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Abstract — In this paper we introduce a millimeter wave printed
array with eight axial dipoles and a “corner” reflector fed by a
symphase network. Three different typical beamwidths are
investigated by a variation of the “corner” angle. The antenna is
simulated and realized in the frequency range (25.5-26.5) GHz,
which is actual in microwave communication networks. Antennas
with three different H-plane beamwidths: 55°, 110° and 180° and
with gains of 19.3dBi, 16.5dBi and 14dBi respectively are
presented. Losses are less than 1 dB.

Index Terms - Antenna arrays, Printed circuit antennas,
Multireflector antennas, Millimeter wave antennas

1. INTRODUCTION

Modern microwave telecommunication systems such as
indoor and outdoor wireless LAN-s, point to multipoint and
multipoint to multipoint microwave systems are very
prospective [1]. These systems need antennas with relatively
wide radiation pattern in azimuth plane. In this paper we
introduce printed antenna in millimeter range (around 26
GHz) with “corner” reflectors. Similar kind of antenna we
used for a lower microwave range (2.4 GHz) [2].

In [3] and [4] discuss antennas with corner reflector with
angle between 45° and 180°, having only one radiating
element and operating at VHF and UHF frequency ranges.
The reference [5] presents corrugated corner antenna with
one radiating elements and central frequency around 9GHz.

This paper investigates three corner antennas having 8-
dipole array as a radiating elements that operate on
millimeter frequency range. One of the investigated antennas
has a corner angle of 255° in order to introduce a beamwidth
of 180° in H-plane. The presented concept is suitable for
higher millimeter frequencies (up to 75 GHz) and insensitive
to tolerances in fabrication.

II. CONCEPT

The proposed antenna array consists of three parts: (1)
array of 8 printed radiating elements - pentagonal dipoles
placed along axis; (2) two reflector planes (“corner”
reflector); (3) feeding network printed on the same dielectric
plate with radiating elements.

Dimensions of the radiating elements in pentagonal form
are designed to obtain its second resonance at 26GHz with a
input impedance of 1000hm. These pentagonal printed
dipoles have the first resonance at 22GHz and the third
resonance at 52GHz. One half of the dipoles is on one side
and another half of them on the opposite side of the dielectric
substrate.

The distance between dipoles is 0.9\, (at center
frequency) as a compromise between maximizing the array
gain and keeping side lobes sufficiently suppressed [6].

We used symmetric (balanced) microstrip line as a
feeding structure because the dipoles are symmetrical
elements. The binary symphase feeding network has three

stages. After the coaxial connector there is a BAL-UN for
transition from a conventional microstrip to a symmetrical
microstrip structure. In the first stage of the feeding network
there is one T-junction, in the second stage — two T-junctions
and in the third stage there are four T-junctions. Between the
first and the second as well as the second and the third stage,
there is a linear tapering in order to transform characteristic
impedance from 1000hm to 500hm. Layout of the antenna
array is presented in Fig. 1.

The axial array is placed between two metallic plates
which form the so-called “corner”. The distance between
dipole axis and the corner reflector edge is ?¢/4 (at a center
frequency). The beamwidth in the H-plane (azimuth) depends
on the angle between the metallic plates. Three typical cases
are investigated:

- for the corner angle of 127.5°, the beamwidth in H-
plane is around 55°,

- for the corner angle of 180 °, the beamwidth in H-plane
is around 110° and

- for the corner angle of 255 °, the beamwidth in H-plane
is around 180°.
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Fig. 1. Layout of the printed antenna array.

Feeding network penetrates the junction of two reflector
plates. In the place of this junction there are holes through
which symmetrical microstrip lines of the feeding network
pass. Influence of the metallic plate on the microstrip lines is
minimized by selecting the sufficient holes’ diameter (2 mm),
Fig. 2.

III. DESIGN AND REALIZATION

The radiating elements and the feeding network are
realized on the same dielectric substrate with a relative
dielectric constant of &,=2.1, thickness h=0.254mm and

tg0=4x10". Dimensions of the pentagonally shaped dipole
are optimized together with a symmetrical microstrip feeding
line with characteristic impedance of 1000hm and length of
A /2 to obtain impedance of 1000hm at center frequency of
26 GHz by using program package WIPL-D [7].
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Fig. 2. Detail of the antenna array with the corner reflector.

The optimization is performed using a four dipole array
to take into account the dipoles mutual coupling. All dipoles
are coupled with two adjacent dipoles except the first and the
last dipole in the array having only one adjacent dipole. The
maximum coupling of about -30dB occurs between the
adjacent dipoles, while coupling between non-adjacent
dipoles is so low that could be ignored. The dipoles were
optimized with separate generators connected at the end of
the A /2 long symmetrical microstrip lines that provide 1:1
transformation of the generators to the dipoles input. As a
result of small coupling, the impedance variation between the
dipoles in the array is insignificant. Thanks to the very low
coupling between the dipoles

For the optimization purposes the symphase feeding
network is designed using linear taper transformer from
500hm to 1000hm symmetrical microstrip line [8]. BAL-UN
is designed using ref. [9].

The simulation of the complete printed structure was not
performed since the corner reflector decupled the feeding
network from the dipoles.

We analyzed “corner” reflectors with three different
angles: 127.5°, 180° and 255° in order to obtain different
beamwidths in azimuth (H-plane): 55°, 110° and 180°,
respectively. Due to the “corner” plate influence on dipoles’
impedance we had to make some corrections of dipole
dimensions in each case, but these corrections were
practically negligible. The radiation diagram in H-plane
(azimuth) and E-plane (elevation) in all three cases obtained
by simulation are shown in Fig. 3 and Fig. 4. Simulated
VSWR is less than 1.2 in the whole frequency range (25.5-
26.5) GHz.

IV. OBTAINED RESULTS

We performed the simulation for three cases mentioned
above and realized two of them: with corner angles of 127.5°
and 180°. Photographs of two realized antenna arrays are
shown in Fig. 5 and Fig. 6. Experimental results for all
radiation diagrams are to a great extent in accordance with
those obtained by a simulation, except the side lobe
attenuation which is about 1 dB lower than the simulated one.

VSWR is less than 2 in the whole frequency range. The

difference between simulated and measured results is

probably due to the discontinuity between the microstrip and

the coaxial connector as well as due to fabrication tolerances.
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Fig. 3. Simulated radiation patterns of the antenna array in H-plane
for three different corner angles (127.5°, 180° and 255°).

Gan[dE] 0. splue
« 1 REF117.4
_ 2 REFI80 Y s
o 3 BEF248 1 L
13 BF
141 &F
150 g
161 ey
i il
] Ly
= &
ar { e . D
el T L~ Yam
e ] } : e
2l £l
24 J | 0

e >
R il .

Fig. 4. Simulated radiation patterns of the antenna array in E-plane
for three different corner angles (127.5°, 180° and 255°).

TABLE 1: Simulated results at =26 GHz

Reflector G FSLA | F/B | HPBW"* | HPBW"
angle [dBi] | [dB] | [dB] [ Kl
127.5° 19.4 13 33 6.9 54.6

180° 16.6 13 31 6.9 109.5
255° 14 12.9 22 6.9 182

TABLE 2: Measured results at =26GHz

Reflector G FSLA | F/B | HPBWF | HPBW"
angle [dBi] | [dB] | [dB] 17 [
127.5° 19.3 12 30 7.4 57

180° 16.5 12 28 7.4 112

G- Gain

FSLA- first side lobe attenuation

F/B- front-to-back ratio

HPBWE- half-power beamwidth in E-plane
HPBW™- half-power beamwidth in H-plane




Fig. 5. Photograpf of the antenna array with 127.5° corner
reflector.

TABLE 3: Measured gain at center and edge frequencies

f [GHz] 255 26.0 26.5
G rer 1275 19.15 19.30 19.45
Grer 10 16.4 16.5 16.6

V. CONCLUSION

The millimeter wave printed antenna array in the
frequency range around 26 GHz with the “corner”
reflector with three different angles is simulated, realized
and measured. The antenna has a wide angle radiation
pattern in H-plane (55°, 110° and 180°) and relatively high
gain. The insertion loss is extremely low (less than 1dB).
The proposed concept of the antennas is very suitable for
applications in higher millimeter frequencies (up to 75
GHz) and insensitive on fabrication tolerances. The
agreement between the simulation and the experimental
result is excellent.
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Fig. 6. Photograpf of the antenna array with 180° corner
reflector
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