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Abstract

In the wireless communication system, the obstacles in the 
atmosphere and also due to the inappropriate design 
components in the system degrade the signal. The signal 
undergoes loss, and restoration of the original signal at the 
receiver end is difficult. The transmission leakage must 
be minimized to get the maximum output. The prototype 
is produced using low dielectric FR-4 substrate and tested for 
both single and dual port devices using handheld vector 
network analyzer.

Keywords: Band notched antenna; LNA; ADS; HFSS; VNA 
and CSRR

Introduction
In Mehmet Tamer Ozgun et al. [1] the existing model the author has 

proposed to minimize the transmission leakage by introducing the 
notch filter after the mixer unit. Since the active notch filter is 
operating at IF frequencies, its noise, power, and area consumption 
penalty for the overall transceiver is negligible, and it does not require 
any complicated amplitude and phase calibration circuitry that is 
necessary for the cancelers which operate at RF frequencies. The 
system operates at the LTE band 20 which covers frequencies between 
791-821 MHz. The transmission leakage is due to the signals present 
in air degrades the strength of the desired signal. At the receiver it 
becomes a great challenge to reconstruct the signal via wireless 
transmission. The devices in the receiver end have to be properly 
designed to meet the minimum leakage. The major disturbance is the 
IIP3 and IM2 interferences. 

The impedance matching of the devices has to be done in order 
to have maximum power transfer and avoid damage to the device. 
The three front end devices have been taken into the consideration i.e. 
antenna, band pass filter and low noise amplifier. The LTE band 22 is 
chosen in order to cover 3.4–3.6 GHz frequency range, this band 
also covers mid 5G spectrum allocated range. The antenna used 
here is a notch band antenna which covers 3.1 GHz to 10 GHz 
frequency range and removes the WLAN frequency (5.5 GHz), for 
further smoothening the signal a coupled line band pass filter is 
used which covers between 3.4-3.6 GHz and in the LNA is designed 
for 3.4 GHz with minimum noise figure and moderate gain.

System Architecture
The system comprises of notch band antenna followed by band pass

filter, low noise amplifier and vector network analyzer. The system for
reducing the transmission leakage is shown in Figure 1.

Figure 1: System block diagram.

Each module is tested individually on VNA and for the whole 
system performance the module has to be cascaded using male to male 
SMA connector and the s-parameters are analyzed. The VNA 
operating frequency is up to 9 GHz therefore the measurement can be 
carried over easily since the system operates at S-band i.e. 2-4 GHz. 
The system comprises of notch band antenna followed by band pass 
filter, low noise amplifier and vector network analyzer. Each module is 
tested individually on VNA and for the whole system performance the 
module has to be cascaded using male to male SMA connector and the 
s-parameters are analyzed. The VNA operating frequency is up to 9 
GHz therefore the measurement can be carried over easily since the 
system operates at S-band i.e. 2-4 GHz. In real time the performance 
totally varies from that of the simulated result. The loss may occur 
because of the improper substrate selection, mismatching dielectric 
constant loss tangent to that of the parameters used in the design tool. 
The main factor is due to high cable loss.

Band notched antenna
The device which performs both the receiving and rejection of 

frequency band is said to be band notch antenna. Here the antenna 
notches at 5.5 GHz since the operating frequency band is from 3400 to 
3600 MHz the WLAN signal suppresses the operating frequency. To 
overcome such issue the high frequency signal has to be removed for 
proper reconstruction the original signal. In Abdollahvand et al. [2], 
the authors used the circular patch antenna with CSRR structure to 
eliminate the WLAN transmitters.

Band pass filter
This filter is designed in such a way that it allows only 3400-3600 

MHz band of signals to pass through the following receiving end 
modules. This helps in removing the unwanted harmonics. The 
coupled line filter is recommended at high frequencies [3-6]. The 
lumped components at high frequencies behave differently when it 
crosses its self-resonating frequency example; the capacitor behaves 
like inductor and vice versa.

Low noise amplifier
The signal from the transmitter would have undergone many 

obstacles and also the signal degrades at the receiver end due to 
improper design of the components. The amplifier is designed to 
increase the signal strength and low noise level as in Mehul et al. [7]. 
The main parameter is gain and noise figure, but the gain can’t be high
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for low noise figure. There lies a tradeoff between the gain and noise
figure, any one has to be adjusted. The bias and impedance matching
network will result in better gain, noise figure and insertion loss.

Vector network analyzer
The analyzer used is from keysight technologies N9915A model

which can measure up to 9GHz frequency. Before the measurements is
carried out the ports has to be calibrated. The s-parameters of the DUT
is viewed and also the data can be imported in excel format.

Simulation Software Used

Advanced design system
The software is used for RF, microwave and high speed digital

applications. ADS pioneers the most innovative and powerful
integrated circuit-3DEM-thermal simulation technologies used by
leading companies in the wireless, high-speed networking, defense-
aerospace, automotive and alternative energy industries. For 5G, IoT,
multi-gigabit data link, radar, satellite and high speed switched mode
power supply designs, keysight ADS provides an integrated
simulation and verification environment to design high-performance
hardware compliant with the latest wireless, high speed digital and
military standards.

High frequency structure simulator
The HFSS uses Finite Element Method (FEM), efficiently handles

complex material and geometries, volume based mesh and field
solutions, fields are explicitly solved throughout entire volume and
provide frequency and transient solutions.

Design of Band Notched Antenna and Coupled Line
Band Pass Filter

Notch band antenna design

The above sets of equations are used to find the radius of the
circular patch antenna and the Complementary Split Ring Resonators
(CSRR). Here, “a” is the circular patch antenna radius, “F‟ is the
fringing field, ′ƒ𝑟′ is the CSRR resonant frequency, ‘Cnet’ and ‘Lnet’
are the net capacitance and inductance respectively as shown in Figure
2.

Figure 2: Complementary split ring resonator top view.

The split ring resonator is an artificially produced structure
common to metametrials. Their purpose is to produce the desired
magnetic susceptibility in various types of metamaterials up to 200
terahertz. The major advantage of the CSRR is high filtering
capability which is useful for coupling suppression, compact size and
easily fabricated. The negative permittivity is introduced by CSRR
which results in band elimination due to opposing electric field.
Several CSRR structures have been proposed only to reduce the
amount of mutual coupling between array elements. The total size of
the antenna is 22 mm × 26 mm and the defected ground structure is
7.3626 mm × 5.2808 mm, the position of the CSRR and the slit width
decides the notch frequency and the bandwidth [8]. The antenna
targets the WLAN frequency range 5.1-6 GHz and removes the band.
Rectangular patch antenna is not used because of its poor return loss
and bandwidth. The design of Circular Band Notch Antenna (CBNA)
and Rectangular Band Notch Antenna (RBNA) are shown in Figure 3.
The CSRR structure is inserted on the radiating patch along with slit
on the partial ground plane, the simulated reflection coefficient of
CBNA and RBNA is illustrated in Figure 4.

Figure 3: Structures of both circular and rectangular band notch
antenna with partial ground plane.
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Figure 4: Comparison between simulated reflection coefficient S11
for CBNA and RBNA.

The standing wave ratio is a function of reflection coefficient,
which describes the power reflected from antenna. The smaller the
VSWR is, the better the antenna is matched to the transmission line
and more power is delivered to the antenna. The VSWR at 5.5 GHz is
high i.e. more than 2, which gives an idea about how the frequency is
removed at the desired frequency. When VSWR is increasing then the
reflected power will be more and leads to anti resonance. Figure 5
depicts the low power radiation at the desired WLAN band for Partial
Ground Plane having no Slit (PGNS) and Partial Ground with Slit
(PGS). The overall response obtained from PGS is better compared to
that of PGNS structure.

Figure 5: Simulated VSWR of PGS and PGNS as a function of
frequency.

Figure 6 and Table 1 depict the simulated reflection coefficient of
various ground planes. The Fully Grounded plane (FG) has shown a
poor response, the PGS illustrates a better response over the wide band
and the PGNS have poor response at lower end of the frequency band.
The results are compared and analyzed using HFSS simulator [9].

Figure 6: Comparison between simulated reflection coefficients
S11 for various ground plane structure.

Configuration Magnitude of Scatterin parameter

At 3.1 GHz At 5.5 GHz At 10 GHz

Partial ground
with slit

-11.4044 -6.4814 -10.7874

Partial ground
without slit

-7.8764 -7.6303 -13.9160

Fully grounded
plane

-8.3046 -26.1529 -21.6436

Table 1: Analysis of antenna ground plane.

The top and bottom view of the antenna after fabrication using
FR-4 substrate with s𝑟=4.6, loss tangent=0.002 and substrate
thickness=1.6 mm is shown in Figure 7. With low relative permittivity
the fringing field and the power radiated is high [10].

The loss tangent is the angle between the resistance and reactance
of a substrate. The antenna efficiency reduces with high loss tangent.
A vector network analyzer (model number: N9915A) has been used
for the measurements in a standard far-field testing environment.
Figure 8 shows the measured S11 at lower end is poor and band
elimination is obtained between 5.48 to 6 GHz as shown in Table 2.
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Figure 7: Photograph of the fabricated antenna.

Figure 8: Measured reflection coefficient of CBNA.

For passband ripple 𝐿𝐿𝐿= 0.1 dB

n g1 g2 g3 g4 g5 g6 g7 g8 g9 g1
0

1 0.3
05
2

1

2 0.8
43
1

0.6
22

1.3
55
4

3 1.0
31
6

1.1
47
4

1.0
31
6

1

4 1.1
08
8

1.3
06
2

1.7
70
4

0.
81
8

1.
35
54

5 1.1
46
8

1.3
71
2

1.9
75

1.
37
1

1.
14
68

1

6 1.1
68
1

1.4
04

2.0
56
2

1.
51
7

1.
90
29

0.
86
18

1.
35
54

7 1.1
81
2

1.4
22
8

2.0
96
7

1.
57
3

2.
09
67

1.
42
28

1.
18
12

1

8 1.1
89
8

1.4
34
6

2.1
19
9

1.
60
1

2.
17

1.
56
41

1.
94
45

0.
88

1.
35
54

9 1.1
95
7

1.4
42
6

2.1
34
6

1.
61
7

2.
20
54

1.
61
67

2.
13
46

1.
44

1.
19
57

1

Table 2: Element values for pass band ripple 0.1 dB.

Coupled line band pass filter design

Since the bandwidth is narrower, Chebyshev filter is recommended
instead of butter worth filter. The return loss Lr is taken as -15 dB,
LAr=0.1 dB therefore 𝑟 ≥ 5.44 let Ω𝑟=2, LAs=40 dB. The element
values for low pass prototype filter table based on the ripple value in
Pozar et al. [11]. The order is 5 and its corresponding low pass
prototype elements are noted, admittance interval for each filter stage
is calculated using the above equation and this enable us to convert a
filter circuit to an equivalent from [12].

The odd even impedances are used to find the width, length and
space of the coupled line filter using linecalc in ADS software as
shown in Table 3 and Table 4.

Filter stage Admittance
interval

Z0e Z0o

1 0.388 76.9272 38.1272

2 0.138 57.8522 44.0522

3 0.105 55.80125 45.30125

4 0.105 76.9272 38.1272

5 0.138 57.8522 44.0522

6 0.388 55.80125 45.30125

Table 3: Even-odd impedance values.

Filter Stage Width (mm) Length (mm) Space (mm)

1 2.00 11.50 0.3

2 2.86 10.99 1.1

3 2.84 11.05 1.3

4 2.84 11.05 1.3

5 2.86 10.99 1.1

6 2.00 11.50 0.3

Table 4: BPF coupled line dimensions for each stages.

The coupled line BPF is fabricated using FR4 substrate with sr=4.4, 
loss tangent=0.002 and substrate thickness h=1.6 mm. The physical 
dimension is 75.08 mm × 39 mm along with 50 Ω SMA connector as 
shown in Figures 9-11.
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Figure 9: Layout of BPF with 75.08 mm × 39 mm ground plane.

Figure 10: Simulated return loss and insertion loss of coupled line 
BPF.

Figure 11: Photograph of fabricated coupled line BPF.

Figure 12: Measured return loss and insertion loss of coupled line 
BPF.

Figure 12 depicts a better return loss and a poor response from the 
insertion loss in the 4G-LTE band-22.

Conclusion
The band notched antenna and coupled line band pass filter is 

designed, simulated and fabricated using FR4 substrate. The antenna 
prototype shows a poor response at lower frequency range and the 
band pass filter prototype illustrates a poor insertion loss and better 
return loss at the desired 4G-LTE band. The transmission leakage can 
be further reduced by notch band antenna and the receiving signal is 
smoothen by band pass filter.

References
1. Ozgun TM, Abdelhamid A, Dogan H (2019) A low power

receiver front-end design with tunable notch fitler for TX
leakage and blocker suppression. IEEE Trans Circuits Syst I
Regul Pap 66: 1180-1191.

2. Abdollahvand M, Hassani HR, Dadashzadeh GR (2010) Novel
modified monopole antenna with band-notch characteristic for
UWB application. IEICE Electron Express 7: 1207–1213.

3. Ojaroudi M, Kohneshahri G, Noory J (2009) Small modified
monopole antenna for UWB application. Microw Antennas
Propag 3: 863–869.

4. Abdollahvand M, Dadashzadeh GR (2009) Compact double-fed
dual annular ring printed monopole antenna for UWB
application. J Electromagn Waves Appl 23: 1969–1980.

5. Lee WS, Kim DZ, Kim KJ, Yu JW (2006) Wideband planar
monopole antennas with dual band-notched characteristics. IEEE
Trans Microw Theory Tech 54: 2800–2806.

6. Azad I, Bhuiyan AH, Mahbub SMY (2013) Design and
performance analysis of 2.45 GHz microwave bandpass filter
with reduced harmonics. Int J Eng Res 5: 57-67.

7. Mehul DP, Sisodia AK, Prabhakar NM (2016) Design and
simulation of low noise amplifier at 3.4 GHz for receiver
terminal of satellite transponder. IJARIIE 2: 1199-1206.

8. Soufinae M, Zenkouar L (2014) A practical approach for RF
system design of a S-band modern digital radar receiver. MMS
pp: 1-6.

9. Chen HS, Tsai HY, Chuo LX, Tsai YK, Lu (2015) A 5.2-GHz
full-integrated RF front-end by T/R switch, LNA, and PA co-

Citation: Srivatsun G (2021) 4G-LTE Front End Design with Reduced Transmission Leakage. J Nucl Ene Sci Power Generat Technol 10:S1.

Volume 10 • Issue S1 • 012 • Page 5 of 6 •

https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/1720
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/1720
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/1720
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/1720
https://digital-library.theiet.org/content/journals/10.1049/iet-map.2008.0236
https://digital-library.theiet.org/content/journals/10.1049/iet-map.2008.0236
https://digital-library.theiet.org/content/journals/10.1049/iet-map.2008.0236
https://www.tandfonline.com/doi/abs/10.1163/156939309789932476
https://www.tandfonline.com/doi/abs/10.1163/156939309789932476
https://www.tandfonline.com/doi/abs/10.1163/156939309789932476
https://ieeexplore.ieee.org/document/1643619
https://ieeexplore.ieee.org/document/1643619
https://ieeexplore.ieee.org/document/1643619
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.375.510&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.375.510&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.375.510&rep=rep1&type=pdf
http://ijariie.com/AdminUploadPdf/Design_and_Simulation_of_Low_Noise_Amplifier_at_3_4GHz_for_Receiver_Terminal_of_Satellite_Transponder__IRNSS__ijariie2263.pdf
http://ijariie.com/AdminUploadPdf/Design_and_Simulation_of_Low_Noise_Amplifier_at_3_4GHz_for_Receiver_Terminal_of_Satellite_Transponder__IRNSS__ijariie2263.pdf
http://ijariie.com/AdminUploadPdf/Design_and_Simulation_of_Low_Noise_Amplifier_at_3_4GHz_for_Receiver_Terminal_of_Satellite_Transponder__IRNSS__ijariie2263.pdf
https://ieeexplore.ieee.org/document/7088984
https://ieeexplore.ieee.org/document/7088984
https://ieeexplore.ieee.org/document/7088984
https://ieeexplore.ieee.org/document/7387494
https://ieeexplore.ieee.org/document/7387494


design with 3.2-dB NF and +25.9-dBm output power. IEEE A-
SSCC pp: 1-4.

10. Balanis AC (2005) Antenna theory analysis and design, 4rd ed.
John Willey and Sons.

11. Pozar DM (2012) Microwave engineering, 4th ed. John Willey
and Sons.

12. Ludwig R, Bretchko P (2000) RF circuit design theory and
applications, Prentice-Hall.

Citation: Srivatsun G (2021) 4G-LTE Front End Design with Reduced Transmission Leakage. J Nucl Ene Sci Power Generat Technol 10:S1.

Volume 10 • Issue S1 • 012 • Page 6 of 6 •

https://ieeexplore.ieee.org/document/7387494
https://ieeexplore.ieee.org/document/7387494
https://www.wiley.com/en-us/Antenna+Theory%3A+Analysis+and+Design%2C+4th+Edition-p-9781118642061
https://www.wiley.com/en-us/Antenna+Theory%3A+Analysis+and+Design%2C+4th+Edition-p-9781118642061
https://www.wiley.com/en-us/Microwave+Engineering%2C+4th+Edition-p-9780470631553
https://www.wiley.com/en-us/Microwave+Engineering%2C+4th+Edition-p-9780470631553
http://powerunit-ju.com/wp-content/uploads/2018/02/RF-Circuit-Design.pdf
http://powerunit-ju.com/wp-content/uploads/2018/02/RF-Circuit-Design.pdf

	Contents
	4G-LTE Front End Design with Reduced Transmission Leakage
	Abstract
	Introduction
	System Architecture
	Band notched antenna
	Band pass filter
	Low noise amplifier
	Vector network analyzer

	Simulation Software Used
	Advanced design system
	High frequency structure simulator

	Design of Band Notched Antenna and Coupled Line Band Pass Filter
	Notch band antenna design
	Coupled line band pass filter design

	Conclusion
	References


