
 Abstract—Meaningful progress in the fields of MEMS is 
associated with the continuous development of the 
micromachining technologies. One of the most promising devices 
in MEMS is thermal sensors. When the first microbolometer 
appeared on the market, a huge interest in thermal detectors was 
observed. This paper is a short overview study on 
microbolometer geometry, different solutions and possibilities to 
implement them as electrical models. 

Index Terms—microbolometer, MEMS, microsystems, thermal 
imaging, integrated circuits. 

I. INTRODUCTION 

N recent years, the intensive development in MEMS area is 
observed. It is caused by constantly increase demand on 

smart devices with various functionalities. The meaningful 
technology transfer from science to industry plays here also an 
important role. One of the most dynamically developed areas 
is infrared radiation (IR) detection, which is applied in many 
contemporary devices. The most known MEMS IR detector is 
a microbolometer. 

Devices used for IR detection were well-known, before the 
era of miniaturization. After Herschel discovered in XIX 
century this type of radiation, some scientists: Kirchhoff, 
Stefan, Boltzmann, Planck and Wien gave mathematical and 
physical foundation for building thermal detectors. 
Discovering infrared energy beyond the visible region and 
commonly used part of electromagnetic spectrum aroused 
great interest of many scientists. In 1878 an American 
astronomer Langley invented a bolometer. It was designed to 
measure solar radiation energy, but it was quickly adapted to 
other applications [1]-[3]. Its main benefit was a capability to 
detect the infrared radiation objects from hundreds of meters 
away and is sensitive to differences in temperature of one 
hundred-thousandth of a degree Celsius. This bolometer 
consisted of Wheatstone’s bridge and galvanometer. 

Nowadays, micromachining technology allows designing 
and fabrication of the complex systems for thermal imaging, 
which are lighter, smaller, easier and more comfortable in use 
than in those times [4],[5]. 
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II. MICROBOLOMETER STRUCTURE AND OPERATION 

A typical microbolometer consists of some characteristic 
parts: a membrane thermally isolated from its surroundings by 
legs, anchors and a substrate (Fig. 1a). The membrane 
(Fig. 1b) is the main part, which absorbs radiation. It consists 
of a heat-sensitive layer, covered by two protective films. 
Thermal isolation of the membrane is ensured by combining it 
with thin legs connected to the silicon substrate via anchors. 
The legs have two functions: protect the membrane from 
destruction due to its deformation during the heating and 
connect the sensor to the readout integrated circuit (ROIC). 
Moreover, the legs dimensions allow minimizing the 
conductivity impact on a temperature measurement, because 
the membrane is thermally isolated from environment. As can 
be seen in Fig. 1b, thermal isolation of an active film detector 
from its surroundings is achieved thanks to the usage of the 
two thin legs. Heat conduction is most critical when neighbour 
detectors are very close and heat transfer can occur between 
them. The less important is heat convection, which can be 
practically eliminated by encapsulation of the detector in 
vacuum. 
 

 
 

An additional element of the microbolometer is a mirror 
placed under the membrane. The main task of it is to reflect 
the falling heat, which improve the performance of the sensor. 
When we look at the cross-section of the microbolometer, it 
can be seen that this is a very complex object. It consists of 
several layers. In order to achieve required mechanical, 
thermal and electrical parameters, different materials should 
be used. It has to be noticed that one of the main limitation is 
the dimension of the microbolometer. In microscale only a 
dedicated micromachining technology can be used. 
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Fig. 1. Structure of the microbolometer: a) cross section [9], b) top view. 



The principle of operation of the microbolometer is based 
on a resistance measurement. A bias current applied to the 
structure between the membrane legs causes the current flow 
through the detecting conductor placed within the membrane. 
IR sensitivity conductor changed its resistance as a result of 
the falling radiation that heats up the structure. This causes the 
voltage change in the structure. 

The principle of operation of the microbolometer is 
presented in Fig. 2. Incident radiation, which falls on the 
detecting layer generate the temperature increase T=E/C. 
This occurs until radiation energy in absorber is equal to 
energy in heat sink, flowing through the legs, which have 
small thermal conductance G. Absorber, which has the 
specific heat capacity C and absorption , cumulates the heat 
energy, which directly affects the absorber electrical resistance 
and causes the changes in the current flow. This absorber 
simply acts as a thermistor. As it can be seen, the most 
important in the microbolometer is the heat flow between 
particular elements. The simple thermal model of the 
microbolometer that consists of the detector, substrate and 
environment parameters was presented in [6]. 
 

 
 

A fundamental equation for IR detectors is a heat flow 
equation. The differential heat equation of the microbolometer 
including the self-heating effect is as follows [7]:  
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where PIR is the IR power absorbed by the microbolometer 
detector, PBIAS is the bias power connected with joule heating, 
C is the thermal capacitance and G is the thermal conductance 
of microbolometer. 

When microbolometer detectors are exposed to incident 
IR, change in incoming radiant flux can be expressed by the 
following formula, 
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where Ab is the area of microbolometer detector, Ts is the 
difference in target and ambient temperature, F is the f/number 
of the optical system and (dP/dT) is change in power per unit 
area with respect to temperature change radiated by black 
body at an ambient temperature in the wavelength interval of 
8 m-14 m. Incoming radiant flux changes the temperature of 
thermal detectors and change in temperature due to the 
absorbed infrared power can be calculated as: 
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We distinguish generally two modes of microbolometer 
operation. The first one based on the constant bias current that 
flows through the structure and the second one based on the 
pulse bias current. Both solutions have advantages and 
disadvantages. The most important advantage of the second 
solution is the power dissipation reduction in the sensor in 
comparison of the first one mode of operation. 

The microbolometer step response vs. current bias where it 
operates in the pulse mode is shown in Fig. 3. We distinguish 
three phases in the microbolometer work: rise phase, steady 
phase and fall phase. During the rise phase, temperature of the 
microbolometer increases. After that phase it is stabilized on 
the constant level. When we turn off the current bias, 
temperature of the microbolometer decreases. Time of these 
phases depends on the duty cycle of the current bias pulse. 
 
 

 
 
 

All the thermo-sensing materials must have a large 
temperature coefficient of resistance (TCR). Large TCR means 
that a small change of the detector temperature causes a large 
resistance change. Thus, it has an influence on the 
microbolometer’s performance: responsivity (ability to 
convert falling radiation into an electrical signal), 1/f noise 
(which causes the disturbances of a signal) and resistance 
(impacts a power consumption of detector’s operation). 

There are many materials used in microbolometer 
fabrication - Titanium (Ti), Vanadium Oxide (VO),  Yttrium 
Barium Copper Oxide (YBaCuO, YBCO), GeSiO, poly SiGe, 
BiLaSrMnO, Amorphous Silicon -Si, poly-Si. The last two 
are commonly applied in thermal detectors. Although 
semiconductor’s microbolometers are more sensitive, Ti-based 
detectors with high bias current have better responsivity 
without degrading their sensitivity [9]. 

Recent research on microbolometers leads to assemble 
them in vacuum, which eliminates the air thermal convection 
loss. 

 
 

Fig. 2. Microbolometer principle operation. 

 
Fig. 3. Microbolometer pulse response. 
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III. GEOMETRY 

Nowadays, the geometry of the microbolometers is 
diverse. There are some key elements, which may differ from 
each other: membrane, supporting legs, absorbing conductor 
shape, reflecting mirror location. During designing process 
there are many factors, which should be taken into 
consideration to ensure that the device will be appropriate for 
the future application.  

Since the microbolometer basic geometry has been used, it 
is constantly improved in order to achieve a better 
performance. There are some key features taken into account: 

− electrical parameters, 
− mechanical properties of applied materials, 
− power consumption, 
− size of detector. 

 

When you look at the detector from the top side, two 
characteristic elements, membrane and supporting legs can be 
seen. 

Supporting legs play a very important role. Appropriate 
design of these elements influence on reduction of the heat 
loss, flowing from the membrane to the substrate. Agreeing 
with the thermal conductance equation, the thermal 
conductance of supporting legs can be expressed as [10]: 
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where: κleg is the thermal conductivity, wleg, lleg, hleg, are 
supporting legs’ dimensions: width, length and height 
respectively. The quantities with i index are referred to 
particular layers of supporting legs. 

The thermal conductance is inversely proportional to the 
length. Simultaneously, length of the legs is determined by a 
distance between the membrane and the substrate [10]. This is 
why, in many geometries legs are long and bent (Fig. 4a). 
 

 
 

The membrane with short supporting legs is presented in 
Fig. 4c. This detector’s geometry can be successfully applied 
to the microbolometers constructed with amorphous silicon 
( -Si). Additionally, having the possibility to design very thin 
legs and membrane of microbolometer based on -Si, the 
thermal insulation of it is much higher than in VOx based one. 
Thus, using such geometry the pixel’s dimension is smaller. 
As a result the pixels’ density per unit area is higher. 
Consequently, this is a good solution for increasing the 
resolution of microbolometer array. In the year 2000, the pixel 

pitch was achieved on 45 m level giving 320×240 resolution 
array; now 17 m is achieved, what gives the possibility to 
design and fabrication arrays with 1024×768 resolution [11]. 
Simplified geometry impacts the number of operations in 
fabrication process and cost reduction, thus they are widely 
commercialized. 

The optimization of supporting legs found in literature 
(called meshed structure) is associated with improvement 
performance and structural stability of microbolometers [12]. 
It is very good in order to achieve the high-resolution array 
(Fig. 5). Additional advantage of this is simple control of time 
constant by increasing or decreasing the number of holes. 

Generally, there are two approaches of anchors design in 
the microbolometer array. First, the most popular solution is 
the individual anchors for each supporting leg in the 
microbolometer membrane. Second, there are common 
anchors for neighbour structures (two or four). 
 

 
 

In order to improve the detector performance a reflecting 
mirror is applied as it was mentioned earlier. There are two 
main approaches: mirror is placed on the substrate or above it 
as a bottom layer of the membrane. In both cases mirror is 
located under detecting layer, because the membrane is 
partially transparent for incident radiation. This solution 
decreases the measurement inaccuracy of the incident 
radiation. It is described in details in [13]-[14]. In Fig. 6 the 
differences between these approaches are presented. Fig. 6a 
presents a traditional configuration, where the distance 
between the membrane and the mirror is about a quarter of a 
radiation wavelength. Fig. 6b presents the structure, where 
optical cavity is formed within the membrane. As a result, the 
total thickness of the membrane is larger and must be fit for 
optimal absorption, i.e. with manipulating refractive index. 
 

 
The most important part of the microbolometer is a 

detector conduction layer. It is often placed between two outer 
protective layers, which are built with various materials. In 
publications many different absorber shapes can be found. The 

 

Fig. 4. Various geometries membrane and supporting legs. 

 
 

Fig. 5. Meshed structure of microbolometer supporting legs. 

 
Fig. 6. Mirror location in microbolometer: a) on substrate, b) on membrane [16] 



different geometry is tested in the following publications [17], 
[18]. The most popular geometry is serpentine of various 
shapes (Fig. 7). More complex serpentines include 
additionally uniform beams and extrusions for absorbers. 
Some of them have a large area of absorber. This geometry 
will be analysed in our simulations. 

IV. MODELLING AND SIMULATIONS 

In order to find optimal shape of the microbolometer a lot 
of simulations should be performed. It is important in the face 
of huge costs of the prototype manufacturing. Simulations 
help to avoid these problems by analysing the model of the 
microbolometer. 
 

 
 

The analysis of the microbolometer is quite complex. 
There are many phenomena, which should be taken into 
account. Therefore, multidomain simulations have to be 
performed. 

Generally, two methods are used: the analysis using finite 
element method (FEM) and the analysis using equivalent 
electric circuit model. The FEM model is more complex and 
time consuming while the equivalent circuit model is easier in 
implementation and faster in calculation. However, FEM 
model is more accurate and allows including all phenomena 
while the equivalent circuit model is more limited and has 
some simplifications. 

In many publications the circuit model allows simulating a 
joule heating effect and/or noise sources. One of the circuit 
model often described in publications is presented in Fig. 8. 
This model does not contain the noise sources. However, 
current or voltage sources that represent various types of noise 
are often implemented. 
 

 
 

In the FEM model is necessary to mesh the structure. It 
allows discretizing the model and solves the differential 
equations in characteristic points called nodes with the 
assumption of proper boundary conditions and loads. The 
FEM model is often applied to simulate a heat distribution in 
protective membrane layers as well as in absorbent. Authors 
often apply such model for comparing it with circuit models to 
verify results and conclude if simpler circuit model is designed 
correctly [19]. 

The equivalent circuit model is very useful if the ROIC is 
used in analysis. The ROIC is necessary to read and process 
signals from the sensor. Usually, this is an electronic circuit, 
which consists of Wheatstone bridge and amplifier. In such 
circuit there are two microbolometers. One is a reference 
structure and the second is a measuring structure. In this way, 
it is possible to observe the difference in output signals in both 
structures. This is a differential method of measurement. 

Nowadays, there are many implementations of ROIC in 
microbolometers’ applications. Scientists are constantly 
improving these devices in order to reduce the number of 
noise sources or at least to minimize their influence on a 
measurement process. 

In literature various circuit models can be found. These 
models have different level of details. However, all of them 
implement a mutual dependence between thermal and 
electrical domains (Fig. 9). 
 

 
 

More accurate description of coupling between electrical 
and thermal domains is presented in [19]. This model takes 
into account the heat radiation and the current flow through 
the sensor depending on the temperature. 

In the circuit model all phenomena should be 
implemented. They should be described by equivalent 
electrical equations. The following electrical elements are 
used: resistors, capacitors, and voltage and/or current sources 
(independent and controlled). Then, it is possible to describe 
the following phenomena: 

− infrared radiation, 
− heat, 
− current flow, 
− noise. 

 

The equations that describe the thermal domain must be 
transformed into equivalent equation in electrical domain 
(Table I [20]). 
 

            
a)                                               b) 

 
Fig. 7. Microbolometer structure view: a) active layer, b) active and insulating
layers. 

 
 

Fig. 8. Circuit model of microbolometer with Joule-heating effect [19]. 

 
Fig. 9. Mutual dependency between electrical and thermal domains in 
microbolometers. 



 

A. Simple circuit model 

The simplest dynamic circuit model of microbolometer 
(Fig. 10a), found in literature [21] consists of resistor 
(detector) and current source (bias), where (t) is the radiation 
flux, Ibias(t) is the bias current, Vout(t) is the output voltage 
[22]. However, the model shown in Fig. 5a does not reflect the 
effect of a thermal capacity. This effect could be represented 
by an additional capacitor C (Fig. 10b). 

 
 

Resistance of the detector can be found by calculating total 
absorbing conductor resistance with TCR agreeing to well-
known formula: 

 
A

d
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where  is the resistivity, A is the section area, d is the length 
of conductor. 

The effective thermal resistance is a complex quantity. The 
detecting layer is placed between two protective layers. Thus 
the total thermal resistance is equal to the resistance of parallel 
connection of two legs [24]: 

 
legTH

TH GG
R

2

11
==  (6) 

where Gleg is given by the equation 4. Consequently, we have 
to calculate the effective thermal resistance of a block 
composed of two materials. It can be shown that in such a 
case, the effective thermal resistance can be calculated as a 
parallel connection of the thermal resistances of both materials 
[24]. The thermal capacity of the bolometer can be calculated 
using the formula [9]: 
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where v1, v2, … 1, 2 …, c1, c2,… are the volumes, densities, 
mass specific heats, respectively of the bolometer membrane 
material layers. The thermal capacity expresses detecting area 
of the microbolometer. This is a thermal mass, which absorbs 

heat energy [25]. If the volume of active layer is significantly 
smaller than this of insulating membranes, it can be neglected. 
This model is very popular in literature [26]-[29]. In this form 
it can be very useful for simulations, because it reflects very 
important problem that determine model usability, which is 
related to a dynamic parameter such as thermal time-constant. 
This problem is met in infrared cameras and limits theirs 
frame rate. 

Moreover, it is desired to put an additional element, which 
expresses the heat loss through the radiation. This is done by 
adding a thermal conductance Grad. It has significant impact 
especially when the thermal conductance Gleg is comparable to 
the radiation conductance Grad. Thermal conductance can be 
expressed by multiplying the derivative of the total exitance of 
a body and the bolometer area 2Ad (because both, the top 
surface and the bottom surface of the microbolometer are 
radiating) [30]: 
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where σ is the Stefan-Boltzmann constant and η is the 
absorptivity of the body. 

B. Bias current and Joule effect 

As it was mentioned earlier, the principle of operation of 
the microbolometer is based on a resistance change. This 
requires DC bias current to be applied to the device. It allows 
reading the change in resistance due to absorbed radiation by a 
detection film. The high responsivity is achieved by applying 
large current. Unfortunately, the current flow through the 
resistive layer leads to the heating of the structure (Joule 
heating effect). This has a negative impact on the structure 
[31]. Hence, it must be corrected by the factor PJH (dissipated 
Joule heat) [32] appearing on the right side of the equation 1: 
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In order to reduce Joule heat emission the bias current in 
the microbolometer should be a pulse. Joule heat potentially 
produces a thermal energy, which impacts on the device 
performance (noise equivalent temperature difference NETD). 
It is important to highlight the optimum performance of the 
detector. The temperature distribution and response of the 
detector in different thermal conditions and loads should be 
considered during the design phase. Additionally, if the pulse 
width increases, the NETD is reduced. However, 
characterizing the thermal behaviour for different loads of a 
given microbolometer it is very important to understand its 
performance and reliability. The thermal characteristic of the 
device itself also changes the physical properties of the multi-
layered structure, which in turn, affects the performance and 
lifetime of the microbolometer [33]. 

One of the simplest models with Joule heating effect 
presented in literature contains two sources and RC elements 
(Fig. 11) [19]. It was developed for analysing the device 
during initial design process. Joule heating in this model was 

TABLE I 
ANALOG THERMAL AND ELECTRICAL QUANTITIES 

Symbol Thermal Quantity Symbol Electrical Quantity 

T Temperature difference V Voltage 
P Absorbing power I Current 

R Thermal resistance R Electrical resistance 
C Thermal capacitance C Electrical capacitance 
G Thermal conductance G Electrical conductance 

 

 

Fig. 10. Microbolometer simple circuit models: a) without heat capacitance
[20], b) with heat capacitance [23]. 



simulated using current source PJoule. Radiation was also 
implemented as a current source Prad. This approach is 
commonly used in many circuits models, e.g. in measurement 
the thermal behaviour of a microbolometer array [34]. 

More complex model is presented in [35]. Authors stated 
that to do proper bias current optimization, the model needs to 
incorporate electrothermal effects and one cannot reflect all 
phenomena with only resistor-based microbolometer. Bias 
heating effect is very important consideration in 
microbolometers, because increasing bias current allows 
obtaining better responsivity. Proposed model shows that 
responsivity depends on TCR, thermal conductance G and 
time constant , and it should not neglect impact of these 
parameters. This model (see Fig. 12) takes into consideration 
Joule effects, resistivity of contacts Rs and other parasitic 
resistances Rp. Current that cause Joule heating is described as 
a controlled current source I=PE. Radiation power is presented 
as another controlled current source I= PIR. To reflect initial 
temperature value, there is an additional current source IBK 
placed in parallel. In result, the temperature rise (represented 
by voltage) increases the electrical resistance that cause a 
recursive feedback process. 
 

 
 

 
 

This model was implemented in Simulink package 
(without Rs and Rp), Fig. 13. Voltage source is replaced with 
direct connection of model output signal with input user-
defined function block Fcn to implement dependency. 
 

 

C. Geometry calculations 

Circuit model of microbolometer does not allow 
implementing exact geometry such as shape of a 
microbolometer, shape of supporting legs or shape of a 
detecting layer. To do this, it is necessary to use FEM model. 
In the circuit model it can be applied necessary geometry 
parameters such as: length, height, width of the active layer. In 
our calculations we use the parameters listed in the Table II 
(value of each parameter is shown in Table III further in the 
text). The geometrical variables are explained in Fig. 14. 
 

 
 

 
 

Note that for simulation reason, serpentine count is 
separately denoted as n. The serpentine unit consists of 4 
parts: 2 long conductors and 2 short conductors. The length 
can be calculated using the following formula: 
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Total length of the active layer conductor is: 
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Fig. 11. Circuit model of microbolometer with Joule-heating effect [19]. 

Fig. 12. Microbolometer model proposed in [35]. 

 
Fig. 13. Implementation complex circuit model of microbolometer in 
SIMULINK. 

Fig. 14. Microbolometer dimensions: a) serpentine active layer, b) insulating
layer. 

TABLE II 
LIST OF GEOMETRICAL AND MATERIAL PARAMETERS. 

Symbol Quantity 

l1 Active layer size 
l2 Active layer inner size 
w Active layer width 
h Active layer height 

lleg Leg length 
wleg Leg width 
hleg Leg height 
s Membrane size 
ht Top membrane height 
hb Bottom membrane height 
lgap Gap length 
wgap Gap width 
warm Arm width 

r Electrical resistivity of active material 
a Thermal conductivity of active material 
 Temperature coefficient of resistance of active material 
i Thermal conductivity of insulating material 
 Density of insulating material 

c Specific heat of insulating material 
n Serpentine count 
ls Short length of serpentine 



Of course, the condition which must be fulfilled is as 
follows: 
 

 1)2( lwln s <−  (12) 

 

This condition guarantees that total width of serpentine 
will be less than width of the active layer). 

D. Simulations 

In our simulations we analysed self-heating effect of the 
structure. This effect has negative impact on measurement 
reliability because it causes an additional temperature increase 
inside the structure. This depends directly on the geometrical 
dimensions of the active layer. 

Some simulations were performed with Simulink model 
presented in Fig. 13. Table III presents the list of parameters 
and theirs values used in simulations [36]. We investigated the 
influence of some parameters on the behaviour of the 
structure. These simulations show the impact of geometrical 
dimensions on self-heating resulting in temperature rise. 

Fig. 15 shows characteristic of microbolometer 
temperature rise in case of various serpentine counts. It can be 
seen that maximal temperature rise in the first cycle is smaller 
about 15-20 % than next ones, what confirms establishing 
temperature in active layer of the microbolometer. In next 
cycles the peak stabilizes. The offset of linear characteristic 
presented in Fig. 16 equal to 2.61 comes from the fact, that 
even though serpentine count is 0, temperature rise exists, due 
to existence of supporting legs resistance. 
 

 
 

 
 

In the following simulation the width of detecting layer 
varied in the range of 0.4-1.0 μm. The results are presented in 
Fig. 17. We can see that temperature rises significantly with 
decrease of the active layer width. The temperature peak needs 
a few cycles to stabilize. 

Thanks to power approximation and use of appropriate 
equation one can estimate expected temperature rise for a 
given detecting layer width. Nonlinear characteristic causes 
that there is a limit that temperature rise will stabilize. This is 
an optimal value of the detecting layer width (Fig. 18). We 
have to take into consideration that parameters of this equation 
are not constant and depend mainly on other geometrical 
dimensions and parameters. 
 

 
 

 
 

Optimization of the microbolometer geometry needs to be 
done together with current bias source parameters. As it can be 
seen in Fig. 19, the temperature of microbolometer strongly 
depends on bias current. Above Ib=100 A the temperature 
rise resulting from the self-heating effect grows significantly 
(dependence is in square) what influences negatively on the 
measurement process. That is why the good idea is to decrease 
this influence by changing microbolometer dimensions. 
Decreasing the current from Ib=200 A to 75 A the 
temperature rise drops from 8.6 K to 1.4 K. (see Fig. 19). 

In previous simulations the value of the current was 
modified. In a further simulation pulse period is analysed. The 
results are presented in Fig. 20. The increase of pulse period 
has an influence on the increase of the temperature rise peak 
value. In each case the time constant in the rise phase is the 
same as it depends only on model RC parameters. However, 

 
Fig. 15. Temperature rise for various serpentine counts. 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0.0 0.5 1.0 1.5 2.0

Te
m

pe
ra

tu
re

 R
is

e 
[K

]

Time [ms]

n=2

n=4

n=6

n=8

 
Fig. 16. Linear dependency between temperature rise and serpentine count. 
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Fig. 17. Temperature rise of microbolometer for various width of detecting
layer in time. 
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Fig. 18. Temperature rise for microbolometer for various width of detecting
layer and its approximation. 
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the rise time is of course different in each case. In our case, the 
rise phase is short and does not allow reaching steady state 
value. In the fall phase it can be observed that there is the same 
minimal value of temperature for all cases as this phase is long 
enough to reach steady state. Of course, increase of the pulse 
period has the negative impact on detection usability, because 
time between two radiation measurements becomes longer. 
 

 
 

 
 

Another parameter taken into account in simulations was 
the duty cycle of the current pulse. For given geometric 
parameter set (Table III) it influences on temperature rise 
during each cycle (Fig. 21). The behaviour is similar to 
previous simulations (for entire cycle time) but detection 
intervals are the same. In these simulations period time was 
T=1 ms. Along with pulse time increase, temperature rises. 
Moreover, similar to Fig. 18 maximal temperature value is 
reached slower. 
 

 

 
 

V. CURRENT AND FUTURE WORKS 

Relying on actual achievements in MEMS area, principle 
of operation, designing and performance aspects with modern 
fabrication technologies, future works will be concentrated on 
some very important aspect of microbolometers: 

− creating models appropriate for simulation, 
− optimization of membrane geometry and legs 

structure based on simulation results, 
− detect noise levels in circuit model and compensate 

them with electronic circuit, 
− optimize power need for sensor operation based on 

bias current, 
− improve principal detector parameters like 

detectivity, responsivity, time constant and 
resolution. 

 

Looking at the above simulations, it will be able to help in 
improvement of microbolometer performance especially 
taking into account: 

− decrease influence of Joule effect - lower impact on 
resistivity of microbolometer and its usefulness, 

− material selection - under physical properties and 
potential use in microbolometers, 

− thermal isolation and decrease heat loss between 
membrane and substrate layer, 

− microbolometer geometry - shape and dimensions, 
location of ROIC in microbolometer pixel array, 
vacuum in sensor package for minimizing heat 
energy convection to other detectors, 

− optimize time constant - time resolution of detector;  
− decrease influence of noises - noise level produced 

during operation and signal processing in CMOS 
integrated circuits technology. 

 

As it can be seen above, there are many areas of 
microbolometers that can be developed. New techniques and 
technologies still open areas for new research. 

VI. CONCLUSIONS 

Thermal sensors have wide application in many areas of 
our life. Presented current state of microbolometers detectors 
as well as fabrication methods and future works shows that 
this is very complicated structure, especially in designing and 
construction devices with larger resolution and wide range of 
temperature without additional cooling systems. 

 
Fig. 19. Dependency between temperature rise and time with various
current value of bias source. 
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Fig. 20. Temperature rise for various bias pulse period. 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0.0 1.0 2.0 3.0 4.0 5.0

Te
m

pe
ra

tu
re

 R
is

e 
[K

]

Time [ms]

T=1ms T=2ms T=3ms

 
Fig. 21. Temperature rise for various bias pulse duration. 
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TABLE III 
PARAMETERS SET USED IN SIMULATIONS 

Quantity Value Quantity Value 

l1 [ m] 25 wgap [ m] 0.5 
l2 [ m] 19 warm [ m] 2.5 

w [ m] 1 r [ m] 1.6E-6 
h [ m] 0.1 

a [Wm-1K-1] 22 
lleg [ m] 4 [1/K] 3.8E-3 
wleg [ m] 2 i [Wm-1K-1] 30 
hleg [ m] 2  [kg/m3] 3290 
s [ m] 26 c [Jkg-1K-1] 700 
ht [ m] 0.5 RTH[K/W] 1.89E-5 
hb [ m] 0.5 CTH[J/K] 1.56E-9 
lgap [ m] 24 R[ ] 3.51E3 



Intensive development of MEMS devices causes thermal 
detector development, discovering various materials 
application thus obtaining various microbolometers structures, 
parameters and performance. This allows applying them in 
many systems where high quality and miniaturization  
is required. 

In order to design the microbolometer properly many 
simulations should be performed. We have here two 
approaches. We can use a FEM model or electrical circuit 
model of the microbolometer. In this paper we present the 
electrical circuit model of microbolometer. This model does 
not allow us to implement exact geometry of particular 
microbolometer part, it is possible to simulate it providing 
accurate results calculating electrical parameters of the 
detecting layer. The most important parts of the detector can 
be successfully modelled using physical quantities and laws. 
In case of active layer it can be done with parallel or series 
connection of resistances. In case of more sophisticated shapes 
of active layer to calculate resistance it would be necessary to 
use complex calculations. 

The authors of the paper presented microbolometers circuit 
microbolometer model created in MATLAB/Simulink, which 
was verified in previous work [36]. Simulations results are 
promising and give foundations for further microbolometer 
optimization such as geometry, material properties and bias 
parameters. This will be in further research expanded and 
compared with the FEM model. 
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