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A dual-band microbolometer coupled with an H-shaped fractal antenna, which can detect both infrared (IR) and THz waves simultaneously is
proposed. Firstly, the H-shaped fractal antenna for 125 and 500 μm dual-bands is proposed by using the dipole antenna formula and finite
element method (FEM) simulation. On the basis of simulation results, the H-shaped fractal antenna for the microbolometer is fabricated
and the electromagnetic wave absorption characteristics of it are measured. Transmission measurement successfully confirmed the
absorption peaks near the aimed for two wavelengths in the IR and THz regions, respectively. It showed that the proposed microbolometer
coupled with the H-shaped fractal antenna is considered as a useful tool for widely separated multi-band detection. Moreover, for the
microbolometer design, the influence of bias line resistivity on microbolometer characteristics with two different bias line materials by the
FEM simulation is studied. It is observed that the electromagnetic wave absorption characteristics of the microbolometer are affected by
the resistivity of the bias line material, especially when the parallel polarised incident wave to the bias line formation direction is irradiated.
Figure 1 Schematic diagram of an H-shaped fractal antenna coupled dual-
band microbolometer
SiO2 layer is lifted up to show removed substrate structure beneath the SiO2

layer
1. Introduction: Since antenna coupled microbolometers have
many advantages such as fast response time, low power
consumption and the detectivity of the electromagnetic wave over
wide frequency ranges [1, 2], they have attracted a lot of attention.
Moreover, antenna coupled microbolometers can be fabricated
easily compared with other uncooled infrared (IR) or THz sensors
because generally they have monolithic structures that can be
fabricated using standard integrated circuit manufacturing techniques
such as lithography, thin film deposition and etching. The antenna
coupled microbolometers detect the aimed for electromagnetic wave
by an antenna and the resonated electromagnetic wave is
transformed to thermal energy, which causes the electrical resistive
variation (shift) of the microbolometer material. By applying a
constant current through the microbolometer material, one can
measure a change in the bias voltage of the microbolometer, which
indicates a change in temperature.
Fractal structures have potential for various applications. Among

them, we focus on their application to antennas because they can
resonate to multi-frequencies [3, 4]. As an example of fractal
antenna application especially in the THz range, the emission
characteristics of the H-shaped fractal antenna were investigated
and multi-frequency emission peaks were reported [5].
In this Letter, we propose an antenna coupled microbolometer

utilising the H-shaped fractal antenna to achieve widely separated
dual-band detection ranging from IR to THz frequencies. The sche-
matic diagram of our proposed microbolometer is shown in Fig. 1.
Our device mainly consists of the H-shaped fractal antenna, a VOx

layer as a microbolometer material and the bias line to apply a con-
stant current. Etching holes are formed for Si substrate removal,
which is for thermal isolation. To show the whole device structure,
the SiO2 layer is lifted up in Fig. 1.
The H-shaped fractal antenna is designed by simulation and

fabricated by the electron beam lithography technique. In this
Letter, we first report the design results of the H-shaped fractal
antenna for dual-band detection. Furthermore, we report the meas-
ured electromagnetic wave absorption characteristic results for our
H-shaped fractal antenna fabricated to verify dual-band sensitivity,
which will be compared and discussed with the simulation results.
Micro & Nano Letters, 2014, Vol. 9, Iss. 10, pp. 639–643
doi: 10.1049/mnl.2014.0266
Finally, the investigation results of the bias line resistivity effect on
the electromagnetic wave absorption characteristics will be dis-
cussed to estimate our microbolometer characteristics as well.
2. Design and simulation: To verify the dual-band sensitivity of
our proposed microbolometer shown in Fig. 1, we designed the
H-shaped fractal antenna to resonate at two different wavelengths
of 125 and 500 μm. First, we determined the dimensions of the
H-shaped fractal antenna resonating at these two wavelengths by
the simulation. A schematic simulation model of the H-shaped
fractal antenna is shown in Fig. 2. An H-shaped fractal antenna is
formed on Si substrate with a 200 nm-thick SiO2 layer. The
material of the antenna is Au. The width (W ) and thickness of
the H-shaped fractal antenna are fixed as 2 and 0.1 μm,
respectively. Lastly, we determined the lengths L1 and L2 of the
H-shaped fractal antenna in Fig. 2, which are given by the target
resonant wavelengths of the microbolometer. To determine
antenna lengths L1 and L2, we used the dipole antenna formula
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Figure 2 Simulation model of an H-shaped fractal antenna of dual-band
microbolometer
W (=2 μm) and L1, L2 represent antenna width and lengths, respectively

Figure 4 Schematic diagrams of the current paths (black arrowed lines) at
each resonant wavelength, where mode 1 and mode 2 represent current
paths of longer side and shorter side resonant wavelengths, respectively
a Mode 1
b Mode 2
[6, 7] for the conventional dipole antenna design as follows

L = 0.48A
���

1e
√ l (1)

where λ is the wavelength, L is the dipole antenna length, which
resonates at wavelength λ, A = (1/(1 +W/L)), W (=2 μm) is the
antenna width, εe = (1 + εr)/2 and εr (=11.669) is the relative
permittivity of the Si substrate, respectively. The antenna lengths
L1 and L2 calculated from formula (1) for the aimed for two
wavelengths resulted as being 93.4 and 21.8 μm, respectively.
With these dimensions, the absorption spectrum (resistive loss)
for the x-polarised electromagnetic irradiation of 1 V/m from the
+z-direction was calculated by finite element method (FEM)
simulation to confirm the antenna performance. The resistive loss
means the total amount of thermal dissipation of the antenna
caused by Joule heat, which is induced by electromagnetic wave
resonance. In other words, the peaks of the resistive loss appear
at the resonance wavelengths. As a simulation tool, we utilised
COMSOL Multiphysics simulation package. In the simulation, to
obtain an accurate result the length of a side of a mesh element is
kept less than 0.1 × (incident wavelength) × (relative permittivity
of the material to be meshed)−1/2.

The simulated resistive loss is shown in Fig. 3. The resonant
wavelengths are located at about 250 and 1363 μm, respectively.
In Fig. 3 we call the longer side and the shorter side resonance
mode mode 1 and mode 2, respectively. As the H-shaped fractal
antenna consists of the connection of dipole antennas, the resonant
Figure 3 Simulated resistive loss for the x-polarised incidence from the
+ z-direction
Antenna lengths L1, L2 and width W are 93.4, 21.8 and 2 μm, respectively
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wavelengths were shifted largely to the longer wavelength side
than the objective wavelengths although we were able to confirm
the dual-band sensitivity of it. To correct antenna dimensions, we
investigated current paths at the resonant wavelengths by FEM simu-
lation. The current paths obtained by FEM simulation are repre-
sented in Fig. 4, by which we could confirm two resonance modes
corresponding to two resonant wavelengths. As shown in mode 1
corresponding to the resonant wavelength of 1363 μm, the current
flows in both L1 and L2, namely the current path length becomes
2(L1 + L2). On the other hand, in the case of mode 2 corresponding
to the resonant wavelength of 250 μm, mainly the current flows in
the small H-shaped antenna consisted of L2s, namely the current
path length becomes 2L2. We equalised current path lengths
corresponding to mode 1 and mode 2 to the calculated antenna
lengths given by the dipole antenna formula (1), that is 2(L1 + L2)
and 2L2 are modified to 93.4 and 21.8 μm, respectively.

As the results of recalculation, we obtained antenna lengths of
L1 = 35.8 μm and L2 = 10.9 μm, respectively. Again, we calculated
the absorption spectrum for these antenna lengths by FEM simula-
tion, and the result is shown as the dashed line in Fig. 5. The reson-
ant wavelengths are still shifted a little from the designed values of
125 and 500 μm. Note that the obtained resonant wavelengths by the
simulation are 115 and 545 μm. It seems that the shifts were caused
by the parasitic capacitance of the antenna. Especially in case of the
longer side resonant wavelength shift, its influence seems to be rele-
vant. Therefore, it is necessary to adjust the length of shorter L1. As a
result of adjusting the antenna lengths to be resonated at 125 and
500 μm by FEM simulation, the antenna lengths were determined
to be 30 and 11.8 μm for L1 and L2, respectively.

The simulation result of the absorption spectrum with finally
adjusted lengths is shown as the solid line in Fig. 5. The resonant
wavelengths are located at 125 and 491 μm for the x-polarised
Figure 5 Simulated resistive losses for the x-polarised incidence from the
+ z-direction to the antennas having the dimensions of L1 = 35.8 μm and
L2 = 10.9 μm (dashed line), and L1 = 30 μm and L2 = 11.8 μm (solid line),
respectively
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Figure 6 Fabrication process flow of the H-shaped fractal antenna array
a Si substrate with SiO2 layer
b Antenna array formation

Figure 8 Measured transmittance spectra for the x-polarised incidence
from the +z-direction
Solid and dashed lines are measurement results by FTIR and THz-TDS,
respectively

Figure 9 Modified simulation model according to measured dimensions of
a fabricated the H-shaped fractal antenna in the antenna array (called
model A)
incident electromagnetic wave. The resistive loss at mode 2 is
smaller than that of mode 1. It means that the excited current at
mode 2 is smaller than that of mode 1.

3. Fabrication: We fabricated the H-shaped fractal antenna to
verify its dual-band sensitivity according to the design results in
Section 2. The fabrication process of our H-shaped fractal
antenna is illustrated in Fig. 6. In this study, we fabricated
two-dimensional arrays of the H-shaped fractal antenna to
observe the resonant wavelengths easily. On the Si substrate with
a 200 nm-thick SiO2 layer (Fig. 6a), the array of the antenna
element and the bias line were patterned using the electron-beam
(EB) lithography technique and the lift-off process (Fig. 6b). The
antenna element was patterned with 50 μm pitch in a 5 mm2 area.
The metal layers of the antenna consist of 50/100 nm-thick Cr/Au
layers. The SEM image of the fabricated H-shaped fractal
antenna array is shown in Fig. 7.

4. Measurement results and discussion: We measured the
transmittance with our fabricated H-shaped fractal antenna array
to confirm dual-band sensitivity and our simulation results. The
transmittance was measured by Fourier transform infrared
spectroscopy (FTIR) and terahertz time-domain spectroscopy
(THz-TDS) methods. The measurement results are shown in
Fig. 8, where the solid line and the dashed line represent
the transmission spectra measured by FTIR and THz-TDS,
respectively, with the x-polarised incidence from the +z-direction
to verify the resonance at the wavelength of 125 and 500 μm,
respectively. The dips of transmittance exist at about 110 and
512 μm. The sharp peak appeared at about 119 μm in the FTIR
measurement result is because of noise. The wavelengths of the
dips in the transmission measurement results and that of the
peaks in the resistive loss simulation results should coincide.
Consequently, we were able to confirm the dual-band sensitivity
of our H-shaped fractal antenna array by the experiment.
Figure 7 SEM image of the fabricated H-shaped fractal antenna array
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However, there are slight differences between the final simulation
results in Fig. 5 and the experimental results in Fig. 8.

We modified our simulation model to obtain more accurate simu-
lation results. First, we checked the fabricated antenna dimensions,
and found that they were different from the designed dimensions.
These differences may have been caused by differences between
the formed photoresist pattern dimensions and the mask dimensions
that occurred in the electron beam lithography process. The modified
simulation model according to the measured dimensions is repre-
sented in Fig. 9 and we call it model A. With the modified simula-
tion model A, we simulated again the resistive loss. The simulation
result is shown in Fig. 10. We obtained the resonant wavelengths of
136 and 504 μm. The simulation result of the longer side resonant
wavelength of 504 μm is almost the same as the measurement
result. However, in the case of the resonant wavelength of the
Figure 10 Simulated resistive loss for the x-polarised incidence from the
+z-direction with modified simulation model A, whose dimensions are
given by fabricated antenna
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Figure 11 Simulated resistive loss for the y-polarised incidence from the
+z-direction with modified simulation model A, whose dimensions are
given by fabricated antenna

Figure 13 Simulation model of a fabricated H-shaped fractal antenna with
measured dimensions and bias lines
Bias line material is considered as Au (called model B) or Ti (called
model C)
shorter wavelength side, there still exist differences between the
measurement and simulation values. This disagreement may have
been caused by the difference in structure between the simulation
model, which has only one antenna element, and that of the mea-
sured antenna, which has the array of antennas and bias lines.

We also investigated the electromagnetic absorption character-
istics of the H-shaped fractal antenna for the y-polarised incidence
from the +z-direction. The simulation result of the absorption spec-
trum (resistive loss) for the y-polarised incidence is shown in
Fig. 11. The resonant wavelengths are located at 65 and 333 μm.
The measurement results of the transmittance of the fabricated
H-shaped fractal antenna array with the y-polarised incidence are
shown in Fig. 12, in which the solid line and dashed line represent
the transmission spectra measured by FTIR and THz-TDS, respect-
ively. The sharp peaks that appear in the FTIR measurement result
are because of noise. The dips of transmittance exist at 48, 191 and
259 μm. Although the simulated resistive loss has only two reson-
ant peaks, the transmittance has three dips. Moreover, the simulated
resonant wavelengths are different to the wavelengths of the trans-
mittance dips in the measurement results. This difference also may
be caused by the difference of the structure between the simulation
model and fabricated antenna. The two dips that appear in the
longer resonant wavelength side in Fig. 12 are considered to be a
result of the electromagnetically induced transparency-like phe-
nomenon, which will be discussed in a separate paper.

In the microbolometer, a constant current is applied through bias
lines to measure the resistance variation of the microbolometer
material caused by electromagnetic wave absorption. To obtain a
more accurate simulation model, we studied the influence of the bias
line resistivity on the antenna and the microbolometer characteristics.
To do so, wemodifiedmodel A by addition of 18.1 μm-long, 100 nm-
thick and 2.2 μm-wide two bias lines that are formed parallel to the
Figure 12 Measured transmittance spectra for the y-polarised incidence
from the +z-direction
Solid and dashed lines are measurement results by FTIR and THz-TDS,
respectively
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y-axis. A modified simulation model having bias lines is represented
in Fig. 13. In this study,we investigated two different bias line resistiv-
ities; one is the Au and another is the Ti bias line whose resistivity is
about 18 times greater than that of Au. We call the modified models
with the Au and Ti bias lines model B and model C, respectively.

The simulated resistive losses of models A, B and C for the
x-polarised incidence from the +z-direction are shown in Fig. 14.
Note that the simulation results for models B and C shown in
Fig. 14a represent the resistive losses occurred only in the
antenna. In other words, the resistive losses that occurred in the
bias lines are excluded in the simulation results represented in
Fig. 14a to investigate the bias line effect on the antenna character-
istics. The results in Fig. 14a show that the resistive losses of the
antenna portion for models B and C are hardly changed compared
with that of model A. In addition, we investigated the total resistive
Figure 14 Simulated resistive loss for the x-polarised incidence from the
+z-direction
a Resistive loss of each antenna for models A, B and C
b Resistive loss of the antenna for model A, and the sum of the resistive
losses of antenna and bias line for models B and C
In each graph, wavelengths at peak for each model are indicated
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Figure 15 Simulated resistive loss for the y-polarised incidence from the
+-direction
a Resistive loss of each antenna for models A, B and C
b Resistive loss of the antenna for model A, and the sum of the resistive
losses of antenna and bias line for models B and C
In each graph, wavelengths at peak for each model are indicated
losses occurring in both the antenna and the bias lines for models B
and C, for which the simulation results are represented in Fig. 14b.
By the simulation results of Fig. 14b, we can estimate the influence
of the bias line on the microbolometer characteristics because the
resistive loss occurred in the bias line may contribute to the tem-
perature increase of the microbolometer material such as VOx,
which will be in contact with the bias line for applying a constant
current (see Fig. 1). As shown in Fig. 14b, the total resistive
losses including the bias line portion of models B and C are also
hardly changed compared with that of model A. As a result, we con-
clude that the bias line itself and its resistivity have almost no influ-
ence on both antenna and microbolometer characteristics when the
incident electromagnetic wave is x-polarised.
Similarly, we studied the influence of the bias line itself and its

resistivity on antenna and microbolometer characteristics for the
y-polarised electromagnetic wave incidence, which is parallel
with the bias line. The investigation results are shown in Fig. 15
for models A, B and C. The simulated resistive losses of the
antenna only and the total resistive losses including the bias line
portion for each model are represented and compared in Figs. 15a
and b, respectively. Although the resistive losses of models B and
C around from 70 to 200 μm in Fig. 15a are slightly smaller than
that of model A, the peak wavelengths and the peak intensities of
these models are almost the same. On the other hand, the peak
wavelengths and the peak intensities of the total resistive losses in-
cluding the bias line portion for models B and C shown in Fig. 15b
are different from that for model A. It seems that these behaviours
resulted from the influence of the resistive losses of the bias lines in
models B and C because of resonance at from 70 to 200 μm for the
y-polarised incident electromagnetic wave. Furthermore, the resist-
ive loss difference caused by bias line resonance between models B
and C came from the resistivity difference of the bias line materials.
Note that the resistivity of Ti is about 18 times greater than that of
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Au, and the influence of bias line resistive loss in model C is greater
than that in model B. In the case when the incident electromagnetic
wave is y-polarised, we have to consider the influence of resistive
loss occurring in the bias line in the design process for the
antenna coupled microbolometer.
5. Conclusions: We have proposed a dual-band microbolometer
coupled with an H-shaped fractal antenna, which can detect both
IR and THz waves simultaneously. Firstly, we designed the
H-shaped fractal antenna by using the dipole antenna formula and
FEM simulation, which has two resonance wavelengths of 125
and 500 μm.

To verify the widely separated dual-band sensitivity of our
designed H-shaped fractal antenna, we fabricated the H-shaped
fractal antenna and measured its characteristics for the x-polarised
incidence.

As a result of transmission measurement, we can confirm the ab-
sorption peaks near the aimed for two wavelengths in the IR and
THz regions, respectively. This shows that our microbolometer
coupled with the H-shaped fractal antenna can be considered as a
useful tool for widely separated multi-bands detection.

Furthermore, we investigated the characteristics of the H-shaped
fractal antenna for the y-polarised incidence by FEM simulation and
measurement. Their resonant wavelengths were different to those
for the x-polarised incidence and we have found a peculiar phenom-
enon, which will be discussed elsewhere. If we utilise both the
x- and y-polarised wave as incidence waves, the selectivity of de-
tectable wavelengths will be enhanced.

Lastly, we investigated the bias line effect on the antenna and
microbolometer characteristics with two different bias line materi-
als. The simulation results show that the influence of the bias line
itself and its resistivity on the antenna characteristics for both x-
and y-polarised incidence is not remarkable. However, it affects
the characteristics of the microbolometer, especially for the
y-polarised incidence, and therefore it is necessary to take
account of the bias line resistivity in the design process when the
microbolometer is used for the y-polarised incidence.
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