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Design of Dual-Band Uncooled
Infrared Microbolometer
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Abstract—This paper describes the design and modeling of
a smart uncooled infrared detector with wavelength selectivity
in the long-wavelength infrared (LWIR) band. The objective is
to enhance the probability of detecting and identifying objects
in a scene. This design takes advantage of the smart proper-
ties of vanadium dioxide (VO�): it can switch reversibly from an
IR-transparent to an IR-opaque thin film when properly triggered.
This optical behavior is exploited here as a smart mirror that can
modify the depth of the resonant cavity between the suspended
thermistor material and a patterned mirror on the substrate,
thereby altering wavelength sensitivity. The thermistor material
used in the simulation is vanadium oxide (VO�). The simulation
results show that, when VO� is used in the metallic phase, it
reflects IR radiation back to the suspended VO� and enhances IR
absorption in the 9.4–10.8- m band. When the film is switched
to the semiconductor phase, it admits most IR radiation, which is
then reflected back to the suspended VO� by a patterned gold thin
film under an SiO� spacer layer. The spacer layer is used to in-
crease the resonant cavity depth underneath the microbolometer
pixel. Thus, the peak absorption value is shifted to 8–9.4 m,
creating the second spectral band. The detector is designed with
a relatively low thermal conductance of 1.71 10 � W/K to
maximize responsivity ���� to values as high as 1.27 10� W/K
and detectivity �� � to as high as � �� ��� cm Hz� �/W, both
at 60 Hz. The corresponding thermal time constant is equal to
2.45 ms. Hence, these detectors could be used for 60-Hz frame
rate applications. The extrapolated noise equivalent temperature
difference is 14 and 16 mK for the 8–9.4- and 9.4–10.8- m bands,
respectively. The calculated absorption coefficients in the two
spectral bands were 59% and 65%, respectively.

Index Terms—Dual-band infrared (IR) detector, micro-
bolometer, vanadium oxide (VOx).

I. INTRODUCTION

I NFRARED (IR) imaging cameras detect variations in heat
and create an electronic image of everything in view. The

images generated by typical single-band cameras show the
surface temperature variations of objects in a scene in black-hot
mode. The capability of an IR detector to switch wavelength
sensitivity between two bands enhances the probability of
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detecting and identifying objects in a scene. Commercial
multiband IR cameras are currently available. They typically
use two separate focal plane arrays (FPAs) and electronics for
each spectral band or a single FPA and an optical element that
selects the appropriate spectral band (filter wheel or spectral
dispersion techniques) [1], [2]. The use of separate FPAs has
several drawbacks, including significant added complexity and
cost and the challenge of alignment between the FPAs. These
approaches are effective for certain applications, but they have
proven to be bulky and costly [3]. Cooled multiband FPAs are
based on mercury cadmium telluride (MCT), quantum-well
IR photodetectors using III-V materials, and quantum-dot IR
photodetectors [4]–[7]. These detectors offer many advantages
such as high sensitivity and very high speed, but require ex-
pensive and heavy cryogenic equipment to operate. These are
used for military applications where ultrahigh sensitivity and
speed are required. For a wide range of applications that do not
require ultrahigh sensitivity, however, the high cost of cooling
becomes a problem. The development of an uncooled dual-band
detector would retain the advantages of uncooled detectors over
cooled detectors, which are: much lower fabrication cost (no
exotic and difficult to produce semiconductor materials), re-
duced weight, size, and energy consumption (no bulky and
noisy cooling system required). The commercial and defense
sectors would both benefit from uncooled dual-band cameras:
highway safety, medical diagnostics and surgery, surveillance,
law enforcement, and security. Dual-band cameras also offer
a possible solution for real-time detection and identification
of carefully concealed targets even in cluttered environments
(environments with unwanted parasite signals). Having two
bands instead of one will ease clutter rejection and therefore
plays a significant role in discriminating the actual temper-
ature and unique signature of objects in the scene [8]–[16].
No attempt was made in this study to tune from long-wave-
length IR (LWIR) to mid-wavlength IR (MWIR). The reason
is that the sensitivity attainable in the MWIR with the cur-
rent state-of-the-art uncooled microbolometer does not meet
the typical sensitivity requirements of surveillance systems.
However, an IR camera offering wavelength selectivity in the
LWIR band has shown promise in the detection of such difficult
targets as recently buried mines [17]. Recently, monolithic
detectors offering dual-band tunability have been investigated:
wavelength-selective IR microbolometers using planar mul-
timode detectors [18] and two-color thermal detectors [19]
have been designed, and adaptive microbolometers have been
designed, fabricated, and characterized [20]. These detectors
were designed to operate in the LWIR band. In the first two
designs, the cavity was tuned by using movable micromirrors
underneath the microbolometer pixel, while in the third design
the cavity was tuned by moving the microbolometer pixel via
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electrostatic actuation. The first approach has not been realized,
while the second approach has achieved low responsivity and
detectivity [20]. These designs are relatively complicated since
they require movable components.

VO belongs to a family of materials (termed chromogenic)
which are capable of reversibly modifying their optical and
electrical properties upon specific stimulation such as temper-
ature, pressure or electrical field. The phase transition of VO ,
which is triggered at 68 C, is responsible for its optical and
electrical modulation. At room temperature, the film behaves as
a semiconductor material with an energy bandgap of 0.7 eV.
When the temperature is increased to 68 C, the energy bandgap
vanishes, the lattice becomes tetragonal, and the film behaves
as a metal. The electrical resistivity of the film can be varied
by three to four orders of magnitude, and the film can be
changed from IR-transparent in the semiconducting phase to
IR-reflective in the metallic phase [21]–[27]. These features
have prompted many groups to use VO at the phase transition
for electrooptical switches [26], [27]. We have used the VO
stochiometry to design the smart mirror because no other oxide
of vanadium has the stochiometry needed to engender the
desired chromogenic behavior. VO (nonstochiometric film) in
the semiconducting phase is selected as an IR-sensitive material
because of its high-temperature coefficient of resistance, low

noise, and low resistance, which is compatible with readout
electronics. Several other materials can be used for IR detec-
tion, including amorphous silicon (a: Si) [28], yttrium barium
copper oxide (YBaCuO) [29], silicon germanium (SiGe) [30],
silicon germanium oxide (SiGeO) [31], [32], and metals [33].
In this paper, a dual-band microbolometer model is presented. It
can be tuned to two spectral bands (with some overlap) without
using a movable structure, and hence the same microfabrication
procedures developed for single-band microbolometers can be
used to fabricate the proposed device.

II. BACKGROUND AND THEORY

A microbolometer is a thermal sensor whose resistance
changes with temperature, associated with the absorption of IR
radiation. Its performance is characterized by several figures
of merit such as responsivity , temperature coefficient
of resistance (TCR), detectivity , and noise equivalent
temperature difference (NETD) [34]. Responsivity is the output
voltage divided by the input radiant power falling on the de-
tector. It is given by

(1)

where is the bias current (A), is the bolometer electrical re-
sistance is the fraction of the incident radiation absorbed,

is the total thermal conductance to the substrate (W/K), is
the radiation modulation frequency, is the thermal response
time, and is used to quantify the temperature dependence of
resistance to measure the heating effect of the absorbed IR ra-
diation and is given by

(2)

The detectivity is a figure of merit (FOM) that measures
the signal-to-noise ratio (SNR) and normalizes the performance
of the detector with respect to the detector size and is given as

(2)

where is the amplifier frequency bandwidth (Hz), is the
detector area (cm ), and is the total noise voltage of the
system (V). Hence, for good performance, a microbolometer
must have large values of , and , [35].

The NETD is a camera FOM given by

(4)

where is the focal ratio of the optics, is the transmittance of
the optics, and is the change in optical power
emitted with respect to temperature per unit area radiated by a
blackbody at temperature measured within the spectral band
from to . Note that total noise must be minimized and the
responsivity must be maximized to achieve the best sensitivity.
High sensitivity can be achieved by maximizing , and
and TCR. The thermal time constant was calculated from
the ratio of the device’s thermal mass to its thermal conductance,

. The thermal mass of the microbolometer is given by

(5)

where and correspond to width, length, thickness,
and specific heat of each thin film layer, and , and

correspond to width, length, thickness, and specific heat of
each layer of the electrode arms. The total thermal conductance
of the microbolometer is given by

(6)

where is the thermal conductivity of each component, and
and correspond to width, length, and thickness of

each component. The thermal time constant was calculated
from the ratio of the device’s thermal mass to its thermal con-
ductance, .

The microbolometer presented here consists of an IR-sensi-
tive element deposited on top of a microbridge and suspended
above the substrate by support arms. The gap between the
IR-sensitive element and the IR-reflective mirror patterned
on the substrate plays an important role in the absorption
of IR radiation for the suspended microbolometer since it is
wavelength-dependent. With the appropriate design, this gap
behaves as a Fabry–Perot resonant cavity which maximizes IR
absorption and hence maximizes responsivity and detectivity.
The resonant cavity can be created between the incoming and
reflected waves if the cavity depth is tuned accordingly:

(7)

where is the air gap depth, is an integer, is the wavelength,
and and are the phase differences between the incoming
and reflected light [36]. In operation, the microbolometer re-
quires either current or voltage biasing. The Infrared camera
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Fig. 1. Schematics show the dual-band microbolometer in (a) 3-D view, (b) side view, and (c) operational view. IR radiation is reflected by the smart material
when it is used in the metallic phase [(c), left], and is reflected by the gold layer when the smart material is used in the semiconducting phase.

that are based on microbolometer focal plane array do not re-
quire chopper for operation. However, for modeling and testing
the individual devices, a chopper is used in order to enable the
calculation of the cut off frequency and the video frame rate.

III. MICROBOLOMETER DESIGN

The uncooled microbolometer design takes advantage of
the smart properties of VO : it can switch reversibly from an
IR-transparent to an opaque thin film when properly triggered.
This optical behavior is exploited here as a smart mirror that
can modify the Fabry–Perot resonant cavity depth between the
suspended thermistor material VO ) and a mirror patterned
on the substrate, thereby altering wavelength sensitivity and
creating a dual-band microbolometer. A schematic of the
dual-band microbolometer along with the structural view and
operational view are shown in Fig. 1. The fixed reflective mirror
is switching between the smart material (VO ) and Au layer. In
the first case, the VO is used in the metallic phase by heating
the detector to 68 C. Thus, the IR radiation is reflected back
to the suspended VO enhancing the IR absorption in the
first spectral band (9.4–10.8 m). In the second case, VO is
switched to the semiconducting phase by cooling the detector to
room temperature. Thus, most of the IR radiation is transmitted
through the transparent VO layer and through a SiO layer
used as a spacer material, and then reflected by the gold (Au)
thin film mirror layer, which is patterned underneath the SiO
spacer layer on the substrate. Thus, the gap underneath the
microbolometer pixel, which initially contained only vacuum,

is increased by the thicknesses of the SiO and VO trans-
parent materials. Therefore, the IR absorption is shifted to a
second spectral band (8–9.4 m). The resonant cavity depths
are optimized to maximize IR absorption, thereby increasing
the responsivity and detectivity of the microbolometer in the
8–9.4- and 9.4–10.8- m spectral bands. The two-band design
enhances the probability of detecting and identifying objects in
a scene. These two windows were chosen for demonstration of
concept: they split the 8–12 m LWIR band roughly in two.

Thin-film Wizard software (Film Wizard) developed by Sci-
entific Computing International (SCI-Soft) is used to determine
the absorption of the microbolometer for the case of normal inci-
dence of the radiation using the refractive index and ab-
sorption coefficient of the various layers, which include
the VO IR-sensitive layer, Si N bridge, Ti absorber, Si N
passivation layers, VO reflective/transparent layer, SiO spacer
layer, Au reflective mirror, chromium (Cr) adhesive layer, SiO
insulating layer and silicon substrate. The thin film layer thick-
nesses and the gap depths were adjusted until the maximum
absorption in the specified wavelength windows is determined.
The result was absorption with an average value of 65% and
59% for cavity depths of 3.9 and 4.63 m, respectively. In the
first case, the absorption was maximized for the 9.4–10.8- m
band, while in the second case the absorption was maximized
for the 8–9.4- m band. The absorption was plotted as a func-
tion of wavelength for both cavity depths, as shown in Fig. 2. In
addition, the difference in absorption value between 8–9.4- and
9.4–10.8- m bands for metallic and semiconductor phases re-
spectively were 40.6%, and 32%. This difference in absorption
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Fig. 2. Calculated optical absorption for the metallic phase (9.4–10.8 �m) and
semiconducting phase (8–9.4 �m) of VO are plotted as a function of wave-
length for cavity depths of 3.9 and 4.63 �m, respectively.

Fig. 3. Calculated optical absorption are plotted as a function of wavelength.
VO is used as a reflector. The air gap is fixed at 3.9 �m while the SiO spacer
layer is variable, and all other films are of fixed thickness.

can be seen as the contrast between the two modes. The
and of the VO and Si N thin-film layers were found in
the literature [37] for the former, and in FilmStar Optical Thin
Film Software for the latter. When VO with a thickness of
130 nm is used in the metallic phase, the IR radiation was re-
flected back to the suspended VO IR-sensitive layer. The ab-
sorption results were not affected by changing the SiO spacer
layer thickness. This suggests that the selected VO thickness
is satisfactory for reflecting most of the IR radiation (Fig. 3). It
is important to note that the electrical, mechanical, thermal, and
optical properties are optimized simultaneously in order to de-
sign a high-performance microbolometer. The thickness of VO
was fixed at 130–150 nm in the model. This thickness was op-
timized by the coauthor’s laboratory [21], [22].

The microbolometer is designed with a pixel size of
25 25 m , enabling the fabrication of mega-pixel format
arrays. Each microbolometer consists of an Si N bridge with
a thickness of 350 nm suspended above a silicon substrate.
Si N is used because of its excellent thermal properties, pro-
cessing characteristics and high IR absorption. Encapsulated

Fig. 4. Microbolometer optical absorption is plotted versus wavelength. The
Ti absorber thickness is variable while all other films are of fixed thickness (see
Table I). VO is used in (a) metallic phase and (b) semiconducting phase.

in the center of the Si N bridge is a layer of VO IR-sen-
sitive material and thin Ti absorber with thicknesses of 150
and 10 nm, respectively. A layer of Si N with a thickness
50 nm was used to prevent electrical contact between the
VO and the Ti absorber. The VO thickness is optimized
experimentally to achieve high TCR, low resistivity, and low
noise properties. The Ti was chosen as an absorber with this
thickness since it maximizes the absorption difference between
metallic and semiconducting phases in each spectral band.
Thus, it increases IR absorption in the 9.4–10.8- m band and
decreases it in the 8–9.4- m band when the underlying VO
is used in the metallic phase. When the VO is switched to
the semiconducting phase, IR absorption is decreased in the
9.4–10.8- m band and increased in the 8–9.4- m band. The
effects of the Ti absorber thickness on absorption are shown in
Fig. 4. Several other metals such as nickel–chromium (Ni-Cr)
and platinum (Pt) could be used as an absorber. Atop the Ti
absorber, a third layer of Si N is deposited and patterned with
a thickness of 50 nm in order to passivate and, hence, protect it
from oxidation during the removal of the polyimide sacrificial
layer using oxygen plasma to release the microbolometer. The
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TABLE I
MICROBOLOMETER PIXEL AND SUPPORT ARM LAYERS THICKNESSES THAT

ARE USED IN THE MODEL. THE PIXEL, SUPPORT ARM, AND AU CONTACTS

SIZES ARE 25� 25 �M , 54� 4 �M , AND 23� 4 �M , RESPECTIVELY

TABLE II
SPECIFIC HEAT AND THERMAL CONDUCTIVITY USED IN THE MODEL AND THE

CALCULATED THERMAL MASS AND THERMAL CONDUCTANCE OF EACH LAYER

bridge arms are made of Si N and Ti layers with an area of
54 4 m . The arms serve as support structures, conductive
legs, and thermal isolation legs. Au was used as the contact
(area 23 4 m ) because it makes excellent contact with the
VO IR-sensitive layer resulting in linear behavior. We se-
lected Ti as the electrode material because it has a much lower
thermal conductivity than Au, thus providing better thermal
isolation. Vacuum cavities with depths of 3.9 and 4.63 m are
used to create the wavelength resonant cavities at two separate
windows. This difference in absorption can be seen as the
contrast between the two modes. The first cavity is between the
suspended VO and the underlying VO in the metallic phase.
The vacuum cavity also provides thermal isolation from the
substrate. The second cavity is between the suspended VO
and the underlying Au mirror. This cavity consists of vacuum
and SiO spacer material and VO layer. Finally, a silicon
substrate with a resistivity of 10 cm is used. A complete
list of the calculated film thicknesses and their electrical and
thermal properties are shown in Table I. The thermal mass and
thermal conductance were calculated for the microbolometer
with pixel, support arm, and Au contact areas of 25 25 m ,
54 4 m , and 23 4 m as shown in Table II.

The pixel was designed with low thermal mass (
J/K) and the supporting arms with relatively low thermal

conductance (1.71 10 W/K), to reduce the thermal time
constant (2.6 ms) and maximize responsivity and detectivity.
The thermal conductance through the electrode arms is made
as small as possible to meet response time requirements. We
aimed for a low thermal time constant for high-speed camera
applications. The thermal mass of the microbolometer was
calculated from the specific heat capacity and volume of each
layer forming the microbridge and 1/3 of each Au/Si N elec-
trode arm. The thermal conductance was estimated from the
calculated thickness, width, and length of the electrode arms
that were obtained from the electromechanical model results.
It was also obtained from the thermal simulation. Since the
thermal conductance of the two components making up the
electrode arms were in parallel, the total thermal conductance
was determined by summing the thermal conductance of the
different layers. Thermal conduction occurs mainly through the
electrode arms and the surrounding air. Therefore, the electrode
arms were carefully designed to reduce the thermal conductance
path and to meet the thermal time response requirements. The
pixel array will be packaged in a vacuum in order to thermally
isolate the IR-sensitive element from its surroundings to reduce
the rate of heat loss, thereby increasing the sensitivity of the
detector.

IV. STRUCTURAL AND THERMAL SIMULATION

Finite-element analysis using CoventorWare was employed
to provide an accurate prediction of the microbolometer per-
formance. The simulations were performed using published
material properties of all thin film layers. The resulting stress
distribution (Von Mises) of the electrode arms and the pixel
due to the internal forces acting on the microbolometer, which
includes the axial force, shear, moment, and torque, were calcu-
lated and plotted in Fig. 5 for the case when the heater is in the
off-state. In general, the result shows that the microbolometer
with a 25 25 m pixel and 54 4 m support arms
has flat surfaces and low stress distribution. The deflection
of the electrode arms and the pixel was negligible, at 2.77

10 m. A detailed thermal simulation of the dual-band
microbolometer was performed using CoventorWare. The
simulation was performed by assuming an input heat power
of W/m , which corresponds to a constant power of
0.264 W absorbed by the VO IR-sensitive layer. This power
increases the microbolometer temperature from a reference
temperature of 300 K (room temperature) to 301.53 K on the
pixel, which is reached in steady state simulation. The applied
input power and the corresponding temperature rise of the
microbolometer are used to calculate the thermal conductance
as W/K. The temperature gradient across the mi-
crobolometer was simulated in vacuum condition with respect
to the reference temperature (300 K) and shown in Fig. 6(a).
The heat flux distribution is shown in Fig. 6(b), with the heat
flux highest at the support arm. The simulated and calculated
thermal conductance were essentially the same, which confirms
the accuracy of the model. The stress distribution and the
temperature gradient across the microbolometer for the case
when the heater is in the on-state is expected to be similar to
the off-state. Voltage application on the dedicated microheater
which is located underneath the VO induces heating via Joule
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Fig. 5. Plots show (a) an optimized microbolometer structure, with pixel and support arm size of 25� 25 �m and 54� 4 �m , with relatively little deflection.
The largest deflection occurs at the corners of the square pixel with a value of ���� � �� �m. (b) Von Mises stress distribution of the microbolometer with
flat surface. The greatest stress ����� �� MPa—occurs at the joints between support arms and fixed anchors. The simulation was performed using Coventor
finite-element tool.

Fig. 6. (a) Temperature gradient across the microbolometer structure with pixel and support arm size of 25� 25 �m and 54� 4 �m . The highest temperature
(301.53 K) occurs in the pixel in steady-state simulation. (b) Heat flux distribution across the microbolometer structure.

effect. The response time for the transition by Joule effect is a
function of the quality of the contact and the surface area to be
heated. The response time and down time are expected to be in
microseconds range. However, this needs to be confirmed by
experimentally. On the other hand, the VO switches between
the two metallic and semiconductor phases at a rate double
the camera frame rate (60 Hz). Therefore, the resonant cavity
depth (gap) changes between two positions and hence provides
a response to two spectral windows. In other words, the total
thermal response time for both spectral windows is 2.6 ms.
This response time will be divided equally between the two
spectral window, each 1.3 ms. This time is much higher than
the microheater’s response time and down time.

The dual-band microbolometer can be realized by employing
a series of photolithography, surface micromachining and poly-
imide sacrificial layer processes in the following sequence [see
Fig. 1(b)].

1) The wafer is thermally oxidized to grow a thick SiO layer
for insulation.

2) Pt layer is deposited and patterned to form the heater.
3) A layer of oxide is deposited using PECVD for insulation.
4) A thin layer of chromium (Cr) and a thin layer of gold

(Au) is sputter-deposited and patterned to form the reflec-
tive mirror, trace line and bonding pads.

5) A thick layer SiO spacer material is deposited and
patterned.
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Fig. 7. Johnson noise, temperature fluctuation noise, background fluctuation
noise, and total noise were calculated as a function of chopper frequency.

6) A layer of VO is deposited and patterned. This layer
will be used as a reflecting mirror when operated in the
metallic phase, and will transmit IR radiation through it
when switched to the semiconducting phase.

7) A polyimide sacrificial layer is spin-coated, patterned the
gap and a mold for fabricating the anchors.

8) A photoresist layer is spin-coated and patterned at loca-
tions corresponding to the microbolometer anchors.

9) Ti is then sputter-deposited and patterned using a lift-off
technique to create the microbolometer anchors.

10) The photoresist is removed with acetone.
11) A thick layer of Si N is deposited and patterned to form

the bridge structure.
12) The VO IR-sensitive material is sputter-deposited and

patterned.
13) Au is deposited and patterned to create the support arms

and electrode contacts.
14) A thin layer of Si N is deposited and patterned for insu-

lation, followed by sputtering of a thin Ti absorber.
15) The absorber is then patterned.
16) A third layer of Si N is deposited and pattern to protect

the absorber.
17) All Si N layers are patterned and dry etched to expose the

polyimide to oxygen ashing in the final step.
18) The polyimide sacrificial layers are removed by oxygen

plasma ashing.

V. MICROBOLOMETER PERFORMANCE

Prior to calculating performance, the microbolometer is as-
sumed to have a TCR and a resistance of 100 K and 2.7%/K,
respectively, based on published data in the literature. It will
be dc-biased with a bias current of 25 A. Performance is
calculated for the microbolometer with a support arm size of
54 4 m . Initially, the total noise, which includes Johnson
noise, temperature fluctuation noise, and background fluctuation
noise, was calculated as a function of chopper frequency and
plotted in Fig. 7. It is important to note that uncooled thermal
cameras since it will allow the detector to reach the background

Fig. 8. (a) Responsivity and detectivity and (b) NETD as a function of chopper
frequency. The�� and � values for both spectral bands are almost same.

limited noise performance and further improve NETD. The
noise was not accounted for in the calculation of the total noise
because the detector will be biased in the Johnson-noise-level
region and the noise depends on many process technology
factors related to the microbolometer fabrication. In addition,
VO has low noise. Therefore, the noise does not affect
the capabilities of the proposed design. The voltage respon-
sivity and detectivity were calculated for the two spectral bands
and plotted versus chopper frequency in Fig. 8. The highest
achieved values at 60-Hz frame rate were V/W
and the reduction of noise is crucial to the next generation of

cm sqrt(Hz/W). The responsivity was maximized
by enhancing the absorption to 61% and 63% for the 8–9.4- and
9.4–10.8- m bands, and by achieving relatively low thermal
mass (J/K) and low thermal conductance (W/K) in the detector.
The corresponding thermal time constant was 2.6 ms. The high
values of responsivity and detectivity will allow for improved
NETD to a value as low as 14 and 16 mK for an 8–9.4- and
9.4–10.8- m window, respectively. These NETD values are
higher than the current state of the art, for example, the Raytheon
group’s published results on VO microbolometers with a size
of 25 25 m have achieved NETD less than 50 mk [38],
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TABLE III
SUMMARY OF MODELING RESULTS AT 60 HZ. SUPPORT ARMS ARE DESIGNED

WITH LENGTHS OF 54 AND 25 �M. PERFORMANCE WAS ALSO CALCULATED

FOR TWO DIFFERENT ELECTRODE WIDTHS: 2 AND 4 �M. IN ALL CASES,
DEFLECTION OF THE MICROBOLOMETER PIXEL WAS MINIMAL

[39]. We expect the calculated NETD value will be higher if the
readout electronic and system noise is included. The NETD is
plotted versus chopper frequency in Fig. 8. The microbolometer
performance was also calculated for narrower electrode arms and
for shorter support arms. A complete list of the microbolometer
performance results is shown in Table III. We have chosen the
support arm dimensions as 54 4 m in all of the simulation
results reported here because it represents an optimized value.

We also performed the simulation for three more designs. In
all of these dimensions, the deflection of the microbolometer
pixel was minimal. It is important to note that the perfor-
mance of the microbolometer with shorter and narrower arms
(25 2 m ) was similar to that achieved with a support arm
size of 54 4 m and better fill factor. However, we selected
the longer and wider arm because it can be fabricated with our
current microfabrication capability.

VI. CONCLUSION

A dual-band microbolometer is designed based on semi-
conducting VO IR-sensitive material. The microbolometer’s
bottom mirror is switched between two metals to create two
resonant vacuum cavities between the mirror and the suspended
VO IR-sensitive material. The cavity depths maximize optical
absorption in the 8–9.4- and 9.4–10.8- m bands. The max-
imum optical absorption values observed were 65% and 59%
for cavity depth of 3.9 and 4.63 m, respectively. The achieved
voltage responsivity was V/W and the detectivity

was cm sqrt(Hz)/W. In addition, the microbolometer
NETD was between 14–16 mK. The calculated thermal time
constant was 2.6 ms for each spectral band. Hence, these
detectors could be used for 60-Hz frame rate applications.
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