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A low profile microstrip circular slotted bandpass filter is designed on RT duroid 5880 substrate with &
of 2.2, 6 of 0.0009. Wide bandwidth and out of band suppression are the two major factors that has to be
considered while designing an RF bandpass filter. An-soft HFSS v13 which is based on FEM, is used to
numerically design and simulate a circular slotted BPF. Circular slot-ted BPF is designed and simulated
on a 0.254 mm thick substrate having an area of 12 x 34 mm2. A 50 Q microstrip transmission line is uti-
lized to attach the circular slotted microwave bandpass filter. Circular slotted BPF offers reflection coeffi-
cient of —32.1dB and —41.1 dB at 3.2 GHz and 6.1 GHz respectively. Transmission co-efficient of about
0.2 dB has been observed at 3.2 GHz and 6.1 GHz. 3 dB bandwidth of about 0.4 GHz and 1.4 GHz covering
the frequency ranges from 3 GHz-3.4 GHz and 5.3 GHz-6.7 GHz. Group delay of 0.32 nS and 0.67 nS has
been observed at 3.2 GHz and 6.1 GHz. Fractional bandwidths of 12.5 % and 22.9 % have been observed.
These results make the circular slotted bandpass filter suitable for 5G new radio applications.
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1. INTRODUCTION

RF & Microwave filters are implemented by using
waveguides, distributed elements, lumped elements,
cavities and transmission lines. In the process of shift-
ing to the upper frequency bands the circuits need to be
replaced with distributed elements made up to mi-
crostrip transmission lines. The length of these mi-
crostrip lines is chosen with a length of either 1/4 (or)
A2 which are termed as quarter wave transmission
lines and half wave transmission lines respectively.
Earlier the research on high frequency BPF was con-
fined in designing various UWB bandpass filters, mul-
ti-band, tunable, harmonic suppression, balanced ports
etc. [1-3]. In the recent years, negative group delay
microwave circuits have gained more attraction due to
its numerous practical applications [4-7]. Along with
this coupling matrix calculation also plays a key role in
attaining reconfigurability [8]. The negative group
delay circuit is employed to broaden the bandwidth of
analog feedback power amplifier [9]. Microstrip filters
are utilized in many microwave systems such as ra-
dars, measurement and test systems and in satellite
communications. The advantage of choosing these mi-
crostrip filters is low cost, light weight and easy to
fabricate. Usually, resonators employ periodic struc-
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tures in their design which also helps in facilitating the
design of microstrip filter [10-12]. As the lower fre-
quency band is already congested almost all the com-
munication channels has shifted to higher frequency
bands. It is required to develop the circuits that process
the signals at higher frequency bands [13].

In this paper a circular slotted band pass filter is
designed by using coupled microstrip transmission
lines. A circular slotted bandpass filter is designed and
analyzed for 5G new radio applications. A 50 Q imped-
ance transmission line is attached to the microstrip
rectangle measuring 3 x 9.8 mm2. This approach has
allowed us to more thoroughly analyze the EM charac-
teristics of the BPF. Remaining article is structured as
follows. Part 2 presents the design and analysis of the
research article and part 3 presents the iterative pro-
cess of the circular slotted BPF. Part 4 presents the
results and discussions for circular slotted BPF and
there by concluding the article with part 5.

2. ANALYSIS OF CIRCULAR SLOTTED BPF

The circular slotted BPFs equivalent circuit can be
expressed in terms of equivalent capacitance and in-
ductance. The circuit's equivalent capacitance and
inductance can be changed by varying the resonant
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frequency. Compared to traditional bandpass filters,
microstrip rectangular BPFs exhibit exceptional per-
formance. Fig. 1 represents the circular slotted band-
pass filter. It is designed by attaching a 50 Q microstrip
transmission line to the microstrip rectangle. The elec-
trical properties of the bandpass filters in microstrip
planar technology are enhanced by careful substrate
selection. The choice of substrate is typically influenced
by two elements, such as losses and absorption coeffi-
cients. Because it is lightweight, and easy to fabricate
Rogers/RT duroid 5880 has been selected as the sub-
strate material. The most accessible material is Rog-
ers/RT duroid 5880 which has the following physical
characteristics: a thickness of 0.254 mm, a tan & of
0.0009 and a & of 2.2. HFSS calculator, which is based
on the FEM, is used to numerically design the electrical
dimensions of the microstrip circular slotted BPF's. The
following lists the mathematical formulas used to de-
sign the circular slotted bandpass filter. Table 1 dis-
plays the dimensions used in the design of the circular
slotted bandpass filter. The equivalent circuit for the
circular slotted bandpass filter is shown in Fig. 2.
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Where ‘%, ‘Z¢, ‘B’ and &eff represents the thickness of
the substrate, characteristic impedance broader dimen-
sion of the feed lines and substrate effective relative
permittivity respectively.

Fig. 1 - Circular slotted BPF
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Fig. 2 — Equivalent Circuit of Circular slotted BPF
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Table 1 — Geometric parameters of the Circular slotted BPF

Parameter Values (mm)
L 12
w 34
L, 9.8
L2 9.8
W1 3
Wa 3
L3 11
Ws 15
R 2.5
R2 4

3. EVOLUTION PROCESS

Initially, a microstrip transmission line was used to
attach a microstrip rectangle measuring
11 mm x 15 mm. Step 2 involves subtracting a circle
with a radius of 4 mm from the filter design in step 1.
Our suggested circular slotted BPF is the third itera-
tion. Step 3 involves by subtracting a circle measuring
a radius of 2.5 mm. Fig. 3 illustrates the circular slot-
ted bandpass filter's iterative design. The circular slot-
ted BPFs resonance is determined by its dimensions;
the largest resonance is found in smaller dimensions
and vice versa. Two rectangles measuring 3 x 9.8 mm?
are used to feed a circular slotted BPF utilizing mi-
crostrip technology. The circular slotted bandpass fil-
ter's reflection coefficient at various iterations is shown
in Fig. 4. The first iteration filter provides S11 values of
— 38 dB and resonates at 4.5 GHz. The second iteration
filter provides S11 values of — 31 dB and — 40 dB reso-
nates at 3.2 GHz and 6.1 GHz respectively. The third
iteration filter is the last one and provides reflection
coefficients of —32.1 dB and —41.1 dB at 3.2 GHz and
6.1 GHz respectively. These results make the circular
slotted BPF suitable for 5G new radio applications.
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Fig. 3 — Evolution of Circular slotted BPF
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Fig. 4 — Reflection Co-efficient of the Circular slotted BPF

4. RESULTS AND DISCUSSION

Fig. 5 displays the frequency response of Si1 and
Sa1. Circular slotted BPF offers reflection coefficients of
—32.1dB and —41.1dB at 3.2 GHz and 6.1 GHz re-
spectively. A transmission coefficient of 0.2 dB has been
observed at 3.2 GHz and 6.1 GHz. 3 dB bandwidth of
about 0.4 GHz and 1.4 GHz covering the frequency
ranges from 3 GHz-3.4 GHz and 5.3 GHz-6.7 GHz.
Fractional bandwidths of 12.5 % and 22.9 % have been
observed. The circular slotted bandpass filter's phase
delay and group delay are shown in Fig. 6. Time delay
that the frequency component experiences while pass-
ing through the filters is known as the phase delay of
each filter. The average time delay experienced by the
composite signal is known as the group delay. Group
delay of 0.32nS and 0.67nS has been observed at
3.2 GHz and 6.1 GHz. Surface current distribution at
3.2 GHz and 6.1 GHz is shown in Fig. 7. A maximum
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Fig. 5 — S-Parameters of the Circular slotted BPF
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Fig. 6 — Circular slotted BPFs Group delay and Phase delay
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Fig. 7 - Surface Current distribution (a) 3.2 GHz (b) 6.1 GHz

value of 100 Am-! and 90 Am -1 has been observed at
3.2 GHz and 6.1 GHz and maximum amount of distri-
bution is observed at the feed lines and on the circular
ring. These results make the circular slotted BPF suit-
able for 5G new radio applications.

5. CONCLUSION

This article concludes the analysis of a compact, low
loss microwave bandpass filter for 5G new radio applica-
tions. The dimensions of the microstrip circular slotted
bandpass filter are 12 x 34 mm2. Circular slotted BPF
offers reflection coefficient of —32.1 dB and —41.1 dB at
3.2GHz and 6.1 GHz respectively. Transmission co-
efficient of about 0.2 dB has been observed at 3.2 GHz and
6.1 GHz. 3 dB bandwidth of about 0.4 GHz and 1.4 GHz
covering the frequency ranges from 3 GHz-3.4 GHz and
5.3 GHz-6.7 GHz. Group delay of 0.32 nS and 0.67 nS has
been observed at 3.2 GHz and 6.1 GHz. Fractional band-
widths of 12.5 % and 22.9 % have been observed. These
results make the circular slotted bandpass filter suitable
for 5G new radio applications.
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AnaJtisa HU3bKONPO(iILHOr0 CMYyroeoro ginprpa 3 KiJibIeBUMH IIiJINHA MU
IJIsg 3acTOCYBaHb y Mepe:xkax 5G
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CwmyroBuii iabTP HU3BKOTO IPodian Ha OCHOBI MIKPOCMYKKOBOI JIiHII 3 KiJIBIIEBUMH IILIIMHAMU PO3PO-
6s1eno ma migksaa RT duroid 5880 3 qiesieKTpUYHO TPOHUKHICTIO & = 2,2 Ta TAHTEHCOM KyTa JTIeJIeKTPH-
gawux BrpaTr 6 = 0,0009. [llmpoka cMyra mporryckaHHsA Ta epeKTUBHE MIPUIYIIEHHS CUTHAJIB 1034 I[€0 CMY-
TOI0 € JBOMA KJIIOUOBUMH (hpakTopamu, ikl HeoOXiTHO BPAXOBYBATH IIPHU IIPOEKTYBAHHI PAJII0YACTOTHUX CMY-
roBux (PiabTpiB. JJIs YMCeIbHOrO IPOEKTYBAHHS TA MOJEJIIOBAHHS TAKOTO (PLIBTPA BUKOPUCTAHO IIPOrPAMHe
3abeameuenus Ansoft HFSS v13, mo 6asyerbes Ha meToxi ckinueHunx ejgemeHTiB (FEM). @iabTp cripoekro-
BaHO Ta 3MOJIEJILOBAHO HA MIAKIAMI TOBITUHOW 0,254 MM 13 poamipamu 12 x 34 mm2. J[Jyist migKI0O4eHHS
iIbTPa BUKOPHUCTOBYETHCS MIKPOCMYJKKOBA JIHIA mepefadi 3 xBUIboBUM oropoM 50 Om. KoedimienT Bin-
outTa QinpTpa craHoBuTh — 32,1 1B Ha vacrori 3,2 I'T' ta — 41,1 gBb Ha wacrori 6,1 I'Tu. Koedimient mepe-
nmaui Ha 1mx vacrorax (3,2 I'T'y ta 6,1 I'T') cranoButs nmpubamsuo 0,2 1B. CMyra mpoIlycKaHHSA 3a piBHEM —

3 b cranosuts 6immabko 0,4 [T (y miamasoni 3-3,4 ') ta 1,4 I'Tx (v miamasoni 5,3-6,7 I'T'm). I'pymosa 3a-

Tpumka Ha vacrorax 3,2 I'T'i ta 6,1 I'T' cramosurs 0,32 He 1 0,67 He BigmoBigHo. BimHocHI cMmyru mporryc-
KaHHS cTaHOBJIATH 12,5 % Ta 22,9 %. OrprMaHi pe3yabTatu CBIAYATE PO IPHAATHICTH PO3POOIEHOTO CMY-
TOBOTO (PIIIBTPA 3 KIJIBIEBUMU IIIUTHHAMH JIJI 3aCTOCYBaHHSA B cucremax 3B's3ky 5G (5G New Radio).

Kmouori ciosa: Mikpocmyskkosuii, CmyroBuit disbrp, 3actrocyBanus B cucremax 5G New Radio, Koedi-
I[IEHT BiAOUTTS.
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