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1. INTRODUCTION

Development of a receiving element suitable
for passive millimeter-wave (PMMW) imaging
array is desired [1], [2]. Required characteris-
tics of the antenna for the array are: the same
E-plane and H-plane patterns (circular radi-
ation pattern) having desired beam width to
achieve the optimum coupling with a dielectric
lens, a narrow-width geometry to obtain a high
resolution of imaging and broad bandwidth.

The tapered slot antenna (TSA) is well
known for the features of thin structure, low
weight, easy to fabricate, broadband and
well suited for microwave integrated circuits
(MICs), and is expected to meet a demands
described above.

Recently, Sugawara et al. have proposed a
TSA called “FERMI antenna” [3], [4] having
a profile defined by the Fermi-Dirac function
as well as the corrugation on the side of the
substrate. They found experimentally that the
FERMI antenna has almost the same E-plane
and H-plane patterns and low side lobe levels.

However, the TSA’s including the FERMI
antenna have many design parameters such as
the taper profile, the length of antenna, the
width of aperture, the thickness and dielectric
constant of the substrate, the dimensions of the
ground plane, and these parameters affect the
radiation characteristics.

The purpose of this paper is to develop a
design method using the FDTD to obtain the
parameters of the FERMI antenna for PMMW
imaging, and to show an optimum design.

2. GEOMETRY

Fig. 1 shows the geometry of the FERMI
antenna. The Fermi-Dirac taper is determined

Figure 1: Geometry of FERMI antenna.

by the following equation

f(x) =
a

1 + e−b(x−c)
(1)

where a denotes the asymptotic value of the
width of the taper for x → ∞ and c denotes
the x coordinate of the inflection point of the
Fermi-Dirac function. Because of the relation
of f 0(c) = ab/4, b is related to the gradient at
the inflection point c. Also there is a relation
of f(c) = a/2 and W = 2a when b(L− c)À 1.
The FDTD analysis was performed to find

the relation between the radiation pattern and
the parameters of the FERMI antenna fab-
ricated on a 200µm-thick dielectric substrate
(εr=3.7). The length of antenna L is selected
as 4λ0 so that the taper section holds traveling
wave characteristics [3], where λ0 is the wave-
length in vacuum at the center frequency. The
width of the aperture W and the position of
the inflection point c is optimized in Sec. 3 to
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(a) E-plane

(b) H-plane

Figure 2: Radiation pattern of FERMI antenna
at 35 GHz. W=0.91λ0, a=W/2, b=2.4/λ0,
c=2λ0.

Figure 3: Calculated actual gain and side-
lobe levels of FERMI antenna with chang-
ing d while lc=0.13λ0, W=0.91λ0, a=W/2,
b=2.4/λ0, c=2λ0.

obtain a narrow-width FERMI antenna with
the required circular radiation pattern. The
dimensions of the corrugation with the width
wc, the pich p and the length lc are determined
as [4],

wc = L/100, p = 2wc, lc = 0.13λ0 (2)

and the parameter b is selected as 2.4/λ0 [5]
to obtain low side lobe level of the H-plane
pattern.

3. DESIGN FOR PMMW IMAGING

The FDTD numerical design of the ra-
diation pattern to obtain the 10dB beam
width of BWdesign=52

o which is suitable for
our f/D=1 focusing system [6], was per-
formed. In the FDTD analysis, the cell size are
∆x=0.1714mm, ∆y=0.1mm and ∆z=0.05mm,
respectively. The number of time steps was
16,000 and the 8-layer PML was used. The
antenna was separated 40∆x, 20∆y and 60∆z
from the PML in each direction. A gaussian
pulse was used for the excitation of the an-
tenna at the origin O in Fig. 1 and the delta
gap feed was used with 110 Ω internal resis-
tance, which is corresponding to the character-
istic impedance of the feeding slot line with the
width of 0.1mm.

Fig. 2 (a), (b) compare the radiation pat-
terns of a typical Fermi antenna measured and
calculated at 35GHz which is an atmospheric
window. The width of the aperture W and the
position of the inflection point c were selected
as W=0.91λ0 and c=2λ0, respectively, where
λ0 is the wavelength at f0=35GHz. In the ex-
periments, the feeding slot line was excited by
a waveguide-to-finline transition, and the fin-
line was inserted inside the rectangular waveg-
uide WRJ-320. Good agreement between the
numerical results and the experimental data is
observed and the validity of FDTD analysis is
confirmed.

Fig. 3 shows the calculated actual gain and
sidelobe levels of the FERMI antenna as a func-
tion of the width of the lateral edge d. It is
observed that the gain increases and the side-
lobe levels of the E-plane and the H-plane de-
crease for narrower d, i.e, d = lc. Thus, the
width of the substrate D should be selected as
D =W +2lc to obtain a narrow-width FERMI
antenna with high gain and low sidelobe levels.

Fig. 4 (a) shows the 10dB beam width of the
radiation pattern as a function of the position
of the inflection point c when the width of the
aperture is W=0.91λ0. The beam width of the
H-plane changes from 70.4o to desired beam
width BWdesign=52

o when c moves from 2λ0
to λ0, while the variation of beam width of the
E-plane is 7.5o. When c equals to λ0, the beam
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width of the E-plane is 45o, resulting in almost
circular radiation pattern. Simulated results of
the 10dB beam width versus the width of the
aperture W (0.3λ0—0.9λ0) are shown in Fig. 4
(b), when c=λ0. The beam width of the E-
plane changes from 45o to BWdesign=52

o while
the variation of the beam width of the H-plane
is only 1o.

Thus, the beam width of the E-plane is al-
most determined by the width of the aperture
W and that of the H-plane is determined by
the position of the inflection point c. It has
been found that a narrow-width FERMI an-
tenna having beam widths of nearly 52o in both
E-plane andH-plane can be obtained by select-
ing c=λ0 and W=0.32λ0.

Fig. 5 show the optimized radiation patterns
of a FERMI antenna measured and calculated
at 35GHz. The circular radiation pattern is
obtained with low sidelobe levels in the E-plane
and the H-plane for the narrow-width FERMI
antenna. The width of the substrate D=5mm
is almost equal to the half Rayleigh resolution
of 5.25mm at 35GHz.

Fig. 6 shows the calculated frequency char-
acteristics of 10dB beam width. It is observed
that almost the same E-plane and H-plane
beam widths are obtained in the broadband
frequency range which is required in PMMW
imaging.

In order to evaluate the optical matching be-
tween the lens and the FRRMI antenna, the
coupling factor [7], [8] with respect to the elec-
tric field given by

α =
| R π

2
−π
2
q(θ)f∗(θ)dθ|2R π

2
−π
2
|q(θ)|2dθ R π

2
−π
2
|f(θ)|2dθ

(3)

was introduced, where f(θ) is the radiation pat-
tern of the FERMI antenna and q(θ) is the field
distribution of the lens given by

q(θ) =

(
1, |θ| < 26o
0, else.

(4)

The calculated results in the case of Fig. 2 (un-
optimized) and Fig. 5 (optimized) were 75%
and 81%, respectively, resulting in the increase
of the transformation efficiency.

4. CONCLUSION
A design of the FERMI antenna as a receiv-

ing element of PMMW imaging has been pre-
sented. By using the FDTD analysis, it has
been found that the beam width of the E-plane
and the H-plane of the FERMI antenna can be
controlled by changing the width of the aper-
ture and the position of the inflection point of
the Fermi-Dirac taper profile, respectively. Ac-
cording to these characteristics, a FERMI an-
tenna with the circular radiation pattern hav-
ing the beam width of 52o and the geometrical
width of 0.58λ0 which fits to the f/D=1 optics
have been obtained.
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Figure 4: 10dB beam width of FERMI antenna, (a) as a function of position of inflection point
c (W=0.91λ0), (b) as a function of width of aperture W (c=λ0).

(a) E-plane

(b) H-plane

Figure 5: Optimized radiation pattern of
FERMI antenna at 35 GHz, W=0.32λ0,
a=W/2, b=2.4/λ0, c=λ0.

Figure 6: Calculated 10dB beam width of
FERMI antenna as a function of frequency.
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