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ABSTRACT To improve the responsivity of terahertz (THz) antenna-coupled bolometer, heater (load)
resistance has to be increased to suppress the thermal conduction and realize larger temperature rise of
the thermistor. Proper design of antenna is therefore essential to assure the impedance matching between
antenna and heater. From this viewpoint, a high-impedance folded-dipole antenna (FDA) has been studied
numerically by the finite element simulation. The effect of FDA structural parameters such as number of
arms, antenna width, and arm spacing are discussed with the lumped port and resistive heater coupled
to the antenna gap for the cases of radiating and receiving modes, respectively. The product of resonant
resistance and area efficiency is used to predict the improvement made by FDA as a figure of merit (FOM)
correlated to the bolometer responsivity. This study revealed that the optimum FOM in FDA-coupled
bolometer operating at 1 THz was obtained with three arms, 1-µm antenna width and 4-µm arm spacing.
A comparison was made with the result from a half-wave dipole antenna and revealed that FDA could
enhance the bolometer responsivity by a factor of 15. This research demonstrated the effectiveness of the
FDA to improve the performance of THz antenna-coupled bolometer for applications such as imaging for
non-destructive inspection.

INDEX TERMS Terahertz, folded-dipole antenna, bolometer, heater, impedance matching, area efficiency.

I. INTRODUCTION
Terahertz (THz) waves (0.1-30 THz) are perceived as
valuable mainly due to the unique spectral absorption by
middle and high molecule substances, good transparency for
non-polar materials, high reflection by metals, and negligible
radiation damage to living tissue under inspection [1], [2].
As a result, various THz applications have been proposed
in recent decades, such as medical diagnosis [3], non-
destructive inspection [4] and astronomical observations [5]
as well as high-speed wireless communication [6]. The
wide range of THz applications are generally supported
by the semiconductor detectors based on mechanisms such
as non-linear response of Schottky diode and FET, and
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photo-generation of carriers in quantum wells (QW) and dots
(QD). Another detection mechanism is the thermal sensing
which is advantageous in terms of the room-temperature
operation, simple device structure and the coverage of wide
wavelength range. Hence it is perceived that the thermal
detector is a better option for THz image sensor operating
at room temperature [7].

Bolometer as one kind of thermal detectors, senses the
resistance change of semiconducting or metallic film caused
by the temperature rise associated with the absorption of
incident THz radiation. The sensitivity of a bolometer is
largely affected by the thermal conduction to the supporting
structures such as substrate and the surrounding environment.
For that reason, it is crucial to design a bolometer with a
low thermal conduction by suspended structure with long and
narrow supporting legs. However, as wavelength becomes
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longer in the THz region, such thermal isolation is mechan-
ically difficult. Therefore, antenna-coupled microbolometer
becomes a viable solution in which only the part consisting
of heater and thermistor is thermally isolated above the
cavity. The incident electromagnetic wave is received by the
antenna, and the energy is transferred to the coupled heater
to raise the temperature. Furthermore, the induced Joule heat
is converted into electrical signal by the resistive temperature
sensor (thermistor) [8].

Responsivity and noise equivalent power (NEP) are the
two main parameters in analyzing the bolometer perfor-
mance, which are the ratio of the voltage output to the
input power and the smallest measurable power by the
bolometer, respectively [9]. Recent studies on the scaling
of antenna-coupled bolometer suggested the importance of
higher heater resistance to improve the responsivity and
NEP simultaneously [10]. Consequently, a high-impedance
antenna is necessary for proper impedance matching between
antenna and heater. Folded dipole antennas (FDAs) having
constructed from a standard half-wave dipole antenna with
longer effective length is one of the feasible solutions.
In FDA, the radiating part is miniaturized to form a
meander structure. Furthermore, it can be implemented as
a planar structure and optimized based on its geometrical
arrangements [11]. FDA has been extensively studied for
the micro-nano optics as well as THz applications. A
2.75 k� FDA on GaAs substrate has been reported to
enhance photomixer output power at 396 GHz compared to
a broadband antenna [12]. Heterostructure backward tunnel
diode (HBD) detector has been integrated with FDA mono-
lithically to optimize the impedance matching thus improve
its sensitivity [13]. A 6-dB power improvement by FDA
compared to a log-periodic antenna has also been reported
for CW THz photomixer [14]. The studies of FDA pointed
out the importance of the antenna parametric study for the
optimum design related to the impedance matching and
efficiency.

Although the implementation of FDA can substantially
improve the performance of THz sources and detectors, one
should notice that the antenna efficiency is deteriorated due to
the presence of high ohmic losses at the antenna surface [15].
However, the high resistance characteristics in the coupled
heater is still advantageous for the overall bolometer perfor-
mance. With the intention of optimal bolometer responsivity
improvement, we propose a novel method to numerically
investigate the THz FDA for optimized absorption of THz
wave for bolometer application. The FDA input impedance
and antenna area efficiency are investigated based on the
structural parameters in the radiating and receiving modes,
respectively. The improvement in responsivity is predicted
by the figure of merit (FOM) which is the product of
antenna area efficiency and heater resistance in an impedance
matched condition. Furthermore, a comparison is made with
the result of half-wave dipole antenna coupled to a low
resistance heater. As the heater resistance can be adjusted
by the downscaling to nanometer scale, the FDA is designed

to attain high-resistance characteristics around 1 k� by the
study on geometrical parameters such as number of arms,
antenna width and arm spacing. The antenna designed on a
high-resistivity silicon (Si) substrate allows one to consider
the real FDA experiment in the presence of the substrate. The
time domain solver of the CST Studio Suite software is used
for the numerical computation.

II. METHODOLOGY
The simulation model consists of a high-resistivity Si sub-
strate, a vacuum airbox, and gold (Au) antenna, as illustrated
in Fig. 1a. This model ensures the simulation domain include
the high directivity performance through high resistivity
substrate due to elimination of surface waves [16], [17]. The
real physical thickness of the Si substrate is 525 µm with a
refractive index of 3.42. Within this thickness, the substrate
can be modeled to behave as a semi-infinite thick layer
which is about 4 times larger than the effective wavelength
at 1 THz. Therefore, we designed the wafer as a 20 µm thick
Si box, backed by a perfectly matched layer (PML) boundary
to form a semi-infinite substrate thickness. Time domain
solver was used based on the finite integration technique
(FIT) simulation in CST software. The model was discretized
using hexahedral meshing combined with perfect boundary
approximation (PBA) to improve the geometry description
with efficient memory compared to the standard finite
differential time domain (FDTD) method [18]. In the global
hexahedral mesh properties, the mesh size was determined by
a maximum 15 cells per wavelength. The perfectly matched
layer (PML) absorbing boundary was defined in all the outer
surfaces of the simulation model with the estimated reflection
level of 10−4. As a result, the total number of 1.5 × 106

and 3.5 × 106 mesh cells were roughly generated. The
computational time took around 10 minutes and 180 minutes
for radiating and receiving mode simulations, respectively
for the steady-state condition. The computational server was
equipped with 3 GHz Intel Xeon E5-2687W based CPU
and 128 GB of memory.

Fig. 1b shows the FDA structure consist of antenna length
(La), width (wa), arm spacing (S) and number of arms (N )
equals to 2(k − 1) + 1. The antenna gap (g) was set to be
fixed at 11.5 µm wide. The antenna thickness was set to
200-nm, larger than the skin-depth of the antenna material
at 1 THz frequency. A 50 � discrete port was used on
the antenna gap as the source excitation for radiating mode
simulation. In receivingmode simulation, a 1V/m planewave
was triggered from the substrate side towards z+ direction.
We consider this configuration because the antenna on a thick
dielectric substrate radiates preferentially into the dielectric
half space, thus higher directivity could be attained from the
substrate side. The polarization and electric field vector of
the plane wave were set to be linear and parallel to the x-
axis of the antenna, respectively. A 50 nm thick titanium (Ti)
heater slab was designed on the antenna gap to receive the
induced displacement currents from the antenna, as illustrated
in Fig. 1c and 1d. To keep the reciprocal input impedance
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FIGURE 1. (a) Simulation model in 3D volumetric structure comprising of high resistivity Si substrate, a vacuum airbox, and antenna, (b) 2D FDA
geometry parameters, (c) Cross sectional view of the Ti heater design, (d) Top view of the Ti heater design at the antenna gap.

behavior of the antenna in both radiating and receiving mode,
the length of the heater was kept the same as the antenna
gap size (Lh = g). Furthermore, the heater width (wh)
was set according to the electrical resistance equals to the
resonant resistance (Rr ) of the antenna in the radiating mode
simulations, calculated as

wh =
ρlh
Rr th

(1)

where ρ, Lh, and th are the resistivity, length, and thickness
of the Ti heater, respectively. Within this heater design, the
impedance matched condition between antenna and heater
can be hypothesized. A power monitor was used in the
receiving mode simulation to store the Poynting vectors
of the electromagnetic field stimulated by the plane wave.
Hence the power dissipation into lossy materials, such as Ti
metal for the heater, can be extracted by the integration of
Poynting vectors over the enclosed surfaces. The Au antenna
and Ti heater were modeled with the electrical conductivity
of 4.4 × 107 S/m and 2.6 × 106 S/m, respectively [19].
The effects of geometrical structure parameters of FDA on
THz wave absorption of microbolometer structure, including
antenna length (La), width (wa), arm spacing (S) and number
of arms (N ) were studied by changing different structural
parameters.

III. SIMULATION RESULTS
A. RADIATING MODE
Parametric study of the FDA was performed to analyze the
effect of antenna geometries, such as length, width, and

arm spacing to the input impedance characteristic. As the
FDA resonant frequency depends mainly on its length, firstly
we determine the resonant resistance (Rr ) and resonant
length (Lr ) when the imaginary part of the input impedance
(Zin) crosses zero at the designated frequency of 1 THz.
Fig. 2 illustrates the results for the case of three-arm FDA
(N = 3) and fixing the antenna width (wa) and arm spacing
(S) to 1 µm and 4 µm, respectively. Fig. 2a shows the Zin
of FDA extracted at 1 THz versus antenna length (La). The
length is shown as the ratio to effective wavelength (λs) which
is the wavelength at the interface between vacuum and Si
substrate, calculated by

λs =
λ0

√
εeff

(2)

where εeff is the effective permittivity on the boundary of Si
substrate (ε = 11.7) and free space (ε = 1), and λ0 is the
free space wavelength at 1 THz. It can be seen from Fig. 2a
that the reactive component of the input impedance changes
from inductive to capacitive behavior as La increases. The
resonant frequency obtained when La = 0.512 λs, indicates
that the Lr of FDA is analogous to a classic half-wave
dipole antenna. Fig. 2b shows the corresponding frequency
response of the input impedance when the resonant length
(Lr ) equals to 0.512 λs. A maximum impedance of 675 �

is extracted, which is much larger than the typical half-wave
dipole impedance on a Si substrate.

The effect of wa and S to the resonant length and
input impedance are then investigated. The Rr and Lr were
extracted from each wa and S parameterization for the
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FIGURE 2. Input impedance (Zin) characteristics of FDA for N = 3,
wa = 1 µm, and S = 4 µm: (a) Resonant resistance (Rr) and length (Lr)
extraction from the point where the imaginary part crosses zero at 1 THz
in various antenna length, (b) Zin of FDA resonates at 1 THz for
Lr = 0.512 λs, N = 3, wa = 1 µm, and S = 4 µm.

N = 3, 5 and 7. Fig. 3 shows the Lr with respect to wa in
different S and N . The Lr found around 0.5 λs for all width
and spacing variations which comparable to the resonant
length of the classic half-wave dipole antenna. The Lr shows
opposite trend to the increase of wa and S, where it is linearly
increase to the former and decrease to the latter. Yet this
behavior is commonly different from the ordinary planar half-
wave dipole antenna where the antenna length and width have
opposite behavior to the resonant frequency. This could be
explained by the fact that the resonant frequency of planar
folded antenna is changing as a function of the width to
the spacing ratio for a fixed length [11]. Accordingly, as we
extract the results from a single frequency, it affected to the
linear increase of the antenna resonant length to the antenna
width but decrease to the arm spacing. In addition, the number
of arms has a minor effect to the Lr which implies the uniform
half-wave resonant length behavior in FDA regardless the
input impedance.

The corresponding resonant resistance (Rr ) is then
extracted from each resonant length (Lr ), as shown in Fig. 4.
The Rr increase with the N as longer effective length would
yield higher resistance. The Rr of three-arm FDA is ranging
from 450 to 820 � in different wa and S. A slight increase

FIGURE 3. Resonant length (Lr) of FDA as a function of antenna width
(wa) in different arm spacing (S) and number of arms (N).

FIGURE 4. Resonant resistance (Rr) of FDA as a function of antenna
width (wa) in different arm spacing (S) and number of arms (N).

of Rr appeared when wa = 1∼3 µm and then decrease
as wa increase further due to larger cross-sectional area
of the antenna. As for S = 1∼2 µm show resistance
increase and further decrease as the S larger. From these
variations, it suggests a saturated Rr around the wa and S
of 2 µm. Slightly different behavior is found in FDA with
N = 5 and 7, where the maximum Rr exceeds 1.3 k� and
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1.5 k�, respectively. As N increases, the narrow spacing
effect is stronger where very low Rr obtained in the spacing
of 1 µm when N = 5 and 7. However, the effect of
w_a reduces where no peak Rr found in the wa wider
than 1 µm. These results give a trade-off behavior between
wa and S to the FDA resonant resistances in different N .
The resistance decay in close proximity of FDA arms related
to the strong mutual coupling which causes interchange of
the energy. Some of the energy radiated from FDA arms
were received by the other arms and then re-scattered in
peculiar directions behaving as subsequent transmitters. In a
very strong mutual coupling effect, the vector sum of radiated
and re-scattered waves influences the input impedance in
the antenna gap terminal and complicates the analysis.
In a practical manner, mutual coupling between FDA arms
is difficult to predict but must be considered due to its
substantial contribution to the antenna impedance. Hence in
this report we qualitatively predict the optimum proximity
between FDA arms is 2 µm to obtain highest resistance with
any number of arms. While in the narrow width case, the
decaying resistance can be explained by the size effect caused
from the mean free path of conduction electrons, which limits
the electrical properties of a metal [20]. From the input
impedance simulation results, it is concluded that a proper
design process is critical when applying FDA to select desired
resonant resistance for the impedance matching with the
bolometer.

Furthermore, the radiation efficiency results are extracted,
which explain the capability of the antenna to converts the
RF power accepted from the source terminal into dielectric
or free-space radiation. It can be described as the ratio of
the radiated power to the total power delivered including
conduction loss caused by the antenna material. Fig. 5 show
the radiation efficiency of FDA as a function of resonant
resistance (Rr ) at 1 THz for different N . The radiation
efficiency decreases as the Rr increases (wa decreases) for
any given arm spacing and number of arms. This phenomenon
accounted for the higher conduction (ohmic) loss as an effect
of the skin depth in high frequency where the electrical
current is flowing on the conductor surface instead of the
full cross-sectional area. Hence the conductive heating loss
on the antenna surface increases as the cross-sectional area
decreases. Since the actual Rr comprises of radiation and loss
resistance, the increase of ohmic loss affect to the reduction
of radiation resistance, thus lower the radiation efficiency.
Similar behavior occurs in all S and N variations. However,
FDA with larger spacing shows higher radiation efficiency
compared to closer one, even with the same Rr . The radiation
efficiency has a large difference between 1 µm and 2 µm
arm spacing, where the former is significantly lower. This
suggests the importance of FDA arm spacing adjustment due
to mutual coupling in between antenna arms that degrades the
antenna efficiency. From radiation resistance and efficiency
results in radiating mode, it is clear that there is a tradeoff
between the two. Higher number of arms and narrow width
is desirable for high resistance performance, but with the

FIGURE 5. Radiation efficiency of FDA at 1 THz as a function of resonant
resistance in different arm spacing for the case of (a) N = 3, (b) N = 5,
and (c) N = 7.

consequence of decreasing radiation efficiency. Nevertheless,
larger arm spacing could be applied to increase the radiation
efficiency but with the impact of the larger pixel size
which may increase the complexity during nanofabrication
process.

The radiation characteristic of the FDA on semi-infinite Si
substrate is displayed in Fig. 6. Most of the electromagnetic
wave emitted towards the Si substrate. As the antenna is
located on the interface between two media with different
permittivity, the radiated power is proportional to ε3/2,
where ε is the substrate to air permittivity ratio. In the
virtue of reciprocity theorem, the antenna would receive
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FIGURE 6. Electric field radiation characteristic of the semi-infinite
substrate thickness shows the majority radiation towards the substrate
direction.

power from the substrate-side approximately 40 times larger
than that from the airside [21], [22]. The pattern shown
in Fig. 6 suggests the effectiveness of the semi-infinite
thickness design to eliminate the substrate waves loss during
simulation and it is suitable for the initial investigation
of the antenna characteristics with efficient computational
time [23]. Furthermore, the radiation pattern of all simulated
FDA geometries follows the same tendency of substrate
side radiation. Hence it can be concluded that the thick
Si substrate dominates the radiation pattern rather than the
antenna geometry itself.

B. RECEIVING MODE
In the receiving mode simulation, a heater film was used
on the antenna gap replacing the source excitation in the
radiatingmode. The heater was designed tomatch the antenna
radiation resistance in each geometrical variation extracted
in radiating mode simulation. Considering the reciprocity of
the design, a 1 V/m radiation source was launched from the
substrate side towards z+ direction. Therefore, the uniformly
incident power density (Wi) can be calculated by

Wi =
E2

2ηs
(3)

where E is the electric field intensity of the plane wave
and ηs is the wave impedance of the substrate material
(
√

µ/εs × η0). The antenna absorbs the incident power and
transfer the energy to the load (heater) causing a power
dissipation or loss. The time-average power dissipation
(Pr ) in the heater was numerically calculated based on the
integration of the Poynting vectors over the heater surfaces,
expressed as

Pr =
1
2

∫
A
Re(E × H∗)dA (4)

where E and H is the electric and magnetic field intensity,
respectively. Hence from (3) and (4), the power capturing
characteristics of the antenna can be calculated as the

FIGURE 7. Antenna area efficiency (Aeff ) as a function of antenna width
for different arm spacings for the case of (a) N = 3, (b) N = 5, and
(c) N = 7.

effective area (Ae) by the following formula,

Ae =
Pr
Wi

(5)

wherePr andWi are represented inWatt andWatt/m2, respec-
tively. Furthermore, the effective area of the receiving antenna
was extended to the antenna area efficiency (Aeff ) described
as the ratio of the antenna’s effective area to its physical area
(AP) [24]. Here we regard the diffraction-limited area, i.e.
square of the effective wavelength (λ2s ) as the AP.

Fig. 7 shows the antenna area efficiency (Aeff ) of FDA as
a function of wa for different S and N . The Aeff decreases
as N increase, which shows similar behavior to the radiation
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FIGURE 8. Power density distribution of folded dipole antenna structures
when wa = 1 µm and S = 4 µm with different number of arms: (a) N = 3;
(b) N = 5; (c) N = 7.

efficiency results in Fig. 5 as the effect of higher ohmic
loss. However, the Aeff results with respect to wa and S are
changed as the number of arms increases. For N = 3, the
Aeff is slightly decrease as the antenna width wider. It shows
opposite trend of the radiation efficiency in radiating mode
where the narrow width antenna (higher resistance) has lower
radiation efficiency. While higher resonant resistance in
N = 5 and 7 shows a fluctuating Aeff to wa. As for arm
spacing effect, the Aeff increases as the arm spacing becomes
wider regardless of the number of arms. The highest Aeff of
0.049 is obtained when N = 3, wa = 1 µm and S = 6 µm.
Compared to the FDA with number of arms of 5 and 7,
three-arm FDA has an obvious advantage in that it provides
higher peak area efficiency. Furthermore, its simpler structure
is beneficial in terms of device fabrication.

Fig. 8 shows the power density distribution in the FDA
surface for wa = 1 µm and S = 4 µm. The energy is
distributed on the antenna line and gap area. As N increases,
the average induced energy decreases due to larger antenna
surface area. This means the total energy density on the
antenna structure is higher compared to the one absorbed
into heater. Typically, the power loss on antenna surface
does not contribute to the overall antenna-coupled bolometer
performance, since only the heater part is fabricated in
suspended structure above cavity hole. Hence the temperature
increase in the bolometer mainly depends on the heater power
loss rather than power loss in the antenna surface.

IV. DISCUSSION
The area efficiency of FDA is relatively lower with the
maxima close to 5 percent according to Fig. 7. However,
the responsivity improvement could also be expected from
the higher electrical resistance, even with low area efficiency
caused by high conduction loss from the antenna surface. The
bolometer responsivity is defined as the ratio of electrical

FIGURE 9. Figure of merit (FOM) as a function of antenna width for
different arm spacings for the case of (a) N = 3, (b) N = 5,
and (c) N = 7.

output signal of the bolometer to the input radiation power
from the source, with the unit of volts per watt (V/W)
or amperes per watt (A/W) if the output signal current is
measured. When a THz radiation incident upon bolometer
surface, the power is absorbed and cause a temperature
increase. According to the heat transfer equation, the
output signal voltage (Vs) measured in the bolometer is
proportional to [25]

Vs ∝
αADPo
G

(6)

where α is the temperature coefficient of resistance (TCR)
of the bolometer material, AD is the detector area, Po is
the incident radiation power density, and G is the effective
thermal conductance of the bolometer. In the presence of an
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FIGURE 10. Resonant resistance and antenna area efficiency comparison
between FDA and half-wave dipole antenna.

antenna as an absorbing component, the detector area could
be replaced by the effective area (Ae) of the antenna. Antenna
with a large effective area is preferable to absorb and transfer
more power to the bolometer hence increase the output signal,
as long as both impedances are closed to each other. The
other way to increase the responsivity is by reducing the
overall thermal conductance of the bolometer by downscaling
it. A smaller bolometer leads to larger thermal resistance
that is correlated to the electrical resistance Rh of the
heater. Consequently, the antenna should sufficiently enhance
its resistance for the proper impedance matching between
the two. However, the typical high impedance antenna has
lower efficiency due to high ohmic losses in the antenna
surfaces. Therefore, to consider the trade-off between antenna
efficiency and resistance, we use the product of the antenna
area efficiency and heater resistance as the figure of
merit (FOM) to evaluate the overall bolometer performance
improvement made by the FDA,

FOM = Aeff × Rh (7)

With this definition, a higher FOM is preferable since it
corresponds to the responsivity improvement of the antenna-
coupled bolometer.

Fig. 9 shows the FOM of various FDA geometries calcu-
lated from (7). Please remember that the heater resistance
(Rh) was set equal to the resonant resistance (Rr ) of the
antenna based on simulation in radiating mode. It is clear
that three-arm FDA has higher FOM compared to the
5- and 7-arm FDA. The optimum FOM is 30 in when
N = 3, for 1-µm wide and 4-µm arm spacing. FDA
with number of arms larger than 3 shows rather stable
FOM but with slight effect to the antenna width. The
FOM is increasing with the arm spacing and shows higher
saturation point as the number of arms increase. These
results reveal that the antenna-coupled bolometer could be
improved with the folded dipole antenna and high resistance
heater. However, the trade-off between resistance and antenna
efficiency must be considered in order to find the optimum
condition.

To justify the responsivity improvement being made by
high impedance antenna and heater, a comparison with half-
wave dipole antenna was made. We designed a half-wave
dipole antenna with 45-µm long, 3-µm wide, and simulated
it with the setup. A resonant resistance (Rr ) of 23� was
obtained at 1 THz with the area efficiency of 0.083 from
radiating and receiving mode simulations. Fig. 10 shows
the Rr and Aeff comparison between FDA and half-wave
dipole antenna which reveals the FOM improvement by
a factor of 15 can be expected by the implementation of
FDA. However, the improvement factor could be different
if the comparison is made with different type of antenna
used for antenna-coupled detectors, such as bowtie, spiral
and log-periodic antennas with various efficiency, impedance
and bandwidth. In this report, we intended to see the
performance improvement in the wide range of the heater
resistance, and thus the FDA is chosen among many types
of antennas since it can realize variety of resonant resistance
by changing number of arms, arm spacing and width.
A comparison with the half-wave dipole antenna is made
because it is a typical planar antenna for antenna-coupled
microbolometer.

V. CONCLUSION
In this paper, we designed and electromagnetically simulated
the folded dipole antennas (FDA) with various dimensions
for 1-THz operation. FDA was selected to realize high
input impedance required for improving the performance of
the antenna-coupled bolometer with high-resistance heater.
Structural design and simulation results were presented in
radiating and receiving modes to study the impact of different
structural parameters of the FDA on input impedance and
area efficiency, respectively. The higher number of arms and
longer effective length of FDA contributed to the increase
of input impedance and decrease of antenna area efficiency.
We proposed that that the bolometer responsivity could be
predicted by the product of antenna area efficiency and
resonant resistance. Simulation in various FDA geometries
was performed, and the optimum performance was obtained
by the three-arm FDA with 1-µm antenna width and 4-µm
arm spacing. A comparison with half-wave dipole antenna
with low impedance heater showed that the bolometer
responsivity could be enhanced by a factor of 15. This
research could be regarded as the first step in demonstrating
the feasibility of high-impedance antenna for the antenna-
coupled THz bolometer. Moreover, the proposed method
could also provide the design procedure of the antenna
for THz detector applications such as imaging for non-
destructive inspection.
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