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Abstract A new compact microstip filtering Diamond Antenna (DA) is pre-
sented in this article for possible applications in the Fifth-Generation (5G) at
the n77-band (3.3 GHz- 4.2 GHz), such as, Fixed Satellite Service (FSS) which
is a radiocommunication system between fixed earth stations utilizing one or
more satellites. The structure is implemented on an FR4 Epoxy substrate wich
has a dielectric constant ϵr = 4.4, a loss tangent tan(δ) = 0.025 and a thick-
ness h equal to 1.6 mm. The substrate has a small size of 39.7× 30× 1.6 mm3

which make it suitable to be integrated in various intelligent systems.
A good results are obtained with this design, starting with the reflection coef-
ficient S11 which is equal to -22.31 dB at the first resonant frequency 3.57 GHz
and -34.41 dB at the second resonant frequency 4.10 GHz. Several other re-
sults will be presented and discussed later in this article. The software used for
the simulation is High-Frequency Structure Simulator (ANSYS HFSS) which
employs the finite element approach.
A prototype of the filtenna (filtering Antenna) was fabricated and measured
using the Vectorial Network Analyzer 3656D (VNA).
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Acronyms and Terms
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HFSS: High-Frequency Structure Simulator
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NEMA: National Electrical Manufacturers Association
VSWR: Voltage Stdanding Wave Ratio
SIHR: Stepped Impedance Hairpin Resonator
VNA: Vectorial Network Analyzer

1 Introduction

In the previous few decades, the field of wireless communication has seen
unprecedented expansion, this expansion due to the appearance of many wire-
less goods and services, such as Wireless Local Area Network (WLAN), Blue-
tooth, mobile phones and Global Positioning System (GPS) [1]. These services
appeared thanks to the evolution of the different generations of cellular tele-
phony, beginning with the first generation (1G) showed up in 1980 and passing
through the 2G-3G-4G to the current generation 5G and the 6th generation
expected for 2030 [2].
As we all know the 5G band is composed of three bands, the sub 1GHZ, the
sub 6GHZ and the millimeter band, these bands are also divided into n small
bands numbered according to the 3rd Generation Partnership Project (3GPP)
in the summary of Release 15 work items [3].
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Multi-function integrated modules are becoming more popular in wireless com-
munication systems as a result of their small circuit size and good perfor-
mance [4]. The most significant functions of the communication system are
radiating and filtering, why we are interested in filter and antenna ? because
the latter radiates and the first removes all unnecessary frequencies, therefore,
combining these functions into a single module will eliminate the additional
circuit and improve the circuit’s overall performance [5]. In this sense, several
integrated filters have been proposed [6–8], among these filters, hairpin filter
is widely used for its simplicity, for example, in [9] a microstrip six-order hair-
pin band pass filter operating at the X-band frequency was designed by using
open stub and Defected Ground Structure (DGS), the substrate used is the
Rogers RT5880, which has a loss tangent of 0.0009. In [10] Two third-order
hairpin filter designs have been developed for possible applications in the 5G
(3.7 GHz- 4.2 GHz) and (5.975 GHz- 7.125 GHz) low frequency bands. The
achieved results for these two filters with regard to the reflection coefficient
are higher than -35 dB.
Also for miniature antennas, several examples have been discussed [11–13],
among this antennas what is called Diamond Antenna (DA) [14,15]. In order
to benefit from the two functionalities radiating and filtering while keeping
a small size these two components which are the filter and the antenna are
combined in one module it is called the filtenna or filtering antenna [16–18].
In [19] a filtenna was fabricated by using two hairpin filters consisting of three
U-shaped resonators with a length equal to the half-wavelength guided in
the substrate. The RO4350B dielectric substrate was employed, which has
a dielctric constant of 3.48. In [20] a novel printed monopole antenna with
Stepped Impedance Hairpin Resonator (SIHR) loading was implemented on
a Rogers RO4003C substrate. The filtenna operates at 2.53 GHz and the
achieved gain is around 2.63 dB.
In this article a new filtenna design is proposed consisting of a hairpin filter
made of three folded U-shaped resonators connected with a Diamond Antenna
(DA) in order to eliminate all unwanted frequencies and keep only the n77 band
frequencies which are between (3.3 GHz and 4.2 GHz). The structure is de-
signed and fabricated on a small FR4 Epoxy substrate. The obtained results
are encouraging in terms of impedance matching, radiation pattern and gain.

2 Microstrip Filtenna Configuration

Figure 1 shows the structure of the proposed filtenna, it consists of a monopole
microstrip Diamond Antenna (DA) connected with a hairpin filter. The bottom
side contains a partial ground plane.
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Fig. 1: Filtenna structure layout: (a) Top view (b) Bottom view

Both components are connected and matched to the same 50 Ω impedance.
The hairpin filter consists of three folded U-shaped resonators coupled to-
gether, the spaces between the resonators are taken as equidistant.
The filtenna was established on an FR4 Epoxy substrate which is a standard
defined by the National Electrical Manufacturers Association (NEMA) for a
glass fiber reinforced epoxy resin composite [21].
With their suitable cost, FR4s are the standard option for short-run PCB
manufacturing or electronic prototyping.
FR4 has the advantage of a good strength-to-weight ratio. It does not absorb
water, retains high mechanical stresses and good insulation capacity in dry or
wet environments [22].

3 Evolution of The Proposed Filtenna Design

3.1 Diamond Antenna

A Diamond Antenna with a pointed summit and shifted transmission line has
been designed as shown in figure 2. The used conductor in this design is copper
which has a thickness of 0.035 mm, it is also used for the bottom side as a
partial ground plane.
The dimensions of the structure are presented in table 1.
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Fig. 2: Structure of the Diamond Antenna: (a) Top view (b) Bottom view

Table 1: Dimensions of the Diamond An-
tenna parameters

Parameters LS WS Ld Wd Lf Wf

Dimensions (mm) 39.7 30 18.3 16 19.5 1.5
Parameters h1 h2 D1 D2 Lg Wg

Dimensions (mm) 15.36 12.8 16 12 17.3 30

3.2 Hairpin Filter

The hairpin filter is a part of the linear planar resonators and who says res-
onator says a section of line whose length is a fraction of the guided wavelength
λg. Generally the resonators’s length of the hairpin filter are approximately
equal to the half-wavelength guided in the substrate λg/2.
In this paper we have proposed a hairpin filter composed of three U-shaped
resonators that have the same dimensions (length and width), these dimen-
sions are calculated using the following theoretical equations:
For the width of the resonator we have:

Wr

h
=

2

π

(

(B − 1)− ln(2B − 1)−
ϵr − 1

2ϵr

[

ln(B − 1) + 0.39−
0.61

ϵr

]

)

(1)

With:

B =
60π2

Zc

√
ϵr

(2)

In our case the characteristic impedance is Zc = 50 Ω and the relative permit-
tivity is ϵr = 4.4.
Therefore, B= 5.64 and Wr

h
≈ 1.04.
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We obtaine the resonator’s width Wr ≈ 1.65 mm.
The length of the resonator is obtained by the following equations:

Lr =
π

K0

√
ϵreff

(meter) (3)

With:

K0 =
2πfc
c

(meter−1) (4)

The chosen center frequency is fc = 3.8 GHz

W =
c

2fc

√

ϵr+1

2

(5)

The effective relative dielectric constant given by the microstrip synthesis as:

ϵreff =
ϵr + 1

2
+

ϵr − 1

2

[

1 + 12
h

W

]

−1

2

(6)

We obtaine the resonator’s length: Lr =≈ 19.85mm
We can conclude that,

Lr =
λg

2
≈ 19.85mm

Noting that,
λg

2
is the half-wavelength guided in the substrate which can be

given as:
λg

2
=

c

2fc
√
ϵreff

(7)

The hairpin filter structure is shown in figure 3. The ground plane under the
filter is complete. The dimensions of the whole structure are presented in table
2.
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Fig. 3: Structure of the proposed filter: (a) Top view (b) Bottom view

Table 2: The optimal dimensions of the
hairpin filter parameters

Parameters LS1 WS Lf1 Lf2 Lr Wr

Dimensions (mm) 17.3 30 3 3 23.85 1.65
Parameters S0 S1 Wf Lg Wg

Dimensions (mm) 0.2 0.2 1.5 17.3 30

3.3 Proposed Filtenna

Figure 4 shows the proposed filtering antenna design. The transmission line in
the Diamond Antenna configuration (figure 2) is replaced by the hairpin filter
configuration of figure 3.
The dimensions of the structure are assembled in table 3.

Table 3: Dimensions of the proposed fil-
tenna parameters

Parameters LS WS Ld Wd D1 D2 Lf1 Lf2

Dimensions (mm) 39.7 30 18.3 16 16 12 3 3
Parameters h1 h2 Lr Wr S0/S1 Wf Lg Wg

Dimensions (mm) 15.36 12.8 23.85 1.65 0.2 1.5 17.3 30
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Fig. 4: The proposed filtenna structure: (a) Top view (b) Bottom view

4 Simulation Results and Discussions

4.1 Reflection Coefficient of the Diamond Antenna

The reflection coefficient versus frequency of the Diamond Antenna is repre-
sented in the figure 5.
According to the following figure we remark that, the antenna has two bands,
the first one is from 3.02 GHz to 5.75 GHz, and the second one is from 10.77
GHz to 11.99 GHz. We are interested in the first band because it includes the
n77-band. The problem is that there are frequencies in the bandwidth that are
ineffective for 5G applications and can cause interference. Hence, the idea of
integrating hairpin filter with Diamond Antenna to eliminate all the undesir-
able frequencies and keep only those of 5G spectrum in particular frequencies
of the n77-band (3.3 GHz- 4.2GHz).
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Fig. 5: Reflection coefficient of the Diamond Antenna

4.2 Parametric Study for the Hairpin Filter

A parametric study was made and presented in figure 6 and 7 for the length of
the resonators and the Y position of the two input lines, respectively, in order
to optimize the center frequency value and the bandwidth.
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Fig. 6: Reflection coefficient vs.frequency for different values of Lr

We remark in figure 6 that, the length of the resonators that we theo-
retically demonstrated (Lr = 19.85 mm), gave a bandwidth that was a little
shifted from the desired one, therefore, we tried to modify the resonators length
using a parametric study.
We observed that, as the length of the resonator increases, the bandwidth
moves to the left, towards the desired band n77 (3.3-4.2 GHz). We also re-
mark that, the perfect adaptation is achieved for the value Lr = 23.85 mm, if
we exceed this length we risk losing the adaptation and also the chosen band-
width.
The position of the two input lines of the hairpin filter also had a significant
impact on the value of the reflection coefficient.
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Fig. 7: Reflection coefficient versus frequency for different positions of the two
inputs

We observed in the previous figure that, for the position Pos Y=1.1mm,
there is a minimum of reflected waves, which is very suitable in the antenna
field. We also remark that, if we get close to Pos Y=0 mm, we have the
beginning of appearance of a second unwanted band on the right which can
disturb our system.
The reflection and transmission coefficient of the hairpin filter are shown in
figure 8. For the minimum of reflection we have the maximum of transmission.



12 Zakaria EL Ouadi*1 et al.

Fig. 8: Reflection and transmission coefficient of the proposed filtenna

4.3 Simulated Results for the Proposed Filtenna

4.3.1 Reflection Coefficient

Figure 9 shows the reflefction coefficient of the proposed filtenna versus fre-
quency.

Fig. 9: Reflection coefficient of the proposed filtenna

We remark from the previous figure the effect of the hairpin filter on Diamond
Antenna. The unwanted frequencies obtained by the Diamond Antenna have
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been eliminated by the filter.
The proposed filtenna has a bandwidth of 750 MHz (from 3.45 GHz to 4.21
GHz) which is in the n77 band (3.3GHz- 4.2GHz), it has two resonant frequen-
cies 3.57 GHz and 4.10 GHz where, the S11 is equal to -22.31 dB and -34.41
dB, respectively.

4.3.2 VSWR

The simulated Voltage Stdanding Wave Ratio (VSWR) is shown in figure 10

Fig. 10: VSWR versus frequency

We remark that, at the second resonant frequency 4.10 GHz the regime is
very close to that of progressive waves (V SWR = 0.33), in another way, the
adaptation is excellent. For the first resonance frequency 3.57 GHz, the VSWR
is around 1.32.
Both results are very good since they are less than 2, this means that 10% of
the incident power is reflected and 90% of the incident power is transmitted.

4.3.3 Input Impedance

Figure 11 shows the input impedance of the proposed filtenna which is com-
posed of a real part represented in blue and an imaginary part in orange.
knowing that, a good impedance matching corresponds to an input impedance
whose real part tends to the value of the characteristic impedance 50 Ω and
the imaginary part tends to zero at the resonant frequency.
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Fig. 11: Input Impedance versus verquency

At the second resonant frequency 4.10 GHz, we can observe that, the input
impedance is optimal Ze = 50.01 − j1.90. For the second resonant frequency
3.57 GHz, the input impedance at is given as Ze = 51.29 + j7.62 which is
compatible with the previous results.

4.3.4 Gain

Figure 12 depicts the simulated 3D radiation pattern at both resonance fre-
quencies 3.57 GHz and 4.10 GHz. For these frequencies, the observed gain is
equal to 5 dB.

Fig. 12: 3D radiation pattern at: (a) 3.57GHz and (b) 4.10GHz
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Compact Filtering-Diamond Antenna Designed For 5G 15

4.3.5 Radiation Pattern

The simulated 2D radiation patterns in the E-plane and H-plane for the two
resonant frequencies 3.57 GHz and 4.10 GHz are presented in figure 13. We
remark that the two obtained diagrams are nearly identical, bi-directional in
the E-plane and omni-directional in the H-plane.

Fig. 13: 2D radiation pattern at: (a) 3.57 GHz and (b) 4.10 GHz

4.3.6 Parametric Study for the Ground Plane of the Filtenna

A parametric study was made and represented in figure 14. This study consists
in observing the effect of the ground plane by changing the length and the
width.
We have chosen the length and the width of the ground plane Lg = 17.3 mm
and Wg = 17.3 mm compared to the other lengths and widths because, they
provide perfect adaptation as well as a minimum of reflected waves in the
margin of (6GHz-7GHz).
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Fig. 14: Reflection coefficient versus frequency for different values of Lg and
Wg

5 Measured Results for the Proposed Filtenna

Figures 15 and 16 show the photograph of the proposed filtenna prototype and
its measured results, respectively.

Fig. 15: Prototype of the proposed filtenna: (a) Top view (b) Bottom view

https://orcid.org/0000-0003-0470-4999
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Fig. 16: Measured and simulated results: (a) Reflection Coefficient and (b)
VSWR

We observe that, the measurement curve follows approximately that ob-
tained by simulation for both the reflection coefficient and the Voltage Stand-
ing Wave Ratio (VSWR).
There is a small shift for the reflection coefficient value of the first resonant
frequency 3.57 GHz and a noisy VSWR in the 1GHz-2.5GHZ band, these prob-
lems are due to the soldering on the feed line and the ground plane also there
is the phenomenon of disturbance that intervenes because of the waves that
pass in the radiation field of the antenna.
In the following table, we compared the performance of our filtenna to the
performance of other recently released filtennas.

Table 4: Comparison study

References Reson.Freq (GHz) Ref.Coeff (dB) Gain (dB) Size (mm2)
[23] 3.5/7.5 -11.12/-32.1 9.8/6.2 156× 90
[24] 3.42/14.55 -16.3/-35.8 5.6/5.8 40× 38
[25] 20/29 -21.3/-42.4 5.62/7.41 21.9× 9.8
Proposed Filtenna 3.57/4.10 -22.31/-34.41 5/5 39.7× 30

Comparing our work to other published works we could say that, the perfor-
mance of our filtenna is good in terms of reflection coefficient and dimensions
which makes it suitable to be integrated into various electronic devices for
possible 5G applications such as Fixed-Satellite Service (FSS).
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6 Conclusion

A new filtenna has been designed in this article, the simulations performed
have proven very good results in terms of reflection coefficient, radiation pat-
tern and gain, not to forget compactness and small dimensions of the filtenna
which play a very important role in the development of low cost technologies.
This filtenna is therefore suitable to be integrated in different new systems
for possible applications in 5G band especially for those operating in the n77
band (3.3GHz-4.2GHz).

References

1. Biplab Bag, Priyabrata Biswas, Sushanta Biswas, Partha Pratim Sarkar, and Dibyendu
Ghoshal. Novel monopole microstrip antennas for GPS, WiMAX and WLAN applica-
tions. Journal of Circuits, Systems and Computers, 29(03):2050050, 2020.

2. Jinkang Zhu, Ming Zhao, Sihai Zhang, and Wuyang Zhou. Exploring the road to 6G:
AbcÐfoundation for intelligent mobile networks. China Communications, 17(6):51ś67,
2020.

3. Kun Zhao, Shuai Zhang, Zuleita Ho, Olof Zander, Thomas Bolin, Zhinong Ying, and
Gert Frùlund Pedersen. Spherical coverage characterization of 5G millimeter wave user
equipment with 3GPP speciőcations. IEEE Access, 7:4442ś4452, 2019.

4. Deepika Agrawal and Jagadish Jadhav. Filtering antennas: Synthesis and design. In-
ternational Research Journal of Engineering and Technology (IRJET), 3:6, 2016.

5. Jun Ye Jin, Shaowei Liao, and Quan Xue. Design of őltering-radiating patch antennas
with tunable radiation nulls for high selectivity. IEEE Transactions on Antennas and
Propagation, 66(4):2125ś2130, 2018.

6. Qian Yang, Haobo Li, Jianxing Li, Cheng Guo, and Anxue Zhang. Design of wideband
bandpass őlter using short-circuited circular patch resonator loaded with slots. In-
ternational Journal of RF and Microwave Computer-Aided Engineering, 31(1):e22473,
2021.

7. Zhanyong Hou, Chengguo Liu, Bin Zhang, Rongguo Song, Zhipeng Wu, Jingwei Zhang,
and Daping He. Dual-/tri-wideband bandpass őlter with high selectivity and adjustable
passband for 5G mid-band mobile communications. Electronics, 9(2):205, 2020.

8. Yasir Al-Yasir, Raed A Abd-Alhameed, James M Noras, Ahmed M Abdulkhaleq, and
N Ojaroudi Parchin. Design of very compact combline band-pass őlter for 5G applica-
tions. 2018.

9. T Hariyadi, S Mulyasari, et al. Design and simulation of microstrip hairpin bandpass
őlter with open stub and defected ground structure (DGS) at X-band frequency. In
IOP Conference Series: Materials Science and Engineering, volume 306, page 012124.
IOP Publishing, 2018.

10. Sahar Saleh, Widad Ismail, Intan Sorőna Zainal Abidin, Mohd Haizal Jamaluddin,
Mohammed H Bataineh, and Asem S Alzoubi. 5G hairpin bandpass őlter. Jordanian
Journal of Computers and Information Technology (JJCIT), 7(01), 2021.

11. Xiumei Shen, Yujia Liu, Luyu Zhao, Guan-Long Huang, Xiaowei Shi, and Qiulin Huang.
A miniaturized microstrip antenna array at 5G millimeter-wave band. IEEE Antennas
and Wireless Propagation Letters, 18(8):1671ś1675, 2019.

12. Insha Ishteyaq, Issmat Shah Masoodi, and Khalid Muzaffar. A compact double-band
planar printed slot antenna for sub-6 GHz 5G wireless applications. International Jour-
nal of Microwave and Wireless Technologies, 13(5):469ś477, 2021.

13. Kioumars Pedram, Javad Nourinia, Changiz Ghobadi, Negin Pouyanfar, and Mohsen
Karamirad. Compact and miniaturized metamaterial-based microstrip fractal antenna
with reconőgurable qualiőcation. AEU-International Journal of Electronics and Com-
munications, 114:152959, 2020.

https://orcid.org/0000-0003-0470-4999


Compact Filtering-Diamond Antenna Designed For 5G 19

14. M Rezvani, Y Zehforoosh, and P Beigi. A diamond-shaped patch microstrip antenna
with L-shaped stub for WLAN applications. Journal of Instrumentation, 14(10):P10002,
2019.

15. Raad H. Thaher and Saif Nadhim Alsaidy. Design and fabrication of new diamond patch
antenna for wireless communications. In 2016 Al-Sadeq International Conference on
Multidisciplinary in IT and Communication Science and Applications (AIC-MITCSA),
pages 1ś6, 2016.

16. Yasir IA Al-Yasir, Mohammed K Alkhafaji, A Alhamadani, Naser Ojaroudi Parchin,
Issa Elfergani, Ameer L Saleh, Jonathan Rodriguez, Raed A Abd-Alhameed, et al. A
new and compact wide-band microstrip őlter-antenna design for 2.4 GHz ISM band and
4G applications. Electronics, 9(7):1084, 2020.

17. Mahdi Nouri, Alireza Jafarieh, Hamid Behroozi, Nazih Khaddaj Mallat, Mohd Haizal
Jamaluddin, and Sajjad Abazari Aghdam. Compact 5G millimeter-wave dual-band őlter
with application in őltenna. Microwave and Optical Technology Letters, 63(2):620ś625,
2021.

18. Adrian K Stavrakis and Eugene Amobichukwu Ogbodo. Designing őltering antennas
for 5G applications. In Handbook of Research on 5G Networks and Advancements in
Computing, Electronics, and Electrical Engineering, pages 236ś268. IGI Global, 2021.

19. Luís Rodrigues, Tiago Varum, and João Nuno Matos. The application of reconőgurable
őltennas in mobile satellite terminals. IEEE Access, 8:77179ś77187, 2020.

20. Dong Chen, Honglin Zhang, and Chunlan Zhao. A novel printed monopole antenna
with stepped impedance hairpin resonator loading. IEEE Access, 8:96975ś96980, 2020.

21. Babak Honarbakhsh. High-gain low-cost microstrip antennas and arrays based on FR4
Epoxy. AEU-International Journal of Electronics and Communications, 75:1ś7, 2017.
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