
1184
IEICE TRANS. COMMUN., VOL.E94–B, NO.5 MAY 2011

PAPER Special Section on Antenna and Propagation Technologies Contributing to Diversification of Wireless Technologies

Transition from Waveguide to Two Microstrip Lines with Slot
Radiators in the Millimeter-Wave Band

Kazuyuki SEO†a), Student Member, Kunio SAKAKIBARA††, Member, and Nobuyoshi KIKUMA††, Fellow

SUMMARY Many kinds of microstrip array antennas have been devel-
oped in the millimeter-wave band. In order to avoid feeding loss and the de-
crease of antenna gain by beam shift due to frequency changes, center-fed
array antennas are advantageous. In this case, the element spacing around
the feeding circuit of the transition from the waveguide to two microstrip
lines is larger than one wavelength. Therefore, the sidelobe level grows
significantly. In order to suppress the sidelobe level, we propose transitions
with slot radiators. Moreover, any polarization angles can be achieved by
changing the slot angle. A wide variety from 1.5% to 70% of slot radi-
ator coupling powers can be achieved. To investigate the performance of
the proposed transition, 10, 22 and 30-element center-fed microstrip comb-
line antennas with the proposed transition were developed at 76.5 GHz, and
measured performance was evaluated in the millimeter-wave band.
key words: microstrip transition, millimeter-wave circuit, waveguide tran-
sition, comb-line antenna

1. Introduction

Many kinds of automotive radars have been developed in
the millimeter-wave band [1], [2]. Microstrip antennas are
superior candidates when radar sensors are used extensively
in vehicles due to their advantages of low cost and low pro-
file. On the other hand, feeding loss due to transmission loss
of microstrip lines is a significant problem in array feeding.
So, microstrip array antennas are suitable for relatively low
gain applications such as the subarrays of digital beam form-
ing (DBF) systems [3]. Series feeding patch array antennas
and microstrip comb-line antennas are more effective for rel-
atively low loss compared to ordinary parallel feeding patch
array antennas since feeding loss is smaller [4], [5].

Series feeding patch array antennas and microstrip
comb-line antennas fundamentally have a significant prob-
lem of long line effect [4], causing gain to be degraded by
beam shift due to frequency changes when the array antenna
is fed from the edge of the microstrip line. So, in some ap-
plications, center-fed microstrip array antennas are more ad-
vantageous than edge-fed microstrip array antennas [5], as
beams do not shift in radiation patterns [6], [7]. Generally,
microstrip array antennas are placed on the front surface of
radar sensors and are connected to backed millimeter-wave
circuits via waveguides in the sensors. Therefore, transitions
from waveguides to microstrip lines are required for antenna
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feeding.
Various types of transitions from waveguide to mi-

crostrip line have been proposed. With regard to perpendic-
ular connections, conventional types of probe feeding have
wideband characteristics [8], [9], but this requires a metal
short block with a quarter-wavelength on the substrate. A re-
placement for the metal short block is a patch element in the
waveguide to achieve sufficient coupling between the wave-
guide and the microstrip line [10], [11]. The slot coupling
type [10] achieves coupling between the microstrip line and
the patch element in the waveguide by means of a slot. It is
composed of two dielectric substrates without a metal short
block. The proximity coupling type has been developed
more recently. It can be comprised of a single dielectric

Fig. 1 Configuration of the proposed transition.
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substrate attached to the waveguide end and is suitable for
mass production [11].

When a center-fed microstrip array antenna is fed
with a previously-developed transition [12], element spac-
ing around the feeding circuit of the transition from the
waveguide to the two microstrip lines is larger than one
wavelength as shown in Figs. 1(a), (b). Therefore, the side-
lobe level grows significantly [7], [13].

In this paper, in order to suppress the sidelobe level, a
transition from the waveguide to two microstrip lines with
slot radiators is proposed in the millimeter-wave band. This
transition can be composed of a single dielectric substrate
attached to the waveguide end. The configuration of the
transition is presented in Sect. 2. A numerical investigation
of the transition shows the relations between the coupling
power of the slot radiators and each parameter in Sect. 3. In
order to evaluate the performance of the proposed transition,
three center-fed microstrip comb-line antennas that use dif-
ferent numbers of elements with the proposed transition are
designed as in Sect. 4 and their measured performances are
presented in Sect. 5.

2. Configuration

The configuration of the transition is shown in Fig. 1(c). The
conductor patterns on both surfaces of the dielectric sub-
strate are separately illustrated in Fig. 1(c). Microstrip lines,
probes and waveguide shorts are located on the upper plane
of the dielectric substrate. Two slots are patterned symmet-
rically on the waveguide short. A rectangular patch element
and the surrounding ground are patterned on the lower plane
of the dielectric substrate. Via holes surround the aperture
of the waveguide on the lower plane of the substrate to con-
nect the lower surrounding ground and the upper waveguide
short electrically. Input power from the waveguide excites
y-component currents on the patch, which couples to the mi-
crostrip line probes. The currents on the waveguide short
cross the slot radiators, simultaneously. Consequently, radi-
ation is generated from the slot radiators.

The parameters and coordinate systems of the transi-
tion are shown in Fig. 2. Parameters are defined as the width
W and length L of the rectangular patch element, the broad
wall length a and narrow wall length b of the waveguide, the
distance S s between the two slots, the length Ls, width Ws

and inclined angle Ds of the slot, the width Wm of the mi-
crostrip line, the width Wp of the probe, the width G of the
gap between the waveguide short pattern and the microstrip
line or the probe, the overlap length ρ of the inserted probe
on the rectangular patch element, the thickness T of the di-
electric substrate, the relative permittivity εr, the diameter φ
of the via hole, and the spacing S between via hole centers.
The parameters of the calculation model are presented in
Table 1 for the design frequency range from 76 to 77 GHz.
Numerical investigation was carried out using the finite ele-
ment method.

Mode conversion from the waveguide to the microstrip
line is achieved by resonance of the rectangular patch ele-

Fig. 2 Parameters and coordinate systems.

Fig. 3 Electric field intensity distribution in the xy-plane including the
CC′-line.

ment. The dominant TE10 mode of the waveguide is con-
verted to the quasi-TEM mode of the microstrip line. Fig-
ure 3 shows the calculated electric field intensity distribution
in the xy-plane including the CC′-line. The electric field in-
tensity E includes all the x, y and z components of the elec-
tric field. We observed that the electric field intensities of
both sides of the slot radiators were large enough to gener-
ate radiation.
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3. Numerical Investigation

To verify the relationships between the coupling power
of the slot radiators and each parameter, the transition il-
lustrated in Fig. 2 was investigated numerically by using
an electromagnetic simulator based on the finite-element
method. The dimensions of the waveguide are those of the
WR-12 standard waveguide. The width of the microstrip
line Wm is 0.3 mm, corresponding to approximately 52Ω of
characteristic impedance. In this calculation, the loss tan-
gent tan δ = 0.001 is used as a loss factor of dielectric loss.
Regarding conductivity, it has been reported that the con-
ductivity of the inner surface of a copper-clad is decreased
to 18% compared to the bulk copper conductivity in mi-
crowave band [14]. In this case, surface conductivity could
be decreased to σ = 1.0 × 107 S/m. However, decrease of
the conductivity depends on the manufacture of the copper-
clad laminated substrate. So, in this calculation, conductiv-
ity σ = 5.8 × 107 S/m is used as a loss factor. In order to
estimate the coupling power of the slot radiators, the effect
to decrease conductivity is studied in Sect. 3.2.

3.1 Scattering Parameters

The reflection characteristics of the transition with the pa-
rameters in Table 1 are presented in Fig. 4. The simulation
results show that the bandwidth for |S 11| below −15 dB is
3.1 GHz, and the transmission characteristics |S 21| and |S 31|
are from −4.21 dB to −4.45 dB in the frequency range from
76 GHz to 77 GHz, where the loss-less transmission char-
acteristics |S 21| and |S 31| of the transition without the slot
radiators are 0.5 or −3 dB for equal power divider.

The length L of the rectangular patch element affects
the resonant frequency as shown in Fig. 4. Increasing the
length L of the rectangular patch element causes lower res-
onant frequency. So, the operating frequency of this tran-
sition can be controlled by the length L of the rectangular
patch element.

Table 1 Parameters of calculation model.

Description Name Value

Width of patch element W 2.07 mm
Length of patch element L 0.725 mm
Broad wall length of waveguide a 3.1 mm
Narrow wall length of waveguide b 1.55 mm
Distance between two slots S s 1.6 mm
Length of slot Ls 1.1 mm
Width of slot Ws 0.2 mm
Inclined angle of slot Ds 45 deg.
Width of microstrip line Wm 0.3 mm
Width of probe Wp 0.2 mm
Width of gap G 0.1 mm
Overlap length of inserted probe ρ 0.15 mm
Thickness of substrate T 0.115 mm
Relative permittivity εr 2.23
Diameter of via hole φ 0.35 mm
Space between via holes S 0.6 mm

The overlap length ρ of the inserted probe on the rect-
angular patch element affects the coupling or the impedance
as shown in Fig. 5. Increasing the overlap length ρ increases
the capacitive reactance at the desired frequency, and de-
creasing the overlap length ρ increases the inductive reac-
tance. Furthermore, the width Wp of the probe affects the
impedance as well shown in Fig. 6. Increasing the width
Wp of the probe increases the capacitive reactance at the de-
sired frequency, and decreasing the width Wp of the probe
increases the inductive reactance. So, impedance matching
can be controlled by adjusting the overlap length ρ of the in-
serted probe and the width Wp of the probe in order to cancel
reactive components.

3.2 Coupling Power of Slot Radiators

The coupling power from the slots to the air is evaluated
accurately including the effect of the perturbed current dis-
tribution around the slots as following procedure.

The coupling powers of the slot radiators were cal-
culated for each design from scattering parameters, which
were obtained by an electromagnetic simulation.

A sum of the coupling powers of the slot radiators and
the total loss of the proposed transition were calculated, that
is,

Fig. 4 |S 11 | according to length of the rectangular patch element L and
transition characteristics |S 21 | and |S 31 |.

Fig. 5 Relation between impedance and overlap length ρ of the inserted
probe from 66.5 GHz to 86.5 GHz.
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Fig. 6 Relation between impedance and width Wp of the probe from
66.5 GHz to 86.5 GHz.

L1 = 1 − |S 11|2 − |S 21|2 − |S 31|2 [×100%] (1)

where |S 11|, |S 21| and |S 31| are simulated scattering param-
eters of the transmission. This total loss include dielectric
loss of the substrate and conductor loss.

In order to calculate the coupling powers of the slot
radiators, the total loss must be evaluated. For the conductor
loss, strong currents flow around the slot radiators of the
waveguide short. Therefore, the conductor loss depending
on conductivity of the waveguide short was evaluated, that
is,

L2 = 1 − |S 11
′|2 − |S 21

′|2 − |S 31
′|2 [×100%] (2)

where S 11
′, S 21

′ and S 31
′ are simulated scattering param-

eters of the transmission when the waveguide short is as-
sumed to be a perfect electric conductor. Equation (2) indi-
cates a sum of the coupling powers of the slot radiators and
the total loss of the transition when the waveguide short is
assumed to be a perfect electric conductor. This loss does
not include conductor loss of the waveguide short unlike the
Eq. (1).

The conductor loss of the waveguide short was calcu-
lated as,

L3 = L1 − L2 [×100%] (3)

Equation (3) shows the conductor loss of the waveguide
short caused by strong currents around the slot radiators.

In order to evaluate dielectric loss of the substrate and
conductor loss excluding conductor loss of the waveguide
short, the loss L4 is evaluated as,

L4 = 1 − |S 11
′′|2 − |S 21

′′|2 − |S 31
′′|2 [×100%] (4)

where S 11
′′, S 21

′′ and S 31
′′ are simulated scattering param-

eters of the transmission without slot radiators and with the
waveguide short assumed to be a perfect electric conductor.

The coupling powers of the slot radiators were calcu-
lated as,

Cs = L1 − L3 − L4 [×100%] (5)

In this calculation, radiation form the slot radiators in Eq. (1)

Fig. 7 Coupling powers of slot radiators according to the distance be-
tween two slots S s and the width of the slot Ws when the length of the slot
Ls = 1.0 mm.

Fig. 8 Coupling power of slot radiators according to slot length Ls and
width Ws when the distance between the two slots S s = 1.8mm.

is assumed to be the same as in Eq. (2).
Relations between the coupling power of the slot radia-

tors and the distance S s between two slots at each width Ws

of the slot when the length Ls of the slot is 1.0 mm were cal-
culated as shown in Fig. 7. The simulation results show that
increasing the distance S s between the two slots decreases
the coupling power of the slot radiators. This tendency is the
same with other slot length Ls. This is caused by the current
intensity distribution on the waveguide short. High current
intensity is at the center of the waveguide short, however
at the side of the waveguide short, current intensity is low.
Figure 8 shows the relation between the coupling power of
the slot radiators and the width Ws of the slot at each length
Ls of the slot when the distance S s between the two slots
is 1.8 mm. Increasing the width Ws of the slot increases the
coupling power of the slot radiators. Increasing the length Ls

of the slot also increases the coupling power of the slot radi-
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Fig. 9 Bandwidth according to slot length Ls and width Ws when the
distance between the two slots S s = 1.8 mm.

ators. This tendency is the same with the other distances S s

between the two slots. The length Ls of the slot affects most
significantly effect on the coupling power of the slot radia-
tors because, a slot with long length Ls cuts many currents.
In each calculation, the rectangular patch element length L,
the inserted probe overlap length ρ and the probe width Wp

are optimized to achieve the lowest reflection characteristics
|S 11|.

When the distance S s between two slots is small, such
as 1.6 mm, the long length Ls of the slot cannot be arranged
on the transition because, the long length Ls of the slot
causes contact the microstrip line. However, if the distance
S s between two slots is large, it is possible to design with
the long length Ls of the slot. The simulation results show
that the coupling power of the slot radiators is controlled by
the distance S s between the two slots, the length Ls of the
slot and the width Ws of the slot from 1.5% to 70%.

On the other hand, increasing the slot length Ls and the
width Ws, which increases the coupling power of the slot
radiators, decreases the bandwidth for |S 11| below −15 dB as
shown in Fig. 9. The coupling power of the slot radiators and
the bandwidth of the transition have a trade-off relationship.

When the reduced conductivity is applied as σ =
1.0 × 107 S/m, the calculated coupling power of the slot ra-
diators increases approximately 1.7% compared with σ =
5.8 × 107 S/m. So, the calculated coupling power of the slot
radiators has an error of less than 1.7%.

4. Design of a Center-Fed Microstrip Comb-Line An-
tenna with the Proposed Transition

A microstrip comb-line antenna is proposed and applied in
this design [5], [15]. The designed center-fed microstrip
comb-line antenna is shown in Fig. 10. The antenna is fed by
the proposed transition at the center of the microstrip line. In

Fig. 10 Configuration of center-fed microstrip comb-line antenna.

Fig. 11 Structure for electromagnetic analysis of comb-line antenna.

order to suppress reflections from every rectangular radiat-
ing element, reflection-canceling stub structures are applied
to the feeding microstrip line. These function works in the
same way as reflection-canceling slit [15].

Figure 11 shows the analysis model of the radiating el-
ement of the microstrip comb-line antenna. The coupling
power from the rectangular radiating element is calculated
for each element width Wn with resonant length from scat-
tering parameters |S 11| and |S 21| obtained by electromag-
netic simulation, that is,

Cr = 1 − |S 11|2 −
( |S 21|
|S 21

′|
)2

[×100%] (6)

where S 21 shows transmission of the comb-line antenna,
which were reduced due to the coupling power of the rect-
angular radiating element and dielectric loss of the substrate
and conductor loss. S 21

′ shows transmission of the mi-
crostrip line without a radiating element, which were re-
duced due to dielectric loss of the substrate and conductor
loss. Therefore, reduced power due to the radiating element
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Fig. 12 Overview of 10-element center-fed microstrip comb-line
antennas using transitions with and without slot radiators.

is expressed by (|S 21|/|S 21
′|)2. Scattering parameters of the

upper side elements in Fig. 11(a) are different from the lower
side elements in Fig. 11(b). Therefore, the coupling power
of the rectangular radiating element is evaluated indepen-
dently.

From the calculations, the coupling power of the rect-
angular radiating elements can be controlled from 2% up to
20.9% for the upper side elements and from 2% up to 14.6%
for the lower side elements shown in Fig. 11 by adjusting the
width Wn of the elements from 0.1 mm up to 1.05 mm.

The positions of the two first rectangular radiating ele-
ments at the both sides of the transition shown in Fig. 12 are
determined to excite in phase with the slot radiators. The
spacing between the first radiating elements and the slot ra-
diators are optimized to be the same phase of the simulated
electric field just on the radiating element and the center of
the two slot radiators.

In array design, the target is a −30 dB Taylor distribu-
tion with n̄ = 2. However, this is difficult to achieve with 10,
22 and 30-elemnt center-fed microstrip comb-line antennas
due to the limited coupling power of the rectangular radiat-
ing elements. Therefore, possible sidelobe reduction using
the proposed transition is investigated by some designs of
these element numbers. Three center-fed microstrip comb-
line antennas were designed with three different numbers of
elements. The basic parameters of the transitions are in Ta-
ble 1, but the design parameters of the transitions at each
design were optimized and changed from Table 1.

4.1 10-Element Center-Fed Microstrip Comb-Line An-
tenna

To investigate the performance of the proposed transition,
10-element center fed microstrip comb-line antennas were
designed using the proposed transition with slot radiators
(shown in Fig. 12(a)) and using an ordinary transition with-
out slot radiators (shown in Fig. 12(b)). The target −30 dB
Taylor distribution with n̄ = 2 and coupling power for an
11-element array antenna including slot radiators are shown
in Fig. 13 for reference.

In the design of the comb-line antenna, the designed
coupling power and amplitude distribution changed as

Fig. 13 Aperture amplitude distribution and coupling power for
11-element antenna.

Fig. 14 Radiation patterns in the yz-plane of 10-element center-fed
microstrip comb-line antennas at a frequency of 76.5 GHz.

shown in Fig. 13 due to the limited coupling power of the
rectangular radiating elements. Consequently, the assigned
coupling power of the center radiating element, which is a
pair of slot radiators on the proposed transition, was deter-
mined to be 19.9%. As a result, the designed amplitude
distribution is very different from the target Taylor distri-
bution. To compare comb-line antennas with and without
slot radiators, two comb-line antennas were designed. The
configuration of the transition for this design, is shown in
Fig. 2 and the design parameters are the same as shown in
Table 1. Characteristics of this transition are shown in Fig. 4.
Figure 14 shows the simulated radiation patterns and array
factors in the yz-plane at 76.5 GHz.
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Fig. 15 Overview of 22 and 30-element center-fed microstrip comb-line
antennas using transitions with and without slot radiators.

Fig. 16 Aperture amplitude distribution and coupling power for
23-element antenna.

4.2 22 and 30-Element Center-Fed Microstrip Comb-Line
Antennas

22-element center fed microstrip comb-line antennas were
designed using the proposed transition with slot radiators
(shown in Fig. 15(a)) and using an ordinary transition with-
out slot radiators (shown in Fig. 15(b)). In the design of the
comb-line antennas, the design coupling powers and ampli-
tude distributions change as shown in Fig. 16 due to the lim-
ited coupling power of the rectangular radiating elements.
The assigned coupling power of the center radiating ele-
ment, which is a pair of slot radiators on the proposed tran-
sition, was determined to be 8.2%. The configuration of the
transition for this design, is shown in Fig. 2. Some parame-
ters must be changed as in Table 2, but other parameters are
the same as in Table 1. Figure 17 shows the simulated radi-
ation patterns and array factors in the yz-plane at 76.5 GHz.

30-element center-fed microstrip comb-line antennas
were designed using the proposed transition with slot ra-
diators (shown in Fig. 15(c)) and using an ordinary transi-
tion without slot radiators (shown in Fig. 15(d)). In the de-
sign of comb-line antenna, the design coupling powers and

Table 2 Parameters of the transition with 8.2% slot radiator coupling
power.

Description Name Value

Length of patch element L 0.84 mm
Length of slot Ls 1.0 mm
Width of slot Ws 0.15 mm
Overlap length of inserted probe ρ 0.19 mm

Fig. 17 Radiation patterns in the yz-plane of 22-element center-fed
microstrip comb-line antennas at a frequency of 76.5 GHz.

Table 3 Parameters of the transition with 7.2% slot radiator coupling
power.

Description Name Value

Length of patch element L 0.87 mm
Distance between two slots S s 1.8 mm
Length of slot Ls 1.0 mm
Width of slot Ws 0.15 mm
Overlap length of inserted probe ρ 0.2 mm

amplitude distributions change as shown in Fig. 18 due to
the limited coupling power of the rectangular radiating el-
ements. Owing to the increase in the number of radiating
elements, required coupling power is decreased. Therefore,
design amplitude distribution gets closer to the target Tay-
lor distribution. The assigned coupling power of the center
radiating element, which is a pair of slot radiators on the
proposed transition, was determined to be 7.2%. The con-
figuration of the transition for this design, is shown in Fig. 2.
Some parameters must be changed as in Table 3, but other
parameters are the same as in Table 1. Figure 19 shows the
simulated radiation patterns and array factors in the yz-plane
at 76.5 GHz.
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Fig. 18 Aperture amplitude distribution and coupling power for
31-element antenna.

Fig. 19 Radiation patterns in the yz-plane of 30-element center-fed
microstrip comb-line antennas at a frequency of 76.5 GHz.

5. Experiments

Three length of center-fed microstrip comb-line antennas
using the transitions with and without slot radiators in
Sect. 4 were fabricated. Figure 20 shows photographs of the
developed transition that was designed in Sect. 4.1.

Figure 21 shows characteristics of the transition with a
coupling power of 19.9%. In this measurement, the device-
under-test (DUT) was comprised of a pair of waveguides
connected separately to one microstrip line transition. Mi-
crostrip lines were connected at both ends of the transition.
At the opposite sides of the microstrip line, a one-waveguide

Fig. 20 Fabricated transition.

Fig. 21 Characteristics of the transition with 19.9% slot radiator
coupling power.

Fig. 22 DUT used for measurement.

to one-microstrip line transition is connected as shown in
Fig. 22(a). To measure the loss of a one-waveguide to one-
microstrip line transition, a pair of transitions with one mi-
crostrip line was composed as shown in Fig. 22(b). The
measured |S 11|, |S 21| and |S 31| in Fig. 21 were obtained by
taking the transmission coefficient of the DUT, subtracting
the loss of the microstrip line and the loss of the transi-
tion from one-waveguide to one-microstrip line. The loss
of the microstrip line was measured as 0.04 dB/mm from
76 to 77 GHz. The loss of the transition from the one-
waveguide to one-microstrip line was measured as 0.5 dB
from 76 to 77 GHz. A time gate function was used to ex-
clude undesired waves, and high accuracy was achieved in
this measurement. The distance between the centers of the
waveguides was set at 50 mm or 70 mm, which was long
enough to distinguish between desired and undesired waves
in the time domain. In this case, the bandwidth for |S 11|
below −15 dB is 3.12 GHz and the transmission characteris-
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Fig. 23 Fabricated antenna.

tics |S 21| and |S 31| are from −4.52 dB to −4.75 dB over the
frequency range from 76 GHz to 77 GHz. Photographs of
the microstrip comb-line antennas developed for each de-
sign are shown in Fig. 23.

The measured radiation patterns of the 10, 22 and 30-
element comb-line antennas are shown in Figs. 14, 17 and
19, respectively. The first sidelobe angle of each comb-line
antenna with slot radiators agrees with the corresponding
comb-line antenna without slot radiators in the measured,
simulated and array factor results. The measured radia-
tion pattern of each comb-line antenna almost agrees with
the simulated results and the array factor in the range from
−50 deg. to 50 deg. However, increased sidelobe levels are
measured in wide beam angles compared to the simulated
results. These far field radiation patterns are obtained by
Fourier transformation of the measured near field distribu-
tions. Therefore, accuracy is insufficient in wide angles.

For the 10-element antennas, the first sidelobe level
of the comb-line antenna with slot radiators decreased by
3.24 dB in measurement, 3.51 dB in simulation and 5.53 dB
in array factor compared to the comb-line antenna without
slot radiators.

For the 22-element antennas, the first sidelobe level
of the comb-line antenna with slot radiators decreased by
1.25 dB in measurement, 2.52 dB in simulation and 4.72 dB
in array factor compared to the comb-line antenna without
slot radiators.

For the 30-element antennas, the first sidelobe level
of the comb-line antenna with slot radiators decreased by
from 0.5 dB to 1.77 dB in measurement, 3.42 dB in simula-
tion and 5.92 dB in array factor compared to the comb-line
antenna without slot radiators.

6. Conclusion

We developed a transition from waveguide to two microstrip
lines with slot radiators in the millimeter-wave band. A

coupling power of the slot radiators from 1.5% to 70%
was achieved by using an electromagnetic simulator. Three
center-fed comb-line antennas with the proposed transitions
and different numbers of elements (10, 22 and 30) were de-
signed and fabricated, resulting in 19.9%, 8.2% and 7.2%
slot radiator coupling power at 76.5 GHz. The measured
first sidelobe level of each designed array antenna decreased
by 0.5 dB to 3.24 dB. In each design, it was confirmed that
the coupling power of the slot radiators on the proposed
transition could be controlled and was useful to suppress the
sidelobe level sufficiently.
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