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Abstract 

Micro electromechanical system (MEMS) microheater plays a vital role in in semiconductor based chemical 

sensors. In this study a platinum-based MEMS microheater is designed using CleWin 4.1mask designing tool 

and fabricated using surface micro machining technique. To analyze the thermal activities, thedesigned 

platinum microheater is integrated with temperature sensor. The thermal analysis such as of rise time and fall 

time of heater is performed on the selected greenhouse gases CO2 and CH4using a novel research equipment 

Sensimer. The designed microheater along with temperature sensor successfully responded to the above-

mentioned gases with different temperature with less power consumption. From the Experimental results we 

can infer that, that power consumption and average pulsating time constant for CO2and CH4 are 2.8mW&6ms 

and 3.6mW & 5ms respectively, for the temperature variation from 30°C to 400°C in the fabricated 

microheater. The thermal analysis of above-mention edgreen housegases causing elements to have been 

presented in this paper.  

 

 

Introduction 

The upsurge in the establishment of industries has undeniably led to the economic growth of the 

different nations but has however also led to a rapid escalation in emission of toxic gases and other 

hazardous environmental pollutants. Hence, accurate monitoring of toxic gases and detection of 

environmental pollutants has become an inevitable concern during the recent years. In this regard, 

designing of robust, low cost and portable sensors is an essential requirement to develop new range 

of chemical sensors with enhanced sensitivity.  

Sensor is the device that converts the physical phenomenon into readable form, sensors have 

different types viz., mechanical, electrical, optical and magnetic forms. They are classified based the 

type of output they generate after converting the physical phenomenon. some sensors are classified 

based on the type of input they sense to convert to another form they are strain gauge, chemical 
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sensors, biological sensors etc. In this paper we have focused on the development MEMS based 

chemical sensor.  

There are various MEMS based chemical sensors are widely used in detection of hazardous gases 

and each operates with different criteria like capacitive, thermal, resistive, etc., These sensors are 

fabricated using integrated circuit (IC) batch processing techniques and can range in size from a few 

micrometres to millimetres. These sensors have the ability to sense, control and actuate on the 

micro scale, and produce the effects on the macro scale.  Gas detection sensors are developed to 

ensure the level of various harmful gases within in an acceptable range. A chemical sensor consists of 

a transducer and an active layer to convert the chemical information into electrical signal like 

frequency change, current change or voltage change. There are different gas sensor technologies are 

used to detect the toxic gases namely, catalytic sensors, thermal conductivity gas sensor, 

electrochemical gas sensors, optical gas sensors, infrared gas sensor, semiconductor metal oxide 

sensor and acoustic wave gas sensors [1]. Among these technology metal oxide semiconductors 

playsa vital role towards detection of concentration of target gases. In this paper we have focused on 

the development MEMS chemical sensor based on metal oxide semiconductor technique. The basic 

Structure MOS Sensor is illustrated in the Fig. 1. Structurally, a MOS sensor comprises the following 

key layers. 

 

 Substrate, 

 Insulating platform, 

 Micro-heater, 

 Integrated electrodes, and 

Sensing layer 

 

Figure 1 :Schematic structure of MOS sensor 

 

Substrate is used as bottom layer which provide base to the heater. The most popular substrate 

is silicon because it has uniform mechanical properties. Insulating platform is the layer present 

between the substrate and micro-heater. To avoid direct damage to the substrate as well as to 

reduce the heat loss insulating platform is used. In order to detect the target gas effectively, micro 

heaters are used in the metal oxide gas sensors. Heating of the micro heater is carried on basis of 

joule of heating. The micro heaters are applied in humidity sensors, pressure sensors and gas 

sensors. Integrated electrodes are placed under the sensing layer and used to identify the variations 

which occur in resistance of the metal oxide sensing surface when it responds to gases. Integrated is 

nothing but the digit like pattern of electrodes which used in resistance measurement when the gas 

is absorbed on the layer. Conductivity of the material is changed when the sensor is reached with the 
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atmospheric chemicals. Integrated chemical sensors are very popular because it is cost efficient. 

Metal oxide sensing layers can use many materials depending upon the gas to be sensed and have 

good sensitivity towards hazardous gases. The conductivity of this layer varies according to the gas 

concentration present around. 

In metal oxide sensors, oxidation or reduction process that takes place on the sensing layer 

occurs at a specific temperature. Oxidation or reduction decides the number of free electrons on the 

layer which either increases or decreases the conductivity of the layer. Micro heater plays a 

significant role in achieving the adequate temperature for the reaction. The parameters like uniform 

heating, low power consumption and mechanical stability are necessary to consider in the design of 

micro heater. 

 

Literatures reveal that in Micro heater designing it is important to consider the characteristics like 

heat transfer, geometry and thermal response time, which could not be addressed in their study. As 

stated, functionally, Micro heaters transfer the heat in three modes such as conduction, convention 

and radiation.  At temperature less than ~700°C the conduction mode and convention mode are 

significant, while radiation is insignificant for Ti or Pt micro heaters [2] and therefore the selection of 

materials and temperature sensitiveness is of vital significance.  In [3], authors applied numerical 

simulation to select material by calculating maximum temperature and power savings using different 

insulating layers. With similar effort authors [4] focused on enhancing the geometries so as to 

achieve power savings, reduce- stress profiles and efficient heat distribution. Emphasizing on 

operation of micro heater, especially to enhance the thermal response time authors [5] proposed 

tungsten micro heaters that enabled achieving thermal response time up to 2 ms at the temperature 

of 600°C. It was found exhibiting the power consumption of 12mW. Author [6] applied Pt/Ti as 

material to design Micro heater so as to achieve thermal response time of 1ms with temperature of 

400°C using only 9mW of power, but they are not optimized for even temperature distribution. In 

practice even MEMS packaging material too has impact on overall sensing efficiency. Considering this 

fact, authors [7] selected packaging materials for a MEMS device in such manner that it could 

withstand the operating condition such as high temperature operation, high pressure, chemical 

resistance, mechanical and thermal shock and vibration. As solution, the most commonly used 

materials for micro heater packaging are metals, ceramics, silicon and plastics. Authors [8] concluded 

that Metals are good for their robustness ease of assembly, mechanical integrity and chemical 

inertness in harsh environments and ceramics are good for their material properties like electrically 

insulating, hermetic sealing, thermal conductivity and chemical inertness and to the ease in shaping. 

However, very few researches have been reported on micro-heater packaging. Considering structural 

optimization, the fact that the Micro heater is a small resistance heater and it operates by passing an 

electric current across a filament to generate heat, is needed to be considered. Since the response 

time of the micro heater is very fast, a sophisticated feedback system is used to control the 

temperature. The authors [9] applied Proportional-integral derivative (PID) controls in order to 

control the temperature of the micro heater. Similarly, feedback control for a micro heater in which 

the resistance of a conductor changes with its temperature; thus, the average temperature of some 

conductor may be determined through its change in resistance [10]. The temperature of the micro 

heater is usually read through the resistance change of an additional metal filament which is near the 

micro heater, rather than by reading the resistance of the micro heater [11]. Different researchers 

used different shapes of microheaters Table 1 depicts the survey of different researchers 

microheaters geometry and the temperature achieved for power consumed [12].  
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Table 1: Literature Survey of Microheaters geometry and their power consumption [13] 

Geometry Length (mm) Average temperature 

achieved (K) 

Power consumption 

in (milli wats) 

Double spiral 522.9 375.65 2.2 

Meander 322.7 330.9 2.9 

S shape 224.9 380.7 3.6 

Fan 287.9 372.7 2.7 

Hilbert order 3 224.52 376.21 3.6 

Hilbert order 4 455.06 360.78 3.9 

Moore order 3 224.52 376.66 2.5 

Moore order 4 455.06 361.66 2.0 

Peano order 2 273.09 379.57 3.8 

Peano order 3 927.7 317.38 2.9 

 

As already stated, the factors like substrate materials, filament material, Micro-heater material and 

design, etc has always the impact on overall sensitivity or performance. Under such circumstances, 

identifying an optimal material set and design constructs can be of paramount significance for MEMS 

based gas sensor and flow rate analyser to be used for industrial or varied purposes. With this motive 

this paper mainly focusses on the thermal analysis of greenhouse causing gases CO2 and CH4with 

novel microheater structure called Labyrinth which achieves better temperature compared to 

previous microheater shapes for the thermal analysis of CO2and CH4 . 

Design and fabrication of microheater 

The microheater is designed in Cle Win designing tool and fabricated using surface micromachining 

technique. The schematic geometrical details of the designed microheater are shown in the Figure 3. 

The designed microheater is integrated with temperature sensor. It consists of two suspended 

platinum coils H and H1 and RTD (temperature sensor) R and R1. As shown in the Figure 4. The 

microheater die surface area is 2.5mm *2.5mm, the membrane size is 100*100µm. The fabrication 

of simulated MEMS microheater structure was carried out using surface micromachining technique. 

In this method, a covered oxide layer is used to discharge the body of the cantilever for ultra violet 

(UV) photolithography. The silicon substrate is cleaned using RCA1 (Radio Corporation of America 

standard1) and RCA2 (Radio Corporation of America standard2) protocols. The wafer was treated 

with RCA1 solution at 75oC  for 15 min. The RCA1 and RCA2 cleaning protocol solution ratio is taken 

as H2O: NH4OH: H2O2 :: 10: 2:2, and H2O: HCl: H2O2: 12: 2: 2, for HF (Hydro fluoric acid) HF: H2O :: 3: 

12: 0 respectively for RCA1 and RCA2 protocols. The silicon wafer is washed with distilled water after 

treating with RCA1 solution then the wafer is again treated with RCA2 solution to remove any 

contaminations on the wafer surface. Then the wafer is placed on hot plate having a temperature of 

270°C to remove any residual vapours on the wafer. Then the thin films of analytes are coated on 

the wafer using spin coating technique. Then, the soft baking is carried out by heating the substrate 

in a furnace up to 120ºCfor 30 min to improve the adhesion quality of wafer. To produce pattern 

images, the substrate is exposed to UV radiation of 360nm with radiation energy of 40mJ/cm2.  Now, 

the fabricated sensor is developed using tetra methyl ammonium hydroxide (TMAH MF26A) for 45 

seconds and dried with nitrogen gas. To create a physical mask that covers the wafer to protect from 
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chemical contamination during etching the substrate is kept in hotplate for 5 min and heated at 

100ºC. After soft baking, the hard baking process is carried out to increase the adhesiveness on the 

wafer surface. Now, the cantilever is treated with UV photo lithography to remove the photo resist 

on waferusing dry etching technique. For this, the wafer is then mounted on Inductively Coupled 

Plasma Receptive Particle Scratching (ICPRIE) instrument. In ICPRIE, aluminium nitrate base is 

connected for legitimate warm vitality exchange between bearer wafer and cantilever substrates, it 

permits effective anisotropic etching of substrate according to Bosch process. The gases viz., sulphur 

hexafluoride (SF6) and octaflurocyclobutane (C4F8) is used for anisotropic carving. The details of the 

parameters used in ICPRIE anisotropic etching is shown in table 1 . 

Table 1: Parameters used in anisotropic etching 

 

 

 

 

 

 

 

 

After dry etching, the residue of photo resist is burned by the ICPRIE instrument. To confirm 

the removal of unwanted Silicon, optical microscopic inspection was carried out, where the change 

in colour of substrate is observed.  

 

Figure 2: Schematic of proposed labyrinth designmicroheater 

Parameters Quantity 

Mask Type AZ5214 

Sulphur hexafluoride (SF6  ) 30 SCCM 

Octaflurocyclobutane (C4F8 ) 70SCCM 

Inductively Coupled Plasma (ICP) power 900 W 

Radio Frequency (RF) Power 120 W 

Etch time 15 sec 

Chamber pressure 15 mbar 

Process temperature 15 °C 
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Figure 3: SEM image of designed microheater  

 

 

Figure 3: MEMS microheater design in Cle Win software 

 

The microheater design in Cle Win software is shown in figure 3. The developed sensor as the die 

after the fabrication is shown in the figure 4. 

 

 

Figure 4 developed microheater die set after fabrication with four pins R, R1 H, H1 
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Experimentation in Sensimer 

The developed microheater is tested in Sensimer microheater tester. Sensimer is the microheater 

testing tool which will helps to perform thermal analysis of testing material in power or liquid form. 

The developed microheater has four pins as shown in the Figure 4. The sinusoidal voltage input is 

given to the sensitive electrodes inside the sensimer the electrodes will elevate and reduce the 

microheater temperature suddenly with in the milliseconds in pulsating form. the pulse rises time of 

temperature and fall time of temperature is measured for all the tested materials. The rise time and 

fall time of the temperature response for all the materials is unique due to different coefficient of 

temperature for all the materials.in the experimentation the rise time and fall time of the 

temperature vs time is analyzed for all the selected greenhouse gases and the results are reported in 

the results and discussion section. The device sensimer which is used for the research is shown in 

the Figure 5. 

 

 

Figure 5: Sensimer microheater testing machine 

Sensimer is desktop experimentation device to control the temperature of microheater to analyses 

the thermal response. It consists of microheater plug in port with associated electronics, software to 

define electrical excitation. Thermal mass response of microheater for material is seen as the graph 

of temperature v/s time. 

Results and discussion 

In the current research work the selected greenhouse gases CO2 and CH4are tested in microheater in 

the powder form. The thermal response of CO2 and CH4is analyzed individually and then the raise 

time and fall time of both thermal mases has been compared to study the temperature sensitivity of 

selected greenhouse gases. The thermal response of CO2 is recorded as temperature v/s time graph 

which is shown in Figure 6. The thermal response of CH4 is shown in Figure 7. From the graph shown 

in Figure 6 we can infer that the rise time of CO2 is 10ms and the fall time is 6ms. From the graph 

shown in Figure 7, we can infer that, rise time of CH4 is 5ms and fall time is 6ms. The thermal 

response comparison graph is shown in the Figure 8. The demonstration image of microheater 

pulsating heat for sinusoidal voltage input is shown in the Figure 9.The summary of the results is 

depicted in Table 2. We can infer that power consumption of microheater to reach the maximum 

temperature for CH4 is more compared to CO2. The power is calculated based on the product of 

supply voltage and constant current of the sensimer machine. 

Table 2: Rise time, fall time and power Consumed by the microheater for labyrinth design 
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Figure 6: Thermal response of CO2 

Molecules of carbondioxide (CO2) has special property that can absorb energy from infrared 

(IR) radiation. The energy from the photon causes the CO2 molecule to vibrate. Sometime later, the 

molecule gives up this extra energy by emitting another infrared photon. Once the extra energy has 

been removed by the emitted photon, the carbon dioxide molecule stops vibrating [14]. 

CO2 Molecules are constantly in motion, colliding with other gas molecules and transferring 

energy from one molecule to another during collisions. In the more-complex, real-world process, a 

CO2 molecule would most likely bump into several other gas molecules before re-emitting the 

infrared photon. The CO2 molecule might transfer the energy it gained from the absorbed photon to 

another molecule, adding speed to that molecule's motion. Since the temperature of a gas is a 

measure of the speed of the molecules in the gas, the faster motion of a molecule that eventually 

results from the IR photon that was absorbed by a CO2 molecule raises the temperature of the gases 

[15]. Therefore, CO2 has more heat absorbing capacity, hence it needs high temperature 

environment to be detected. Therefore, the designed microheater reached 390°C to break the CO2 

atoms on the sensor to as shown in the Figure 6. This temperature is very high compared to oxygen 

and nitrogen because they may break at 60 – 70° C [16]. It has capacity to absorb more heat if the 

concentration of the gas is increased. 

 

Sl. 

No. 

Material Voltage 

Applied 

Raise 

Time 

Fall Time Power 

Consumed 

Average 

temperature 

achieved 

1.  CO2 3.5mV 10ms 6ms 2.8mW 390° C 

2.  CH4 4.5mV 5ms 6ms 3.6mW 410° C 

https://scied.ucar.edu/learning-zone/how-climate-works/carbon-dioxide
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Figure 7: Thermal response of CH4 

Methane has one carbon atom and four hydrogen atoms it is the more powerful gas than 

CO2 in the atmosphere. It contributes more to greenhouse problem though it is there in very less 

quantity compared to CO2 [17]. Methane has very high IR radiation absorbing capacity compared to 

CO2, this property makes it to trap more heat compared to CO2 [18]. Therefore, CH4 took more heat 

from the microheater than CO2 to break the atoms of the CH4 as shown in the Figure 7. The CH4 

reported 419° C microheater heat and CO2 reported 390° C, the comparison graph of both CO2 and 

CH4 is shown in the Figure 8. 

 

Figure 8 : Comparison of thermal responses of  CO2 and CH4 

The demonstration of the proposed labyrinth structure microheater is conducted in the 

sensimer device. The increased temperature of microheater to very high elevated temperature 

makes the microheater appears red hot structure as shown in the Figure 8. The sinusoidal voltage is 

applied to microheater; therefore, it is showing pulsating output. The Figure 8 shows before voltage 

supply and after voltage supply to microheater. 

The demonstration of the proposed labyrinth structure microheater is conducted in the 

sensimer device. The increased temperature of microheater to very high elevated temperature 

makes the microheater appears red hot structure as shown in the Figure 8. The sinusoidal voltage is 

applied to microheater, therefore its is showing pulsating ouput. The Figure 8 shows before voltage 

supply and after voltage supply to microheater. 

 

Figure 9: Demonstration imageproposed labyrinth structure microheater pulsating temperature 

response for sinusoidal voltage input 

Conclusion 
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This work focused on the design of platinum based microheater with novel Labyrinth design in 

CleWin 4.1 and thermal analysis is conducted for both CO2 and CH4 gases using novel machine 

sensimer. it can be concluded that, the proposed labyrinth structure in microheater is having 

capability to reach more temperature for very less voltage supply compared other conventional 

microheater structure. The average temperature of microheater to break the CO2 atoms is reported 

390° C and the average temperature to break the CH4 atoms reported 420° C.  From the 

experimental results it can be concluded that, CH4 gas is more dangerous than CO2 though is it there 

in very less concentration in atmosphere compared to CO2. 
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