Analysis of single stub-loaded open-loop ﬁlter with 0° feeding: The
schematic of the single stub-loaded open-loop ﬁlter with a 0° feed
conﬁguration is depicted in Fig. 2. The signal entering from the input
has two paths, M1 and M2, to the output as shown in Fig. 2. Each
signal path contains microstrip line sections of lengths la, lb and ld
and a coupled section of length lc.
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Open-loop resonators (OLRs) are loaded with one or two stubs to
design a compact bandpass ﬁlter (BPF) with a wide stopband by creating extra transmission zeros. By properly selecting the length of the
stubs and their positions, extra transmission zeros are created in the
stopband before the spurious passband, thus giving wide stopbands.
Mathematical analyses are performed to show the effect of open
stubs on the OLR. A two-stub-loaded BPF is designed and fabricated,
which shows a harmonic suppression of up to 3.2fo by creating ﬁve
transmission zeros and 44% size reduction as compared with a
simple OLR-based ﬁlter without stubs. Measured results are in good
agreement with the theoretical analysis and simulation results.

Introduction: Several efforts have been reported to design a compact
open-loop bandpass ﬁlter (BPF) having better harmonic suppression.
Stubs and lumped elements are loaded to the centre of the open-loop
resonators (OLRs) to suppress spurious responses in [1, 2], respectively.
However, centre loading does not lead to compactness because it has a
minimum effect on the centre frequency. In [3], coupled open stubs are
introduced in OLRs to suppress the second harmonic with a size
reduction of 20.3%. Spurious suppression by properly selecting the
coupling regions between shorted and OLRs are reported in [4]. Also,
multiple transmission zeros are created in the stopband to suppress harmonics in [5–7]. However, except [6, 7] are larger in size.
In this Letter, we present a novel application of stub(s) to design
compact BPFs that have extra transmission zeros in the stopband,
created due to the stubs and their positions.
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Fig. 1 Single stub-loaded resonator and two-stub-loaded resonator
a Single stub-loaded
b Two-stub-loaded

Stub(s)-loaded OLR: The single stub-loaded OLR is shown in Fig. 1a.
The input impedance looking from one open end can be written as
tan u1 tan u2 + tan u1 tan us − 1
Zin = jZo
tan u1 + tan u2 + tan us

(1)

Zin = 1

(2)

For resonance

Hence, the condition for resonance can be deduced from (1) as
tan(u1 ) + tan(u2 ) + tan(us ) = 0

(3)

For the desired value of frequency fo, electrical lengths θ1 and θ2 can be
determined for a ﬁxed value of θs. The centre frequency of an OLR
loaded with an open stub (except centre loading) shifts to a lower
value compared with the simple OLR without any stub due to increase
in the electrical length or increase in the capacitive loading. In addition
to reducing the centre frequency, the stub and its placement create a
transmission zero in the frequency response before the second harmonic,
thus widening of the stopband is achieved. Moreover, the transmission
zero provides better rejection close to the desired frequency. Similar to
(3), the resonance condition of a two-stub-loaded OLR as shown in
Fig. 1b can be written as
tan(u1 ) + tan(u2 )tan(u3 ) + tan(us1 ) + tan(us2 )
− tan(u1 )tan(u2 )tan(u3 ) − tan(u1 )tan(u3 )tan(us2 )

(4)

− tan(u2 )tan(u3 )tan(us1 ) − tanu3 tan(us1 )tan(us2 ) = 0
More lowering of the centre frequency can be achieved with respect to
the single stub-loaded OLR due to more capacitive loading.
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Fig. 2 Single stub-loaded open-loop ﬁlter

The ABCD matrix of paths M1 and M2 can be written as


A1 B1
= M a M s1 M b M c M d
M1 =
C1 D1 stub1


A2 B2
M2 =
= M d M c M b M s1 M a
C2 D2 stub1

(5)
(6)

where Ma, Mb and Md are the ABCD matrices of a transmission line of
length Ia, Ib and Id respectively. Ms1 and Mc are the ABCD matrices of an
open stub of length Is1 and lossless parallel coupled microstrip lines of
length Ic, having both ends open on the same side, respectively. As two
paths M1 and M2 are in parallel, the equivalent Y-matrix is the sum of the
Y-matrices of each path. Finally, the Y-matrix of each path is calculated
by converting the ABCD parameter obtained in (5) and (6). The S21 and
S11 of the whole circuit can be calculated from the equivalent Y-matrices
of the two parallel paths. Fig. 3 compares two responses of single
stub-loaded OLR designed for the same resonating frequency, fo =
1.82 GHz, having an equal stub length of θs = 40° with different position
θ1 from the open end. The ﬁlter is designed on an RT/Duroid 6010.2
substrate with h = 0.635 mm and ɛr = 10.2. The length of different sections of the OLRs can be evaluated from (3). By solving
Abs[S21 ] = 0

(7)

the frequency of the transmission zeros can be determined. While
solving (7) using Mathematica numerically, the right-hand side is
replaced by a very small number, e.g. 10−5 or smaller. Hence, at θ1 =
34° the ﬁrst two roots of (7) are the frequencies of two transmission
zeros TZ1 and TZ2 which are due to the 0° feeding. The third root
gives the frequency of transmission zero, TZ3, located before the
second harmonic. Hence, the above analysis including a coupled line
is very useful to obtain the harmonic response of the circuit compared
with [1] where analysis only plots the relationship between the resonating frequency and the second harmonic. At θ1 = 34°, the second harmonic comes after TZ3 but at θ1 = 22° it shifts after the fourth transmission
zero, TZ4, and thus gives a wider separation. Hence this extra transmission zero, TZ4, which appears due to the position of the stub,
leads to a wider stopband in the response without increasing the size
of the ﬁlter.
Two-stub-loaded OLR: The approach is further extended to achieve an
even wider stopband by placing two stubs as shown in Fig. 4. The
ABCD matrix of the two paths can be written as
M1 = M a M s1 M b M c M e M s2 M d

(8)

M2 = M d M s2 M e M c M b M s1 M a

(9)

where Ms1 and Ms2 are the two-stub matrices for lengths ls1 and ls2.
Similar to the previous conclusions, two different stubs having different
positions from open ends create two transmission zeros at two different
positions. One more transmission zero can be achieved by the proper
placement of stubs, which leads to more rejection. Use of the second
stub in the design also leads to a further decrease in the size of the
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BPF. Further compactness can be achieved by changing the width of
various parts of the OLRs. The condition, w3 > w2 > w1, shifts the
centre frequency to a more lower value.
q1 = 34°
q1 = 22°
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Fig. 3 Theoretical responses of single stub-loaded OLR with different θ1
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Comparison: The proposed ﬁlter is 44% more compact than a
second-order ﬁlter using simple OLRs or OLRs loaded with stubs or
lumped elements at the centre [1, 2]. Table 1 compares the current
and previous works. The ﬁrst and second works consist of OLRs with
uniform and non-uniform widths, respectively.

Table 1: Comparison with previous reported works
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ls2
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bandwidth of 9%, is designed and fabricated. Equation (4) is used to
design the ﬁlter. Gap, s, between the two resonators and the tapping
point is calculated from the required coupling-coefﬁcient and quality
factor, respectively. The fabricated ﬁlter and the response, are shown
in Fig. 5 and Fig. 6, respectively. The response of the BPF having
two stubs of different lengths is plotted in Fig. 6. The transmission
zeros TZ1 and TZ2 are at the passband edges at 1.25 and 1.86 GHz,
respectively. Two transmission zeros TZ3 and TZ4 at 3.93 and
4.33 GHz, respectively, are due to the two different stub lengths. The
additional transmission zero TZ5 at 4.89 GHz is due to their proper
positioning.

ld

[6]
This work w1 = w2 =
w3 = 0.59 mm
Fig. 5
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Fig. 4 Two-stub-loaded OLR-based ﬁlter

Cent. freq.
fo (GHz)
0.97
1.18
2.4
2.0
3.0
1.63
1.46

Size l2go
0.27 × 0.13
0.25 × 0.13
0.16 × 0.11
0.51 × 0.39

Trans.
zeros
3
3
5
7

Stopband
suppression level
22 dB up to 2fo
20 dB up to 2.5fo
20 dB up to 4fo
27 dB up to 2.88fo

0.35 × 0.29
0.18 × 0.11
0.17 × 0.1

6
5
5

15 dB up to 2.72fo
25 dB up to 3.0fo
26 dB up to 3.2fo

Conclusion: This Letter describes the compactness and the creation of
the transmission zeros due to the proper positioning of the stubs in the
OLRs. The response of the fabricated ﬁlter is shown in Table 1. Higherorder BPFs can also be designed using the same topology.
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Fig. 5 Fabricated ﬁlter
la = 10.5, lb = 0.9, lc = 3.5, ld = 5.64, le = 0.86, ls1 = 6.8, ls2 = 6.5, s = 0.24, d = 1,
w = 0.59, w1 = 0.2, w2 = 0.5 and w3 = 1.0, all in mm

|S21| and |S11|, dB

0

S11
3.2f0

–20
S21

–40

measured
simulated
TZ1

–60
1

TZ2

2

TZ5
TZ4

TZ3

3
frequency, GHz

4

5

Fig. 6 Measured and simulated responses of two-stub-loaded open-loop ﬁlter

Fabrication and measurement: A second-order ﬁlter consisting of twostub-loaded OLRs centred at 1.46 GHz having 3 dB fractional
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