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With the technological expansion in telecommunications and the ongoing scientific research into patch an-
tennas, as well as the many needs in the field of communication, traditional microwave antennas are no longer
able to match these requirements. As a result, patch antennas have largely replaced traditional antennas in
most applications. This paper descripts the study and design of a multi-bands microstrip triangular array patch
antenna covering the Wireless Fidelity (Wi-Fi) bands (802.11a, 802.11ac, 802.11ax, 802.11b, 802.11g, 802.11n) at
2.45 GHz and 5.8 GHz. This array antenna consists of two triangular patches operating separately on the 2.45,
and 5.8 GHz bands; the designed patches are grouped into one array function to operate at multiple resonances
(2.47, 4.1, 4.9, and 5.94 GHz) with miniaturized size. The suggested low-cost array antenna is designed on a
1.6 mm thick FR4 substrate. The results indicate multiple resonant frequencies defining quad operating band-
widths characterized by a return loss less than —10 dB, which are 50 MHz from 2.44 GHz to 2.49 GHz at
2.47 GHz, 100 MHz from 4.05 GHz to 4.15 GHz at 4.1 GHz, 120 MHz from 4.85 to 4.97 GHz at 4.9 GHz, and
240 MHz from 5.78 GHz to 6.02 GHz for 5.94 GHz operation, respectively. The proposed antenna offers excellent
performance for Wi-Fi and Wireless Local Area Network (WLAN) applications. The suggested array antenna

model has been performed by using CST MS software.
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1. INTRODUCTION

In comparison to other types of antennas, microstrip
antennas are more frequently utilized and chosen due to
their low dimensions, light weight, and flat profile ar-
rangements that may be made conformal. Moreover, pro-
duction costs are modest. Because of these characteristics,
they are easily producible in huge numbers. Depending on
the radiation design for polarization types, it can handle
both circular and linear polarization. Microstrip antennas
can also operate at double or even triple frequencies,
which is extremely appealing [1]. Nowadays, small, inex-
pensive antennas are needed for systems of wireless
communication like Wi-Fi network or Wi-MAX; as a re-
sult, in these systems, microstrip patch antennas are
widely employed. Despite these benefits, the fundamental
disadvantage of microstrip antennas is their limited
bandwidth. Dual band operation antennas are a good
option for enlarging the bandwidth. [2].

In the modern era, wireless communications have
advanced significantly and quickly, particularly over
the past ten years. In the near future, WLAN (Wireless
Local Area Networks) will be utilized in personal com-
munication devices to deliver image, video telephony,
DMB (Digital Multimedia Broadcasting), voice, and
digital conversations may take place at anytime, any-
where in the world.

The necessity for more compact multiband antennas
with appropriate frequency bands for IEEE 802.11
standard (Wi-Fi) and mobile IEEE 802.16e-2005 stand-
ard (WiMAX) applications has been prompted by signif-
icant improvements in various WLAN protocols. Wi-Fi
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operates in the 2.4 GHz and 5 GHz bands. The mobile
WiMAX operational bands are 2.3 GHz, 2.5 GHz, and
3.5 GHz [3]. There have been various dual band anten-
na proposals for WiFi/WiMax applications. Ref. [4]
demonstrated a dual-band inverted-L. antenna that
operates at 3.5 and 5 GHz. This antenna has a basic
shape and a single feed and is intended for mobile Wi-
MAX and Wi-Fi operation. The antenna measured
20x30 mm?2, was supplied by a coaxial connector, and
had a ground plane of 60x60 mm?2. Likewise, ref. [5]
demonstrated a microstrip patch antenna for WiMAX
and Wi-Fi with frequency ranges of 3.5 GHz and
5.2 GHz with a total size of 49x53x1.67 mms3. Ref. [6]
presented a small patch antenna with two U slots for
WLAN/WIMAX applications with a 40x47 mm? patch
dimension. Ref. [7] offered a dual band patch antenna
with nine slots. The coaxial feed was used for power
feeding, and the substrate was FR4 with a dielectric
constant of 4.4 and dimensions of 80x120x3.4 mm?. For
WLAN and WiMAX applications, a human-shaped
patch microstrip antenna was presented in [8]. The
suggested antenna has a 3.2 mm thick air substrate
with a permittivity of 1.0006 and a dimension of
120x100x3.2 mm3. As moreover, for WLAN, WiMAX,
and IMT applications, ref. [9] introduced a horseshoe-
shaped stacked microstrip patch antenna. The patch on
the antenna was designed like a horseshoe with an
overall dimension of 40x50 mm? that was positioned on
the rigid substrate's top surface. In ref. [10], a tri-band
micros strip patch antenna for use with GSM, UMTS,
and WiMAX applications was reported. The recom-
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mended antenna was built on a substrate of 1.6 mm
thickness, and an overall dimension of 44x44x1.6 mms3,
The majority of the antennas are built for frequencies
ranging from 2 to 5 GHz for Wi-Fi, WiMAX, Bluetooth
and GPS applications [11-15].

This work aims to develop and analyze the triangu-
lar patch antennas and integrate them into an array for
Wi-Fi applications. The first antenna operates at
2.45 GHz frequency, and the second at 5.8 GHz, and the
array antenna is the integration of the two antennas
before that which allows us to build a single array an-
tenna system having both 2.45 GHz and 5.8 GHz Wi-Fi
bands. All the simulation results are achieved by the
CST simulator.

2. ANTENNA DESIGNS

In this paper, the design and development of two
triangular antennas and integration to form an array
antenna to function in the Wi-Fi bands is discussed.
The first antenna operates at 2.45 GHz, and the second
one operates at 5.8 GHz. The radiation element is de-
signed on a FR-4 substrate with a thickness of
h=1.6 mm, a constant dielectric & =4.3, and a loss
tangent of 0.0197 with dimensions of 85x75x1.6 mm?.

2.1 Triangular Patch Antenna at 2.45 GHz
Frequency

This antenna is proposed for operating at 2.45 GHz
operating frequency. It has a triangular form. The patch
is depicted on a substrate FR-4 size W; XL, with a
ground plane on the bottom surface of substrate. As seen
in Fig. 1, the patch is fed by a 50 Q microstrip line.
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Fig. 1 - Triangular patch antenna at 2.45 GHz frequency.

Fig. 2 depicts the simulated reflection coefficient
(S11) of the first triangle antenna. The results of the
simulation indicate the correctness of the suggested
antenna model. The recommended antenna has an
impedance bandwidth of 50 MHz (2.42 —2.47 GHz)
|S11] < 10 dB. Fig. 3 depicts the simulated gain fluctua-
tions. According to the gain curve, the antenna's high-
est peak gain at 2.4 GHz is 2.02 dBi. Fig. 4 depicts the
radiation pattern characteristics of the proposed an-
tenna. Both the E and H planes of the antenna have
directional patterns.
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2.2 Triangular Patch Antenna at 5.8 GHz

Frequency

The second antenna operates at a frequency
5.8 GHz. It also has a triangular form, with the area of
this triangle is less than the triangle area of the
2.45 GHz antenna. The patch is placed on the same
substrate FR-4 of size W, X L, with ground on the lower
surface of the substrate. As seen in Fig. 5, the patch is
feed by a 50Q microstrip line.

The simulation reflection coefficient (S11) of the
second triangular antenna is represented in Fig. 6. The
simulation results support the recommended antenna
concept. At the resonance frequency of 5.8 GHz, the
proposed antenna has good impedance matching with a
level of — 23 dB. The simulated gain fluctuations are
represented in Fig. 7. The second antenna's highest
peak gain is 1 dBi at 5.8 GHz, as indicated by the gain
curve. Fig. 8 illustrates the proposed antenna's radia-
tion pattern characteristics. The antenna offers E and
H-plane directional patterns.
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Fig. 2 — The Si: of the first triangular antenna at 2.45 GHz
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Fig. 3 — The gain of the first antenna at 2.45 GHz

03014-2



STUDY AND DEVELOPMENT OF A MULTI-BAND TRIANGULAR PATCH ANTENNA J. NANO- ELECTRON. PHYS. 15, 03014 (2023)

Farfield Gain Abs (Phi=0)

Theta / Degree vs. dB

a

Farfield Gain Abs (Phi=90)
o

b

Fig. 4 - The radiation patterns of the first antenna at
2.45 GHz: (a) H-plane, (b) E-plane, (c) 3D.
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Fig. 5 - Triangular patch antenna at 5.8 GHz frequency.
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Fig. 6 — The S1:1 of the second antenna at 5.8 GHz
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Fig. 7 - The gain of the second antenna at 5.8 GHz
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Fig. 8 - The radiation pattern of the second antenna at
5.8 GHz: (a) H-plane, (b) at the E-plane, (c) 3D.
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2.3 Dual Band Patch Array Antenna Powered in
Parallel

The third antenna consists of the two antennas dis-
cussed in preceding sections. This array antenna oper-
ates at quad frequency bands centered at 2.45, 4.1, 4.9,
and 5.8 GHz. The array antenna is designed using the
optimized dimensions mentioned in single triangular
patch elements. The patch array antenna is powered in
parallel via a power divider as a T-junction feed by a 50
Q source. The simulation reflection coefficient (S11) of
the antenna array is represented in Fig. 10.

W, = 85mm

L, =75mm

v
Fig. 9 — Patch array antenna at 2.45 GHz and 5.8 GHz frequency.

The suggested antenna model's validity is support-
ed by the results of the simulation. At three resonance
frequencies of 2.47, 4.1, 4.9 and 5.8 GHz, the proposed
antenna has good impedance matching at return loss
levels of 13.74, 21.3, 10.5 and 16.44 dB, respectively.
The simulated gain variations are shown in Fig. 11.
The gain curve indicates that the antenna's maximum
peak gain at 5.6 GHz is 4.19 dBi. In Fig. 12, the pro-
posed array antenna's radiation pattern characteristics
are displayed. At the E and H planes, the antenna
offers directional patterns.
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Fig. 10 — S11 of the proposed two-element array antenna
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Fig. 11 — The gain of the proposed two-element array antenna.
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Fig. 12 — Proposed array antenna’s radiation patterns: (a) H-
plane (2D), (b) E-plane (2D), (c) 3D

3. CONCLUSION

This paper presents the study and design of a
multiband triangular microstrip patch antenna for Wi-
Fi and Wi-MAX applications. First and foremost, we
designed two single element triangular antennas that
operate independently at 2.45GHz and 5.8GHz. The
two previously designed antennas are then combined to
form an array antenna which is excited with parallel-
fed antenna. As a result, the constructed array antenna
operates at multiple frequencies: 2.47 GHz, 4.1 GHz,
4.9 GHz and 5.94 GHz, which includes Wi-Fi bands.
The simulation results demonstrate that the reflection
coefficient is less than —10dB for all bands of frequen-
cies, and the suggested design produces an omnidirec-
tional radiation pattern with good gain.
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Hocnigxenus Ta po3poOka 0araroniarma3soHHOl TPUKYTHOI HaTI-aHTEHU
nna nogarkis WLAN i Wi-Fi 2,45/5,8 I'T'1x
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3 TeXHOJIOTIYHUM PO3BUTKOM TEJIEKOMYHIKAIIIH 1 TPUBAIYNMHA HAYKOBUMU JOCIIKeHHIMH IaTI-aHTeH,
a Takok 0araTbMa MOTPe0aMU B TANIy3l 3B'A3Ky TPATUIIINHI MIKPOXBUJILOBI aHTEHN O1/IbIlIe He MOKYTb Bij-
moBigaTH UM BUMoraM. fIKk HACITIIOK, MaTY-aHTEeHN 3HAYHOK MIpOI0 3aMIHUJIM TPAAUIIAHI aHTEeHW B 01JIb-
III0CTI 3aCTOCYBaHb. Y POOOTI OMMCAHO JOCIIKeHHS Ta MPOEKTYBAHHS 0araTomiara3oHHOI MiKPOCMYSKKOBOL
TPUKYTHOI AHTEHHOI PeNNTKH, 10 oxomae miamasonu Wireless Fidelity (Wi-Fi) (802.11a, 802.11ac,
802.11ax, 802.11b, 802.11g, 802.11n) Ha 2,45 I'T' i 5,8 I'T. AHTeHHA pemIiTKA CKJIATAEThCA 3 IBOX TPUKYT-
HUX JJISTHOK, IO IPAIT0I0Th OKpeMo B miamasonax 2,45 1 5,8 I'T'i; poapobiieni matdi 3rpymoBaHi B oHYy Qy-
HKI[I0 MaCHUBY JJI POOOTH HA KUIBKOX pe3oHaHcax (2,47, 4,1, 4,9 1 5,94 I'Tm) 3 MiHIATIOpHAM PO3MIPOM.
TIporoHoBaHa fdernieBa aHTEHHA pelriTKa po3pobieHa Ha minksaaam FR4 tosmmwuonw 1,6 mm. Pesymbratn
BKa3yTh HA YUCJIEHHI Pe30HAHCHI YaCTOTH, 1[0 BU3HAYAIOTH YOTUPU POOOUL CMYTH IIPOITYCKAHHS, 110 Xapa-
KTepHua3yThCsA 3BOPOTHUMHA BTparamu MeHire -10 nb, siki cranosiste 50 MI'ty Big 2,44 I'T'iy mo 2,49 I'T' mpu
2,47 I'Tm, 100 MTI'rt Big 4,05 I'T'ig o 4,15 'y mpw 4,1 T'T'rr, 120 M@t Big 4,85—4,97 'y mpu 4,9 T'T'ir 1 240
MT'1t Big 5,78 I'T'1y o 6,02 I'T'iy qurst po6orm ma 5,94 I'T'p BigmosimgHo. AuTeHa 3a6e3mmedye BUCOKY TPOIYKTH-
BHicTh 1A gomatkiB Wi-Fi Ta 6esmporosoi nokansrol mepesxi (WLAN). 3amnpononoBana Mofesb aHTEHHOI
PeLIITKY BUKOHAHA 34 JOIIOMOTro0 IIporpaMHoro 3ateamneuernus CST MS.

Kmiouosi cinosa: Bararomianasonunii, Tpukyraa anrenna pemritra, Wi-Fi, WLAN, ITincunenns, ITpomyc-
KHa 30aTHICTB.
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