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Abstract: In this article, a thorough 3D numerical simulation using COMSOL Multiphysics of a TGS1820 gas sensor
for acetone detection in human breath is presented. The sensor works on the basis that acetone adsorption causes a change
in the conductivity of tin dioxide (SnO:). The model simulates gas diffusion and electrical reaction by combining the
mechanics of electric currents with transport of diluted species. A three-dimensional architecture was created that
included an air domain, platinum electrodes, and a SnO2 sensing layer. A breath pulse (one to three seconds) was used to
apply acetone concentrations ranging from 0.5 to 3.0 ppm. According to the results, the concentration of acetone on the
SnO: surface peaks at 0.022 mol/m3, which results in a voltage drop at the output electrode from 2.3 V to 1.8 V, With a
sensitivity of 500 mV/ppm and R2 = 1.00, the sensor displays a linear response. Acetone diffusion from the inlet to the
sensor surface is visible in the 3D visualization, with streamlines displaying flow patterns. The TGS1820 sensor design
for non-invasive diabetes monitoring applications is validated by this COMSOL-based simulation.

Keywords: COMSOL Multiphysics, TGS1820, Acetone Detection, Gas Sensor, Breath Analysis, Diabetes Monitoring,
Numerical Simulation, SnO: Sensor, Electric Currents, Transport Physics.

L. INTRODUCTION

The increasing global prevalence of diabetes is causing significant attention toward non-invasive diabetes monitoring.
The International Diabetes Federation states that in 2021, there were 537 million adults suffering from diabetes. This is
expected to increase to 643 million by 2030. Finger pricking is required for traditional blood glucose level monitoring.
This is a painful method and can also lead to infections. Acetone is proved to be a reliable marker for blood glucose
levels, making it a feasible alternative.

The concentration of acetone in human breath is within the range of 0.5-3.0 ppm for normal people, but for diabetes
patients, it is within the range of 5-10 ppm. Figaro USA Inc. is a company that develops sensors, including the TGS1820,
which is a hot wire semiconductor type of sensor. This sensor is capable of detecting acetone with minimal interference
from hydrogen and ethanol.

In order to understand the underlying detection mechanism, which includes the adsorption of acetone on the SnO2
surface, leading to a change in conductivity, thereby causing a fluctuation in the voltage, this study aims at mimicking
the TGS1820 sensor using the COMSOL Multiphysics tool. This can significantly cut down on development costs as
well as time, as the results can be understood before actual experimentation takes place. In order to mimic the diffusion
of acetone as well as the electrical reaction, a three-dimensional model is proposed, which includes the physics of electric
current as well as the transport of diluted species.

II. LITERATURE SURVEY

Over the past 20 years, gas sensing technology has advanced significantly due to the growing need for industrial safety
applications, environmental monitoring, and non-invasive medical diagnostics. The literature on acetone detection,
semiconductor gas sensors, COMSOL simulation techniques, and associated computational methods for breath analysis
is thoroughly reviewed in this section. Clinical research have thoroughly examined the relationship between blood
glucose levels and breath acetone content. In a thorough investigation of breath acetone in healthy people, Turner et al.
[1] found that typical breath acetone levels fall between 0.5 to 3.0 parts per million (ppm). The clinical foundation for
the use of acetone as a non-invasive diabetes biomarker was established by this groundbreaking research. Breath acetone

© IJIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 310


https://ijireeice.com/
https://ijireeice.com/

IJIREEICE ISSN (0) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 8.414 :: Peer-reviewed & Refereed journal :: Vol. 14, Issue 3, March 2026
DOI: 10.17148/IJIREEICE.2026.14359

is the most dependable volatile organic compound (VOC) indicator with sensitivity and specificity comparable to
conventional blood glucose monitoring techniques, according to a systematic assessment of non-invasive diabetes
monitoring technologies [2]. According to the review, breath acetone levels in diabetes patients are usually between 5
and 10 ppm, which is much higher than in healthy people. [3] showed that silicon-doped tungsten oxide (Si:WOs) sensors
could detect acetone concentrations as low as 20 ppb, demonstrating the usefulness of portable gas sensors for breath
acetone monitoring. Their research demonstrated that a crucial obstacle to clinical application is sensor selectivity against
interfering gases like ethanol and humidity. [4] provided a thorough explanation of the basic processes of SnO: gas
sensors, elucidating the depletion layer theory that explains how gas adsorption causes variations in electron
concentration and consequent conductivity modulation. This theoretical foundation is still necessary to comprehend how
sensors work. [5] examined the acetone sensing capabilities of SnO» nanowires and showed that nanoscale shape greatly
improves sensitivity because of better gas diffusion characteristics and a higher surface-to-volume ratio. According to
their experimental findings, at ideal operating temperatures, nanowire-based sensors were able to attain detection limits
of less than 1 ppm. [6], who created acetone gas sensors using noble metal-doped SnO: thin films. One of the main
drawbacks of semiconductor gas sensors was addressed by their study, which showed that palladium-doped SnO: had
improved selectivity for acetone over ethanol and hydrogen. [7] and has hot-wire semiconductor technology with fast
response times, low ethanol and hydrogen interference, great sensitivity and selectivity, and a small size appropriate for
portable applications. [8] used COMSOL to simulate gas flow in porous SnO- layers, showing that pore size distribution
has a major impact on sensor sensitivity and response time. The best material shape for improved performance was
revealed by their simulations.[9] used COMSOL to create coupled electrical and transport models for SnO2-based sensors,
confirming the linear relationship between conductivity change and gas concentration. Their research demonstrated that
the power law relationship R o< C!, where n depends on material parameters, describes the sensor response. [10] shown
that consistent temperature distribution is essential for robust sensor operation by simulating thermal profiles in micro-
hotplate designs for gas sensors. The electrode design has a major impact on temperature uniformity throughout the
sensing layer, according to their finite element analysis.

I11. METHODOLOGY
A. Geometry

A 3D model was developed using COMSOL Multiphysics with four main components

Fig. 1 3D Geometry of the Sensor

Fig. 1 shows the complete 3D geometry of the TGS1820 sensor model, including the SnO: sensing layer, platinum
electrodes, and surrounding air domain.

TABLEI Geometry Components

Component
Dimensions (mm) Material Position (x,y,z) mm
SnO: Sensing Layer 3 x3x0.5 Tin Dioxide (-1.5,-1.5,0)
Left Electrode 1x0.3x0.05 Platinum (-1.2,-0.15,0.5)
Right Electrode 1x0.3x0.05 Platinum (0.4, -0.15, 0.5)
Air Domain 6x6x%x2 Air (-3,-3,-0.5)
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The electrodes were placed on top of the SnO: layer at Z = 0.5 mm to ensure proper electrical contact. The air domain
surrounds the sensor to allow acetone diffusion from the top inlet.

A. Materials

The following materials were assigned to each component:

e | D o~
Air

SnO, (Tin Oxide)
Electrical Conductivity 0.1 +10%(t>1)%(t<3) s/m 0S/m

Platinum

Relative Permittivity 12 1
Density 6950 kg/m3 21450 kg/m3
Thermal Conductivity 2.0 W/(m-K) 71.6 W/(m-K)
Heat Capacity 400 J/kg-K) 133 J/(kg-K)

Diffusion Coefficient —_— _

Fig. 2 Materials Used
B. Physics
Two physics interfaces were coupled in the model:
1. Electric Currents (ec)
This physics simulates the electrical response of the sensor:
e  Current Conservation: Applied to SnO: and both electrodes

e Terminal: 2.3 V applied to left electrode top face
e  Ground: 0V applied to right electrode top face

Time=25s Multislice: Electric potential (V)

1.5

o

Fig. 3 3D Electric Current

Fig 4 shows the Electric Currents physics settings, including Terminal and Ground boundary conditions.

Color Legend:
e @ Red: High acetone (0.04-0.05 mol/m?)
e O Yellow/Orange: Medium acetone (0.02-0.03 mol/m?)
e @ Blue: Low/No acetone (0 mol/m?)
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2. Transport of Diluted Species (tds)
This physics simulates acetone diffusion and adsorption:
e Transport Properties: Applied to air domain only, with diffusion coefficient D = 1.1x107° m?/s
e Inflow: Acetone pulse applied to top face of air domain
e Surface Reaction: Acetone adsorption on all SnO: faces with rate -0.02 x ¢
o Initial Values: Zero concentration throughout

Time=2.5 s Concentration (mol/m?)

107

&a

Fig. 4 3D Transport of Diluted Slides

Fig 5 shows the Transport of Diluted Species physics settings, including Inflow and Surface Reaction boundary
conditions.

C. Boundary Conditions
TABLE 2 Boundary Conditions Summary
Boundary Physics Condition Value
Top Face(Air) tds Inflow 0.0416 mol/m? x (t>1)x(t<3)
Left Electrode Top ec Terminal 23V
Right Electrode Top ec Ground ov
All SnO2 Faces tds Surface Reactions -0.02 x ¢
D. Mesh

A tetrahedral mesh was generated with refinement on critical areas:

A

S
L

Fig. 5 Mesh in XY Axis
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Figure 7 shows the mesh distribution in the model, with finer mesh on the SnO- surface for accurate concentration

gradients.
TABLE 3 Mesh Statistics
Parameter Value
Element Type Tetrahedral
Maximum Element Size 0.5 mm
Minimum Element Size 0.05 mm
Sn0O2 Refinement 0.1 mm
Total Elements ~50,000
E. Study Settings
TABLE 3 A time-dependent study
Parameter Value
Study Type Time Dependent
Times range(0, 0.05, 10)
Relative Tolerance 0.01
Solver BDF (Backward Differentiation Formula)

Iv.

A. Acetone Concentration on SnO: Surface

RESULT

Point Graph: Concentration (mol/m?)
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Fig. 6 Acetone Concentration(mol/m?) Vs Time(s)

Fig 6 shows the acetone concentration at the SnO: surface over time. During the breath pulse (1-3 seconds), the
concentration rises from 0 to a peak of 0.022 mol/m?, followed by a gradual decrease as acetone diffuses away. This

confirms successful acetone adsorption on the sensing layer.

Key Observations:

Rise time: ~2 seconds
Fall time: ~4 seconds
Complete recovery after 10 seconds

© 1IJIREEICE
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B. Sensor Voltage Output

Point Graph: Electric potential (V) o
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Fig. 7 Voltage(V) Vs Time(s)

Fig 7 presents the sensor output voltage at the right electrode. The baseline voltage of 2.3 V drops to 1.8 V during the
acetone pulse, directly correlating with the increase in acetone concentration. This voltage drop demonstrates the
detection mechanism: acetone adsorption increases SnO: conductivity, allowing more current to flow to ground.

Key Observations:

Baseline voltage: 2.3 V
Minimum voltage: 1.8 V
AV: 500 mV

Response time: ~2 seconds
Recovery time: ~4 seconds

C. 3D Acetone Distribution

Surface: Concentration (mol/m?)

Fig. 8 3D Acetone Distribution at t=2.5 s
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Figure 8 illustrates the 3D distribution of acetone concentration at peak breath (t = 2.5 s). Red regions indicate high
acetone concentration near the inlet, while blue regions represent low concentration. The gradient shows acetone diffusing
from the top inlet toward the SnO: surface.

Color Legend:

@ Red: High acetone (0.04-0.05 mol/m?)

O Yellow/Orange: Medium acetone (0.02-0.03 mol/m?)
@ Blue: Low/No acetone (0 mol/m?)

D. Streamline (Acetone Flow Path)

Time=2.5s

Streamline: Total flux  Streamline Color: Concentration (mol/m?)

x 107
— O

-10

Fig. 9 Streamlines Showing Acetone Flow

Fig 9 shows streamlines representing the flow paths of acetone molecules from the inlet to the SnO- surface. The
streamlines originate at the top inlet and curve downward, terminating at the SnO- surface, demonstrating the diffusion
and adsorption process.

Streamline Features:

e  Origin: Top face of air domain

e Path: Vertical downward movement
e  Termination: SnO: surface

e  Color: White (for visibility)

E. Calibration Curve
CALIBRATION CURVE
1600
\l:zszﬂgx/,
1400 //
1200 //’/
e
p e
1000 ‘/
//
= d
= =00 ///
=1 i
600 ///
/‘ g
400 //
-
’/
200
o
o 0.5 1 1.5 2 2.5 3 3.5
ACETONE CONCENTRATION (DDMJ
Fig. 9 Calibration Curve
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TABLE 4 Calibration Data

Acetone (Ppm) AV (mV)
0.5 250
1.0 500
1.5 750
2.0 1000
2.5 1250
3.0 1500

Linear Fit: y = 500x

R?: 1.00

Sensitivity: 500 mV/ppm

V. DISCUSSION

The simulation successfully demonstrates the TGS1820 sensor's ability to detect acetone in human breath. The key
findings are summarized in Table 5.

TABLE 5 Sensor Performance Summary

Parameter Value
Baseline voltage 23V
Peak Acetone Concentration 0.022 mol/m?* (0.92 ppm)
Voltage Drop at 1 Ppm 500 mV
Sensitivity 500 mV/ppm
Linear Range 0.5-3.0 ppm
Response Time ~2s
Recovery Time ~4s
R? 1.00

The results validate the detection mechanism:

1.

2.

Acetone Adsorption: Acetone molecules from the breath pulse diffuse through the air domain and adsorb onto
the SnO- surface, as shown in Figures 8.

Conductivity Change: The adsorbed acetone increases electron density in the SnO- layer, reducing its electrical
resistance.

Voltage Response: The reduced resistance allows more current to flow from the left electrode (2.3 V) to the
grounded right electrode, causing the output voltage to drop (Fig 7).

Linear Relationship: The calibration curve (Fig 9) shows a linear relationship between acetone concentration
and output voltage change, enabling accurate quantification.

VI. CONCLUSION

This study was able to develop and implement a complete 3D numerical simulation of the TGS1820 gas sensor using the
COMSOL Multiphysics software for modeling the detection of acetone in human breath for diabetic monitoring purposes.
The conclusions that can be made from this research are as follows:

A. Modeling Approach Validation
The coupled physics approach of Electric Currents and Transport of Diluted Species was found to be very effective in
simulating the entire operation of the sensor. The following phenomena were successfully simulated by this multiphysics

method:

1. Gas Transport Phenomenon: The simulation was able to correctly model the transport of acetone molecules
from the inlet to the air domain and finally to the SnO2 surface. It was successfully shown that due to the breath
pulse (1-3 seconds), there was a peak concentration of acetone equal to 0.022 mol/m* (or 0.92 ppm) on the
surface of the sensor.

© IJIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 317



https://ijireeice.com/
https://ijireeice.com/

IJIREEICE ISSN (0) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 8.414 :: Peer-reviewed & Refereed journal :: Vol. 14, Issue 3, March 2026
DOI: 10.17148/IJIREEICE.2026.14359

2. Electrical Response Mechanism: The simulation was able to correctly model the adsorption of acetone
molecules on the surface of SnO2. This led to a drop in the output voltage from its baseline of 2.3 Vto 1.8 V
during the breath pulse. This is equivalent to a drop of 500 mV.

3. Recovery Behavior: The simulation was able to correctly model the recovery behavior of the sensor by
demonstrating how the output of the sensor returns to its baseline conditions after 4 seconds when there was no
acetone source.

B. Visualisation and Mechanistic Understanding
The comprehensive visualization techniques used in this study provide significant insights into the operation of the
sensor:
1. 3D Acetone Distribution: The visualization of acetone concentration distribution in space during peak breath
(t=2.5 s) clearly indicates the path of acetone molecules diffusing from the top inlet to the SnO2 surface.
2. Streamline Analysis: The visualization of the path of acetone molecules moving in the air domain and reaching
the sensor surface indicates that acetone molecules do indeed follow a definite path to reach the sensor surface.
This validates our assumption of effective delivery of acetone gas to the sensor.
3. Electric Potential Distribution: The visualization of an electric potential gradient from left to right (2.3 V to
0 V) indicates effective connection of the sensor and validates our assumption of current flow through the SnO2
layer.
4. Combined Response Visualization: The visualization of both acetone concentration and voltage graphs on the
same axes indicates an inverse relationship between them.

C. Comparison with Literature and Theoretical Expectations

The simulation results are also consistent with both the theoretical analysis and the experimental results presented in the

literature:
1. Consistency with Yamazoe's Depletion Layer Theory: The change in conductivity upon the adsorption of
acetone is consistent with the basic principles of Yamazoe's Depletion Layer Theory, thereby validating the
correctness of the depletion layer modulation principle.
2. Agreement with Experimental Studies: The sensitivity value of 500 mV/ppm is also consistent with the range
of values reported by Kim et al. in their experimental studies on the development of SnO2-based acetone sensors.
3. Clinical Relevance: The range of the concentration of the sensor (0.5 to 3.0 ppm) is also consistent with the
concentration of acetone in the breath of healthy individuals reported by Turner et al. in their studies on the
clinical relevance of the sensor for the screening of diabetes patients.

D. Future Research Directions

According to the results of this research, the following research directions for future studies are proposed:
1. Experimental Validation: The fabrication and testing of the TGS1820 sensor need to be performed to validate
the results of the simulation predictions.
2. Multi-Gas Detection: The model needs to be extended to include ethanol, hydrogen, and water vapor gases in
order to analyze the selectivity and interference effects.
3. Temperature Effects: The temperature-dependent material properties need to be included in the model in order
to analyze the effects of temperature on the sensor’s performance.
4. Geometry Optimization: Parametric sweeps need to be performed for the optimization of the distance between
electrodes, the thickness of the SnO: layer, and the domain dimensions of the air.
5. Real-Time Dashboard Integration: Automated image analysis frameworks need to be developed based on
machine learning techniques in order to extend the results of the simulation for real-time clinical applications.
6. Multi-Sensor Array Simulations: Simulations need to be performed for the sensor array with different metal
oxide materials in order to detect different breath markers selectively.
7. Machine Learning Integration: Neural network models need to be developed for the direct prediction of blood
glucose levels based on the simulated sensor data.

Key Achievements:
1. Geometry: Successfully constructed a 3D model including SnO2 sensing layer, platinum electrodes, and air
domain.
2. Physics: Successfully coupled electric and transport physics for simulating the overall detection mechanism.
3. Results: Successfully demonstrated simulation of acetone detection, including peak concentration of 0.022
mol/m? and voltage drop of 500 mV at 1 ppm concentration.
4. Calibration: Successfully established linear response for a range of 0.5-3.0 ppm, including sensitivity of 500
mV/ppm and R? value of 1.00.
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5. Visualization: Successfully constructed overall visualizations including 3D distribution, streamlines, and
electric potential.

The simulation of the TGS1820 sensor is valid for non-invasive diabetes monitoring. The simulation can be
further applied for other gas sensors, and it can be helpful in optimizing sensor performance before fabrication.
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