10T) technologies can enable real-time data monitoring and remote access to glucose
level readings, enhancing user convenience and healthcare management. Collaboration with
healthcare professionals and stakeholders is essential to ensure the seamless integration of the
technology into existing healthcare systems and maximize its impact on diabetes management.
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Appendices

Appendix A

Code:

#include <LiquidCrystal.h>
int rs =6, en=7, d4 =8, d5 =9, d6 = 10,
LiquidCrystal lcd(rs, en, d4, d5, d6, d7);

int value = 9;
float voltage;

void setup()

{
analogWrite(ct, 50);
Serial.begin(9600);
lcd.begin(16, 2);
lcd.setCursor(e,0);
lcd.print("Glucose Meter");

}
void loop()

{
value = analogRead(A®);

d7 = 11,

voltage = (value * (5.0/1024)) * 2.401 * 25;

if(voltage == 0)

{
lcd.setCursor(e, 1);
lcd.print("Loading... ");
lcd.setCursor(10,1);

}
else if(voltage > 9)

{
lcd.setCursor(o, 1);
lcd.print("Sugar ");
lcd.setCursor(6, 1);
Serial.println(voltage, 2);
lcd.print(voltage, 2);
lcd.setCursor(11, 1);
lcd.print("mg/dL"™);

}

delay(1000);
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