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Quasi-hemispherical region scanning phased array system using
triangular SIW antenna elements with short ends

Hyunyoung Cho1a), ByungKuon Ahn1, Hye-Won Jo1, Jeong-Wook Kim1, Sol Kim1, and Jong-Won Yu1

Abstract A phased array system with quasi-hemispherical region scan-
ning performance is proposed. The proposed system is implemented using
triangular substrate integrated waveguide (SIW) elements with short ends,
which have a quasi-hemispherical beam pattern. Shorted vias at the vertex
and side of the triangular patch were made to act as SIW antennas,
generating magnetic currents characterized by radiating to a quasi-hemi-
sphere pattern. The measured results show that the prototype planar
phased array has scanning ranges of about 160° in both horizontal and
vertical planes, and about 170° in both two diagonal direction planes, with
5 dB gain fluctuation.
Keywords: wide-angle scanning, planar arrays, phased arrays, quasi-
hemispherical beam pattern
Classification: Microwave and millimeter-wave devices, circuits, and
modules

1. Introduction

Phased array antennas are used in a variety of applications,
including satellite communications, radar, and 5G commu-
nications [1, 2, 3]. For a phased array antenna using a
typical patch antenna, the 5 dB scanning range, which is
scanning range with a gain fluctuation of 5 dB, is limited
to −50° to 50° [4]. The beam pattern of antenna elements
determines the scanning range limitation of the phased
array antenna, so antennas with reconfigurable patterns
[5, 6, 7] and antennas with a wide beam-width pattern
are proposed to widen the scanning range [8, 9, 10].
Reconfigurable pattern antenna elements complicate the
system, so a single antenna with a wide beam-width should
be used for a more straightforward phased array antenna
system.

Theoretically, the magnetic current above infinite
ground has a wide beam-width in the direction perpendic-
ular to the magnetic current direction [11]. Slots on the
substrate integrated waveguide (SIW) consisting of patches
and short vias create a magnetic current [12, 13]. Antennas
using a magnetic current have a wide-width limit in only
one direction [14, 15]. An antenna using three directions
of magnetic current for scanning in all directions was
proposed, but antennas have a large size [16] or a large
coupling between array antenna elements [17]. In this

paper, a quasi-hemispherical pattern is made by using a
triangular SIW antenna with short ends using two direction
magnetic currents. Then, a planar phased array system,
composed of 4 � 4 triangular SIW antennas, was fabricated
and measured. The measured 5 dB scanning range are
about 160° in � ¼ 0° and � ¼ 90° planes, and about
170° for � ¼ 45° and � ¼ �45°, respectively.

2. System design and implement

In Fig. 1, the proposed phased array system, consisting
of a 4 � 4 array antenna, low noise amplifiers (LNAs),
phase shifters, and power dividers, is shown. GRF2501 and
MAPS-010145 are selected as LNAs and phase shifters.
The Wilkinson power dividers are designed on the RF-35
substrate.

The resonance mode is maintained even though the
substrate integrated waveguide becomes a half-mode sub-
strate integrated waveguide (HMSIW) or a quarter-mode
substrate integrated waveguide (QMSIW) [18, 19, 20, 21,
22, 23, 24, 25, 26, 27]. Fig. 2 shows two conventional
SIW and a proposed SIW of a same resonance mode.
In Fig. 2(a), an HMSIW antenna consisting of two-sided
electrical walls and a triangular patch generates magnetic
currents in one direction. Therefore, it has a wide HPBW
(Half-power beam-width) of 156° in the � ¼ 0° plane, but
only 86° in the � ¼ 90° plane. As shown in Fig. 2(b), the
QMSIW antenna, consisting of a triangular patch and a
single-sided electrical wall, has two directions of magnetic
currents. The magnetic current can be analyzed separating
into two components � ¼ 0° and � ¼ 90° directions, as
shown by the blue dotted arrow in Fig. 2. The larger the
magnetic current in the direction � ¼ 0°, the larger the
HPBW in � ¼ 90° plane of the beam pattern [17]. The

Fig. 1. The proposed phased array system
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QMSIW antenna generates smaller strength of magnetic
current components in the � ¼ 0° direction compared to in
the � ¼ 90° direction, which is insufficient to achieve
a quasi-hemispherical pattern. Therefore, the HPBW in
� ¼ 90° planes of the QMSIW antenna was wider than
the HMSIW antenna, but it is limited to 130°. The pro-
posed antenna is consisting of a triangular patch, an elec-
trical wall on one side, and a via in the vertex, which makes
symmetry of the slot’s electric field, to increase the � ¼ 0°
direction magnetic current components as shown in
Fig. 2(c). The proposed triangular SIW antenna uses the
fundamental mode like the HMSIW and the QMSIW, and
the size of the open slot length is �g=2. The proposed
triangular SIW antenna has a quasi-hemispherical beam
pattern, so it has an HPBW of 156° in the � ¼ 90° plane
is the same as the result of the � ¼ 0° planes.

As shown in Fig. 3 the proposed antenna was fabri-
cated on an RF-30 substrate with " ¼ 3, and the electrical
wall was implemented as short vias.

3. Results

The proposed phased array antenna system and single
antenna element were simulated and measured on a
500mm � 500mm sized ground plane. The simulated
and the measured HPBW results at 5.9GHz about 156°
in � ¼ 0°, � ¼ 90°, � ¼ 45°, and � ¼ �45° plane are
shown in Fig. 4. The simulated and the measured peak
gains of the single SIW radiation element are 5.64 dB and
4.45 dB, respectively. Although about 1 dB of loss exists
due to fabricated loss, and connector loss, the simulated
and measured results show reasonable agreement. The
ripple in the antenna radiation pattern occurs due to the
ground effect caused by the finite-size ground [28, 29, 30].
The 4 � 4 phased array system was fabricated with 0.5 �0
spacing in the � ¼ 0° and � ¼ 90° directions and measured

at an anechoic chamber. In Fig. 5, the measured 5 dB
scanning ranges were about −80° to 80°, in � ¼ 0° and
� ¼ 90° plane, and about −85° to 85° in � ¼ 45° and
� ¼ �45° plane.

4. Conclusions

In this paper, we proposed the quasi-hemispherical region
scanning phased array system with antenna elements that
have the quasi-hemispherical beam pattern using magnetic
currents. The strength of the orthogonal direction magnetic
current components must be made balanced to have a
quasi-hemispherical beam pattern. Therefore, the proposed
antenna element was implemented by consisting of trian-
gular patches on one side with electrical walls and placing
the short pin at the vertex opposite to it. Using the proposed
antenna element, we fabricated the phased array system
and experimentally validated the quasi-hemispherical
region scanning performance.

Fig. 2. Magnetic current and radiation pattern in � ¼ 0°, � ¼ 90° planes
(a) HMSIW antenna (b) QMSIW antenna (c) proposed triangular SIW
antenna

Fig. 3. Geometry of the proposed triangular SIW antenna

Fig. 4. Simulated and measured radiation patterns of single antenna

Fig. 5. Measured radiation patterns according to the phase difference of
the proposed 4 � 4 planar phased array system (a) in � ¼ 0° plane, (b) in
� ¼ 45° plane, (c) in � ¼ 90° plane

IEICE Electronics Express, Vol.17, No.8, 1–3

2



Acknowledgments

This work was partially supported by the Research Project
for Senior Researchers (No. 2017R1A2B2006018) from
the National Research Foundation of Korea (NRF), and
the Development of Civil Military Technology Project
(No. 17-CM-MC-08) from the Institute of Civil Military
Technology Cooperation (ICMTC).

References

[1] B. Schoenlinner, et al.: “Wide-scan spherical-lens antennas for
automotive radars,” IEEE Trans. Microw. Theory Techn. 50 (2002)
2166 (DOI: 10.1109/TMTT.2002.802331).

[2] G. Yang, et al.: “Improving wide-angle scanning performance of
phased array antenna by dielectric sheet,” IEEE Access 7 (2019)
71897 (DOI: 10.1109/ACCESS.2019.2919265).

[3] M. M. Honari, et al.: “Aperture-coupled multi-layer broadband
ring-patch antenna array,” IEICE Electron. Express 9 (2012) 250
(DOI: 10.1587/elex.9.250).

[4] A. K. Bhattacharyya: Phased Array Antennas (Wiley-Interscience,
Hoboken, 2006) 237.

[5] Y.-Y. Bai, et al.: “Wide-angle scanning phased array with pattern
reconfigurable elements,” IEEE Trans. Antennas Propag. 59 (2011)
4071 (DOI: 10.1109/TAP.2011.2164176).

[6] X. Ding, et al.: “A wide-angle scanning planar phased array with
pattern reconfigurable magnetic current element,” IEEE Trans.
Antennas Propag. 65 (2017) 1434 (DOI: 10.1109/TAP.2016.
2637863).

[7] H.-W. Jo, et al.: “Back-to-back magnetic dipole antennas with
pattern reconfigurability,” AP-S/URSI (2018) 979 (DOI: 10.1109/
APUSNCURSINRSM.2018.8608577).

[8] S. E. Valavan, et al.: “Dual-band wide-angle scanning planar
phased array in X/Ku-bands,” IEEE Trans. Antennas Propag. 62
(2014) 2514 (DOI: 10.1109/TAP.2014.2307336).

[9] J. A. Kasemodel, et al.: “Wideband planar array with integrated
feed and matching network for wide-angle scanning,” IEEE Trans.
Antennas Propag. 61 (2013) 4528 (DOI: 10.1109/TAP.2013.
2266090).

[10] J.-I. Oh, et al.: “An angled-dipole antenna with angled directors for
wide-angle scanning,” AP-S/URSI (2018) 1515 (DOI: 10.1109/
APUSNCURSINRSM.2018.8609286).

[11] R. Wang, et al.: “Planar phased array with wide-angle scanning
performance based on image theory,” IEEE Trans. Antennas
Propag. 63 (2015) 3908 (DOI: 10.1109/TAP.2015.2446999).

[12] Y. Wen, et al.: “Wide-beam SIW-slot antenna for wide-angle
scanning phased array,” IEEE Antennas Wireless Propag. Lett. 15
(2016) 1638 (DOI: 10.1109/LAWP.2016.2519938).

[13] G. Q. Luo, et al.: “Development of low profile cavity backed
crossed slot antennas for planar integration,” IEEE Trans. Antennas
Propag. 57 (2009) 2972 (DOI: 10.1109/TAP.2009.2028602).

[14] C. Liu, et al.: “Wide-angle scanning low profile phased array
antenna based on a novel magnetic dipole,” IEEE Trans. Antennas
Propag. 65 (2017) 1151 (DOI: 10.1109/TAP.2016.2647711).

[15] T.-D. Yeo, et al.: “Low cross polarization triangle magnetic dipole
antenna for wide-angle beam scanning,” AP-S/URSI (2018) 1509
(DOI: 10.1109/APUSNCURSINRSM.2018.8608250).

[16] R. Wang, et al.: “Low-profile on-board antenna with a broad beam
based on three-current model,” PIER 156 (2016) 13 (DOI: 10.
2528/PIER16022003).

[17] R. Wang, et al.: “Wide-angle scanning planar array with quasi-
hemispherical-pattern elements,” Sci. Rep. 7 (2017) 2729 (DOI:
10.1038/s41598-017-03005-3).

[18] S. A. Razavi, et al.: “Development of a low-profile circularly
polarized cavity-backed antenna using HMSIW technique,” IEEE
Trans. Antennas Propag. 61 (2013) 1041 (DOI: 10.1109/TAP.2012.
2227104).

[19] H. Dashti, et al.: “Development of low-profile patch and semi-
circular SIW cavity hybrid antennas,” IEEE Trans. Antennas
Propag. 62 (2014) 4481 (DOI: 10.1109/TAP.2014.2334708).

[20] S. Banerjee, et al.: “HMSIW-based miniaturized sensing antennas
for S- and C-band applications,” IEEE Sens. Lett. 1 (2017)
3500204 (DOI: 10.1109/LSENS.2017.2677858).

[21] D. Chaturvedi, et al.: “Circular quarter-mode SIW antenna for
WBAN application,” IETE J. Res. 64 (2018) 482 (DOI: 10.1080/
03772063.2017.1358115).

[22] H. B. Wang, et al.: “Frequency selective surface with miniaturized
elements based on quarter-mode substrate integrated waveguide
cavity with two poles,” IEEE Trans. Antennas Propag. 64 (2016)
914 (DOI: 10.1109/TAP.2015.2513103).

[23] K. Krishnamoorthy, et al.: “Low profile pattern diversity antenna
using quarter-mode substrate integrated waveguide,” PIER Letters
55 (2015) 105 (DOI: 10.2528/PIERL15060303).

[24] C. Jin, et al.: “Quarter-mode substrate integrated waveguide and its
application to antennas design,” IEEE Trans. Antennas Propag. 61
(2013) 2921 (DOI: 10.1109/TAP.2013.2250238).

[25] T. Deckmyn, et al.: “A novel 60GHz wideband coupled half-
mode/quarter-mode substrate integrated waveguide antenna,”
IEEE Trans. Antennas Propag. 65 (2017) 6915 (DOI: 10.1109/
TAP.2017.2760360).

[26] M. Mujumdar, et al.: “Eighth-mode substrate integrated resonator
antenna at 2.4GHz,” IEEE Antennas Wireless Propag. Lett. 15
(2016) 853 (DOI: 10.1109/LAWP.2015.2477410).

[27] Q. Li, et al.: “Planar quasi-isotropic magnetic dipole antenna using
fractional-order circular sector cavity resonant mode,” IEEE
Access 5 (2017) 8515 (DOI: 10.1109/ACCESS.2017.2696988).

[28] M. C. Huynh, et al.: “Ground plane effects on planar inverted-F
antenna (PIFA) performance,” IEE Proc., Microw. Antennas
Propag. 150 (2003) 209 (DOI: 10.1049/ip-map:20030551).

[29] J. Huang: “The finite ground plane effect on the microstrip antenna
radiation patterns,” IEEE Trans. Antennas Propag. 31 (1983) 649
(DOI: 10.1109/TAP.1983.1143108).

[30] A. K. Bhattacharyya: “Effects of finite ground plane on the
radiation characteristics of a circular patch antenna,” IEEE Trans.
Antennas Propag. 38 (1990) 152 (DOI: 10.1109/8.45116).

IEICE Electronics Express, Vol.17, No.8, 1–3

3

http://dx.doi.org/10.1109/TMTT.2002.802331
http://dx.doi.org/10.1109/ACCESS.2019.2919265
http://dx.doi.org/10.1587/elex.9.250
http://dx.doi.org/10.1109/TAP.2011.2164176
http://dx.doi.org/10.1109/TAP.2016.2637863
http://dx.doi.org/10.1109/TAP.2016.2637863
http://dx.doi.org/10.1109/APUSNCURSINRSM.2018.8608577
http://dx.doi.org/10.1109/APUSNCURSINRSM.2018.8608577
http://dx.doi.org/10.1109/TAP.2014.2307336
http://dx.doi.org/10.1109/TAP.2013.2266090
http://dx.doi.org/10.1109/TAP.2013.2266090
http://dx.doi.org/10.1109/APUSNCURSINRSM.2018.8609286
http://dx.doi.org/10.1109/APUSNCURSINRSM.2018.8609286
http://dx.doi.org/10.1109/TAP.2015.2446999
http://dx.doi.org/10.1109/LAWP.2016.2519938
http://dx.doi.org/10.1109/TAP.2009.2028602
http://dx.doi.org/10.1109/TAP.2016.2647711
http://dx.doi.org/10.1109/APUSNCURSINRSM.2018.8608250
http://dx.doi.org/10.2528/PIER16022003
http://dx.doi.org/10.2528/PIER16022003
http://dx.doi.org/10.1038/s41598-017-03005-3
http://dx.doi.org/10.1038/s41598-017-03005-3
http://dx.doi.org/10.1109/TAP.2012.2227104
http://dx.doi.org/10.1109/TAP.2012.2227104
http://dx.doi.org/10.1109/TAP.2014.2334708
http://dx.doi.org/10.1109/LSENS.2017.2677858
http://dx.doi.org/10.1080/03772063.2017.1358115
http://dx.doi.org/10.1080/03772063.2017.1358115
http://dx.doi.org/10.1109/TAP.2015.2513103
http://dx.doi.org/10.2528/PIERL15060303
http://dx.doi.org/10.1109/TAP.2013.2250238
http://dx.doi.org/10.1109/TAP.2017.2760360
http://dx.doi.org/10.1109/TAP.2017.2760360
http://dx.doi.org/10.1109/LAWP.2015.2477410
http://dx.doi.org/10.1109/ACCESS.2017.2696988
http://dx.doi.org/10.1049/ip-map:20030551
http://dx.doi.org/10.1109/TAP.1983.1143108
http://dx.doi.org/10.1109/8.45116

