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Abstract—A three-level model of microbolometer was established
by the software of intellisuit. Device thermal conductance Gdev,
effective thermal conductance Geff and the theoretical value of
device thermal conductance Gthe can be obtained by means of
dynamic thermal finite element simulation, dynamic
thermoelectric coupling finite element simulation and theoretical
calculations respectively. And then the three parameters
mentioned above were analyzed and conclusion can be drawn
that effective thermal conductance Geff extracted not only can
provide some important references for design of microbolometer,
but also be more accurate in performance estimating of the
device.
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1. INTRODUCTION

The operation of microbolometer is the absorption of IR
radiation leading to the temperature of sensitive area increasing
with AT, and the temperature change is converted into an
electrical signal [1-2]. It is widely used in military and civilian
market for its small size, light weight, low power consumption
and room temperature operation [3-4]. Fig. 1 is a uncooled
vanadium oxide microbolometer SEM photos of 28um pixel
size L-type single layer of BAE company [5].

FIGURE 1. THE SEM PHOTO OF L-TYPE SINGLE LAYER UNCOOLED
VANADIUM OXIDE MICROBOLOMETER.

The noise Equivalent temperature difference (NETD) is one
of important performance parameters in microbolometer and is
defined as eqn (1) [2,6]:

NETD =5V, '\/Gesz +w’C’ Ry ‘cmt/To AoV Ty -(aP/aT)M (1)

Where V,, is the total noise,tyis The optical transmittance,
A4 is area of detector element, C;,, is integrating capacitor, Tiy

© 2015. The authors - Published by Atlantis Press

is integrating time, C is the total heat capacity, G is thermal
conductance, 1 is Infrared absorption rate, Vyq is bias voltage,
R, is resistance of device, ® is modulation rate, thermal
conductance G is also proportional to NETD. Device thermal
conductance Gy, 1S the thermal conductance of
microbolometer when there is no bias on the device, and it can
be calculated by eqn (2) [6]:
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Where k; is the thermal conductance of each of the
bolometer leg-materials, S;is the cross sectional area of each
of the bolometer leg-materials, and 1; is the length of the
bolometer legs.

Effective thermal conductance Gy is the thermal
conductance of microbolometer which can be changed by the
bias current or voltage on the device, and it is defined eqn (3)

[7]:
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Geff = G e
Where I, is bias current, R, is device resistance, o 1is
temperature coefficient of resistance. Therefore, calculation of
device thermal conductance and effective thermal conductance,
which are got from eqn (2) and eqn (3), are approximately
result for the result of the membrane is difficult to be precisely
stated. In this paper, precise result of effective thermal
conductance G, device thermal conductance are studied by
finite element simulation. G is proved to be more accurate in
reflecting the effective thermal conductance of real device.
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II.  ANALYSIS OF THERMAL CONDUCTANCE

A. Theoretical Value of Device Thermal Conductance

Gie is mainly fit for microbolometer vacant structures, and
high performance IRFPA are packaged in vacuum [9-10], so
Ge can be approximately expressed as eqn (4) [8-9]:
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Where k; is the thermal conductance of each of the
bolometer leg-materials, S;is the cross sectional area of each
of the bolometer leg-materials, and 1; is the length of the
bolometer legs.



B. The thermal Conductance Gdev and Effective Thermal
Conductance Geff

Gyey and Gerean be obtained by finite element simulation,
the former is device thermal conductance without loading bias
current. The latter is effective thermal conductance under
loading bias current, which is proportional to loading bias
current (when the temperature coefficient of resistance is
negative) [8]. And thermal conductance G can be written as

eqn (5)

)

Where 1 is thermal time constant. C is the total heat
capacity, which is expressed as eqn (6) [6,8]:

C=2%V,-p ¢ (6)

where V; is the volume of each of the bolometer membrane,
p;is the density of each materials and c; is the mass specific
heat of each materials. The total heat capacity C can be
calculated from three-level model of microbolometer, and
thermal time constant T can be read out by finite element
simulation. Thus G can be obtained by eqn (5).

III. MODELING, THEORETICAL CALCULATION AND FINITE

ELEMENT SIMULATION

In order to compare and analyse three kinds of thermal
conductance in more detail, we establish a single L-type
uncooled three-level microbolometer model, which the pixel
size is 37umx37um, the VO2 sensitive element resistance
temperature coefficient is-0.02. Then Gy, can be obtained by
eqn (4) based on the model, and G, can be got by FEA
method. Meanwhile Gy can be achieved by dynamic
thermoelectric coupling FEA method.

A.  Modeling

Three-level model of microbolometer is established by
intellisuit mems software, Two-level mask should be designed
before it is imported the actual mems process, then define the
thickness of the layers so that three-level model can be
generated. Import process line material parameters to
corresponding structure layers before the force field, electric
field, thermal field integrated simulation can be done. The
layout and three-level structure of microbolometer which are
shown in fig. 2(a), and fig. 2(b) are established by mems
intellisuit software. This three-level model have a complete
micro bridge structure, including absorbing layer SizNy,
sensitive layer VO, electrode layer NiCr, support layer SizNy,
the cavity substrate Si, which are shown in fig. 2(c).

Figure 2: (b).
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Figure 2: (c).

FIGURE II. (A) LAYOUT OF MICROBOLOMETER. (B) THE
THREE-LEVEL STRUCTURE OF MICROBOLOMETER. (C) THE
INTERFACE OF MICROBOLOMETER.

Properties of every layer are shown in table 1 and are
imported to the model before finite element simulation
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TABLE 1. THE MATERIAL PARAMETERS OF DEVICE LAYERS [10-12].
Si;N, NiCr VO,
Density (10°kg/m’) 2.4 8.9 3.36
Conductivity (J/(cm-K)) 0.045 0.907 0.05
Specific heat  J/(g-k) 0.292 0.691 0.5
B. Theoretical Calculation and FEA
1) The device thermal conductance Gge : The device

thermal conductance Gy, can be got by dynamic thermal finite
element simulation 2.4x10""W/cm? thermal impulse, which is
shown in fig. 3(a), is loaded, and initial temperature is defined
as 27°C. Temperature gradient of the microbolometer structure
is shown in fig. 3(b), and the device temperature versus time
curve is shown in fig. 3(c).
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FIGUREIIL. (A) THERMAL RADIATION ENERGY VERSUS TIME

CURVE. (B) TEMPERATURE GRADIENT OF THE MICROBOLOMETER
STRUCTURE. (C)TEMPERATURE VERSUS TIME CURVE.

Thermal time constant t is 2.63ms, which can be obtained
by its definition from fig. 3(c), the total heat capacity C is
4.068x10"°J/K by eqn (6), s0 Gy is 1.547x107J/K by eqn (5).

2) The effective thermal conductance: Since Gy varies
with the bias current, couples of different bias current, range
from 1x10°to 4x10is loaded on the NiCr electrode of device
in turn, during dynamic thermoelectric coupling finite element
simulation, initial temperature is 27. To ensure device
temperature stabilized, a 20ms thermal radiation impulse is
delay for 40ms compared to the bias current on the surface of
the three-level model. For example, bias current, which pulse
mode is shown fig. 4(a), is 1x10°A. At the same time, thermal
radiation energy, which pulse mode is shown in fig. 4(b), is
2.4x10"""W/em®. Temperature gradient of the microbolometer
structure shown in fig. 4(c), and temperature versus time curve
of device is shown in fig. 4(g). Thermal time constant T could
be obtained by its definition from fig. 4(g). What’s more, G
can be achieved by eqn (5). In the same way, load groups of
bias current which are 2x10°A, 3x10°A, 4x10°A are shown

in fig. 4(a) respectively, while the remaining loads are constant.

The temperature gradient of the microbolometer structure is
shown in fig. 4(d), fig. 4(e), fig. 4(f) respectively, and their
temperature versus time curve are shown fig. 4(g), The Gy
versus current curve is shown in fig. 4(h). Specific simulation
date are shown in table 2.
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Figure 4 (b).

Figure 4(a).

Figure 4 (e).

Figure 4(f).
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Figure 4(g). Figure 4 (h).
FIGUREIV. (A)CURRENT VERSUS TIME CURVE. (B)THERMAL
RADIATION ENERGY VERSUS TIME CURVE. (C) TEMPERATURE
GRADIENT OF THE MICROBOLOMETER STRUCTURE WHILE
CURRENT IS 1x10-6A. (D)TEMPERATURE GRADIENT OF THE
MICROBOLOMETER STRUCTURE WHILE CURRENT IS 2x10-6A.
(E)TEMPERATURE GRADIENT OF THE MICROBOLOMETER
STRUCTURE WHILE CURRENT IS 3x10-6A. (F)TEMPERATURE
GRADIENT OF THE MICROBOLOMETER STRUCTURE WHILE

CURRENT IS 4x10-6A. (G)TEMPERATURE VERSUS TIME CURVE. (H)
EFFECTIVE THERMAL CONDUCTIVITY VERSUS CURRENT CURVE.
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TABLE II. CURRENT AND EFFECTIVE THERMAL CONDUCTANCE.

Curr | Thermal time | Effective thermal
ent constant(ms) conductance (107J/K)
10
SA)
1 1.94 2.097
2 2 1.85 2.199
3 3 1.78 2.285
4 | 4 1.70 2.393

Therefore, it can infer that effective thermal conductance
Gegr is proportional to the current, Gge, i8S 1.547x107J/K.
Meanwhile length and width of bridge legs of the device is
obtained by measuring the two-level mask layout, and its
thickness is got from three-level model, so the theoretical
value of device thermal conductivity Gy, is 2.98x107J/K by

eqn (4).
IV. CONCLUSION

In this paper, the three-level simulation model of
microbolometer was established by the software of intellisuit.
Then Gy, was got by eqn (4) and Gy, was obtained by
dynamic thermal finite element simulation. There were some
differences by comparing with data, result from irregular
bridge legs structure. Furthermore, dynamic thermoelectric
coupling finite element simulation was done, and groups of
effective thermal conductance under different bias current
were obtained, which were proportional to the current.
Therefore, effective thermal conductance is more accurate in
reflecting the thermal conductance of the device while
working, and it also provides some references for improving
system performance of device and design of readout integrated
circuit.
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