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Abstract - Environmental hazardous gas detection sensors play a major function in various applications. Most of the 

commercial sensors available in the market with good electrical characteristics; however, these sensors were not suitable for 

the applications of air quality monitoring using micro-UAV due to power constraints. To our knowledge, the proposed 

nichrome/platinum-based micro heater provides a better low power consumption of about 6.5 mW for the operating 

temperature of 812. 62° K and 4mW for the operating temperature of about 381.38° K among the various micro heaters used 

for MEMS-based gas sensors. The operating temperature of about 80 % can be increased with the same power utilization. 

Also, the proposed nichrome/platinum-based micro heater design is used to supply uniform heat intensity to the sensor's 

sensing film to detect high and low concentrations of oxidized gas from the environment. This proposed micro heater platform 

provides good temperature distribution with low power consumption comparatively with other micro heaters used in MEMS-

based gas sensors. Temperature distribution, surface loss density, and power consumption analysis were done for the proposed 

micro-heater. 
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1. Introduction  
Electrical signals generated by the gas sensors due to the 

reactions with the gas molecules play a vital role in various 

applications such as biomedical applications for the detection 

of various gases from the breath, hazardous gas monitoring 

in industrial areas, air quality monitoring using uncrewed 

aerial vehicles and several wireless applications. The sensors 

were designed using 2-D materials and nano technologies to 

provide high sensitivity and good selectivity for suitable 

applications [1-6]. High accuracy, less power consumption, 

improved selectivity, good sensitivity, flexibility, linearity 

and fast recovery time are required for the gas sensors used 

in these applications [1,5,7]. Commercially available air 

quality sensors were used to measure the various 

environmental pollutants, and the blynk app was used to 

monitor the parameters [9]. 

 

In recent days, low-power gas sensors using metal oxide 

semiconductors have created more attentiveness 

comparatively with electrochemical-based sensors [10] and 

optical-based sensors [11] and less production cost with 

considerable performance [2]. The major parts of MOS-

based gas sensors are micro heater, sensing film and 

electrodes. Whenever the gas molecules interact with sensing 

layers at a particular temperature, the electrode senses the 

change in electrical signal occurring in sensing materials. 

The external sources give the required power supply for the 

adsorption or reduction of the gas [12, 13]. However, 

external power sources like optical and hot chucks are 

uncomfortable for compact applications. Hence the 

researchers concentrated more on the micro heaters 

embedded with sensors and other materials sensitive to 

measured gases at room temperature [14-28]. Researchers 

focused more on the materials responsive to room 

temperature [29-36]. Thus the room temperature responsive 

sensing materials are synthesised to get nanostructured 

materials like nanowires and nanoparticles etc., and 

researchers also focused on embellishing nobel materials like 

gold, silver, and platinum materials for MEMS-based gas 

sensor applications [29-36]. Less power consumption was 

observed from the sensing devices being more responsive at 

room temperature compared with other sensors with internal 

heating sources [30-36]; anyway, the room temperature 

responsive sensors are reactive with atmospheric humidity. 

However, those effects on the sensor response are difficult to 

overcome [29, 32]. The heat source required for the MEMS 

sensors can be established in two different methods: using a 

micro heater inside the sensor, which is referred to as self- 

heated MEMS sensor [24-28], and another method is to use a 

heat source externally to supply the heat to the sensing layer 

of the sensor [14-22]. The various semiconductor materials 
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used for designing and fabricating MEMS-based air quality 

sensors were discussed, and the author compared the 

characteristics of the sensors from a UAV application point 

of view [22]. The microheater-implemented sensors 

exhibited optimized power consumption to sense the nominal 

gas concentration level. However, a high power requirement 

is needed for the gas sensor to be sensitive to low 

concentrations of gases. The author identified that the 35 W 

of power consumption by self-heater nanowire sensor senses 

NO2 gas at 150 C [26]. Kim et al. [28] observed that the 

power of 8.3 W consumed by Au-based nano wire CO 

sensor at 103 C. However, the self-heat source-based 

sensors have some limitations in other characteristics of 

sensors, such as stability and reliability, which are required 

for gas sensing applications. Sometimes stability issues were 

observed in the temperature, leading to the change in 

electrical parameters from the sensor during gas 

measurement [27]. 

 

2. Methodology 
Gas sensors fabricated using MEMS technology provide 

several advantages, such as being more compact, less power 

consumption, high accuracy, and improved sensitivity and 

selectivity. The microheater is one of the layers for the 

MEMS gas sensor and provides an equal intensity of 

temperature to the next sensor layer. The design of the micro 

heater provides better performance of the sensor. Vinoth 

Kumar V et al. [37] used the IoT platform to monitor the 

various photo voltaic cell parameters, which can be used to 

monitor the power specification from the ground station, and 

the system can be used for monitoring the different 

hazardous gas molecules available in the surrounding using 

MEMS-based gas sensor.  

 

Dong Geon Jung et al. [38] used the rectangular, 

meander and mesh pattern geometry for micro-heater design 

to detect H2S gas molecules, and the author identified that 

the power consumed by the sensor was comparatively less 

for the detection of 0 to 10 ppm of H2S gas concentration 

with improved sensor characteristics. 

 

Jonam Cho et al. [39] used thin film type of micro-

heaters using stretchable elastomer for smart sensor 

applications. The author obtained some of the better values 

for detecting 300 ppm of carbon monoxide gas concentration 

with the micro heater generated a temperature of 102 C. 

 

Tin-Jen Hsueh et al. [40] proposed a ZnO nano wire-

based MEMS sensor using Indium-Tin-Oxide as a micro-

heater. The author has good sensitivity characteristics for NO 

gas compared with the presence of other gases. 

 

Jun-gu Kang et al. [41] proposed the micro heater 

temperature control using a platinum thin film temperature 

sensor for CO gas measurement. The author observed that 

the temperature produced by the micro-heater varies linearly 

with the platinum thin film sensor's electrical resistance and 

enhanced temperature measurement accuracy. 

 

Nandhini G. Iyer et al. [42] proposed a novel micro-

heater design for the sensing layer of the sensor in order to 

detect the ozone molecules present in the environment. The 

authors identified that the meander type geometry and spiral 

type provide enhanced thermal distribution to the next layer 

of the sensor. The author obtained better temperature 

equality to the sensing layer for the single meander geometry 

of the micro-heater. 

 

Jianwen sun et al. [43] proposed the NO2 gas sensor with 

a platinum material-based micro–heater. The author observed 

a better sensitivity for the detection of NO2 gas, about 100 

ppb at around 300C and the author observed that the 

platinum micro-heater for NO2 gas sensor provides 

optimized power consumption with a recovery time of 58 

sec. 

 

Gyuweon Junget al. [44] proposed the NO2 gas sensor 

based on MEMS technology. The author used an embedded 

poly-silicon heating layer to distribute a good intensity of 

thermal energy to the next portion of the sensing device 

based on a transducer using transistor technology. The author 

observed the optimized power consumption of about 1.63 

mW at 300C provided by the micro-heater to sense the low 

concentration of NO2 gas. 

 

Abdulla S. Alamiei et al. [45] proposed a poly MUMPs-

based sensor with an integrated heating element. The 

characterization of the heating element was analysed. The 

author identified that the heating element provides the 

optimized power consumption with different values of 

temperature from 25 C to 110 C range and the sensing 

characteristics of MEMS based sensor varies with the 

variation of resistance at different temperature provided by 

the heater element to the sensing layer of the sensor. 

 

Jin-woo park et al. [46] used embedded poly-silicon as a 

heating element for a transistor-based gas sensor, and the 

author observed that the power consumed by the heating 

element increased by 58% by increasing the heater resistance 

of the material by 12% and also the micro-heater offers the 

good reliability characteristics to the sensor. 

 

Vishal balasubramanian et al. [47] proposed a 500 µm 

length of window-type poly silicon micro-heater using the 

finite element method. The author observed the uniform 

temperature distribution around 1130.39° K with optimised 

power consumption and improved sensor sensing and 

selection characteristics. 

 

J.Lee et al. [48] proposed an electrochemical type CO2 

gas sensor using thin film technology and screen printing 
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technology. The author observed the optimized power 

consumption of about 59 mW from a two-semi circled 

micro-heater, providing an improved temperature distribution 

to the next portion of the sensing device. 

 

2.1. Proposed Micro-heater 
The heating element is one of the essential layers of the 

micro gas sensor to provide the required temperature 

intensity to the next portion of the sensor to detect the target 

gas from the environment. There are two types of micro-

heaters proposed in this article. The first novel micro-heating 

element is for the MEMS-based gas sensor for detecting high 

CO gas concentration. Another novel micro-heating element 

is proposed for applying MEMS-based gas sensors for low 

CO gas concentration. These micro-heaters are designed 

using Finite Element Method (FEM). The combination of 

nicrome and platinum materials is used to get the enhanced 

electro-thermal characteristics for suitable applications. 

 

2.1.1. Nichrome-platinum Micro Heater for High-

Temperature Generation 

The Materials and Nichrome offer better electrical 

properties; therefore, the composite materials are used for 

high-temperature generation.  

 

Fig. 1 shows the novel optimized geometry of the micro-

heater proposed for generating high temperatures to the 

sensing layer sense CO gas molecules. The measurement of 

the micro-heater is 1.5 mm x 2.0 mm, and the various 

characteristics of the micro-heater are analyzed using the 

finite element method. A combination of nichrome and 

platinum is used for the proposed micro-heater design. Thus, 

the optimized geometry of the proposed nichrome and 

platinum micro-heater provides the micro-heater's enhanced 

electrical and thermal characteristics. 

 

 
Fig. 1 Geometry and Heat transfer 

 
 

Table 1. Components of micro heater for high temperature  

Specification Value Description 

Vin 1.5 V Input voltage 

T_layer 10 m Layer thickness 

Ag Conductivity 6.3 x 107 S/m 
Electric conductivity 

of silver 

NiCr 

Conductivity 
9.3x5 S/m 

Electric conductivity 

of nichrome 

Pt Conductivity 9.43x106 S/m 
Electric conductivity 

of platinum 

T_Air 20 °C Air temperature 

H_Air 5 [W/(m2 K)] 
Heat transfer film 

coefficient, air 

 

The silver material is used in both ends of the micro-

heater, and a 1.5 V input voltage (Vin) is given at one end of 

the micro-heater. The layer thickness of the micro-heater was 

chosen as 10 µm. Silver material is used to provide good 

electrical conductivity to the layer of the micro-heater. The 

electrical conductivity of nichrome and platinum is 9.3 x 105 

S/m and 9.43 x 106 S/m, respectively. Also, the composition 

of nichrome and platinum provides a great electro-thermal 

characteristic required for the micro-heater. In the finite 

element method, the air temperature was chosen as 28C 

with a heat transfer coefficient of 5W/(m2K). Table 1 shows 

the parameters of the designed micro-heater. 

 

The finite element method results show the proposed 

system's temperature distribution analysis. Fig. 2 shows the 

equal thermal energy supply to the active area of the micro-

heating element. 

 

 
Fig.  2 Temperature distribution Analysis of NiCr/Pt micro-heater for 

high-concentration CO gas detection 
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Fig. 3 Temperature distributions analysis of NiCr/Pt micro-heater in 

active and in-active parts   for high-concentration CO gas detection 

 

The point evaluation analyses the thermal energy supply 

generated by the micro-heating element. NiCr/Pt micro-

heater provides high-temperature distribution through the 

active area of the material due to its optimized geometry and 

the good electrical characteristics of chosen materials. Fig. 3 

shows the point evaluation for temperature distribution 

throughout the Nicr/Pt micro-heater. It is observed that the 

temperature is equally distributed to the micro-heater. The 

temperature point evaluation provides information about the 

temperature's intensity at various micro-heater points. There 

are nine different points taken for the analysis purpose, of 

which six points are taken from the heat-generated area of 

the heating element, and the remaining three points are taken 

from the remaining parts of the micro-heater. 
 

Table 2. Temperature distribution of micro heater for high-temperature 

generation  

Points at the active area (mm) Temperature (°K) 

Point:(0.41, 0.72) 810.34 

Point:(0.65, 0.72) 813.21 

Point:(1.02, 0.72) 812.62 

Point:(0.41, 1.42) 810.85 

Point:(0.65, 1.42) 811.28 

Point:(1.02, 1.42) 810.27 

Point:(0.41, 1.67) 812.16 

Point:(0.65, 1.67) 811.45 

Point:(1.02, 1.67) 811.35 

Point:(0.41, 0.72) 352.34 

Point: (0.18, 0.72) 351.12 

Point: (1.18, 0.72) 352.73 
 

In the active area point of view, nine reference points 

were taken to analyse the thermal energy distribution of the 

micro-heating element; it was observed that the maximum 

temperature of about 812.62 K at the point (1.02, 0.72) and 

also the temperature around 812.62° K was observed at the 

remaining eight points of the micro-heater. Temperatures, on 

the other hand, this temperature is about in the span of 546 

C to 552 C, which is suitable for the detection of higher 

concentrations of CO gas by MEMS-based gas sensors. 

Similarly, the micro-heating element's in-active area and the 

micro-heating element's temperatures were observed around  

350° K. Table 2. Shows the temperature point evaluation of 

NiCr/Pt micro-heater for the high concentration of CO gas 

detection. 

 

2.1.2. Surface Loss Density of Micro-Heater for High-

Temperature Application 

The surface loss density is one of the important 

parameters for the design of a micro-heater. 

 

Fig. 4 shows the surface loss density analysis for the 

high concentration of CO gas detection application. From the 

result, it is observed that the range of the surface loss density 

varies from 0.5x104 mW/m to 3.5x104 mW/m. Thus the 

observed surface loss density, in turn, provides the power 

consumption of the micro-heater. 

 
Fig. 4 Surface loss density analysis of   NiCr/Pt micro-heater for the 

high concentration of CO gas detection 

 

2.2. Nichrome-platinum Micro Heater for Low-

Temperature Generation 
 

 
Fig.  5 Geometry of NiCr/Pt micro-heater for low-concentration CO gas 

detection 
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Fig. 5 shows the geometry of the spiral-type NiCr/Pt 

micro-heating element. The measurement of the micro-

heating element is 1.5x1.5 mm. The various parameters of 

the heating element are analysed using the finite element 

method. Thus, the optimized geometry of the proposed 

NiCr/Pt micro-heater provides the micro-heating element's 

enhanced electrical and thermal characteristics. 

 

The silver material is used at both ends of the micro-

heating element, and 1.2 V of input voltage (V_in) is given at 

one end of the heating element. Another end of the heating 

element is grounded. The layer thickness of the micro-heater 

is chosen as 10 µm. The silver layer is used to give good 

electrical conductivity to the micro-heater. 

 

The electrical conductivity of platinum and nichrome is 

9.43x106 S/m and 9.3x105, respectively. The simulation 

results provide the parameters related to the micro-heater's 

electro-thermal characteristics. Those parameters give 

information about temperature distribution on the active area 

of the heating element and surface loss density. The observed 

parameters of the micro-heater are suitable for the small 

amount of CO gas. 

 

In the finite element method, the air temperature was 

chosen as 28C with a heat transfer coefficient of 5W/(m2K). 

The point temperature evaluation is done to analyse the 

temperature distribution around the active area of the micro-

heating element. The optimized geometry of the micro-

heating element provides the nominal temperature on the 

micro-heating element's active area, which is suitable for gas 

sensing applications. 

 

The finite element method results show the proposed 

system's temperature distribution analysis. Fig. 6 shows 

almost equal thermal energy to the active area of the NiCr/Pt 

micro-heating element. 

 
Fig. 6 Temperature distribution Analysis of NiCr/Pt micro-heater for 

low concentration CO gas detection. 

 

 
Fig.  7 Temperature distributions analysis of Ni-Cr/Poly silicon micro-

heater in active and in-active parts   for low concentration of CO gas 

detection 

 

Fig. 7 shows the point evaluation of temperature 

distribution on NiCr/Pt micro-heater. It is identified that 

there is an equal temperature distribution in the active area of 

the heating element. Thus the point evaluation method for 

temperature distribution on the micro heater is an efficient 

method to analyse the thermal energy distribution on the heat 

generated area. For the remaining parts of the micro-heating 

element in which, six different points are taken into 

consideration from the active area, and the remaining three 

points are taken from the in-active area of the NiCr/Pt micro-

heater. 

 
Table 3. Temperature distribution of micro heater for low-temperature 

generation 

Points at the active area (mm) Temperature (° K) 

Point: (0.32, 0.48) 380.41 

 Point: (0.68, 0.48) 380.75 

 Point: (1.23, 0.48) 381.26 

Point: (0.32, 0.80) 380.32 

Point: (0.68, 0.80) 380.63 

Point: (1.23, 0.80) 381.38 

Point: (0.32, 1.25) 380.21 

Point: (0.68, 1.25) 380.47 

Point: (1.23, 1.25) 381.13 

Point: (0.15, 0.48) 347.23 

Point: (0.15, 0.80) 347.10 

Point: (0.15, 1.25) 348.42 

 

In the active area point of view, nine reference points 

were taken to analyse the temperature intensity at various 

points of the heating element; it was observed that the 

maximum temperature was about 381.38 K at the point 

(1.23, 0.80) and also the temperature around 381.38° K was 

observed at the remaining eight points of the micro-heater.  
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Fig. 8 Surface loss density analysis of   NiCr/Pt micro-heater for low-

concentration CO gas detection 

 

Temperatures on the other hand, this temperature is 

about in the range of 107C to 108 C, which is suitable for 

the detection of lower concentrations of CO gas by MEMS-

based gas sensors. Similarly, from the inactive area of the 

micro-heater, the temperatures of the micro-heater were 

observed to be around  348° K. Table 2. Shows the 

temperature point evaluation of NiCr/Pt micro-heater for low 

concentration of CO gas detection. 

 

2.2.1. Surface Loss Density Analysis of Micro-Heater for 

Low-Temperature Application 

The surface loss density of the micro-heater is also 

analyzed for the micro-heater, which provides the nominal 

temperature generation. 

 

Fig. 8 shows the surface loss density analysis of the 

NiCr/Pt micro-heater for the small amount of CO gas 

detection for MEMS gas sensor application. It is observed 

that around  4 mW/m to 5 mW/m, surface loss density is 

present in the micro-heater. 

 

3. Result and Discussion 
The finite element method is used to analyse the 

characteristics of the proposed NiCr/Pt microheaters.  It is 

observed that the micro-heater for high-temperature 

generation and low-temperature generation are more suitable 

for MEMS-based gas sensors used to detect high and low-

concentration CO gas efficiently.   

 

3.1. Analysis of Nichrome-Platinum Micro-Heater for 

High-Temperature Generation 

The various characteristics of NiCr/Pt micro-heater are 

analyzed for high-temperature generation, such as the 

temperature variation for the increase in applied voltage, 

variation of temperature in micro heater with respect to time, 

heater layer displacement due to thermal reaction and power 

consumption of the micro-heater. 

 
Fig. 9 Applied voltage vs Temperature curve 

 

Thus the thermal energy variation of the micro-heating 

element for the various magnitude of the applied voltage was 

analysed using the finite element method. The maximum 

temperature of about 813.21 ° K was observed for the 

applied input voltage of about 1.5 V. The temperature of the 

micro-heating element gradually increased with the applied 

voltage to the micro-heating element. Fig. 9 shows the 

relation between the applied voltage and temperature. Thus 

the maximum temperature generated in the micro-heater can 

be used to supply equal thermal energy to the next portion of 

the sensor to sense the high intensity of CO gas molecules. 

 

 
Fig. 10 Time vs Temperature curve 

 

Thus the temperature variation of the micro-heater for 

the maximum time was analysed using the finite element 

method. The maximum temperature was about 813.21 ° K 

was observed for the maximum time duration of around 6.5 

ms. The temperature of the micro-heating element gradually 

increased for the time span of 1 ms to 6.5 ms. Fig. 10 shows 

the relation between time and temperature. It was observed 

that the micro heater's maximum temperature reached 6.5 

ms. This minimum time duration provides a better response 

time for the sensor. 
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Fig. 11 Applied voltage vs displacement curve 

 

 
Fig. 12 Applied voltage vs power curve 

 

Thus the displacement of the micro-heater surface for 

the maximum applied voltage was analysed using the finite 

element method. The maximum displacement of the layer 

was about 60 μm observed for the maximum applied input 

voltage of 1.5 V. The displacement of the micro-heater 

gradually increased for the applied voltage from 0.2 V to 1.5 

V. Fig. 11 shows the relation between the applied input 

voltage and displacement. It was identified that the 

maximum displacement of the microheater layer was 60 μm. 

This optimised displacement of the micro-heating element 

increases the efficiency of the sensing device. 

 

Thus the power consumption of the micro-heating 

element for the various magnitude of the applied voltage was 

analysed using the finite element method. The maximum 

power consumption of 6.5 mW was observed for the input 

voltage of 1.5 V. The consumed power of the micro-heating 

element gradually increased with the applied voltage. Fig. 12 

shows the relation between the micro-heater's applied voltage 

and power consumption. Thus the power consumption of the 

micro-heater to generate high temperature was reduced by 

using the optimised geometry of the nicrome/platinum 

micro-heater. This minimum power consumption of the 

micro-heating element can be used to minimise the overall 

power consumption of the MEMS sensor.  

 
Fig. 13 Applied voltage vs temperature curve 

 

 
Fig. 14 Time vs Temperature curve 

 

3.2 Analysis of Nichrome-Platinum Micro-Heater for Low-

Temperature Generation 

The various characteristics of NiCr/Pt micro-heater are 

analyzed for low-temperature generation, such as the 

temperature variation for the increase in applied voltage, 

variation of temperature in micro heater with respect to time, 

heater layer displacement due to thermal reaction and power 

consumption of the micro-heater. 

 

Thus the thermal energy variation of the micro-heating 

element for the various magnitude of the applied voltage was 

analysed using the finite element method. The maximum 

temperature of about 381.38 ° K was observed for the input 

voltage of 1.2 V. The temperature of the micro-heater 

gradually increased with the input applied voltage to the 

micro-heating element. Fig. 13 shows the relation between 

the applied voltage and temperature. Thus, the maximum 

temperature generated in the micro-heater can be used to 

provide a uniform thermal energy supply to the next layer of 

the sensor to detect a small amount of CO gas. 

 

Thus the temperature variation of the micro-heater for 

the maximum time was analysed using the finite element 

method. The maximum temperature was about 381.38 ° K 

was observed for the maximum time duration of around 6 

ms. The temperature of the micro-heating element gradually 
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increased for the time span of 1 ms to 6 ms. Fig. 14 shows 

the relation between time and temperature. It was observed 

that the micro heater's maximum temperature reached 6 ms. 

This minimum time duration provides a better response time 

for the sensor. 

 
Fig. 15 Applied voltage vs displacement curve 

 

Thus the displacement of the micro-heater surface for 

the maximum applied voltage was analysed using the finite 

element method. The maximum displacement of the layer 

was about 45 μm observed for the maximum applied voltage 

of 1.2 V. The displacement of the micro-heater gradually 

increased for the applied voltage from 0.2 V to 1.2 V. Fig. 15 

shows the relation between the applied input voltage and 

displacement. It was observed that the maximum 

displacement of the microheater layer was 45 μm. This 

optimised displacement of the micro-heating element 

increases the efficiency of the sensor. 

 

Thus the consumed power of the micro-heating element 

for the various magnitude of the applied voltage was 

analysed using the finite element method. The maximum 

power consumption of 4 mW was observed for the applied 

input voltage of 1.2 V. The power consumption of the micro-

heater gradually increased with the applied voltage. Fig. 16 

shows the relation between the micro-heater's applied voltage 

and power consumption. Thus the power consumption of the 

micro-heater to generate high temperature was reduced by 

using the optimised geometry of the nicrome/platinum 

micro-heater. This minimum power consumption of the 

micro-heating element can be used to minimise the overall 

power consumption of the MEMS sensor. 

 
Fig. 16 Applied voltage vs power curve 

 

4. Conclusion 
The primary aim of this work is to design a micro-heater 

for MEMS-based gas sensors. Nowadays, commercially 

available gas sensors are used for the application of air 

quality monitoring using UAVs. The power consumed by the 

UAV air quality sensors is more than the MEMS sensors 

integrated with UAVs. To increase the endurance of UAVs, 

it is necessary to reduce the power consumed by MEMS 

sensors. The low power consumed micro-heating element for 

the MEMS sensors is designed using the finite element 

method. Thus the proposed nichrome/platinum micro-heater 

consumes less power, 6.5 mW for high-temperature 

generation and 4 mW for a low-temperature generation. The 

other parameters of the micro heater, such as temperature 

distribution, surface loss density and displacement with 

respect to the applied voltage, provide better performance to 

the MEMS-based CO gas sensor. 
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