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Abstract - The proposed antenna design represents a systematic evolution from a simple ring-shaped structure to a highly efficient
and versatile multi-band configuration tailored for next-generation wireless communication systems. Through the integration of
rectangular slots, circular-shaped split ring resonators (CSRRs), and optimized geometries, the antenna achieves octa-band operation
with superior impedance matching, enhanced bandwidth, and improved performance over a wide frequency range. The antenna is
designed to support communication bands, including 4G/3G/2G, Wi-Fi, WLAN, WiMAX, and sub-6 GHz 5G connectivity. It resonates
at 1.22,2.12, 3.00, 4.76, 5.40, 5.94, 6.70, and 7.44 GHz, with a compact electrical size of 0.08 A0 x 0.08 A0. The inclusion of CSRRs and
slots significantly expands the operational frequency bands while achieving a radiation efficiency of 84% and a peak gain of 4.1
dBi, making it well-suited for modern wireless applications. Moreover, the antenna design simplifies manufacturing and reduces the
costs. Its compact and efficient structure ensures seamless integration into portable devices such as tablets and laptops, addressing
the challenges of system complexity, size, and cost. This antenna provides a practical and scalable solution to meet the demands of

diverse frequency bands in modern communication systems.
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1. INTRODUCTION

Over the past two decades, the rapid evolution of
modern wireless personal communication devices, such
as smartphones, has driven the demand for antennas
capable of operating across multiple frequency bands
while maintaining omnidirectional radiation character-
istics. The integration of various wireless standards [1],
including Bluetooth, WLAN, IOT, 5G sub-6 GHz, Wi-MAX
[2-4], and RFID, necessitates antennas that can support
diverse frequency ranges within the spatial constraints
of compact devices. This presents a significant challenge
for antenna researchers in designing structures that bal-
ance miniaturization with performance.

To address these challenges, several antenna design
techniques have been developed to support multi-
band functionality. Multi-band antennas offer a distinct

Volume 16, Number 6, 2025

advantage by reducing system complexity and physical
dimensions, as a single antenna can cater to multiple
applications. Antenna design plays an important role in
determining essential parameters such as bandwidth,
radiation efficiency, and overall system performance.

Microstrip patch antennas have emerged as a pre-
ferred choice for most wireless applications due to
their inherent advantages, including compact size,
lightweight construction, low fabrication cost, planar
structure, and the ability to operate across multiple fre-
quency bands. These features make microstrip patch
antennas suitable for integration into modern devices,
eliminating the need for multiple antennas to accom-
modate different resonant frequencies [5-7]. Conse-
quently, these antennas are extensively employed in
contemporary wireless communication systems, align-

451



ing with the requirements of advanced technologies
and applications.

Various topologies are used for enhancing multi-
band antenna. These typologies require extra space in
the system to accommodate the external multiplexer
circuits needed to choose the frequency bands. Mul-
tiple bands can be used at once with the latest genera-
tion of antennas, which also have intrinsic multiplexing
properties. Metamaterial structures commonly used
include Split-Ring Resonators (SRRs) [8, 9] and Comple-
mentary Split-Ring Resonators (CSRRs) [10, 11]. SRRs
typically consist of two split rings facing in opposite di-
rections and can take on various shapes such as rings,
circles, squares, triangles, and hexagons. The rings func-
tion as resonators because of the presence of inductors
as well as capacitors in the metal ring, and the resonant
frequency can be refined by altering aspects such as
split gap, metal width, spacing between adjacent rings,
adjacent length, as well as presenting multiple split
gaps. Reference [6] showcases the design, fabrication,
and testing of a hexa-band monopole antenna with a
low profile. Applications for 3G Advanced, Wi-Fi, WLAN,
and WiMAX are all within the scope of the intended
planar monopole antenna. A microstrip patch antenna
[10] is constructed and studied for six working bands
with slight frequency ratios with slender RF channel
frequencies. An innovative four inverted L-shaped slots
on a patch antenna is suggested for use with hexa-
band circular shapes presented in [14]. The suggested
antenna, which has a small footprint and operates on
the Hexa-band frequency, is well-suited for a variety of
uses, including those involving RADAR, Bluetooth, 5G
mid-band, WiMAX, WLAN, LTE, as well as Wi-Fi [15]. A
miniaturized hexa- band monopole antenna with cir-
cular polarization is expected to have multiple uses in
[16] it is possible that WLANs and other wireless com-
munication equipment would benefit from the sug-
gested antenna. Hexa-band, dual-polarization perfor-
mance is demonstrated by the favored design [17] at
frequencies of 3,46, 8.28, 12.26, 17.21, 23,40, and 26.01.
The miniature hexagonal fractal antenna has excellent
improvement, high directionality, and an omnidirec-
tional radiation outline throughout the multi-resonant
frequency for 5G, loT, satellite, and radar applications.
This design [18] features a hexa-band PBG stacked
MSPA that resonates between 1 and 9 GHz. In [16], a
hepta-band resonance antenna for fifth-generation
(5G) technology is planned. It is modeled on a Taconic
TLY-3 substrate and resonates at a variety of frequencies
that have been defined, including 28.1 GHz, 36.7 GHz,
45.8 GHz, 55.2 GHz, 62.8 GHz, 72.3 GHz, and 82 GHz ac-
cordingly. Antennas detailed in references [19-26] may
receive signals on eight different service bands: PCS,
LTE700, GSM850, GSM900, UMTS, DCS, LTE2500, and
LTE2300. However, they have not been able to receive
signals on the Wi-Fi, WiMAX, WLAN, or 5G bands. A to-
tal of seven service bands DCS, PCS, GSM850, GSM900,
UMTS, LTE2500, and LTE2300 are covered by the anten-
nas mentioned in references [27-31]. However, the Wi-
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Fi, WLAN, WiMAX, and 5G bands are not among them.
There are works that reported miniaturization [32, 33]
but the antennas are not multi- band and the design
is complex.

The study of existing literature reveals that wireless
communication systems require compact antennas
with excellent performance in terms of bandwidth,
gain, and efficiency. This research primarily focuses on
the design of compact antennas for multi-band wire-
less applications in modern technologies. Specifically,
it explores the performance of a single antenna that
supports multiple applications while maintaining a
compact size and high performance.

Key Advantages of the proposed antenna:

The proposed antenna features a compact de-
sign utilizing a circular-shaped split ring resonator
(CSSRR) structure with a full ground plane.

« Itachieves octa-band operation, making it suitable
for modern wireless communication applications.

The design demonstrates a peak gain of 4.71 dBi and
maintains a VSWR below 2 across all operating bands.

« Radiation efficiency ranges from 77% to 85% over
the entire operating frequency range.

The antenna is well-suited for defense tracking and
weather monitoring applications due to its unique
features.

« It is excited using a 50-ohm impedance-matched
transmission line with full ground as reflector.

The compact dimensions are 20 mm x 20 mm, with
an electrical size of 0.08 A0 x 0.08 A0 at the lowest
resonant frequency.

«  The ground plane length is optimized to enhance
performance across the bands.

To address these challenges, this work integrates
modified circular ring structures, optimized slot place-
ments, and multiple CSSRR configurations. The pro-
posed antenna demonstrates superior multi-band
performance, improved impedance matching, and
enhanced radiation characteristics. Future enhance-
ments could involve further optimization of the CSSRR
configurations and the integration of meta- surfaces to
achieve broader bandwidths and increased efficiency in
practical applications.

2. ANTENNA DESIGN EVOLUTION

Fig. 1 illustrates the step-by-step evolution of the pro-
posed design, labeled as Antenna 1, Antenna 2, Antenna
3,and Antenna 4. Table | provides the detailed measure-
ments and parameter values for each stage. Initially, the
ring-shaped antenna design has an outer radius R,=9.3
mm, an inner radius R=6.8 mm, and a width w,=25
mm. The ring-shaped antenna integrated a rectangular
patch at its bottom, measuring y=1.95 mm in length and
x=0.75 mm in width. The overall antenna includes a full
ground plane measuring 20x20 mm?>.
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This configuration achieved a resonant band at 3.16
GHz, as calculated using Equation 1. The simulated results
were validated against the theoretical circular patch Equa-
tion 1, and the design is labeled as Antenna 1 in Fig. 1.

Further, the rectangular slot has been etched from
Antenna 1 to develop a multi-band antenna. Fig. 1
labels the slot as Antenna 2, with a width (Rwx) of
0.5 mm. The antenna forms this slot in the traditional
CSSRR shape. The inclusion of this slot resulted in the
formation of a penta-band with resonant frequencies
at 1.54 GHz, 3.18 GHz, 4.46 GHz, 6.24 GHz, and 7.46
GHz. Among these, only the resonant frequency at 6.24
GHz exhibits excellent impedance matching, while the
reflection coefficients of the remaining four frequen-
cies indicate poor impedance matching.

Table 1. Antenna Dimensions with detail Parameters

Parameter R, R, R, R, R,
Dimension (mm) 9.3 6.8 5.8 1.85 0.5
Parameter w, X Y w, G
Dimension (mm) 2.5 0.75 1.95 1.5 0.7
Parameter X, R, R,
Dimension (mm) 1.5 3.6 0.5
w1 f
R1
R2 $ R,
x¢ Y
>
Antenna 1 Antenna 2
w2
Z
R3 m[
iR\\ Ge RS
¢x1
Antenna 3 Antenna 4

Fig. 1. The Evolution of the Proposed Antenna
1,2,3and 4

In Antenna 3, a circular-shaped split ring resonator
(CSSRR) with a radius (R) of 5.8 mm and a ring width
(W) of 1.5 mm has been incorporated from Antenna 2.
A rectangular slot with a length (y) of 1.85 mm and a
width (x,) of 1.5 mm has been connected to the first
CSSRR. Additionally, a 1.85 mm-wide slot is etched
from the second ring-shaped antenna to form the sec-
ond CSSRR. This configuration resulted in a hexa-band
antenna with resonant frequencies at 1.26 GHz, 2.22
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GHz, 3.24 GHz, 4.06 GHz, 5.66 GHz, and 6.84 GHz. How-
ever, the lowest and highest frequencies exhibit poor
impedance matching.

The circular-shaped antenna has a radius (R)) of 3.6
mm, with a gap (G) of 0.7 mm for the second CSSRR.
Additionally, a smaller radius (R,) of 0.5 mm has been
etched from the center of the main radiating element
of R,. This structure represents an optimized multi-band
antenna with an improved performance. Through the
integration of modified circular rings, CSRRs, and slots,
the antenna achieves octa-band operation. The low-
est frequency now exhibits better impedance match-
ing compared to Antenna 3. The optimized antenna is
shown in Fig. 1, labeled as Antenna 4.

The radiator of the antenna is composed of two cir-
cular-shaped split ring resonator elements of structure
with different dimensions on a single-layer square-
shaped FR4 substrate Generally, the approximate origi-
nal value for the radius of the circular-shaped split ring
with a radius of R1; thus, the exact value of R1 can be
evaluated with the assistance of the consecutive circle
patch radius Equitation 1.

F
a=
{1+ % | (% + 1.7726)]}0'5 (M
where F = —8'7;1\/2_109

Where ‘a’is equal to the circular patch radius R,. The
following section presents the parametric study of the
proposed antenna resonated at frequencies of 1.2, 2.1,
29,4.7,54,5.9,6.6,and 7.3 GHz.

Equivalent circuit is designed to further understand
the evolution of the antenna. The circular shaped anten-
na shown in Fig. 2(a) can be represented as a series LC
circuit. However, due to the center hole and the conduc-
tive nature of the circular patch, an additional resistance
is added and the antenna is modeled using RLC circuit
[34]. When the radius of the circular hole is increased,
the antenna forms a split-ring structure and the equiva-
lent parallel LC circuit defines the antenna (this is most
commonly seen in the existing literature). The novelty of
the paper is the multi-band response using a compact
antenna design and when multiple split-rings are intro-
duced in a concentric manner, the equivalent circuit is
a series combination of LC circuits along with the initial
RLC circuit as shown in Fig. 2(c). The capacitors (CR1, CR2,
CR3) are the shunt capacitors, while CC1, CC2 and CC3
are the coupling capacitors that exist due to the coupling
between the adjacent rings. Between the CR capacitor
and the CC capacitor, there exists a coupling inductance
LC. Fig. 2(d) shows the frequency response of the equiva-
lent circuit model of the proposed antenna. Due to the
coupling capacitors and LC resonant circuits an octa
band response is achieved. The circuit simulation results
match well with the full-wave simulation results with <
5% deviation. The resonant frequencies achieved from
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the full-wave simulator are 1.2 GHz, 2.1 GHz, 2.9 GHz, 4.7
GHz, 5.4 GHz, 5.9 GHz, 6.6 GHz, and 7.3 GHz. The reso-
nant frequencies obtained from the circuit- simulation
are 1.24 GHz, 2.11 GHz, 2.9 GHz, 4.82 GHz, 5.48 GHz, 6.0
GHz, 6.72 GHz, and 7.32 GHz. Minor discrepancies can
be attributed to the ideal circuit elements and material
losses that are not considered in the circuit simulation.

@_%Tc LRx
_L- R = CRx
1 —

(a) (b)

Y

1) { Y -
I:—m— —m— T
m W LT R o Wy

3¢
¢
= in

Reflection Coefficient (dB)

Full-wave Simulation I
—-—- Circuit Simulation

-30 T T T T

1 2 3 4 5 6 7 8
Frequency (GHz)
(d)

Fig. 2. The equivalent circuit of: (a) Circular-shaped
antenna (b) CSSRR-shaped antenna, (c) Proposed
model and (d) Comparison of the reflection
coefficient of the proposed antenna with equivalent
circuit response and full-wave simulation

3. PARAMETRIC ANALYSIS AND WORKING
MECHANISM

The octa-band antenna's structure and each band's
principle have been analyzed. The antenna has been
simulated using commercial EM solver to examine the
impact of various settings on matching, frequency shift,
bandwidth, and gain. Fig. 3 and Fig. 4 depicts the impact
of parameter adjustments on the reflection coefficient.
Fig. 3(a) displays S,, with the effect of varying R, from 9.1
mm to 9.4 mm. The desired frequency with good return
loss is attained only when R, = 9.3 mm . In the other cas-
es, i.e, R, =9.1 mm, 9.2 mm, and 9.4 mm, the Octa-band
response is not detected. The parametric analysis of the
R parameter, as shown in Fig. 3(b), illustrates a variation
from 1.65 mm to 1.95 mm. Based on the observation of
the S11 results, the optimized R, value is determined to
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be 1.85 mm. In the other cases i.e. at 1.65 mm, 1.75 mm,
and 1.95 mm a frequency shift and impedance mismatch
are observed. Fig. 4(a) shows the simulated S, results
by increasing the radius R, from 5.6 mm to 5.9 mm. The
necessary band resonance occurs only when optimized
R,=5.8 mm, while other values result in a frequency shift
in the higher bands. The Fig. 4(b) with S, represents the
influence of R _from 0.4 mm to 0.7 mm on the major
radiating patch. Due to this, there is a minor difference
in the upper three bands. This analysis tries to determine
the suitable value of R to get the accurate octa band.

i L,
(&) o an
A 1 1

Reflection Coefficient (dB)
NN
(6)) o

..15..
1
|
-254-.-. R, 41.65mm

-304"" -R,=1.75mm ]
p——-R,= 1.85mm

Reflection Coefficient (dB)

T T T T

1 2 3 4 5 6 7 8
Frequency (GHz)

(b)

Fig. 3. Parametric analysis showing (a) Variation in
R, (b) Variation in R,

7

|
-
o
1

CEUTUTITUTERE R £ st s ooms
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|
o

—20+ 4
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International Journal of Electrical and Computer Engineering Systems



Reflection Coefficient (dB)

> 3 4 5 6
Frequency (GHz)
(b)

Fig. 4. Parametric analysis showing (a) Variation in
R, (b) Variation in R,

Fig. 5 illustrates the surface current distribution at eight
operational frequencies, revealing distinct patterns across
the various frequencies.

B (Jnurm)
17 7609

131295
11,5804
100352

Fig.5. Surface current distribution of the resonating
frequencies of the CSSRR antenna

At 1.20 GHz, the current is strong in the outer split-ring

radiating area but weak in the central radiating area. At
2.10 GHz, the current is concentrated in the first and sec-
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ond split rings, with a small amount extending to the cen-
ter. At 2.96 GHz, the current is intense around the feeding
area and the right- side radiating area, while it is moderate
on the opposite side. At 4.70 GHz and 6.68 GHz, the sur-
face current is moderate in the central area and strong in
the outer split- ring resonator. At 5.44 GHz, the current is
strong in the inward split-ring resonator and weak in the
outward split- ring resonator. At 5.84 GHz, the current is
highly concentrated around the feeding position on the
right side. Finally, at 6.68 GHz and 7.30 GHz, the surface
current distribution is strong in the outer ring. These ob-
servations provide valuable insights into the antenna's
behavior at different operational frequencies.

4. RESULTS AND DISCUSSION

To assess the effectiveness of the designed antenna,
a prototype was fabricated and Fig. 6 presents the opti-
mized antenna design with dimensions, including both
the front and rear views, alongside the fabricated model.

0.08A

0.08A

(Back View)

0.08A

(Front View)

0.08A

Fig. 6. Front view and Back view of the fabricated
prototype

The calibration and measurement process of the re-
flection coefficient of the proposed CSSRR antenna
using the E5063A model of a vector network analyzer
(VNA), operating within the frequency range of 100 kHz
to 15 GHz is shown in Fig. 7.

Fig. 7. Measuring the S-parameters using E5063A
model of VNA and ranging 100KHz to 15 GHz
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The reflection coefficient of the antenna has been veri-
fied with the simulated and measured results compared
in Fig. 8. The operating bands are identified as 1.20, 2.10,
2.96, 4.70, 5.46, 5.98, 6.68, and 7.30 GHz. The reflection
coefficient is below - 10 dB, indicating good perfor-
mance, with only 10% of the power reflected and 90%
radiated by the antenna.

0

)

T -5

5

S -10-

5

o —15-

(&)

S —20-

8

o —25

o —— Simulated
—30+ Measured

T T T T T T

1 2 3 4 5 6 74 8
Frequency (GHz)

Fig. 8. Simulated and measured results of the
proposed antenna design

The impedance bandwidth for each resonance of the
antenna is shown in Table 2.

Table 2. Impedance Matching and Return loss Results

Resonance Impedance Reflection
Frequency (fr) in Bandwidth (IBW) Coefficient (S,,)

GHz in GHz indB
1.22 1.1-1.25 -22
2.12 2.1-2.2 -13
3 2.9-3.2 2]
476 45548 23
54 5.3-5.45 -14
5.94 5.8-6.25 -28
6.70 6.6-6.78 -23
7.74 7376 24

The simulated and measured VSWR (Voltage Stand-
ing Wave Ratio) values are shown in Fig. 9. They are both
below 2 and within the acceptable range for real-time
applications in the relevant operating bands. At certain
resonant frequencies, the VSWR is observed to be less
than 1.5.The simulated and measured results were are in
close agreement with each other.
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20 x — .

Sim.VSWR
------ Meas.VSWR

0 T T T T T T
1 2 3 4 5 6 7 8

Frequency in GHz
Fig. 9. Simulated and measured VSWR

Among the operational frequencies, the far-field pat-
terns are measured for the frequencies where maximum
impedance matching is achieved. Fig. 10 (a) illustrates
the anechoic chamber setup from the inside, while Fig.
10 (b) shows the exterior setup used for measuring the
radiation pattern and gain of the proposed antenna.

Anechoic Chamber Set-up

Hora.anteana ~

«

bﬁﬁb}hniénna
Ry y°

Ant. Meas. Shw
Absorbers

ap t0 60 GHz ) Position Controller

== ———

|
ToPC

Connect PC

Out Port In Port

(a)

Fig. 10. Radiation and gain measuring setup in
anechoic Chamber: (a) inside Setup (b) outside
setup

The 2D radiation patterns of the E-plane (¢ = 0°) and
H-plane ((¢ = 90°) corresponding to the resonating fre-
quencies at (@) 1.22 GHz, (b) 2.12 GHz, (c) 3.0 GHz, (d)
4.76 GHz, (e) 5.40 GHz, (f) 5.94 GHz, (g) 6.70 GHz, and
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(h) 7.44 GHz, as shown in Fig. 11. The figure illustrates
both the simulated and measured radiation patterns
for these frequencies. The patterns demonstrate stable

= H Plane Simulation
~——E Plane Simulation

330 36 - H Plane Measured

=« = E Plane Measured

300 60

270 90

Gain (dBi)

240 120

210 150

180

——H Plane Simulated
= E Plane Simulated
__ =30~ H Plane Measured
= E Plane Measured

300 60

270

Gain (dBi)

240 120

210 150

180

== H Plane Simulation
= E Plane Simulation
=30 H Plane Measured
- = E Plane Measured

60

330

300

270 90

240 120

210 150

180

= H Plane Simulation
——E Plane Simulation
36 + = H Plane Measured
— = E Plane Measured

330

300

=40 270

Gain (dBi)

240

210

150
180

Fig. 11. Radiation pattern for (a) 1.2 GHz (b) 2.1 GHz

behavior, ensuring minimal cross-polarization and fo-
cused radiation in specific directions.

=—H Plane Simulated

0 = E Plane Simulated

330 36 - =H Plane Measured
o - E Plane Measured

300

270 90

= H Plane Simulated
——E Plane Simulated
36 - H Plane Measured
= + =E Plane Measured

60

330

300

-40 270 90

240 120

210 150

180
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330

300

270 20
240 120
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180
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¥ 300 60
—~=25
m -30
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§3
5
15 240 120
-10
=5
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(c) 2.9 GHz (d) 4.7 GHz (e) 5.4 GHz (f) 5.9 GHz (g) 6.6

GHz and (h) 7.3 GHz

Fig. 12. presents the simulated and measured peak
gain and radiation efficiency of the proposed antenna
design. The results demonstrate improved perfor-
mance, with variations observed across different op-
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erating bands. The radiation efficiency ranges from
77% to 85% for the octa-band configuration of the pro-
posed antenna. Table 3 provides the far-field simulated
and measured results.
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Fig. 12. Simulated and measured Peak Gain along
with the Radiation Efficiency results of proposed

design

Table 3. Simulated and measured peak gain and
radiation efficiency at the corresponding resonant

f,in GHz

1.22
2.12
3.0
4.76
5.40
5.94
6.70

7.44

Ref.

10
11
12
13
14
15
29

T™W
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Gain (dBi)

(Sim.)

4.80

2.81

0.98

1.04

frequencies

84.27

84.46

80.17

78.87

77.99

77.99

77.92

Gain (dBi) . (Sim) Eff (Meas)
(meas)
4.71 85.10
2.68 85.44
0.86 81.2
1.16 79.9
1.041 79.2
0.377 79
0.17 78.5
0.92 785

77.52

A comprehensive analysis of the proposed antenna
design compared to state-of-the-art models dem-
onstrates its significant advancements in key perfor-
mance areas. The proposed design excels in achieving
enhanced multiband operation, better impedance
matching, and improved integration potential with
modern wireless systems, all while maintaining a com-
pact and low-profile structure out of all the existing an-
tennas. The findings of this research are summarized in
Table 4 and they illustrate the innovative contributions
of the design and it can be observed that the chal-
lenges such as achieving simultaneous miniaturization,
multi- band operation and stable gain are resolved by
this proposed antenna. This study highlights the effec-
tiveness and practicality of the antenna, marking it as
a valuable solution for advanced wireless communica-
tion applications.

5. CONCLUSION

The proposed antenna design effectively achieves
octa- band frequency response through a compact ra-
diator based on a circular-shaped split ring resonator
(CSSRR) structure. Operating at 1.22, 2.12, 3, 4.76, 5.4,
5.94, 6.70, and 7.44 GHz, the antenna exhibits excellent
radiation characteristics, with a peak gain of 4.71 dBiand
radiation efficiency ranging from 74% to 85% across all
bands. Its compact size, cost-effectiveness, and superior
performance make it an ideal solution for sub-6 GHz
5G applications and other wireless communication sys-
tems, including Wi-Fi, WLAN, and WiMAX. Furthermore,
it has the potential to support higher frequency bands,
while maintaining optimized efficiency and gain. This
makes the antenna suitable for emerging use cases in
autonomous vehicles, smart cities, and defense systems.
Overall, the proposed antenna provides a strong plat-
form to address the evolving needs of modern and next-
generation wireless communication systems.

Table 4. Comparative study between the state-of-the-art work of the proposed design

Area (A0 X A0) No. of Bands
1.16x 1.16 6
0.28 x 0.24 6
0.29 x0.29 6
0.35x0.14 6
0.55 % 0.55 6
0.57 x0.57 6
0.27 x 0.27 7
117 x1.17 7

0.26 X 0.178 8
0.08 x 0.08 8

Freq. Ratio

2.01

2.84

2.05

2.53

5.58

7.51

4.25

6.08

Freq. band (fH - fL) Gain (dBi) Eff(%)
11.2 1.34 920
3.87 2.81 92
2.63 - -
3.63 7.39 -

23.46 23 71
22.55 3.23 87
5.6 = -
53.9 7.16 99
45 4 -
6.1 4.71 85
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