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Amorphous Silicon Two-Color Microbolometer
for Uncooled IR Detection

Mahmoud Almasri, Member, IEEE, Bai Xu, Member, IEEE, and James Castracane

Abstract—This paper describes the modeling and design of two-
color microbolometers for uncooled infrared (IR) detection. The
goal is to develop a high resolution IR detector array that can mea-
sure the actual temperature and color of an object based on two
spectral wavelength regions. The microbolometer consists of high
temperature amorphous silicon (a-Si:H) thin film layer held above
the substrate by Si3N4 bridge. A thin NiCr absorber with sheet
resistance of 377 
 sqr is used to enhance the optical absorption
in the medium and long IR wavelength windows. A tunable micro-
machined Al-mirror was suspended underneath the detector. The
mirror is switched between two positions by the application of an
electrostatic voltage. The switching of the mirror between the two
positions enables the creation of two wavelength response windows,
3–5 and 8–12 m. A comparison of the two response wavelength
windows enables the determination of the actual temperature of
a viewed scene obtained by an IR camera. The microbolometer is
designed with a low thermal mass of 1 65 10

9 J/K and a low
thermal conductance of2 94 10

7 W/K to maximize the respon-
sivityRv to a value as high as 5 91 10

4 W/K and detectivityD
to a value as high as 2 34 10

9 cm Hz1 2/W at 30 Hz. The cor-
responding thermal time constant is equal to 5.62 ms. Hence, these
detectors could be used for 30-Hz frame rate applications. The ex-
trapolated noise equivalent temperature difference is 2.34 mK for
the 8–12 m window and 23 mK for the 3–5 m window. The cal-
culated absorption coefficients in the medium and long IR wave-
length windows before color mixing are 66.7% and 83.7%. How-
ever, when the color signals are summed at the output channel, the
average achieved absorption was 75%.

Index Terms—Amorphous silicon, microelectromechanical sys-
tems (MEMS), microbolometer, simulation, uncooled IR detection.

I. INTRODUCTION

UNCOOLED IR cameras provide moderate performance
at low cost to meet a broader range of civilian and mil-

itary applications [1], [2]. The operation of the IR camera is
restricted to 3–5 m (medium IR wavelength) and 8–12 m
(long IR wavelength) portion of the electromagnetic spectrum
due to the existence of windows in the atmosphere that allow
transmission of radiation at these wavelengths. The IR camera
generates pictures from the IR radiation naturally emitted
from all objects. The generated image shows the surface
temperature variations of target objects in a viewed scene
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with a “black-hot” fashion [3]. The current existing uncooled
focal plane arrays (FPAs) are using either the medium or long
wavelength windows to generate an image from a viewed
scene. The achieved noise equivalent temperature difference
(NETD) ranges between 20–100 mK and operates at 30-Hz
frame rate which correspond to a time constant 10 ms [4],
[5]. In this paper, a microbolometer is designed to operate
near the background-limited noise performance with a NETD
between 2.3–21 mk with a fill factor as high as 75%. The
high-temperature resolution was achieved by the reduction in
thermal conductance, which improved responsivity and detec-
tivity of the microbolometers and, hence, improved the NETD.
In addition, the microbolometer is designed with two colors by
measuring the viewed scene response at both the medium and
the long IR wavelength windows. The calculated thermal time
constant is comparable to the commercially available FPAs, i.e.,
10 ms. This work builds upon the design performed by Leonov
and Butler by utilizing both the medium and long wavelength
regions. In their design, the color microbolometer operation is
restricted to the long wavelength region (8.0–10.5 and 10.5–14

m) [6].

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 merits such as responsivity , temperature coefficient
of resistance (TCR), detectivity , and NETD. NETD is a
system figure of merit. It is defined as the temperature change
at the target, which produces a signal in the microbolometer
equal to the total noise (RMS) [7]–[9], [13], [14]. The total
noise voltage that exists in a microbolometer is given by
the sum of squares of the contributions due to Johnson noise

, noise [10], temperature fluctuation noise ,
and background noise . Therefore, high sensitivity can
be achieved by minimizing the total noise and maximizing the

, and and have a large value of .
The power that radiates from a target object in a viewed scene

between at with an emisivity of is given by

(1)

where is the wavelength, is the absolute temperature of
a target object in a viewed scene, and is the amount
of power that leaves an object per unit area which is known
as spectral exitance [7]. On the other hand, the detected power
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Fig. 1. Two-color microbolometer geometry: A) top view, B) side view, and C) operational view. The schematics show the device geometry consisting of movable
Al-mirror, single NiCr absorber, Si N membrane and passivation layer, and NiCr electrode arms and contacts to the suspended high TCR amorphous silicon.
The air microcavity is located between the underlying Al mirror and the high TCR amorphous silicon. The movable micromirror creates a tunable resonant cavity
between the detector and the mirror. The detector can be tuned to two spectral bands by changing the cavity depth by applying electrostatic voltage as indicated in
the figure.

that absorbed by the detector is significantly less because the
detector can collect the power within a limited solid angle

(2)

where is the focal ratio of the objective, is the ab-
sorption of the detector , and are the transmitivities
of the atmosphere and objective, respectively. The transmitivi-
ties of the atmosphere and objectives are assumed to be unity.
Changes of the detected optical power cause a change in the
detector temperature and, hence, changes the detector response.
The change of the detected power per is determined
by differentiating the previous equation

(3)

is the temperature contrast, i.e., the change
of IR power radiated by a blackbody object within the

region when its temperature changes by [7], [8], [11].
The actual temperature of an object can be determined by cal-
culating the ratio of the change of the detected power in two
spectral regions.

III. MICROBOLOMETER OPTICAL DESIGN

The microbolometer is designed with a movable reflecting Al
micromirror between the underlying silicon substrate and the
suspended high TCR a-Si:H membrane. The position of the Al
mirror is changed before each exposure to IR power to create
two-resonant cavities between the mirror and the a-Si:H layer
with a peak wavelength at 4.3 and 10 m. A schematic of the
two-color microbolometer along with the operational view is
shown in Fig. 1. Two resonant cavities between the incoming
and reflected waves can be created if the cavity-depth is tuned
according to

(4)

where is the air gap depth, is an integer, and and are
the phase differences between the incoming and reflected light
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Fig. 2. Calculated absorption spectra versus wavelength for 0.9 and 2.15 �m
cavity depths. A thin NiCr absorber was used to enhance the absorption at
medium and long wavelength.

[8], [12]. The resonant cavity depth is optimized to maximize
the absorption and, hence, increase the responsivity of the
microbolometer between 3–5 and 8–12 m windows. The
two-band design is used to create a two-color microbolometer
to obtain high-resolution image. A transmission line model
was used to match the impedance of the thicknesses of the
microbolometer layers; Si N bridge, a-Si:H heat sensitive
material layer, NiCr absorber, and the air gap height to free
space impedance 377 [13], [14]. The result was an enhanced
absorption with an absorption value of 89.1% and 69.8% for
cavity depth of 0.9 and 2.15 m, respectively. In the first case,
the absorption was maximized in the long wavelength window
while in the second case the absorption was maximized in the
medium wavelength window. The absorption was plotted as
a function of wavelength for both cavity depths as shown in
Fig. 2.

The thermal mass of the microbolometer was calculated from
the specific heat capacity and volume of each layer forming the
microbridge, namely a-Si membrane, the Si support and
passivation layers, NiCr absorber, NiCr-contacts, and 1/3 of
each NiCr-electrode arms. The thermal mass 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.

Finite element analysis using ANSYS and Intellisuite tools
have been employed to provide accurate prediction of the mi-
crobolometer and micromirror performance. The simulations
were performed using published material properties of all thin
film layers. In this model, an input text file is used where the de-
sign parameters can be easily changed. The resulted deflection
and stress distribution (Von Mises) of the electrode arms and the
pixel due to the internal forces that acted on the microbolometer,
which includes the axial force, shear, moment and torque were
calculated and plotted in Fig. 3. In addition, the micromirror
moves by applying electrostatic voltage between its surface and
the bottom electrode. In static equilibrium, the micromirror is
stable since the mechanical torque and the electrostatic torque
are equalized. As the voltage is increased slightly above a cer-
tain voltage, the electrostatic torque overcomes the mechanical
torque, and, hence, the mirror becomes unstable and pulls-down

rapidly until it touches the bottom electrode. In order to prevent
this pull-in behavior, the mirror movement should be between
one-third and one-half of the air gap depth [15]. The Al mirror
was displaced 1 m by applying 14 V. In general, the result
shows that the microbolometer and the Al-micromirror have flat
surfaces and low stress distribution. The deflection of the elec-
trode arms and the pixel was less than 1%.

The optical radiation falling on the detectors goes into heating
the pixel. Hence, heat flows from the pixel to the surrounding
via three heat-transfer mechanisms, conduction, convection, and
radiation. The conduction mechanism occurs through the elec-
trode arms and the surrounding air. Therefore, the electrode
arms must be carefully designed to reduce the thermal conduc-
tance path and to meet the thermal time response requirements
The IR sensitive element must be thermally isolated from its
surroundings to reduce the rate of heat loss and, hence, increase
the sensitivity of the detector. Therefore, the pixel arrays must be
packaged in vacuum. The convection mechanism occurs in the
presence of a surrounding atmosphere. If the principal heat loss
mechanism is radiative, then the detector is at the background
limit. In this design, the detector will be packaged in vacuum.
Therefore, the thermal conductance of the microbolometers is
mainly due to the heat flow via the supporting arms. The thermal
conductance was estimated from the calculated thickness, width
and length of the electrode arms simulated in the electromechan-
ical model. Since the thermal conductance of the individual
components making up the electrode arms were in parallel, the
total thermal conductance was determined by the summa-
tion of the individual thermal conductance of all layers, namely:
the Si N support layers, NiCr electrical conductive layer, and
high TCR a-Si:H layer. The total thermal conductance 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 . A low thermal time constant was targeted for
high-speed camera applications.

IV. MICROBOLOMETER STRUCTURE

The microbolometer thin film layers were carefully selected.
A 4.5-nm-thick layer of NiCr was chosen as an absorber ma-
terial with a sheet resistance of 377 sqr. The NiCr absorber
was employed to enhance the absorption at the medium and long
wavelength windows. Several other metals such as Ti could be
used as an absorber [13]. A layer of amorphous silicon with a
thickness of 130 nm was selected as the temperature sensitive
material. A-Si:H has low noise properties, high TCR, and can
be prepared with a range of electrical resistivities to meet sensor
resistance specifications [12], [16]–[18]. Several other IR sensi-
tive material can be used instead such as vanadium oxide,
with a TCR of 2%/K [19], [20], Polycrystalline-silicon, Poly-Si
with a TCR of 1–2%/K [21], semiconducting Y-Ba-Cu-O with
a TCR of 3.1%/K [22], [23], Polycrystalline silicon germanium
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(a) (b)

Fig. 3. Three-dimensional view of finite element simulation of the microbolometer. (a) The plot shows an optimized microbolometer structure with slight
deflection less than 1% of the air gap height. (b) Von Mises stress distribution shows the microbolometer with flat surface.

alloy, Poly-Si-Ge with a TCR of 0.75–2%/K [24], [25], and thin
metal films such as titanium with TCR of 0.2%–0.25% at 300 K
[26], [27]. Next, a 170-nm-thick Si N bridge was suspended
above the underlying Si substrate. The Si N was chosen be-
cause of its excellent thermal and mechanical material prop-
erties and excellent processing characteristics. The Si N has
two absorption peaks, the first at 3.4 m and the second at
11.5 m [28]. A second layer of Si N with a thickness 50 nm
was used to prevent electrical contact between the a-Si:H and
the NiCr absorber. A third layer of Si N with a thickness of
40 nm was used to passivate the NiCr absorber from oxidation
during the removal of the polyimide sacrificial layer to release
the microbolometer. Next, NiCr was used as the contact and
electrode material because it makes the best contact to a-Si:H
resulting in linear behavior and because it has a relatively low
thermal conductivity, therefore, provides a better thermal iso-
lation. Next vacuum cavities with depths of 0.9 and 2.15 m
are used to create the wavelength resonant-cavities at two
separate windows, and provide thermal isolation from the un-
derlying substrate. A movable Al mirror with a thickness of 300
nm was chosen to reflect the IR radiation back to the detector
and to enable the creation of two resonant cavities. Finally, a
silicon substrate with a resistivity of 10 cm is used. A com-
plete list of the calculated film thickness and their electrical and
thermal properties are shown in Table I.

The color microbolometer design realization can be achieved
by assuming the following fabrication sequence. Initially the
wafer was thermally oxidized to grow a thick SiO for insula-
tion. Next, a seed layer consisting of chromium (Cr), gold (Au),
and titanium (Ti) thin films were sputtered deposited. The Ti
was etched to form the bottom electrode which also serves as a
reflective mirror. The wafer was then coated with a photoresist
sacrificial layer and patterned to form a mold. Au was electro-
plated inside the mold and created the mirror anchors. Next, the
photoresist was removed with acetone and the Cr/Au seed layers
were wet etched. The wafer was then spin coated with polyimide
sacrificial layer and cured at 300 C. The polyimide was then
polished to clear the anchors. An Al layer was sputtered and pat-

TABLE I
MICROBOLOMETER A) LAYERS THICKNESS AND B) PROPERTIES

THAT WERE USED IN MODELS. THE MICROBOLOMETER

ELECTRODE ARM LENGTH IS 87� 4 �m

terned to form the top mirror and torsion beams. The model pre-
dicted that the mirror will have a smooth and flat surface during
actuation. However, keeping the mirror flatness is another chal-
lenge. Other materials such as low stress electroplated nickel
can be used [29]. Next, photoresist was spin coated and pat-
tern to create mold for the electroplating the anchors of the mi-
crobolometer. Au was electroplated inside the mold. Again, the
photoresist layer was removed with acetone. The second sac-
rificial layer was spin coated and cured at lower temperature
(270 C) and polished to clear the Au anchors. A thick Si N
membrane material was deposited by PECVD. The metalliza-
tion layer consisting of NiCr electrode arms and contacts/pads
was that exists in a microbolometer deposited and pat-
terned. Next, a Si:H thermometer layer was subsequently sputter
deposited. The a Si:H pixel was patterned and dry etched. A thin
layer of Si N was deposited PECVD followed by sputtering of
a thin NiCr absorber. The absorber was patterned. A Si N pas-
sivation layer was deposited. Next, All Si N layers were pat-
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Fig. 4.Johnson voltage noise, temperature fluctuation voltage noise, background
fluctuation noise, and total voltage noise were calculated as a function of
chopper frequency.

terned and dry etched to expose the polyimide to oxygen ashing
in the final step. Finally, the polyimide sacrificial layers were
removed by oxygen plasma. At this stage, the microbolometer
is ready for characterization.

V. MICROBOLOMETER PERFORMANCE

In the model, the microbolometer has a resistance value
equals to 50 K and TCR equals to 2.7%/K [12]. The mi-
crobolometer was dc biased with a bias current up to 25 A
which correspond to a voltage bias of 0.75 V across the mi-
crobolometer. The microbolometer exhibited low noise voltage
and operated near background limited noise voltage. The
Johnson voltage noise, the temperature fluctuation voltage
noise, the background fluctuation noise, and the total voltage
noise were calculated as a function of chopper frequency and
plotted in Fig. 4. The 1/f 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 1/f noise depends on
many process technology factors related to the microbolometer
fabrication. Therefore, the 1/f noise does not affect the capabil-
ities of the proposed design. The responsivity and detectivity
were calculated for the 3–5 m and the 8–12 m IR trans-
parency windows. The calculated responsivity and detectivity
were plotted versus chopper frequency in Fig. 5. The respon-
sivity was maximized by enhancing the absorption in these two
windows and by achieving low thermal mass and low thermal
conductance of the detector. The calculated thermal mass and
thermal conductance were (J/K) and
W/K, respectively. However, the thermal conductance through
the electrode arms should not be made as small as possible
without consideration of response time requirement. Therefore,
the thermal capacity should be made as small as possible until
the thermal response time becomes close to the 60-Hz frame
rate. It should be pointed out that the support legs serve as
support structures, conductive legs and thermal isolation legs.
In addition, the high values of responsivity and detectivity will
allow for improved NETD to a value as low as 2.43 and 23 mK
for an 8–12 and 3–5 m window, respectively. The NETD is
plotted versus chopper frequency in Fig. 5. A complete list of
the microbolometer performance results is shown in Table II.

Fig. 5. A) Responsivity and detectivity and B) NETD as a function of chopper
frequency at different current bias values measured in vacuum with a 0.6–15�m
broadband IR radiation at 1470 K.

TABLE II
TWO-COLOR MICROBOLOMETER PERFORMANCE CHARACTERISTICS AT 30 Hz

VI. RESULTS AND DISCUSSION

The spectral exitance of a target object corresponds to
that of a blackbody source multiplied by its emissivity at
the viewed scene temperature. Therefore, information on emis-
sivity is important for an accurate estimate of temperature of the
viewed scene. However, determination of emissivity is tedious
work; therefore, the spectral exitance of an object is determined
from the detected power calculations. The spectral exitance of a
blackbody was not discussed in this paper; further details can
be found in [7]. The detected radiated power of a target ob-
ject was significantly less than the radiated one and is depen-
dent on the optical absorption of the detector. Since the vacuum
gap is changing between two depths, the optical absorption and,
hence, the detected power were maximized with an absorption
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Fig. 6. Detected power is A) plotted as a function of temperature and
B) normalized relative to the maximum spectral exitance of a viewed scene and
plotted as a function of wavelength.

Fig. 7. Temperature contrast (�P=�T) and (�P=�T)
and the ratio �P =�P of a viewed scene are plotted as a function of
temperature.

peak in the 3–5 and 8–12 m windows when the cavity depth
is 2.15 and 0.9 m, respectively. The detected power was cal-
culated relative to the total radiated power at the medium and
long wavelength of a viewed scene. The results at 300 K were
0.43, and 0.87, respectively. It is important to note that the de-
tected power changes slightly with a change of temperature of
the viewed scene. The detected power is plotted as a function of
temperature Fig. 6, and is normalized relative to the maximum
spectral exitance of a viewed scene and plotted as a function of
wavelength in the same figure. The change of the detected power

Fig. 8. Total received powers at the output channel for 3–5 and 8–12 �m
windows and for both cavity depths as the power subtracted or summed at the
output channel as a function of A) wavelength and B) temperature.

, absorbed by the detector was calculated as a function of
temperature for the same two spectral windows. The absorbed
power , the change of the detected power and

, and the ratio of , plays an important
role; they determine the sensitivity of the IR camera and de-
termine the actual temperature of a viewed scene. The change
in detected power, and , as well as the ratio

of a viewed scene are plotted as a function of
temperature in Fig. 7.

The output signal of the microbolometer at both cavity depths
can be summed or subtracted at either the readout electronic
level or the output level. In the first case, an offset value is re-
quired because the output signals for both colors are changing
with temperature. At 300 K an offset of 0.43 is required
and at 500 K an offset of 0.40 is required. The slight dif-
ference of the offset does not seem to affect the measurement of
the actual temperature of the viewed scene.

In the second case, the total received powers at 3–5 and 8–12
m windows for both cavity depths are summed (averaged) at

the output channel. The summation of the signals resulted in
total absorption (for one frame period) of 75.3%. In addition,
the signals can be subtracted at the output channel. In this case,
the power received in the 3–5- m output channel is equal to
the power received at 0.9- m cavity depth subtracted from the
power received at 2.15- m cavity depth. Similarly, the power
received in the 8–12- m output channel is equal to the power
received at 2.15- m cavity depth subtracted from the power
received at 0.9- m cavity depth. The results of total received
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Fig. 9. Efficiencies of the two-color signals at the output channel for both
medium and long wavelength spectral windows at room temperature are plotted
as a function of wavelength. In this case, the responses are subtracted.

power relative to maximum exitance due to summation and sub-
traction of power at the output channel along with the relative
spectral exitance of a viewed scene are plotted as a function of
wavelength and temperature in Fig. 8, respectively. The optical
absorption for both cavity depth of 2.15 and 0.90 m were cal-
culated from the received power in the two spectral windows
divided by the total spectral radiance in the same two windows
of a viewed scene. The calculated absorption at room tempera-
ture was 83.7% and 66.9%, respectively. The absorption showed
constant value as the temperature changing from 200–500 K.

In this model, the 3–5 and 8–12 m spectral windows
are corresponding to the two-colors are detected by the mi-
crobolometer. The efficiencies of the two-color signals at the
output channel for both medium and long wavelength spectral
windows at room temperature are equal to 62.4% in comparison
to 78.8% before color mixing and 21.8% compared to 11.1%
before color mixing, respectively. The results are plotted as a
function of wavelength in Fig. 9. In addition, it is found that
the efficiency changes very slightly with temperature from
200–500 K.

VII. CONCLUSION

A two-color microbolometer is designed. The color mi-
crobolometer is based on a tunable micromirror fabricated
underneath the detector. The micromirror moves between two
positions to create two resonant vacuum cavities. The cavity
depths maximize the optical absorption between 3–5 m and
8–12 m window to create the two-color image of a viewed
scene. The maximum achieved optical absorption’s were 89.1%
and 69.8% for cavity depth of 0.9 and 2.15 m, respectively.
The ratio of the change of spectral exitance and the ratio of
change of the absorbed power in the two spectral windows are
used to make an accurate estimate of the actual temperature of
a viewed scene. The designed microbolometer exhibited high
performance. The achieved responsivity was V/W
and the detectivity was above cm Hz W. In addition,
the microbolometer operates near background-limited noise
with NETD between 2.43–23 mK. The calculated thermal time
constant was 5.62 ms for each color. Hence, these detectors
could be used for 30 Hz frame rate applications. An offset of
40%–43% at the readout electronics is necessary to allow total
color separation. The slight difference of the offset does not

seem to affect the measurement of the actual temperature of a
viewed scene. The color efficiencies of the two signals at the
output channel for medium and long IR wavelength spectral
windows at 300 K are 62.4% and 21.8%, respectively.
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