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Abstract

Radio frequency (RF) that can be tunable filters are band-pass filters (BPFs) with finely tunable passband frequencies. The passband
frequency can be changed digitally, mechanically, or with a control voltage. Tunable BPF designs are increasing in importance as
communication systems become more complex. In this study, a dual-band band-pass tunable filter with a meander-line resonator has
been proposed. It aimed to create a tunable band-pass filter design in two different bands by using the SVM1413 varactor diode and
gradually changing the capacitance value. SVM1413 varactor diode has been chosen in terms of applicability and capacitance value
range width. The BPF operates in two different frequency ranges, from 2.5 to 3 GHz and from 4.2 to 4.6 GHz. BPF has been
implemented and measured on a Rogers RO3003 substrate with a dielectric constant of 3 and a thickness of 1 mm. The substrate for the
BPF has been chosen to be 30 x 30 mm? in size. The numerical calculation results have been simulated and optimized using computer
simulation technology (CST). The insertion loss values are above -1 dB in both bandwidth ranges and all capacitance changes. Better
results have been obtained when numerical calculation results have been compared with the outputs of the sources used.
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Kivrimh Dongu Rezonatorlii Cift Banth Bant Geciren Ayarlanabilir
Filtre

Oz

Radyo frekanslarinda (RF) kullanilabilen ayarlanabilir filtreler, ince ayarlanabilen ge¢is bandi frekanslarina sahip bant gegiren
filtrelerdir (BPF). Gegis bandi frekansi dijital, mekanik veya bir control voltaji ile degistirilebilir. iletisim sistemleri daha karmasik hale
geldikce, ayarlanabilir BPF tasarimlarinin 6nemi artmaktadir. Bu c¢alismada, kivrimli dongii rezonatorlii ¢ift banthi bant gegiren
ayarlanabilir bir filtre 6nerilmistir. SVM1413 varaktor diyot kullanilarak ve kapasitans degeri kademeli olarak degistirilerek iki farkli
bantta ayarlanabilir bir bant gegiren filtre tasarimi olugturulmasi amaglanmigtir. Uygulanabilirlik ve kapasitans deger araligi genisligi
acisindan SVM1413 varaktor diyot se¢ilmistir. BPF, 2.5°den 3 GHz’e ve 4.2°den 4.6 GHz’e olmak iizere iki farkli frekans araliginda
caligir. BPF, dielektrik sabiti 3 alinarak 1 mm kalinliga sahip bir Rogers RO3003 substrati {izerinde uygulanmis ve 6lgiilmiistiir. BPF
icin alt tabaka 30 x 30 mm? boyutunda secilmistir. Sayisal hesaplama sonuglar;, Computer Simulation Technology (CST) kullanilarak
simiile edilmis ve optimize edilmistir. Ekleme kaybi1 degerleri hem bant genisligi araliginda hem de tiim kapasitans degisikliklerinde -
1 dB'nin iizerindedir. Sayisal hesaplama sonuglar1 kullanilan kaynaklarin ¢iktilart ile karsilastirildiginda daha iyi sonuglar elde
edilmistir.

Anahtar Kelimeler: Band gegiren filtre, Kompakt filtre tasarimi, Mikroserit filtre, Ayarlanabilir, Kivrimli dongii rezonatorii, CST
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1. Introduction

Recently, wireless communication technologies have
attracted alot of attention. As technology improves,
communication systems have become more compact in

comparison to conventional microwave/millimeter wave
components [1-5]. Until now, various two-band and more-band
BPFs have been proposed and demanded. Multiple resonators
have required for multi-band filter designs. Due to the usage of a
high number of resonators, the filter's size increases. In order to
prevent this situation and provide high performance, microstrip
filters have been recommended. Due to the freedom in design in
microstrip filters, a suitable filter has been recommended by
designing geometries specifically for different needs [6-12].

The internal capacitance of a varactor diode changes with the
reverse voltage. It is a voltage-dependent semiconductor device
that always runs in the reverse bias condition. Varactor diodes are
widely used in microstrip filters to keep the frequency band
constant, because the capacitance value is adjustable depending
on the voltage and because of its miniature size [13], [14]. In [15],
An adjustable BPF with compact size and frequency-invariant
passband characteristics has been offered. The proposed BPF has
been made adjustable between 1.7 and 2.1 GHz with 5%
Chebyshev constant fractional bandwidth by controlling the DC
bias voltage.

In [16], a BPF formed by a two varactor tuned switchable
resonator with a continuous frequency tuning range that
switchable to higher and lower resonance modes has been
presented. Designed with microstrip technology, the BPF has a
frequency tuning range of 1.1 to 2.1 GHz and a fixed absolute
bandwidth of 40 MHz. In [17], a dual-band filter has been
proposed, which can be switched from band-pass to band-stop
filter by changing the state of the p-i-n diode. In [18], a compact
third-order microstrip open-loop ring resonator tunable BPF has
been offered to cover the 3.4 to 3.8 GHz frequency band for 5G
applications.

In this study, a dual-band band-pass tunable filter with a
meander-line resonator has been proposed. Simulation results
have been obtained with CST software. BPF SMV1413 varactor
diode has been adjusted to work in harmony with capacitance
values. The BPF provided a wide tuning range to cover the
frequency band from 2.6 GHz to 3 GHz and from 4.3 GHz to 4.6
GHz. The results have been analyzed and a complex and
miniature BPF is proposed to work in concert with the SVM 1413
varactor diode.

2. Material and Method

In this section, the dual-band BPF design has been
introduced. The geometry of the BPF has shown in Figure 2 and
Figure 3. The size of the substrate used in the BPF has been
chosen as 30 x 30 mm?2. The proposed BPF has been placed on a
normal 1 mm thick Rogers RO3003 substrate with a dielectric
constant € of 3. The ground has been covered the bottom of the
filter completely. The BPF consists of four different resonator
sections and has been powered by two ports with 50 Q input
impedance to eliminate the need for vias. Three of the resonators
are open and one is closed as meander line resonator.

2.1. BPF Design and Performance
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In this section, a deduced numerical calculation results have
been obtained without using any device in BPF. According to the
results, the BPF design has a good return loss (S;1) -30 dB at 3.55
GHz shown in Figure 1. The insertion value (S,;) is -0.3 dB at
3.55 GHz and bandwidth is between 3.40 and 3.70 GHz. In the
next section, the design of the tunable BPF is discussed.

S-Parameters [Magnitude n dB]
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Fig. 1 Numerical Calculation Results

Fig. 2 BPF Design Top Side

Fig. 3 BPF Design Bottom Side

2.2. Dual-band Tunable BPF Design and
Performance

In this section, varactor diode added to the design and numerical
calculation results have been obtained. The design has been
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adjusted for easy placement of the varactor diode. The dual-band Fig. 6 Numerical calculation results of return loss (S;4) with
tunable BPF design has been shown in Figure 4. As mentioned different biasing voltages at 2.5 to 3 GHz

before, the SVM 1413 varactor diode has been used in the study.

The reason for choosing the SVM1413 is that the capacitance 5-Parameters [Magnitude i &3]

variation range is larger at different reverse voltage values
applied. The change in capacitance values of about 8pF has

resulted to further increase the adjustability range. The change in 5
return loss and insertion loss values at different capacitance values

has observed in four different figures. According to the results, it 10

has been observed that insertion loss and return loss values at 2.5 .,-
to 3 GHz in Figure 5 and Figure 6, these values at 4.2 to 4.6 GHz R ."

in Figure 7 and Figure 8.
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Fig. 7 Numerical calculation results of insertion loss (S,)
with different biasing voltages at 4.2 to 4.6 GHz
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Fig. 4 Dual-band Tunable BPF Design
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Fig. 5 Numerical calculation results of insertion loss (S;) Voltage | Capacitance | Frequency | S11(dB) | S2;(dB)
with different biasing voltages at 2.5 to 3 GHz V) (PF) (GHz)
0 9.24 2.63 -29.6 -0.36
S Parameters [Magricude in 6B] 0.5 7.39 2.65 -28.9 -0.35
0 — 1 6.37 2.68 -29.3 -0.35
15 5.71 2.69 -29.7 -0.35
? 2 5.22 2.71 -29.7 -0.35
10 2.5 4.85 2.72 -29.6 -0.35
3 4.55 2.73 -29.6 -0.35
8 1 4 4.10 2.76 -29.4 -0.35
5 3.77 2.77 -29.7 -0.35
& 10 2.85 2.84 -29.8 -0.34
20 2.12 2.92 -29 -0.34
30 177 2.97 -29.9 -0.35

-30
1.346 1.5 3.6211

Table 2. Summary of numerical calculation result at 4.2 to 4.6
GHz
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Reverse Varactor Resonant

Voltage | Capacitance | Frequency | S1,1(dB) | $51(dB)
V) (PF) GHz
0 9.24 4.33 -23 -0.64
0.5 7.39 4.35 -23.7 -0.65
1 6.37 4.36 -23.2 -0.66
1.5 571 4.37 -23.3 -0.67
2 5.22 4.38 -23.6 -0.68
2.5 4.85 4.38 -23.3 -0.69
3 4.55 4.39 -22.7 -0.69
4 4.10 4.4 -22.7 -0.7
5 3.77 4.42 -22 -0.72
10 2.85 4.46 -22 -0.77
20 2.12 4.52 -21.7 -0.83
30 1.77 4.57 -21.3 -0.9

Since more than one change in capacitance has been
observed, the results have been given in Table 1 and Table 2 in
detail. Return loss values are below -20 dB in both frequency
ranges. There is no loss in the insertion loss values from 2.5 to 3
GHz and the average value is -0.35 dB in all capacitance values
change. Although there is a loss of -0.25 dB insertion loss in the
range of 4.2 to 4.6 GHz, the insertion loss value has remained over
-1 dB. Considering the bandwidth value at -10 dB return loss
level, it is 50 MHz in the low GHz range and 100 MHz in the high
GHz range. When the frequency level changes, the bandwidth
value has remained constant and the return loss performance has
preserved.

Since communication systems have formed by the
combination of many systems, the proposed filters must work
flexibly in certain frequency ranges. The reason for this is to
prevent frequency deviations that may occur due to environmental
factors and to stay in a more stable operating range. When the
results have been analyzed, the proposed filter design has been
worked without any performance loss in the determined
frequency ranges.

4. Conclusions and Recommendations

This study has been explained in two different stages. In the
first stage, a BPF design using a meander line resonator has been
proposed. Good return loss and insertion loss values have been
taken at 3.5 GHz level. In the second stage, a dual-band tunable
filter design has been proposed using the same BPF topology and
incorporating the SVM1413 varactor diode. As a result, of
numerical computations, return loss and insertion loss values in
two different bandwidths have good. The numerical simulations
have produced better outcomes than the traditional techniques of
design.
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