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SUMMARY A broadband microstrip comb-line antenna using a corpo-
rate feeding system was developed. The antenna was composed of four
colinearly-arranged comb-line antennas with traveling-wave excitation fed
by a parallel-feeding circuit of tournament configuration. The total phase
deviation due to frequency change became one fourth of the ordinary series
feeding from the end of the antenna. Furthermore, the terminations of the
inner two comb-lines were connected at the overall center of the developed
antenna. Therefore, the narrowband matching elements are not necessary
and the amplitude deviation of the aperture distribution for input from one
side due to frequency change is compensated by deviation for input from
the other side. Broad bandwidth can be expected by using the proposed
configuration. The proposed antenna was designed at 76.5 GHz. The effect
of the proposed feeding-circuit for broadband operation was confirmed by
comparing the measured performances of the antennas fed by other feed-
ing circuits; the end feeding, the center feeding and the ordinary corporate
feeding. The bandwidth of the proposed corporate feeding antenna with the
center connecting was approximately 14% and 7% wider than the antennas
of the center feeding and of the ordinary corporate feeding, respectively.
key words: millimeter-wave, microstrip antenna, array antenna

1. Introduction

Broadband systems have been expected in the millimeter-
wave band for UWB radars of sensing applications [1] and
for high-speed wireless HD transmission systems of wire-
less communication applications [2]. The beam-scanning
functions are attractive to cover wide angular-range with
high gain. The electrical beam-scanning systems such as
phased arrays and digital beam forming (DBF) systems were
proposed for these applications, because the cost of RF de-
vices dropped after the recent commercialization of the au-
tomotive radar systems in market from some motor com-
panies. Horizontal beam-scanning is one of the possible
functions to detect the directions of the radar targets on the
road and to catch signals from the multiple-channel environ-
ment in houses and offices. Some vertically-directed one-
dimensional arrays are arranged in horizontal direction to
scan the beam in the azimuth plane. Broadband vertically-
long planar antennas are required for sub-arrays of electrical
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beam-scanning systems.
We have developed microstrip comb-line antennas in

the millimeter-wave band, which can be applied to these
systems [3]. The antennas operate in traveling-wave exci-
tation. However, the bandwidth of directivity at the fixed
direction is narrower due to the beam squint from the beam
direction at the design frequency. The directivity reduction
can be decreased by using a combination of the tournament
configuration for parallel feeding and the traveling-wave ex-
citation for series feeding. Several research organizations
have already developed corporate feeding systems for slot-
ted waveguide array antennas [4], [5]. We proposed broad-
band microstrip comb-line antennas fed by the waveguide
corporate feeding system in this paper. This waveguide cor-
porate feeding system can be formed in the existing back
metal layer with the waveguide connecting the antennas and
the microwave circuits. Two colinearly-arranged comb-line
antennas were fed at their middles from the parallel-feeding
circuit of tournament configuration, that is four end-feeding
comb-line antennas fed by a waveguide two-way power di-
vider. Furthermore, the terminations of the inner two comb-
lines are connected at the overall center of the developed
antenna. Therefore, the narrowband matching elements are
not necessary there and the amplitude deviation of the aper-
ture distribution for the input from one side due to frequency
change is compensated by the deviation for the input from
the otherside. Broadband performance is expected by using
the proposed structure. The proposed antenna was designed
and the performance was confirmed by simulations and ex-
periments in the millimeter-wave band.

2. Variation of Phase Distribution Depending on the
Feeding Systems

The feeding systems of the linearly arranged microstrip
comb-line antennas consist of various combinations of
a tournament configuration for parallel feeding and a
traveling-wave excitation for series feeding as shown in
Fig. 1. The bandwidth of the directivity toward the per-
pendicular direction limited by the phase taper of the aper-
ture distribution depends on the parallel number of the
antenna. The end-feeding comb-line antenna shown in
Fig. 1(a) performs narrow frequency bandwidth, because the
beam squint causes reduction of directivity at the perpen-
dicular direction. However, the bandwidth increases, as in-
creasing the parallel number of the comb-line antennas di-
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Fig. 1 Microstrip comb-line antennas with various feeding numbers and
points.

Fig. 2 Aperture phase distributions depending on the feeding numbers
and points.

vided by the feeding points on the substrate as shown in
Figs. 1(b), (c) and (d).

Figure 2 shows the aperture phase tapers due to the
change of the guided wavelength when the operating fre-
quency shifts by 3 GHz lower than 76.5 GHz of the design
frequency. The maximum phase deviation is inversely pro-
portional to the parallel number of feeding. The phase devi-
ation of the center feeding (b) becomes one half of the end
feeding (a), furthermore, the phase deviations of the cor-
porate feedings (c) and (d) become one fourth of the end
feeding (a). The difference between the feeding systems (c)
and (d) is the amplitude distributions, which will be men-
tioned in the next section, while the frequency dependen-

Fig. 3 Array factors depending on the feeding numbers and points.

Fig. 4 Calcurated frequency dependency for directivity of array factor.

cies of the phase distributions are almost the same essen-
tially. The directivity of the end-feeding antenna (a) at the
perpendicular direction dropped by approximately 3 dB due
to the beam squint, when frequency changes by 3 GHz, as
shown in Fig. 3. The beam directions of the center-feeding
antenna and the corporate feeding antennas are stable at
the perpendicular direction due to their symmetrical struc-
tures, although the sidelobe levels grew up and the directiv-
ities dropped slightly. Figure 4 shows the frequency depen-
dency of the antenna directivity. The directivity of the end-
feeding antenna dropped rapidly when frequency changed.
The bandwidth extended when the number of the feeding
points increased. The corporate feeding system is effective
to extend the bandwidth of the directivity. The advantage of
the proposed corporate feeding system (d) in the bandwidth
of the amplitude distribution will be presented in the next
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Fig. 5 Radiating element with reflection-canceling slit structure.

section.

3. Configuration and Design of the Comb-Line Anten-
nas Fed from the Corporate Feeding Systems

Two antennas with the different corporate-feeding systems
shown in Figs. 1(c) and (d) were designed at 76.5 GHz. The
details about the feeding systems were explained in the fol-
lowing Sects. 3.1 and 3.2.

The microstrip comb-line antennas are printed on the
dielectric substrate (Fluoro-carbon resin film, thickness t =
0.127 mm, relative dielectric constant εr = 2.2 and loss tan-
gent tanδ = 0.001) backed with a ground plane. Several rect-
angular radiating elements are directly attached to a straight
feeding-line, which results in comb-line structure. The ra-
diating elements are inclined 45 degrees from the feeding
microstrip line for the polarization requirement of the au-
tomotive radar systems. Each radiating element equips a
reflection-canceling slit structure, as shown in Fig. 5, to im-
prove the reflection characteristics and the design accuracy
of the radiation pattern [3]. The resonant length of the ra-
diating element is approximately identical to a half guided
wavelength. The width of the feeding line is 0.30 mm,
whose characteristic impedance is 60Ω. The coupling
power of the radiating element is controlled by the width of
the element. Large power radiates from a wide element. The
element spacing is approximately a half guided-wavelength,
so that all elements on the both sides of the microstrip line
are excited in phase. A matching element is connected at
the termination of the feeding line to radiate all the resid-
ual power in phase. The ordinary microstrip patch anten-
nas are used for the matching elements. Four end-feeding
microstrip comb-line antennas are colinearly arranged and
are fed by the corporate waveguide feeding circuit from the
back as shown in Fig. 1(c). To improve the bandwidth of
the aperture amplitude distribution, the inner feeding lines
are connected at their terminations as shown in Fig. 1(d).
The performance of the center-connecting antenna was com-
pared with that of the center-separate antenna.

3.1 Center-Separate Antenna Fed from Corporate-Feeding
System

Four colinearly-located end-feeding comb-line antennas are

Fig. 6 Radiation assignment on the apertures of comb-line antennas for
Taylor distributions.

fed from the corporate feeding system as shown in Fig. 1(c).
The input power is divided equally by the two-way wave-
guide power-divider located in the lower metal-layer under
the substrate. Both the waveguide output ports are con-
nected to the two-way microstrip-to-waveguide transitions
at the middle of the two microstrip comb-line antennas, each
one of which consists of two end-feeding comb-line anten-
nas. The coupling powers of all the radiating elements are
controlled by the width of the elements to obtain Taylor dis-
tribution on the aperture as shown in Fig. 6(a). The required
aperture distributions were different between the inner and
the outer end-feeding comb-line antennas. Therefore, the
designs for the inner and the outer comb-line antennas were
different, consequently. The numbers of the radiating ele-
ments were chosen to be 7 and 13 of the inner and outer an-
tennas, respectively, so that total radiation powers of them
becomes comparable. However, the total radiation powers
between the inner and the outer antennas are still different.
The microstrip-to-waveguide transition with the asymmet-
rical dividing ratio 53:47 was developed, as mentioned in
Sect. 3.3.

The dimensions of the radiating elements shown in
Fig. 5 at the left half of the center-separate and the center-
connecting antennas are indicated in Fig. 7. The outer 13
elements are common parameters in the two antennas. The
coupling powers of the elements at both the inner and the
outer sides increase, as the elements being away from the
input port between the element numbers 13 and 14. Both
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Fig. 7 Geometrical dimensions of the radiating elements in the
center-separate and the center-connecting comb-line antennas.

the inner 7 elements and the outer 13 elements are termi-
nated by the matching elements with coupling power 100%
in the center-separate antenna. The radiation characteristics
are different between the elements at the opposite sides of
the feeding line. Therefore, the element and the slit dimen-

Fig. 8 Effect of the mutual coupling between the matching elements in
S 11 and S 21.

sions vary alternately.

3.2 Center-Connecting Antenna Fed from Corporate-
Feeding System

The bandwidth of the matching element is quite narrow.
Therefore, the shift of the resonant frequency due to the
mutual coupling between the closely located matching el-
ements or the fabrication errors in the etching process could
cause increasing the return loss and degrading the radiation
pattern. Figure 8 shows the effect of the mutual coupling
between the matching elements in S 11 and S 21. For the low
sidelobe design in the radiation pattern, the spacing D be-
tween the matching elements is designed to be small. As
the spacing D decreasing, the effect of the mutual coupling
increases. Thus, the resonant frequency shifts higher in S 11

and the return loss increases. At the same time, as S 21 in-
creases, the radiations from the elements fed from the other
side transition could increases, which could degrade the ra-
diation characteristics. Therefore, we propose to remove the
matching elements at the antenna center and to connect the
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Fig. 9 Total radiation and radiation when feeding from each transition.
(square: fed from left transition, triangle: fed from right transition, cross:
total radiation)

lines as shown in Fig. 1(d).
The radiation assignment of the center-connecting an-

tenna is almost the same with that of the center-separate an-
tenna in the design. Input powers from both transitions are
mixed in the inner microstrip line as shown in Fig. 6(b). The
most input power into the inner comb-line antenna from one
transition radiates from the first half of the inner comb-line
antenna. However, some residual power radiates from the
second half of the inner comb-line antenna which is identi-
cal to the first half for the input from the opposite transition.
The total radiation from one element is sum of radiations
fed from both two transitions. The spacing between the
two center elements is designed for the radiations to be in
phase. The aperture distributions by the total radiation and
by the radiations from the elements fed from each transition
are indicated in Fig. 9. Both the outer 13-element arrays
are fed from each transition. On the other hand, the inner
14-element array is fed from both transitions. To realize
Taylor distribution of the total radiation, the power dividing
ratio of the transitions is designed to be 53:47 as well as
the center-separate antenna, and all the radiating elements
are designed including the radiation fed from the opposite
transition. From Fig. 7, the coupling power is assigned not
very large at the inner part of the center-connecting antenna,
because the elements are fed from both transitions.

3.3 Microstrip-to-Waveguide Transition for Asymmetrical
Dividing Ratio

Planar microstrip-to-waveguide transitions for symmetrical
dividing ratio have been developed [6]–[8]. In this work, a
transition with asymmetrical dividing ratio was developed
for the feeding circuit of the corporate feeding systems as
shown in Fig. 10. Two microstrip lines are inserted as probes
into the upper ground plane from both broad-walls of the
waveguide. A patch is located at the center of the aperture
on the lower plane of the substrate along with the waveguide
cross-section. The patch current excited from the waveguide
couples to the probes of the microstrip lines. The coupling
ratio can be controlled by the difference between the inser-
tion lengths of the probes as shown in Fig. 11. The coupling

Fig. 10 Microstrip-to-waveguide transition for asymmetric
power-dividing ratio. Dimensions are in [mm].

Fig. 11 Power dividing ratio depending on the overlap length of probe
with patch.

ratio changes from 62:38 to 49:51, when the overlap length
of the probes to the outer antennas on the patch changes
from 0.1 to 0.3 mm, while the overlap length of the probes to
the inner antennas is fixed to 0.25 mm. In this design, over-
lap lengths of the probes to the inner and the outer antennas
on the patch are 0.25 and 0.20 mm, respectively. Phase dif-
ference due to the asymmetrical structure is compensated by
spacings between the first radiating element and the transi-
tion at both ports.

The four end-feeding comb-line antennas are fed
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Fig. 12 Feeding circuit of the WR-10 waveguide (2.54 × 1.27) with H-
plane T-junction and H- and E-plane composite bends. Dimensions are in
[mm].

through the two asymmetrical transitions from the wave-
guide feeding circuit composed of a H-plane T-junction and
two H- and E-plane composite bends as shown in Fig. 12
[5]. The structure of the waveguide feeding circuit is com-
plicated to use for microstrip antennas. However, this wave-
guide circut can be embedded in the metal base of the sen-
sor unit including RF and DSP packages with waveguides
to connect the sub-array antennas and RF package.

4. Center-Connecting Antenna Fed from Both Ends

The proposed center-connecting antenna fed from corporate-
feeding system was composed of two outer end-feeding an-
tennas and an inner antenna fed from both ends. To demon-
strate advantages for bandwidth of the center-connecting
feeding system, the performance of the center-connecting
antenna shown in Fig. 13(b) was compared with the center-
separate antenna shown in Fig. 13(a) by simulations and ex-
periments.

A printed substrate was set on the metal base which
accomodate the waveguide feeding circuit mentioned in
Sect. 3.3. Whole layer structures were screwed together.
The divided powers from the waveguide feeding circuit
were supplied to the microstrip antenna from the both sides
through the planar microstrip-to-waveguide transition with
only one microstrip port [9]. Two comb-line antennas

Fig. 13 Two-end feeding antennas.

Fig. 14 Frequency dependencies of the aperture distributions.

are fed from the two transitions and are terminated by
the closely located matching elements at the center of the
center-separate antenna. On the other hand of the center-
connecting antenna, the narrowband matching elements are
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Fig. 15 Radiation distributions on the aperture input from each port and
both ports for the design frequency 76.5 GHz and 78 GHz.

not used and the feeding lines are connected at the antenna
center. The most power radiates from the first half of the an-
tenna. Some residual power transmits into the second half
of the antenna. The amplitude deviation of the aperture dis-
tribution for the input from one side is compensated by the
deviation for the input from the other side. For example, in
some cases, when the radiation from the element decreases
due to frequency changes or fabrication errors, the transmis-
sion power into the second half of the feeding line increases.
Therefore, the radiation from the first half of the antenna fed
from the opposite transition also increases. Consequently,
total radiation input from both ports changes smaller than
center-separate antenna. Broadband and stable performance
from fabrication errors are expected by using the proposed
structure.

The frequency dependency of the aperture distribu-
tion was investigated for the center-separate and the center-
connecting antennas. The aperture distributions of these an-
tennas for the different frequencies were indicated in Fig. 14.
When the operating frequency changes to lower, the radia-
tion from the elements of the center-separate antenna de-
creases and the radiation from the matching elements in-
creases. On the other hand, when frequency change to
higher, the radiation from the elements increases and the ra-
diation from the matching elements decreases. Such fre-
quency dependency was suppressed by using the center-
connecting antenna, because the change of radiation was
compensated by the input from the oppsite port. Figure 15
shows the radiation distributions on the aperture, when in-
put from each port and both ports at the design frequency
76.5 GHz and at the shift frequency 78 GHz. When fre-
quency changes to higher, radiations for the input from the

Fig. 16 Frequency dependency of the array factors of two-end feeding
antennas.

Fig. 17 Measured radiation patterns of the two-end feeding antennas at
78 GHz.
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left port increases at the left side and decreases at the right
side, while the oppsite is equally true. Consequently, the
aperture distribution for the sum of the input from both ports
are almost stable. Therefore, radiation pattern is also stable
for frequency change. Figure 16 shows the array factors
calculated from the aperture distributions shown in Fig. 14.
The sidelobe levels of the center-separate antenna grow by
3.5 dB when the frequency changes by 1.5 GHz. On the
other hand, the sidelobe levels of the center-connecting an-
tenna grow only by 2.1 dB. We fabricated the antennas to
compare the performances. Figure 17 shows the measured
radiation patterns at 78 GHz. The sidelobe levels of the
center-connecting antenna are 2.4 dB lower than the center
separate antenna, so we confirmed the advantage of the pro-
posed feeding system of the center-connecting.

5. Experiments

The proposed microstrip comb-line antenna was fabricated
for experiments as shown in Fig. 18. The printed substrate
was set on the aluminum base-plate in which the waveguide
feeding circuit was accommodated. They were all screwed
together.

The measured radiation patterns of the center-separate

Fig. 18 Photograph of the fabricated center-connecting antenna.

Fig. 19 Measured radiation patterns at the design frequency (76.5 GHz).

and the center-connecting antennas at 76.5 GHz are shown
in Fig. 19 with the array factor for reference. The sym-
metrical radiation patterns were obtained for both anten-
nas. The sidelobe levels were increased to approximately
−15 dB, although the design sidelobe level is −20 dB. This
is because the blank areas with no radiating element exist
around the microstrip-to-waveguide transition. Figures 20
and 21 show simulated and measured radiation patterns, re-
spectively, of the center-separate and center-connecting an-
tennas at 78 GHz. The effect for sidelobe suppression be-
came smaller than the two-end feeding antenna in the pre-
vious section, because the two outer antennas are common
to the center-separate and the center-connecting antennas.
However, the effect was still observed in the simulated and
measured results.

Measured relative gain is shown in Fig. 22 to com-

Fig. 20 Simulated radiation patterns at 78 GHz.

Fig. 21 Measured radiation patterns at 78 GHz.
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Fig. 22 Measured frequency dependency of gain.

pare the bandwidth. The bandwidths for the gain 3 dB
lower than the peak level was 3.67 GHz for the center
feeding, 3.94 GHz for the center-separate corporate-feeding
and 4.25 GHz for the center-connecting corporate-feeding,
which is 14% and 7% increasing from the center feeding and
the center-separate corporate-feeding, respectively. Advan-
tage for gain bandwidth of the center-connecting corporate
feeding was confirmed by experiments.

6. Conclusion

The microstrip comb-line antennas with the waveguide cor-
porate feeding system was developed in the millimeter-wave
band. The feeding lines of the inner comb-line antennas
were connected at their terminations. Therefore, matching
elements are not necessary for these antennas. Furthermore,
deviation of the aperture amplitude distribution fed from one
side due to frequency change was compensated by the devi-
ation of the distribution fed from the opposite side. Band-
width of the antenna became broad. Four antennas with end
feeding, center feeding, corporate feeding of center separate
and corporate feeding of center connecting are compared
to show the effect of the proposed antenna. The design of
the antenna for the aperture Taylor distribution is presented
with the design of the microstrip-to-waveguide transition for
asymmetric power-dividing ratio and the waveguide circuit
for corporate feeding. The bandwidth due to the aperture
phase taper is evaluated by the array factor. The bandwidth
due to the aperture amplitude distribution of the center-
connecting antenna is evaluated by simulation and experi-
ment of the two-end feeding antennas. The performance of
the proposed antenna was evaluated and compared with the
conventional antennas by electromagnetic simulations and
experiments. The effect for the bandwidth of the radiation

pattern and the gain was confirmed.
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